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ABSTRACT 

A survey bas been carried out of regulatory and commercial aspects of 
geothermal energy development, for use by federal government program leaders, 
geothermal energy developers, provincial legislators, and other parties 
interested in development. Reference is made to geothermal experience in 
other countries, particularly the United States and France. 

Canadian laws that potentially apply to geothermal energy are exarnined, 
including the Geothermal Resources Act of B.C., natural resource and 
groundwater laws, and environmental protection legislation. 

Financial factors such as provincial assistance programs, tax treatments 
and consumer incentives are discussed. In many areas; the oil and gas 
industry provides a basis for comparison with the geothermal industry. 

RESUME 

Une enquête a été menée sur les aspects réglementaires et commerciaux du 
développement de l'énergie géothermique. Cette étude a été preparée à 
l'intention des directeurs de programmes fédéraux, des développeurs en 
géothermie, des législateurs provinciaux et des groupes intéresses par le 
développement. On y fait référence à l'expérience géothermique d'autres pays, 
notamment des Etats-Unis et de la France. 

Les lois canadiennes qui pourraient s'appliquer a l'énergie géothermique 
sont examinées, y compris la Loi sur les ressources géothermiques de la 
Colombie-Britannique, les lois sur les ressources naturelles et les eaux 
souterraines, et la législation sur la protection de l'environnement. 

Les facteurs financiers tels que les programmes d'aide provinciale, les 
traitements fiscales et les mesures d'encouragement à la consommation sont 
discutés. Dans plusieurs cas l'industrie pétrolière sert de base de 
comparaison avec l'industrie géothermique . 
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l.O INTRODUCTION 

G·eothermal energy is heat generated by natural processes 

which occur within the earth. The temperature increases 

with depth. The temperature gradient varies from place to 

place according to geological conditions, but is generally 

on the order of 25°C/km. Hurnan utilization is possible 

only in reg ions where geothermal heat is concentrated in 

exploitable form (e.g. hot water or steam), in sufficient 

quantity, and at a depth within economic reach of the 

surface. 

In Canada, geothermal energy development is in its 

infancy. It is currently at the investigation stage of 

limited exploration, resource testing, and the examination 

of potential applications. 

If geothermal energy is to be developed and compete with 

other energy supply options, many regulatory, jurisdic

tional and commercial issues must first be identified and 

resolved. The purpose of this survey was therefore to 

evaluate the regulatory status and commercial climate in 

Canada and to examine the issues and practices which have 

developed in selected geotherrnal user countries. The 

intent is that this information will provide a basic 

reference framework useful tor guiding the future direc

tion of geothermal development in Canada. 

Canadian regulatory .controls and financial inducements 

directed to geotherrnal energy development are extremely 

limited at present. This report reviews leg islation for 

the petroleurn, rnining and forest industries, as well as 

for other energy technologies, which is potentially 

applicable to geotherrnal developments. Attention is drawn 
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to selected features which could be applied to a 

geothermal-based energy industry. 

Many of the issues 

countries during the 

energy sources. In 

have already 

development 

planning the 

been faced 

of their 

future of 

by other 

geothermal 

geotherrnal 

development in Canada, i t is therefore useful to examine 

the experience of other countries. 

I t should be noted that the pract ices rev iewed in this 

report do not necessarily represent desirable models to be 

followed. In fact, some of the examples presented are 

clearly to be avoided. In considering the adoption of 

tore ign practices in Canada, the differing social, econo

mic and political realities must be taken into accoµnt. 

To assist in highlighting these considerations, the report 

has included comparative assessments, interpretations and 

analyses of implications in terrns of Canadian applica

bili ty. The cornprehensive discussion ot the United States 

provides valuable lessons on the difficulties encountered 

by the different levels of governrnent, and the solutions 

which have evolved. 

This report is intended as a reference work for the use of 

geotherrnal program leaders within the federal government, 

for potential geothermal developers and for legislators 

across Canada. 
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2.0 STATUS OF GEOTHERMAL DEVELOPMENT IN CANADA 

Since 1982 the federal agency responsible for geothermal 

research has been the Gravity Geotnermics and Geodynamics 

Division of the Earth Physics Branch, Department of 

Energy, Mines and Resources. 

A map of known or potential geothermal resources in Canada 

is shown in Figure 1. 

The only applications of geothermal energy in Canada to 

date are the heating of about a dozen recreational 

swimming pools in the west, and the warming of some 

community water systems in the north. 

2.1 British Columbia 

British Columbia has sparked more interest than other 

areas because of the promise of near-surface high tempera

ture fluids, which could potentially be used in electrical 

generation. Comparatively little effort has been directed 

toward investigations of lower temperature resources such 

as might be used for space heating, although there is 

evidence that exploitable resources are present. 

The 8.C. Geothermal Resources Acts of 1973 and 1982 

def ined geothermal resources, reserved all rights to them 

to the Crown in the right of the Province, prov ided for 

the disposition of yeotnermal rights, and addressed 

various aspects of resource management. 

In 1974 the Geological survey of Canada drilled two dia

mond drill holes near Meager Creek in southwestern B.C. 

Both encountered hot artesian water. The area was 
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selected for detailed geothermal exploration by 

B.C. Hydre. A program of geological mapping, geophysical 

and geochemical surveys, and drilling was ini t iated. In 

1981 and 1982, three deep production-scale holes were 

drilled. Attempts at sustained steam production on a 

commercial scale have so far been trustrated, but the 

f irst geothermally- generated electrici ty in Canada was 

scheduled for production in 1984 (Stauder, 1984). 

In the first public auction of geothermal leases in 

British Columbia, O'Brien Energy Ltd. acquired exploration 

rights to a tract of land near Squamish in 1983. The 

company has committed itself to a five-year work program 

that will require expenditures up to $4.25 million. 

2.2 Prairie Provinces 

Geothermal resources of the Prairie provinces are of the 

deep basin type occurring within the western Canadian 

sedimentary Basin. various studies directed at reg ional 

del ineat ion, characterization and assessment of prospec

t ive geothermal resources on the Prairies have been 

on-going since 197 5. The lead ing si te-spec if ic work has 

been performed at the University of Regina, Saskatchewan, 

where the campus has been tested by drilling, and related 

studies have been conducted. The project is currently on 

hold, pending funding for a fluid disposal well which 

would allow for long-term testing of the reservoir. 

No specific regulations govern the development of 

yeothermal resources. The Regina demonstration well was 

permit ted under ex isting oil and gas regula t ions. It is 

probable that such existing regulations are sufficient. 
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2 . 3 Northern Canada 

In the Yukon and Northwest Terri tories, geothermal 

resource potential is greatest in the western regions, the 

Yukon and the District of Mackenzie. Beth low and high 

grade resources may be expected to occur in the displaced 

western component of the Yukon Cordillera. 

No legislation has been passed by the territorial or 

federal governments to regulate geothermal developrnent in 

these areas. Existing developrnents are regulated by other 

legislation, particularly land and water acts. 

Use of geothermal resources in the north is limi ted. At 

Maye, Yukon, water warmed by gradient heat in a deep well 

is used to prevent freezing in the public water supply 

In addition, an 

have econornically 

system (except under severe conditions). 

area just west ot Whitehorse might 

exploitable geothermal resources of the 

type. 

systern-electric 

2.4 Ontario and Quebec 

No geothermal resources have been identified or exploited 

in Ontario and Quebec, and it appears likely that none 

will be, in the foreseeable future. The geology indicates 

that ternperature gradfents would be too low to warrant 

commercial application in the near future. 

There is no legislation which would directly regulate 

geothermal developrnent in these two provinces. 
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2.5 Maritime Provinces 

The Maritimes have the potential for two types of 

yeothermal resource, neither of which is likely to have 

high temperatures: gradient heat in deep sedimentary 

basins, and hot dry rock in Paleozoic granitic intrusions. 

No geothermal resources have been exploi ted apart from 

demonstration projects using heat pumps or shallow water 

wells. However, the Earth Physics Branch has been 

conductiny assessment studies since 1980. 

No sp~cific geothermal legislation exists in the Maritimes 

and none is anticipated. Each province has laws 

controlling groundwater use, environmental protection, and 

exploration for oil, gas and minerals. In the interim, 

these would probably apply to geothermal development. 



- 8 -

3.0 REGULATORY AND COMMERCIAL ASPECTS 
IN SELECTED FOREIGN COUNTRIES 

3.1 United States 

The regulatory and commercial aspects of geothermal 

developrnent have been addressed in varying degrees by the 

United States Congress and by the legislatures of various 

states. often the conclusions reached, and the directions 

y iven, by these differing bodies have been signif icantly 

different. The study outlines existing u. S. leg islation 

and comments on its effectiveness, and discusses a nurnber 

of important but controversial issues. 

one critical issue is the definition and characterization 

of geothermal resources. strict def ini tion is required 

for legal and jurisdictional purposes, to describe the 

physical properties which distinguish yeothermal resources 

frorn other natural resources. The resource must also be 

characterized in relation to groundwater, subsurface 

rninerals and other established resources, in order to 

avoid conflicts with owners -Of other resources~ In 

several u. s. court dec is ions, geothermal resources have 

been determined to be rnineral. The implication is that, 

unlike groundwater, mineral ownership rnay be "severed" 

frorn property rights to the overlying surface. 

Resource access can be provided through exploration or 

prospecting permits, and/or non-cornpetitive leases for 

lands of unknown potential. However, cornpetitive bidding 

rnay be conducted for particularly valuable resource areas. 

Another approach is to allow for exploration and 

prospecting permits, but to require all leasing to be by 

cornpetitive bid. 
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The u.s. tederal government and most states have set 

limitations on the size of leases, and limitations upon 

holdings in any one state. The setting of limits on 

minimum lease size has drawn criticism from small 

developers. On the other hand, developers object that the 

limit on individual holdings in a given state prevents a 

successful operator from conducting additional exploration 

and forces companies to give up attractive prospects. 

Annual rentals are normally assessed for the opportun i ty 

to explore on public lands. Rentals may provide the 

lessor with a tool for ensuring diligent -exploration in 

that required expenditures on exploration must equal a set 

amoun t or increased rentals will be assessed. Wi thout 

d il igen_ce requirements, public lands can be held for long 

periods by speculators. The u.s. Congress requires that a 

plan of operation for exploration be filed within a fixed 

period after the issuance of a lease, and that drilling 

commence within another specified period. 

As illustrated in the report, the manner in which royal

ties are calculated may penalize the developer engaged in 

the direct utilization of geothermal resources in compar

ison to the developers of electrical generation proJects. 

Geothermal energy must be used on site, and often involves 

substantial outlays for utilization facilities and pipe 

lines, and/or electrical transmission lines which require 

amortization periods of 20 to 30 years. Therefore the 

effective lease life, adjustments of lease provisions, and 

lease renewals are of great importance to developers. The 

report draws special reference to leasing provisions which 

have resulted in the greatest amount of controversy or 

which may deter exploration and development. 
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Most states have recognized that groundwater is an 

integral part of any geothermal resource ( except hot dry 

rock) • Sorne states exclude low temperature reg imes ( e. g. 

below 120°C) from t,he definition of geothermal resources. 

Thus the lower temperature resource is subjected to 

groundwater law and development provisions, rather than to 

geothermal leasing and development regulations. 

Federal and state governments have adopted env ironmental 

statutes which require that all major proposed activities 

review environmental impacts. The structuring of the 

environmental review process can have a profound impact 

upon timely and successtul completion of a project. 

The report outlines the prescribed processes and 

conditions for exploration, drilling and production 

permits, energy facility siting, and utility easements. 

In order to promote the use of geothermal energy, the 

federal government and many state governments have 

established programs aimed at redue ing the financial risks 

of exploration and _development, and demonstrating the 

viability of geothermal energy utilization for both 

electrical generation and direct application proJects. 

These programs have utilized grants, loans, guaranteed 

loans, or cost sharing provisions. Other programs have 

served to ease financial risks of project development by 

providing tax incentives or reservoir insurance. 

Information on such prograrns is presented in the report. 
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3 . 2 France 

Geothermal energy development in France has involved 

mainly low temperature resources. By the beg inning of 

1984, a fînancial and legal infrastructure was tirmly in 

place and the commercialization of geothermal energy is 

underway. 

Introduction of specitic legislation for geothermal energy 

began in 1977. The geothermal resource is defined as a 

mineral. It is thus subJect to mining legislation with 

specific applications to the geothermal resource defined 

in subsequent acts. The official agency hav ing final 

Jurisdictional authority over geothermal energy is the 

AFME (Agence Francaise pour la Maitrise d'Energie), 

created by congress in 1982 with authority for development 

and implementation of national energy policy. 

The definition of a geothermal resource effectively 

includes a minimum temperature of 20°c. 

exceeding 100 m must tirst be authorized. 

Drill holes 

A developer of a geothermal resource must obtain an 

exploration permit, an operating permit and a concession 

(exclusive right to exploit mineral deposits). These 

permits require information on the project such as 

financing, environmental 

the energy. A public 

permitting process. 

impacts, 

inquiry 

scheduling and 

is included 

use of 

in the 

In 1983, the SPG (Service Publique Geothermie) was created 

to centralize all information relating to geothermal 

energy. A national company, Geochaleur, was formed to act 

as a consul tant to prospective developers and be able to 
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set up all the financial, administrative and technical 

aspects of the operation. 

Up to the present, the most important users of geothermal 

energy have been large housing projects. The use of heat 

pumps greatly expands the use of shallower, lower 

ternperature resources for geothermal heating. With lower 

investment costs, geothermal energy has become accessible 

to srnall communities. 

The financial support structure of the French geothermal 

industry includes government subsidies, low interest loans 

with special repayment schedules and conditions, and short 

and long term risk insurance. It is evident that these 

strong government incentives have been an important factor 

in the commercialization of geothermal energy. The report 

documents a number of case histories of specific 

geothermal proJects in France. 

3.3 Other Countries 

Brief information is provided on geothermal development, 

particularly the regulatory aspects, for the Commission of 

the European Communities (CEC), the United Kingdom, New 

Zealand, Iceland and Japan. 
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4.0 SURVEY OF LEGISLATION AFFECTING 
GEOTHERMAL DEVELOPMENT IN CANADA 

The B.C. Geotnermal Resources Act (1982) vests the right, 

title, and interest in all geothermal resources in the 

provincial yovernment. The Act also defines permitting, 

leasing, operation, authorization and licensing 

requirernents, and rnakes provision for royalties. The Act 

and regulations closely follow the Petroleurn and Natural 

Gas Act and its regulations, particularly with respect to 

leasing and authorization procedures, drilling practice, 

sampling and reporting. 

Most geothermal exploration and drilling in B.C. has 

preceded the Geothermal Resources Act and therefore little 

experience has been acquired in applying the Act. 

S irnilarly, the relationship to the B. C. Hydro and Power 

Authority Act has not yet been clarified. 

No geothermal legislation exists in the other 

and territories, and none is anticipated in 

provinces 

the near 

future. Potential yeothermal developrnent would be rnost 

directly affected by existing laws for natural resources, 

groundwater and petroleurn. 

Sorne provinces appear to have adequate regulatory 

experience to cope with geothermal development under 

existing legislation; while in other provinces, developers 

would face either a lack of experience on the part of 

government authorities, or serious ambiguities in existing 

laws as they rnight apply to geothermal developrnent. 
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5.0 FINANCIAL FACTORS AFFECTING 
GEOTHERMAL DEVELOPMENT IN CANADA 

Provincial and federal assistance programs for geothermal 

research, development, and demonstration studies increase 

the available geothermal data pool. This type of 

assistance is crucial in early stages ot development, when 

the technology has yet to be demonstrated to potential 

developers. As knowledge increases, other incentives are 

required to encourage commercial adoption. Rates of 

return to private developers may be increased by 

incentives such as capital assistance for investment, 

favourable tax write-offs and tax credits. Finally, 

consumer incentives intended to create an awareness and 

demand arnong users may be beneficial. 

Since geothermal eneryy is still in its infancy in Canada, 

most assistance is directed towards research and 

demonstration projects at the present. To assess the 

potential capital, tax, and consumer incentives which may 

one day be apl,)lied to the geothermal industry, a survey 

was conducted of similar incentives to the oil and gas, 

mining and alternative energy industries in Canada. The 

report identifies the impacts of these incentives, should 

they be extended to include geothermal energy 

applications. 
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6.0 COMMERCIAL FACTORS AFFECTING 
GEOTHERMAL DEVELOPMENT IN CANADA 

worldwide interest in geothermal eneryy has historically 

focused on high temperature systems for electric power 

production. However, direct-use non-electric applications 

using low temperature resources now predominate the 

geothermal industry. 

The two critical aspects determining the successful 

commercialization of geothermal energy are cc-location of 

sui table resources and appropria te development 

opportunities, and economic competitiveness with other 

energy supply options. 

8ome key areas where governments can remove some of the 

development uncertainties involve assistance with 

geotechnical information and clear regulatory and land 

tenure institutionalization. 

The significant constraints on geothermal electric 

projects are more likely to be resource and technology 

related rather than commercial in nature. The key factor 

is whether a particular yeothermal project will provide 
-

power more economically than a conventional power plant. 

The commercial aspects of direct use systems are far more 

complex and inter-related. Compared to high temperature 

resources, low temperature resources are more abundant and 

accessible, of fer higher conversion ef fic iency, require 

shorter development schedules, and have less expensive 

exploration and development requirements. However, suc

cessful market penetration of low temperature geothermal 
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energy requires that favourable market opportunities be 

close to the resource. 

For the predominantly low temperature resources in Canada, 

the principal use of geotherrnal energy is likely to be 

space anc domestic hot water heating. Geotherrnal systems 

are capital intensive, with drilling costs and 

distribution system installation costs typically being the 

most significant items. 

For successful cornrnercialization of low temperature 

geotherrnal energy, one or several users are required wi th 

a large and constant total base load. such systems can 

e i ther take the forrn of a single well supplying a large 

building complex or formation of a geotherrnal heating 

district where geotherrnal fluids are distributed. A 

discussion of geotherrnal system costs 

considerations is given in the report. 

and economic 

In order to compete in the energy market, geotherrnal 

developments require certain favourable circumstances. 

Key factors which influence market conditions include 

transportability and "grade" of energy, economic uses, the 

price of alternative energy, and market acceptance. 

It is clear that geotherrnal systems can be exploited for a 

variety of applications, 

geotherrnal energy to be 

geotherrnal resources of 

that other soc ieties have found 

economic, and that Canada has 

varying quality which can be 

developed. Nevertheless, to date there has been almost no 

commercial interest in geothermal development in Canada. 

A well-managed, concerted plan for irnplementation is 

required for effective development of the industry. 
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ABSTRACT 

A survey was carried out of regulatory and commercial aspects 

of geothermal energy development. The study is intended tor 

use by federal government program leaders, geothermal energy 

developers, provincial legislators, and other parties 

interested in development. Reference is made to geothermal 

experience in other countries, particularly the United States 

and France. 

Canadian laws which potentially apply to geothermal energy are 

examined, including the Geothermal Resources Act of B.C., 

natural resource and groundwater laws, and environmental 

protection legislation. 

F inancial factors such as provincial assistance programs, tax 

treatments and consumer incentives are discussed. In many 

areas, the oil and gas industry provides a basis for comparison 

with the geothermal industry. 

r'inally, the report outlines the complex factors which affect 

the commercial 

These include 

system-electric 

climate for geothermal development in Canada. 

resource assessrnent and 

development pot~ntial, 

development concerns, 

direct-use commercial-

ization costs and econornic considerations, and a discussion of 

the competitive environment. 
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1.0 INTRODUCTION 

1 . 1 Report Objectives and Organization 

In Canada, 

infancy. 

geothermal energy development is in its 

It is currently at the investigation stage of 

limited exploration, resource 

of potential applications. 

geothermal energy is to be 

testing, and the examination 

It is evident that if 

developed and compete with 

other energy supply options such as conventional oil and 

gas, solar, biomass, wind and hydre, a multitude of 

regulatory, jurisdictional and commercial issues need to 

be identified and resolved. The objective of this report 

is to outline these key factors and the implications 

arising from them, based on precedents in Canada and 

elsewhere. 

Issues and practices that have developed in selected 

geothermal user · countries are surveyed, and the status of 

the regulatory and commercial climate . in Canada is 

evaluated. 

It should be noted that the practices reported herein do 

not all necessarily represent exemplary models to be 

f ollowed. In f act, some of the examples presented are 

clearly to be avoided. In considering the adoption of 

foreign practices in Canada, the differing social, 

economic and political realities must be taken into 

account. To assist ~n highlighting these differing 

considerations, the report has included comparative 

assessments, interpretations and analyses of implications 

in terms of Canadian applicability, so as to provide a 

perspective for the reader. 
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This report is intended for the use of geothermal program 

leaders within the federal government, for potential 

geothermal developers, and for legislators across Canada. 

In accordance wi th the study terms of reference, it is 

des igned to function as a reference work for any person 

interested in geothermal energy in the country. The 

information will provide a basic framework useful for 

guiding the future direction of Canada's geothermal 

development. 

The major 

"stand-alone" 

sections of 

discussions 

the report 

of the topics 

are essentially 

named, and thus 

the reader can go directly to sections of interest, 

omi tting others in whcih he is not interested, wi thout 

losing continuity. 

In view of the diverse readership familiarity and 

expertise, the report commences with a very brief overview 

of technical aspects and applications in Section 1.0. 

Section 2.0 reviews geothermal resources in Canada and the 

status of investigations in each province. 

Section 3.0 examines selected experiences abroad. In 

particular, the comprehensive discussion of the United 

States presents rationales for different approaches to 

regulation of its geothermal industry. Details of 

financial incentive prograrns are provided. 

Section 4.0 is a province-by-province survey of 

legislation affecting geothermal development in Canada. 

In most cases this legislation has not been specifically 

directed to the geothermal industry. Rather it is 

legislation such as natural resource laws (oil and gas, 

. \ 
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groundwater, minerals, etc.) which is potentially 

applicable to geothermal exploration and development. 

Section 5.0 identifies financial factors which may 

They include encourage geothermal development in Canada. 

provincial programs, 

incentive programs. 

tax treatments, 

Finally, 

commercial 

Section 

factors 

6. 0 addresses the 

affecting geothermal 

and consumer 

broad topic 

development 

of 

in 

Canada. These include resource assessment and development 

concerns, system-electric potential, direct-use potential, 

commercialization costs and economic considerations, and 

the competitive environment. 
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1.2 Definition and Characteristics of the Resource 

"Geotherrnal energy" is heat generated by natural processes 

which occur within the earth. This heat is present 

everywhere beneath the surface of the earth. Its 

intens i ty increases wi th depth and varies frorn place to 

place according to geological conditions. In sorne areas, 

unusually high ternperatures rnay be rnanifested at the 

surface in such features as hot springs, fumaroles and 

volcanoes. In other are as they are present only at great 

depths and can only be detected through temperature 

measurements in drill holes. The increase in temperature 

with depth has been observed worldwide and is known as the 

"geotherrnal gradient". As wi th other na tural phenomena, 

the geotherrnal gradient varies from one locality · to 

another, but in general the ternperature increase is to the 

order of 25°C per kilometre. 

A "geotherrnal system" 

anomalous heat in the 

is forrned by the presence of 

earth's crust and is generally 

associated with high geothermal gradients. 

Of the vast quantity of heat stored within the earth, the 

proportion which can presently be used for practical 

applications is very small. Human utilization is possible 

only in regions where geotherrnal heat is concentrated in 

exploitable forrn (presently as either hot water or steam), 

in suff icient quanti ty, and at a depth wi thin econornic 

reach of the surface. These conditions may be produced by 

an active geotherrnal system conveying the heat to a 

near-surface environment or by the presence of a reservoir 

of fluid deep enough to be hot under normal gradient 

conditions. Either of these sets of circumstances may 

constitute a "geothermal resource". 

. ) 
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Geotherrnal resources may be classified according to common 

characteristics. These include temperature: host medium 

(water, steam, dry rock) : hos t rock: and reservoir type;. 

size and depth. The five most widely accepted basic 

categories are: 

• Hydrothermal Systems 

- Vapeur dominated 

- High temperature, liquid dominated (>150°C) 

- Moderate temperature, liquid dominated 

V (50°C-150°C) 

• Gradient Heat Systems 

- Deep circulation and deep sedimentary basin types 

- Hot dry rock 

Reservoir characteristics are functions of the means of 

heat concentration in the near-surface environment. 

Regardless of how they are classified, the ultimate origin 

of the heat that drives the system is the same: it is the 

product of the radioactive decay of unstable elements 

which are dispersed throughout the earth. 
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1.3 Recovery Methods and Applications 

Geothermal energy is economically recovered from naturally 

heated steam or hot water. This is used to drive steam 

turbines for electrical generation and to provide heat for 

a variety of applications. For some applications, 

sufficient heat may be obtained from natural springs. 

However, for large scale indus tri.al use, geothermal 

reservoirs must be tapped at depth by drilling. 

Geothermal drilling uses equipment similar to rigs used in 

the oil and gas industry. Modifications to compensate for 

high temperatures and corrosive fluids may be necessary, 

and differences between geothermal and petroleum reservoir 

characteristics may dictate different drilling practices. 

Geothermal production holes must be connected to a gather

ing system which directs the fluid from the well(s) to the 

point of utilization. Electrical generation is the 

preferred application for vapour-dominated and high tem

peraturé liquid-dominated fluids. In the case of the 

vapour-dominated system, dry steam may be piped directly 

to turbines for electrical generation. If the fluid is 

high temperature water it may be directed to a separator 

vessel at reservoir pressure, then fla shed to produce a 

steam and water component. The steam fraction may then 

flow to turbines and the hot water may be flashed again at 

a lower pressure, used for another purpose, or discarded. 

Heat from low temperature geothermal waters may be 

converted to electricity utilizing binary-cycle turbines, 

or applied directly for space heating, process heating 

(e.g. material drying, cooking, chemical production), 

agricultural and aquacultural heating, and recreational 

uses such as swimming pools and spas. 
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2.0 STATUS OF GEOTHERMAL DEVELOPMENT IN CANADA 

2.1 Historical Outline 

Geothermal resources have yet to become a factor in the 

Canadian national energy equation, in part because readily 

accessible hydre and fossil fuel resources have been a 

disincentive to geothermal research. In addition, the 

absence of spectacular geothermal manifestations such as 

active volcanoes, geysers and fumarole fields, has 

contributed to the perception that Canada is geothermally 

ben ign. Recent work in British Columbia has shown that 

this is not accurate, but to date the only applications of 

geothermal energy in Canada are the heating of 

approxima te ly a do zen recrea t ion al sw imm ing pools in the 

west, and the warming of some community water systems in 

the north. 

Prier to the early 1960's there was very little scientific 

interest in geothermal resources in Canada. Geolog ical 

mappers in industry and government routinely ignored such 

features as hot springs and tufa deposits - both evidence 

of the possible presence of geothermal energy. 

In 1962, the 

Upper Mantle 

federal governmen t, as 

Projec t then be ing 

an adj une t to 

undertaken by 

the 

the 

Department of Mines and Technical Surveys ,_ organized a 

geothermal study group within the Seismology Division 

(later the Division of Seismic and Geothermal Studies) of 

the Dominion Observatory. This group initiated heat flow 

research as part of an on-going geothermic study of 

Canada. Its objectives were scientific rather than 

utilitarian and it was not specifically intended as 
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geotherrnal resource research. It nevertheless led in this 

direction when, in cooperation with the Cordilleran 

volcanic Project of the Geological Survey of Canada (GSC), 

work was conducted in areas of recent volcanisrn in British 

Columbia. 

In 1966 the Departrnent of Mines and Technical surveys was 

renamed the Department of Energy, Mines and Resources, and 

geophysical research ( including geotherrnic studies) was 

assigned to the Earth Physics Branch. In a reorganization 

of this branch in 1982 the Gravity Geothermics and 

Geodynamics Division was established, and this is now the 

federal agency reiponsible for geothermal research. 

Provincial and territorial government interest in 

geothermal resources has traditionally been limited. Only 

British Columbia has enacted specific geothermal 

legislation or contributed to geothermal research and 

development. 

Exploration and development by corporate and private 

interests has been carried out only in B.C. with the 

provincial utility, B.C. Hydre, being the most important 

contributor. Their participation, which began in 1973, 

resulted in the discovery of geothermal steam at Meager 

Creek in southwestern B.C. In addition B.C. Hydre 

evalua ted a number of other are as in the province dur ing 

the 1970's. Meager Creek, however, remains the most 

ambitious Canadian geothermal project. 

' The exploration activity being carried out by B.C. Hydr o 

led to increased interest in the geothermal potential of 

western Canada by a number of private corporations during 

1 ,, 

' ) 
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the 1970's. Most of these companies were engagea in 

developments in the western United States. One of them, 

O'Brien Energy Ltd., later acquired exploration rights to 

a tract of land near Squamish, B.C., in the first public 

auction of geothermal land held by the province. 

Geothermal development in any area is primarily a function 

of geolog ical compatibility, but commercial, political, 

and log istical considerations are also important. For 

this reason Sections 2.2 through 2.6 discuss the level of 

effort into applied geothermal investigations, and the 

present development status across Canada. The discussion 

is organized by five geopolitical regions, namely: British 

Columbia, the Prairie Provinces, Northern Canada, Central 

Canada, and the Atlantic Provinces. 

Figure 2-1 shows are as in Canada w i th known or poten tial 

geothermal resources. 
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2.2 British Columbia 

Geological Setting 

Of the five regional geothermal study areas referred to in 

Section 2.1, British Columbia has unquestionably 

experienced the greatest expenditure of research, 

exploration and development effort. work in B.C. has been 

f unded by the federal governmen t through the Min istry of 

Energy, Mines and Resources (EMR), the provincial 

government, B.C. Hydre, and private developers. 

The principal attraction of B.C. over the other regions 

has been the promise of near-surface high-temperature 

fluids which could be used in electrical generation. The 

province is host to about 25 young volcanic centres in 

three regional belts, and at least 60 hot springs, all 

evidence of contemporaneous geothermal activity. 

Comparatively little effort has been spent in B.C. on 

investigations of lower temperature resources such as 

might be utilized for space heating. There is, 

neverthe le ss, cons iderable ev idence tha t such re sources 

are present in potentially exploitable quantities in 

several localities in the province (Souther, 1976; 1981). 

Legislation and Regulation 

Early recognition (Nevin and Sadlier-Brown, 1972) of 

B.C.'s potential geothermal resources led the provincial 

government to adopt the Geothermal Resources Act (on 

November 7, 1973). This legislation defined geothermal 

resources and reserved all rights to them to the Crown in 
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the right of the Province. On June 7, 1982, this Act was 

repealed and replaced by a new Act which provides for 

disposition of geothermal rights and addresses all aspects 

of management of the resource. 

Federal Government Participation in B.C. 

In 1966 the Geological survey and the Dominion Observatory 

Branches of the federal Department of Mines and Technical 

Surveys jointly carried out the Stikine Geothermal 

Drilling Project. This consisted of heat flow and 

geolog icai stud ies of the Mt. Edz iza area in northern 

British Columbia. Prier heat flow investigations differed 

f rom the work conduc ted here, as the y were pr inc ipally 

directed towards acquisition of geothermic data on a 

national scale and not necessarily in areas where 

anomalous heat flows might be expected. As one of B.C.'s 

largest and youngest volcanoes, Mt. Edz iza, is a f irst 

order geothermal prospect, and the 1966 investigation may 

be considered the first true geothermal study carried out 

in Canada. 

Since the Stikine project, the Department of Mines and 

Technical Surveys and its successor EMR have continued 

geothermic studies throughout British Columbia. In 

addition, through the work of the Geological Survey, it 

has carr ied out investigations of a number of Quaternary 

volcanic centres and thermal spring areas which might be 

related to geothermal resources. 

In March 1974 the Geolog ical Survey dr illed two d iamond 

drill holes in the vicinity of the Meager Creek Hot 

Springs in southwestern British Columbia (Lewis and 

( ' 

,1 1 
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Souther, 1978). Both encountered hot artesian water which 

indicated that a larger geothermal system than previously 

env isioned was presen t. The are a was subsequently 

selected for detailed geothermal exploration by B.C. 

Hydre, and a program of geolog ical mapping, geophysical 

and geochemical surveys, and drilling was initiated (Nevin 

and Stauder, 1975). While the bulk of the work was funded 

by B.C. Hydro, EMR contributed substantially by carrying 

out detailed geological mapping, geophysical and 

geochemical studies, and by funding certain aspects of the 

gradient drilling program. 

Other EMR projects in British Columbia which relate to 

geothermal research include geological and geophysical 

studies at Mt. Cayley in southwestern B.C., in the Lakelse 

area near Terrace, within the Anaheim Volcanic Belt in 

Central B.C., the Wells Gray/North Thompson River area, at 

Mt. Silverthrone, and in the Okanagan Valley (Souther, 

1981). 

EMR is the leading source of public information on 

geothermal research in British Columbia. Beth the Earth 

Physics Branch, with offices at Patricia Bay near 

Victoria, and the Geological survey Branch with offices in 

Vancouver, contribute to this research directly. In 

addition they regularly supervise projects performed under 

contract by private firms and educational institutions. 

Funding for federal government geothermal research is 

presently included in a budget provided under the National 

Energy Program. 
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Provincial Government Involvement 

In addition to legislative recognition of geotherrnal 

resources, the B .c. Governmen t has contr ibuted to 

deve lopmen t through part iè ipa tion in several geothermal 

studies funaea through the Ministry of Energy Mines ana 

Petroleum Resources. 

In 1979 the Ministry commissioned a comprehensive study of 

the geotherrnal potential of B.C. The study (Nevin 

Sadlier-Brown Goodbrana Ltd., 1981) addressed all aspects 

of geothermal development including technical, legal and 

commercial considerations. 

Aspects of the geothermal poten t ial of northeastern B. C. 

have been evaluated by two studies performed under 

contract to the Ministry. One of these, (Reid, Crowther 

and Partners, 1980) rev iewed direct use geothermal 

resource potential near three northern communities: Dawson 

Creek, Fort St. John, and Fort Nelson. The other 

(Johnstone, 1982) evaluated the potential for use, in a 

binary electrical generating plant, of the hot water 

encountered in wells in the Clarke Lake gas field, near 

Fort Nelson. 

In partnership with the federal government under the terrns 

of the Conservation and Renewable Energy Development 

Agreement (CREDA), the B.C. government contributed 

f inancially to the research drilling carried out on B.C. 

Hydre' s Meager Creek Project during 1979. Ministry of 

Energy, Mines and Petroleum Resources personnel also 

participated as advisors on the project. 

1 
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B.C. Hydre and Power Authority Developments 

As noted earlier, of the various groups which have 

participated in geothermal research exploration and 

development in British Columbia, B.C. Hydre have been the 

leading contributor. Their studies began with a survey of 

thermal springs associated with the Lillooet Valley 

fracture system and the Pemberton and Garibaldi Volcanic 

Belts of southwestern B.C. in 1973 and 1974. In addition 

they subsequen tly carr ied out evalua tiens of the 

geothermal potential of Vancouver Island and other areas 

in southwestern, west-central and northern B.C. 

In 197 4 B. C. Hydro initia ted wha t was to become the most 

ambitious geothermal exploration program in Canada at 

Meager Creek, some 150 km north of Vancouver. ouring the 

course of this project 25 temperature gradient holes were 

drilled in two target areas on the southwest and northeast 

flanks of the Meager Creek Volcanic Cornplex, a Quaternary 

volcanic centre (Fairbank et al, 1981; Reader and 

Fairbank, 1983). 

In 1981 and 1982 three deep production-scale holes were 

drilled (Stauder et al, 1983). Two of these had bottom 

hole temperatures in excess of 260°C and one produced 

geothermal steam. Due to drill-related problems, atternpts 

at sustained steam production on a commercial scale have 

so far been frustrated. In February 1984, a 20 kW 

wellhead turbine generator was connected to hole MCl as 

part of a l irni ted flow test. The . f irst geotherrnally 

generated electricity in Canada was scheduled for 

production March 21, 1984 (Stauder, 1984). 
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Private Development 

The first offering of geothermal rights under the B.C. 

Geothermal Resources Act was made by public tender dated 

June 15, 1983. The rights consisted of a permit to 

explore and develop Crown geothermal resources on six 

parcels of land located near Mt. Cayley, a Quaternary 

volcano near the town of Squamish in southwestern B.C. 

One permit covering 8286 hectares was 

Energy, a Canadian company active 

issued 

in 

to O'Brien 

geothermal 

exploration in the United States (B.C. Governmen t news 

release, June 30, 1983). O'Brien drilled one short, 

tempera ture-grad ien t hole in the summer of 198 3. O'Brien 

has committed itself to a five-year work program that will 

require expenditures up to a maximum of $4.25 million. 

The only present geotherrnal utilization in B.C. is in 

heating bathing pools at seven developed resorts and at a 

dozen or so undeveloped hot springs scattered throughout 

the province. 

' } 
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2.3 Prairie Provinces {Alberta, Saskatchewan, Manitoba) 

Geothermal resources of the Prairie provinces are of the 

deep basin type occurring within the Western Canadian 

Sedimentary Basin underlying virtually all of Alberta, the 

southern half of Saskatchewan and southwestern Manitoba. 

The temperature of formation water or brine, contained 

within permeable reef complexes and stratigraphie 

aquifers, is determined by the geothermal gradient and the 

depth to host format ions a t any g iven local i ty. 

Representative temperature gradients within the basin 

a ver age 25-30 °C/km, but vary be tween 20 °C/krn in recharge 

areas along the southwestern margin of the basin to 

regional highs of 50°C/krn. Drilling depths to potentially 

exploitable resources are between 1000 rn and 3000 m. 

Representative resource temperatures are therefore between 

50°C and 125°C, suitable for direct use applications, with 

the higher temperatures attainable only in the deeper 

parts of the basin. Shallow groundwater resources at 

temperatures less than 50°C may be utilized in conjunction 

with heat pumps or for very low grade heat applications. 

In general, the basin is deepest (and potential resource 

temperatures greatest), along its southwestern margin in 

Alberta and northeastern B.C., and becomes progressively 

shallower towards i ts northeastern marg in where i t thins 

out completely. It extends into the Yukon and Northwest 

Territories to the north, and the U.S.A. to the south. 

various studies directed at regional delineation, 

characterization and assessment of prospective geothermal 

resources on the prairies have been on-going since 1975. 



- 18 -

Virtually all of this work has been based upon a vast 

amount of drill hole data available through many years of 

oil, gas and mineral (potash) exploration and development. 

The raw data include fundamental information on formation 

porcs i ty, permeabi 1 i ty, temperature and f luid chemistry. 

Inconsistencies in measurement techniques and reporting of 

information critical to geothermal assessments are common 

since water production potential and accurate temperature 

measurements have not been a primary concern of the 

developers. In addition, data are incomplete on 

potentially productive geothermal aquifers or regions as 

these do not necessarily coincide with productive oil and 

gas horizons and explored areas. 

The majority of the geothermal research done to date has 

been sponsored under the federal government's Energy 

Research and Development Program. The lead agency for 

geotechnical assessment work has been the Earth Physics 

Branch of the Department of Energy, Mines and Resources 

(Jessop, 1975). Initial studies of a basin-wide nature 

and on specific regions of interest have delineated and 

characterized geothermal resources on a regional scale 

(Sproule Associates, 1976, 1977; Jones et al, 1982). 

Reservoir mapping techniques and associated problems in 

using existing well data are outlined in a report by 

Sproule Associates (1984). More recently, federal studies 

sponsored by Energy, Mines and Resources and the National 

Research Council (NRC) have focused on extraction tech

nology and the identification of potential applications 

for deep-basfn geothermal resources (Sproule and Angus 

Butler, 1981; SNC Group, 1982; Acres, 1983; Acres and 

Nevin Sadlier-Brown Goodbrand Ltd., in preparation). 

t 

. ) 
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The leading geothermal work of a site-specific nature has 

been performe~ at the University of Regina, Saskatchewan 

(Vigrass et al, 1978). To date, the University of Regina 

campus is the only potential geothermal site that has been 

tested by drilling (Vigrass, 1979). Related studies have 

included water 

( Postlethwaite et 

chemistry and corrosion 

al, 1980a, 1980b) and 

testing 

economic 

evaluations (Bens et al, 1982). The project is currently 

on hold, pending funding for a fluid disposal well which 

would allow for long-term testing of the reservoir. 

Other important contributions to geothermal research on 

temperature distribution within the basin include that by 

the University of Alberta in Edmonton (Lam et al, 1982; 

Jones et al, 1982), the American Association of Petroleurn 

Geologists (AAPG, 1976), and various researchers studying 

regional heat flow (Anglin and Beck, 1965; Garland and 

Lennox, 1962; Majorowitcz and Jessop, 1981). 

At present, no specific regulations are in place to govern 

the developrnent of geothermal resources. The one 

demonstration well drilled to date at Regina was permitted 

under the existing oil and gas regulations for the 

Province of Saskatchewan. Many operations involved in 

deep-basin geothermal exploration and development (for 

example: exploration and production well drilling, well 

testing, fluid disposal by injection, environmental and 

safety requirements) are comrnonplace in oil and gas 

development and there are regulations governing that 

industry. It is probable that existing regulations are 

suf·f ic ien t, or else can be adapted to con trol geotherrnal 

development. Additional regulations covering above-ground 

geothermal installations may be required in the future. 
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A wealth of subsurface data, useful in assessing the 

geothermal potential of various regions, has been gathered 

by oil and gas developers and is made publicly available 

through established reporting procedures. Temperature 

measurements are often collected in conjunction with other 

geophysical well logs; however, this data is of limited 

use for geothermal because, as a general rule, there is 

insufficient supporting information on the well status. 

Standards for the reporting format of temperature 

measurements and supporting data, particularly the elapsed 

time since last drilling fluid circulation, would be 

invaluable to geothermal reservoir mapping and would be a 

minimal imposition for the oil and gas industry. 
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2.4 Northern Canada 

Geological Setting 

The two jurisdictions which, for 

a iscuss ion, rnake up Northern Canada 

Northwest Territories (including 

purposes of 

are the Yukon 

the Districts 

this 

and 

of 

Mackenzie, Franklin, and Keewatin). Geotherrnal resource 

poten tial is greatest in the western reg ions, the Yukon 

and the District of Mackenzie, where over 40 hot springs 

and several young volcanic terranes are known (Crandall 

and Sadlier-Brown, 1976). Bath low and high grade 

resources rnay be expected to occur in the displaced 

western cornponent of the Yukon Cordillera. In the 

District of Mackenzie, low grade gradient hea t rnay be 

expected in the northern part · of the Western Canad ian 

Sedirnentary Basin including the Mackenzie Fold Belt which 

cornpr ises the eastern cornponen t of the Cora iller a. In 

addition the Arctic Sedirnentary Basin which underlies the 

greater part of the District of Franklin, the rnost 

northerly jurisdiction, is also geologically compatible 

with the existence of low grade geotherrnal resources. 

Legislation and Regulation 

No leg isla tion has been passed by the Governrnen t of the 

Yukon or the Northwest Territories or by the Federal 

Governrnent to regulate geotherrnal developrnent in these 

jurisdictions. Existing developrnents are regulated by 

other législation, particularly land and water acts. 
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Development Status 

Geothermal investigations in Northern Canada have been 

carried out by the federal Departrnent of Energy, Mines and 

Resources and by one private company, Canada Tungsten 

Mines Ltd. (Crandall and Sadlier-Brown, 1976). Two Yukon 

communities have explored the possibilities of using warm 

water from deep wells in comrnunity water systems to 

prevent freezing in the winter, and there are two hot 

springs, one in the Yukon and one in the Northwest 

Terri tories, where developmen t for recrea tion has taken 

place. 

As part of an on-going study of terrestr ial heat flow in 

Canada, EMR is continually compiling gradient and heatflow 

data in the north. Although this work is not considered 

to be geothermal resource exploration, when coordinated 

with geological studies in areas with geothermal potential 

it provides a useful data base, as experience in B.C. has 

shown. 

In 1976 the Departrnent of Energy, Mines and Resources 

sponsored a study intended to assess the geothermal 

resources of the Cordilleran Yukon and Northwest 

Territories (Crandall ana Sadlier-Brown, 1976). nuring 

the course of the study 42 thermal or suspected therma l 

spr ings and three areas of recent volcanism were 

evaluated. 

In 1977 the Canada Tungsten Mining Company funded a 

geothermal evaluation of the v i cinity of the CanTung Mi ne 

in the Flat River area Northwest Territories. The 

1 
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objective of the project was discovery of an exploitable 

geothermal resource. The work was suspended, however, 

after early results proved inconclusive. 

Utilization of geothermal resources in the north is 

presently quite limited. Water from hot springs is used 

to heat a public swimming pool at Takhini near Whitehorse, 

Yukon and a bathing pool near the community of CanTung, 

Northwest Territories. 

At Maye, Yukon, water warmed by gradient heat in a deep 

well is used in the public water supply system. This well 

water at 15.5°C is mixed with cooler well water at ambient 

tempera ture. The re sul t ing increase in tempera ture, 

though marginal, is sufficient to prevent freezing in the 

system except under severe conditions. This problem which 

is prevalent in northern communities is normally offset by 

heating with oil. 

The .Engineering Department of the City of Whitehorse, 

Yukon, has evaluated proposals to augment that community's 

water system with water from warm wells. 

Like other areas of Canada, the north has benefited from 

hydroelectric resources sufficiently abundant to provide 

most of its needs. A significant component of the 

electrical load in the region is nevertheless dependent 

upon diesel generation. This is attributed to the sparse 

population often in small isolated centres which could not 

justify the capital cèst of long hydre lines or 

conventional hydroelectric developments. In addition, 

small hydre which is gaining acceptance elsewhere, might 

be subject to freezing problems in winter. 
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Northern Canada Power Commission (NCPC), the 

federally-owned utility which serves the north, has 

conternplated alternative energy resources including 

geotherrnal. For the present, however, the unique 

challenge of providing power to this vast area is 

adequately met using the hydre-diesel mix. 

On the bas is of geolog ical cons ide rations, there are two 

areas of the Yukon which might be compatible with 

geotherrnal resources of the system-electric type (Crandall 

and Sadlier-Brown, 1976; Shaffer and Associates, 1983). 

One, the Wrangel volcanic belt, is located in the extreme 

western Yukon adjacent to the Alaska border and remote 

frorn any population centres. The other lies irnmediately 

west of Whitehorse, alrnost certainly close enough to be 

economically exploited if found to host a geothermal 

resource. 
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2.5 Central Canada (Ontario and Quebec) 

No geothermal resources have been identif ied or exploited 

in Ontario and Que bec, and it appears likely that none 

will be for the foreseeable future. The reasons for this 

are geological, regulatory, and commercial. (A project is 

underway in northern Toronto to study the storage of 

heated water in shallow aquifers as a way to reduce 

building heating costs, but this has no bearing on 

geothermal resource use.) 

on tar io and Que bec are mos tly under la in by the Ca nad ian 

Shield which contains parts of the oldest continental 

crust in the world. The Shield consists of Precambrian 

(greater than 600 million years old) igneous, metarnorphic, 

and sedimentary rocks that are overlain by younger, 

Paleozoic sedirnentary rocks in southern Ontario and 

Quebec, and Paleozoic to Mesozoic sedirnentary rocks along 

the western shores of James and Hudson Bays. The most 

recent intrusive rocks are located in the Monteregian 

H ills near Mon treal. Radiometric dating indicates these 

igneous rocks are about 100 million years old. 

The geology of Ontario and Quebec precludes any high 

ternperature heat sources and most low ternperature sources 

as well. Because of their great age, igneous rocks of the 

Shield have lost some of their ability to generate heat 

through radioactive decay, and have long since lost any of 

their original, magmatic heat. Geothermal gradients in 

the Shield are low, around 10°C/km. Fracture perrneabil1ty 

tha t would permit deep circulation of flu ids is also 

apparently low as there are no reported surface 

man if esta tiens such as warm or hot spr ings. The most 
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likely source for low temperature fluids would lie, not in 

the Shield itself, but in the overlying Paleozoic 

sed imen tary rocks tha t have been explored for pe troleum 

and groundwater resources. These sedimentary sequences 

are as muchas 600 m thick and contain aquifers capable of 

produc ing the volume of water needed. Geothermal 

gradients, measured in petroleum exploration drill holes, 

vary unsystematically from less than 1°C/km at London, to 

2 0 °C/km a t Ham il ton, to 35 °C/km near Mon treal ( Amer ican 

Assoc. of Petroleum Geologists and USGS, 1976). 

Anticipated geothermal resources in these rocks would be 

comparable to resources found in the shallow strata 

underlying the Prairies. The resource wouid have low 

temperatures (less than 40°C), variable amounts of 

dissolved solids, and insufficient hydraulic head to 

sustain artesian flow. The resource could be used for 

some agricultural purposes ( such as soil heating: 

aquaculture: fermentation) or space heating if used with 

heat pumps. 

Given the low temperatures anticipated, even from the 

deepest aquifers in Ontario and Quebec, it is not 

surpris ing tha t no geothermal re sources have bee·n 

identified or exploited. No legislation exists that would 

directly regulate geothermal development. Instead, 

resource exploration and exploitation would be affected by 

parts of acts pertaining to other natural resources such 

as minerals, brines, petroleum, and groundwater, although 

application of these acts to geothermal development might 

strain the ir intent. 
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2.6 Atlanti~ Provinces (New Brunswick, Nova Scotia, 
Prince Edward Island, Newfoundland) 

The geologic setting of the Atlantic Provinces is the 

product of a very long period of mainly sedimentary 

deposition, extending frorn the late Precarnbrian to the 

Cenozoic, punctuated by two major mountain building cycles 

( including deformation, igneous intrusion, uplift, and 

erosion) in Ordovician and Devonian time. Deformation 

since the Devonian has been mainly faulting and folding. 

Deformed Carboniferous rocks were overlain by Mesozoic 

terrestrial sedimentary . and volcanic rocks deposited in 

fault troughs. Post-Devonian deformation has created a 

ser ies of structural basins wh ich are as rnuch as 8,000 m 

thick. Parts of the Maritimes are underlain by granitic 

plutons, of Paleozoic age, that were intruded into the 

sedimentary sequences. These are magmatic or volcanic 

rocks younger than Mesozoic age in the area. 

The Atlantic Provinces have the potential for two types of 

geothermal resource, although neither is likely to have 

high temperatures. These are: gradient heat type 

resource s in deep sed imen tary basins; and hot, dry rock 

type in Paleozoic granitic intrusions. Heat in the 

granitic rocks would corne from the radioactive decay of 

unstable elements that rnight be concentrated there. 

No geothermal resources have been exploited in the 

Atlantic Provinces apart frorn demonstration projects using 

heat pumps or shallow water wells. Since 1980, under the 

direction of the Earth Physics Branch several studies have 

been conduc ted a imed a t a broad asse ssmen t of geothermal 

resource poten tial in the are a. The se have en ta iled the 
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compilation of ex ist ing da ta on drill hole tempera ture s, 

thermal properties of rocks, heat generation, age of 

granites, and hydrological data such as formation 

pressures and water chemistry (Leslie and Associates, 

1981; 1983a). In addition, the Earth Physics Branch has 

drilled temperature gradient holes in New Brunswick and 

P.E.I. (Leslie and Associates, 1983b). Other studies of 

heat production of granitic rocks have been conducted in 

New Brunswick and in Newfoundland (Wright et al, 1980). 

Apart from publicly funded studies, only one private 

company (Noval Corp. of Halifax) is known to be collecting 

temperature data from their oil and gas drill holes with a 

view to potential geothermal applications. 

No geothermal legislation exists in the Atlantic Provinces 

and none is anticipated. Every province has various laws 

controlling groundwater resource use, oil, gas and rnineral 

exploration as well as for the protection o~ the 

environment. Geothermal exploration and development would 

likely proceed under the terms of existing resource 

legislation which is differently treated in each province. 

Provincial interest in alternative energy sources is 

variable. Due to long term economic cond i tiens in the 

Atlantic Provinces it appears that government assistance 

for geothermal projects will corne primarily from federal 

rather than provincial sources. 
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3.0 REGOLATORY ABD COMMERCIAL ASPECTS 

IN SELECTED FOREIGN COUN'l'RIES 

3.1 United States 

3.1.1 Introduction 

To a large extent, the regulatory and commercial 

aspects of geothermal development have been 

addressed, in varying degrees, by the United States 

Congress and by the legislatures of each of the 

states known to possess geothermal resources. Often 

the conclus ion reached, and the direction gi ven by 

these differing bodies, have been significantly 

dif ferent. Often, as well, the legislation has left 

as many questions unanswered as answered, or created 

as many new problems as it resolved. In some cases, 

the legislation has, in fact, proven to be more of an 

obstacle to development than an aid. 

3 .1. 2 Leasing 

Providing access 

for exploration 

through leasing. 

and a secure r ight to the resource 

and development is provided for 

The development of statutes for the regulation of 

geothermal leasing in the United States began wi th 

the passage of the California Geothermal Resources 

Act of 1967, and the Federal Geothermal Steam Act of 

1970. A majority of the states possessing geothermal 

resources followed suit dur ing the 1970 's, and often 

modeled their statutes after either the California or 



- 30 -

federal Acts. However, a number of state leasing 

statutes differ considerably from the California and 

federal models, and this divergence can be attributed 

to the complexi ty of dealing wi th this "new" 

resource, or to historical differences in how the 

states dealt with the disposition and protection of 

its natural resources. 

The major differences in the statutes can be traced 

to how geothermal resources are defined and 

characterized. 

3.1.3 Resource Definition 

Geothermal resources are related to water, gas, and 

minerals, to both the surface and subsurface estates, 

and to both water r ights and miner al ti tles. How 

geothermal resources are def ined will effect all of 

the others. 

There are, therefore, two basic tasks in defining 

geothermal resources. The f ir st is to des cr ibe the 

physical properties which distinguish geothermal 

resources from other natural resources and thus 

clearly establish what is subject to geothermal 

leasing, taxation, and development regulations. And 

second, a definition must relate geothermal resources 

to groundwater, subsurface minerals , and other 

established resources. An ideal resource definition 

should, therefore, be both anticipative and 

retrospective. It must look forward to future 

leases, exploration, and development act i vities 

while, at the same time, looking backward in order to 
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place geothermal resources into the framework of 

leases, reservations, and property titles inherited 

from the past (Sacarto, 1976). 

How well legislation accomplishes these two tasks 

will have a profound influence upon the reduction of 

future conflicts of ownership. 

The California Geothermal Resources Act of 1967 made 

the first attempt at defining geothermal resources 

and reads as follows: 

'Geothermal · resources' shall mean the natural 

heat of the earth, the energy, in whatever 

form, below the surf ace of the earth present 

in, resulting from, or created by, or which may 

be extracted from, such natural heat, and all 

minerals in solution or other products obtained 

from naturally heated fluids, brines, 

associated gases, and steam, in whatever form, 

found below the surface of the earth, but 

excluding oil, hydrocarbon gas, 

hydrocarbon substances. 

or other 

The Federal Geothermal Steam Act of 1970 (Public Law 

91-581) defined geothermal resources thusly: 

'Geothermal steam and associated geothermal 

resources' means (i) all products of geothermal 

processes, embracing indigenous steam, hot 

water, and hot brines: (ii) steam and other 

gases, hot water, and hot brines resulting from 

water, gas, or other fluids artificially 
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introduced into geothermal formations: (iii) 

heat or other associated energy found in 

geothermal formations: and (iv) any by products 

derived from them. 

The federal definition defined byproduct so as to 

exclude oil, hydrocarbon gas, and helium. 

Beth the California and the federal def ini tien 

provide a detailed discription of the physical 

properties which distinguish geothermal resources 

from other natural resources, but fail to relate 

geothermal to such things as groundwater and 

minerals. 

Washington took a somewhat different approach to 

defining geothermal resources: 

'Geothermal resource' means only that natural 

heat energy of the earth from which it is 

technologically practical to produce 
electricity co11111ercially and the medium by 

which such heat energy is extracted from the 

earth, including liquids or gases, as well as 

any minerals contained in any natural or 

injected fluids, brines, and associated gas, 

but excluding oil, hydrocarbon gas, and other 

hydrocarbon substances (RCW 79.76.). (Bold 

type added for emphasis.) 

The principal difference in the Washington definition 

is that i t restr icts geothermal resources to those 

•from wbicb it is technol~ically practical to 
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produce electricity coamercially.• Geothermal 

resources were so defined in Was~ington State to 

provide for a clear division of responsibili ties for 

purposes of regulation. The Department of Natural 

Resources, which normally regulates oil and gas 

drilling, was, by this mechanism, given the 

responsibility for the regulation of the high 

temperature and pressure resources, while the 

Department of Ecology, which normally regulates 

groundwater, was given the responsibility for low 

temperature pressure resources. Unfortunately, 

because no eut off temperature was set, but instead 

let to float, the Department of Natural Resources 

must now regulate resources with temperatures down to 

approximately 100°c because advances in technology 

have made the generation of electricity possible at 

temperatures much below that which was anticipated at 

the time the Act was passed into law. 

Alaska also desired to separate the regulation of its 

resources, but, unlike Washington, adopted a definite 

temperature eut off (Basescu, et al., 1980) • The 

Alaska definition reads as follows: 

"'Geothermal resources' means the natural heat 

of the earth at temperatures greater than 120 

degrees Celsius, measured at the point where 

the highest temperature resources encountered 

enter or contact a well shaft or other resource 

extraction device, and include. 

The definite temperature eut off tends to take 

the guess work out of where an applicant should 
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apply for a resource or drilling permit and 

allows for a district separation of agency 

responsibilities. This also clarifies whether 

or not the f luids are available through 

appriation 

geothermal." 

as groundwater or lease as 

By excluding resources of less than 1200c from the 

def ini tion of geothermal, the Alaska legislature has 

facilitated their use, since regulation meant for 

large-scale commercial use of high temperature 

resources need not be observed for most direct use 

applications (Basescu, et al., 1980). Although this 

was also the objective of the Washington Legislators 

at the time the Geothermal Resources Act of 1974 was 

passed, they could not anticipate that rapid 

developments in technology would, in time, so 

completely change the defini tion and possibly place 

an undue burden upon both the developer of direct use 

projects, as well as the developer of moderate 

temperature resources for electrical generation where 

neither high temperatures or pressure present the 

degree of r isk associated wi th the development of 

high temperature resources. 

The Oregon definition, which, for the most part , is 

based on the federal model, provides additional 

restrictions based upon temperature and depth. Hot 

water from wells deeper than ·600 m (2,000 feet) must 

be developed accordin.g to geothermal statutes. Hot 

water from shallower wel l s with bottom- hole 

temperatures less than 1200c (250OF), must be 

developed according to state water law. It is not 
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The federal government, in passage of the Geothermal 

Steam Act of 1970, avoided the question as to how 

geothermal resources should be characterized. In 

fact, the Steam Act chose instead to direct the 

Justice Department to br ing suit to quit ti tle and 

decide whether or not geothermal resources had been 

reserved to the federal government as part of the 

miner al esta te. The action brought by the Justice 

Department {United States of America vs Union Oil 

Company of California) began in 1971, and a verdict 

in favor of the United States was not reached until 

October 1977 under the ti tle Ottobonie vs the United 

States of America. This delay resulted in a 

moratorium on leasing until the case was decided and 

a lack of considerable revenue to the United States. 

As the primary area in question was at the Geysers in 

Northern California {the richest geothermmal area in 

the world), the loss of revenue to the federal 

government, and the negative effect which this case 

had upon development in the Geyser area, could have 

been. avoided if the legislation had simply 

char acter ized the resource as miner al and a part of 

the mineral estate. 

California, in the passage of the California 

Geothermal Resources Act of 1967, also avoided th i s 

very important question, and again it was left up to 

the courts to char acter ize the resource. It wasn' t 

until the case of Par iani vs California was decided 

in 1981 {California Court of Appeal, 1981) that 

geothermal was declared to be a minerai· resource fo r 

purposes of ownership and leasing of California 

lands. 
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and the 

have 

federal 

chosen to 

government, a 

cha'racter ize 

geothermal resources. However, not all of these have 

done so in a manner which resulted in clear 

understanding of ownership or leasing rights. 

In Idaho, the state declared that geothermal 

resources are ••• sui generis, being nei ther a miner al 

resource nor a water resource, but they are ••• closely 

related to, and possibly affecting and affected by, 

water and mineral resources in many instances 

(Renwick and Lewis, 1976). 

In Washington, the 

"Notwithstanding any 

geothermal resources are 

legislature declared that 

other provision of law, 

found and hereby determined 

to be sui generis, being nei ther a miner al resource 

nor a water resource" (Bloomquist, et al., 1980). 

The sui generis characterization of geothermal 

resources serves only to cloud the ownership issue 

and is, for all practical purposes, meaningless. 

The states of Wyoming, Utah, and Montana have 

characterized geothermal resources as water, while 

the state of Hawaii has chosen to characterize 

geothermal resources as minerals. 

In many other states i t is very unclear exactly how 

geothermal is 

Mexico it is 

(Renwick and 

whether or 

characterized. For example, 

stated that geothermal is not 

Lewis, 1976), but it is unclear 

not the legislature intended 

in New 

water 

as to 

that 
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geothermal be considered to be a mineral. In Alaska, 

geothermal is char acter ized as being similar to oil, 

gas, coal, ores, and minerals, but no clear 

assignment is made (Basescu, et al., 1980). 

Whether geothermal resources are characterized as 

water or mineral, it would be preferable to have such 

a solution explicitly legislated so that ownership 

can be clearly determined. Due to the fact that in 

three court decisions, geothermal resources have been 

determined to be mineral and a part of the mineral 

reservation (usually in keeping with the usage of 

geothermal resources as an energy fuel), it seems 

appropriate and desirable, in view of the court 

decisions, that future legislation characterize 

geothermal as a mineral resource. 

It can thus be clearly seen that the characterization 

of the resource serves as the second task in defining 

the resource in that it relates geothermal resources 

to groundwater, subsurface minerals, and other 

established resources, and by doing so allows for the 

placement of geothermal resources into the framework 

of existing leasing, reservation, and property 

titles. 

3 .1. 5 Ownership 

By clearly defining geothermal resources to be either 

water or miner al, the problems associated wi t h the 

establishment of ownership will be greatl y reduced. 
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Mineral ownership derives from an estate in land, 

which may be 'severed' from property r ights to the 

overlying surface. Groundwater, at least in the 

west, is generally held in the public domain while 

being an aspect of surface ownership in most eastern 

sta tes. In the case where the resource has been 

determined to be sui generis, the state may assign 

the resource to the owner of the surface estates or 

the mineral estate, or may, in fact, claim the 

ownership of all geothermal resources in the state 

regardless of ownership of the surface or mineral 

estate, and separate from existing water rights. 

The federal government claims geothermal ownership 

wherever i t holds the miner al esta te, ei ther jointly 

wi th the surface esta te or as a miner al reservation 

where the estates have been severed. This claim was 

upheld in the Ottobonie vs u.s. case which was 

mentioned earlier. Whether federal ownership extends 

to groundwater useful for thermal purposes where the 

esta tes are severed is unclear. Absent, implied, or 

explici t reservation of water pur suant to the 

establishment of a federal enclave, the states have 

primary control over water resources. 

The states have taken a , number of approaches to the 

assignment of ownership and reflect how the resource 

was characterized as to water, mineral, or sui 

generis. 

In Alaska, the state claims ownership of all 

geothermal resources, including those under pr ivate 

lands, and is in line wi th the state' s claim to all 
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subsurface resources in the state. The state of 

Alaska does, however, give the surface owner a 

preferential right to a prospecting permit or lease. 

It must be remembered that by def ini tion, geothermal 

resources in Alaska are limited to those above 120°c, 

while ownership of 'geothermal resources' below that 

temperature would fall under water law statute, and 

ownership would be assigned accordingly (Basescu, et 

al., 1980). 

In Utah, Wyoming, and Montana, geothermal resources 

are also in the public domain due to their 

characterization as water. 

A majority of the other states, except for Oregon and 

Washington, which have declared geothermal resources 

to be the property of the surface owner, ei ther by 

statute or 

ownership. 

assigned to 

the property 

Ried, 1976). 

practice, appear to recognize mineral 

In Hawaii, geothermal ownership is 

the mineral estate, and all minerals are 

of the state until severed (Renwick and 

Washington bas declared geothermal resources to be 

the property of the surface owner (Bloomguist, et 

al., 1980) , but i t is presently unclear, because of 

the impractical way which the state has defined 

geothermal, what is truly included in such an 

assignment and what remains available for 

appropriation as groundwater. It is also likely that 

the assignment of geothermal to the surface owner in 

Washington will resul t in a number of court 
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challenges by those who have maintained an interest 

in the mineral estate, but where the surface estate 

had been severed. 

It is thus extremely important that geothermal 

resources be defined so as to be easily distinguished 

from other natural resource characteristics in order 

that a clear assignment to an estate can be 

accompli shed and ownership determined. It is only 

after the completion of these tasks that access to 

the resources can be made available to developers 

through leasing. 

3.1.6 Resource Access 

Providing prompt access and secure r ights to public 

lands for geothermal exploration and development is 

crucial if geothermal resources are to become an 

important additional energy resource available to 

region.al and national energy planners. 

There are a number of ways through which access can 

be made available through the transfer of public 

resource rights to private developers. Resources may 

be simply conveyed without charge, such as in the 

case of federal mining claims and non-competitive oil 

and gas leases, or made available through bidding 

procedures (Sacarto, 1976). 

Bidding may take the form of cash bonuses, annual 

rentals, production royalties, profit shares, or work 
commitments. Regardless of whether the resource is 

transferred by competitive or non-competitive means, 
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developers may be required to pay annual rentals, 

production royalties, and diligently explore for and 

develop the resource. 

Access can be provided through two or three 

procedures which can include exploration or 

prospecting permits and/or non-competitive leases for 

lands of unknown potential while requiring 

competitive bidding for particularly valuable 

resource areas. Another approach would be to allow 

for exploration and prospecting permi ts, but require 

all leasing to be by competitive bid. 

The federal government has adopted a three tier 

approach. Prospecting permits are available to 

developers and allow for geological, geochemical, and 

geophysical surveys, as well as the drilling of holes 

to a . depth of 900 m (3,000 feet) • The permi ts are 

non-exclusive and are not convertible to leases. 

Non-competitive leases are available to the first 

qualified applicant on lands of unknown potential. 

Competitive leases are available to the highest 

qualified bidder in Known Geothermal Resource Areas, 

or KGRAs. A non-competitive lease application can, 

however, be rejected at anytime up to when the lease 

is issued if the area becomes a KGRA. (KGRA is 

defined as "an area in which the geology, nearby 

discoveries, competitive interest, or other 

indications would, in the opinion of the Secretary 

(of the Interior) engender a belief in men who are 

exper ienced in the subject mat ter that the prospects 

for extracting of geothermal steam or associated 
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geothermal resources are good enough to warrant 

expenditures of money for that purpose") 

States Geological Survey, 1979). 

(United 

Competitive bidding for KGRA lands is by cash bonus 

bidding only. However, legislation now pending 

before Congress (Sena te Bill S 558) (United States 

Senate, 1983) would call for a percentage of all KGRA 

lands to be offered on other than a cash bonus basis

-namely royalty bidding. 

A majority of the states have also adopted the two or 

three tiered access system. · Oregon, California, and 

Alaska all have provisions for the issuance of 

exploration or prospecting permits in addition to 

having both competitive and non-competitive leases 

available. Oregon, in addition to competitive cash 

bonus bidding, provides for simultaneous filing of 

applications, with the successful qualified applicant 

selected by random public drawing (Oregon Revised 

Statutes Chapter 522). 

Washington and Montana lease all lands through a 

competitive bidding process (Sacarto, 1976). In 

Montana, however, if only one person bids for the 

tract, the applicant may negotiate a lease with the 

Department of Natural Resources and Conservation. 

The Department may, however, choose to reject all 

bids and app~ications (Perlmutter and Birkby, 1980). 

Careful consideration must be given to several 

factors in the adoption of the mechanism for the 

transfer of public resources and the form or forms of 

distribution which will be employed. 
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The system should provide for multiple forms of 

access. Exclusive or non-exclusive exploration or 

prospecting permits can attract developers to wildcat 

areas. Such permits can be extremely effe·ctive in 

encouraging exploration if developers are given 

preference in converting the permit to a non

competitive lease or the right to match the highest 

bid if the leases are awarded through competitive 

bidding. Non-competi tive leases provide a mechanism 

by which developers can secure r ights to a resource 

wi th li ttle cash outlay, and are extremely important 

in attracting developers to unproven areas. The 

filing of a non-competitive lease application should 

provide protection for the applicant against 

reclassification of the area as a KGRA before the 

lease is granted. Such protection can guarantee that 

the applicant will be granted a lease on a non

competitive basis if work performed by the applicant 

resulted in the reclassification and/or the applicant 

can be given the r ight to match the highest bid if 

the reclassification was the result of work performed 

by another applicant. Senate Bills S 558 and S 883, 

which are presently under consideration by Congress 

(United States Senate, 1983), would provide these 

forms of protection to federal lease applicants. 

Competitive leasing can result in the greatest 

initial monetary benefit to the public, but it can 

also serve to discourage . or prevent certa i n 

developers from gaining , access to public lands. Th is 

is probably most true and detr imental where leases 

are only offered on a competitive basis. For 

example, the lower economic value of low to moderate 
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ternperature resources can seldorn warrant large 

outlays of money, and may result in many areas 

receiving no bids severely inhibiting exploration and 

development. Competitive leasing can also provide 

extreme difficulties for public bodies which cannot 

expend large sums of money on high r isk ventures. 

There is also a problem for such public enti ties in 

that they must obtain approval of expendi tures in a 

public forum, thus providing other bidders with 

knowledge of the bids which will be submitted. 

Several possible solutions to such problems are worth 

consideration. First, cornpetitive areas should be 

limited to those areas where a significant high 

temperature discovery has been made in order that the 

value of the resource can be accurately determined by 

both the lessor and the potential lessees. 

Legislation now under consideration by the u.s. 
Congress would limit KGRAs to areas where there is 

physical evidence of the existence of geotherrnal 

resources capable of generating electr ici ty (Sena te 

Bill S 558, Sec. 3) (United States Senate, 1983). It 

is extremely important that such areas be limited to 

only those possessing high temperature resources 

capable of being utilized to generate electr ici ty as 

the economic value of resources for direct 

applications 

expenditures 

bidding. 

cannot 

and risk 

justify 

required 

the 

by 

additional 

competitive 

As an exarnple of the problems which can be created by 

the creation of KGRAs in low ternperature areas, a 

well was drilled near Boise, Idaho, in the late 
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on federal Bureau of 1970's, 

property. 

(170OF) 

The well 

geothermal 

encountered 

resources, . 

Land Management 

approximately 710c 

and the area was 

a KGRA requiring immediately reclassified as 

competitive bidding. However, the low temperature of 

the resource would not justify a cash bonus bid. The 

well was also in an area of considerable interest to 

the city of Boise, Idaho, which desired to construct 

a geothermal district heating system using water from 

the area which was now a KGRA. In order for this 

area to be made available to the city, an act of 

Congress was 

the city in 

1984) • 

Second, the 

royalties or 

return to 

necessary which transferred this area to 

exchange for other properties (McClain, 

use of non-cash bonus bidding, i.e. 

profit sharing, allows for maximum 

the public wi thout tying up needed 

exploration dollars for cash bonuses. This also 

allows for full participation by public entities. 

Third, work comrni tments can speed development, but 

will not provide for maximum return to the public 

from the exploitation of public resources if it is 

not tied to royalties or profit sharing. 

Fourth, it is possible to use cash bonus bidding and 

still allow for the participation of the public 

sector if sealed bids are submitted by private 

developers well in advance of the submission of bids 

by the public entities. This allows the public 

bodies a per iod of time for gaining approval of the 

expenditure of funds through the public process. 
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This, however, is based upon the assumption that 

there is no other prohibition against the expenditure 

of such funds by the public entities involved. 

Fifth, a mechanism should be provided for 

reclassifying KGRA lands which have been offered but 

which have received no bid (Sena te Bill s 558, Sec. 

4) (United States Sena te, 1983) • 

3.1.7 Acreage Limitations 

The federal government, as well as most states, has 

set limitations on the size of leases and limitations 

upon holdings in any one state. At the federal 

level, the Geothermal Steam Act of 1970 limited lease 

s ize to a maximum of 1,036 hectares (2,560 acres) 

with a minimum of 260 hectares (640 acres). In 

addition, the Steam Act limits individual holdings to 

8,290 hectares (20,480 acres) per state (United 

States, 1970). 

Size limitations have also been adopted by many 

states. In most cases, the minimum size has been set 

at 16 hectares (40 acres), while maximums ranges from 

260 to 1,036 hectares (640 to 2,560 acres) and above. 

Alaska and California have both set maximum state 

acreage limitations of 20,700 hectares (51,200 acres) 

and 10,360 hectares (25,600 acres) respectively. 

Idaho has taken another approach by limiting the 

holding of leases to a maximum 50 townships {Sacarto, 

1976) • 
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The setting of limitations on minimum lease size bas 

drawn severe cri ticism frorn small developers of low 

temperature resources for direct applications. This 

is because a minimum of 260 hectares (640 acres) 

reguires tying up a great deal of acreage with 

accompanying rentals for applications which can be 

successfully undertaken on 16 hectares (40 acres) or 

less. 

The maximum lease size, which generally ranges from 

260 to 1,036 hecta_res (640 to 2,560 acres), appears 

to be of very little conseguence, although if a 

sizeable application fee is reguired per application, 

the 260 hectare (640 acre) maximum could result in a 

financial burden to the developer because of the 

total number of applications which would have to be 

filed. 

On the other band, a limitation upon individual 

holdings in a given state bas been singled out _ by 

developers as the single most serious impediment to 

geothermal development in the United States. 

Developers contend that the 8,230 hectare (20,480 

acre) limitation severely handicaps the successful 

operator since two discoveries in astate effectively 

eliminates a company from additional exploration. 

Because of this, once a skilled group of technical 

personnel are trained, 

resources .to allow them 

progression of exploration 

there are insufficient 

to continue an orderly 

and development. The 

limitation bas, in addition, forced many companies to 

give up attractive prospects because they were at or 

near the acreage limitation. 
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At present, the u.s. Congress is considering 

legislation (Senate Bills S 558 and S 883) which 

would rai se the acreage limitation to 20,700 hectare 

(51,200 acres) per state, and exempt from this 

limitation any leases under development (United 

States Senate, 1983). The exemption of acreage under 

development from the limitation appears to provide 

for industry's desire to have an even greater acreage 

allowance without having a problem of too much 

acreage being tied up which is not under development. 

3.1.8 Rentals and Royalties 

Annual rentals 

opportunity to 

pr imar ily to 

are normally assessed for 

explore on public lands and 

cover the cost of regulation 

the 

serve 

and 

administration. Rentals may also provide the lessor 

with a tool for ensuring diligent exploration in that 

required expenditures on exploration must equàl a set 

amount or increased rentals will be assessed. 

Rentals on federal and state lands · usually begin at 

$1.00 per acre per year. The rental on federal KGRA 

lands is $2.00 per acre per year. 

On federal lands, the rental increases to three 

dollars per acre, beginning with the sixth year, but 

wi th the provision that expendi tures on exploration 

may be deducted from the increased amount. 

Exploration expenditures in order to qualify must 

equal $4.00 per acre in year six, $6.00 per acre in 

year seven, and $8.00 per acre in year eight, $10.00 

per acre in year nine, and $12. 00 per acre in years 

10 through 15. 
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The states of Oregon and Idaho have also adopted 

increasing rentals as a means of encouraging diligent 

exploration. 

Other states, such as Arizona and Colorado, have no 

set rental fee, but instead, the rental is negotiated 

along with other lease terms (Sacarto, 1976). 

Royalties are assessed on production and ensure that 

some portion of the value of the public resource is 

returned to the public treasury. 

Royalties, unlike cash bonuses and rentals, involve 

no r isk for the developer and, therefore, appear to 

treat egui tably both large and small developers as 

well as public and private entities. However, the 

manner in which royalties are calculated may 

signif icantly penalize the developer engaged in the 

direct utilization of geothermal resources in 

comparison to the developers of electrical generation 

projects. Although royalties on both electrical and 

direct use products range from 10-15 percent for 

state as well as federal leases, the way in which the 

royalty is calculated can and does make a significant 

difference in the amount different developers will 

pay. In the case of electrical generation, the 

royalty is based upon the selling price of the steam 

or electricity. On direct use projects, the royalty 

is based upon the value of the heat energy available, 

unless the project involves the sal e of that energy, 

in which case the royalty is based on gross salesa 
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The following clearly illustrates how differences in 

how the royalty is calculated can ser iously affect 

the economic viability of direct use projects. If 

developer A leases and develops ~ geothermal resource 

on federal lands and sells the energy to User B, the 

10 percent federal royalty is assessed against gross 

sales. If, on the other hand, the Developer and the 

User are the same enti ty, and no sale takes place, 

then the royalty is based on the equivalent cost of 

the cheapest conventional fuel in the area. The 

royalty is then inflated at the same inflation rate 

as that of the conventional fuel. If the lessee 

happens to be a corporation in a 48 percent effective 

federal income tax bracket, the royalty would be 

subtracted from sales and reduce the company' s tax 

liabili ty by 48 percent of the royalty. The net 

effect would be a 5.2 percent royalty. If the 

royalty is assessed against a non-taxable entity such 

as a public utility or a municipal heating district, 

i t can become one of the major annual costs of the 

geothermal project. For example, the Klamath Falls, 

Oregon, Business Core Heating District is projected 

to pay itself back in seven years. If it were 

necessary to drill the production wells on federal 

lands and pay a 10 percent royalty on the energy 

consumed, this same project would suffer a $3,600 per 

year loss for the f irst 10 years in terms of annual 

equivalent costs. If the annual cost of operating. 

the Klamath Falls system included a federal royalty 

of 10 percent, the breakdown of the annual costs for 

the first year of operation would be as follows: 

(Higbee, 1979) 
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Electrical pumping costs 

Maintenance costs 

Federal royalty payments 

Percent 

24.8 

19.7 

55.5 

The problems which the ineguity that royalties have 

placed upon developers of direct use geothermal 

energy has resulted in legislation being introduced 

into the u.s. Congress which would lower the royalty 

on such projects from the present 10 to 15 percent to 

a more reasonable 5 to 10 percent (Senate Bills S 558 

and S 883). The same bills allow the Secretary of · 

the Interior to ·"defer royalty payments for non

electric geothermal developments when it is deemed to 

be in the public interest, for municipal, 

cooperative, or other political subdivisions lessees 

where legal limitations on front-end financing 

otherwise would prohibit or significantly deter 

development" (United States Senate, 1983). 

However, the deferring of royalty payments and 

reductions in the percentage do not solve the 

problems associated with the way in which the royalty 

is calculated. A possible solution to this problem 

is, however, under consideration by the Washington 

State Department of Natural Resources (see Table 3-1) 

( Washington Department of Natural Resources, 

1982). The method of calculation encourages full 

utilization of the resource by rewarding the 

developer who utilizes more Btus per unit of resource 

· wi th a lower royalty per Btu. The system will also 

result in a greater return to the state treasury 
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be cause even a t the lower royalty, the full 

utilization of the available Btu' s will result in a 

higher total payment (see Appendix C). 

Washington is also considering providing incentives 

to developers of electric generation projects by 

offering a 1 percent reduction in the royalty if the 

resource is cascaded for use in direct use projects. 

An additional 1 percent reduction in the royalties is 

allowed if the fluids are reinjected (Washington 

Department of Natural Resources, 1982). 

Royalties are also assessed on the extracted value of 

by-products. On federal leases, the royalty is up to 

5 percent of the value of the by-products, and the 

state leases royalties on by-products range from 2 

percent to over 12.5 percent (Sacarto, 1976). 

3.1.9 Lease Terms, Adjustments, and Renewals 

Because geothermal energy is unique in that i t must 

be used on site, and often involves substantial 

outlays for utilization facilities and pipe lines 

and/or electrical transmission lines which require 

amortization periods of 20-30 years, the effective 

lease life, adjustments of lease provisions during 

the life of the lease, and lease renewals are of 

paramount importance to developers. Equally 
-

important, however, is the prevention of land 

speculation on the part of the lessor, the ability to 

make adjustments in lease provisions so as to ensure 
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compliance with state regulations, and to ensure that 

a reasonable portion of the revenue generated from 

public lands is returned to the public treasury. 

The use of exploration or prospecting permits which 

require work commi tments, and which are granted for 

periods of 1-3 years, is an excellent way to prevent 

speculation but may discourage exploration if such 

permits are not convertible to leases or provide the 

holder of the permit with a preference to a lease. 

Noncompetitive and competitive leases are normally 

issued for periods of 5 to 20 years (Sacarto, 1976). 

The longer the primary lease term, the more important 

it is that the lease carry reasonable diligence 

requirements to minimize having public lands locked 

up by land speculators. It is also extremely 

important that the lease term be of sufficient length 

to ensure that the developer has a reasonable 

opportunity to fully evaluate the leased area. 

Most leases carry clauses which ensure an extension 

of the primary lease term if the developer is 

actively engaged in exploration and/or drilling, and 

all state and federal leases provide for the 

extension of the lease once production of geothermal 

resources in commercial quanti ties begins. Such an 

extension is usually limited to 40 to 50 years. 

California allows for a lease term of up to a maximum 

of 99 years so long as production continues 

(California, 1970), and several states, including 

Montana, Wyomi~g, and New Mexico, allow for the 
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continuation of the lease 

resources are produced or 

produced (Sacarto, 1976). 

so long as geothermal 

are capable of being 

One very important consideration which has surfaced 

since the enactment of most state and federal leasing 

statutes is a need to provide for an extension of the 

primary lease term where, for no fault of the 

developer, commercial production cannot begin 

although resources capable of being developed have 

been discovered. Legislation now pending before the 

U. S. Congress (Sena te Bills s 558 and S 883} would 

allow for such an extension and Section 7 of S 558 

reads as follows: n ••• However, in the event 

construction of the (utilization} facility or 

facilities has not been possible due to 

administrative delays beyond the control of the 

lessee or due to the demonstrated marginal economics 

of such a (utilization} facility or facilities, and 

substantial investment in development of the lease 

has been made, the Secretary (of the Inter ior) will 

consider an additional extension of the extended 

primary lease term of up 

the lessee be required 

detailing bona fide 

to 10 years: 

to submit 

efforts to 

Provided, that 

annual reports 

resolve the 

administrative delays or to bring the (utilization} 

facility or facilities into economic production" 

(United States Senate, 1983) 

Readjustment of terms during the period of the lease 

is extremely important, and must take into 

consideration what effect that frequent 
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rehegotiations will have upon compounding the risks 

already inherent to geothermal development in 

deterring investment. 

The Federal Geothermal Steam Act of 1970 provides for 

a readjustment of lease terms and conditions at not 

less than 10 year intervals after the date the 

geothermal steam is produced. However, readjustment 

of rentals and royalties is restricted to not less 

than 20 year intervals beginning 35 years after the 

date geothermal steam is produced (United States, 

1970) • 

Alaska provides for a renegotiation of rentals and 

royalties due on geothermal leases 20 years after the 

initiation of commercial production and at 10 year 

intervals thereafter (Basescu, et al., 1980). A 

number of other states, including California, 

Montana, and New Mexico, provide for 10 year 

renegotiation of rentals and royalties beginning 2 .0 

years after the lease date (Sacarto, 1976). 

Frequent readjustments in rentals and royalties is 

likely to de ter investments in geothermal 

development, and appears to be unnecessary in that if 

royalties are based upon the price for which the 

energy is sold, revenues will increase at a rate 

proportional to the rate at which the value of the 

energy is inflating. The pricing formula being 

considered by the state of Washington (Table 3-1 ) 

would, however, require frequent adjustments in the 

base price upon which royalties are calculated. 
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Freguent adjustments in terms other than rentals and 

royalties bas also drawn criticism, and bas resulted 

in a reluctance on the part of utilities to utilize 

geothermal resources for power plant operation 

(United States Department of Energy, 1979). However, 

as a result of the Report of the Interagency 

Geothermal Coordinating Council on Geothermal 

Streamlining Recommendations, legislation bas been 

introduced to modify the readjustment provisions of 

the Geothermal Steam Act of 1970. At present, Senate 

Bills S 558 and S 883 contain language which would 

revise the adjustment period clause. Section 8 of 

S 558 reads as follows. "The Secretary (of the 

Interior) may adjust the terms and conditions, ••• ,of 

any geothermal lease issued under this Act at not 

less than 20 year intervals beginning 20 years after 

the date production is commenced, as determined by 

the Secretary ••• " This would make a 20 year 

readjustment period as opposed to the present 10 year 

period (United States Senate, 1983). 

Leases should also provide preferences to lease 

holders in the event that leases are to be renewed. 

Most renewal clauses, however, carry provisions for 

the renegotiation of lease terms (Sacarto, 1976). 

3.1.10 Diligence Reguirements 

One of the most controversial provisions of most 

leasing statutes involves diligent exploration 

reguirements: however, wi thout such requirements 

public lands can be held for long periods of time by 

speculators who have no intention of exploring or 
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developing geothermal resources, but who are hoping 

that a nearby discovery will substantially increase 

the value of their property so that it will be 

purchased by a legitimate developer. 

The use of escalating rentals, as a means of 

encouraging diligent operations, has already been 

discussed in the section on rentals and royalties. 

However, a number of other approaches are also 

available to lessors, and should be given serious 

consideration. 

At present, Section 13 of Senate Bill S 558, which is 

being considered by the u.s. Congress, would require 

that a plan of operation for exploration be f iled 

within three years of the issuance of a lease, and 

that drilling shall commence no later than two years 

after approval of such plan, or two years after a 

drilling permit has been approved, whichever is later 

(United States Senate, 1983). This provision has 

been the target of a great deal of criticism by 

industry which claims that drilling within five years 

of the issuance of the lease may cause premature 

drilling and unnecessarily increase the cost and risk 

of developing geothermal resources. Section 13 of 

Senate Bill S 883 would require that a plan of 

operation be submi tted within five years, and 

drilling begin not later than four years after the 

approval of the plan and the granting of the drilling 

permit. Since the primary lease term is ten years, 

the diligence provision of S 883 would have very 

little impact on encouraging more rapid development 

(United States Senate, 1983). A more reasonable 



- 60 -

approach and perhaps an acceptable compromise would 

appear to reguire that a plan of operation be 

submi tted wi thin four or f ive years of the issuance 

of a lease, with drilling beginning no later than two 

years after the approval of the plan and the granting 

of the drilling permit. 

Washington has proposed in its draft Rules and 

Regulations for Geothermal Resource Leasing that 

during the first five years of the lease, the 

operator would be reguired to spend on approved 

exploration and development, a minimum of $20 per 

acre during the first two years; during the third 

year, not less than $15 per acre; during the fourth 

year, not less than $20 per acre; and during the 

fifth year, not less than $25 per acre. The draft 

would provide for the lessee to pay the state the 

scheduled amount in lieu of the performance of 

development work or improvements (see Appendix C). 

Beginning the sixth year of the lease, the lessee 

shall be producing geothermal resources in paying 

gualities or: 

• the lessee shall be engagea in drilling of 

production and/or reinjection wells wi th no 

more than 90 days elapsed time between the 

complet ion of one well and the spudding of the 

next, or 

• the lessee shall be engaged in deepening, 

repairing, or redrilling of any wells without 

90 day cessation of operations, or 
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• the lessee shall be diligently constructing 

facilities for the processing, conversion, or 

use of geothermal resources, or 

• the lessee shall be diligently attempting to 

obtain necessary permits and 

approvals for commercial operation. 

environmental 

Although Washington's proposed diligence requirements 

should be given serious consideration as a way to 

guarantee performance by a lessee, they would require 

a great deal more administration than the proposed 

federal requirements. 

A more comprehensive analysis of u.s. leasing 

statutes and regulations is beyond the scope of the 

present study. This study has instead attempted to 

concentrate on those provisions which have resulted 

in the greatest amount of controversy or which have 

been determined to have deterred exploration and 

development. 

The recommendations 

represent the views 
which have been presented 

of the author, and do net 

necessarily represent a consensus of opinion of 

developers and regulators. The importance of leasing 

statutes and regulations to the success of any state 

or national geothermal program cannot be over 

emphasized. Geothermal development in most areas 

can'not occur wi thout access to public lands, and 

access is provided through leasing. 

A comprehensive 

sufficient by 

leasing 

itself 

program is, however, net 

to ensure a successful 
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geothermal program. A number of other considerations 

must be addressed in order to ensure that the legal 

-and institutional framework necessary for geothermal 

development is provided. Groundwater law, 

environmental reviews, exploration and development 

permits, as well as utility and facility siting 

requirements, must be addressed through statute. 

3.1.11 Groundwater Law 

Groundwater is an integral part of any geothermal 

resource (except hot dry rock) being the medium by 

which the heat energy of the earth is conveyed to the 

surface. Most states have recognized the importance 

of groundwater in their definitions or 

char acter izations of geothermal resources. In some 

states, such as Montana and Wyoming, geothermal has 

been declared to be a groundwater resource (Sacarto, 

1976). In other states, such as Washington, Oregon, 

and Alaska, geothermal resources are divided into 

high and low temperature regime (s) for purposes of 

regulation with high temperature resources being 

considered geothermal and the low temperature (below 

120°c in Alaska and below 120°c (2S0OF) in Oregon) 

geothermal resources being considered to be 

groundwater (Basescu, et al., 1980) (Justus, et al., 

1980). By making such a distinction based on 

temperature, the lower temperature resources have 

become subject to groundwater law and development 

regulations and not geothermal leasing and 

development regulations. 
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Groundwater is treated as a public resource in most 

western states. The exceptions are Arizona, 

California, and Hawaii, in which, like most eastern 

states, groundwater is attached to the surface unless 

critical groundwater areas have been designated 

requiring water rights to be adjudicated (Sacarto, 

1976). 

Because historical uses of groundwater included 

domestic, agr icultural, and industr ial purposes, but 

not geothermal, conflicts between existing uses and 

geothermal needs were almost ensured as geothermal 

development became more widespread. 

· Montana attempted to minimize conflicts through its 

claim that geothermal resources are water and must be 

regulated accordingly. 

required for any use 

gallons) per minute, 

A permit for appropriation is 

of water over 0.38 m3 (100 

and must be issued when the 

following 

85-2-101 

1980) 

criteria are met: 

et. seg. M.C.A.) 

(Montana Water Use Act 

(Perlmutter and Birkby, 

1. unappropriated water in the supply source is 

available, in the amounts and at the time of 

year required by the applicant; 

2. the r ights of pr ior appropriation will not be 

affected adversely; 

3. the proposed means of diversion or construction 

are adequate; 
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4. the proposed use of the water is a "beneficial 

use:" 

5. the proposed use will not interfere unreasonably 

with other planned uses or developments for 

which a permit has been issued or for which 

water has been reserved. 

(Montana considered heat extraction as a benef icial 

use.) 

Idaho and California have attempted to minimize 

conflicts between geothermal and groundwater usage by 

differentiating between waters which have a 

beneficial use (groundwater that must be 

appropriated) and those which cannot be used for 

purposes other than for their energy content. 

In Oregon, such conflict has been addressed in 

Chapter 522. 255 of the Oregon Revised Statute. The 

Statute reads as follows: (Oregon, 1983) 

"Resolution of conflicts between geothermal and 

water uses. If interference between an 

existing geothermal well permitted under this 

chapter and/or existing water appropriation 

permi tted under ORS Chapter 537 is found to be 

either the State Geologist as the Water 

Resources Director, the State Geologist and the 

Water Resources Director shall work 

cooperatively to resolve the conflict and 
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develop a cooperative management program for 

the area. In determining what action should be 

taken, they shall consider the following goals: 

1. Achieving the most benef ici al use of the water 

and heat resources; 

2. Allowing all existing users of the resource to 

continue to use those resources to the greatest 

extent possible; and 

3. En sur ing that the public interest in efficient 

use of water and heat resources is protected." 

However, despi te all attempts to minimize conflicts 

resulting from competing use, and to ensure that 

geothermal resources could be developed, conflicts 

have arisen and often with devastating results. 

Perhaps the best example can be found in the 

experience of Klamath Falls, Oregon. 

The ci ty of Klama th Falls, Oregon, began evalua ting 

the feasibility of constructing a downtown geothermal 

district heating system in 1977, and by late that 

year received notification from the u.s. Department 

of Energy that it would receive demonstration funds 

under a federal USDOE grant program. The city began 

by drilling two highly successful production wells, 

and once the resource had been proven, the 

construction of the system began in earnest. 

However, Klamath Falls is an area where geothermal 

energy has been utilized by a number of homeowners 

and commercial establishments since early in the 

1900's, and these users began to worry that the city 

system would, in spi te of reinjection of the fluids 
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into the reservoir, adversely affect their own 

geothermal energy supplies. Because of these fears, 

a citizen's initiative, organized by the Citizens for 

Responsible Geothermal Development (CRGD) was 

successful in f iling over 1,500 signatures wi th the 

city, and when the initiative measure was voted on in 

1981, the future of the city's geothermal system 

received a serious setback. The initiative, which 

was passed 788 to 567, forbid "persons, cooperatives, 

organizations, municipal corporations, or any 

political subdivision of the state of Oregon from 

wi thdrawing geothermal water 'from a well unless i t 

is returned' undiminished in volume to the same 

well." (Emphasis added) The effectiveness of the 

initiative was to prevent the city from using either 

of the two wells (even though the entire system was 

completed and ready to begin operation in 1982), and 

forced the city to consider alternative heat sources 

(United States Conference of Mayors, 1982) • The 

future of the system was still in limbo as of March 

1984. However, long term reservoir tests were 

completed in 1983 which indicated that existing wells 

would not be effected by the operation of the city's 

district heating system, and the initiative was 

repealed in part by the City Council in early March 

1984, allowing for the system to be put into 

operat ion (Al len , 1984) . What legal action, if a ny , 

that the CRGD will take is at this time unclear . 

The Klama th Falls ex ample, as well as the probl ems 

experienced by the city o f Pagosa Springs , Colora do, 

only serve to emphasize the impor tance o f groundwa t e r 

to geothermal development (Eliot Al len, 1984) . 
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3.1.12 Environmental Reviews 

Providing adeguate protection for the environment is 

a major responsibility of any government, but how 

that protection is structured can have a profound 

impact upon a developer's abili ty to successfully 

complete a project in a timely fashion. 

The federal government, as well as the state 

governments, have adopted environmental statutes 

which reguire that all major activi ties proposed be 

subjected to review of the environmental impact that 

such action will involve. 

The Geothermal Steam Act of 1970 was the first major 

piece of legislation to be enacted after the passage 

of the National Environmental Protection Act, and 

managers of federal lands, as well as developers, 

were presented wi th an uncharted course to follow. 

The result has often been confusion and serious time 

delays. 

The most serious delays (at present over ten years) 

have been in the processing of lease applications and 

the of fer ing of KGRA lands for lease. The pr imary 

cause of these delays was that, in the view of the 

U. S. Forest Service and Bureau of Land Management, 

all pre-lease environmental reviews must consider the 

environmental risks associated with all exploration 

and development activi ties--in other words, the pre

lease environmental review must be based upon a worst 

case scenar io be fore a lease could be issued. 

However, close review and analysis of the leasing 
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statu tes and implementing rules and regula t ions 

clearly indicate that the issuance of a lease 

provides the lessee with nothing more than the right 

to explore for and develop geothermal resources if 

such exploration and development activi ties can be 

accomplished in an environmentally acceptable manner 

(United States Geological Survey, 1979). 

In order that this interpretation become a matter of 

law, the Report to the Interagency Geothermal 

Coordinating Council, from the Streamlining Task 

Force on Streamlining the Federal Leasing and 

Environmental Review Procedure, recommended that in 

order to expedite geothermal exploration and 

development, the "use of generalized, area wide 

environmental assessments through the Land Management 

Planning process in pre-lease review, and detailed 

site-specific studies only for post-lease activities" 

(United States Department of Energy, 1979). 

Thus, pre-lease environmental reviews should be 

limi ted to determining which areas are totally 

unacceptable to development activi ties, and detailed 

environmental reviews should be undertaken only in 

response to specifically proposed activities. In 

this way, the environmental review can be restr icted 

to the evaluation of each proposed activ i ty in 

relationship to the exact area where the activity 

will be undertaken. For example, since ver y li t tle 

environmental degradation is likely to occur f rom 

surface geological explor ation, geophysical , and 

geochemical surveys, an extensively detailed 

environmental reviews should not be required. 
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However, as the drilling of deep exploratory wells is 

planned and sited, an environmental review of much 

greater detail would be required, but such a review 

would be restr icted to the immediate area where the 

drilling was to take place. Finally, if a geothermal 

resource is encountered and a permit application for 

facility construction is filed, the detailed 

environmental review can be based upon the quali ties 

of the resource, knowledge of any environmentally 

hazardous substances present in the fluids, the 

proposed conversion and disposal technologies, and 

the exact proposed site for facility construction. 

The abili ty to utilize a phased environmental review 

process as opposed to the worst case scenario 

approach will result in much lower costs to the 

surface management agency, more timely processing of 

both lease and post-lease permit applications, and 

ultimately better protection for the environment 

since the review will be based upon facts instead of 

suppositions. 

3.1.13 Exploration, Drilling, and Production Permits 

Permits for exploration, drilling, and production on 

federal lands are issued by the Department of the 

Inter ior, Bureau of Land Management (BLM), pur suant 

to the Geothermal Resource Operational Orders (United 

States Geological Survey, 1979). 

Permits to conduct surface exploration and to drill 

temperature gradient holes to a depth of 150 m (500 
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feet) are issued to the applicant after a finding of 

no significant environmental impact by the BLM. 

Application for such permits, entitled a "Notice of 

Intent and Permit to Conduct Exploration Operations," 

can be f iled by developers on all federally managea 

lands, including lands in KGRAs and land which is 

under lease application by another developer. 

Federal permi ts may also be issued to a non-lease 

holder to drill exploration holes to a depth of 900 m 

(3,000 feet) upon the approval of a Plan of Operation 

f iled by the applicant. All post-lease exploration 

activities are carried out under a Plan of Operation 

approved by the BLM. Permit applications for all 

such post-lease exploration activities require the 

completion of an environmental review by the surface 

management agency before permit issuance (Fujimoto, 

1984). 

Resource production on federal lands is regulated by 

an approved Plan of Production from the BLM. Before 

such a Plan of Production can be approved, the 

applicant must gather environmental baseline data 

describing the existing environmental setting for a 

one year period. No Plan of Production can be 

approved by the BLM until after the completion of an 

environmental review. A finding of significant 

environmental impact during the review process wi l l 

require the preparation of an environmental impact 

statement pursuant to the National Environmental 

Protection Act befor e the plan may be approved s 
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States have the authority to issue exploration, 

drilling, and production permits on state lands, and, 

in some instances, on private and federal lands as 

well. 

The states of Oregon and Alaska regulate and issue 

permits for well drilling regardless of land 

ownership, while the state of Washington regulates 

drilling on all state and pr ivate lands, but claims 

no authority to issue permits related to exploration, 

drilling, or production on federal lands. The state 

of Montana issues permi ts for drilling and seismlc 

exploration on all lands (Perlmutter and Birkby, 

1980). 

Production permits are issued by states for all lands 

where the state claims ownership of geothermal 

resources, and may reguire unit operation of lands of 

mixed ownership if necessary for the conservation of 

natural resources which underlays in common state, 

private, and federal lands. 

3.1.14 Energy Facility Siting 

The secur ing of permi ts and licenses related to the 

si ting of energy conversion facili ties and 

transmission lines is an extremely important step in 

the development of geothermal resources, and the 

complex i ty of the process involved in obtaining such 

permits can have a serious conseguence upon the 

timeliness and cost effectiveness of development. 
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The construction of energy conversion facili ties and 

transmission lines is regulated on federal lands by 

the BLM under the provisions of the Geothermal 

Resource Operational Orders. On state lands this 

responsibility is often within the State Energy 

Facility Siting Council Department or Division. Such 

state energy facility siting authority over state 

lands may extend to the siting of energy facilities 

on federal lands, as is the case in Oregon. Oregon 

bas one of the most comprehensive Energy Facility 

Siting Acts, and will be examined here in detail. 

The State of Oregon Energy Facility Siting Council 

(EFSC) , established under provisions of the Energy 

Facility Siting Act, bas jurisdiction over certain 

energy facili ties on all lands, pr i vate, sta te, or 

federally owned. Site certifications are required by 

the EFSC for any geothermal power plant with a 

nominal electr ical generating capaci ty of more than 

25 megawatts (ORS 469. 300 (10) (a)): pipelines 

transporting geothermal fluids which are six inches 

or greater in diameter and five miles or longer in 

length (ORS 469.300 (e)(A)): and high voltage 

transmission lines of more than ten miles in length 

wi th a capaci ty in excess of 230,000 volts (Justus, 

et al., 1980). 

The Oregon EFSC bas adopted general standards which 

apply to all energy facilities and require the 

following manda tory f indings: need for the proposed 

facility based on energy demand and economic 

prudence, protection of public health and safety, 

environmental protection, beneficial use of wastes 
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and byproducts, conformance with statewide planning 

goals and comprehensive land-use plans, protection of 

historical and archaeological sites, no infringement 

on existing water rightsr necessary expertise to 

opera te, construction and retire the facility, 

reasonable assurance of obtaining the necessary 

funds, and identification of foreseeable 

socioeconomic impacts in the vicinity of the proposed 

facility (OAR 345-74-025) (Justus, et al., 1980). 

The Oregon EFSC also has the power to conduct 

investigations into all aspects of site selection, 

designate areas within the state as suitable or 

unsuitable for geothermal power plants, and to 

establish standards and promulgate rules which must 

be satisfied in order to obtain a site certification. 

The power of the EFSC to designate areas as 

unsuitable for geothermal power plant siting resulted 

in a decision by the Council in the mid 1970s that 

geothermal power plants greater than 25 MWe could not 

be con!:ltructed in Newberry Calder a. This area has, 

since that decision, been determined to be one of the 

highest potential geothermal areas in the Northwest, 

and possibly the entire u.s. Such rulings tend to 

seriously deter exploration in what may be extremely 

high potential areas, and appear to be premature 

since the decision is based on a lack of information 

concerning the nature of the resource and the energy 

conversion technology which would be employed. 

A very important element of energy facility siting 

statutes, and a critical role of the implementing 
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authority, is to provide for the coordination of 

permit and license application processing through all 

state and local agencies affected by such an 

application, and ensure that the coordination with 

other agencies makes siting of all energy facilities 

a one step process for applicants, saving both time 

and money, as well as ensuring that all applications 

are handled and evaluated in a consistent manner. 

Once a siting certification for a transmission or 

energy conversion facili ty is granted, all state and 

local agency permits and licenses must be granted as 

a matter of course. Each permitting agency, however, 

retains the author i ty to enforce all requirements of 

the permit or license issued. Examples of some of 

the permi ts required include: condi tional land use 

permits, construction permits, drilling permits, a 

permit for the disposition of liquid wastes, and 

permits for air emissions. 

Unlike Oregon, other states such as Montana and 

Washington have given the energy facility siting 

authority only limited powers over state and private 

lands. For example, in Washington, the Energy 

Facili ty Si ting Evaluation Council (EFSEC} maintains 

siting jurisdiction over all lands, private and state 

owned, but only in the case where on-site 

improvements exceed $250,000, and the generating 

plant has a capacity of 250 MWe or more (Bloomquist, 

et al., 1980). Thus, geothermal development would 

only rarely fall under the jurisdiction o~ the EFSEC. 

The exemption of most geothermal developments in 

Washington from EFSC regula tions may, as some 

developers contend, simplify the siting process, but, 
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on the other hand, the ability of the EFSEC to 

coordinate the processing of an application through 

all state and local agencies should result in 

substant ial savings in both t ime and money, and be 

much preferable. 

3.1.15 Utility Easements 

The culmination of any successful geothermal 

exploration and development project is the delivery 

of the energy to the user. However, the abili ty to 

deliver the energy to the market, either in the form 

of hot water or electricity, is highly dependent upon 

the developer's ability to obtain easements across 

federal, state, local, and/or private lands for the 

construction of pipelines or electric power 

transmission lines. 

The ability to obtain easements to cross both public 
,, 

and private lands is simplified if such aasements are 

for "public use." The public use requirement is 

sat isf ied by most def ini tiens of a "public utili ty," 

and, therefore, a closer examinat ion of utili ty law 

as i t pertains to geothermal appears to be in order 

to determine the utility status of electrical and 

direct use projects. 

Public utilities are entities (individuals, 

corporations, associations, etc.) that supply 

services considered indispensable to the public, and 

are thus "affected with a public interest" (Nimmons, 

et al., 1979). Although "services" is defined 
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differently from state to state, suppliers of heat, 

water, electricity, and natural gas are commonly 

considered to be subject to public utility statutes. 

California's Public Utilities Code defines public 

utility to include "every common carrier, toll bridge 

corporation, pipeline corporation, gas corporation, 

electrical corporation, water corporation, sewer 

system corporation, wharfinger, warehouseman, and 

heat corporation, where the service is performed for, 

or the commodity delivered to, the public or any 

portion thereof." 

In Colorado's statute "the term public 

utility ••• includes every common carrier, pipeline 

corporation, gas corporation, electric corporation, 

telephone corporation, telegraph corporation, water 

corporation, person or municipality operating for the 

purpose of supplying the public for domestic, 

mechanical or public uses and every corpora tien, or 

pers on declared by law to be af fected wi th a public 

interest and each of the preceding is hereby declared 

to be a public utility and subject to the 

jurisdiction, control and regulation of the 

commission ••• " (Nimmons, et al., 1979). 

Thus, under 

generating 

considered 

most utility statutes, both electrical 

and direct use projects would be 

to be public utilities entitled to apply 

for ease,nents across state and federal lands for the 

construction of needed pipelines and electric 

transmission lines. 
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Applications for such easements are made through the 

appropriate local, district, or area office of the 

appropriate land management agency. Applications 

require the preparation of environmental reviews and, 

if there is a f inding of significant environmental 

impact, an environmental impact statement will be 

required and prepared under provisions of the 

appropria te state or national environmental 

protection act. If the easement is granted, the 

appl icant will be required to pay annually the fair 

market value of the interest in the land being 

acquired. 

Easements may also be required across city or county 

properties, and may be granted as a public use by the 

city or town councils, boards, or county 

cornrnissioners. 

If pipelines, transmission lines, or other facilities 

for developing or using a geothermal resource must 

cross privately owned lands, the geothermal developer 

must ei ther negot iate wi th the landowner ( s) for the 

necessary easements, or, if that fails, seek to 

acquire such an easement through the right of 

"eminent demain." Eminent domain is the right of the 

state or other entities operating in the public 

interest to take private property for "public use" 

(Perlmutter and Birkby, 1980). 

In or der to use eminent demain, the developer must 

file a complaint in district court describing the 

proposed pubtic use, the source of the right to such 

use, the property interest sought, and the present 
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ownership(s). The court must determine whether the 

proposed use is an authorized public use, and 

establ ish the amount of property to be taken. The 

court may also determine the appropriate compensation 

to be paid by the petitioner. 

It is thus clear that the inclusion of both direct 

application and electr ical generating geothermal 

projects in utility law, and a determination that 

such projects are for "public use," are vital in 

ensuring that markets are accessible to developers of 

geothermal resources. 

The statu tory 

descr ibed above 

provisions which 

have been developed 

the 

by 

author bas 

federal and 

state governments in an attempt to provide developers 

with the legal and institutional framework necessary 

to ensure that geothermal resources are accessible 

and developable in a timely manner, and that r ights 

necessary to such exploration and development 

activities are secure. 

The establishment of a sound legal and institutional 

framework, however, may not be sufficient in itself 

to promote widespread geothermal resource 

development, and if such development is determined to 

be desirable or necessary, a number of financial, and 

commercial initiatives, and programs should be given 

full consideration. 
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3.1.16 United States Financial Incentive Prograrns 

The f inancing of geotherrnal resource exploration and 

developrnent projects has, and continues to be, a 

difficult task for developers. The expense of 

drilling deep exploration and/or developrnent holes, 

and the risk of encountering fluids which are 

unusable in terrns of ei ther ternperature or flow to 

rneet the energy needs of the proposed proj ect, have 

served to severely lirnit the availability of 

conventional financing 

developrnent activities. 

successfully discovered 

quantities and of 

to .conduct exploration and 

Even after developers have 

geotherrnal f luids in usable 

usable quality, financial 

institutions have been unwilling to provide financing 

because of their lack of farniliari ty wi th geotherrnal 

projects and how the risks of project success can be 

adequately evaluated. Venture capi talists have also 

been reluctant to provide necessary financing because 

of the high risks, and because of the marginal 

econornics of nearly all except high ternperature 

electrical generation projects. 

In order to prornote the use of geotherrnal energy, the 

federal governrnent, as well as rnany state 

governrnents, have established prograrns airned at 

elirninating or substantially reducing the financial 

risks of exploration and developrnent, and 

dernonstrating the viability of geotherrnal energy 

utilization for both electrical generation and direct 

application proj ects. These prograrns have been in 

the forrn of grants, loans, guaranteed loans, or cost 

sharing. Other prograrns served to ease financial 
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r isks of project development by providing tax 

incentives or reservoir insurance. 

The success of these programs in providing needed 

financing, 

economics 

reducing 

has been 

project risk, 

highly variable. 

and improving 

A thorough 

evaluation of how program structure has related to 

success in meeting the needs of var ious geothermal 

developments is necessary before the adoption of any 

such programs should be considered or proposed. 

Several grant programs have been offered by the 

federal government, as well as state governments, to 

encourage commercial geothermal development. Because 

of the tremendous demand for funding under these 

programs, and the limited budgets of most state and 

federal agencies, grant awards have typically been 

made on· a competi tive basis. Programs administered 

by var ious state and federal agencies have provided 

financing for exploration, technical and economic 

feasibility studies, and the construction of 

demonstration projects. And, although most grant 

programs have been available to developers of direct 

application geothermal resources, a limited number of 

grants have also been available for exploration and 

drilling in areas where the generation of electricity 

was the primary objective, 

The author has selected a limi ted number of federal 

and state grant programs which should provide the 

reader with a better understanding of how such 

programs can be structured to meet the needs of 

various aspects of geothermal development. 
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3.1.17 Technical Assistance Grants 

One of the most successful of all state and federal 

geothermal grant programs has been the u.s. 
Department of Energy's Technical Assistance Grant 

Program which has been available through John Hopkins 

University, the University of Utah Research 

Institute, E G and G Idaho, and the Oregon Institute 

of Technology Geo-Heat Utilization Center. 

The program's intent is to provide assistance to 

potential developers of geothermal energy, who have 

li ttle or no exper ience in the geothermal field, in 

order to promote the rapid development of direct 

application resources. Assistance is available to 

all public and private entities, and is offered on a 

non-competitive first-come, 

(Bloomquist, et al., 1980). 

assistance can apply to the 

first-served basis 

Entities wishing 

technical assistance 

center which serves the area, and receive assistance 

in resource assessment and/or the preparation of 

technical and economic feasibility studies. 

Technical Assistance Grants are normally limi ted to 

100 hours of assistance provided directly by the 

technical center or by a consul tant selected by the 

center. 

The limi ted assistance provided under the provisions 

of the program is usually adequate to provide the 

potential developer with enough information so that a 

decision as to whether or not the project is worth 

pursuing can be made. In some cases, the assistance 
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is adequate to allow project initiation and 

development wi thout the need for further engineering 

and/or economic analysis. 

The Technical Assistance Grant Program bas resulted 

in numerous projects throughout the United States 

being brought on line over the past several years. 

The demand for the program bas remained strong, and 

bas actually increased as energy consumers became 

more and more aware of the geothermal energy 

potential of their area and its potential for meeting 

their energy needs. 

Al though the Technical Assistance Grant Program bas 

been extremely successful, it bas drawn a certain 

amount of criticism, primarily in three areas. 

First, in spite of the assistance provided in the 

geological, technical, and economic areas, there 

remained a def ini te need to provide legal assistance 

which was never met. Second, a greater proportion of 

the assistance should have been provided through 

established consulting f irms, under the direction of 

the technical centers, in order to encourage the 

development of a greater degree of expertise relating 

to geothermal development in the private sector. And 

third, because the assistance was provided on a 

first-come, first-served basis, a great deal of the 

grant monies were expended providing assistance to 

nearly identical projects . However, in defense of 

the program, the simpl-ici ty of the application 

process, and the lack of need fo r a complicated 
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competitive evaluation process, ensured that 

assistance was available in a timely manner to as 

many applicants as possible. 

3.1.18 Proqram Research and Development Announcement 

The Program Research and Development Announcement 

(PRDA) was initiated to provide an opportunity for 

potential developers to propose engineering and 

economic feasibili ty studies of direct applications 

of geothermal resources. PRDA solicitations were 

part of the United States Department of Energy's 

national geothermal energy program plan which placed 

primary emphasis on the near-term commercialization 

of geothermal resources for direct application by the 

private sector (Hammer, et al., 1979). 

The PRDA program was designed to provide funding for 

much more detailed feasibility studies than were 

possible under the Technical Assistance Grant 

Program. Individuals, 

educational institutions, 

corporations, companies, 

non-profit and not-for-

profit organizations were encouragea to participate 

and submit proposals under the guidelines of the PRDA 

program. 

In order to be considered for funding under this 

program, proposers were required to demonstrate their 

ability to carry the project through to completion, 

and it was vital that the proposer was familiar with 

the economic, energy utilization technology, and 

insti tutional requirements of the direct application 

of geothermal resources. 
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Most announcements released by DOE 

proposals for si te-speci fic stud ies of the 

requested 

use of a 

specific geothermal reservoir to meet the needs of a 

single application or multi-use application, and the 

proposer was required to either own or to have rights 

to the utilization of the resource. 

PRDAs usually targeted particular applications which 

USDOE had a special interest in promoting. The 

following is a partial list of applications at which 

announcements were aimed: 

• Industrial - Process steam and moderate to low 

temperature heat for industrial plants. 

• Agricultural - Space, water, and soil heating 

for greenhouses, grain drying, irrigation 

pumping, and extraction of chemicals for 

agricultural products (starches, acetic acid, 

acetone/butanol, and ethanol). 

• Space/Water Heating and Cooling - Space heating 

and cooling, water heating (especially district 

heating and/or cooling systems) for commercial-

sized buildings or business complexes and 

residential developments. 

• Mineral Extraction - Process steam and moderate 

to low temperature heat for ore concentrating, 

leaching, and flotation processes. 
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All proposals were subjected to a comprehensive two 

staged review. 

to de termine, 

proposal: 

The preliminary review was conducted 

among other things, whether the 

1. 

2. 

Contained sufficient 

managerial, and other 

full evaluation; 

Provided a proposed 

cost, 

information 

site which 

technical, 

to permit a 

coula be 

available for commercial exploitation; and 

3. Clearly addressed the purpose of the PRDA. 

Proposals which passed the preliminary review were 

then evaluated on the following basis: 

1. 

2. 

3. 

Quality of the technical plan, including a 

discussion of the study objectives, background, 

study plan for producing the information 

required as the final product of the effort, 

statement of work, and implementation plan; 

Adequacy of the proposed 

structure and project management 

provisions for financial control; 

organizational 

plan, including 

and 

The capabilities, related experience, and 

facilities which the proposer offers, and which 

are considered to be integral factors for 

achieving the objectives of the proposal, 
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including the qualifications, capabilities, and 

exper ience of the project manager and other key 

personnel (Hammer, et al., 1979). 

Announcements were typically issued once or twice per 

year. Grant awards were limited to $100,000 to 

$125,000, and from 6 to 12 awards were usually made 

per announcement. 

The PRDA program was very successful in providing 

funding for the com?letion of detailed engineering 

and economic feasibility studies aimed at a broad 

array of potential geothermal applications. However, 

the success of the program in terms of the number of 

projects which were carried through to completion 

could have been significantly improved if more 

significance 

geophysical, 

had 

and 

been placed upon geologic, 

resource data as evaluation 

criteria, or if grants had provided monies for 

resource assessment as an integral part of the 

program. 

The PRDA program was closely tied to another U. s. 
Department of Energy program entitled "Program 

Opportunity Notice." 

3.1.19 Program Opportunity Notice 

The purpose of the Program Opportuni ty Notice (PON) 

was to provide an opportunity for interested parties 

to propose direct utilization or combined 

electrical/direct application projects which would 

demonstrate single or multiple uses of geothermal 
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energy through field exper iments in space/water 

heating and cooling for residential and commercial 

buildings, agricultural, and aquacultural uses and 

industrial processing. 

Enti ties eligible to submi t proposals under the PON 

program included 

educational and other 

local governments. 

individuals, 

institutions, 

corporations, 

and state and 

All grants under the PON program were made on a 

competitive basis, and required a cost share by the 

proposer. However, no set percentage of cost share 

was ever established, and the cost share could be in 

actual dollar expenditures or "in-kind" match 

(Hammer, et al., 1979). 

The evaluation process for applications under the PON 

program was much the same as that for PRDA 

applications, wi th the main evaluation cri ter ia 

being: 

1. Overall feasibility of the proposed project, 

including quali ty and adequacy of the technical 

and cost data submitted, and reasonable evidence 

of the existence of sui table geothermal 

resources and availabili ty of facili ties, si te, 

equipment, and other project-related needs for 

the duration of the field experiment: 

2. Sui tabili ty of match-up 

geothermal energy user (s) 

applications, including 

between prospective 

and the proposed 

potential for 
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alternative energy savings and degree of 

transferabili ty of the proiect results to other 

potential users of geothermal energy: and 

3. Evidence that the proposed application is likely 

to promote new or expanded use of geothermal 

resources (Hammer, et al., 1979). 

Under the PON program, much more emphasis was placed 

upon the need to provide strong evidence of suitable 

geothermal resources than was the case with the PRDA 

program, and this made a significant difference in 

the overall success of the program. 

Another important difference was the emphasis placed 

upon cost 

commitment 

that the 

cornpletion. 

sharing, and 

required of the 

project would 

the greater financial 

proposer helped ensure 

be carr ied through - to 

The PON prograrn has resulted in a number of 

successful dernonstrations of the use of geothermal 

energy. Three of the most well known projects which 

were made possible through the PON program are the 

district heating systems in Klamath Falls, Oregon: 

Boise, Idaho: and Susanville, California. Although 

these three projects cannot all be placed in the 

success column at this time, the problems which they 

encountered have been unrelated to the PON program. 

The PON program, despite its successes, bas also had 

i ts share of unsuccessful projects, most of which 

appear to have been the result of a lack of 
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geothermal resource development expertise on the part 

of the grant recipients. This lack of expertise has 

resulted in a number of unsuccessful wells--wells 

that were either poorly constructed or sited. The 

problems could most likely have been avoided if DOE 

had chosen to play a larger role and more closely 

monitored the activities of the grant recipients. 

Although the PON program is usually considered to 

have been directed pr imar ily toward the development 

of direct applications of geothermal resources, a 

Program Opportuni ty Notice issued in 1977 sol ici ted 

offers from private industry to participate in a 

geothermal demonstration power plant project 

(Province, et al, 1980). The successful proposers 

under this PON announcement were Union Geothermal 

Company of New Mexico (Union), and Public Service 

Company of New Mexico (PNM), who proposed to develop 

a liquid-dominated fracture volcanic reservoir by 

employing the flash steam process a t Valles Caldra, 

New Mexico. A Cooperative Agreement between the u.s. 
Department of Energy, Union, and PNM, entitled the 

Baca Cooperative Agreement, was executed in 1979. 

Under the terms of the agreement, DOE's share of the 

overall project cost was 49 percent, and in a like 

manner under the revenue share provisions of the 

agreement, DOE was entitled to recover up to 50 

percent of its "aggregate project cost." 

The project was divided into three major elements as 

follows: 1) wells and steam production: 2) power 

plant and power production: and 3) data gathering 

evaluation and dissemination (Province, et al, 1980). 
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The project proceeded through the completion of 

several wells, but failure to locate fluids in 

sufficient quantities to support a power plant caused 

cancellation of the agreement in 1982. 

3.1.20 Industry Coupled Program 

The Industry Coupled Program was another program 

designed to be a cooperative effort between USDOE and 

industrial organizations engaged in geothermal 

exploration for electrical power generation. The 

program was designed to foster development by 

providing for: 1) cost sharing with industry for 

exploration, reservoir assessment, and reservoir 

confirmation; and 2) the release to the public of 

geoscience data which would increase the 

understanding of geothermal resources. 

Under the guidelines of the program, a contract 

between DOE and a particular industry would 

specify: 1) an exploration and/or reservoir 

confirmation program which industry would undertake 

and manage; 2) a data package which industry would 

agree to make public; and 3) a certain percentage of 

the total project cost (generally 20 to 50 percent) 

which DOE would contribute toward the works (Hammer, 

e t al, 1979). 

The Industry Co upled Program was never well 

publicized, and when it was employed, i t was never 

particular l y successful in meet i ng its objec t ive. 

The main problem was that in most 

participating industrial organization 

instances, the 

controlled the 
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resource ei ther through ownership or lease, and the 

release of what would otherwise have been priori ty 

information had little effect as it was impossible 

for other developers 

where they would be 

released information. 

to establish a land position 

significantly benefited by the 

If government is to become involved in cost sharing 

wi th industry in order to reduce the f inancial r isk 

to industry, consideration should be given to the 

benefits which can be returned to the public. Two 

pr imary avenues to this end appear to be available. 

The f irst would be to require revenue shar ing wi th 

the government agency which provided the cost share, 

thus, in effect, creating a revolving fund; and 

second, require that in exchange for the cost share, 

the industrial participant provide energy at a 

reduced cost to consumers. 

3.1.21 Other Federal Grant Proqrams 

In addition to the above mentioned grant programs 

which were all aimed directly at encouraging the 

development of electrical generating and/or direct 

application geothermal projects, a number of other 

federal programs have been available to developers of 

geothermal resources through a number of federal 

agencies. Sorne of these programs are identified 

below. 
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{a) United States Department of Energy 

• Institutional Building Grants Program 

The program provides funding on a cost shared basis 

for schools, hospitals, local government, and public 

care facilities for technical assistance studies. 

Schools and hospitals are also eligible to receive 

funds for implementation of capital improvements 

identified through the technical assistance studies 

(Bloomquist, et al., 1980). 

(b) Farmers Home Administration 

• Business and Industrial Development Grants 

The program provides assistance to organizations or 

individuals in rural areas to improve, develop, or 

finance businesses, industry, and employment in order 

to improve the economic and environmental climate 

through project grants (Bloomquist, et al., 1980). 

{c) Economie Development Administration 

• Public Works and Development Facilities 

Assistance is provided to public and non-prof it gr oups 

through grants to promote growth and expansion of 

private sector industry through public works and 

development facilities grants in EDA-designa t ed a r eas 

to alleviate unemployment . 
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3.1.22 Departrnent of Housing and Urban Developrnent 

• Cornmunity Development Block Grants 

Grants are available to large and small cities to help 

alleviate physical and economic distress through 

stimulation of private investment and cornmunity 

revitalization in areas with populations of migrants 

or a declining tax bases. Funds may be applied to 

projects, such as housing and neighborhood 

conservation, local development corporations, and 

financing commercial or indus trial building 

construction. Small ci ties wi th popula tiens of less 

than 50,000, that are not in urban counties, can apply 

for funds for construction and irnprovement of public 

works facilities (Bloomquist, et al., 1980). 

• Urban Development Action Grants 

Cities and urban counties in HUD-designated areas can 

qualify for project grants to enhance economic 

revitalization. Project grants aim to stimulate new 

developrnent and investrnent in distressed areas through 

public and private sector financial partnerships 

(Bloomquist, et al., 1980). 
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The importance of these per ipheral programs to the 

successful development of a great many geothermal 

projects cannot be overemphasized. 

In Klamath Falls, Oregon, funding from the HUD 

Community Development Block Grant Program and the HUD 

Housing Rehabilitation Program were both vital to the 

successful completion of the city's district heating 

system. In Susanville, California, the success of 

the district heating system can, to a large extent, 

be attributed to funding made available by the HUD 

Innovative Communi ty Energy Conservation Program, a 

Farmers Home Administration Grant, and the USDOE 

Institutional Building Grant Program (U.S. Conference 

of Mayors, 1982). In Ephrata, Washington, funding 

from the HUD Innovative Community Energy Conservation 

Program resulted in the successful completion of the 

nation' s f irst geothermal heat pump district heating 

systems. 

A number of grant programs have also been established 

by states which directly or indirectly support 

geothermal development. 

3. 1. 23 State Grant Programs .. Idaho 

• Technical Assistance Grants 

The Economie Development Administration provided 

technical assistance grants for pilot or 

demonstration projects. Enti ties eligible for such 

monies must show projected employment gains to the 
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comrnuni ty. The grants require a minimum 25 percent 

cost share, and are available in amounts varying from 

$25,000 to $80,000. (Hammer, et al., 1979) 

Public Works Grants 

Funds for geothermal development under this Economie 

Development Administration program are designated to 

be used for public services and/or facilities. The 

applicants may be public or private non-profit 

organizations, and must have the approval and support 

of the local government entities. The extend of 

funds available is generally limited to 60 percent of 

the total project cost. (Hammer, et al., 1979) 

3.1.24 State Grant Programs - Montana 

• Alternative Renewable Energy Sources Program 

This program, which bas been ·in existence since 1975, 

was authorized by the state legislature to assist the 

state lessen its 

sources. Funding 

reliance on conventional energy 

for the program cornes from a 5 

percent state coal severance tax. 

Gr ants are awarded to projects tha t research, 

develop, or demonstrate renewable energy sources such 

as geothermal. The Department of Natural Resources 

and Conservation may solicit specific proposals at 

any time in order to initiate projects needed to meet 

program ·objectives. In addition, unsolicited 

proposals are accepted dur ing speci fic t ime per iods. 

(Perlmutter and Birkby, 1980) 
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3.1.25 State Grant Programs - California 

• Local Governments 

The overall goal of the grant program is to provide 

local communities with assistance in planning for and 

developing their geothermal resources in a manner 

consistent with local economic, environmental, and 

social values (Coughanour, 1981). Funding for the 

program cornes from the state's share of federal lease 

revenues, and the grant program is administered by 

the California Energy Commission. 

Projects which are eligible for funding under this 

program include, but are not limited to: 

1. Resource assessment and exploration. 

2. Local and regional planning and policy 

development. 

3. Identification of feasible measures that will 

mitigate the adverse impacts of the development 

of geothermal resources and the adoption of 

ordinances, regulation, and guidelines to 

implement such measures. 

4 . Monitoring and inspecting geothermal facili ties 

and related activities to assure compl i ance wi th 

applicable laws, regulations, and ord i nances . 

· I 
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S. Undertaking projects demonstrating the technical 

and economic feasibility of geothermal direct 

heat and electrical generation applications. 

Proposed projects are evaluated on the basis of 

innovation, transferability of information or 

technology, potential savings of conventional fuels, 

likelihood of success, financial need, and the degree 

to which the project will mitigate negative impacts 

caused by geothermal development and/or generate 

positive social, economic, or environmental benefits. 

Projects which meet these criteria are then evaluated 

on criteria specific to the type of project proposed 

(Coughanour, 1981). 

0 Technical Assistance Grant Program 

Since 1982, the California Energy Commission has 

offered technical assistance for geothermal direct 

use and small-scale electr ic projects (under 6 MW) • 

Under this program, the Oregon Institute of 

Technology Geo-Heat Center provides potential 

developers with on-site investigations, 

consultations, and preliminary assessment of a 

project's engineering and economic feasibility. 

Technical Assistance Grants are made available to 

gualified individuals and organizations, and do not 

require a cost; share on the part of the proposer. 

(The Geyser, 1982) 

Grant programs have proven to be very effective in 

promoting the development of geothermal resources by 
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removing a substantial portion of the f inancial risk 

associated with both exploration ana project 

construction. 

Grant programs, however, can be extremely costly ana, 

unless they involve some form of revenue sharing, do 

not return money to the public treasury. Loan 

programs, on the other band, will return money to be 

used on a revolving basis, and nevertheless provide a 

comparable degree of risk reduction if they are 

forgivable. An alternative method of reducing the 

financial risk of geothermal dev~lopment is the 

guaranteea loan. 

A careful review of how such programs can be 

structured will provide the reader with the basis for 

determining whether grants, loans, or a combination 

of grants and loans can best meet the needs of their 

particular geothermal programs. 

3 .1. 26 Loan Programs 

A number of loan programs have been instituted by 

federal and state government to assist developers of 

geothermal resources who were unable to obtain 

commercial loans because of the high risk nature of 

geothermal developments in the perception of most 

conventional lending institutions. These loan 

programs have been aimed at all aspects of geothermal 

development from the preparation of feasibili ty 

studies to exploration, drilling, rese r voir 

confirmation, and finally, system construction~ 

There has also been a very conscience atternpt to 
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structure the loan programs so as to meet the needs 

of the small developer engaged in the development of 

low temperature geothermal resources for direct 

application as well as the needs of ·major developers 

whose only interest is electrical generation. 

Because of the high risk involved in geothermal 

energy development, a number of the programs have 

provided federally guaranteed loans. 

A brief review of the major provisions of a number of 

the loan programs will provide the reader with a 

better understanding of what should be considered in 

the establishment of a comprehensive geothermal loan 

program. 

3.1.27 Geothermal Loan Guaranty Program 

The Geothermal Loan Guarantee Program (GLGP) is 

perhaps the best known of all state and federal 

geothermal loan programs. The GLGP became effective 

on June 25, 1976, under Ti tle II of the Geothermal 

Research, Development and Demonstration Act of 1974 

(Nasr, 1978) • 

The GLGP was designed to accomplish the following 

objectives: 

a. To encourage and assist the private and public 

sectors to accelerate development of geothermal 

resources in an environmentally acceptable 

manner by minimizing a lenders financial risk; 
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b. To develop normal borrower-lender relationships 

in order that financing be made available 

without guarantees at some future time: and 

c. To enhance competition and encourage 

entrants into the geothermal market. 

new 

Under the terms of the Act, loan guaranties can be 

granted for up to 75 percent of project costs wi th 

the federal government guaranteeing up to 100 percent 

of the amount borrowed. The applicant must 

contribute a minimum of 25 percent of the total 

project cost. The Act was, however, amended in 1980 

by Title VI of the "Energy Security Act" (Public Law 

96-299) so as to allow for the granting of a loan for 

up to 90 percent of the total aggregate project cost 

providing that the applicant is an electric, housing, 

or other cooperative, or a municipality. 

Loans may not exceed $100 million per project, and no 

qualified borrower may receive more than $200 million 

in loans. 

The program provides for the Secretary of Energy to 

approve agreements to guaranty and commit to guaranty 

lenders against the loss of principal and accrued 

interest on loans made by such lenders to qualif ied 

borrowers. 

In the granting of loans, 

first priority consideration 

projects having a plan of 

substantial promise of the 

the Secretary must gi_ve 

to those applicants for 

operation which shows 

prompt development and 

1 
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utilization of energy from undeveloped geothermal 

resource areas. Second priori ty must be g i ven to 

projects designed to demonstrate or utilize new 

technological advances, and finally, lowest priority 

is given to projects that propose only geological and 

geophysical exploration, only the acquisition of land 

or leases, only research and development, or to 

projects that will be located at a geothermal 

resource area where utilization, technology, and 

economics have been proven (Nasr, 1978). 

The Geothermal Loan Guaranty Program has been 

successful in furthering geothermal developments at a 

number of locations and successful in terms of 

br ing ing both electr ical and direct use projects on 

line. 

The program has, however, not been free from 

criticism. The problems which have been considered 

to be most serious include: 

1. The program was not structured so as to meet the 

needs of small developers (projects under $3-$5 

million) ; 

2. Loan guaranty approval often took from several 

months to several years; 

3. The loan guaranty requirements often served to 

limit the use of the program to those who could 

qualify for a conventional loan without the 

guaranty; and 
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Utilities were unwilling to use the loan 

guaranty prograrn because default on a loan, even 

if guaranteed by the federal government, would 

seriously affect their credit rating. 

Such criticism resulted in the development by several 

additional programs of the u.s. Department of 

Energy. A number of the se programs were initia ted 

through provisions of Title VI of the Energy Security 

Act which was passed by Congress in 1980 (United 

States Senate, 1980). 

3. 1. 2 8 User Coupled Confirmation Drilling Program 

The User Coupled Confirmation Drilling Program was 

initiated by the u.s. Department of Energy in 1980 to 

help meet the needs of developers of direct 

application geothermal projects by substantially 

reducing risk by cost-sharing with industry the 

confirmation of hydrothermal reservoirs. The program 

was designed to cost-share expenses for exploration 

to site drill holes, drilling, flow testing, 

reservoir engineering, and injection well drilling. 

The program did not, however, provide any financing 

or cost-share for the construction or installation of 

energy utilization sy_stems (United States Department 

of Energy, 1980). 

The primary objectives of the User Coupled 

Confirmation Drilling Program was to foster the 

economically 

geothermal 

sectors by: 

viable use of direct 

resource by the industrial 

application 

and private 
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1. Getting direct heat utilization started by 

absorbing a portion of the r isk associated wi th 

the confirmation of hydrothermal reservoirs, 

while, at the same time: 

2. Develop an experienced infrastructure of 

exploration, reservoir confirmation and 

utilization engineering consultants, 

contractors, and equipment manufacturers who 

will reduce reservoir confirmation risks in the 

future. 

Al though the program was in the str ictest sense . a 

cost-share program between industry and government, 

the program was structured so as to serve as a loan 

guaranty. A developer would finance the project out 

of in-house funds, or a loan could be obtained from a 

commercial financial institution using the u.s. DOE 

contract as evidence that project risk had been 

substantially reduced. The federal government agreed 

to pay between 20 and 90 percent of the total project 

cost based upon a formula which took into 

consideration the usability of the thermal fluids 

intersected by the drilling for the planned 

application. On a completely successful project, the 

Department of Energy cost-share was 20 percent, 

whereas on a completely unsuccessful project, the DOE 

cost-share was 90 percent. 

In order to qualify for the program, proposals were 

required to contain evidence that: 
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1. There is a user who intends to use the resource 

if discovered; 

2. The user or developer has or could obtain rights 

to required land and geothermal fluids and/or 

heat; 

3. Other required permits could be obtained; and 

4. Environmental considerations could be handled. 

Although the program did not provide for system 

construction funding, it was designed so as to 

interface wi th the Geothermal Loan Guaranty Program 

in order to help ensure that projects could be 

carried through to completion. 

The User Coupled Confirmation Drilling Prograrn was in 

effect for only a short period of time and, although 

the program must be considered to have been 

successful in terms of confirming reservoirs, it did 

not achieve its primary objective--the establishment 

of the viabili ty of direct application hydrothermal 

energy by the industr ial and pr ivate sectors. The 

inabili ty of this program to achieve i ts objective 

can be traced to the fact that funding was available 

only for dr illing. There also remained a def ini te 

need to provide developers with money for engineering 

and economic feasibility studies. Many entities who 

could have conceivably participated in the program 

were unable to fund the preliminary engineering and 

economic studies needed to be eligible for a cost

share. In addition, a substantial number of 
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recipients of funding under the prograrn had severe 

difficulties in obtainihg system construction funding 

because rnost conventional lending institutions 

continued to perceive geotherrnal developrnent as high 

risk venture in spite of a proven reservoir, and 

although the Geotherrnal Loan Guaranty Prograrn was to 

provide a rneans to secure construction financing, the 

srnall size of rnost projects negated the use of the 

GLGP because of reasons discussed earlier. 

In order to capitalize on the positive aspects of the 

User Coupled Conf irrnation Dr illing Prograrn, and, at 

the same time, rnaximize participation and the chances 

for project complet ion, Congress passed the 

geothermal provisions of the Energy Secur i ty Act of 

1980 (Public Law 96-294). 

3. 1. 29 Geothermal Loan Provisions of the Energy 

Security Act of 1980 

Title VI of the Energy Security Act provided for 

Feasibility Study loans, Reservoir Confirmation 

Loans, and System Construction Loans (United States 

Senate, 1980). 

• Feasibility Study Loan Program 

Feasibility study loans were authorized for direct 

applications of geothermal energy and were made 

available to "geothermal utility districts, 

geothermal industr ial development districts, and 

other persons." (Person is defined to include 

rnunicipalities, cooperatives, industrial development 
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agencies, non-profit organizations, Indian tribes, 

and other entities including an individual, 

corporation, joint stock company, partnership, 

association, business trust, organized group of 

persons (whether incorporated or not), or receiver or 

trustee of any of the foregoing). 

Loans were available to defray up to 90 percent of 

the costs of (A) studies to determine the feasibility 

of any direct application geothermal development~ and 

(B) preparing applications for any necessary licenses 

or other federal, state, and local approvals required 

by such development. 

The Secretary of Energy was given the authori ty to 

cancel any unpaid balance and any accrued interest on 

any loan granted under provisions of the Feasibility 

Study Loan Program if it was determined on the basis 

of the study that the geothermal development was not 

technically or economically feasible (Black, 1980). 

The program thus reduced by a substantial portion the 

r isk associated wi th the determination of the 

feasibility of utilizing direct application 

geothermal resources and served to remove one of the 

major criticisms of the User Coupled Drilling 

Program. 

The determination of the engineering and economic 

feasibility of a project provided the developer with 

information vital to the pursuit of funding to 

initiate reservoir confirmation drilling. One of the 
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main sources of funding for reservoir confirmation 

dr illing was, however, also provided by the Energy 

Security Act. 

• Loans for Geothermal Reservoir Confirmation 

The Secretary of Energy was author ized, under Ti tle 

VI of the Energy Security Act, to make loans to any 

person "to assist such 

carrying out a project 

person in undertaking and 

which (1) is designed to 

explore or determine the economic viability of a 

geothermal reservoir; and (2) consists of surface 

exploration and the drilling of one or more 

exploratory wells. 

Loans were made available to developers of both 

electr ical and direct application geothermal 

projects. Loans were limited to a maximum of 

$3,000,000, and no loan for confirming a resource for 

electrical generation could exceed 50 percent of the 

cost of such a project. However, if the loan was 

made to a person proposing to make application of the 

resources of the reservoir involved primarily for 

space heating or cooling or process heat, then the 

loan coula be in an amount up to 90 percent of such 

costs. 

As with loans for feasibility studies, the Secretary 

of Energy was authorized to cancel the unpaid balance 

and any accrued · interest on the loan if he determined 

that the geothermal reservoir wi th respect to which 

the loan was made has characteristics which make that 

reservoir economically or technically unacceptable 
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for commercial development. The loans bore interest 

at a rate equal to the rate in ef fect (at the time 

the loan was made) for water resource planning 

projects under Sec. 80 of the Water Resource 

Development Act of 1974 (42 u.s.c. 1962 (d-17(a)). 

The interest on such loans would, therefore, be 

several points below the prime. 

The loans were to be repaid over a per iod not to 

exceed 20 years at a rate, in any year, not to exceed 

20 percent of the gross revenue from the reservoir in 

that year. If revenues were inadequate to fully 

repay the principal and accrued interest wi thin 20 

years after production began, the remaining unpaid 

amount was forgiven (Black, 1980). 

The Loans for Geothermal Reservoir Confirmation 

program was designed to replace the User Coupled Loan 

Program which was aimed strictly at promoting the 

confirmation of reservoirs for direct application 

geothermal projects and at the same time it was to 

serve as a supplement to the Geothermal Loan Guaranty 

Program by providing for geological assessment and 

reservoir confirmation activities related to 

electr ical generation projects which were given very 

low priority under the GLGP. 

F i nally, the Energy Secur i ty Act p r ovided 

cons t ruction loans fo r di r ect applicat i on projects. 
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System Construction Loans 

As an integral part of the Feas ibili ty Study Loan 

Program, Congress authorized the Secretary of Energy 

to make a loan to any person to defray up to 75 

percent of the cost directly related to the 

construction of a system for direct application 

geothermal development. Loans for the construction 

of electr ical projects remained available under the 

provisions of the Geothermal Loan Guaranty Program. 

No limit was placed upon the size of the system 

construction loan and the loans were repayable frorn 

revenues the same as for loans for feasibility 

studies and reservoir confirmation. Interest rates 

were equivalent to those for reservoir confirmation 

loans. The loans were repayable over 30 years; 

however they were not forgivable. 

The loan provisions of the Energy Secur i ty Act were 

well designed to meet the needs of the · geotherrnal 

comm.uni ty and build upon exper ience gained f rom the 

Geotherrnal Loan Guaranty Prograrn and the User Coupled 

Confirmation Drilling Prograrn. In order to ensure 

that the greatest possible benefit to direct 

application geothermal developrnent would be gained 

frorn the program, the U .s. Departrnent of Energy in 

promulgating rules and regulations proposed to 

establish a two-phase feasibility study program to be 

carried out in conjunction with the reservoir 

confirmation prograrn. Under the first phase, a 

preliminary feasibility study loan (not to exceed 

$50,000 each) would be used to develop a conceptual 
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design of a direct application system, identify site 

specific characteristics, identify government 

approvals reguired, and determining whether or not 

exploration and drilling should be undertaken. 

Based upon the findings of the preliminary 

feasibility study, a loan would be made by u.s. DOE 

(not to exceed $3,000,000 each) to enable a borrower 

to conduct surface exploration and the dr illing of 

exploratory wells. 

After the successful completion of the reservoir 

confirmation activities, a loan would be made by DOE 

(not to exceed $200,000 each) to complete a detailed 

feasibility study and to apply for necessary licenses 

and other approvals associated with a direct 

application project. 

The developer would then be elig ible to apply for a 

system construction loan if the feasibility study 

determines, based • upon the characteristics of the 

resources, that the project was both technically and 

economically sound (Black, 1980). 

However, funding for Feasibili ty Study Loans, System 

Construction Loans, and Loans for Geothermal 

Reservoir Confirmation was unfortunately never 

reguested from Congress by the present administration 

and the program was never put into effect. The need 

for these programs is as strong now as i t was when 

the Energy Security Act was passed in 1980, but it is 
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highly doubtful that funding would be made available 

against the policy wishes of the present 

administration. 

The burden for provid ing such loans was, 

left up to the states, and unfortunately, 

states have had the required financial 

therefore, 

very few 

resources 

available for such programs. Other states, such as 

Washington, are prohibited from providing loans to 

the private sector by the state constitution. 

Two state programs do, however, provide a certain 

amount of insight into how such loan programs can be 

financed and/or structures at the state level. 

3.1.30 State Loan Programs 

• Alaska Alternative Energy Revolving Loan Funa 

The Alaska Department of Commerce established a 

revolving loan fund under the Business Loan Division. 

Loans of up to $10,000 have been available a t 9½ 
percent interest for alternative energy projects, 

including geothermal resource development. The 

maximum loan period under this particular program was 

set at 20 years. (Basescu, et al., 1980) 

• Oregon Small Scale Local Energy Proiect Loan 

Program 

Oregon's Small Scale Local Energy Project Loan 

Program was established by the state legislature in 

1979, and approved by a vote of the people in 1980. 
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Small scale local energy projects which are eligible 

for loans under this program include "any system, 

mechanism, or series of mechanisms of 25 megawatts or 

less, located in Oregon, that uses renewable 

resources, including, but not limited 

to, .•. geothermal. •• to supply energy, including heat, 

electricity, mechanical action, ••. to meet a local 

community or regional energy need in this state." 

(Oregon, 1983) 

All small scale local energy projects proposed by an 

individual, small business, non-profit cooperative or 

corporation, or municipal corporation are eligible 

for a loan. Priority, however, is given to projects 

proposed by individuals and small businesses. 

Priority is also given to certain types of energy 

projects among which are groundwater heat pump 

systems and geothermal energy projects. 

The Di rector of the Oregon Department of Energy may 

limi t the amount of any loan, and may reguire such 

security upon such terms and conditions as he 

determines necessary to provide adequate security for 

a loan, or to protect the financial viability of the 

loan program. 

The following loan limits have been established: 

1. Residential groundwater heat pumps: $15,000; 

2. Site acquisition: 10 percent of the project's 

capital cost; 
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Initial working capital: 3 

project's capital cost; 

percent of the 

4. Interim loan for preconstruction cost: 5 

percent of the project's capital cost; and 

5. Interim loan for initial construction cost: 10 

percent of the project's estimated capital cost. 

Loans are financed through bond sales and bear 

interest at a rate dependent upon the rate at which 

the bonds are sold (Oregon, 1983). 

Federal and state loan programs have proven success 

records in promoting the development of geothermal 

resources by reducing the financial risk associated 

with exploration and development activities. Lean 

programs are, however, only one of many programs 

which governments can adopt to help ensure the 

economic viability of geothermal projects, and reduce 

the financial risk which developers must bear. Two 

other approaches which are available to provide 

assistance to developers are tax incentives and 

reservoir insurance. 

3.1.31 Tax Incentives 

Geothermal tax incentives may be enacted to provide 

tax savings for both developers and users. Such 

savings reduce the r isk of the investment, and make 

geothermal much more economically attractive. The 

federal government, as well as several state 

governments, have enacted tax acts aimed at providing 
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tax savings in order to encourage the development and 

use of both electrical generating and direct 

application geothermal resources. The most 

significant of these acts, from the developers point 

of view, has been the National Energy Act of 1978, 

which provides for the deduction of intangible 

drilling and allowed percentage depletion allowances. 

(Nimmons, 1978). 

Prier to the 1978 passage of the Energy Security Act, 

federal tax treatment of geothermal resources was 

based mainly on judicial decisions and net statutory 

authority. In 1969, the 9th Circuit Court of Appeals 

held that the federal intangible drilling deductions 

and the percentage depletion allowances applied to 

geothermal drilling at the Geysers in Northern 

California. The Court decision was based on the 

finding that geothermal steam was "gas." 

In 1975, the Internal Revenue Service (IRS) Code was 

revised to provide a 22 percent depletion allowance 

for any geothermal deposit that was determined to be 

a gas. The IRS, however, refused to follow e i ther 

the Court decision or the new code provisions, and 

contested both the intangible drilling deduction and 

depletion allowance on activities and income from the 

Geysers (Wagner, 1978). 

3.1.32 Intangible Drilling Cost Deduction 

The Energy Tax Act of 1978 (Public Law 95-618} 

granted to developers of geothermal resources the 
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right to deduct intangible drilling expenses from 

their tax liability. 

A taxpayer investing in the drilling of a well for 

geothermal deposits can elect to expense the 

intangible drilling costs involved in the well in the 

same manner as an investment in oil and gas wells can 

expense their cost. Intangible costs include such 

things as wages, fuel, repairs, hauling, and 

incidental supplies, and can represent a significant 

portion of field development expenses. 

Congress, by simply referr ing to existing law 

concerning oil and gas, chose to apply the intricate 

tax provisions, including judicial interpretations, 

which have prevailed in that area (Nimmons, 1978). 

Because of the extensiveness of the literature which 

applies to intangible drilling costs, a review is 

beyond the scope of this paper. (The reader is, 

instead, referred to Miller's Oil and Gas Federal 

Income Taxation (CCH, 1977).) 

The intangible drilling cost tax deduction has drawn 

strong criticism from developers in two major areas. 

First, slimhole temperature gradient and geochemical 

test wells are considered to be non-production wells, 

and, consequently, the costs of such wells may not be 

expensed, but must be capitalized and expenditures 

cannot be recovered until production revenues are 

generated. Second, geothermal disposal or injection 

wells costs are also required to be capitalized, and 

may not be deducted since they are not considered to 
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be production wells. The cost of such wells can only 

be recovered through depreciation once production is 

established (Finn, 1980). 

Both criticisrns seem to be valid and could be easily 

remedied through an amendment to the Energy Tax Act. 

3.1.33 Percentage Depletion Allowance 

The Energy Tax Act of 1978 also extended the 

percentage depletion allowance traditionally 

available to oil and gas to geothermal. Percentage 

depletion permi ts the owner of a production well to 

compute deductions on a percentage of income produced 

ra ther than as a funct ion of capital invested: as 

such, it may result in a deduction far exceeding the 

owner's actual investment over the life of a well. 

Again, because existing law and literature are so 

extensive in this area, no attempt will be made to 

review or analyze specific provisions in this paper 

(see Miller's Oil and Gas Federal Income Taxation). 

However, 

geothermal 

the highlights 

depos i ts, the 

are 

act 

as follows: 

sets for th 

For 

the 

percentage of gross income deductible for depletion, 

declining from 22 percent in 1978, to 15 percent for 

1984 and years thereafter. The allowance is not 

subject to the restrictions on oil and gas depletion 

resulting from the Tax Reduction Act of 1975 (i.e., 

denial to integrated oil companies, limitation to 65 

percent of taxable incorne, and limitation 

specified daily oil and gas production). 

to a 

The 
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depletion allowance for geothermal is, however, 

subject to the limitations applicable to minerals 

(i.e., minimum tax on depletion in excess of the 

taxpayers basis, and limitations to 50 percent of 

taxable income) (Nirnrnons, 1978). 

The only serious criticism which has been leveled at 

the Percentage Depletion Allowance Clause of the 1978 

Energy Tax Act is the provision which lowers the 

allowable percentage deduction from 22 percent to 15 

percent between 1980 and 1984 (Finn, 1980). 

The Energy Tax Act of 1978 was thus extremely 

important to developers of geothermal resources. The 

act, however, has proven to be equally important to 

users because of its Residential Energy Credits and 

Business Investment Credit provisions. 

3.1.34 Residential Energy Credit 

The Residential Energy Credi t provisions of the act 

affords individual taxpayers a credit for "qualified 

renewable energy source expenditures" made in 

connection with a dwelling unit used as a principal 

residence. Allowable expenditures include capital 

outlays, as well as labor costs incurred for 

"renewable energy source property" which, when 

installed in connection with a dwelling, transmits or 

uses, among other renewable resources, energy derived 

from geothermal resources. 
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The total credit allowed under provisions of the 

Energy Tax Act is 30 percent of the f irst $2,000, 

plus 20 percent of expenditures over $2,000, but not 

exceeding $10,000. (Nimmons, 1978) 

The Energy Tax Act was, however, amended by the 1980 

Windfall Profit Tax Act (Public Law 96-223), and the 

total tax credit allowed was increased to 40 percent 

of the first $10,000, or a maximum of $4,000. 

Although Congress did not word the act so as to 

restrict the credit to geothermal temperatures of any 

specified temperature range, the Internal Revenue 

Service, in promulgating rules and regulations to 

implement the act, r uled tha t only geothermal 

resources whose temperatures are sooc (122°F) or 

above are eligible for the tax credit. And, although 

no scientific or technical justification for such a 

restriction has ever been established, the IRS has 

steadfastly refused to allow tax credits for lower 

temperature geothermal resources. This is an 

extremely detrimental restriction in that few tax 

payers live in areas which have geothermal resources 

above so0 c at economical dr illing depths, and thus 

have the option of utilizing resources on an 

indi vidual basis. However, throughout much of the 

west, lower temperature resources, usable i n 

conjunct i on with heat pumps, are widely available, 

and could be economically developed on an individual 

basis with the availability of the tax credit . 

Two bills presently before Congress, S 1237 and 

HR 2927, would totally remove the temperature 
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restriction from the IRS rules. However, many 

members of 

legislation 

Congress have 

which does 

been reluctant to pass 

not have an established 

temperature eut-off. And, although no temperature 

threshold has yet been found which is acceptable to 

all parties, the American Society of Testing and 

Materials has suggested a temperature of 4°c (38°F), 

and several members of the House of Representatives 

have expressed a willingness to accept this number 

(Rendon, 1984). 

3.1.35 Business Investment Credit 

The Energy Tax Act established a 10 percent tax 

credit for businesses investing in certain kinds of 

alternative energy property. The credit was 

increased to 15 percent by provisions of the Windfall 

Profit Tax Act which amended the 1978 Energy Tax Act 

in 1980. This credi t is in addition to the regular 

10 percent investment credit available for all 

business investments, and applies to equipment 

employed "to produce, distribute, or use" energy 

derived from a geothermal deposit, and includes 

equipment utilized for the generation of electr ici ty 

but specifically excluding transmission equipment 

(Nimmons, 1978). 

"Public utility property" is, however, expressly 

excluded from the definition of alternative energy 

property eligible for the additional investment 

credit. Public utility property is that used 

predominantly in the trade or business of furnishing 

or selling electrical energy or watei, or gas or 
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steam, through a pipeline or local distribution 

system, if the rates, therefore, are publicly 

regulated (Nimmons, 1978). 

This is an extremely significant exclusion in that 

public utilities would typically construct, own, and 

opera te electrical generating facilities. The 

exclusion could also have a ser ious impact upon the 

development of district heating systems because such 

systems would, in most cases, f all under the 

jurisdiction of state public utility regulatory 

authorities. 

The IRS has, as with Residential Tax Credits, 

disallowed the taking of the Business Investment 

Credit if the geothermal resource is below so0 c 
(122°F). In addition, and potentially much more 

important, the IRS rules allow the Business Tax 

Credit only for systems which are exclusively 

geothermal. 

impediment 

This restriction 

to proposers of 

has been 

hybrid 

a serious 

geothermal 

electr ical generating systems, as well as developers 

of geothermal district heating systems. S 1237 and 

HR 2927, which were introduced into Congress in 1983, 

would repeal the exclus ive rule and allow the tax 

credi t if, on a British thermal unit (Btu) basis, 

geothermal energy provides more than 80 percent of 

the energy in a typical year. If less than 80 

percent of the the energy is supplied · by geothermal 

energy, the credit shall apply , to those portions of 

the system which produce, distr ibute, transfer, 

extrace, or use energy which is more than 50 percent 

supplied by geothermal energy on an annual Btu basis. 
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The Def ici t Reduction Act of 1984, which was passed 

out of the Senate Finance Committee on April 2, 1984, 
' 

modifies the rules regarding eligiblity for the 

alternative energy credit when qualified property is 

used at least 50 percent of the time with 

nonqualified property. Under these rules, dual 

purpose property that serves both alternate energy 

property and nonqualified property will be eligible 

for the energy credit, if at least 50 percent of the 

energy cornes from qualified property. If less than 

50 percent of the energy used cornes from a geothermal 

source, the qualified investment in the property will 

be eligible for a partial energy credit that is equal 

to the percentage of geothermal source energy to the 

total energy used. 

The enactment of federal tax incentive has served to 

encourage both 

resources, and, 

Internal Revenue 

exploration 

although 

and use of geothermal 

rules adopted by the 

Service have tended to lessen the 

impact upon the development of low temperature 

resources and district heating systems, the concept 

of providing tax incentives as a way of reducing the 

risks associated with geothermal development bas 

proven to be extremely beneficial. 

The states have also used tax credi ts to encourage 

development of geothermal resources, and a brief 

review of some of the state programs will provide the 

reader wi th a better understanding of the var iety of 

forms which such programs can take. 
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3.1. 36 State Tax Incentive Programs - Oregon 

The state of Oregon has adopted both business and 

residential tax credits to encourage the use of 

geothermal resources. 

Business Tax Credits 

A 35 percent 

after the 

facilities. 

tax credi t 

installation 

Geothermal 

is offered to businesses 

of renewable energy 

facilities which qualify 

include direct use, electr ical generation, and 

groundwater heat pumps. Integrated systems, using a 

combination of components of which geothermal can be 

a component, are also eligible and encouraged. The 

credit is taken over five years: 10 percent in each 

of the first two years, and 5 percent in each of the 

third, four th, and f ifth years. Any portion of a 

particular year's tax credit not used by the taxpayer 

in that year may be carried forward against the 

taxpayer' s liabili ty for up to three succeeding tax 

years. 

All businesses which 

eligible, including 

pay taxes 

sole 

in Oregon are 

proprietorships, 

partnerships, and corporations. Businesses producing 

power or energy for resale are eligible, provided 

they are not a utili ty retailing to more than 100 

customers (Oregon Department of Energy, 1982}. 
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Residential Tax Credits 

A residential tax credi t of 25 percent of the first 

$4,000, or up to a maximum of $1,000, is available to 

Oregon taxpayers for the installation of an eligible 

alternate energy device, and such device is for the 

applicant 's pr imary or secondary place of res idence. 

An eligible alternate energy device is defined to 

include a geothermal resource as 

heating, water heating, cooling, 

or a combination thereof. The 

a source of space 

electr ical energy, 

geothermal system 

must, however, beneficially use temperature drops, 

according tothe table below, in order to qualify. The 

rules also stipulate that low temperature geothermal 

resources may be used by geothermal-assisted heat 

pumps. In thi s case, however, the system shall be 

designed for maximum thermal eff iciency and minimal 

disruption of groundwater resources, and the overall 

system coefficient of performance, including energy 

required to operate pumps, must be at least three. 

The temperature difference of any removed groundwater 

must meet the temperature requirements specif ied in 

the following table (Oregon, 1982). 

Items which qualify as a geothermal device include, 

but are not limited to, the following: 

1. Well drilling, casing, and down-hole heat 

exchangers. 

2. Piping, control devices, and pumps which move 

the heat from the geothermal well to where it is 

used for space heating and/or cooling. 
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3. Geothermal-assisted heat pumps. 

4. Liquid to air heat exchangers, ductwork, and 

fans installed wi th a geothermal well to 

distribute heat from the well into the heating 

system of the dwelling. 

5. Consultant fees incurred during the design or 

construction of the geothermal device. 

The table below specifies a minimum temperature 

difference that must occur between the inlet and 

outlet tempe rature of any geothermal device. The 

purpose is to minimize disruption of groundwater 

reserves by requir ing that systems opera te 

efficiently. 

Temperature Range 

Below 38°c Below 100°F 

38-54 100-130 

54-71 130-160 

71-88 160-190 

88-104 190-220 

104-121 222-250 

Over 1210c Over 2S0°F 

Minimum Temperature 

Difference 

8°F 

12OF 

15°F 

20°F 

30°F 

4SOF 

60OF 

3.1. 37 State Tax In-centive Programs - Washington 

The state of Washington, because it does not have a 

state income tax and thus cannot grant tax credits, 

has provided tax incentives in the form of a property 
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tax exemption and a public utility tax exemption in 

order to encourage the development of the state's 

geothermal resources. 

0 Property Tax Exemption 

Engrossed Senate Bill 3181, enacted by the 

1980 legislature, provides that in valuing any 

building for property tax purposes, which has an 

unconventional heating, cooling, domestic water 

heating, or electr ical system, that the value placed 

on the building shall not exceed the value which 

would have been placed on the building if it had a 

conventional system. (Chapter 155, Washington Laws 

of 1980) 

• Public Utility Tax Exemption 

Substitute House Bill 1419, also enacted by the 

legislature in 1980, provides an exemption from 

public utili ty taxation an amount equal to the cost 

of production at the plant for consumption within the 

state of Washington of electrical energy or gas 

produced or generated from renewable energy resources 

such as geothermal energy. Also exempted from public 

utility taxation were amounts expanded to improve 

consumer efficiency of energy end use, or to 

otherwise reduce the use of electrical energy or gas 

by the consumer. This second exemption would include 

the cost of geothermal district heating or other 

direct uses of geothermal energy. 
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In addition to the tax incentives which have been 

enacted in Oregon and Washington, Colorado, Idaho, 

and Montana have enacted legislation to provide 

income tax credits for investments in 9eothermal 

energy property. Colorado, Hawaii, Nevada, and South 

Dakota all provide for property tax exemptions. 

Nevada has enacted legislation to exempt non

producing geotherrnal leases from property tax. 

Another tax incentive which can be provided is to 

exempt or reduce the amount of sales tax paid on 

eguipment and/or services used in ei ther geothermal 

exploration or utilization. 

Grants, loans, and tax incentives all serve to 

encourage the developrnent of geotherrnal resources, 

and, depending on how the se prograrns are structured, 

reduce substantially the risk of investing in 

geothermal developrnent projects. 

Reservoir insurance is another rnethod by which the 

r isks of geotherrnal developrnent can be reduced, and 

the need for such insurance to encourage developrnent 

should definitely be considered. 

3. 1. 3 8 Reservoir Insurance 

In order to reduce the risk associated with 

geotherrnal exploration and developrnent, and to 

encourage and accelerate the use of geotherrnal 

resources, federal as well as state gove r nrnents have, 

as discussed above, instituted grant, loan, and t ax 

incentive prograrns. Geotherrnal reservoir insurance 
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can also serve as an extremely important means by 

which the risks of geothermal exploration and 

development can be substantially reduced. 

The need and advantages of providing some form of 

reservoir 

development 

geothermal 

memorandurn 

insurance to help accelerate geothermal 

was brought to the attention of the 

industry by Domenic T. Falcone in a 1979 

addressed to "Utilities and Other Users 

Interested in Geothermal Resources." Mr. Falcone 

stated that "the field developer-operator can realize 

savings of considerable magnitude if there is a 

signif icant reduction in the time a developed field 

sits idle awaiting plant construction." He continued 

by suggesting that "the way to achieve this reduction 

in time-frame is to encourage plant construction to 

begin in advance of full field development, so as to 

dovetail, as far as possible, the readiness of 

satisfactory fuel with availability of the plants. 

Because utilities will be reluctant to initiate 

construction at early stages of field development, I 

would like to propose an insurance program written 

for the benefit of the utility so that should 

satisfactory field development not be reached, the 

utility will recover its sunk costs." 

The insurance program proposed by Mr. Falcone was to 

have been paid for by the field developer-operator; 

the cost of which would have been more than covered 

by savings in inputed or real interest costs on money 

in the project. 



- 128 -

Mr. Falcone's memorandum appeared to have had little 

effect upon the development of a geothermal reservoir 

insurance program by developer-operators, and the 

idea was not given full consideration until after the 

passage of the Energy Security Act in 1980. 

In 1980, th,e Energy Securi ty Act (Public Law 96-294 

Title II, Subtitle B) (United States Senate, 1980) 

directed the Secretary of Energy to conduct a 

detailed study of the need for, and feasibili ty of, 

establishing a reservoir insurance and reinsurance 

program, and to establish such a program in 

accordance wi th provisions of the Act if the study 

affirmatively recommended and Congress concurs that 

the program be established. The study was completed 

in 1981 by the firm of Coopers and Lybrand, and 

involved five major tasks: 1) determine perception 

of risk by major market sectors, 2) determine the 

status of private sector insurance programs, 3) 

analyze al ter native government roles, and 5) provide 

recommendations (Coopers and Lybrand, 1981). 

Coopers and Lybrand found that var ious developers, 

users, and lenders had differing opinions on the need 

for a federal geothermal insurance program. Those 

f irms which believed that such insurance would have 

little posit i ve benef i t stated the following reasons: 

• Insurance might unnecessarily increase project 

costs. 

• If , insurance were availabl e , 

require unwanted insurancea 

lenders might 
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• Subsidized insurance might facilitate 

unprofitable dev~lopment. 

• The Geothermal Loan Guarantee Program is similar 

to a form of insurance that provides coverage 

against default regardless of cause and i t is 

potentially less costly for the developer. 

On the other side were those firms which believed 

that a federal geothermal insurance program would 

have a positive impact on their plans to develop 

geothermal energy. They cited the following reasons: 

• Insurance might reduce risk to utilities and 

thus accelerate development. 

• A well-defined insurance program might 

substantially increase lender participation. 

Major f irms generally felt that the availabili ty of 

insurance would have li ttle impact upon their plans 

to proceed with development, while smaller firms felt 

that increased availability of insurance would 

significantly facilitate their involvement in 

geothermal by greatly reducing risks. 

Once the study had clearly established that there are 

significant risks involved in geothermal exploration 

and development, and that a reservoir insurance 

program was a viable means by which to reduce such 

risks, Coopers and Lybrand proceeded to evaluate 

alternative roles which government could assure in 

the establishment of a reservoir insurance program, 

and the cost effectiveness of such a program. 
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Five possible program alternatives which Coopers ana 

Lybrana evaluatea are as follows: 

1. Private market insurance program exclusive of 

any government involvement. 

2. Private market insurance program with government 

proviaing excess catastrophe reinsurance. 

3. Private market insurance program with government 

making available specific excess reinsurance. 

4. Private market insurance program with primary 

government insurance to cover those risks not 

insurea by the private sector. 

5. Government primary insurance program contractea 

to a thira party for unaerwriting ana 

administration. 

The stuay aeterminea that alternative number 3 woula 

best meet the needs of aevelopers, users, ana 

lenaers, while at the same time encouraging 

aevelopment of a pr ivate sector geothermal insurance 

program. The study also concluded that the program 

would most likely be a cost-effective means of 

aealing with geotherrnal project uncertainties. 

Coopers and Lybrand recornmenaed that a reservoir 

insurance program, based upon the findings of the 

study, be established by Congress and the Departrnent 

of Energy. 

To date, the recommendations of Coopers and Lybrand 

have not, however, been reviewed by Congress, and the 

Department of Energy has net received the authority 

neeaed in order to establish a reservoir insurance or 

reinsurance program. 
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Whether or not the findings of such a study would be 

the sarne today is unclear. The development of skid

mounted well-head generators has substantially 

reduced the time between the drilling of the first 

production wells and when power can f irst be 

generated. Thus, the major advantage of such a 

reservoir insurance 

Falcone, appears to 

well head generator 

program, as envisioned by 

be substantially reduced. 

has also made it possible 

Mr. 

The 

to 

conduct long term reservoir testing while generating 

power and a positive cash flow be fore a decision to 

construct a large central generating plant must be 

made. 

Reservoir insurance could, however, play a cri tical 

role in reducing the fears of conventional lending 

institutions, and thus serve to complement grant, 

loan, and tax incentive programs as a means of 

reducing the risks associated with geothermal 

exploration and development, and by 

accelerate the use of geothermal energy. 

doing so, 
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3.2 France 

3.2.1 Introduction 

The first geothermal eneryy project in France was at 

Carr iere-sur-Se ine in 19 6 2 fol lowed in 196 9 by a second 

proJect in Melun l'Almont. The years 1976 to 1978 saw the 

complet ion of f ive ope rat ions: Villeneuve la Garenne, 

Creil Le Mee sur Seine, Blagnac, and Mont de Marsan. High 

temperature resources are currently being developed in the 

French overseas departments of Reunion and Guadeloupe but 

in continental France, with the exception of a high 

temperature project proposed for Mont Dore, geothermal 

energy development has involved low temperature resources. 

The presentat ion which follows thus refers to the se types 

ot resources. 

At the end of 1983, 150 separate studies ( including 26 

inventories of resources) had been completed or were in 

their final stages of preparation, 80 ope rations had been 

approved, and the drilling of 60 ope rations had been 

completed (AFME, 1983a). Of these 60 operations, 11 were 

dry holes (it is to be noted that for the Paris and 

Aquitaine Basins the success rate is better than 92 

percent) and 27 operations are presently functioning with 

a net annual production of heat equivalent to 75,000 

tonnes of oil (the French production is traditionally 

expressed in terms of tonne equivalents de petrole, 

t.e.p., where 1 t.e.p. = 11,600 kWh). This production 

corresponds to the annual heat ing requirement of 70, UOO 

homes (70 m2). For the remaining 22 operations the 

heating distribution system will be completed in 1984 

bringing the total production to 140,000 t.e.p. or the 

heating equivalent of 130,000 homes. 
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At the beginning of 1984, financial and legal infra

structures are f irmly in place and the commercial i za t ion 

of this new industry is entering a new phase with a 

projected participation of geothermal energy in the French 

energy budget of 0.5 percent (1 million t.e.p.) by 1990 

(Varet, 1982). The expansion of geothermal energy to 

include underground industrial waste heat storage, heat 

pumps operating on groundwater and shallow aquiters, and 

various combinations with solar energy will multiply 

cons ide rably the contribution and scale of application of 

this new heat source. 

Excellent summaries exist concerning the legislative 

(Varet, 1978; Varet, 1982; AFME, 1983), financial and 

commercial (Varet, 1982; AFME, 1983) sides of this 

industry. Overviews of the status of the geothermal 

industry in France in 1983 are given in Ferrandes ( 1983) 

and Gerard (1983). 

3.2.2 Legislative Aspects 

In the beginning of geothermal development the geothermal 

resource was trea ted as a groundwa ter resource. Spec if ic 

legislation for geothermal energy was introduced in 1977 

and 1978 with various related legislation in 1980 and 

1~81. A complete verbatim collection of this legislation 

is available in Varet ( 1978). Excerpts of varyiny levels 

of completeness are given in Varet (1982) and AFME (1983). 

The geothermal resource is def ined as a mineral resource 

by an amendment to the Mining Code of 1977 which 

identifies a new kind of miner al depos i t, the geothermal 

resource. It is thus subj ect to mining leg isla t ion wi th 

specific applications to the geothermal resource defined 
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in subsequent acts in 1~78, 1980, and 19~1. 

temperature resources are distinguished on 

having a well-head temperature greater than 

150°C as measured during flow testing. 

conditions are spec if iect by the prefecture 

High and low 

the basis of 

or less than 

The testing 

( Fig ure 3-1 ) 

following recommendations of the regional mines service. 

A geothermal resource 

potential ( relative to 

(l kWh= 0.86 thermie) 

hav ing a 

20°c) of 

theoretical exploitable 

less than 200 thermies 

is considered to be a resource of 

minimum importance and thus exempt 

leg isl a tion. This translates into 

from the geotherrnal 

the definition of a 

minimum temperature of 20°C for a geotherrnal resource. 

Another related 

the resource. 

legislative factor concerns the depth of 

All workings or drill holes that exceed 

10 m are to be reported to the reg ional mines service and 

all workings or drill holes exceeding 100 m must first be 

authorized. (The depth limit is 80 m for the Paris region 

and 50 m for the Bordeaux reg ion.) 

Groundwater and envirorunental legislation become involved 

in geotherrnal work in terms of aquifer deplet ion, water 

d isposal into surf ace waters and, in some spec ial cases, 

of deep aquiters which are used for domestic consumption. 

The exp loi tat ion of very :i.ow temperature resources using 

heat pumps enters into a gray area where the interfacing 

of the groundwater and geotherrnal legislation is not yet 

clearly defined. The official agency having final juris

ctictional authority , AFME (see Figure 3-1 and Table 3-2), 

has side-stepped the issue for the moment in conside ring 

only those resources with a temperature of 30°C or 

yreater. There is thus an important range of opera tions 
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TABLE 3-2 

GOVERNMENT ORGANIZATIONS ACTIVE IN GEOTHERMAL DEVELOPMENT IN FRANCE 

A. Exlstlng lndependently of Geothermal 

Caisse de Depots et Consignations: National loan funds for public works. 
Caisse d'Alde a 1 'Equlpment des Col lectlvltes Locales: Reglonal loan funds for 
equlpplng col lectlve houslng. 
Caisse Pour Habitations a Loyer Modere: Loan funds (national) for building low 
rent houslng. 
Union Nationale des Federatlons d10rganlsme d'HLM: National loan funds for low 
rent houslng. 
National loan funds for lmprovlng lnsulatlon characterlstlcs and heatlng systems 
of col lectlve houslng. 
Etablissement Publique Reglonale: Reglonal loan funds for public works. 
Habitation a loyer Modere: Government or prlvate compenles whlch bulld low--rent 
houslng. 
Bureau de Recherche Geologlque et Mlnlere: National Geologlc Survey. 
Service lnterdepertementale des Mines: Reglonal mines branch. 
Lend-Lease Funds (prlvate) for Industriel projects whlch wl 11 reduce oil 
consumptlon. Created by leglslatlon ln 1980 (wlth fiscal adventages - see text). 

Organlzatlons Created Speclflcally for Geothermal or Other New Energies 

Organlzatlon wlth representatlon of technlcal expertise from public and prlvate 
responslble for revlew of new projects: fundlng, permlttlng, technlcal revlews. 
Comlte Geothermle lncorporated lnto AFME. 

Agence Francelse pour la Maitrise d1Energle. Agency created by congresslonal 
decree ln 1982 wlth wlde ranglng euthorlty for development and lmplementatlon of 
national energy pollcy. Wlthln egency ls one technlcel commlttee for the 
drll llng aspects of geothermal and a second for the surface works. Agence also 
dlstrlbutes ald to geothermal projects. 

National Company created ln 1978 whlch acts as legal, fl nanclal, and technlcal 
consultant to potentlal developers. 

Geot hermle Soclete Auxllle l re de Financement Geothermle. Mutue l l nsurance 
company created ln 1983 to ensure short and long term rlsks. Principal sources 
of fundlng: AFME, CDC, and UNFOHLM wlth admission tee (3.2% of guaranteed 
lnvestment up to a celllng of 26,000 F ln 1983) end annuel prem l ums dependlng on 
hole depth (20,000 - 40,000 F per year) . 

Serv ice Publique Geothermle. Created ln 1983 wlth an agreement between AFME and 
BRGM to: (1) develop and malntaln a computerlzed data bank for geothermal energy; 
(2) central Ize al I documentation for national and International geothermal 
lnterests end make lt accessible to the public; and (3) publlcally promote 
geothermal energy. 



- 137 -

(below 30°c and depths approaching 100 m) for which 

thermal exploitation of groundwater is feasible and for 

which the procedures and regulations must yet be 

established (Geotherma, 1983a and 1983b). The French 

government is presently looking into this aspect. 

The development of a geothermal resource necessitates 

obtaining an exploration permit, an operating permit and a 

concession (exclusive right to exploit mineral deposits is 

granted by the national government as a concession). The 

exploration permit applies to a defined area and volume 

and expires after three years. The operating permit gives 

exclusive right to the ute of a resource in a given volume 

for 3 U years, renewable on request for 15 years. It can 

be revoked · for serious violation in operating practices 

such as overexplo i tat ion, fail ure to respect re injection 

conditions, or environmental considerations. 

The exploration permit is requested from and delivered by 

the prefecture ( Figure 3-1). The request is accompanied 

by an extensive report of the proJect including detailed 

information concerning the identity ot the developer, the 

financing of the project, the location of drill holes, an 
env ironmental impact study, geolog ic targets, area 

involved in the project (defined on a map with a scale of 

at least 1:50,0UO), the actual volume to be exploited, 

magnitude of the eneryy production, use of the energy, and 

the time scheduling of tne development. There is 

provision made tha t in case a high tempera ture resource 

turns out to be a low temperature resource, the 

exploration permit can be considered a low tem~erature 

permit. 
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The administrative process of permitting is illustrated in 

Figure 3-1. The prospective developer submits his request 

to the prefecture. The prefecture then initiates a public 

inquiry that lasts for at least two weeks. Public notice 

is given in two rey ional newspapers and is posted in the 

~refecture and in the city halls of all communities 

affected by the proJ ect. During this time all interested 

parties 

well as 

can express their obJections or 

submit competitive bids. The 

reservations as 

results of the 

~ubl ic inquiry are collected by the prefecture and passed 

on, along with the rest of the file, to the regional mines 

branch which in turn presents i t to the AFME. The AFME 

considers all aspects of the project (subsurface and 

surface works) and submi ts a dec is ion wi thin a period of 

four months, or six months in the case of competitive 

b ids. The dec is ion is then transmit ted by the prefecture 

to the developer. 

The operating permit is also delivered by the prefecture 

( dec is ion by the AfME). The request must be preceded by 

an environrnental impact study. If this work (which is 

part of the exploration permit) is completed be fore the 

expiration of the exploration vermi t, the study does not 

need to be a part of the second request. In the event of 

the drill hole locations and/or operating conditions beiny 

different than described in the exploration permit, this 

study becomes necessary . 

According to the Mininy Code (and thus for geotherrnal 

work), information obtained in developing a resource i s 

confidential for 10 years, after which it becomes publ i c. 

This situation differs strongly from petroleum legislation 

which requires that all information, with the exception of 

seismic information, become public immediately. The 
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tendency wi th respect to geothermal energy is that the 

AFME requests that all information, particularly well log 

information, be made available immediately to facilitate 

a logical and effective management of the nation's 

yeothermal resources. It is possible that the leg islation 

will be changed to formalize this procedure. 

The AFME in convention wi th the BRGM also crea ted, in 

1983, the Service Publique Geothermie (SPG) for three 

principal functions: 

• centralize all information concerniny geothermal energy 

and make it available to the public; 

• manage a computerized data bank so as to enable 

effective reservoir engineering; 

• promote geotherrnal energy at all 

society. 

3.2.3 Financial Aspects 

levels of the 

Use of geothermal eneryy is characterized by a high 

initial investment and low operating costs. It is 

essential that interest charges be minimized. Also there 
is an important element of short terrn and long term risk 

which must be considered. The f inanc ial structure around 

the French geothermal industry includes government 

subsidies, low interest loans with special repayment 

schedules and conditions, and short and lony term risk 

insurance. 

The National government of fers subsidies at three stages 

of development: 

• 50 percent {maximum) of the feasibility study; 
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• 20 percent of the first hale costs; 

• 20 percent of the surface works. 

These subsidies are granted by the AFME and are 

essentially part of the permittiny procedure. In addition 

the European Economie Community (EEC) offers subsidies (on 

the order of 2U-40 percent of the project costs) for 

innovative proJects of interest to the EEC. 

Before a proJect is accorded a subsidy by the AFME, it 

must be demonstrated that the proJect in itself is a 

profitable operation. A study (part of the permit 

request) is made of the year-~y-year costs of the project 

including 

overhauls. 

interest charges, servicing, and major 

The profitability is measured relative to the 

costs of a conventional fossil fuel system. The sav ings 

incurred by the geothermal system, expressed as a 

percentage of the total investment, must be 9 percent or 

better in order to be subsidized. In the beginning of 

geothermal development this lower limit was 6 percent. 

Recently a risk factor has been assigned to all regions of 

France (Ferrandes, l~H33) and the subsidies for the first 

hale will be accorded as a function of the risk. For 

operations in the Paris Basin where there is now a very 

low ris!<, it is probable that the subsidy for the first 

hale will be phased out entirely. In the beg inning of 

yeothermal development the subsidy granted for the first 

hale was a standard 30 percent. 

Low cost public loan funds have been channeled through 

existing public structures such as loan funds for building 

low rent housing, for renovating large collective housing 

proj ects, reg ion al and national public work loan funds, 
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loan funds available to improve insulation characteristics 

and heating systems in order to conserve energy, and loan 

funds for equipping large collective housing projects. 

Many of these loan funds are administered at a reg ional 

level and are budgeted at a national level. Similar types 

also exist in other public sectors such as agriculture. 

Three ayenc ies have been part icular ly active in f inanc ing 

geothermal energy proJects with low interest loans: 

• Caisse de Depots et Consignations (CDC) 

• Etablissement Public Regional (EPR) 

• Caisse d 'Aide a l' Equipment des Collect i vites locales 

(CAECL) 

In the beginning 

transforrned into a 

hole. 

many of the 

subs idy in the 

EPR 

case 

loans could be 

of a dry first 

The terrns of the loans are highly variable. Highly 

privileged loans involve deferred payments or proyressive 

interest charges and annuities. The deferred payment 

condition is very important; for instance, when the 

geothermal operation is completed before the housing. 

There can be a delay of two years before fees can begin to 

be collected. The EEC also has given loans to several 

proJects of an innovative or experimental character. 

In 1980, legislation was passed to allow the creation of 

private companies known as SOFERGIES that can offer 

lend-lease financing to industrial projects that will 

resul t in a reduct ion of oil consumpt ion. The se 

companies, often subsidiaries of banks, have access to 

prime interest funds and, in addition, open up an avenue 
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for banks to lend money over and above National quotas. 

This type of funding is of potential importance but as yet 

has not made any signif icant contribution to geothermal 

development. 

The Societe Auxiliaire de Financement Geothermie (SAF 

Geothermie) was created in 1~83 with the AFME, CDC, and 

the UNFOHLM being the major partners. The company is a 

mutual insurance agency which covers both long and short 

term risks. The developer pays a membership fee of 3. 2 

percent of the guaranteed investment ( up to 26,000 f in 

1983) and an annual premium proportional to the hole depth 

(ofl the order of 20,UOO - 4U,Oüü F per year). 

The SA.f · Geothermie complements the AFME subsidy so that 

90 percent of the costs are reimbursed in the case of a 

dry fi rst hole. In case of partial success for the f irst 

hole, the coverage is negotiated, based on the output and 

temperature obtained (Figure 3-2). 

In addition the SAF Geothermie covers the second hole risk 

(reinjection problems) and all subsequent operational 

losses due to factors such as premature lowering of output 

or temperature, corrosion problems, or long term reinjec

t ion problems. Both short term and long term risks are 

thus completely covered. 

The previous system ( 1981-1982) involved a standard 

subsidy of 30 percent and a loan guarantee for the 

remainder in the event of a dry hole. This system in turn 

replaced a previous procedure (1975-1981) of highly 

privileged loans (interest rates of 1 to 4 percent over 15 

to 20 years and deferred payments) which were transformed 

into subsidies in cases of dry holes. In the system of 
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1975 to 1981, the required budget became unwieldy and the 

bookkeeping became a nightmare! For the system of 1981 to 

1982, large amounts of the budget were blocked and 

immobil ized by the loan guarantees. The SAF Geothermie 

reduces the amount of immobilized capital and leads to 

much greater flexibility and range of aid. 

Priva te industry fund ing played an important part in the 

first operations before a system of incentives was estab

lished. The principal factors were heating companies and 

oil companies. 

3.2.4 Commercial Aspects 

Geothermal energy development in France has taken place in 

a specific world economic situation and national politi

cal climate. With the oil crises of the 1970 1 s, the 

entire world was alerted to that fact that fossil fuels 

are limited and all countries began to seriously examine 

ways of diminishing their dependence on oil and on the 

political and economic aspirations of other countries. 

This very naturally focused attention on new energy 

sources, and geothermal energy suddenly appeared as an 

important alternative energy source. 

The second maJor factor of this general nature is the 

awakening in the French national consciousness of a strong 

desire for decentralized administration. In the municipal 

elections of 1978-1979, many new persons appeared on the 

political scene who were committed to increasing the 

autonomy ot regional administration. An important part of 

the mandate ot the present government elected in 1981 was 

the decentralization of the decision-making processes in 

national life. Low temperature geothermal energy use is a 
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local affa ir in that i t demands a superposition of user 

and resource. The national political climate thus greatly 

favored the development of geothermal energy. This 

influence is strongly reflected in the leg islative, 

t inanc ial, and commercial structures wh ich 

for the geothermal industry and which are 

have emeryed 

tailored to 

enable local ent i ties to manage the ir own hea t ing systems 

from original resource to final product. 

The potential users 

proJects (either 

include municipalities, 

public or private), 

large hous ing 

agriculture, 

heating and 

Up to the 

tanneries, malteries, mining, and indus trial 

processing (see Varet, 1982 and AFME, 1983). 

present time the most important users have 

housing proJects. 

been large 

There are often several organizations that enter into the 

same project. Legal structures exist that allow all types 

of mixtures of public and priva te interes t to be both 

developer and/or operator (AFME, 1983). 

• Private users can form a company to produce and 

distribute heat for their own use. 

• Pr ivate interests can forrn a company to produce and 

distribute heat on a commercial basis. 

• In a Societe d'Economie Mixte (SEC), both private and 

public interests are presented. 

• In a Syndicat Mixte one or several of cornrnuni t ies, 

public buildings (hospitals, airports, universities, 

etc.) and publically-owned housing developrnents can be 

represented. Private interests are excluded. 
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In the case of public users the four principal types 

of operating structures which are possible are outlined 

below. 

• The municipality develops and operates its own system 

in accordance with municipal law. 

• The community finances the project but contracts the 

the management and operation of the 

( incl ud ing set t ing the pr ices) to 

company. 

entire system 

an operatiny 

• The entire project is financed, developed and operated 

by an operating company. 

• A private heating system is developed independently 

and heat is sold to tne community on a strictly 

commercial basis. 

Another variant is that there is one legal structure which 

operates the geothermal part of the operation and a second 

structure which operates the heating system itself. 

I t is ev ident that there are a large number of complex 

considerations involved in putting together a successful 

proJect. For this reason a national company, Geochaleur, 

was formed which acts as a consultant to prospective 

developers and which can set up all the financial, 

administrative and technical aspects of the operator. 

Geochaleur thus allows a prospective developer and/or user 

who has absolutely no experience in geothermal energy to 

quickly put together a viable proJect and · get it 

underway. 

The large variety of operating structures available to the 

yeothermal industry and the creation of Geochaleur to 

thread through the administrative, financial, and 
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technical maze have yreatly facilitated the development of 

geothermal energy in France. 

Another im!;)ortant factor tor the success of geothermal 

energy in France is the mobiJ,ization ot technical 

expertise. A Geothermal Department was created within the 

BRGM ( see Table 3-2) under the direction of Mr. Varet. 

The team which was built up can deal etficiently with all 

as~ects of the development of geothermal development (see, 

tor example, the feasibility study of Aubertin et al, 

1982). In COnJunction with SNEA (Eli-Aquitaine), the BRGM 

undertook an exhaustive inventory of geothermal resources 

· and hea t ing needs in France. This inven tory also served 

to develop a methodology for deriviny reliable parameters, 

of interest to geothermal energy, from standard oil 

industry data. 

The yovernment undertook a vigorous public awareness 

campaign. Studies and inventories were sent to all high 

level administrations on the national and regional levels 

painting out where geothermal energy could make a contri-

bution. Brochures were sent out to all municipalities and 

towns with a yeothermal potential and letters were written 

to munie ipal i t ies and towns to arrange appointments to 

present geothermal eneryy to the various administrations. 

Public lectures were given in many settings. Special 

brochures were prepared and distributed in schools ( La 

Geotherrnie, 1979). During the preparation of the inven

tory ( which included a survey of hea t ing requ irements) , 

many important contacts were made because the individuals 

and organizations interviewed concerning their heating 

needs were, of course, also potential users of geothermal 

energy. 
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It is evident that the strong government incentive program 

in terms of loans, subsidies, loan guarantees, risk insur

ance, and publicity has been a vital factor in the 

commercialization ot geotherrnal energy. It will be seen 

in Section 3.2.5, however, that heating companies, major 

oil companies, and individual entrepreneurs played an 

important role at the beg inning. The fact that many of 

the maJor problems concerning corrosion and reinjection 

had been addressed and that these efforts had given rise 

to a number of successful operations, set the stage for 

the large scale development fired by the oil crisis. SNEA 

continues to have a program of development. The 

development ot petroleum and geotherrnal resources are 

highly complementary in that, often, the geotherrnal 

resources occur in parts of the basin which are of limited 

interest as a petroleum target. However the stratigraphie 

information is very valuable to both sectors. 

For industrial applications one of the maJor drawbacks has 

been the time required to pay back the original 

investment. The break even point relative to fossil fuels 

is on the order of 2-5 years for an investment financed on 

a 15-20 year basis. Many industrial concerns hesitate to 

cornmi t themsel ves to a part icular location for more than 

six or seven years. The SOFERGIE lend-lease companies 

could be a positive factor in this area in the future. 

In a commercial situation, pricing con trac t s are 

negotiated, often indexed to fossil fuel prices . ( In that 

there are often a number of organizations involved wi t h 

diverging political and econom i c aspirat i ons, t hi s 

negotiation can be a rather formidable affair.) For the 

owner-operators the rate for the individual users is 

basically the actual costs of the operation taking i nto 
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consideration all the various operating, finance, 

servicing, and overhaul costs. 

The geothermal resource requires a certain expertise to 

operate as it is not simply a case of turniny on and off a 

hot water valve at the res_b)ect ive seasonal changes. In 

the large collect iv i t ies wi th owner-opera tors i t appears 

that this aspect has not been fully appreciated. Perhaps 

as many as 50 percent of such operators do not know either 

the output or the temperature of their wells. Funds that 

should have been reserved for routine serv ic ing have been 

spent elsewhere, with the result that no money is 

available to replace such items as downhole pumps. As 

more of the se types of problems surface, public backlash 

could have a dampening effect on the development of 

yeotherrnal energy. 

Geotherrnal energy involves oil-field technology. However, 

the outputs of wells are an order of magnitude higher, the 

tluids are often corrosive, and drilling is done, almost 

by definition, in densely populated urban settings. This 

has demanded significant modification of oil-field techno

logy. Drilling pads must be smaller. Rigs must be sound

proofed to strict tolerance levels. Muds are continuous

ly treated to avoid trucking for disposal. The economics 

of oil-field work allow the practice of "overkill" 

techn igues. To keep geotherrnal costs reasonable i t has 

been necessary to proceed wi th grea ter s impl ici ty. 

Government has stepped in to standardize fees in certain 

areas. Ten years · of experience have yiven rise to the 

French art of geotherrnal drilling. 

One of the major technical problems is the development of 

pumps. Oil-field pumps must constantly be pushed to their 
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technical limits to meet the output demands. The tendency 

has been to go towaras long shaft pumps with the motor on 

the surface to fac il i tate maintenance. Recent interest 

has turned towards the turbo pump. Although Guinard, a 

french company, has begun to cater to the geothermal 

industry, there has not yet been a pump specifically 

designed for the geothermal industry. 

The use of heat pumps greatly expands the application of 

yeothermal heating to the heating budget and to use of 

shal lower, lower temperature resources. Wi th lower 

investment costs geothermal energy becomes accessible to 

much smaller comrnunities (50 to 500 homes). There are 3U 

or 40 operations of this type in France. A French company 

(Geotherma) has been working on a project in Lund, Swecten, 

which exploits 23°C water at an output ot 350 m3/hour 

(reinJected) using an 18 MW heat pump. 

Another area ot consideration is what might be called 

energy management: use of underground agui fers to store 

heat trom industrial processes, garbage burning, solar 

energy, etc. There are such projects in process at 

Montreuil (Ausseur et al, 1983) and Aulnay (Iris and 

DeMars ily, 19 8 3). This type of use could be commercial 

in 3 to 5 years. Another project involving stockage of 

l80°C water is underway at Plaisir (Despois, 1983). These 

operations are very close to current geothermal energy 

uses and significantly increase t he i mpac t this ind ustry 

can have on the ene r gy budget of the nation. 

The geothermal energy i ndustry i n France i s presentl y 

facing vigorous compet i tion from El ectr i cite de Fr ance 

(EDF) and Gaz de France (GDF). GDF contracted to buy 

large amounts of natural gas from the USSR and Algeria and 
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now has a surplus. 

has also a great 

EDF, with its nuclear energy program, 

abundance of energy to sell. It is 

essential that the marketing practices of EDF and GDF be 

harrnonized with the national interest of a continued 

development of geotherrnal energy. 

Low temperature geotherrnal energy in France is thus on the 

threshhold of becoming a tull-scale industry. The 

economic viabil i ty of the resource has been demonstrated 

and at the sarne time specific problerns have been 

localized. With the creation of the Institut Mixte de 

Recherches Geotherrniques wi thin the BRGM these problems 

have started to be resol ved in a systemat ic way. On the 

other hand, wi th the present plateau in oil pr ices there 

is less psychological pressure for the moment for develop

ing alternative eneryy sources. In france the surplus of 

national gas and electrical energy has exaggerated the 

psycho log ical impact of the present oil market. Perhaps 

one of the greatest services to be done for geotherrnal 

energy development is to keep the public aware that the 

present trend in fossil fuel prices is simply a small 

inflection on the price curve that will inevitably 

continue to clirnb. 

3.2.5 Selected Case Histories 

The geotherrnal industry in France 

successful interaction of public 

which laid its foundations. 

is 

and 

The 

the resul t of the 

private activities 

development and 

application of legislation, financial structures, 

incentive programs, and cornrnercialization techniques are 

illustrated in reference to actual case histories. 
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Early Development 

The story of yeothermal · energy in France began in the 

early 196 0' s wi th Mr. Paoul i, a director of the Office 

of Low Rent Housing (OPHLM) in Paris. He had heard of the 

warm water intersected in oil drill ing and dec ided to try 

to heat a new housing complex at Carriere sur Seine with 

this water. He asked El f-Aqu i taine ( SNEA) to drill the 

hole which was completed in 1962. However in the time 

that it took to finish his project the regulations 

concerning water disposal had been changed and he was 

obliged to reinject. Unfortunately he could not finance a 

second hole and the first geothermal well in France was 

cemented in. 

One of the technical experts called in for the hearings 

tor the Carriere sur Seine project was Mr. Maugis, a 

geologist formerly with SNEA. The subject attracted his 

interest and he set about to determine the optimal 

characteristics for a "doublet". This work he had carried 

out in SNEA in the spare time of his former colleayues in 

SNEA. In 1967, having worked out the optimal conditions, 

he managed to interest Enerchauffe, a heating company, in 

trying the new technology at Melun l'Almont. This 

operation went into production in 1969. However, simple 

iron heat exchangers and surface pipes were used and 

corrosion problems quickly stopped the operation. The 

geothermal system had been backed up with a conventional 

system so Enerchauffe simply switched to oil. 

Enerchauffe then sold the operation to CGC (Companie 

Generale du Chauffe) who had sufficient capital to replace 

the surface pipes and install a titanium alloy heat 

exchanger. In 1972 the system was again functioning with 



- ; 

- 153 -

an artes ian output of '::I U m3 /hour. ( I t was not possible 

to pump because of the diaineter of the hole.) 

By this time geothermal energy was be ing promoted by many 

persons in the geolog ic commun i ty, part icular ly in the 

universities, the regional mine services and BRGM. Many 

individuals were trying to tind funding for various 

yeothermal projects. 

Mr. VanderBerghe, who had prev iously been the Director ot 

BRGN, succeeded in selling the idea ot geothermal energy 

to the mayor of Blagnac who contracted a heating company, 

UTEC ( maJor shareholders were CGC and SNEA), to eng ineer 

the operation. The drilling was completed at the end of 

1973. However the casing collapsed in early 1974 when the 

hole was pumped dry. 

UTEC asked SNEA to save the hole. After two years of 

sorting out the technical and legal problems SNEA recid 

the hole. Mr. Housse of SNEA, on examining the available 

data, concluded that the first hole had not hit the 

ob J ect ive but had stopped j ust above the reservo ir. The 

second hole produced 50 m3/hour at a well-head 

temperature of 60°C, confirming his assessment. 

SNEA thus yot interested in geothermal energy and decided 

that the economics of the operation must be maximized 

either by picking resources that could be exploited with a 

single well or by drilling doublets in localties with 

geothermal gradients. In 1976 SNEA completed Mont Marsan 

with an output of 300 m3/hour at 61°C (AFME, 1983). 

Total also entered the market with a proJect at Villeneuve 

la Garenne where they were involved in a large housing 
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cornplex. They were able to obtain aid for the research 

aspect of us ing fibre glass cas ing to red uce corrosion. 

A nurnber ot problerns were found, and because i t was not 

possible to work in this casing, it was necessary to 

cornpletely tinish the hole before running any casiny. 

There were also problerns cernenting the casing. This was a 

particularly serious problern at the top of the well where 

the Seine circulates through shallow surface deposits and 

cools the casing. 

Expansion of the Industry 

At this time the governrnent was turning its attention to 

geotherrnal energy. A geotherrnal resource inventory was 

cornpleted in 1976 (Housse and Maget, 1976). Various 

incentive proyrams were getting underway. 

HRGM undertook the 

finished in 1976. 

first of the new 

enyineering of Creil, which 

The Creil operation represents 

generation of proJects based 

was 

the 

on 

governrnent incentives. When the second oil crisis came in 

1979 there were a variety ot successful prototypes working 

and the financial, legislative, and commercial structures 

Geotherrnal energy becarne a 

national response to this 

were in place and functioning. 

significant elernent in the 

situation. 

Reinjection becomes a necessity for environrnental reasons 

in cases such as Carriere sur Seine. However it is also 

an important element in reservoir management to mainta in a 

the aquifer pressure. Reinjection also provides a means 

of exploiting the eneryy stored in the solid phases in the 

reservoir. 

,-
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The French apvroach to the question of reinjection has 

been flexible. The Aquitain Basin, Meriadec, Benauge, and 

Lormont projects were permitted on the basis of a single 

well. However tor Pessac-Formanoir, the permit included 

the stivulation that provision should be made for a 

reinJ ection well. As the resource became more intensely 

exploited it was deemed necessary to introduce reinjection 

to maintain the aquifer. ReinJection has proved to be 

difficult at Mellerey. The operators have been allowed to 

discharge the water into surtace waters until a solution 

is found. At the same time the BRGM has initiated a 

research program to master the reinJection problem. 

Contlicting Interests 

The interaction of the difterent levels of the administra-

tion is illustrated by the project at Dax. Un t il 19 6 5 

homes in Dax were heated by 64°C water from a hot spring. 

The area then developed a health spa industry using the 

hot spring water. The municipality subsequently raised 

the rates until private residences switched to oil and 

gas. With the intense use by the hospitals the hot spring 

temperature dropped to 54°C. When the geothermal proJect 

was posted, the spa industry raised strong objections on 

the grounds that the project would further damage the 

performance of the hot spr ing s. A study was therefore 

contracted to a university and a site chosen for the well 

where there was considered to be no danger of interaction 

with the hot springs. Witn this the permit was granted. 

On completion of the well the spa doctors again raised 

many objections. Since they were well represented on the 

local town council, they managed to delay testing of the 

wells for three years ( 1979 to 1982). Tests were finally 

done in 1982, and it was shown that at an output of 
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l 00 m3 /hour there was a pressure drop in the hot spr ing 

but at 80 m3/hour there was no etfect. 

made for operating at 8U m3/hour but 

approved. 

Application was 

has not yet been 

A similar situation exists at Mont Dore, the location of 

the only high temperature geothermal proJ ect proposed so 

far in continental France. The local industry is centered 

around the hot spring activity in the region. 

the are a is renowned tor i ts na tural beauty. 

In addition 

The local 

population has objected to the proJect on the grounds that 

hot spr ing acti v i ty would be af fected and tha t a geo

thermal plant would spoil the scenery. The exploration 

permit has not yet been granted. 

The interaction between geothermal uses and domestic 

has been involved in the Paris area (Ile de France). 

aquifer of Albian age underlies Paris and provides 

uses 

An 

high 

4uality water for domestic consumption. It is therefore 

protected by leg islation and, while being an interesting 

yeothermal target, the resource has been reserved for 

domestic use. The legislation applies only to the Ile de 

r' rance area and thus it is in principle permissible to 

ex1,>lo i t the aqui fer where i t underl ies other areas. No 

such project has yet been carried out. The legislation in 

the Ile de France area is presently being reconsidered. 

Insurance 

Two cases have motivated the decision to develop 

second-hole and long-terrn risk coverage . 

Marsan, the first hole completed in 

3UO m3/hour. In 1980, a second hole was 

km distance into the same target but 

At Mont de 

1977 produced 

completed at 3 

produced only 

' 
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40 m3/hour. The problem seems to be related to the 

irregularity of the fracture porosity. In this case the 

drill hole was destined to be a production hole. However 

it could have been a reinjection hole in which case it 

would not have been covered by the normal loan 

yuarantees. 

The second case is the operation at Melleray. The first 

hole had good production but the reinJection hole, drilled 

into the same target, presented many difficulties. Up to 

the present production waters have been disposed of into 

surface waters. 

In the light of the unexpected reaction of 

to reinJection it also became evident that 

be some unpleasant surprises in terms of 

behav ior of the aqu if ers relative to the 

these 

there 

the 

heat 

aquifers 

may also 

long term 

transfer 

models. It was thus evident that second-hole and long

term risk insurance was necessary and the SAF Geothermie 

was created. 

An example of the financing of a project recently proposed 

for Alfortville is presented in Table 3-3. Wi th this 
financing the annual costs of the operation are projected 

to become cheaper than a comparable fossil-fuel based 

operation 

end of 

after the first year. For 15 years (until the 

the repayment of the investment) savings are 

proj ected to be 25 percent, and thereafter are on the 

order of 44 percent per year. Figure 3-3, taken from 

Varet (1982), represents a generalized picture of the 

savings involved in adopting geothermal energy. 

The geothermal heating systems for le Mee sur Seine (1977) 

and Cergy-Pointoise (1980-1981) were installed one or two 



- 158 -

TABLE 3-3 

FINANCING OF PROPOSED PROJECT AT ALFORTVILLE, FRANCE 

Total Cost 

subsidies 

Loans 

Cornite Geotherrnal 

AFME 

EPR 

CDC 

CAECL 

CAECL 

*l KF = lU0U F (1984 value) 

53,~8~ KF 

1,90 KF (first hole) 

7,619 KF (surface works) 

1,930 KF (7 years at ~.50%) 

8,011 KF (15 years at 11.75%) 

8,625 KF (15 years, progressive 

ratio 8-15%) 

25,874 KF (15 years at 15%) 
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years before the building of the housing. This signifi

cantly reduced the installation costs. The loans negoti

ated had payment deferrals. 

Another notable example of f inanc iny is the opera t ion at 

Sevran-Aulnay which involved the participation of SOFERGIE 

funds ( 12 percent of the total investment). This proJect 

is also distinguished by the participation of the Kodak 

processing laboratories. Other examples of financing 

schemes are presented in La Geothermie ( 1979) and 

Luszcsynski (1983). 

At Melleray and Mios le Tech, geothermal energy has been 

applied to greenhouse heating. Mios le Tech has been made 

economically viable in that the production well is a 

recovered, unsuccessful oil well. BRGM reworked the well 

by cementing in the bottom and perforating the casing at 

the water producing zone. 
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Commission of the European Communities (CEC) 

Tne CEC has a geothermal energy program which prov ides 

tinancial aid to research proJects or demonstration 

proJects (annual budget of approximately $9 million). For 

research proJects 50 percent ot the costs are covered by 

the CEC, and for demonstration proJects the usual aid 

consists of 20 percent grant and 20 percent highly 

privileged loan. (In the case of a dry hole, the loan 

becomes a yrant.) The CEC proyram was tailored to the 

French experience. France has also been the most stronyly 

represented recipient of the aid with 20-25 percent of the 

budget being allocated to French proJects. 

In that the CEC program favors new, innovative proJects, 

it has provided a balance to the French approach which has 

focused on putting into production classic goethermal 

operations. On the other hand, it has tended to repeat as 

demonstration projects in member countries the types of 

operations that have already been realized as economically 

viable in France. The French point of view is that 

geothermal energy nas been clearly demonstrated as a 

viable energy source and that the CEC should now have a 

program aimed at the large scale diffusion of the proven 

energy technology. 
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United Kingdom 

since 1~77 the Institute of Geologic Sciences (IGS) has 

had a prog ram of ev al ua t ing the low enthalpy geotherrnal 

potential in deep sedimentary basins and the possibilities 

of hot dry rock development in Caledonian Granites 

( Batchelor, 1983). This program has been funded jointly 

by the U.K. Department of Energy and the CEC. The status 

of these studies has been reported in Barley et al (1980) 

and Downing and Gray ( 1~83). An earlier surnrnary of the 

situation of geothermal energy in the U.K. is presented in 

Garnish (1976). 

The low enthalpy program has given rise to inventories of 

the geothermal potential of the various basins ( Downing 

and Gray, 1983) as well as the drilling of 2 deep 

exploration drill holes in the Wessex Basin near 

Southampton and one in the Larne Basin in Northern 

Ireland. In the Larne Basin a possible resource at 

40-45°C was encountered and in the Southampton Basin the 

potential 

7l-74°C. 

resource had a well head temperature of 

The Southampton well is currently being developed as the 

first geothermal energy demonstration project in the U.K. 

(Smith, 1983). The proJect is to heat a civic center, bus 

station, central baths, shopping center, offices, and sorne 

housing . The corporation developing the project agreed to 

include the geotherrnal option on the condition that a 

complete coal-fired back-up heating system also be 

installed. The Departrnent of Energy agreed to cover the 

additional costs of including the geotherrnal energy system 

( drilling and well testing costs). The CEC gave 304,000 

pounds sterling in aid, 50 percent as a grant and 50 

percent repayable in case of cornrnerc ial success. It was 
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also agreed that the Deparrnent of Energy would recover 80 

percent of the real profits ( af ter ear ly los ses of the 

system have been recovered) until the original investment 

interest costs have been repaict~ The Department of Energy 

is tnus a sort of equity partner which puts up the risk 

capital. 

Geothermal energy development in the U.K. got underway two 

or three years after France an:d, has continued at a much 

slower pace ( in the same perü:>d 29 ope rations were put 

into service in Franch and another 20 will be completed in 

1984). Government funding has been channelled through the 

IGS. Up to the present time, most of the funding has been 

used for research stud ies, part icular ly for hot dry rock 

studies. 
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3.j New Zealand 

About 8 percent of New Zealand's electric power is produced 

f rom two geothermal fields. Geothermal energy has also 

provided heat and power for a pulp and paper mill. Direct 

uses are expected to expanded greatly in the future 

(Edwards et al, 1982). 

New Zealand has a well-developed legal framework for geo

thermal development, described by Dench (1975). The 

Geothermal Energy Act of 1953 defines the geothermal 

resource to include all energy derived from the earth' s 

natural heat excluding water at temperatures up to 70°C. 

In New Zealand the sole right to use geothermal energy is 

vested in the Crown, regardless of land ownership; licenses 

to use i t are issued by the central government. The Act 

does not clarify how to divide the energy between rival 

users, but in principal a developer should not be affected 

by the subsequent activities of others. 

Generally à license is necessary before drilling for and 

using geotherma1 ·· energy. No license is required for wells 

less than 6I m deep which are used for domestic purposes. 

In l9:i3 the Act set the rental for geothermal energy as a 

fraction of the difference between the costs of the 

geothermal energy and the next cheapest source. In 1966 

the Act was amended to relate the rental to the amount of 

net heat used. Dench suggests that, to encourage conser

vation, the rental could be based on the net heat extracted 

from the reservoir. This would also ensure that the heat 

withdrawn from the ground is monitored for reservoir 

engineering studies. 
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The Geotherrnal Energy Regulations of 1961 control standards 

of work during drilling and well operation. An inspector 

is appointed with the power to stop work if standards are 

unsatisfactory. Thus the eftectiveness of the leg islation 

depends on the inspector. 

If the governrnent closes a well (for safety, environrnental, 

or other reasons), compensation rnay be payable, but not for 

the value of unexploited energy. 

The City of Rotorua passed the Rotorua City Geotherrnal 

Energy Ernpowering Act in 1967, to enable the City Council 

to control geotherrnal developrnent within the city. 

Other leg islat ion in New Zealand which affects geotherrnal 

developrnent includes the following: 

• nurnerous statutes related to protection of the 

environrnent; 

• Water and Sail Conservation Act 1967; 

• Clean Air Act 1972; 

• Town and Country Planning Act 1953; 

• Construction Act 1959; 

• Boilers, Lifts and Cranes Act 1950. 
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3.6 Iceland 

In Iceland the Energy Act of 1968 gives the right of owner

ship and use ot geotherrnal resources to the landowner, 

subject to certain controls by the State (Torfason, 1975). 

The yeothermal resource may not be sold separately from the 

land except by permission of the State. In the case of 

sale, the local municipality and State have the first and 

second rights of refusal, respectively. 

The government can expropriate geothermal resources for 

public purposes subJect to compensation to the owner. 

However, the depth to which land ownership applies has not 

been defined. Therefore it has been argued that the State 

may still be able to claim ownership of underground 

geothermal resources without owing compensation to the 

l andowners. 

If a geotherrnal tield lies under two or more properties, 

the ownership rights are to appraised by experts appointed 

by the local law court. However, settlement of such cases 

may be difticult without further guidelines on how to 
resolve resource development conflicts between owners. 

Construction 

power plants, 

the State. 

and operation of cornmercial-size electric 

including geothermal, must be authorized by 

The development of geothermal energy fo r 

community space heating has been entrusted to the munici

palities. Development of geot~ermal energy for other 

pur poses ( such as agriculture and industry) is gene r a l ly 

not regulated by laws directed specif ically to the 

geothermal resource. 
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3.7 Japan 

Japan is an area of active volcanism with a siynificant 

h ig h-tempera ture yeothermal resource. Due to the esca

lat ion of fossil fuel prices in the 1970's, the government 

launched an extensive prograrn in research and development 

of geothermal energy. A number of electric power plants 

exist, and direct industrial uses are under study. 

As of the mid-1970's, a developer of a geothermal resource 

had to apply under the Hot Spring Law of 1948, and under 

the Natural Park Law if the resource was located within a 

designated park. Interpretation of the Hot Spring Law has 

been that hot spring eruptions are owned by the person who 

owns the land, although there is no definition of who 

should control the underground source. At the exploration 

stage, a potential developer would be interested only in 

borrowing the land in a manner similar to mineral explo

ration. The Japanese Mining Law designates mining rights 

for underground minerals, which are granted independently 

of land ownership. 

The Mining Companies Council has dratted a law which 

defines the nature and position of a geothermal right which 

would be granted by the government. This draft was to be 

formalized into a bill for the Geothermal Resource Develop

ment and Promotion Law, which would be submitted to the 

Diet (Nakamura et al, 1975). 
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4.0 SURVEY OF LEGISLATION AFFECTING 
GEOTHERMAL DEVELOPMENT IN CANADA 

4.1 Introduction 

Under the terms of the Canada Constitution Act, natural 

resources fall under provincial jurisdiction, with 

resources in territorial lands under federal jurisdiction. 

Only British Columbia has legislation that specifically 

defines and regulates geothermal resources, yet, even in 

B.C., the legal definition of a "geothermal resource" 

restricts the application of the Act to moderate and high 

tempera ture resources. Most geothermal applications 

involve the use of heat extracted from groundwater. 

Therefore, it is expected that exploitation of the 

resource would directly or indirectly involve several 

kinds of provincial legislation, including: 

• natural resource laws such as those governing ground 

and surface waters, brine, petroleum, natural gas { in 

some of the United States, geothermal steam is regarded 

as a natural gas and so is eligible for depletion 

allowances), mineral resources, and mining; 

• land ownership and tenure laws that may include rights 

to various surface and subsurface resources; 

• pollution control and environmental protection laws; 

• pipeline legislation; 

• utilities legislation {a person or company distributing 

heat or hot water may be defined as a utility and 

become subject to utiliiies regulations); 
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• corporation, factory, 

industrial safety laws; 

worker's compensation, and 

• provincial and municipal corporate tax laws; 

• royalty laws governing the extraction of 

resources. 

natural 

In addition, there are some federal laws that would likely 

affect potential geothermal development, including: 

• the Income Tax Act (see Section 5.0) ; 

• the National Energy Act in the event tha t energy were 

exported outside a province; 

• the Northern Inland Waters Act which governs the use of 

groundwater in the Yukon and Northwest Territories; 

• the Clean Air, Fisheries, Canada Water, and Territorial 

Lands Act that would set pollution control standards 

and resource jurisdiction outside the provinces. 

It is beyond the scope of this survey to analyze the 

effects of existing or hypothetical geothermal legislation 

on al l these laws. Ins tead, this survey will highl ight 

only those laws that would now most closely affect geo

thermal development. Information for this section was 

gathered mainly by telephoning the provincial and terri

torial government departments that are responsible for the 

environment, groundwater, energy, and natural resources. 

The lack of 

Canada, and 

geothermal 

the lack 

resource 

of low 

leg isla tion in most of 

temperature geothermal 
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resource regulation in B.C., means that most geotherrnal 

development will take place under the terras of existing 

groundwater and natural resource laws. This will 

undoubtedly lead to uneven, and perhaps contradictory, 

treatment of the resource depending on which governrnent 

department ( mai nly env ironment, energy, and natural 

resources) assumes primary responsibility for resource 

management. In addition, establ ishing leasing procedures 

and drilling practices, and setting tax, rental or royalty 

rates will remain unknown until development gets 

underway. 

Several of the provincial governments interviewed thought 

it preferable to develop regulations in response to 

geotherrnal developrnent rather than in anticipation of it. 

This pragrnatic approach has the advantage of tailoring 

regulations to local conditions. This approach rnay also 

avoid creating regulations that · are based toc directly on 

oil and yas experience ( as in B. C.), or other resources, 

that are but doubtfully applicable to geotherrnal resource 

development. on the other hand this requires that a 

prospective developer establish a very good working 

relationship with all of the governrnent departments that 

may ultimately regulate the resource, in order that both 

yovernrnent and developer anticipate problems that may be 

encountered and know what taxes or royalties can be 

expected. The absence of def ini te regula t ions governing 

geotherrnal development especially financial liabilities 

such as royalties, may prove a disincentive. 
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4.2 British Columbia 

British Columbia is the only province with legislation 

d irectly affect ing geothermal development. Because the 

Geothermal Resources Act ( 1982) is unique in Canada i t 

will be described in more detail than other acts in this 

chapter. The Act and its regulations are administered by 

the Petroleum Resources Division of the Ministry of 

Energy, Mines and Petroleum Resources. Copies of the Act 

and regulations are included in Appendix A. The Act is, 

however, intended only for moderate to high temperature 

geothermal resources. Low to mode ra te tempera ture 

resources are not directly -regulated by any Act but would 

indirectly be affected by provisions of the Water Act and 

the Petroleum and Natural Gas Act. 

The Geothermal Resources 

resource" as "the natural 

Act defines 

heat of the 

a "geothermal 

earth and all 

substances that derive an added value from it, including 

steam, water, and water vapeur heated by the natural heat 

of the earth and all substances dissolved in steam, water, 

or water vapeur obtained frorn a well, but does not 

include: 

(a) water that has a ternperature of less than 80°C at the 

point where it reaches the surface; or 

(b) hydrocarbons." 

The right, title, and interest in all geothermal resources 

in the province are vested in the government. Apart frorn 

ownership of the resource, the Act defines permitting, 

leasing, operation, authorization and licensing require

rnents, and rnakes provision for royalties and unitization. 
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Two sets of regu lat ions have been promulga ted under the 

Act. The Geothermal Resources Administrative Legislations 

(B.C. Reg. 132/83) specify permitting and leasing 

procedures, and reguirements for performance bonds and 

reports on expenditures. The Geothermal Drilling and 

Production Regulation (B.C. Reg. 170/83) specifies 

drilling practice, information requirements, sampling and 

storage of samples, reporting requirements, well testing, 

production, anà waste disposal. 

The Geothermal Resources Act ana regulations very closely 

follow the Petroleum and Natural Gas Act and its 

regulations, particularly with respect to leasing and 

authorization procedures, drilling practice (for example, 

blow-out prevention), sampling and sample storage, and 

reporting. 

A permit is needed for the exclusive right to explore for 

geothermal resources. 

may be issued is a 

The minimum area for which a permit 

"block" which consists of an area 

bounded by 5 minutes of latitude and 7 minutes 30 seconds 

of longitude. Blocks are t ied to geode tic latitude and 

longitude and so have only a coincidental relationship to 

the actual location of a resource. Permits are awarded by 

a system of competitive bidding, by sealed tender, only on 

blocks that have been publicly posted. In order to get 

blocks posted for bidding, prospective developers must ask 

the Petroleum Resources Division to post them. Tenders 

must include a work program and cost estimates describing 

the type and extent of work that is proposed for the 
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exploration are a. Permits are awarded on the basis of 

which geothermal program is, in the Minister' s opinion, 

the best. The permit costs $500 plus an annual rent of 

$1.00 per hectare. (The number of hectares in a block 

varies w i th latitude: at 50°N a block has about 8,300 

hectares.) Only blocks can be ren ted but only part of a 

block need be explored. 

Approximately one week after being awarded a permit the 

perrnittee must provide a performance deposit equal to the 

accepted work tender. The work obligation represented by 

the depos i t w ill be reduced annually on the bas is of the 

approval of an affidavit of expend i ture and supporting 

exhibits. Failure to meet the committed work obligations 

may result in the forfeiture of the performance deposit. 

Payments rnay be made in lieu of work done. 

The Act presumes most exploration will be done by drilling 

and consequen tly has extensive provisions for drill ing 

test holes and wells. All drilling rigs must have a rig 

license issued under this Act or the Petroleum and Natural 

Gas Act. All cores and samples of cuttings from wells 

must be sent to the Division's Charlie Lake office at Fort 

St. John. During testing of blow-out prevention 

equipment, drilling crews must be supervised by personnel 

with supervisory certificates issued within the past 

3 years by the Petroleum Industry Training Service. Daily 

reports, well summaries, well histories, and workover 

reports must be f iled for all wells dr illed. Reporting 

requirements for test holes are less rigorous. While 

actual drilling is covered in detail, only very brief 

regula t ions apply to d isposal of drill ing and production 

material, and well testing procedures. In order to 
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conduct exploration by means other than drilling, one must 

notify, in writing, the commissioner of the titles branch 

of the Petroleum Resources Division. 

In order to convert a permit to a lease, the permit tee 

must submi t a development plan for approval by the 

Min ister. Le a ses are val id for 20 years and may be 

renewed. Ne i ther lease rental rates nor royalty rates for 

geothermal production have been set, nor has any method of 

calculating the royalties been def ined. Both the method 

and rates are to be determined by the Lieutenant Governor 

in Council (i.e. the Provincial Cabinet). The Minister is 

empowered to bind developers into a unitization agreement. 

The Geothermal Resources Act can not be regarded in 

isolation. The Act uses definitions and several sections 

frorn the Petroleum and Natural Gas Act. Also, in case of 

inconsistency between a provision of the Ut i 1 i t ie s 

Commission Act or the Water Act and a provision of the 

Geothermal Resources Act, then the provision of the other 

two Acts prevails. 

The tempera ture de finit ion of a geothermal re source ( a t 

least 80°C at the point where it reaches the surface) 

means that all known hot springs in B.C. fall outside the 

j u r i sd ic t ion of the Ac t. 

a irec t use of geothermal 

This has a bearing on potential 

resources. According to the 

Water Act, all springs are defined as surface water and 

are therefore regulated by the Water Management Branch of 

the Ministry of the Environment. Under the terms of the 

Water Act, groundwater rights are reserved to the Crown 

but the sections of the Act that pertain to groundwater 

are deliberately not used. No permits are required of 
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well owners for the drilling, use, or disposal of 

groundwater. Regulations apply only to well drillers who 

must send copies of drill logs to the Water Management 

Branch. Most groundwater wells in the province are 

shallow, averaging about 50 m. 

For low to moderate temperature geothermal resources that 

may ex ist in deep sed imen tary basins ( for ex ample, in 

northeastern B.C.), drilling would likely be regulated by 

the Petroleum Resources Division under the terms of the 

Petroleum and Natural Gas Act. It is unclear whether one 

would need oil and gas rights prier to drilling. It is 

possible that one would need geothermal resource r ights 

s ince some aquifer temperatures exceed 80°C. But until 

actual temperatures of the resource are establ ished, the 

Division may require that both oil and gas and geothermal 

rights be acquirea. 

Most geothermal exploration and drilling in B.C. has 

preceded the proclamation of the new Geothermal Resources 

Act (June 7, 1982) and its drilling regulations 

(April 25, 1983). The Petroleum Resources Division has 

therefore had almost no exper ience in regula ting 

geothermal exploration and development. Yet the present 

regula tions requ ire a grea t deal of j udgemen t or 

discretionary application that may not be well-served by 

such rel iance on petroleum-based regula tory exper ience. 

The Act also leaves a great deal yet to be regulated by 

either the Minister responsible or the Lieutenant Governor 

in Counc il. There is presently no regulation of such 

critical factors as royalty rates and lease rental rates. 
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The relationship of the Geothermal Resources Act to the 

B. C. Hydro and Power Au thor i ty (B. C. Hydro) Act is not 

known. Under the terms of the latter Act, B.C. Hydro has 

the authority to generate, develop, purchase, or otherwise 

acguire power; to require any person to sell power to it; 

and, under certain circumstances, to expropriate property, 

power projects, plants, rights, or privileges. Developers 

of geothermal energy for electricity or heat could be 

f orced in to an agreement w i th B. C. Hydre, on terms tha t 

may not economically justify the capital invested for 

geothermal exploration and development. Such matters 

require clarification in order to foster geothermal 

development in B.C. 
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4. 3 Alberta 

No geothermal legislation exists in Alberta and none is 

anticipated. Potential geothermal development would be 

most directly affected by existing groundwater and 

petroleum laws and regulations. 

Ownership of groundwater resources is vested in the Crown. 

Under the terms of the the Groundwater Development Act, 

which is administered by the Department of the 

Env ironmen t, groundwa ter is de f ined as all water tha t 

exists below the surface of the ground. In theory this 

includes brines contained in deep aquifers, but in 

practice regulation of groundwater by the Departrnent is 

restricted to shallow, fresh water resources. The 

Departrnent regulates water use, water-well drilling 

practice, waste disposal, water quality, and royalties. 

Brines that coula be potential geothermal resources are 

routinely encountered in oil and gas exploration and 

developmen t, all aspects of wh ich are regula ted by the 

Energy Resources Conservation Board, which administers the 

Oil and Gas Conservation Act and Regulations. The prirnary 

purpose of the Act is to ensure that drilling and 

production of oil and gas is done so as to preven t the 

waste of the oil and gas resource. In the absence of 

other legislation, prospective geotherrnal developers would 

have to drill in conforrnity with the Act and Regulations. 

Sorne exarnples of how this might affect geotherrnal 

development are given below. 

The Act states that to drill a well, one needs the oil and 

gas rights for the location and a licence frorn the Board. 

Geothermal deve lopers may have to acqu ire oil and gas 

rights. Drilling procedures would have to conform to oil 
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and gas practice since in any given geothermal drill hole 

there would be a chance of encountering oil or gas. No 

well can be within 100 m of a building. The Board may 

modify this if the drilling is done on the building 

owner's property. 

Production of br ine must be approved by the Board and 

would be regulated like brines that accompanying oil or 

gas production. Up to two weeks of flow testing a well is 

permitted into tanks or earth pits as long as not more 

than 15 m
3 

of brine per month is stored in an open pit at 

surface. Noxious gases that accompany production must be 

flared-off (burned). After two weeks, more permanent 

brine disposal systems must be installed. 

Reinjection of brines is standard practice. The Board rnay 

specify the volume of reinjection and the formation into 

which reinjection is allowed. The Board usually refers 

reinjection plans to the Department of the Environment in 

order that they might ensure that shallow groundwaters are 

protected from contamination. There appears to be no 

difficulty in getting permission to reinject into the · 

formation whence production cornes, provided there is no 

interference with oil and gas production. 

The Board bas the power to modify any of the Oil and Gas 

Conservation Regulations. It also has the broad 

experience in regulating the drilling, pumping, and 

reinjection of brines. A potential geothermal developer 

would likely benefit frorn a close working relationship 

with the Board in order to expedite geotherm~l drilling 

and production. 
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4.4 Saskatchewan 

No geothermal legislation exists in Saskatchewan and none 

is an tic ipated. Poten tial developers of geothermal 

resources face regulation by both the Department of the 

Environment and the Department of Energy and Mines. 

All groundwater, irrespective of quality, depth, or 

intended use, is owned by the Province and is governed by 

the Groundwater Conservation Act. The Act is administered 

by the Departmen t of the Env ironmen t. In order to get 

rights to use groundwater the prospective user must 

sat isfy the Departmen t of the Env ironmen t tha t the water 

is there to be exploited and the proposed well will not 

adversely affect existing users. Most water wells in the 

province are shallow, less than 150 m deep. Sorne 

industrial users exploit aquifers at 300 to 600 m depth, 

for example in water flooding operations and terminal 

recovery of oil and gas. The Department of the 

Environment sets royalty rates for water use depending on 

the amount drawn and its purpose. Disposal of water 

either at surface or down a well is regulated by both the 

Department of the Environment and Department of Energy. 

Reinjection wells must not céntaminate fresh groundwater, 

nor fracture the formation into which water is injected, 

nor affect mineral or petroleum and gas rights within a 

1.6 km (1 mile) radius. 

Under the terms of the Oil and Gas Conservation Act any 

well that penetrates even potential oil and gas bearing 

strata requires a licence from the Department of Energy 

and Mines. Rights to petroleum and natural gas must also 

be acquired, usually through a competitive lease bid. The 

Department of Energy and Mines specifies procedures for 
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drilling, well completion, and flow testing, and must 

approve plans for disposal wells. 

Saskatchewan' s first geothermal test hole was drilled on 

the univers i ty of Regina campus under the direct ion of 

Dr. L.W. Vigrass of the Energy Research Unit. Dr. Vigrass 

was helped by both the Department of Energy and Mines and 

the Department of the Environment who recognized the 

special nature of this project and modified some of the 

application and regulatory procedures. There was no 

competition for the oil and gas rights since the area is 

regarded as having little oil or gas potential. The 

planned d isposal well was regarded by the Department of 

Energy and Mines as essentially the same as a d isposal 

well for the oil and gas industry or for a potash mine. 

Although Dr. Vigrass had few problems with the regulatory 

process he did see the potential for conflict between the 

j ur isd ic t ions of the two Departmen ts involved -- Energy, 

and Mines and Environment. The absence of a definition of 

the resource makes it uncertain which department has 

prDnary responsibility. Also, · because the University of 

Regina project was experimental and started at a time of 

rapidly rising oil prices, the authorities were willing to 

expedite the regulatory process by waiving certain 

obligations. They may not always be as helpful. A third 

source of poten t ial problems is in the requ iremen t tha t 

reinjection wells must not affect mineral or p~troleum and 

natural ~as rights within a 1.6 km (1 mile) radius. The 

opera tor of the we 11 must prove th is to the satisfaction 

of the Crown. Apart from being difficult to prove 

(especially for mineral rights) this does not prov i de 

immunity from future civil laws suits should anyone else 

demonstrate that the operator was wrong. 
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4. 5 Manitoba 

No geothermal legisla~ion exists 

contempla ted. Regula t ion of 

in Manitoba and none is 

poten tial geothermal 

development would take place under existing groundwater 

and natural resource legislation. 

In Manitoba the rights to water resources are reserved to 

the Crown. Water well drilling and groundwater use are 

regulated by the Groundwater Resources Division of the 

Department of Natural Resources, under the terms of the 

Water Rights Act and the Groundwater and Well Water Act. 

Most of the water wells regulated by the Department are 

shallow (less than 150 m deep). 

The Department of Energy and Mines regulates the mineral 

and pe troleum industries through var ious regula tions of 

the Mines Act. The Department's responsibilities include 

granting permits, setting worker safety standards, and 

setting royalties. Regulations that may have a bearing on 

geothermal operations include the Production of Wells 

Regula t ions, the Minimum Amoun t of surf ace Cas ing 

Regulations, and the Salt Water Disposal Regulations. 

Since no one has attempted geothermal resource use (beyond 

heat pumps on domestic water wells) it is unclear which 

Department, whether the Department of Natural Resources or 

the Department of Energy and Mines, would have primary 

jurisdiction over geothermal exploration and development. 

Presently the Energy Division of the Department of Energy 

and Mines is responsible for regulating energy supply 

( pr imar ily hydro-e lec tric i ty) , ut il iza t ion, and 

conservation. It is possible that this Division also 

would affect geothermal development but only insofar as 

development conflicted with higher priority energy 

sources. 
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4.6 Ontario 

Ontario has an active prograrn in prornoting alternative 

energy developrnent through cost sharing and dernonstration 

projects designed to alleviate the perception of risk that 

might otherwise deter private investrnent. The prograrns 

are initiated or sponsored by the Ministry of Energy. The 

Alternative and Renewable Energy Group of the Ministry of 

Energy has prograrns in virtually every alternative energy 

source except geotherrnal. 

No geotherrnal legislation exists and none is conternplated. 

Regulation of potential geothermal developrnent would 

currently take place under existing groundwater and 

natural resource legislation. 

In Ontario, groundwater rights follow the common-law 

doctrine of riparian rights. Thus the owner of the land 

a lso owns the groundwa ter resource bene a th h is property. 

Laws have been enacted, however, with the purpose of 

rninimizing conflicts arnong users. The Water Resources Act 

and Regulations, which are adrninistered by the Ministry of 

the Env ironrnen t, regula te the quanti ty of water tha t may 

be drawn, water quality, and any interference between 

wells. 

volume 

The 

and 

Ministry 

quality. 

allows no 

Perm i ts 

in terference in 

are requ ired for 

water 

a ll 

prospective groundwater use except for dornestic and 

firefighting purposes or for volumes less than 

50,000 litres per day. Perrnits specify well depth, 

volume, and disposal. Most water wells are fairly 

shallow; few are more than 150 m deep. New regulations 

are now being drafted to cover all aspects of water wells 
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and disposal wells that are intended to better regulate 

existing practices and anticipate future problems. 

The Environmental Protection Act also governs groundwater 

quality and protection of groundwater resources. This Act 

is also admin istered by the Min istry of Energy. Bec au se 

the Act has only general provisions for groundwater 

resources, the actual regulation of the resource takes 

place under the Water Resources Act. 

Ontario is an oil and gas producer and therefore has 

experience in the regulation of deep drilling, brine 

production, and reinjection. Petroleum exploration and 
0 

development are regulated by the Ministry of Natural 

Resources under the terms of the Mining Act, for 

exploration north of the 51st parallel and in Lake Erie 

and the Petroleum Resources Act for everywhere else. The 

Exploration Drilling and Production Regulations of the 

Petroleum Resources Act specify that reinjection requires 

permission from the Minister and that wells must be cased 

in such a way that reinjection is confined only to 

formations specified by the Minister. For example, for 

gas and oil production that cornes from the Dundee 

Formation ( from depths of 120 to 150 m) and the Guelph 

Formation (at 300 to 450 m) reinjection of brine is 

permitted into the Detroit Formation (150 to 215 m) and 

several other formations at depths from 250 m to 750 m. 

Ontario would appear to have the regulatory experience to 

cope with geothermal development, mainly under the terms 

of its petroleum and natural gas laws and the Ministry of 

Natural Resources. 
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4.7 Quebec 

Quebec has no geothermal development beyond limited use of 

heat pumps on shallow water wells. Conservation and 

a 1 terna t ive energy prograrns in biomass, municipal waste, 

and solar energy have been conducted by the Ministere de 

l'energie et des ressources (i.e. Ministry of Energy and 

Re sources. Note that according to Que bec' s French 

language charter only the French names of governrnent 

departrnents are officially recognized. To assist the 

reader a translation is supplied.) 

No geothermal legislation exists or is conternplated. 

Potential developrnent would take place under existing 

groundwater, natural resource, waste a isposal, and 

environrnental laws. 

Groundwa ter is de f ined by two Ac ts: 

the Environrnental Quality Act. In 

the Min ing Act ana 

the former the 

definition of the term "rnineral" (all natural solid, 

liquid, or gaseous rnineral substances, and all fossilized 

organic rnatter) applies to water although "brines" (any 

natural aqueous solution containing more than 4 percent by 

weight of dissolved solids) are given separate 

consideration. The Environmental Quality Act defines 

water as surface ana underground water wherever locatea. 

The Mining Act is administered by the Ministere des 

richesse naturelles (Ministry of Natural Wealth), ana the 

Environmental Quality Act by the Ministere de 

l'environnement (Ministry of the Environment). Under the 

Mining Act a licence must be obtained in order to drill 

for groundwater except in the case of a landowner drilling 
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for water for domestic use. The Environmental Quality Act 

does not directly control water well drilling but makes 

general provision for safeguarding water quality and 

requires that waste disposal be approved by the Minister. 

The Mining Act also has sections dealing with petroleum 

and na tural gas 

d isposal. All 

resources, brines, and 

petroleum and natural 

underground waste 

gas matters are 

regulated by the Minister-Delegate, Energy. It is unclear 

to what extent geothermal developers would have to conform 

to these Oil and Natural Gas Regulations. In order to 

explore for or exploit brine resources, licences are 

required from the Ministere des richesse naturelle. 
0 

Reinjection could possibly be regulated 

sections of the Mining Act that govern 

reservoirs for waste disposal. The Act 

by existing 

the use of 

sta tes that 

licences are required for the exploration of, such a 

reservo ir and for the d isposal of ma ter ial there in. A 

storage lease is also required. 

Given this variety of more or less pertinent legislation, 

geothermal development would not lack regulation. 

However, the developer would likely face ambiguity as to 

which regulations and which jurisdiction would most 

closely affect his project. 
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4.8 New Brunswick 

No geothermal leyislation exist~ in New Brunswick and none 

is anticipated. Potential geothermal development would 

take place under existing groundwater and petroleum 

resource laws. 

In New Brunswick there is no prier assignment of the 

ownership of either surface or ground water. The right to 

the use and central of groundwater belongs to the title 

holder ot the land under which the water is situated. 

Groundwater rights are thus a part of property rights and 

are af fected by the provisions of the Property Act. 0 The 

~roperty holder is ent i tled to use all the water that he 

can pump even if this causes wells on adjacent properties 

to dry up. 

Water well drilling is governed by the Water Well 

Regulations of the Clean Environment Act administered by 

the Department of the Env ironment. The only lirni t on 

production permitted under these regulations is 10,000 

yallons (45,000 litres) per day per well. water Quality 

Regulations of the same Act prohibit contamination of 

groundwater aquifers. Most water wells in New Brunswick 

are shallow, less than 100m, and only a few have been used 

for heat pump use. Wells drilled exclusively for heat 

purnp applications require that disposa! wells be drilled 

lest the disposa! of water at surface contravene the 

watercourse modification provisions of the Clean 

Environment Act. 

Drilling and production of oil and gas is regulated by the 

Oil and Natural Gas Act which is administered by the 

Department of Natural Resources. Although no regulations 
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have yet been promulgated they are likely to be very 

similar to those in place in Alberta. Extraction of 

brines from deep sedirnentary basins would involve 

regulations affecting both oil and yas drilling and brine 

disposal. The Province has had production from the Stoney 

Creek gas and oil field near Moncton since 1909. Frorn 

this the Province probably has sufficient regulatory 

experience to cope with any geothermal proJect utilizing 

deep sedimentary basins. 

John Leslie and Associates drilled two ternperature 

yradient holes in Carboniferous yranite on behalf of the 
0 Earth Physics Branch of the tederal Ministry of Energy, 

Mines and Resources. In order to protect the drilling 

operations from parties interested in rnineral exploration, 

Leslie staked the ground he was drilling on, under the 

provisions of the Mininy Act. 
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4.~ Nova Scotia 

No yeothermal leg islation exists in Nova Scotia and none 

is ant ic ipated for the foreseeable future. Geothermal 

development would take place under existing groundwater 

and petroleum resource laws. 

The government of Nova Scotia has broad controlling powers 

over both surface and groundwater under the terms of the 

Water Act which is administered by the Department of the 

Environment. Water well drilling is governed by the Well 

Drilling Act. To use groundwater in Nova scotia one needs 

to apply for a permit whi~h specities the volume that can 

be used and the methods by which it may be disposed. In 

the application for the permit one is required to prove 

that the resource exists and can sustain the proposed 

extraction rate. The extent to which these thinys must be 

proven depends laryely on the amount that is required. 

Large volumes require more rigorous proof. About 30 heat 

pumps have been installed on rnostly domestic water wells 

in the province. Reinjection wells are required tor heat 

pump wells. Since most water wells in the province are 

less than 100 m deep the Department of the Environment has 

had no experience in licensing a deep geothermal well. 

Deep drilling for oil and gas is regulated by the 

Department of Mines and Energy under the terras of the 

Petroleum and Natural Gas Act and Regulations. Little 

on-shore drilling has occurred in Nova Scotia and no oil, 

y as or br ines have been produced. Geothermal developers 

would face a lack of regulatory experience on the part of 

the government authorities responsible for supervising 

such proJects. 



- 189 -

4.11 Prince Edward Island 

No geothermal leg islation exists in P. E. I. and none is 

anticipated. Geothermal development would take place 

under existing groundwater and petroleum resource laws. 

In P.E.I., the riyht to surface and groundwater use vests 

in the owner of the land. Thus groundwater rights are 

part of property rights and are subject to the Real 

Property Act. However, according to the Towns Act, 

municipalities can prohibit well drilling within town 

boundaries. Fresh water wells are regulated under the 

terms of the well Drillers Act by the Department of 

Community and Cultural Aff airs (Environmental and 

Conservation Services Divis ion) . Drill iny perm i ts are 

required from the Minister respons ible, only for wells 

greater than 6 inches (15 cm) in diameter or if production 

exceeds Sü gallons (227 litres) per minute. 

on-shore petroleum exploration is regulated by the Oil and 

Natural Gas Act (and the Oil and Gas Conservation 

Regula t ions) wh ich is administered by the Chief Off icer 

and Conservation Engineer of the Department of Energy and 

forestry. Wells drilled into deep aquifers would possibly 

have to conform to this Act, even though oil and gas were 

not souyht, as well as the Well Drillers Act. Reinjection 

wells are provided for under the terms of the Oil and 

Natural Gas Act and Regulations. Water disposal plans and 

operations must be approved by the Conservation Engineer. 
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4.11 Newfoundland and Labrador 

No geothermal legislation exists in Newfoundlana ana none 

is anticipatea. Potential geothermal developrnent will 

take place under existing groundwater and petroleum 

re source laws. 

Groundwater rights are vested in the Crown in right of the 

Province. Water wells are regulated by the Department of 

the Environment which administers the Water Resources and 

Pollution Control Act. Groundwater is usea as a water 

suppl y in several ou tports in the province. All water 

wells, other than for domestic water production, must be 

0 1 icen sed by the Departmen t of the Env ironmen t.. Most water 

wells are shallow, less than 150 m. 

on-shore, deep (to 900 m) drilling for oil and gas has 

only been undertaken in a few holes in Carboniferous 

strata in western Newfoundlana. No discoveries have been 

made. All aspects of oil ana gas ar ill ing, production, 

and reinjection of waste brines are covered by the 

Petroleum ana Natural Gas Act and Regulations which are 

administered by the Department of Mines and Energy. 

Prospective geothermal developers would have to take into 

consideration the limitea regulatory experience of the 

Departmen t, insofar as the y may regula te a geothermal 

project. 
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4.12 Yukon Territory 

No geothermal legislation exists in the Yukon and none is 

anticipated. Potential geothermal development will take 

place un der ex isting groundwater and pe troleum resource 

laws. 

Under the terms of the Northern In land Waters Act all 

groundwater rights are vested in the Crown in right of 

Canada. 

The Act is administered by the Department of Indian 

Affairs and Northern Development. The Act establishes the 

Yukon Terri tory Water Board whose purpose is to prov ide 

for the conservation, development, and utilization of 

water resources "in a manner that will provide the optimum 

be nef i t of all Canad ians and for the re s iden ts of the 

Yukon". Water wells for domestic use are excluded from 

the Act and so are not regulated. For other 

probably including geothermal non-electric use, a 

users, 

1 icense 

is requ ired from the Yukon Terri tory Water Board. 

Application for a license usually involves a public 

hearing so that objections from the community may be 

heard. Presently the Board regulates certain 

institutional users of groundwater, some communities with 

municipal water supply system and potential polluters such 

as the Cyprus Anvil Mine at Faro. 

Drilling practice does not appear to be regulated beyond 

the need for relevant business licenses. In areas of 

prospective oil and gas resources, drilling and 

reinjection would be regulatea by the Ottawa-basea Canada 

Oil ana Gas Lanas Administration unaer the terms of the 

Canada Oil ana Gas Act ana the Oil ana Gas Petroleum ana 

Conservation Act as well as pertinent regulations. 
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4.13 Northwest Territories 

No geotherrnal leg islation ex ists in the Northwest 

Terri tories .and none is anticipatea. Geotherrnal 

developrnent will take place under existing groundwater and 

oil and gas laws. 

Groundwater resource ownership and usage is defined by the 

Northern Inland Waters Act, as in the Yukon, except that 

the principal regulatory agency is the Northwest 

Terri tories Water Board. Virtually all of the Board' s 

regulatory experience is with large-volume water users or 

potential water polluters such as Pine Point and CanTung 

Mines. In contrast with the Yukon almost no groundwater 

is used in the Horthwest Territories. Most cornmunities 

use surface waters for dornestic supply. 

Exploitation of br ines frorn deep sed imenary basins would 

probably involve regulation from the Ottawa-based Canada 

Oil and Gas lands Administration (COGLA) which operates 

under, and administers, the Canada Oil ana Gas Act and the 

Oil and Gas Production and Conservation Act. COGLA has 

limited experience in such matters as reinjection, waste 

disposal, and water flooding but probably sufficient to 

cope with any prospective geothermal projects developed in 

deep sedimentary basins. 
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5.0 FINANCIAL FACTORS AFFECTING 
GEOTHERMAL DEVELOPMENT IN CANADA 

S.l Introduction 

Innovations are first adopted by risk takers and opinion 

leaders. As information wi th respect to the resul ts of 

the se innovations becomes available, the perce ived risk 

decreases and the innovation is adopted by the risk 

averse. This section identifies financial factors which 

surmount the risk barriers and encourage adoption of 

geothermal energy . 

.Provincial and federal assistance prog rams for research 

and development and demonstration studies increase the 

information available concerning geothermal energy. This 

type of assistance is crucial in the early stages when the 

technology has yet to be proven. As the body of knowledge 

increases, other incentives designed to encourage commer

cial adoption are required. Incent ives such as capital 

assistance for investment, favourable tax wr i te-offs and 

tax credits increase rates of return to private develo-

pers. .finally, consumer incentives create an awareness 

and demand among users. 

As geothermal energy is still in its infancy, most 

assistance is directed towards research and demonstration 

proJects. To assess the potential capital, tax and 

consumer incentives which may one day be applied to the 

geothermal industry, a survey of similar incentives to the 

oil and gas, mining and off-oil industries was conducted. 

Each section will identify the impact of these incentives, 

were they to be extended to geothermal energy. 
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~.2 Provincial Programs 

This section surveys financial assistance and other 

government programs which influence the rate of return to 

private developers of geothermal eneryy. 

Geothermal energy projects generally progress from the 

research and development phase ( prel iminary feasibil i ty 

studies to identify resource potential) through the 

demonstration phase (wells drilled in areas of high 

potential), to the commercial development phase (resource 

used in commercial applications) • Most Can ad ian geother

mal energy proJects are still in the research and 

development phase. Only British Columbia' s Meager Creek 

and Saskatchewan's University of Regina experiments can be 

considered demonstration projects. It is not surprising, 

then, that most existing provincial programs are designed 

to offset research and development expenses. In addition, 

some provinces ofter specific programs aimed at subsidiz

ing demonstration projects. 

Currently there are no provincial programs established 

which influence the rate of return to private commercial 

developers of geothermal energy. 

The lev el of provincial support for geothermal proj ects 

tends to vary wi th the qual i ty of the resource and the 

potential for development in each province. Sorne 

provinces have effectively concluded that geothermal pot

ential is not promising enough to warrant the development 

of a geothermal industry, and therefore have provided 

little support. Even in provinces where geothermal 

development shows some potential, the level of provincial 

yovernment assistance has been relatively modest. In many 
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of these areas, there is a current abundance of 

conventional energy sources such as hydro-electric power 

or natural gas, and there has been little effective 

pressure on provincial governments to support geothermal 
-

development. Accordingly, much of the impetus for 

geothermal research has corne from the federal government. 

As part of the Nat ion al Energy Program (NEP) , a total 

research and development budyet of $170 million per year 

has been provided, of which $40 million is distributed 

annually to renewable energy proJ ects. 

directed specifically to geothermal 

$1 million is 

research and 

deve l opment. 

is al loca ted 

Approximately 20 percent of the $1 million 

to the National Research Counc il for 

engineering studies. The remaining 8U percent supports 

earth sciences studies and demonstration programs across 

the country. 

In addition, funds for research and development proj ects 

were disbursed through the CREDA program (Conservation 

and Renewable Energy Development and Demonstration 

program), managed and funded by the federal and provincial 

governments and administered 

this program, $113 million 

by the provin ces. Under 

over five years were made 

available to participating provinces. The objective of 

the program was "to develop and demonstrate promis ing new 

technologies or new applications which use renewable 

eneryy resources, conserve energy or make its use more 

efficient" (Canada Energy, Mines and Resources, undated). 

Although all types of off~oil energy were funded, the only 

geothermal proj ect was the Meager Creek proj ect in B. C. 

The CREDA project terminated in March 1984 and will be 

replaced by the ENERDEMO program to be administered by 

Energy, Mines and Resources Canada. ENERDEMO will be 
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funded solely by the federal government and will prov ide 

tunds tor oft-oil energy demonstration projects. Although 

the program has been announced, no guidel ines have been 

issued and it is unclear Just what priority geothermal 

energy will receive. 

The final federally-administered program is the Remote 

Community Demonstration Program (RCDP) designed to promote 

an awareness in remote communi ties of off-oil opportuni-

ties. The $16 million, five year program is divided into 

two phases: the f irst phase supports prel iminary stud ies 

on the · availability of the resource, the second phase 

was designed to support demonstration projects. As of 

March 1984, the second phase has been transferred to the 

ENERDEMO program. 

The following sections survey how the federal funding 

assistance has been used by the provinces, in addition to 

identifying further provincial programs of applicable 

value. 

5.2.1 British Columbia 

British Columbia is one of the most active supportors of 

geothermal energy. Earth sciences studies in the B. C. 

volcanic bel ts and small interior basins are supported 

under the federal NEP research and development budge t . 

Under the CREDA program, 

British Columbia. The 

receive funds under CREDA 

Federal functs of $750,000 

million B.C. Hydre spent 

size test holes. 

$27 million were a l located to 

single geothermal project to 

was the Meager Creek pro j e ct. 

were a small portion of the $1 2 

to drill three 3, 000-m oil wel l 
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B.C. has also used funds made available under RCDP to 

study the feasibility of geotherrnal energy in remote 

cornrnunities. 

5.2.2 Alberta 

Throuyh the Alberta Canada Energy Research Fund, Alberta's 

Department of Energy and Na tural Re sources has supported 

studies and proposals to delineate the extent and charac

ter ist ics of geotherrnal resources in the province. From 

1978 to 1983, $340,000 was spent on such research and 

development phase proJects. The Department had allocated 

$100,0UO to $200,0UO f or eng i neer i ng design studies lead

ing to demonstration phase projects, but thus far, no 

proposals have been forthcoming. 

Al though Alberta has no spec if ic 

incentive programs, the Exploratory 

Regulations (EDIR) of Alberta provides 

oil and gas industry in this province. 

geothermal energy 

Drilling Incentive 

incent ives to the 

The regulations define an "exploratory incentive well" as 

a petroleum or natural gas well located 4.8 km (3 miles) 
horizontally from a known producer or vertically 115 m 

below the base of known production. ( Such wells are also 

eligible for a royalty holiday.) If no influencing well 

exists wi thin three miles of the explora tory well, the 

well is considered an "A" well and the province pays 

approximately 35 percent of 

on the depth of the well. 

within 2. 4 km ( l. 5 miles) 

hole, i t is cons idered a 

the 

If 

ot 

"B" 

drilling costs, depending 

the explora tory well is 

a previously drilled dry 

well and Alberta pays 75 

percent of 35 percent of the drilling costs, again 
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depending on the depth of the well. In the fiscal year 

1Y82/83, Alberta paid $86.8 million under this drilling 

incentive program. The program expires March 31, 1984, 

and is currently under review. Industry members in 

Alberta have indicated that they would like to see the 

program continued. 

5.2.3 Saskatchewan 

The University of Regina has drilled a single 2215-m well 

on uni vers i ty land. Or ig inally des igned to be a supply

inject ion well arrangement capable of generating space 

heat tor university buildings, this demonstration proJect 

was abandoned after the supply well was drilled. 

The University of Regina project was divided into two 

phases. Phase One consisted of the preliminary research 

for the well involving a total outlay of approximately 

$800,000. Saskatchewan' s Departmen t of Energy and Mines 

contributed between $10,000 and $30,000 to Phase One 

activities. This grant did not originate from any 

specif ic provincial program, but rather was considered a 

one-time transter. The bulk of the remaining tunds came 

from the Department of Energy, Mines and Resources, 

Canada . 

Wh il e the supply we l l was being completed, the prov i nce 

approved up to $1,000,000 for the proj ect under CREDA . 

These funds were allocated to Phase Two of the project 

which involved a feasibility study and the drilling of the 

inJection well. 

Once the feasibility 

between $80,000 and 

study was completed ( at a cost of 

$Y0,000), the payback period and 
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potential for the province were considered too low. The 

proJ ect was deemed to be a test case rather than a true 

demonstration project and functing was terminated. 

The feasibility study indicated that the yeothermal 

resource •increased in qual i ty as one moved south-east of 

Regina. Untortunately, it is difficult to match the 

resource to the end use in this geographic area. In 

addition, Saskatchewan had access to abundant and low 

pr ice na tural gas wh ich makes the geotherrnal alternative 

less attractive. 

As of December 1982, the Saskatchewan government has 

terminated payrnents made to the oil and gas industry under 

i ts Oil and Gas Exploration, Development and Production 

Incentive Regulations. Currently, no cash grants for 

exploration or drilling are available. 

5.2.4 Manitoba, Ontario, Quebec 

Due to the distribution of the Canadian Shield over 

these three provinces, geothermal gradients are very poor. 

Although these provinces, especially Ontario, support 
off-oil programs favouring solar or biomass energy 

sources, geothermal has not been targeted as an alterna

t ive energy source. 

5.2.5 New Brunswick 

The federal government has allocated $400,000 of its 

$1 million NEP research and development budget to the 

Atlantic provinces. Although breakdown on a provincial 

basis was not available, New Brunswick and Prince Edward 

Island have expressed the most interest in the geological 
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and yeophys ical assessments funded by the program. These 

provinces have assisted the federal program logistically 

by offering personnel, maps and other relevant infor

mation. 

From 1978 to 1983, the New Brunswick Department of Natural 

Re sources spent between :;;25, 000 and $30,000 on studies 

which evaluated the geothermal potential in New Brunswick. 

No funds were committed to drilling proJects. • These funds 

did not originate from a specific program designed to 

encourage geothermal development. 

Currently, the department is proposing the allocation of 

$SUU, UOU to a proyram which would fund research and some 

drilling in the geothermal tiela. 

5.2.6 Prince Edward Island 

As mentioned, Prince Edward Island and New Brunswick share 

the bulk of the $400,000 in research funds made available 

through the National Energy Program. 

Al though Nova Scotia and Newfoundland are included in the 

$400,000 geothermal research budget made available through 

the National Energy Program, the lower temperature 

gradients and the existence of ot fshore oil makes the se 

provinces less active in geothermal development . 
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S.3 Tax Benefits for Off-Oil Energy Technologies 

The federal government of fers tax benef i ts for off-oil 

eneryy technologies via the Class 34 ·Tax Incentive 

Program. This incentive is an accelerated capital cost 

allowance which appl ies to rnachinery and equiprnent that 

save energy or use renewable sources of energy. Class 34 

of the Incorne Tax Regulations lists eligible assets that 

can be written off as follows: 

• over 2 years, if acquired wi thin the el ig ible period 

but before November 12, 1~81 ( up to 50 percent in the 

first year and tne ba l ance i n any subsequent year); 

• over 3 years, if acqu ired wi thin the el ig ible per iod 

but after November 12, 1981 (up to 25 percent on the 

first year, up to Sü percent in the second year and the 

balance in any subsequent year). 

Without this accelerated write-off, the rates applied to 

these types of as sets would be ei ther 6 percent or 20 

percent calcula ted on a decl ining balance bas is ( Canada 

Energy, Mines and Resources, 1980). 

Class 34 is applied on an "end use basis". Equiprnent used 

in generation of small scale hydro, heat recovery, solar 

heating and biomass energy is included in Class 34. 

Geothermal energy generation is not an approved end use 

technology. Although equiprnent used in geotherrnal energy 

generation rnay be identical to eligible equiprnent under 

Class 34, unless geothermal technology is included in the 

Class 34 "end use" definition, the accelerated capital 

cost allowance cannot be applied. 
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The following el ig ible equipment under Class 34 is also 

used in geothermal energy production ( ex tracts from the 

Income Tax Regulations pertaining to Class 34 Accelerated 

Capital Cost Allowance): 

• " •.. storage eguipment, control equipment, equipment 

designed to interface solar heating equipment with 

other heating equipment •.. used to heat a liguid or air 

to be used ctirectly in the course of manufactur ing or 

processing"; 

• "heat recovery equipment that is des_igned to conserve 

energy or reduce the requirement to acquire energy by 

extracting and reusing heat from thermal waste 

including condensers, heat exchange eguipment, stearn 

compressors used to upgrade low pressure steam, waste 

heat boilers and ancillary equipment such as control 

panels, fans, instruments or purnps"; 

• "production equiprnent and pipelines for distribution of 

heat". 

Class 34 is currently under review to ascertain whether 

the objectives of the incentive 

attained. If the review results 

prograrn are being 

in the extension or 

expansion of the incentive, federal otficials believe that 

geothermal energy equiprnent rnay be included in Class 34. 

The review will identify why certain clauses in Class 34 

were used more trequently than others; and whether other 

incentives, such as direct subsidies, would be more 

efficient in encouraging business to use off-oil 

technology. This latter issue is of particular interest 

to institutions which do not pay taxes and, therefore, 

cannot benetit from tax incentives. 
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5.4 Tax Treatments for Petroleum, Mining and 
Research and Development 

In countries that have an established geothermal 

industry, tax treatments for the resource have been 

based on similar legislation pertaining to the oil and yas 

and mining industries. The following sections review 

current Can ad ian tax leg islat ion for the se industries and 

how they can be applied to the geothermal industry. 

5.4.l Classification of Taxpayers 

In Canada, the classification of taxpayers determines 

the tax treatment of oil and gas incomes and expenses. 

Taxpayers are classified as: 

(1) principal-business corporations - if their principal 

business is the "production ref in ing or marketing of 

petroleum, petroleum products or natural gas, or 

exploring or drilling for petroleum or natural gas" 

or other related business outlined in Section 66 

(15)(h) of the Income Tax Act; or 

( 2) joint exploration corporations if they do not 

qualify as a principal-business corporations or as 

individuals. A Joint exploration corporation is 

detined as "a corporation that has not at any time 

since its incorporation had more than ten 

shareholders" according to Section 66(15)(g) of the 

Income Tax Act. Shareholders are assumed to make 

payments to the joint exploration corporation in 

respect of exploration and development expenses 

incurred. These expenses, including drilling, 

exploration, geological and geophysical expenses, 
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are incurred when exploring or drilling for petroleum 

and natural gas in Canada. 

De pend ing on the method used to make the payments, the 

Joint exploration company may renounce all or part of its 

Canadian exploration and developrnent expenses to any 

shareholder, provided the arnount renounced is not greater 

than the original payrnen t the shareholder made. Expenses 

may be claimed each year or rnay be accurnulated and claimed 

at a future date. However, the shareholder may only claim 

expenses for the period it was a shareholder. 

If extended to the geothermal industry, the tax laws 

.applying to Joint exploration corporations could be used 

to offset the costs incurred by an industrial park sharing 

a yeotherrnal wel 1. Pr ior study would have to ind ica te 

that gradients sufficient to support an industrial park 

exist. Before drilling began, those mernbers of the indus

trial park planning to use the geotherrnal energy would 

forrn a Joint exploration corporation in which they were 

shareholders. The snareholders would contribute funds to 

drill the well and the joint exploration corporation would 

renounce these expenses to the shareholders once the 

industrial park was operating. 

5.4.2 Canadian Exploration Expenses 

Exploration expenses for botn the oil and gas and rnining 

industries are governed by the same legislation - Section 

66.1(6)(a) of the Income Tax Act. Only the clause dealing 

with expenses incurred after May 6, 1974 will be discussed 

as this is the section most likely to be extended to 

geotherrnal energy. 

1 
' 1 
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General ly, Can ad ian exploration expenses are def ined as 

those outlays or expenses made or incurred atter May 6, 

1Y74 that are expenses "including a geological, geo

physical or chemical expense incurred by the taxpayer 

(other than an expense incurred in drilling or completing 

an oil or gas well or in building a temporary access road 

to, or preparing a site in respect of, any such well) for 

the purpose of determining the existence, location, extent 

or quality of an accumulation of petroleum or natural gas 

in Canada". [Section 66.1(6)(a) itemizes other inter

pretations and applications of the general clause given 

above. J 

Principal-business corporations and individuals deduct 

Canadian exploration expenses to the extent of their 

income. Joint-exploration corporations and individuals 

deduct Canadian exploration expenses incurred after May 

25, 1976, at a rate of 100 percent. Sections 66.1(2) and 

66.1(3) detail how Canadian exploration expenses are to be 

deducted by principal-business corporations and others 

respectively. 

The Canadian exploration expenses that apply to the oil 
and gas industry could easily be extended to cover similar 

expenses incurred in geotherrnal exploration. Both indus

tries require geophysical research to ascertain the 

quality and location of the resource. 

S.4.3 Canadian Development Expenses 

Development expenses for the oil, gas, 

tries are governed by Section 66.2(5) 

and mining indus

of the Income Tax 

Act. Generally, these expenses include the drilling of an 

oil or gas well in Canada, building a temporary access 
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road to the well or preparing a site, to the extent that 

these expenses are not Canadian 

Developrnent expenses also include 

licenses or privileges. 

exploration expenses. 

the cost of rights, 

Developrnent expenses can be clairned annually to an amount 

not exceeding 30 percent of the taxpayer's cumulative 

Canadian developrnent expense at the end of the year. 

Developrnent of a geotherrnal resource also requires the 

drilling of a well; in tact, abandoned gas wells can 

sornet irnes be used as geotherrnal wel ls. It is reasonable 

then, to extend the tax leg islation that applies to oil 

and gas developrnent to incl ude geotherrnal. In addition, 

Section 66.2(S)(a) already treats the costs of drilling 

salt water and other waste liquid disposal wells as 

Canadian developrnent expenses. 

~.4.4 Canadian Oil and Gas Property Expenses 

Generally speaking, oil and gas property expenses are 

defined as the costs of any riyhts, licenses or privileges 

to explore for, drill for, or take petroleurn, natural 

gas or related hydrocarbons in Canada. This clause also 

includes the cost of any oil or gas well in Canada or any 

rental or royalty. 

According to Section 66.4(2) of the Incarne Tax Act, each 

year all taxpayers may deduct up to 1 0 pe r cent of the 

value of their cumu_lative Canadian oil and gas property 

expense at the end of the year. 

Drawing on the experience of the oil and gas industry, and 

the geotherrnal industry in the United States; rights, 

1 
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licenses or royalties of some kind are likely to be used 

in the geothermal industry. , Provision could be made to 

ex tend the oil and gas property expenses leg islation to 

cover the geothermal industry. 

5.4.5 Other Oil and Gas Tax Treatments 

Expenses incurred in the drilling of dry holes or bottom

holes are considered deductible drilling costs. 

For federal tax purposes, royalties, lease rentals and 

mineral taxes paid to a government in Canada in respect to 

the production of petroleurn, natural gas and related 

hydrocarbons are not allowed as an expense. 

5.4.6 Depletion Allowances 

Both the oil and gas and mining industries are subject to 

depletion allowances identified in Section 1201 of the 

Incarne Tax Regulations. For every $3 of eligible 

expenses, the taxpayer can claim $1 of depletion allow

ance, subject to a maximum of 25 percent of resource 

profits. Eligible expenses cons ist of Can ad ian explora
tion expenses and Canadian development expenses. Resource 

profits, defined in Section 1204, include the net incarne 

trom the production of petroleum, natural gas or related 

hydrocarbons and the reserves from the sale of property 

after eligible deductions. 

The depletion allowance laws in Canada are based on 

profits and bear no relation to the physical depletion of 

the resource. The depletion laws requ ire tha t el ig ible 

expenditures be incurred before the allowance is claimed. 
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In other J ur isd ict ions, the United States in part icular, 

geotherrnal depletion allowances are related to the 

decrease in the quality of the asset. A complication that 

arises with this approach is the difficulty of defining a 

decrease in qual i ty. The Canad ian oil and gas and rnining 

laws avoid these uncertainties by allowing a depletion 

allowance in narne, but not in substance. It is hiyhly 

likely that a sirnilar approach will be used with geother

rnal depletion allowances. 

5.4.7 Transfer of Ownership 

Specif ic tax laws which deal wi th the transfer of owner

ship in the oil and gas and rnining industries are of 

special interest to geotherrnal developers. Restrictions 

and special treatments of ownership transfer spread the 

developrnent risks a tactor which will influence how 

quickly geotherrnal technology is adopted. 

Purchase of Oil and Gas Properties 

In those cases outlined in Section 66 of the Incarne Tax 

Act, Ca nad ian exploration ex penses, Can ad ian developmen t 

expenses and Canadian oil and gas property expenses can be 

transterred from one corporation to another corporation 

provided the two corporations are not partnerships, syndi

cates, associations or i ndividuals. By v i rtue o f th i s 

law, a taxpayer o t her than the taypayer who i ncurred the 

expense, can claim it . These expenses can only be cla i med 

against incarne generated from the transferred property . A 

maximum of 30 percent of the pre- transfe r Canadian devel

opment expenses and 10 percent of the Canadian oil and gas 

properties expenses can be claimed. The se l imi ts are 

imposed to prohibit the purchase of gas and oil and mining 

a 
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property simply for tax minimization. In addition, a 

transfer requ"ires that all or substantially all of the 

properties be acquired. 

If the laws outlined above for the oil and gas and 

mining industries were to be extended to the geothermal 

industry, one could develop a scenario for the yeothermal 

indus try structure. In this scenar io, a developer would 

drill the geothermal wells and develop them to the 

operating stage. The developer would incur Canadian 

exploration, development and oil and gas property 

expenses. The developer would then sel l the operable 

geothermal system to an operator or user, transterring the 

applicable expenses. 

This arrangement would spread risks between the developer 

and tne operator/user. It is assumed that the developer 

in this scenario is an experienced driller who understands 

the risk-return tradeoffs embedded in the present tax 

laws. The operator or user on the other hannd, although 

net an expert in geological risk assessment, has an energy 

need and chooses geothermal energy because tax laws make 

it an attractive alternative. Institutions and corpo

rations who are tax-exempt or in a loss position will be 

unable to take advantage of these arrangements. 

Purchase of Stock 

Individuals, 

oil and gas 

of shares. 

partnerships, and corporations can "own" an 

or mining corporation through the purchase 

Section 66 of the Income Tax Act identifies 

cases whereby an investor can make 

oil and yas or mining corporation 

allow the investor to claim 

an agreement wi th an 

to buy shares which 

Canadian development, 
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exploration, and oil and gas property expenses incurred by 

the corporation. The corporation does not claim these 

expenses. 

These regulations imply 

geothermal industry. The 

a second 

developer 

scenario in 

in this case 

the 

is a 

tax-exempt institut ion who cannot use the tax deductible 

expenses made available. This institution could be either 

a bona fide regulated provincial utility or an institution 

that is regulated as a util i ty because of the goods or 

services i t prov ides. As i t has incurred ex penses which 

it cannot claim, the institution passes them on to other 

investors (not necessarily users) who can claim these 

expenses. In return, the tax-exempt institut ion rece ives 

funds which can be used to offset some of the capital 

costs incurred. 
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5.5 Tax Credits 

Tax credits exist in the oil and gas industry and could be 

extended to the geothermal industry. Section 127(5) of 

the Income Tax Act states that an investment tax credit of 

7 percent of the original cost of qual if ied property can 

be applied against Part 1 Federal Tax to the extent of the 

first !;il5,0U0 plus one-half of the balance of such tax. 

The percentaye of original cost of qualitied property may 

vary depending on the location. In certain "designated 

reg ions", the percentaye may be 7 percent, 10 percent or 

20 percent of the original cost. Qualified property 

includes prescribed new buildings, machinery and equipment 

acquired after June 23, 1975, that is used by the taxpayer 

primarily to operate an oil or gas well or to explore and 

drill for petroleum or natural gas. 

Tax credits decrease the cost of qualified property that 

can be claimed for capital cost allowances, such as Class 

34. The se tax cred i ts can be carried forward for fi ve 

years. If mod if ied to incl ude the geothermal industry, 

the combination of the tax credit and the accelerated 

capital cost allowance to the oil and gas industry would 

enable private developers to depreciate their large 

investment in geothermal projects in a manner that would 

not interfere with their past earnings growth. 

5.5.1 Alberta Royalty Tax Credit 

The Alberta Royalty Tax Credit will return up to 50 per

cent of provincial royalties paid on petroleum or natural 

gas production up to a maximum of $2,000,000. This tax 

credit has varied from a 25 percent and $1,000,üüü maximum 

in 1981 to a 75 percent and $4,000,000 maximum in 1982. 
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During the fiscal year 1982/83, Alberta returned $728 

million under the Royalty Tax Credit. Forecasted expendi

tures in 1~83/84 amount to $627 million. If royalities 

are to be paid by geothermal developers, some royalty tax 

credits are likely to be applied to this industry. 

S.5.2 Saskatchewan Royalty Tax Holiday 

Saskatchewan ~rov ides a one-year 100 percent royalty tax 

holiday to all oil producing wells. Exploration and 

deep development wells are subject to a three year 

hol iday, while deep wells receive a five year royalty tax 

exemption. 

5.6 Tax Treatments of Back-up 
Geothermal Heating System 

As tax treatments for geothermal energy do not presently 

exist, it is not surprising that no tax treatments for 

back-up heating systems for geothermal are available. 

Sorne precedent is set by tax treatments of back-up heating 

units for solar eneryy. 

eligible under Class 

allowance, costs not 

Although some solar equipment is 

34 for accelerated capital cost 

eligible under Class 34 include 

"back-up heating units for solar systems (e.g. furnaces) 

or any costs associated with structural modification of 

the building itself" (Extracts from the Income Tax 

Regulations pertaining to Class 34 Accelerated Capital 

Cost Allowance) . 
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5.7 Consumer Incentives 

Incentives to encourage the developrnent and manufacture 

of otf-oil technology have been supplemented by incen

tives to consumers to adopt these technologies. The 

following sections will describe the consumer programs 

that exist and indicate the possible applicability to the 

geothermal industry. 

S.7.1 Canada Oil Substitution Program (COSP) 

Through the Canada Oi-1 

Department of Energy, 

Substitution 

Mines and 

Program, the Canada 

Resources prov ides 

taxable grants to horneowners and tenants who convert from 

oil (as a heating tuel) to heat pumps, natural gas, elec

tr ici ty, wood, propane, solar or wind energy. The grant 

appl ies to both single family res idences incl ud ing 

centrally heated buildings containing two or more self

contained dwelling units and "individually heated 

buildings such as farm buildings, warehouses, factories, 

churches, schools, hospitals, homes for senior citizens, 

public libraries and similar specified public or 

community-owned buildings" (Canada Energy, Mines and 
Resources, 198~). 

COSP will pay half the eligible costs of materials and 

labour for conversions of oil-fired heating systems to a 

maximum grant of $8UO" (Ibid). Eligible costs for the 

conversions of space heating, water heating and industrial 

process heating systems include: 

• wiring, duct work and piping additions and 

modifications; 
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• control equipment, includiny load-limiting devices; 

• uni tary electr ic hea t ing equ ipment such as baseboard 

heaters; 

• central electric heating equipment such as •.• electric 

boilers, electric heat pumps, electric storage heating 

eguipment; 

• dual energy systems such as wood-electric, 

solar-electric, and the like. 

The COSP grant can be used to replace, adapt or supplement 

an existing heating system. If the recipient chooses to 

supplement an ex ist ing o il-f ired system, oil consumpt ion 

must be at least halved. Should the recipient decide to 

supplement a hot water or space heating system wi th an 

active solar heating system, at least one-third of the oil 

used must be replaced. Finally COSP will fund complete 

displacement of an oil-fired swirnrning pool heating system 

with an active solar heating system. 

Severa! characteristics of COSP would encouraye consumer 

adoption of geothermal technology, should the program be 

extended to include this off-oil energy form. 

1. COSP is available to multi-unit dwellings and small 

industrial units. Geotherrnal energy would require 

such large end users to be economically competitive . 

2. Those eligible costs that have been underlined are 

costs that would be incurred in geothermal conversion. 

Precedence for their eligibility already exists. 

--

.-
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3. Sorne processes could use geotherrnal energy as a 

supplernent to the ex ist ing energy requ irernen ts. COSP 

already accornrnodates such adaptations and supplernenta

ry conversions. 

Al thouyh COSP would fund the users' internal conversion 

costs, the grea test cost of drill ing the original well 

still rernains as a disincentive. 

5.7.2 Industry Energy Research and 
Developrnent Prograrn (IERD) 

The Departrnents of Regional Industrial Expansion and 

Energy, Mines and Resources "encourage and assist 

Canadian industry to undertake research and developrnent of 

new and improved products, and equiprnent that will reduce 

energy consurnpt ion " ( Canada Energy, Mines and Resources, 

1982). 

The objective of the prograrn is to encourage industry to 

increase the eff ic iency of ex ist ing systems and to use 

waste by-products as energy sources. 

Eligible costs are iternized and include direct labour, 

direct rnaterial, consultation fees and a reasonable 

proportion of overhead. IERD can cover up to 50 percent 

of the total estirnated cost of an approved project. 

The prograrn does not apply to projects which develop 

initial geotherrnal energy sources or any other pr irnary 

sources. Once geotherrnal energy is in cornrnon use, IERD 

can fund projects designed to rnake the existing system 

even more efficient. 
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5.7.3 Canadian Home Insulation Program (CHIP) 

Through CHIP, the Canada Department of Energy, Mines and 

Resources prov ides up to $500 for insulation 

improvements in homes of three stories or less. CHIP' s 

obJective is to reduce home energy consumption through 

better insulation, in 70 percent of the pre-1977 housing 

stock by 30 percent. 

These taxable grants cover eligible costs including labour 

and ma ter ial such as wea ther stripping, vapeur barr iers, 

etc., up to a maximum of $500. In most provinces, in 

order to be eligible for the grant, the home must -have 

been built prier to January 1, 1971. This cutoff date has 

been recently extended, thus increasing the stock of homes 

eligible for the grant. 

The CHIP program is both an incentive and disincentive to 

the acceptance of geothermal energy. As geothermal energy 

requires a high utilization factor to be economic, rela

tively low levels of insulation have the effect of 

increasing the load dernand and realizing more benefit trom 

the resource on a per-housing-unit basis. Alternatively, 

the increased insulation would decrease the load unless 

more units are hooked up to the system. For systems where 

the supply temperature is relatively low, insulation would 

allow for more effective use of the resource and less 

requirement for peaking boiler operation. The efficient 

level of insulation may well depend on the percentage of 

the total utilization factor absorbed by the process 

system. Once the usage approaches 100 percent, insulation 

could extend the usefulness of the resource without 

additional expansion. 
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S.8 Conclusion 

As with most new technologies, geotherrnal energy will have 

to be proven before it is accepted as an alternative 

energy source. Governments can influence the rate of 

acceptance by decreasing perceived risks at the research 

and developrnen t phase, the dernonstra t ion phase and 

commercial developrnent stage. Government funds for 

geotherrnal research and development are currently 

available and more prograrns are in the planning stages. 

Geotherrnal exploration is Just entering the phase where 

support for dernonstration projects is r~quired if the 

industry is to thrive. Although some funds are explicity 

directed to geothermal demonstration, more programs would 

increase interest in this field. 

As the industry has not yet progressed to the commercial 

development phase, there are few government programs which 

influence the rate of return to private developers of 

geotherrnal energy. To understand the benefits and 

constraints such a developer might face, 

consumer incentives in the oil and gas, 
off-oil industries have been identified. 

capital, tax and 

mining and other 

Their potential 

impact on geothermal development has been analysed. 

As geothermal development becornes a cornrnerc ial real i ty, 

the etfectiveness of incentives provided will be dependent 

on the industry's institutional organization. Sorne 

institutions rnay be tax exempt and unable to avail thern

selves of tax incentives. Other institutions rnay be able 

to renounce tax incentives to shareholders. It will be 

difficult to recornrnend particular incentives until the 

institutional organization is clarified. 
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6.0 COMMERCIAL FACTORS AFFECTING 
GEOTHERMAL DEVELOPMENT IN CANADA 

6.1 Introduction 

Geothermal energy development is not technologically new or 

experimental. Geothermal systems are in place and 

operating efficiently in numerous countries, generating 

electricity or supplying direct process heat~ Unlike other 

oil reduction schemes and conservation efforts, which have 

received substantial interest in Canada in recent years, 

geothermal exploitation does not · require basic research and 

development or experimental projects. 

It is clear that geotherrnal systems can work, that other 

societies have tound them to be economic, and that Canada 

has geothermal resources of varying qual i ty which can be 

developed, and yet, there has been almost no commercial 

interest in geothermal development in Canada to date. 

Although the total thermal energy capacity of the earth is 

enormous, its commercial value is dependent upon an ability 

to utilize the stored heat effectively. The majority of 

this heat is inaccessible, but exploitation is possible 

where favourable geologic and hydrological conditions 

combine to produce geothermal resources. 

Worldwide interest in geothermal energy has historically 

focussed on development of high temperature (>150°C) 

geothermal systems, for electric power production. 

Invariably the occurrence of known , and often spectacular, 

surface manifestations (e.g. fumaroles, boiling springs and 

mud pools) as soc iated wi th the se high temperature systems 

prompted exploration and development. Power generation 
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from intermediate temperature (90-150°C) geothermal 

resources, using binary-cycle technology, has also been 

successfully demonstrated, albeit on a small scale. 

Direct use, non-electric applications using low temperature 

(<90°C) resources now predominate the geothermal industry. 

This reflects both the far greater abundance of accessible 

low ternperature geothermal resources, compared to high 

temperature geothermal systems, and their more exploitable 

energy potential using existing technology and equipment. 

Despite the rapid worldwide development of geothermal 

energy for both System-electric and direct-use applications 

since the oil crises of 1973 and 1979, the geothermal 

industry in Canada is still very much in its infancy. At 

present the only truly commercial development has been for 

resort and spa purposes at the major hot springs. 

The rather slow development of alternative energy sources 

in Canada has primarily been due to an abundance of 

relatively inexpensive fossil fuels and electricity. 

However, this si tua tion is chang ing. There is now a move 

towards both greater energy conservation and to adopting 

off-oil policies that will help to reduce consumption of 

fossil fuels and limit new electric power demand. 

Unlike conventional fossil fuels, geothermal energy must be 

exploited close to the suitable resources. This places 

potentially severe constraint~ on development. The two 

critical aspects determining the successtul comrnerciali

zation of geothermal energy are therefore co-location of 

suitable resources and appropriate development opportuni

ties, and economic competitiveness with other energy supply 

options. Institut ional and f inanc ial factors, and broader 
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socio-economic considerations (e.g. cornrnunity character

istics, site physiography and climatic characteristics) are 

also important influences affecting the commercial environ

ment for geotherrnal development. 

It yeotherrnal energy is to compete as a viable energy 

alternative there 

private 

public 

industry, 

regarding 

must be confidence arnong legislators, 

potential investors and the general 

its availabilty and reliability. In 

addition to legal, financial, and institutional aspects 

that are important for geotherrnal development, fundamental 

geologic criteria must be satisfied before successful 

cornrnercialization can be considered. 

Cornrnerc ial i zat ion factors wi th respect to system-electr ic 

developments and direct-use developments are quite 

distinct. To a large extent, the market considerations 

influencing electric projects are more straightforward, the 

key factor being whether a particular geothermal proJect 

will provide power more economically than a conventional 

power plant. The signif icant constraints on geotherrnal 

electric proJects are more likely to be resource-and 

technology-related than commercial. 

The concerns 

subtle. Here, 

facing 

the 

direct-use applications are 

cornrnodity produced is not in 

more 

all 

respects a direct substitute for other energy forrns and yet 

the economics of potential projects are clearly inf l uenced 

by other energy prices. The market itself i s d i fficu l t t o 

define since potential consumers must do mo r e than Jus t buy 

a product~ they must a l so alter pr ocess systems t o 

effectively use the product. In short, the comme r cial 

aspects of direct use systems are far more complex and 

inter-related. 
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6.2 Resource Assessment and Development Concerns 

A potential developer contemplating an investment in a 

geothermal proJect taces formidable risks and uncertainties 

before even considering whether the market for the energy 

exists or can be created. 

Naturally, all risks cannot be rernoved but as was indicated 

in Section 5.0, certain tax measures have been developed to 

amel iora te the f inanc ial losses which can be prevalen t in 

any exploration activity. In addition, governrnents must 

establish an appropriate land tenure and regulatory infra

structure related to geothermal exploration to provide 

grea ter securi ty and less uncertainty for prospectors and 

at the same time protect society's interests in development 

of the resource. The following sub-sections address these 

issues. 

The search for geothermal resources is in many ways similar 

to prospecting in other extractive industries, where there 

must be a constant balancing of the probabilities for 

physical discovery against the outlook for cornrnerciali

zation. Assessment of these apparent risks and opportuni

ties will determine whether investors will venture funds 

for exploration. 

In the case of oil and gas or miner al sec tors, there is, 

for the rnost part, a well defined market for the cornrnodity, 

should it be discovered. However, uncertainties about 

future prices, governrnent taxes or royalties, regulatory 

jurisdictions, . land tenure rights or transportation 

feasibil ity will invariably deter exploration in any of 

these industries. 
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In the case of yeotherrnal exploration, the technical risks 

are possibly less than for other extractive industries, 

sirnply because geotherrnal resources are more abundant than 

oil or sil ver, for exarnple. Commercial uncertainties on 

the other hand, are far more prevalent. Jurisdictional, 

regulatory, tax and financial, and land tenure issues are 

alrnost cornpletely unsettled and the market for geotherrnal 

energy is poorly defined. 

Re solution to sorne of these issues wil 1 evol ve as 

commercial proJects become more imminent and farniliar. 

Sorne of these rnatters, however, require attention in the 

nearer terrn. Sorne key areas where governrnents can at least 

initially rernove sorne of the uncertainties involve 

assistance with geotechnical information and clear 

regulatory and land tenure institutionalization. 

Resource assessrnent involves aetermining the location, 

extent and specific characteristic of a resource in order 

to evaluate i ts developrnent potential. Pararneters that 

determine the sui tabil i ty of a resource for developrnent 

include ternperature, depth to resource, fluid quality, 

permeability and productivity, and the size or extent of 
the resource. All are a function of the geolog ic setting 

(Section 1.0), are site-specific for any given resource, 

and therefore have a direct bearing on the risks inherent 

in exploration and development of the resource. 

A variety of studies have been conducted to assess the 

geotherrnal potential of Canada (Section 2.0). Attention 

has focussed prirnarily on assessrnent at a regional scale to 

identify an inventory of prospective geothermal resource 

areas. Few detailed site-specific investigations have been 

conducted. Reconnaissance exploration for high ternperature 
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resources in British Columbia at various volcanic centres, 

with detailed exploration and deep rotary drilling at 

Meager Mountain by B.C. Hydro (Section 2.2), and the 

Geothermal Research Proj ect at the Uni vers i ty of Regina, 

Saskatchewan ( Section 2. 3) are exceptions. Real ist ically 

however, from the viewpoint of econom ic development, 

Canadian geothermal resources are as yet poorly defined. 

Current assessment of their development potential is based 

on estimates of resource characteristics and therefore 

potentially have a wide margin of error. A primary techni

cal constraint to commercial development of geothermal 

energy in Canada is therefore a lack of more s~ecific 

resource assessment data. Accurate definition of resource 

characteristics is essential if the economic risks and 

uncertainties inherent in the commercial development of 

geothermal energy are to be clearly identified and subse

quently addressed by financial and legislative aspects. 

6.2.l Resource Data Reguirements 

An increasingly popular and useful technique of providing 

resource data to decision-makers and industry in other 

resource fields is through resource inventory mapping. 

For example, in B.C., the Ministry of Energy, Mines and 

Petroleum Resources ( Mineral Resources Divis ion) compiles 

information received from oil and gas drilling, assessments 

from mineral prospectors, and data from federal and 

provincial field geologists. 

At present, limited 

geothermal developers. 

classify and map all 

yeothermal zones. A 

information exists for potential 

A useful f irst step would be to 

proven, potential, and inferred 

resource inventory map would not 
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completely el iminate exploration risk, but it can lessen 

some of the economic risks associated with exploration. 

The geotherrnal developer can therefore reduce capital 

expendi tures required tor pre-reconnaissance exploration, 

and can launch into detailed exploration. Furtherrnore, the 

resource inven tory mapping serves to redu ce the ret icence 

of investors 

shorten the 

actitivies. 

to consider exploring 

relatively long time 

6.2.2 Land Title and Resource 
Definition Issues 

new reg ions, and can 

frame for exploration 

Because exploration drilling and well development is quite 

expensive, resource industries attach significant 

importance to the type of land resource tenure. The tenure 

system is not only important as a means of securing rights 

to explore, but as a means of protecting investments. 

Whether it is the development of a mine or an oil well, an 

investor will not proceed until it is certain that the 

tenure over the resources is guaranteed for the life of the 

capital gooàs installed to exploit them. In other words, 

the geothermal developer will not be prepared to invest in 

explora tory drilling, when a discovery may resul t in a 

flood of competitors to exploit the same aquifer. Aside 

from the economic risk, the geologic risk of overdrilling, 

reservoir depletion or degradation may develop in the 

absence of leg islated regulations. Thus, for reasons of 

both economic protection and resource conservation, the 

type of tenure (fee simple, lease, licence) and the 

conditions attached to it (length, work 

significant factors which must be 

requirements) are 

addressed be fore 

exploration will proceed on a commercial scale in Canada. 

1 
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In order for geotherrnal resources to be exploited 

efficiently, it is necessary to settle a number ot juris

d iction and ownership issues, and secondly to establ ish a 

uniform legal framework. In the United States, differences 

over the definition and characterization of the resource 

have often led to involvement of the JUdiciary which have 

inhibited rapid exploration and exploitation of geothermal 

resources. In the Canadian context, the jurisdictional 

issue is less complex. Whether the resource is defined as 

a mineral, oil, gas, or water, the ownership and juris

diction resides with the provincial Crown (the only 

exceptions would be lands under federal jurisdictions). 

This clarity in title to the resource provides an excellent 

opportunity to develop a comprehensive legal framework for 

access to the resource. Access concerns must be viewed in 

a province-by-province context based on the amount of Crown 

versus privatized land. In the Maritimes, where private 

ownership in fee simple is the dominant land tenure, the 

issue 

parts 

is of prov id ing access to priva te lands. 

of Canada, applications for access to 

In other 

geothermal 

resources will be predominantly requested on provincial or 

federal lands. Despite these differences in land tenure, 

subsurface ownership of and Jurisdiction over these 

resources is vested in the Crown. 

Before proceeding to the drilling stage of exploration, 

individuals or companies interested in the development of 

yeothermal resources must acquire rights to conduct 

exploratory activities on potential geotherrnal resource 

lands. To facilitate tnis exploration and reduce 

regulatory uncertainties, a system of allocating 

exploration rights to surface lands and subsurtace 

resources must be developed. Such a system should not 

constitute a time-consuming buraen on exploration, and must 



- 226 -

allow developers to se cure the ir investment. At the same 

t ime, the access process must protect the public interest 

regardiny return of resource value and protection of 

surface lands. Based on experiences of geothermal 

elsewhere, and the precedents establ ished in the mineral, 

oil and gas sectors in Canada, two viable options can be 

identified: simple ownership and leasing. 

(a) Fee Simple 

One method is to sell or grant title to the requested site 

(be it Crown or private land) in fee simple to the 

explorer. Explorers would be given the rights to enter, 

locate, prospect and stake the land. Land could be 

purchased by whoever first staked claim, and tnis would 

include separating the rights to the surface lands and the 

subsurface resources. ownership of the subsurface 

resources could either remain with the Crown or be disposed 

of to the explorer. In the latter case, the provincial 

yovernment would automatically forfeit its ownership of all 

geothermal-producing deposi ts as they wêre discovered and 

developed. The provincial governmen t' s powers would be 

limited to direct taxation. Where ownership of the 
subsurface remained wi th the Crown, provincial proprietary 

measures could be applied if and when exploitation 

occurred. The example of Iceland is informative in this 

respect . ownership of the surface entitles the landholder 

to sole proprietary rights to the subsurface resources. 

Since the country has a high distribution of private 

ownership, the rights of access to and exploitation of 

geothermal resources are vested wi th the private sector in 

fee simple. However, even though the rights to the 

geothermal resources have been transferred to the private 

sector, the government is still able to maintain leg isla-
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tive control over the conditions of its exploitation. For 

example, in the production phase parliamentary approval is 

required to establish power plants and municipal approval 

is required for space heating applications. Conditions on 

exploitation can also be attached since in the electrical 

market the distribution is controlled by government-owned 

utilities, and for space heating, the application is 

entrusted to municipal monopolies. 

Factors favouring fee simple arrangements, from the stand

point of potential geothermal companies, would include: 

( l) it would ensure that their investment would not be 

subJect to the vagaries of yovernment legislation; and 

(2) shareholders and financiers may be more willing to 

invest in a proJect which illustrates that the company 

has already secured a tangible asset. 

On the other hand, the purchase of land provides disincen

tives as well. The explorer's primary regulatory objective 

is to ensure freedom to enter, explore and exploit both 

Crown and pr ivate lands. Outr ight sale of surface and 

subsurface r ig hts would necess i ta te signif ican t front-end 

payments. Add this expenditure to those involved in 

exploratory drilling and an explorer could be faced with 

significantly higher initial fixed costs. 

exploration company may end up wi th a 

In addition, an 

substantial sunk 

investment in land inventory, which is not the best use of 

its venture funding. 

If provincial governments wish to provide incentives to 

favour Canadian firms ( which are mostly small compared to 
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other national i t ies) , leg islat ion must take 

into account. secondly, because it is not 

these factors 

possible to 

determine the quality and quantity of 

reservoirs until exploration is completed, it 

geothermal 

is unl ikely 

that explorers would be willing to invest in land purchase 

to yain access or the right to explore a geothermal site of 
'-

un k nown prof i tabil i ty. The developer who purchased the 

site would bear the entire uncertainty regarding the amount 

ot resources, potential revenues, and costs of production. 

Therefore, the outright sale transfers virtually all of the 

risk to the buyer. 

From the government' s perspective, the resul tant lack of 

exploration interest on the part of private developers 

would create minimal revenue from geothermal resources. It 

is clear that the government' s ability to obtain a return 

from the sale of potential geothermal surface and 

subsurface lands would be l imi ted unless a system similar 

to the Icelandic model (where geothermal resources and 

resource lands are privatized but access to markets is 

government-corkrol led) is adopted. Furthermore, under fee 

simple tenure, government' s abil i ty to control aspects of 

geothermal exploration and exploitation would be severely 
restricted. 

(b) Leasing 

Given the limitations of a fee simple resource tenure, 

leg islators have often adopted leasing as the preferred 

method of prov id ing access to resource lands. In 

contrast to the fee simple option where the provinces would 

grant ownership rights to the land and resources absolute

ly, the leasing system would have the province renting 

resources and lands conditional to requiring a permit fee, 
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annual rental charges, and diligent work requirements. The 

leasing authority can also legislate conditions, 

restrictions, and stipulations regarding exploration 

procedures. 

The most attractive feature of the leasing system is that 

it is flexible enough to accommodate a multitude of 

variables. Conversely, this feature can also become a 

l iab il i ty bec a use ot the potent ial tor creat ing an 

unwieldy regula tory maze. It is cri t ical tha t a leasing 

system be able to balance the objectives of both the 

private and public sectors, and at the same time allow for 

uncomplicated regulatory procedures. An efficient leasing 

system should therefore provide incentives for the explorer 

in the form of securi ty of tenure and investment, while 

offering regulatory control and revenue potential for the 

yovernment. The discussion which follows examines how 

other Jurisdictions have balanced these objectives, and 

their implications for tuture Canadian legislation. 

Lease Terms 

The purpose of the lease is to allow the applicant to test 

the resource to determine well productivity, injectivity, 

reservoir parameters and fluid chemistry. r'or the 

explorer, access needs to be acquired for a period which 

will allow adequate time to thoroughly examine these 

technical aspects. Consequently, developers hope to 

acquire flex ib il i ty in the length of the lease. However, 

because the value of geothermal resources will eventually 

r ise ( as exploration and exploitation technology improve, 

and conventional energy resources become either scarcer or 

more costly to produce), it would be an economically sound 
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pol icy to acqu ire a perrn i t and make no ex pend i tures on i t 

until it became profitable to develop the resource. 

The Crown has the responsibility to ensure that the surface 

lands leased are not held merely for speculative purposes. 

To deter speculation, legislative authorities have included 

diligent work requirements and escalating annual rental 

tees in their geotherrnal regulations. However, because of 

the high risks involved, it may not be in the government's 

interests to require an initial fee for exploration 

perrni ts, an annual escalating rent per hectare, or strict 

work requirements. A possible option would be to allow the 

explorers who exceed the required work requirements to 

subtract a percentage of their exploratory expenditures 

from the annual rental fee. The adoption of such a policy 

would not only de ter the holding of land for specula t ive 

purposes, but it would increase the incentive for 

exploration. Although initial revenue for the government 

will be slightly reduced, this may be compensated by 

potential revenue gained from the exploitation phase. 

Until recently, this reimbursement policy was in effect on 

u.s. federal leases. However, it was plagued by the neces
sity of having both industry and government maintain elabo-

rate record keeping systems. To simplify this procedure, 

the reimbursement policy was replaced by regulations which 

allow the industry to select between: 

• annually increasing their exploration expenditures; or 

• paying an annually escalating rental fee . 

Another issue of regulatory concern during the exploratory 

phase are the size limitations of the leases. In drafting 

regulations, it should be recognized that because of the 
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variability in the spatial extent of a geotherrnal 

reservoir, no acreage limitations can be generally assigned 

as being too large or too small. These variables will have 

to be addressed by individual legislatures. However, 

consideration should be given to the following factors. If 

the maximum allowable size is excessive, then the industry 

may be subJect to being monopolized by a single developer. 

Conversely, if the maximum allowable size is too small, 

then large developers will be deterred by having to 

repeatedly make expenditures on permit fees and their 

associated administrative expenses. On the other hand, if 

the minimum si ze is perce i ved as 

small companies would be required 

being 

to pay 

too large, then 

rental fees on 

acreage they have no intention of exploring. 

In the Canadian context, where the developers' primary 

targets will be low temperature resources utilized for 

direct 

permits 

applications, 

(i.e. greater 

explorers 

than 40 

may not require sizeable 

hectares). Nevertheless, 

because geothermal reservoirs caver large areas, and there 

is uncertainty in locating and estimating their dimensions, 

developers will wish to butfer their exploration areas from 

other explorers. Given this self-regulatory mechanism, 

there seems to be little justification for the government 

to enforce minimal size restrictions. 

Leasing Approval Process 

The two most common procedures for leasing geothermal land 

and resources to developers are through: 

(1) public notice of tender (i.e. competitive bidding) 

(2) application (first corne, first served). 
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The procedure of procuring geothermal leases in France, 

British Columbia, and on state and federal lands in the 

u.s. differ, but they all include aspects of each of these 

metnods. To protect their investment, the successful 

applicant receives exclusive rights to exploratory drilling 

and preferential rights to an exploitation lease (except in 

the u.s. where a lease also entitles the developer to 

exploitation rights). 

On U. S. federal and man y sta te lands, compet i t ive bidd ing 

permits are not required unless exploration drilling 

exceeds 500 m. Below this depth, a two-tiered policy is in 

effect. On known geothermal resource areas (KGRA's), 

leases are subject to competitive bidding. If outside a 

KGRA, the lease is awarded to the first applicant. In the 

competitive bidding system, various criteria are utilized, 

ranging from cash bonuses to work programmes. 

The French and B. C. systems are similar to one another in 

that they require bidding on all exploration permits 

regardless of the quality of the land. The application 

process is ini tiated by hav ing the interested party submi t 

a tender to the governing agency. The lead agency then 
posts the notice of public tender so that interested 

parties may compete with the initiating applicant. In 

B.C., the permit is awarded on the basis of the most 

In France the comprehensive exploration pro~ramme. 

applicant is Judged on the basis of an extensive report 

which includes an environmental impact study. 

The purpose of the American two-tiered approach is to 

encourage exploration of unknown lands, while maximizing 

the revenue potential from ownership of KGRA' s. Where 

accurate knowledge of the resource exists, the American two 
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tiered leasing system is an effective method of obtaining 

resource rent, without creating industry disincentives. In 

Canada, however, where the value of exploration lands and 

the economics ot development remain uncertain, a bidding 

system which yenerates delays, risks and costs to 

developers, could act as a disincentive to exploration. 

For example, small exploration parties in B.C. may tind the 

public tender process unfair because the process does not 

recognize . the expenses incurred during the preliminary 

prospecting stages of exploration. An explorer may 

undertake considerable expense to identify a geothermal 

si te, only to be outbid wnen the sîte is posted for public 

tender. To avoid suppress ing the development of Canada' s 

marginal geothermal resources, lease terms must be made 

attractive to potential investors. To promote interest in 

geothermal exploration, provincial legislators could 

consider the merits of the leasing-by-application 

approacn. 

Environmental Reviews 

The French approach to lease approvals avoids the two

tiered competitive system, but the requirements are far 

more comprehensive, chiefly because much of the develop

ment occurs in urban surroundings. Since the applicant 

must address env ironmen tal impacts, use of the proposed 

energy, financing of the project, and scheduling of 

exploitation, applicants must expend significant time and 

money to apply. Until recently, applicants for leases on 

u.s. federal lands were also required to submit detailed 

operational and environmental plans before drilling took 

place. Plans were developed at great expense by pro

spective lessees to document the effects of developing a 

reservoir which may or may not exist. Should the developer 
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be successful in discovering a development site, the plans 

would have to be modified to take into account the 

information obtained dur in\J the drill ing programme. In 

short, the plans served no practical purpose to legislators 

and were costly for industry. 

Recent amendments replaced this review process. The 

requirements for a comprehensive envirorunental review have 

been postponed until the developer chooses to exploit the 

resource. This amendment will serve to reduce time delays 

and costs before exploration, and will ensure that the 

env ironmen tal rev iew is based on ac cura te da ta. Environ-

mental standards during the exploratory drilling stage are 

now upheld through the entorcement of the guidelines set 

out in the National Environmental Policy Act. 

The B.C. system of geothermal leasing has adopted a similar 

attitude towards envirorunental reviews as the u.s. To 

minimize the costs to explorers, and thereby maximize the 

incentives for exploration, environmental studies are nota 

major component of the leasing process. The environmental 

review for the exploration phase consists of a referral 

process after the lessee has acquired the lease and has 
indicated the drilling locations. The proponent submits a 

drilling plan to the lead agency, and it is this agency' s 

responsibility to submit the plans to other departments for 

their input. Consequently, the onus is placed on the 

goverrunent to prove that the drilling will be environ

mentally damag iny, rather than as in the French system, 

where the proponent must prove that the exploration wil:1, 

not be darnaging . Environmental standards during the 

exploratory drilling stage are upheld through the 

en forcement of the guidel ines set out in the Geothermal 
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Resources Act. Minimal delays or expenses are therefore 

incurred by the applicant in the B.C. biddiny process. 

6.2.3 Reyulatory Options and 
Governrnent Interests 

On federal lands in the u. s., the right to exploit is 

included in the exploration lease; however, in France and 

in B. C. , the ex.b)loration lease enti tles the lessee only 

to preferential rights to development. Tc facilitate 

exploitation, and reduce regulatory uncertainties, 

conditions of exploitation must be established. 

From the developer's perspective, the obJective is to 

obtain profits from the investrnent equal to, or in excess 

of opportunities available elsewhere. Frorn the legis-

lator's perspective, the regulatory policy on exploitation 

should max irnize the present value of social be nef i ts over 

time. Based on the expe-rience of other jurisdictions with 

respect to geothermal resources and other extractive 

ihdustries, two options can be identified: 

• protit sharing - a Joint venture between the private and 

public sectors; and 

• severance charges - royalties. 

These two mechanisrns have been selected because they have 

the ability to achieve the necessary balance between 

private and public interests. Profit sharing and royalty 

arrangements are desirable because they transfer some of 

the developer' s risk to the governrnent, and in return the 

governrnent is assured a continuing share in any successful 

venture. 
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Royalties are a good example of this shared risk/prof i t 

concept. Norrnally, mineral royalty rates are based on 

either volume (physical amount of production), or profit 

( f ixed percentage of the gross value). Dur ing favourable 

periods of exploitation (either high market value, or high 

vol urne dernand) , governmen t revenue 

unfavourable periods, the developer 

payments to the government. 

is large; dur ing 

avoids significant 

However, this system of risk reduction would not be as 

effective for the geothermal industry in Canada. To maxi-

rnize the profitability of geotherrnal applications, the load 

factor of the supply system must remain hi~h regardless of 

demand. This is in contrast to the mining industry, where 

volume output is sensitive to demand. Conseguently, a 

royalty on geotherrnal volume output would remain fixed. 

Royalties based on gross value would also demonstrate a 

sirnilar effect. The space heating charges applied to the 

consumer would likely be regulated by public utilities 

leg islation. Conseguently, the economic value of the 

resource would remain constant and hence the royalty rate 

would remain fixed. 

Therefore, whether the royalty rates are based on volume or 

profit, they will be largely immune to the vagaries of the 

market place and instead would merely represent an almost 

constant cash drain on the developer. Thus, royalties are 

likely to only be practical on more successful projects . 

Des pi te these limitations as they apply to the geothermal 

industry, royalties are an effective mechanism by which to 

obtain economic rent. In deterrnining an eg table formula 

for royalties, legislators must attempt to establish a rate 
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which will allow developers to recover their initial 

investment, and at the same time provide the public with a 

fair resource rent. There is one school of thought which 

bel ieves tha t the only fair royalty is no royalty. Higbee 

(1980), for example, argues that the goverment should 

receive no revenue from geothermal because it is a renew

able resource, and therefore subJ ect to the same freedom 

from severance charges as solar and wind resources. 

If 1egislators do proceect with royalties on production, 

there are various application methods, including a fixed 

royalty, a "floating" royalty, or a combination of the two. 

In Cal ifornia, for instance, geothermal lessees are 

required to paya royalty of 10 percent on gross revenues. 

The economic problems of this f ixed· royalty charge were 

addressed by allowing the State Lands Commission to reduce 

or suspend royalties in cases where the royalty on gross 

revenue was deemed excessive. 

Given the variability in exploration/exploitation costs, 

and the temperature of the resource, some developers may 

wish to avoid hav ing a royalty establ ished in advance of 

production. Instead, economic rent could be determined on 

a project-by-project basis. This "floating" royalty could 

be determined by considering exploration, delivery, and 

annual operations and maintenance costs. 

The B.C. system, whereby the rate is established by the 

Minister responsible for geothermal resources, is one form 

of the floating royalty system. However, this system could 

act as a disincentive, because developers often prefer to 

know what the royalty arrangements are to be based on 

before proceeding with exploration. 
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Royalty rates on u.s. federal lands are deterrnined by using 

a combination of fixed and floating royalty rates. The 

u. S. Geotherrnal Steam Act presently imposes a royalty rate 

which is f ixed between lu and 15 percent of vol urne or 

profit. The exact royalty rate is determined by a floating 

royalty which is based on a number of cost and revenue 

factors. The system has the dual advantage of prov id ing 

the government with a guaranteed economic rent and, at the 

same time, providing developers with risk assistance. 

Equity Participation 

As ide from royalties, developers can shift some risks and 

governments can obtain economic rent through government 

participation in a partnership. The joint venture might 

include coverage of the entire operations, or it might pro

vide for a division of labour. In the former instance, the 

government would be responsible for supplying input into 

both raising capital and supplying technical expertise. 

In the division of labour scenario, one party may be res

ponsible for exploring and exploiting the resource, another 

for distr ibut ing i t, and a third to f inanc ing. one could 
readily imagine a system whereby a private firrn could 

explore and develop the resource, sell it to a government 

utility to distribute, and have the project partially 

financed by the provincial and federal governments. 

The economic and technical advantages of such a partnership 

can be considerable. Experience in other countries sug

gests that most geothermal exploration and developrnent has 

been initiated and managed by private resource cornpanies. 

However, the regulated monopoly structure of utility 

seryices otfers a marketing and investrnent vehicle the 
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private developer would have difficulty duplicating. Con-

sequently, in the disposition of the geothermal resource, 

utility companies can provide the necessary infrastructure. 

Thus, while utilities may not have the high risk capital or 

the mandate to discover geothermal resources, they may be 

more appropriate for operating the distribution system. 

Wnere utilities are not crown corporations, (i.e. many gas 

service companies) a potential conflict exists since these 

companies are not likely to welcome geothermal systems 

designed to displace natural gas consumption. 

Like the royalty system, Joint ventures can be utilized as 

an effective method by which goverment shares wi th the 

private sector in the risks and profits associated with 

geothermal development. Joint ventures also have the 

distinction of being effective in assembling expertise and 

increasing financial options, for several reasons. In 

general, the required returns on investment would be 

expected to be lower for goverrunent entities, be they Crown 

corporations, municipalities, reyulated utilities, or other 

bodies. This occurs because governments have much greater 

capacity for debt financing and can usually borrow at lower 

interest rates than private venture companies. Therefore, 

the expected cost of capital could be significantly lower 

for goverrunent. Also, the goverrunent does not require 

profits over and above the returns to capital. 

In fact, goverrunents would be expected to require much more 

modest economic performance from a project than a private 

developer could withstand, provided other goverrunent or 

social objectives are met. In the case of geothermal 

developments, the government policy of reducing oil imports 

could justify a willingness to support projects that the 

private sector alone would not find attractive enough. 
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6.3 System-Electric Commercialization 
or Geotherrnal Resources 

In general the thermal efficiency of geothermal power 

plants is signiticantly lower than that for conventional 

fossil fueled plants. Energy conversion technology must be 

matched to site-specific resource characteristics. Several 

geothermal system-electric technologies are possible. 

However, at present, resource temperatures generally in 

excess of 180°C are required for economic power generation, 

utilizing either dry steam from vapour-dominated geothermal 

resources or flashed steam supplied by hot water extracted 

trom high-temperature, liquid-dominated systems. Binary 

systems, utilizing geothermal fluids at temperatures as low 

as ~0°C, account for only 0.4 percent (13.85 MWe) of 

presently installed worldwide generating capacity. 

Research and developme!lt programs aimed at electric power 

production from geopressured, hot dry rock (HDR) and magma 

resources are in progress. Conunercialization of geo

pressured and HDR resources may be accompl ished wi thin the 

current decade; development of magma resources is expected 

to be long term (Hankin, 1980). In addition several types 

of hybrid combustion-geothermal power generation concepts 

have been studied. A combined gas turbine/geotherrnal steam 

turbine power ~lant could potentially achieve approximately 

48 precent more output than two indepdendent plants using 

the same working fluid flow rates, because of the 

favourable synergistic characteristics of the hybrid plant 

( DiPippo, 1984). Other hybrid power plants that have been 

considered involve the use of çJeothermal fluid to supply 

the pre-heat to boiler feed, with conventional fossil fuels 

providing the high temperature thermal energy required for 

the generating cycle. 
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There are many uncertainties inherent in exploration and 

development of high temperature g~othermal systems for 

power generation: e.g., exploration risk, drilling costs, 

unfavourable resource characteristics, resource depletion, 

problems of reinJection and waste disposal, scaling and 

corrosion, potential environmental conflicts, etc. 

Table 6-1 summarizes results of a net energy analysis (i.e. 

comparison of total primary energy input requirements for 

manutacture, construction, installation and maintenance vs. 

energy output) for vapour-dominated, liquid-dominated, HDR 

and geopressured yeotherrnal power development schemes in 

the United States, (Herendeen and Plant, 1981). All are 

net energy producers, i.e. hav ing energy ratios exceed ing 

unity (Table 6-1), in spite of the uncertainties associated 

with exploration and development. 

As would be expected, development of vapour-dominated (i.e. 

hiyh enthalpy) resources achieves the highest eneryy 

ratios, 13 + 4. Development of high-temperature liquid

dominated resources yields energy ratios of approximately 4 

to S. Al though these ratios are strictly general izations 

they reflect the higher conversion efficiency of vapour

dominated systems and the reduced risks and overall 

development costs, relative to those associated with 

commercialization 

resources. 

of high-temperature liquid-dorninated 

A review of the worldwide status of geothermal power 

generation ernphasizes the signiticant technoloyical and 

econornic advantages of system-electric developrnent of 

vapour-dominated resources. 



TABLE 6-1 

ENERGY RATIOS FOR GEOTHERMAL SYSTEM - ELECTRIC TECHNOLOGIES 

A. Vapour-dominated 
systems. 

e. Liquid-dominated 
systems. 

c. Hot Dry Rock 
35°C/km 

45°C/km 

55°C/km 

( Modif ied: Herndeen and Plant, 1981) 

NET POWER OUTPUT (MWe)* LIFETIME 
AND CAPACITY FACTOR (YRS) DATA SOURCE 

106@ 85% 25 Pacifie Gas & 

Electric, 

50 @ 85% 

50 (avg) @ 85% 

50 ( avg) @ 85% 

50 (avg) @ 85% 

30 

30 

30 

30 

( 19731 1977) 

Bechtel ( 197°7) 

EPRI 1 Republic 
(1979) 
EPRI1 Republic 
(1979) 
EPRI ( 1978) 1 

Republic ( 1979) 

D. Geopressured 25 @ 85% 30 Rieman, Ri os
Caste 11 c;m, and 
Underhill ( 1976) 

• Net after use of some electricity en site. 

••ER= Net electrical energy output overtime. 
Primary non-reviewable energy input to 
build and operate over lifetime. 

ENERGY RATIO 
(ER)** NOTES 

13 + 4 Units 9 and 10, 
The Geysers. 

4 .4 + 1 

2.7+ 0.9 

3.4 + 1.0 

3.9 + 1.1 

2.9 + 0.9 

Imperia! Valley 
( He ber, KGRA) 

ER strongly dependent 
en size of fractured 
induced. 

Energy contained in 
methane not induced. 
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6.3.1 International Electric Developments 

Current worldwide geothermal ' power generation capacity 

totals approximately 3190 MWe, as shown in Table 6-2 

(DiPippo, 1984). Although vapour-dorninated geotherrnal 

systems are approximately twenty times less common than 

high temperature hydrothermal (liquid-dominated) systems 

(Healy, 1975) they account for 1755.35 MWe (i.e. 55 

percent) of the total capacity generated. Of this 1755. 35 

MWe, 1246 MWe ( nearly 40 percent of the world geotherrnal 

power capacity) are produced at The Geysers, California, a 

unique vapour-dominated geotherrnal system of enorrnous size 

and productivity. It is not surprising therefore that the 

United States is presently the world leader in geotherrnal 

power. Italy currently operates more geotherrnal power 

units (41) than any other country, for a total generating 

capac i ty of 45 7. 1 MWe. All plants are dry steam type 

( DiPippo, 1984). 

Geothermal power generation frorn high temperature hot water 

systems currenty totals 1419.49 MWe, or 44.5 percent of 

worldwide geotherrnal power capacity. In the Philippines 

geothermal power was first produced in 1977 and now totals 

593.5 MWe, entirely from high temperature liquid-dominated 

systems. Other major producers from hot water systems 

include Japan (227.5 MWe), Mexico (205 MWe) and New Zealand 

(202.6 MWe) where the Wairakei power plant has now operated 

successfully for 25 years (Stacy and Thain, 1984) maintain

ing a load factor of approximately 90 percent since 1970. 

In contrast, development of liquid-dorninated geothermal 

resources in the United States has not been so successful. 

üf the 37. 7 MWe currently produced, 32. 2 MWe generated by 

power plants exploiting the high saline (>20U,000 ppm Total 

Dissolved Solids) hot water system in the Imperial Valley 
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TABLE 6-2 

WORLDWIDE GEOTHERMAL POWER PLANTS 

Generating Capacity, MW 

COUNTRY NO. UNITS AH OF JUNE 1983 EXPECTED 1985 

United States 24 1,283.7 2,122.3 

Philippines 14 593.5 1,718.5 

Italy 41 457.1 502.1 

Japan 8 227.5 282.S 

Mexico 10 205.0 700.0 

New zealand 14 · 202.6 202.6 

El Salvador 3 95. 0 95.0 

Iceland 5 41.0 41.0 

Indonesia 3 32.25 32.25 

Kenya 2 30.0 45.0 

8oviet Union l 11.0 21.0 

China 10 8 . 136 11.386 

Portuyal ( Azores) 1 3.0 3.0 

Turkey 1 0 . 5 40.5 

Nicaragua 0 0 35.0 

France (Guadeloupe) 0 0 6 . 0 

TOTALS 137 3,190.286 5,858.136 
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cannot yet be considered as economically competitive •with 

conventional energy sources, based on current energy supply 

and costs (DiPippo, 19~4). Consequently, excluding produc

tion at The Geysers, commercial geothermal power generation 

in the United States from liquid-aominated geothermal 

systems totais 5. 5 MWe, of which 3 MWe are produced in 

Hawaii. 

Binary generating systems offer considerable potential for 

small to moderate scale power production. Lower geothermal 

resource temperatures can be used and better conversion 

e ff ic ienc ies can be achieved. The geothermal fl uids are 

maintaineà within a closed loop system throughout the 

production-re inJ ect ion cycle. Potential scal ing and 

corrosion problems are eliminated as the fluids are not in 

contact with the turbine. After use, the geothermal fluids 

are reinJected so that the system is environmentally 

benign. At present the largest operational binary plant is 

the 10 MWe (nom.) Magmamax àual binary plant at East Mesa 

(Imperial Valley). A 65 Mwe binary aemonstration plant is 

under construction at Heber, also in the Imperial Valley. 

6.3.2 System-~lectric Development 
Potential in Canada 

The potential for geothermal power development in Canada is 

confined to the Cordillera of British Columbia, Yukon and 

Western Alberta, wi thin a broad thermal anomal y extending 

through west-central British Columbia and the southern 

Yukon. Only limited detailed exploration has been 

conducted and no commercially exploitable high temperature 

geothermal systems have yet been proven. 

A 190-200°C geothermal resource has been identified at 

Meager Mountain following an extended exploration program, 
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initiated in 1974. Results from three rotary exploration 

wells, drilled to depths of 3500 m, indicate that the 

resource is fracture-dominated but with limited flow 

capacity. Based on well test data, injectivities range 

from 2.3 to 4.0 L/s MPa. Permeability appears to be 

associated with a tault zone intersected at 1200-1600 m by 

the deep wells. Temperatures up to 270°C were recorded in 

impermeable rock at greater depth and are consistent with 

the high reg ional geothermal gradient ( about 90 °C/km) for 

the sou th flank of Meager Moun ta in. Of the three deep 

wells only MC-1, completed to · 2 511 m. ( M. D. ) wil 1 sus ta in a 

discharge, producing a mass flow of 6.5 kg/s at a wellhead 

pressure of 85 kPa. From well test data it was concluded 

that " ••• the flow potential of the South Meager resource 

appears to be limitèd by the temperature of l90-200°C, the 

depth at which the resource has been intersected and the 

low permeability encountered by the present deep wells" 

( Stauder et al, 198 3, p. 3-20). 

Although economic production was not realized from the 

initial deep -explora tory wells, high subsurface 

temperatures have been confirmed. The possibility of 

encounter ing favourable perme ab il i ty elsewhere at depth at 
South Meager has not yet been fully tested. The commercial 

potential of the Meager Mountain resource remains unknown. 

B. c. Hydro and Power Author i ty have terminated the Meager 

Creek Geothermal Project. Data obtained during the history 

of the project remains proprietary. Furthermore until B.C. 

Hydro relinguish their land position at Meager Mountain no 

further exploration to confirm the high temperature 

resource of the area is likely. 

The substantial reserves of fossil fuels and hydroelectric 

power in western Canada are a major disincentive to 
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detailed and systematic 

resources sui table for 

exploration for geotherrnal 

system-electric development. 

Coupled with the current surplus of available power 

throughout the region, development of large-scale geo

therrnal power generation projects is unlikely in the 

foreseeable future. For isolated communities, however, 

distant from regional grid supply lines and dependent on 

diesel or other foss il fuel supplies ( at high transported 

costs), small-scale geothermal system-electric development 

would be an attractive alternative, where the energy cost 

is independent of any fuel costs. 

With the present status of system-electric resource assess

ment in Canada, the chief disadvantage of considering 

small-scale electrical generation is exploration risk. 

Although a resource capable of providing only 1.5 - 3.ü MWe 

of power may be required, substantial exploration risk is 

still involved. Resource assessment for high temperature 

resources requires substantial risk capital to support land 

acquisition, surface exploration surveys (hydrology, 

geology, geochemistry and geophysics), temperature gradient 

drill hales, exploration drilliny, and reservoir testiny. 

Surface exploration can provide estimates of resource 

temperature, fluid characteristics and the possible extent 

of the resource. However, specific resource parameters, 

and more importantly perrneability and actual production 

characteristics must be tested by drilling. Standard 

rotary ( oil and gas) drill ing rig s are norrnally required 

for geotherrnal system-electric exploration and development, 

the size varying according to projected depth to resource 

and local geolog ic conditions. 

specif ic and highly variable. 

Drilling costs are site

They are directlt af fected 

by subsurface geology, depth to resource, site accessibili

ty and subsurface temperatures. Since drilling costs 
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increase exponentially with depth they play a maJor role in 

determining the economic teasibility of a project, and the 

potential value of the · resource. As wi th oil and gas 

drill ing, a hig h element of risk is invol ved, i.e. 

potential for "dry" holes, subeconomic resource 

ture, low permeability and production rates, 

tempera

drilling 

problems associated with difficult subsurface conditions, 

equipment failures, etc. 
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6.4 Direct-Use Commercialization 
of Geothelmlal Energy 

Direct use applications of low to moderate temperature 

(20-l50°C) 

advantages· 

geothermal resources have several 

over geothermal system-electric 

-
significant 

development. 

Low temperature resources are more abundant and accessible, 

offer higher conversion efficiency (typically in excess of 

75 percent), require shorter development schedules, can be 

exploited using simpler off-the-shelf conversion technology 

and have less expensive exploration and development 

requirements. 

However, successful market penetra tian of low tempera ture 

geothermal energy requires that favourable market 

opportunities exist or be generated at, or in close 

proximity to, the resource. Successful commercialization 

is as much dependent upon attracting appropriate end-users 

as it is on the availability of suitable resources. 

Table 6-3 illustrates the wide variety of potential direct 

use applications of low to moderate temperature geothermal 

resources ( Lindal, 197 4). As wi th high temperature 

resources, technology must be matched with site-specific 

resource characteristics. 

Industrial processing applications norrnally require the 

highest resource temperatures (of the order of 150°C); 

temperatures ot 8U-10U°C are appropriate for drying of 

agricultural products. For space heating, temperatures in 

the range 65-l00°C are typically desired. Where heat pumps 

are incorporated this can be extended down to 13°C. For 

agricultural applications resource temperatures of 30-85°C 

are appropriate. 
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TABLE 6-3 

APPROXI.MATE TEMPERATURE RANGES FOR DIRECT-OSE APPLICATIONS 

(Lindal, 1974) 

Evaporation of highly cane. solutions 
Refrigeratia,. by ammonia absorption 
Digestion in paper pulp, Kraft 

Heavy water via hydrog. sulphide proc. 
Drying of diatanaceous earth 

Drying of fish meal 
Drying of timber 

Alumina via Bayers proc. 

Drying farm products at high rates 
Canning of food 

Evaporation in sugar refining 

Temp. range of 
conventional 
power production 

Extractiai of salts by evaporatiai and crystalization 

Fresh water by distillatiai 
Most multiple effect evaporations, concentr. of saline sol. 
Refrigeratiai. by medium temperatures 

Drying and curing of light aggreg. cement slabs 

Drying of organic materials, seaweeds, grass, vegetables, etc. 
Washing and drying of wool 

Drying of stock fish 
Intense de-icing operatians 

Space Heating 
Greenhouses by space heating 

Refrigeratia,. by low temperature 

Animal husbandry 
Greenhouses by canbined space and hotbed heating 

Mushroan growing 
Baineological baths 

Soil warming 

SWimming- pools, bi ode gr a dation, fermentations 
warm water for year-round mining in cold c limat e s 
oe-icing 

Hatching of fish; fish farming 
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6.4.1 International Developments 

In a 1980 survey of world use of low to moderate tempera

ture geotherrnal resources (Gudmundsson and Palmason, 1982), 

44 countries reported having geothermal resources of 

temperatures less than 15U°C. Low temperature geotherrnal 

energy is actively utilized in 12 countries and installed 

worldwide capacity for direct-use applications totals 

approximately 8700 MW-thermal ( above a reference tempera

ture of 15°C). (See Table 6-4.) For optimum economic 

benefit, development has favoured large-scale projects. 

Higher energy load demands can Justify deeper development 

wells, longer transmission distances, more sophisticated 

utilization, and exploitation of lower temperature 

resources. The technology, reliability, economic competi

tiveness and environrnental acceptability of low temperature 

geotherrnal energy cornrnercialization is demonstrated by the 

examples reviewed in Section 3, from several countries. 

6.4.2 Direct-Use Development Potential in Canada 

In Canada the development of low temperature (<90°C) geo

therrnal resources tor direct use applications offers 

greater potential than exploration and development of high 

temperature systems tor power generation. In many respects 

however, the commercial development of low grade geotherrnal 

energy is more difficult to assess. The concept of co

location of geotherrnal resource and sui table markets or 

end-users is far more critical for the successful develop

ment of low temperature geothermal resources than system 

electric development. The fundamental limitation for 

direct-use development may not be accessible heat but geo

graphically matching the available resources to appropriate 

market opportunities. 
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TABLE 6-4 

WORLD USES OF LOW TEMPERATURE GEOTHERMAL RESOURCES (1980) 

(Expressed as thermal power above 15°C) 

COUNTRY A 

Japan 4,47~ 

Hunyary 1,540 

Iceland 1,127 

U. 8. S. R. 555 

China 346 

Italy l6S 

U.S.A. 22S 

france 56 

Czechoslovakia 43 

Romania 36 
Yugoslav ia 14 

Austria 5 

TOTAL 8,687 

THERMAL POWER (MW) 

( % ) B 

( 51. 4) 81 

(17.7) 959 

(13.0) 1,096 

( 6. 4) 555 

( 4. 0) 329 

( 3. l) 73 

( 2 • 6 ) 221 

( 0. 6) 56 

( 0. 5) 43 

(0.4) 36 
( 0. 2) 14 

( 0. 1) 5 

(100 . 0) 3,468 

A: All util i zation as defined in text. 

B: Utilization excluding bathing. 

( % ) 

( 2. 3) 

(27.7) 

( 31. 7) 

(16.0) 

( !:I. 5) 

( 2. l ) 

( 6. 4 ) 

( l. 6) 

( l. 2) 

( l. 0) 

( 0. 4) 

( 0. 1) 

(100.0) 

.. ' 
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While the potential applications appear numerou? and 

varied, they would be limited in Canada for several 

reasons. Resource temperatures considered to be feasible 

in Canada are at the lower end of the temperature range 

indicated on Table 6-3, i.e. less than 100°C. With temper

atures of this order, most of the "low tem~erature" indus

trial processes are excluded, leav ing only space heat ing 

and a few agricultural uses in the practical range. 

Unfortunately, most of these remaining low temperature 

applications are either quite seasonal or are relatively 

small scale operations. Thus, the principal use of 

yeothermal resources in Canada is likely to be space and 

domestic hot water heating. Section 6. 5, which discusses 

system economics, will provide further Justification for 

concentrating on direct-use heating applications. 

Assessment of the low temperature geothermal :f)Otential of 

Canada has been on-going since 197 5, throuyh a variety of 

studies (identified in section 2.3) sponsored by the 

Department of Energy, Mines and Resources and the National 

Research Council. These studies have focused primarily on 

reg ional assessments of prospective deep sedimentary 
basin-type resources, in particular the Western Canad ian 

Sedimentary Basin. Possible exploitation of shallow 

thermal aquifers and de~p circulation (gradient heat) 

systems supplying hot springs tor direct utilization has 

received less attention. Several research studies have 

rev iewed possible direct-use applications and market 

opportunities for low temperature (deep sedimentary basin) 

geothermal resource development in Canada. Detailed 

site-specific exploration has been very limited; therefore 

the maJority of the application studies are based on 

assumptions regarding resource parameters. 
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Although these stud ies aemonstra te that favourable 

resource potential exists in Canada and that development 

would be economically competitive with traditional energy 

options, there is currently insufficient detailed 

information about these resources to adequately assess 

their commercial potential. Specific resource 

characteristics need to be defined for the low temperature 

geothermal resources that have been identified. 

The char ac ter ist ic s of low tempera ture geothermal 

resources can vary considerably from one area to another, 

requiring the need for resource assessment on a 

site-specific basis. Development may be hindered by 

insufficient resource temperatures, inadequate flow rates, 

unsatisfactory water quality (high total dissolved solids, 

high gas content), and large depths-to-resource. Adverse 

resource characteristics will directly affect engineering 

considerations and the technical feasibility of resource 

development (e.g. rnaterials selection, distribution system 

design, pumping requirements, need for auxillary or 

standby capacity, disposal requirements, potential 

environmental conflicts), and therefore also effect the 

cost of the energy produced. 

Exploration and assessment of low ternperature geothermal 

resources normally involves less effort then that required 

for system electric development. The extent and scale of 

the exploration effort · required to confirma resource is 

normally governed by the nature of the intenaea end-use or 

development objective. Direct-use applications have lower 

energy loaas ana require lower fluid volumes than 

system-electric applications and so can often be supplied 

by a single or a few wells. With the limited number of 
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required, comprehensive 

is ne i ther possible, 

re se rvo ir or 

nor entirely 

necessary. Potential low temperature resources are more 

abundant and accessible, increasing the probability for 

successful exploration. Rotary drilling equipment used in 

the oil and gas industry can also be used for exploration 

and development of deep sedimentary basin resources 

(Vigrass, 1979, 1980); conventional water well rigs can be 

used for shallow resources. Minor modifications to 

drilling equipment and procedures may be required to cope 

with elevated temperatures and corrosive fluids. Once 

drilling has confirmed a suitable resource development can 

proceed with a minimum of delay. 

Accurate def inition of si te-spec if ic resource 

characteristics is also important for effective resource 

management. Since the majority of the heat is stored in 

the rock and transferred to the reservoir fluids confined 

within them, production rates will determine the amount of 

effective thermal energy extracted from the resource. 

once reservoir and production characteristics are known 

resource management can be optimized. Appropria te 

production levels can be established that will meet 

intended energy load requirements yet conserve the thermal 

energy of the resource. For this purpose, waste fluids 

are normally reinjected into the production reservoir or 

aquifer, to maintain reservoir pressures and minimize 

local drawdown and potential influx of cooler temperature 

fluids from adjacent formations. 

The chemistry of the reservoir fluids will strongly 

influence re injection requ iremen ts. For small scale 

direct use development, utilizing shallow thermal aquifers 



- 256 -

of good quality ( i.e. low TDS) fluids, reinjection of 

waste fluids may not be necessary. Depending on local 

conditions, direct disposal to surfaç:e drainages may be 

permitted, or alternatively temporary ponding to 

facilitate solids precipitation and cooling, prior to 

subsequent release to surface waters. Should reinjection 

into the shallow aquifer be required, the additional cost 

involved would not substantially affect the overall 

project development costs. 

For saline, high TDS, reservoir fluids that will typically 

be encountered in most deep sedimentary basin resources, 

reinjection will likely be mandatory for environmental 

reasons. The drill ing costs for a production and 

reinjection well "doublet" therefore add substantially to 

development costs for deep sedimentary basin resources, 

together with the inherently greater risks involved with 

respect to encountering both favourable production and 

reinjection conditions. Coupled with the high capital 

cost of the surface pipe work and distribution network, 

well spacings for production-reinjection "doublets" become 

an importanat consideration for the economic viability of 

a large scale direct use development project. Well 

spacings must be compatible with reservoir and production 

characteristics and minimized to reduce the cost of the 

distribution network. Large well spacings can be avoided 

by directionally drilling one or both of the doublet wells 

(as is done in France, Section 3.2).Directional drilling 

is a common technique employed in the oil and gas drilling 

indu.stry. The reduced capital cost of shorter surface 

p ipework must be of f-se_t aga inst the add i tional cost 

incurred by directional drilling. 
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In spite of the substantial low temperature geothermal 

energy poten tial assessed for the Western Canad ian 

Sed imentary Bas in successful commercial developmen t has 

not yet been realized. Detailed site-specific exploration 

has been limited to the Geothermal Research Project at the 

University of Regina (Vigrass, 1979). A single well 

( Well 3-8-17-19) was completed to 2215 m in 1979. 

Computa_tions by Vigrass indicate a production rate of 

100 m
3
/hr, of 62°C fluid, at a 7 year drawdown of 140.5 m. 

Production is mainly from a 80.9 m section of the Deadwood 

Formation and a 30.2 m section of the Winnipeg Formation. 

The production f lu ids con ta in 10-12% d issolved sol ids. 

H S and dissolved O were also present (Postlethwaite, 
2 2 

1980). Environmental mitigation precludes disposal of the 

produced flu ids a t surface. Consequen tly more 

comprehensive well and reservoir testing has been 

suspended until an injection (disposal) well can be 

completed. Funds for this stage of the project are 

presently unavailable. 

Although valuable experience has been gained by the 

Geothermal Research Project at the University of Regina 

its present status is unlikely to promote development of 

low temperature deep sedimentary basin resources in 

Canada. Like the high temperature geothermal resource at 

Meager Mountain, B.C., the commercial potential of the low 

temperature resource at the University of Regina campus 

remains unconfirmed. Under these circumstances and in the 

absence of any historical production data and experience 

for other low temperature resource areas in Canada private 

industry and potential investors can not look confidently 

toward commercialization of low temperature resources. 

Although the resource potential is well recognized 
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successful pilot aevelopment projects are neeaea to 

aemonstrate the accessibility ana availability of 

geothermal resources ana take the geothermal inaustry in 

Canada beyond its present research stage. 

With improved energy conservation and continued advances in 

new energy technologies, aevelopment of low temperature 

geothermal energy is unaer increasing pressure to compete 

with a variety of alternative energy resources. This will 

be an important factor throughout much of Central ana 

Eastern Canada where, basea on present assessments 

(Section 2), the geothermal potential is low. 

" In Ontario for example, the Ministry of Energy has 

embarkea on a program to rnee t a t least 5 percent of the 

province' s pr imary energy needs w i th renewable and 

recoverable energy resources by 1995. The se resources 

include municipal waste, timber inaustry residues (bark, 

sawaust, wood chips), inaustrial waste heat, agricultural 

crop residues, biomass, hybrid poplar plantations, water 

power, and solar and wind power. Like low temperature 

geotherrnal, the econornic benefits of any one of these 

resources over other options is largely depenaent on 

site-specific parameters and available fuel supplies. 
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6.S Geothermal System Costs and Economie Considerations 

6.5.1 Primary Loop Capital Costs 

The cost structure of direct-use geothermal systems will 

to a large extent dicta te the opportunities and 

constraints to commercialization of the resource. The 

quality and accessibility of the resource will be a major 

influence on system capital costs, while the ex tent and 

efficiency of the process application will be key factors 

affecting capital cost as well as unit energy costs. 

Geothermal systems are exceedingly capital intensive, with 

drill ing costs and distribution system installation costs 

typically representing the most signif ican t items. The 

factors controlling the actual extent of these costs are 

quite different however. 

A geothermal system actually involves the drilling and 

completion of two wells one for extraction of the 

geofl uid and another for re injection. The capital costs 

of these wells are almost completely a function of depth 

drilled and the hardness of the material to be drilled. 

Figure 6-1 indicates the relationship of well costs to 

depth based on historical data from the u. s. As can be 

seen, there is a portion of well cost which is not variable 

wi th depth, namely the set-up costs. The se would incl ude 

preparation of the drill pad, clearing of the site and 

access as required, and mobilization of the drilling rig 

and crew. This fixed cost element would ·be in the $100,000 

to $250,000 range for each well. 

The remainder of the cost can be expressed as a function 

of depth. However, it should be noted that the cost per 
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metre drilled will generally accelerate wi th depth. In 

addition, the range of cos,ts becomes more variable wi th 

depth, since the opportunities for encountering difficult 

rock conditions also increase. In general, well depths of 

about 2 km cost approximately Sl.O million. Beyond 2 km, 

costs begin increasing dramatically such that at 3 km, 

average costs would be expected to be near $2.5 million. 

In addition to the capital cost of the wells, the primary 

geofluid loop will include the above ground wellhead 

equipment and piping, the downhole pumps and primary heat 

exchanger. These items will be dependent primarily on the 

flow ra te of the system. Average flow rates would be 

ex~ected to be in the 100 m3/h to 150 m3/h range. 

Capital costs for these items are estimated at between 

$350,UOO and $450,000. 

When these above grbuna costs are added to the well costs, 

the total capital costs for a single doublet, primary loop 

system are. derived. For example, by reference to Figure 

6-1, with wells at a depth of 2 km, the total cost would be 

approximately as follows: 

Production well SLO million 

InJection well LO million 

Above-Ground Equipment 0.4 million 

Total: $2.4 million 

The depth of wells actually drilled for a particular 

geothermal proj ect, and therefore the capital cost for the 

wells, will depend on the temperature gradients available, 

the resource temperature required and the availabil ity of 

geofluid produciny strata. Even if it is assumed that a 

nwnber of strata wi th sui table characteristics are 
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available at a given location, the potential developer of 

geothermal energy is still faced with making an economic 

choice as to the optimum depth. Here, the temperature 

gradient will be the key determinant. 

figure 6-2 illustrates the resource tem~eratures resulting 

from various combinat ions of capital cost and temperature 

gradient. Based on the example above, the 2 km wells with 

a capital cost of $2.4 million will yield a supply 

temperature of about 45°C if the gradient is 20°C/km. 

This 45°C level is about the minimum temperature 

requirement for a simple, direct transfer space heatiny 

application. Below this level, system enhancements such 

as heat pumps, radiant floor heating panels or 

supplementary conventional boilers must be considered. 

Clearly, the system capital cost is extremely sensitive to 

yradients tor a given level of resource temperature 

requirement. For example, to achieve the 4S°C minimum 

supply temperature, the costs would be on the order of $4.0 

million it the gradient is 15°C whereas at 25°C/km, the 

costs arop to about $1. 5 million. Since the obJective of 

the development is to obtain useful energy, the developer 

is concerned wi th the incremental cost of increasing the 

supply temperature. Figure 6-3 illustrates the dramatic 

effect temperature gradient has on this factor. 

With only a lü°C gradient, it can be seen that average 

capital costs quickly become prohibitive if a supply 

temperature of greater than 20°C is required. At a 20 °C 

gradient however, the incremental costs remain fairly 

constant in the range of 30°C to 50°C, increasing rapidly 

beyond 50 °C. The minimum average cost range for a 30 °C 

gradient lies between about 40°C and 70°C. Obviously, the 

1 
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economic range of supply temperatures would be higher at 

greater gradients and at the same time, average cost per 

unit of Ti, would be lower. 

It is clear, given these relationships between capital 

cost and gradient, that all other things being equal, the 

developer is taced wi th determining the optimum level of 

capital costs ( i.e. drilling depths) appropriate to the 

amount of energy which can be recovered. With relatively 

high gradients, it will be more economic to drill deeper, 

while with low gradients it is more cost effective to 

minimize well depth and increase the energy availability by 

extracting heat trom the fluid more efficiently. Also, if 

gradients are very low ( i.e. 10-15°C/km), consideration 

must be given to heat pump utilization to improve the 

heating etficiency of the system. In this case, the very 

high average capital costs arising from well development 

are substituted for the capital cost and operating cost of 

heat ,l_.)Umps. 

6.5.2 Operating Costs 

Purnping costs 
represen t the 

and operations and maintenance costs 
most significant components of annual 

operating costs. As with most technologies, there is 

some opportunity to trade off capital costs against 

operating costs. 

capital costs by 

In other words, i t is possible to reduce 

drilling shallower wells and increase 

operating co~ts by installing more pumping power to 

increase - --the flow rate. In general, however, the 

magnitudes of direct-use geotnerrnal system operating costs 

are relatively small compared with the capital costs. 
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The major exception to this observation is where heat 

pumps are inc l uded in the system. Section 6. 5. 5 

addresses this aspect in greater detail. 

Operating 

dependent 

electrical 

follows: 

costs to_r the primary 

on the design flow rate 

energy. Typical annual 

Fixed Costs: 

O + M Labour 

overhead Allowance 

Equipment Replacement 

Allowance 

variable Costs: 

Pumping Costs 

Chernicals and Supplies 

Total Annual Operating Cost 

loop are primarily 

and the price 

costs would 

$ 40,000 

20,000 

30,000 

60,000 

20,000 

$170,000 

be 

of 

as 

The pumping costs indicated above correspond to a flow rate 

of 100 m3/h and electricity costs of 7~/kWh. Higher 

electricity rates or higher pumping rates would make 

pumping costs even more significant 

costs. Equipment replacements are 

which occur at regul ar intervals 

in the system operating 

actually capital costs 

over the l ife of the 

project. Downhole and inject i on pumps would have a 

expected life of about 4 years and the well head equ i prnen t 

requires replacement every 10 years . 

Since operating costs are relat i vely low for a geothermal 

system compared with a conventional fossil fueled system, 

the level of uncertainty about future economic assumptions 

is rnuch reduced. With conventional systems, there is 
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substantial exposure to risk of extreme increases in fuel 

prices, which represent a very high proportion of system 

costs. With geothermal, however, such increases would have 

only a modest impact on total system costs and unit energy 

prices. 

6.5.3 Distribution System Costs 

Given the nature of low temperature resources in Canada, 

the primary application will be for centralized district 

heating systems. The distribution network downstream of 

the primary heat exchanger can represent a significant 

portion of the total system capital cost. Studies of u.s. 
and European systems have reported distribution costs of 

between 2U percent and 50 percent of the total capital 

expenditures. The distribution system is comprised of the 

connections to back-up boilers, distribution mains and 

service piping, emi tter systems and, in some cases, hea t 

pumps. 

The actual costs tor the distribution system will be 

highly site-specific depending on the network arrangement, 

whether it is for a new installation or a retrofit, 
characteristics of the facilities, and so on. In general, 

the system costs are a function of user density, the 

temperature drop between supply water and return water, and 

the nature of the user buildings. 

User Density 

Traditional North American land-use 

present a significant constraint on 

district heating systems suitable for 

development. Effective utilization of 

patterns currently 

the adoption of 

geothermal 

geothermal 

energy 

energy 
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reguires that the space to be heated be spatially guite 

concentrated and guite large. 

For residential applications, for example, French systems 

often have housing densities of between 60 and 70 units 

per hectare. This translates to a thermal load of about 

SU MW per square kilometer (JIGA, 1983, p. 97). In typical 

suburban areas of North America, however, housing densities 

are in the range 11 to 16 uni ts per hectare for detached 

and semi-detached houses. Even multiple storey apartment 

buildings only average between SU and 7U units per hectare 

in u.s. and Canadian urban areas (Allen, 1981). 

Thermal load density is critical to the feasibility of 

district heating because distribution piping represents an 

enormous outlay if the user communi ty is dispersed. Allen 

nas prov ided the resul ts of prev ious stud ies in the U. S. 

and Sweden which have established load density charac

teristics for typical urban land uses. These are presented 

in Table 6-5. 

Order of magnitude heat distribution network costs, based 

on a number of operational projects and some now being 

completed in France, are indicated by Figure 6-4. The key 

factors influencing these costs are shown to be the total 

project size, tne temperature drop in the system (and 

therefore the flow rate), and the load density. In 

general, when the density of housing units falls from 9U to 

4 5 per hectare, the distribution system capital cost per 

hous ing unit increases by about 150 percent. It should be 

noted, however, that the range of housing densities 

indicated on Figure 6-4, (i.e. 40-90 uni ts per hectare) is 

gui te high. r'or dens i ties below 40, i t can be expected 

that costs would rise even more dramatically. 
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TABLE 6-5 

TYPCIAL URBAN LOAD DENSITIES 

Thermal Load 
Density 

Land Use (MW/km2) 

Downtown (high rises) >70 

Downtown (multi-storied) 50-70 

City Core (commercial and 
multi-family) 20-50 

Duplexes, Row Housing 
Townhouses 12-20 

Single Family Detached <12 

Source: Allen, 1~81, p. 588 

Prospects For 
District Heating 

Very Favourable 

Favourable 

Possible 

Questionable 

Unfavourable 
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un the basis of the classitications in Table 6-5, it is 

l ikely tha t the onl.f 1ocat ions in Canada where dens i t ies 

are yreat enou~h to make geothermal district heating com

mercially viable are the heavily built-up central cores ot 

the maJor cities. In most other areas of the country, land 

use standards, zonin~ controls, settlement patterns and 

litestyle demands have mitigated ayainst high thermal load 

dens i t ies wi th the exception ot some maJ or institut ion al 

complexes such as universities, hospitals, penitentiaries 

and government com~lexes. 

At the present time, district heating, requiring service 

l ines to ind i v idual us ers, cannot be cons idered econom ic 

even if the energy supply is basically costless (e.g. waste 

hea t recovery) . Market ~enetra t ion ot a central ized hea t

ing system, however, where a substantial user complex is 

proximate to the central ~lant, could be quite favourable. 

As noted above, adoption of such systems in European cities 

has been accompli shed in man y are as bec a use the dens i t ies 

are present, hydronic heating systems are more common, and 

energy-conscious planning has been more prevalent. 

In Finland, for example, new housing developments have been 

brought on-stream in a manner conducive to central heating. 

The complex is desiyned and implernented sucn that the heat-

ing system evolves. 

supplies the initial 

Basica11y, 

buildings. 

a srnall boiler substation 

Once the connected load 

y rows suf tic iently, this boiler is rernoved and replaced by 

a larger unit. As the cornplex continues to grow, each new 

building is designed to be connected to the central system. 

Eventually, the connected load is great enough to justify a 

geothermal system. Since the district heating loop is 

already in ~lace at that time, the only incrernental cost 

for the geotherrnal system is the primary loop. 
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In some countr ies, manda tory connection to the district 

heat i ng system has s imply been leg islated .,,lh ile in others, 

f inanc ial incent ives and guarantees have been of fered to 

increase the load. 

Building Types 

As ide from the requ ired dens i ty, i t 

buildin9s to have appropriate piping 

is necessary 

and emi tter 

for the 

systems 

and to be sufficiently insulated such that low ternperature 

water can serve as a suitable source of heat. 

übviously, it would be much more expensive to retrofit a 

hydronic heating system in a complex of buildings that is 

currently heated electr ical ly than i t would be to instal l 

a suitable water system during initial construction. 

Similarly, system economics and tne need tor maximum 

utilization of the available heatiny energy require high 

etficiency emitters or radia tors to achieve maximum 

tempera ture drop. For low tempera ture supplies, 

radiant heat tubing is the most cost effective 

using the resource. 

in-floor 

means of 

Insulation too has an impact on the applicability of 

yeothermal heating where low tem~erature resources are 

involved. Poorly insulated buildings in cold climates 

would require very substantial flow rates to obtain 

suff ic ient energy if suppl y temperatures are at the low 

end ot the feasible range (i.e. 40-S0°C) . For this reason, 

many countries utilizing low temperature resources have 

coupled insulation standards and district heating planniny 

to minimize total system costs. 
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6.5.4 Load and UtÎlization Factors 

s ince the capital costs of geothermal systems are qui te 

hiyh, it is imperative that the system be used to the 

maximum extent J?OSSible to be economic. 

demands are typically very cyclic, with 

cycles superimposed on seasonal cycles, 

demands occur on winter nig hts while 

virtually nil during summer mid-days. 

Spa ce hea t iny 

distinct daily 

such that peak 

the demand is 

Given this pattern, 

boiler is well suited 

heat is suppl ied as 

however, the · energy 

a thermostat-controlled furnace or 

round. 

to space 

required. 

hea t applications bec a use 

Wi th geothermal systems, 

at a steady rate year is suppl ied 

Ir the system is designed to satisty peak loads, 

then much of the ener9y is wasted since it is not required 

much of the time. 

Figure 6-5 illustrates the demand pattern for a typical 

space heating process. Note that the peak requirement 

only occurs for a few hours each year. Furthermore, tor 

some portion of the year, there rnay be no heat requirernent 

(depending on clirnàte) other than for dornestic hot water. 

If the load connected to a yeothermal system is such that 

the peak demand is met by the system, a great deal of the 

available ener-dy goes unused ( Case A). Indeed, tor the 

load curve shown in Figure 6-5, much less than 50 percent 

of the energy is ut il i zed. Wi th Case B, however, the 

reverse is true. Here, more than 50 percent of the energy 

is useful and the wasted heat energy is much less. In 

this case, the peak demand is met by supplemental boiler 

operation. 
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The energy not required for space heating ( area to the 

riyht of the curve) ' can be used in some situations through 

storage mechanisms. The optimum load for any particular 

project would have to develop as part of the planning 

process. Typically, however, in northern cl imates, the 

geothermal system would be designed to SUi:)i)ly between 75 

percent and 9U percent of the total energy demand wi th the 

boiler supplyiny the remainder. 

The design load factor is fundamental to the economic 

viabil _ity of a geothermal development. Because of the 

h iy h t ixed expenses associa ted wi th the cos t of resource 

development, it is critical that the utiliza"t.ion of the 

available energy be maximizea in order to minimize the 

unit, or average, cost of the energy suppl ied relative to 

conventional energy sources. 

Temperature Drop 

A turther factor intluencing the amount of energy supplied 

and used is the temperature arop between production of the 

yeothermal fluid and reinJection of the fluid. At a yiven 

flow rate of, say lOU m3/h, and a suppl y temperature of 
60°C, twice as m1,1ch energy is extracted from the system if 

the tl uid is returned at 20 °C ra ther than 4 O °C. Since the 

water is not very useful below 20°C, this temperature 

represents the minimum practical reinJection temperature. 

Total energy supplied by a given 

tne temperature drop factor and 

product of these factors is 

utilization factor or the ratio 

system is 

the load 

a funct ion of 

factor. The 

defined 

of the 

as the 

actual 

annual 

energy 

delivered to the maximum energy available referenced to a 

minimum reinjection ternperature of 20°C. In effect, the 

utilization factor is a measure of the energy leakages 
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trorn the system arising because the load curve does not 

match the supply and because tne fluid retains some portion 

ot its eneryy when it is reinjected. 

If a system is sized wi th a load tactor ( LF) of U. 6 (i.e. 

60 percent of the area under Case B in Figure 6-S) is taken 

up by the load curve) and a temperature drop factor of U.75 

( e. g. , suppl y tempe rature 60 °C, return temperature 30 °C) , 

the resulting annual utilization factor is O. 6 x O. 75 = 

U.45. That is to say that 45 percent of the energy 

supplied is eftectively used by the process. 

This utilization factor has a direct impact on the unit 

cost of ener'::ly from the system. Figure 6-6 indicates the 

effect of utilization on costs for a typical single doublet 

suppl y system ( excluding the distribution system) wi th a 

resource temi:)erature of 60°C and flow rate ot 100 

m3/hour. For utilization tactors below about U.4, it can 

be seen that unit costs begin rising quite rapidly, while 

tactors above U.5 yield approximate unit costs below $4/GJ. 

To achieve a utilization factor of 1.0, tne geothermal 

supply would have to be strictly base load and the return 

tempera ture would be at 20 °C. At the se levels, however, 

the unit cost would be a very economic $2/GJ. 

Given the average prices for conventional energy fuels in

dicated in Figure 6-6, a utilization factor of 0.4 or 

better is required to compete with natural gas . To 

d isplace heating oil, 

about 0.2. Clearly, 

available, 

energy. 

geothermal 

utilization would have to be above 

if sufficient connected load is 

Cp.n compete with conventional 
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6.S.5 Heat Pump Economies 

Given the critical importance of achieving a high utiliza

t ion tactor to improve the econom ics of geothermal sys

tems, hea t pumps should be cons idered where the resource 

supply temperatures are relatively low. In the preceding 

discussion of ut il i za t ion factors, i t was noted that the 

min imurn return tempe rature is about 20 °C. If the resource 

i s onlt 40 °C, . the ab sol ute tempera ture drop is obv iously 

limited. Inclusion of a heat purnp allows for the lowering 

of the return temperature, say to 5°C, such that the 

ternperature drop is 35°C ratner than 20°c. This increase 

in tem~erature drop is directly proportional to the arnount 

of ener~y supplied. In eftect, the temperature drop factor 

becomes greater than l.U. 

In addition, since the high initial drilling costs are a 

function of depth, it may prove economic to drill shallow

er wells and use heat pumps in areas where the gradients 

are relatively poor. Therefore, heat pumps can improve 

the econom ics of geotherrnal systems by ei ther upgrad ing 

the resource where temperature is inadequa te or by arnpl i

fying a resource tempera ture wi thout the expense or prob

lems of drilliny much deeper wells. However, there are 

costs associated with these gains. 

Capital costs for heat pumps can themselves be qu i te 

significant and heat pumps are powered by high- grade 

energy such as electricity, which can a l so be qui t e 

expensive in many parts of the country. 

Heat ~umps can recover low-grade heat from water down to 

the 1U°C region and boost it as high as 1uo 0 c. The actual 

gains are dependent on the coefficient of performance 
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( COP) of the purnp. The COP is the ratio of the upgraded 

heat output to the thermal equivalent of the electrical 

eneryy input. 

For ex ample, a 7 5 °C process water stream can be del i vered 

f rom a 5U °C source tha t is cooled through a range ot 2U °C 

with a COP ot about 3.5. The heat pump would in the 

meantime consume about 736 KW per hour. 

6.~.b Implication of Economie Factors 

,tjased on the forego ing discussion of fac tors infl uenc ing 

the econorn ic v iab il i ty of yeothermal developrnen ts, i t is 

clear that system plannin'::l will involve a careful 

analysis and rnatching of resource supply with process 

demand. In any case, the greater the utilization of the 

available energy, the lower, and therefore more 

competitive, is the unit eneryy price. 

successtul cornmercialization of geothermal will largely 

de pend on the crea t ion of a sui table consurning market. 

Although many processes are capable ot using the 

low tern_b.)erature resources that are predorninant in Canada, 

only those processes which have something approaching 

constant base load requirements are likely to be econornic. 

A typical 2-shi ft, S-day-per-week industr ial process, for 

example, requires heat for only about 4,000 hours per 

year. This is not likely to be sutficient load to Justity 

a geothermal developmen t on i ts own. Wha t is requ ired 

would be several users with load profiles so that toyether, 

a large, constant base load can be supplied. 

The greatest potential for achiev ing 

thermal load and load density will 

economic levels of 

be through direct 
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utilization of yeothermal eneryy for space heating and, 

J?OSs ibly, cool ing. Such systems can ei ther take the torm 

of a sinyle well supplying a large building complex or 

formation of a geothermal heating district where geothermal 

fluids are distributed muchas natural gas is distributed. 

Probably the best known example of a district heatiny 

system is in ReykJ av ik, Iceland, where the system SU.t,>pl ies 

close to 16,0U0 residential units with a population of over 

lUU,0UU. Large storage tanks are used to meet varying flow 

demands while fossil-tueled boilers are used to boost 

temperatures during · peak heating demand periods. 

A recent geothermal project developed in Bordeaux, France 

indicates the scale of development involved in a single

well, low temperature system. The supply water is between 

45°C and SU°C and the flow rate is 150 m3/n. The con

nected load is the eguivalent of 1,200 housing units. 

Loads on this order of magnitude will be necessary for yeo

thermal energy to effectively compete with conventional 

tossil tueis. 

If geothermal is to ya in acceptance as a viable al ter
nat ive eneryy sup~ly in Canada, the institutional, finan-

c ial, land-use and social cri teria for encourag ing cen

tral ized district heating must f irst be addressed. This 

i s not a problem faced by geothermal promoters al one. The 

same constraints apply with respect to effective 

utilization of waste-heat recovery systems, cogeneration 

proj ects, sorne solar applications, biornass energy systems 

and other oil-substitution technologies. 

Initially, it is likely that dernonstration projects apply

ing geothermal technolog y in large governrnent complexes 
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wil 1 oe requ ired to prove the appl icab il i ty and econom ics 

of such developments. Subsequently, tnere will probably be 

a need for yovernment support in private proJects at least 

to the extent of offering incentives ror hook-up to 

potential customers. 

Another area that requires further consideration in 

Canada, from an econom ic viewpo in t, invol ves the feas i

b il i ty ot heat purnps. Most of the investigation of 

resource availability and applications in this country 

has revolved around dee.l? wells and direct use. Heat purnps 

introduce a· nurnber of factors in the feasibility equation 

whicn should be pursued turther. 
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b.6 Competitive Environment 

As noted in the discussion of direct-use system economics 

(Section 6.5), geothermal developments can cornpete with 

conventional sources of heat on a price basis given 

certain favourable circumstances. The principal con

ditions on these prices are the utilization factor, which 

is chiefly influenced by load density, the cost of the 

dis tribut ion system, which also is de pendent on dens i ty, 

and the nature of the building stock to be suppl ied. In 

short, geoth~rmal can offer a cornpetitive alternative 

given the right consumer community, or market. 

In order for yeothermal heating to be viable, the demand 

and the supply must coincide spatially and the demand 

process must have a relatively high and constant base load 

requirement that is not more econornically met by other 

energy su~plies. These criteria introduce a wide range ot 

market considerations which are discussed below. 

6.6.1 Regional Demand Patterns and Market Opportunities 

If a population density map were superimposed on a map of 
geothermal temperature gradients in Canada, there would be 

little coincidence of high population and high tempera-

ture. Possibly the area of greatest potential would be in 

the western section of Alberta from slightly north o f 

Grande Prairie, through Edmonton and south to Calgary . 

This area i~ also rich in natural gas and oil resourc es . 

Kegi?nal market characteristics with respect to potentia l 

geothermal developments are outlined below. 
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British Columbia 

In 1983, faced with a substantial near term increase in 

yenerating capacity and a general downturn in ener~y 

marKets, B.C. Hydre dramatically reduced its eneryy demand 

proJections. Factors such as the construction of the 

Revelstoke Dam hydroelectric station, due to add 1800 MW 

capacity to the system by late 1984, and a protracted 

economic recession, suyyest a hydroelectric ener~y surplus 

throuyh to the year 2ùOU. This is a strong disincentive 

to exploration system-electric type geothermal 

resources 

JUStified. 

in 

for 

B.C. Continued effort, however, is 

In otf-grid areas, where both markets and resources occur 

in proximity, geothermal m?y be tne appropria te means of 

electrical generation. As data are lacking, precise 

identification of these areas is premature but they might 

include parts of north-central B.C. and possibly Vancouver 

Island where many communities are dependent on diesel 

electric generation. 

A second Justification 

recogni tien of the lead 

for 

time 

new or innovative technology. 

continued 

inherent in 

effort is 

development 

Resources known 

the 

of 

to occur in the more densely populated and 

accessible parts of southwestern B.C. might 

partly as research and demonstration proJects. 

or expected 

relatively 

be viable 

Although the future tor high grade or system electrical 

compatible resources in B.C. is somewhat in doubt, the 

question ot the potential for low grade direct use 

resource application remains. There is ample evidence 
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that ooth moderate temperature hydrothermal system and 

deep basin type resources occur. 

At the present time, areas of northern, B.C. and Vancouver 

Island are not suppl ied wi th natural gas. The se are as 

obtain virtually all of their space and water heating 

reguirements from heatiny oil and wood. Where sufficient 

load occurs, geothermal development opportunities may 

exist. 

Prairie Provinces (Alberta, Saskatchewan and Manitoba) 

The main market opportun i ties in the Prairie provinces, 

identitied by the coincidence of both high temperature 

yradients and relatively high population density, lie in 

the western section of Alberta trom slightly north of 

Grande Prairie, through Edmonton and south to Calgary. 

These population centers with diversified industrial bases 

are most likely to yenerate energy intensive projects with 

uni torm Dase load requ irements. In Alberta espec ial ly, 

the relatively high exploration risk of initial geothermal 

systems can be partially oftset by the use of holes 

already drilled by the oil and gas industry. The use ot 
ex ist ing wells dril led in hig h tempera ture gradients can 

decrease the initial exploration risks and high capital 

costs of production/injection well systems. 

Unfortunately, the current ready availabil i ty of natura l 

yas as a competing energy source tor space and process 

heat throughout the Prairie provinces puts geothermal at a 

cost disadvantage . In additionJ these provinces 

experience low popu l ation density over widespread regions 

with underlying geotnermal resources. 

. 1 
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Ontario and Quebec 

The Windsor, Ontario to Sherbrooke, Que bec bel t is wel l 

populated and includes some excellent ayricultural land, 

resulting in opportunities for geothermal space heating 

and ( feed drying). Unfortunately, given the absence ot 

identitied yeothermal resources, a regulatory vacuum, and 

the risks inherent in geothermal exploration, it is 

unlikely that yeothermal resources will soon contribute to 

energy supply in Ontario and Quebec. Moreoever, such a 

resource would face stitt competition from other energy 

sources such as solar, wood, coal, oil, gas and electrici

ty yenerated by thermal, hydre and nuclear t,>lants which 

presently result in an excess of ener9y supply. 

Atlantic Provinces 

The Atlantic provinces generally lie over shallow low 

gradient geotnermal resources. When coupled wi th hea t 

pumps, low gradient geotherrnal energy for space heating 

becomes an attractive alternative. Sorne ot these 

provinces have the option of dr il 1 iny deeper wel ls to 

access hig her qual i ty gradients, prov ided the increased 

drilling costs can be economically justified. Two 

promising locations for yeothermal development are located 

near Fredericton, N.B. and Halifax, N.S. 

Geothermal resources are considered competitive eneryy 

sources in the Atlantic Provinces, which now burn costly 

imported oil or coal to generate electricity. Tnere 

exist, however, good prospects for natural gas off Sable 

Island. This energy source may displace geotherrnal's 

economical advantage over the next few years, although it 
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can be expected that the distribution system for natural 

gas will be quite costly. 

6.6.2 Commercial Characteristics of the Resources 

As a cornmodity in the market place, geothermal energy has 

a number of characteristics which differentiate it from 

other supply sources and, in some cases, limit its 

prospects for market penetration. Unlike most other 

extractive industries, geotnermal developers must, to some 

extent, "create" the market in addition to finding and 

produc ing the resource. Sorne of the key factors 

influencing market conditions include: 

(a) transportability of geothermal energy; 

( b) "low grade" energy characteristics; 

(c) economically feasible uses of the resource; 

(d) price and availability of alternatives; 

(e) market penetration factors. 

Eacn of these matters is discussed in turn below. 

(a) Transportability 

Geothermal resources can meet specific localized 

( such as space hea ting and indus trial processes) 

needs 

or, if 

used to generate electricity, can provide power for a 

broad range of non-local end uses. When used to generate 

electricity, the geothermal gradients must be of suffi

ciently high quality to efficiently drive yenerators. The 

costs of transporting geothermal electricity are no 

different from the transmission costs for hydro or thermal 

generated electricity, and depend on the amount of energy 

yenerated and the distance to be covered by new 
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transmission lines. Since geothermal plants are likely to 

be smaller scale than maJor hydro and thermal proJ ects, 

however, the economic distance for new transmission is 

likely to be proportionate1y ·1ess. Accordingly, it can be 

expected that geothermal electrical development will have 

to be close to the grid or capable of supplying a nearby 

non-grid community. 

I t not used to generate electr ici ty, yeothermal energy 

becomes a completely site-specific resource. Existing 

above-ground technoloyy is capable of distributing 

geothermal heat only to the immediate vicinity, or ot 

storing it for only a limited period of time. Pipelines 

used to transport warm water from the source to the use 

are not economic at low temperature levels. (At higher 

temperature levels, electricity generation is the more 

rewarding alternative.) Above-ground equipment (heat 

exchangers, water storage tanks, etc.) is considered to be 

standard technology but i t is unl ikely to be developed 

further to allow for economic transmission over great 

distances. Geothermal energy, therefore, suffers from 

limited trans9ortability. 

Competing forms of energy do not suffer from this 

l irni ta t ion. Extensive distribution networks for oil and 

gas are in place to transport energy from the wellhead to 

the household furnace. Electric transmission grids span 

rnost of the country. With oil and gas, there is the added 

advantage that the flow can be synchronized wi th demand 

and surplus supply can be stored. 

Costs of a pipeline carrying oil and one carrying water 

are roughly ·equivalent, yet the value per unit volume is 

rnuch greater with oil. Also, with oil or gas, the product 
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is consumed at the end of the line ( at the burner tip); 

thus there is no need for a return line. The same cannot 

be said for geothermal energy. The building must be retro

fitted for space heating with water to air heat exchangers 

and the warm water must circulate throughout the building. 

The cooled water is then removed trorn the building and 

returned to tne primary exchanger via another pipeline. 

The inconvenience of having to locate close to the 

resource and incurr ing retrof i t ting ex pend i tures can 

significantly add to the cost of power development. 

Therefore, geothermal ~rices per unit of energy would be 

expected to be hig her than other energy sources in many, 

although not all, instances. 

(b) Low-Grade Resource 

As discussed in Section 2.0, most of the geothermal 

resources in Canada are considered low grade energy 

sources. Generally the maximum temperatures available are 

below lOU°C, so processes whicn require more intense 

energy are precluded frorn using geothermal. Low grade 

resources have relativelt low heat content ratios, such 
that the actual amount of energy delivered, given the 

volume ot fluid or the level of capital expendi tures, is 

lower than for higher grade fossil fuel supplies. 

However, geothermal is not necessarily inferior to other 

energy sources. The total amount of energy available from 

a single well is quite significant such that only very 

larye heat users can contemplate geothermal development. 

In addition, processes which exhibit large, moderate 

temperature, base load demand patterns are ideally sui ted 

to using geothermal heat. 

. ' 

• 1 
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Geothermal energy systems based on low-grade resources may 

exper ience di f t icul ty in supplying peak energy demands, 

especially if the peak demand is far greater than the 

average demand. The volume of energy supplied by a 

geothermal system is not very tlexible, although heat 

pumps can provide some variability. 

Conventional heatiny systems will be required to meet peak 

demands and to serve as back-ups for system secur i ty of 

supply. Increments in the volume of yeothermal energy 

supplied will occur in step-wise fashion as new wells are 

broug ht on 1 ine. Thus, a process wh ich anticipa tes in

creas ing energy demand over time may not · be able to 

increase the geothermal energy supply to match demand 

exactly. Temporary excesses ot energy will be experienced 

as new geothermal resources become availab~e. 

The low-grade nature of the resource again presents con

straints which are not encountered by users of conven

t ional energy sources. Again, the geothermal user may 

demand lower rates as compensation for these limitations. 

(c) Economie Uses of Geotnermal Energy 

Despite the constraints noted above, there are opportuni

ties to realize substantial savings on energy costs given 

diligent project planning and sui table market 

conditions. Three types of user complexes which show good 

potential for economically using geothermal heat include 

institut ional complexes, central ized district hea ting 

schemes and industrial parks. 

Institut ional complexes such as larye hospi tals, un iver

s i ties, office buildings and penitentiaries could use 
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geothermal energy for space and water heating. These 

institut ions require large stable sources of eneryy to 

function efticiently. The ditficulty may well lie in 

l oca t ing the se institut ions close to the geothermal 

resource. Hospitals and otfice buildings certainly must 

locate near a population centre in order to provide their 

services. 

Geothermal space heating for individual residential units 

is not an economical 

district heating is a 

proposition. However, 

viable alternative. 

residential 

district heatiny assumes a coordinatiny 

direct the activities of the participants. 

Residential 

body able to 

The coordina-

ting body would identify the optimal size of district to 

rece ive the resource, and would ensure that each resi

dence' s needs were satisfied. Geothermal district heating 

could either be part of the original district design or 

could be retrofitted. 

Industrial parks could use geothermal energy for space 

and water heating and also to support their process energy 

demands. The industrial park concept also presupposes a 

coordinating body similar to the residential district 
heatiny case. 

(d) Price and Availability of Competing Energy Sources 

ubv iously, geothermal energy must ga i n i ts acceptance in 

competition with conventional energy sources, principally 

petroleum and n~tural gas. Current world o i l surpluses 

and capped gas wells in Alberta and B.C. are indicators of 

excess supply causing soft prices for these e nergy 

supplies. Although these prices are not expected to 

prevail indefinitely, until such time as the prices of 
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competing fuels increase the economic 

geothermal ener~y will be under pressure. 

viability of 

As noted in section 6. 5, if the ut il i za tion tactor for a 

geothermal system is high enough, the unit energy price 

can be less than those tor heating oil and natural gas. 

However, unit prices are not the only variables consumers 

will consider when makiny fuel selection choices. In many 

cases, attractive units costs will not alone be enough to 

obtain substantial markets for geotherrnal. 

As notea in the preced ing parag raphs, geotherrnal cannot 

compete directly against tossil fuels in many circumstan

ces simply because the energy intensity is not sufficient 

for many ~rocesses. The other constraints discussed above 

with respect ~o geotherrnal applications will persist. 

substitution of tossil fuel eneryy with yeothermal will in 

many cases require the user to scrap or reduce the 

utilization of conventional heating systems they are 

tamil iar wi th and wh ich may have sign if icant useful li fe 

remaining. 

substantial 

At the same time, the user may have to _incur 

new capital costs. Such factors obv iously 

make the economic choices difficult. 

Private consumers will make their choices with respect to 

alternative heating systems on the basis of perceived 

total costs. For conventional systems, the most signifi-

cant element of these perceived costs 

fuel. As long as fossil fuel prices 

is the price of 

remain relatively 

stable and controlled at less than world prices by govern

rnent policy, the incentive to adopt geotherrnal systems 

will be lessened. 
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(e) Market Penetration Factors 

If a geothermal developer can also use the energy for his 

own processes, market uncertainties are avoided. The 

decision becomes merely a matter of strict investment 

analysis. If in addition to being able to use all of the 

energy, the process system is already in place and retro

tit reguirements are minimal, the attractiveness of the 

investment can be substantial. As soon as the pr imary 

loop is installed, such a user would 

reap benefits exactly proportional 

fossil tuel displaced. There need 

i.mmediately begin to 

to the cost of the 

be no concern wi th 

market acceptance or appropriate prices because the system 

provides direct savinys to the user wi thout the need for 

any market transactions. 

For the commercial developer ot geothermal energy however, 

the situation is gui te different since . the intent is to 

sell the eneryy to other consumers. Here, market 

acceptance will be critical to the project. Given the 

high front-end outlays associated with geothermal systems, 

a developer cannot afford a protracted period of load 

develof)ment. The developer' s revenues will be depenaent 
on how many subscribers are hooked-up to the system, not 

on how much energy is available. 

Pricing of the yeothermal energy will have a large 

influence on the rate of load connection, or market 

penetration. Merely matching conventional energy prices 

will not likely be enough incentive to obtain substantial 

markets for yeothermal. Under the se c ircumstances, the 

rate of acceptance would probably be limited to only some 

percentage of the new construction added to a community. 

The price must be established such that it is attractive 
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tor existing buildings to be retrofitted. Also, since it 

is important that utilization be maximized, the rate 

structure should be designed to reward users who can take 

maximum advantage of geothermal, i.e. consumers with lary~ 

base load requirements. Billing charyes should be such 

that customers are encouraged to make the maximum use of 

the heat obtainable per unit volume of the warm water 

supplied. For example, a customer who pays a tixed rate 

per m3 drawn ott reduces heatiny costs by efficiently 

extracting the maximum energy from each m3. 

European exJ:)erience indicates that some form of financial 

assistance is critical to the success of a system's early 

years when customer hook-ups are needed as rapidly as 

possible. Low interest loans, grants, tax credits and 

accelerated capital wr i te-ofts have all been employed to 

encourage customer retrofits and building conversions. 

Alterna ti vely, hook-up costs can be incorpora ted in the 

rate structure such that these expenses are retired over 

the life of the proJect. Under these cirucmstances, 

however, i t is likely that the developer would require 

financial assistance to reduce the carrying charyes on the 

distribution system. 

Marketing of geotherrnal energy will also require more 

than just the appropriate rate structure. As with any 

unfarniliar technology, there will be a reluctance on the 

part of consumers to be tne first to embrace the new 

scherne. Consumer education, promotion and demonstrations 

will probably be necessary to provide broad-based support 

for the concept. 

In Europe and in several 

agencies play a crucial 

states in the U.S., yovernrnent 

role in the dissemination of 
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information to interested developers and community groups. 

utten these agencies play a very proactive role in the 

promotion of geothermal, acting as central coordinatiny 

bodies which assist in the organization of the centralized 

heatiny system, obtaining financing, offering technical 

expertise and so on. For geothermal to progress in 

Canada, similar government support will be required. 

The pr ivate sector is unl ikely to be able to develop a 

geothermal industry without government involvement along 

these lines. Even if entrepreneurs are williny to 

proceea, a wide ranye or details must be addressed by 

government. These issues will range from zoning 

ordinances and building codes to financing plans and _ rate 

structures with numerous items in between. 

The most likely torm of government promotion of geothermal 

energy, in the early stages, will be through demonstration 

proJects. Government and institutional building complexes 

are excellent candidates for alternative heating programs 

tor a variety of reasons including: 

• commonly large heating loads; 
• high visibility in the community; 

• publicly-supported tacilities, thereby creating 

sentiment tor cost-saviny improvements; 

• el ig ibil i ty for certain types of financing not 

available to private sector; 

• Jurisdictions and controlling interests are less 

complex. 

The marketing campaign on behalt of geothermal energy 

obviously faces 

insurmountable. 

rnany 

Public 

problems, 

awareness 

but they 

and . interest 

are not 

must be 
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yenerated and an important prerequisite for this will be a 

sense of government. support for the resource. The natural 

resource is available and the technical means for 

expliting it are known, what remaini is the policy 

ObJective to pursue it, the will to push on and a 

well-managed, concerted plan for implementation. 
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GEOTHERMAL RESOURCES ACT 

CHAPTER 14 

CHAP. 14 

Assenred ro June 7. 1982 . 

Sce1ion 

1. lntcrpretatic,n 

Contents 

PART 1 

ISTERPRETATl01' 

Section 

PART 2 
0wNERSHIP OF GEOTHERMAL RESOURCES AND GENERAL PROHIBITIONS 

2. Geochennal resources vcsted in the govemmcnt 4. Prohibitions 
3. Dispositions approved by Lieutenant Govcmor 

in Cquncil 

5. Pennits 
6 . Pennit: dimensions of location 
7. Worl; rcquiremcnts 
8. Lcascs 

12. Authorizations and licences 
13. Limitations on issue 
14. Accc:ss and inspection 

17. Royalty 
18. Unitization agreement 

PART 3 
PERMITS AND LEASES 

9. Transfers and assignments 
10. Cancellation 
11. Dcfault in rcnt 

PART 4 

OPERATION AND CONSERVATION 

15. Removal of cquipment 
16. Health and safety 

PARTS 

RoYALTY AND UNITIZATION 

19. Unitizarion order 

PART 6 

GE!l:ERAL 

20. Inspection and confidentiality 
21. Affidavits 

24. Regulations made by Lieutenant Govcmor 
in Council 

22. Offcncc and penalty 
23 . Rcgulations made by minister 

25-27. Consequential amendments 
28. Repeal 

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

lnterpretation 

1. () ) ln this Act 

PART 1 

INTERPRETATION 

"block" has the.same meaning as in section 140 (3) of the Perroleum and Narural Gas 
Act; 
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··boundary .. means a location 's surface boundary and its \'ertical extension: 
··commissioner .. means the commissioner of the titles branch of the Petroleum Re

sources Division of the ministry: 
.. development plan .. means a plan for the drilling of such number of wdls as are. in the 

opinion of the minister. suftïcient to enable production of a geothermal rcsource 
underlying a lease to begin. including .the provision of piping. equipment. reinjcc
tion wells and contrais required to produce the geothermal resource. but does no! 
include plans for the commercial utiliz.ation of the geo1hem1al resource or for 
con,·erting it into any other form of energy: 

.. division .. means the Perrnleum Resources Di\'ision of the ministry : 

.. division head· · means the assistant deputy minister designated m writing by the 
minister as ha\'ing charge of the di,·ision : 

""field .. means 
(a) the surface of land that is underlaid or appears to be underlaid by a 

geo1hem1al resource. and 
(b) the subsurface region vertically beneath that land surface 

that is designated by the division head as a tïeld: 
·· geothermal exploration·· means investigation of the subsurface of land for the presence 

of a geothermal resource by means of 
(a) seismic. gravimetric. magnetic. ~diometric. electric. geological or geo

chemical operations. 
(b) well drilling or test hale drilling. or 
(c) any other method approved by the division head: 

·· geothermal resource •• means the natural heat of the earth and al I substances that de rive 
an added value from if. including steam. water and water vapour heated by the 
natural heat of the earth and al! substances dissolved in the steam. water or water 
vapour obtained from a well. but does nor include 

(a) \.vater that has a temperature less than 80°C at the point where ir reaches the 
surface. or 

(b) hydrocarbons; 
"geothermal rig licence .. means a geothermal rig licence issued under se~tion 12: 
··geothermal weir· means a well in which casing is run and that the minister considers is 

producing or capable of producing a geothermal resource from a g.eothermal 
resource bearing zone: 

··holder of a location·· mcans . in accordance with the context. a pem1ittee or lessce: 
.. interes1·· means an undivided interest in a location: 
.. lease .. means a disposition under section 8 of the right to produce. subject to this Act. a 

geothermal resource from a location: 
··iessee .. means a persor . in whose name a lease is recorded in the division records:· 
.. location·· means the area described in. and in respect of which rights are given by. a 

pemlit or lease: 
·•ministry .. means the ministry of that minister charged hy order of the Lieutenant 

Governor in Council with the administr.ition of this Act: 
·· oftïcer of the di\'ision ·· means a person employed in the division and aulhoriz.cd by th!.!' 

division head to gi,·e an approval under this A~t: 
.. permit'" means a permit issued under section 5: 
.. permittee ·· me ans the person in whose name a permit 1s recorded m the division 

rel:ords: 
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.. produce .. means ex tract or obtain from the earth; 
·· production plan· · means a plan approved under section 4 ( 1 ); 
··1est hole·· means a hole drilled or being drilled 

( a) with a bore hole diameter of 100 mm or less. or 
(b) to a depth not exceeding 600 m. 

CHAP, 14 

10 obtain information about a geothermal resource. but does no! include a hole 
drilled or heing drilled for firing an explosive charge in seismic operations: 

··unit"" has the same meaning as in the Pctroleum and Natural Gas Act: 
·· unitiz.ed operation ·· means the development or production of geothermal resources or 

the implementing of a program for the conservation of geothermal resources or the 
coordinated management of interests in them in. on or under a location. part of a 
location or a number of locations combined for that purpose under a unitization 
agreement under this Act; 

.. welr ' means a hole or shaft that is or is being drilled . bored or otherwise sunk into the 
earth 

(a) through which a geothermal resource is or can be produced, 
(b) for the purpose of producing a geothermal resource or for the purpose of 

injecting any substance to assis! the production of a geothermal resource . 
or 

(c) that 
(il extends deeper than 600 m. 

(ii) has a bore hole diameter ot; more than 100 mm, and 
(iii) is intended to obtain information about a geothermal resource . 

(2) Sections 6 to 3.1 of the Petroleum and Natural Gas Act apply in respect of entry 
onto and use of land for the purpose of exploring for and producing geothermal resources . 

(3) For the purpose of subsection (2) ... produce .. and .. producing., in sections 7 to 
1 1 and 16 of the Petroleum and Narura/ Gas Acr have the same meaning as in this Act. 

(4) Where there is inconsistency between a provision of the Utilities Commission 
Act or Wmer Act and a provision of this Act. the provision of the Utiliries Commission Act 
or Wmer Act prevails. 

PART 2 

ÛWNERSlllf> OF GEOTHSRMAL RESOURCES AND GENERAL PROHIBITIONS 

Geothermal resources ,·ested in the govemment 

2. The right. tille and interest in ail geothermal resources in the Province are vested 
in and reserved to the govemment and the government may dispose of them only under 
this Act. 

Dispositions appro\'ed by Lieutenant Go,·ernor in Council 

3. The minister may. notwithstanding P-<1rt 3 . dispose of geothermal résources OD 
terms approved hy the Lieutenant Govemor in Council . 

Prohibitions 

4. ( 1) No person shall produce a geothermal resource other than for testing 
purposes unless 

Ca) he does soin accordance with a plan for the production of the geothermal 
res0urces underlying the location of :-1 lease. 

79 



., 
• 
~ 
·11:. 

1 
•' •· .. 
. 
i ·~ 
~ 

C11 .w . 14 GEOTHER\IAL RESOL'RCES 3~31 Euz. 2 

(b) the plan is approved. with respect to rnatters of energy conservation and 
operational safety. by the rninister. and 

(c) he is the lessee of the location where the well that produces the geotherrnal 
resource is situated. 

(2) No person shall drill oroperate a well except within the boundaries of a location. 
( 3) No person shall drill a test hole unless a test hole pro gram authorization has been 

issued for the test hole . 
(4) No person shall drill or operate a well unless a well authorization has been 

issued for the well. 
(5) No person shall. for the purpose of exploring for or producing a geothem1al 

resource. operate a drilling rig or service rig except in accordance with a geothermal rig 
licence issued for the rig under this Act or a rig licence issued for the rig under the 
Perra/eum and Narural Gas Act. 

( 6) No person shall conduct geothermal exploration other than by way of well 
drilling or test hole drilling unless he has notified the commissioner in writing in the form 
prescribed of his intention 10 do so . 

Permits 

PART 3 

PERMITS AND LEASES 

5. ( 1) The minister may issue or refuse to issue a permit. whether or not the 
requirements of this Act have been complied with. and his refusai is final. 

· (2) A permit shall define the boundaries of a location . 
(3) A permittee shall paya prescribed rent for the permit. 
(4) A permittee has the exclusive right. subject to section 13 (2) and the regulations. 

to apply for well authorizations for wells to be drilled within the boundaries of his 
location . 

(5) The minister shall not issue a permit 
(a) except by public tender. and 
(b) unless. at least 2 weeks before the day the permit is issued, a notice stating 

the terms on which the permit is available for disposition has been 
published in the Gazette . 

( 6) Where the minister refuses to issue a permit. any f ee and rent that accompanied 
the application shall be refunded to the applicant out of the consolidated revenue fund. 

(7) A permit expires on the first anniversary of the date of its issue or of its most 
recent renewal. 

(8) Application for renewal of a permit shall be made to the commissioner who 
may. subject 10 the regulations. renew it. 

(9) A permit shall not be renewed more than 7 limes except on the written 
authorization of the minister and subject to the rents. terms and conditions he imposes . 

< 10) The minister may. when acting under subsection (9). authorize a renewal for a 
period of less than one year. 

Permit: dimensions of location 

6. < 1) The maximum size of a location for which a permit may be issued is a block. 
(.2) The boundaries of a location comprised in a permit shall coïncide with the 

boundaries of units unless the location is in an area provided for in subsection ( 3 ). 
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(3) ln any area where the boundaries of units and blocks do not coincide with 
surveyed boundaries of sections. townships or another district .lot system. the boundaries 
of a location compriscd in a permit may. notwithstanding anything in this Act. be 
established to coïncide with the surveyed boundaries of a section. a township or other 
district lot system . 

Work requirements 

7. ( 1) A permittee shall. each year in accordance with the regulations. 
(a) carry out in respect of his location geothermal exploration of a prescribed 

value. or 
(b) make payments in lieu of the work . 

(2) A permittee shall record ail work. including road construction giving access to 
the location. with the commissioner in the permit year in which it is done . 

Lease!> 

8. ( 1) Where a geothermal well has been drilled on a location and the permiuee 
submits a development plan for the location that the minister considers satisfactory, the 
minister may, in accordance with the regulations and on terms and conditions he 
considers desirable. issue a lease in respect of the whole or any part of the location . 

(2) The minister shall not issue a lease except to a person who holds a permit that 
includes the location of the lease , and when the lease is issued the permit expires with 
respect to the location of the lease. 

(3) A lessee shall paya prescribed rent for the lease . 
(4) A lease expires on the 20th anniversary of the commencement of its term. and 

where renewed. expires 
(a) on the 5th anniversary of its renewal, or 
(b) where a production plai:i for its location has been approved, on the 20th 

anniversary of its renewal. 
(5) Section 6 applies in respect of the issue of a lease . 
(6) Subject to subsection (7). where the minister is satisfied that a lessee is not in 

default of any of his obligations under this Act or under the lease. he shall. on application 
by the lessee made within 90 days before the expiry of the lease. issue to the lessee a 
renewal of the lease. 

(7) The minister may. where part of the location of the lease is the subject of 
(a) a production plan. 
(b) an agreement respecting royalty under section 17 . or 
( c) a unitization agreement under section 18 . 

confine the renewal of the lease to that part of the lease location . 

Transfers and assignments 

9. ( 1 ) The commissioner shall maintain a register in which shall be recorded 
transfers and other instruments affecting the title to permits and leases . 

(2) A transfer or other instrument shall not be registered unless it complies with the 
regulations . 

(3) On registration. a transfer or other instrument affecting the tille to a permit or 
lease shall be deemed to be registered and be effective from the time that the commis
sioner receives the application to register it. 
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(4) Failure 10 register a transfer or other instrument affecting the title to a permit or 
lease does not invalidate it as between the parties to it. but subsection (3) g:overns its 
effectiveness for any other person. 

(5) A holder of a permit or lease may transfer his permit or lease directly to himself 
jointly with another person. and where the permit or lease is held by more than one 
person. they may transfer it directly to one or more of their number either al one or jointly 
with another person. and a trustee or persona! representative may transfer a permit or 
lease to himself individually where the making of the transfer is otherwise within his 
power. 

Cancellation 

10. Where a permillee or lessce fails to comply with 
(a) a provision of this Act or the regulations. 
(b) a notice or an order under this Act or the regulations. or 
(c) a term. covenant or condition of his permit or lease. 

the minister may give him notice to comply. and if the holder faits to comply within 60 
days after the date the notice is received by him. the minister may. in writing. declare the 
permit or lease to be cancelled. and at the end of the day specified in the minister's 
declaration, the permit or lease terminates. 

Default in rent 

11. Notwithstanding anything in this Act. where a lessee fails to pay the rent 
payable under his lease. the lease expires on the 60th day after the date the rent was 
payable unless before the 60 days have elapsed he pays 

(a) the rent. and 
(b) for each 30 day period or part of it that he is in default a suni equal to 29'(' of 

the yearly rent. 

PART4 

OPERATION AND CONSERVATION 

Authorizations and licences 

12. ( 1) Subject to the regulations. the division head or a persan authorized by him 
in writing to do so may issue, subject to conditions. restrictions and stipulations he 
considers necessary or desirable. or may refuse to issue. a test hole program authoriza
tion. well authorization or geothermal rig licence. 

(2) A geothermal rig: licence expires one year from its date of issue. 
(3) A persan to whom a test hale program authorization or well authorizacion is 

issued (an .. operator'") shall deposit with the minister 
(a) cash. · 
(b) Government of Canada and Provincial direct or guaranteed securitie~ 

having a maturity of not longer than 3 years. or 
(c) chartered banks·. trust companies· or credit unions' certitïcatcs of deposit 

where supported by an appropriate letter giving direction concerning 
payment of the funds to the Minister of Finance. 

in an amount prescribed by the regulations as security for the proper completion l>f the 
well or test hole in compliance with the Act and regulations . 
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(4) When the applicati.in for a well authori7..aticm or a test hole program authl)ri1..J-
1ion is not approvcd. the deposit shall be retumed 10 the applicant in accordance with any 
Jirl'Ctiw of the M inister of Finance under section 19 ( 3) of the Fimmcial Admi11isrrario11 
Act . 

( 5) The deposit or part of Il may be ref unded. to the operator on complet ion of the 
Jrilling of the test holc or well in accordance with the Act and regulatiom, w thc 
satisfaction of an oftïc:er of the di\'ision . 

Limitations on issue 

13. ( 1) No well authorization shall be issued except to 
(a) a permittee or lessee. or 
(b) a person who has made an agreement with a permittee or lessee for the 

drilling or operation of the well . · 
(2) A person referred to in subsection ( 1) (b) may apply for a well authorization_. 

Access and inspection 

14. ( 1) At any reasonable time. persons authorized in \vriting by the division head 
have the right. with respect to a geothermal resource. 

(a) 10 enter on and inspect any well or place at which geothermàl resources are 
handled. processed or treated . and any place used or occupied for those 
purposes. 

(b) to inspect ail equipment. plant and records relating to the resource. and 
(c) 10 take samples or particulars or carry out tests or examinations . 

(2) Where records required by the regulations to be kept are kept at a place other 
than a place referred to in subsection ( 1 l (a). persons employed in the di\'ision and 
authori7.ed in writing by the di\'ision head have the right. during normal business hours 
and after giving reasonable notice to the persons affected. to inspect the records. and for 
that purpose to entcr the place where the records are kept. 

(3) A person authorized hy the division head to exercise any of the powers in 
suhsection ( 1 l or (2) shall produce on demand his authorization signed by the division 
head and his identification card signed by the minister. 

Remo\'al of equipment 

15. A person who has foikd to comply with 
(.1) thi~ Act or the regulatinn~ . 
(h) a notiœ given or order 111ade under this Act or the rcgulations. or 
(c) a term . covenant or condition of his permit or lease . 

shall not remove or :1llow 10 be removed equipment from a location or former location 
without permission in writing from the commissioner. 

Heallh and safety 

16. ! 1) A person holding a permit or leuse shall keep ail machinery. equipment . 
test holes. wells and other facilities on the location in a safe condition . 

(2 l The dut y imposed hy suhsection ! 1 l continues after the expiry or other termina
tion of the lease or permit . until an officer of the division issues a certificate of restoration 
c:ertifying that 
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(a) ail equipment. machinery. test hales. wells and other facilities on the 
location of the lease or permit have been removed. plugged or are other
wise in safe condition in accordance with prescribed standards, and 

(b) the land surf ace of the location has been restored to a satisfactory condition 
in accordance with the regulations . 

(3) The ministcr may refuse to accept a surrender of a pennit or lease ·where an 
officer of the division has not issued a certificate of restoration. 

(4) Where an officer of the division. after inspection of a location or well. considers 
that a method or practice being employed in · connection with the location or well 
constitutes or may constitute a hazard to the heahh or safety of any person. or of the 
public. he may give notice of it in writing to the permittee or lessee of the location. orto 
the holder of a well authorization or test hale program authorization for the well. or to the 
agent or representative of any of them. setting out the remedial measures the officer 
requires be taken. 

(5) Where the officer of the division considers that delay in implementation of the 
remedial measures would constitute a danger to any persan or to the public. he may in the 
same notice or subsequently order in writing that 

(a) the method or practice be discontinued, or 
(b) all operations in the location or in connection with the well cease 

until the matter is remedied to the officer's satisfaction . 
(6) No persan. knowing that an order has been made under subsection (5). shall 

continue a method. practice or operation contrary to the order. 

PARTS 

ROYALTY AND UNITIZATION 

Royalty 

17. ( l) Every lessee who produces, geothennal resource for purposes other than 
testing shall pay to the govemment • 

(a) a royalty established by agreement under this section, 
(b) an amount agreed under this section to be paid instead of royalty, or 
(c) where no royalty or amount has been agreed under this· section, the 

prescribed royalty. 
(2) The minister may enter into an agreement approved by the Lieutenant Govemor 

in Council · 
(a) establishing the rate of royalty and the method of calculating it, or 
(b) by which the government receives. instead of royalty, a share of the incarne 

revenue or profit generated from the production of a geothermal resource. 
(3) A lessee who fails to pay when it is due a royalty or an amount agreed to be paid 

instead of royalty shal! pay interest on the unpaid amount at the prescribed rate calculated 
from the lime the unpaid amount becomes due until payment is made. 

Unitization agreement 

18. ( 1) The minister mav on behalf of the 2ovcrnment enter into a unitization 
agreement for the unitized oper;tion of a field or a ~part of it. 

(2) Section 9 does not apply to an agreement entered into under this section. 
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l lniti7.ation ordcr 

19. ( J) On receipt of an application for a unitization order from a lcssee or group 
of kssecs who hold locations that comprise at least 2/3 of the area proposed to be operated 
under the unitization a!!re;!ment and who have agreed in writing to a proposed unitized. 
opcration. the minister-may inYite interested persons to make . within a time he specifies. 
suhmissions respecting the advisability of or necessity for a unitization agreement. 

( 2) A f ter reviewing the submissions or on expiry of the time specified by him un der 
subsection ( 1 ). the minister may reject the application or make a unitization order 
requiring that the plan of unitized operations proposed by the applicant be applicable to 
the whole of the proposed unitized area, or to any area situated in the same field that he 
dctermincs. and the order is binding on ail owners of interests in the area ordered by the 
minister to be subject to the plan of unitized operations . 

PART6 

GENERAL 

Inspection and confidentiality 

20. ( 1) The register maintained under section 9 (1) shall be open to public 
inspection during normal office hours. 

( 2) \\'here the ministry receives 
(a) a geothermal exploration report. or 
(b) records or data respecting a well, 

the report. records or data shall not be disclosed to any person exceptas authorized by the 
regulations. 

Affida\·its 

21. An affidavit required under the regulations may be made before 
(a) a person authorized under the Evidence Ace. or 
(b) the commissioner. 

Offence and penalty 

22. ( 1) A person commits an offence who contravenes section 4, 15 or 16 (6) or 
any regulation creating an offence . 

(2) A person who commits an offence is liable on conviction to a fine of not less 
than S500 or not more than $5 000. 

(3) Section 5 of the Offence Act does not apply to 
(a) this Act , or 
(b) the. regulations . 

Regumtions made by minister 

23. ( 1) The minister may make regulations of general application or related to a 
specific location or well governing the drilling of wells and Lest holes and the production 
and conservation of geothermal resources including regulatioos for the following pur
poses and regulations respecting the following matters: 
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(a) prohibiting the drilling of a well at any place within a prescribed distance 
ofany boundary, roadway. road allowance . right of way. building of any 
specified type or any specified work; 

(b) requiring permittees and lessees to submit an application and obtain the 
approval of an officcr of the division before 

(i) deepening a well beyond the format ion from which production is 
being taken or has been taken. 

(ii) recompletion of a well by perforating any casing with a vièw to 
producing a geothennal resource from any formation other than 
that from which production is being taken or has been taken. 

(iii) suspending drilling. 
(iv) ceasing nom1al producing operations . 
(v) resuming drilling after a previous completion. suspension or aban

donment of a well. 
(vi) resuming production after a cessation of production. 

(vii) reworking a well to alter its producing characteristics. or 
(viii) abandoning a well. 

and authorizing an officer of the division to direct the conditions under 
which approval is granted in any such case. and the methods to be 
employed in a drilling or abandonmcnt operation; 

(c) prcscribing the conditions under which drilling may be carried out in water 
covered areas. and any special measures to be takcn: 

(d) prescribing the measures to be adopted to confine geothermal resources 
water encountercd during drilling toits original stratum. and to protect the 
contents of the stratum from infiltration. inundation and migration: 

(e) prescribing the minimum standard of tools. casing. equipment and mate
rials that may be used for drilling. development and production of geother
mal resources; 

(f) to regulate the drillihg of multizone wells. prohibit completion of a well as 
a multizone well without the permission of an officer of the division. 
prohibit the use of a well for the production from or injection to more than 
one zone without the approval of an officer of the division and authorize 
the officer of the division to grant his permission or approval subject to 
conditions the officer of the division considers necessary: 

(g) prescribing measures for the protection of petroleum and natur.il gas 
~eposits. coal seams. minerai deposits and any workings in them: 

(h) requiring the provision of adequate well casing and proper anchorage and 
cementation; 

(i) requiring and prescribing samples. tests. analyses. surveys . logs. records. 
other information respecting a geothermal resource or operation . the 
method of taking samples and submission of records and information to 
the division: 

(j) prescribing the measures to be taken before drilling begins and during 
drilling and production to conserve geothermal resources and water: 

(k) prescribing or limiting the methods of operation to be used during drilling 
and in the subsequent management of a well and the conduct of an 
operation for any purpose. including 
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(il the prevention and extinguishing of fires. and 
(ii) the prevention of wells flowing out of control: 

1 regulating the location and equipping of production facilities : 

CHAP. 14 

regulating the conditioning or reconclitioning of wells by mechanical. 
chemical or explosive means: 
requiring the inspection of wells both during and after drilling: 
requiring the capping or closing in of wells for the purpose of prc"enting 
waste: 
requiring the cleaning out of a well : 
regulating the unitiz.ation of a field for drilling and production: 
regulating and prohibiting tht:' release of well records and well data: 
the naming of wells and production facilities : 
measures to contain and elirninate spillage: 
regulating production from a geothermal well: 
the general conservation of geothermal resources. their waste or improvi
dent disposition. and any matter incidental to geothermal resource wells" 
development. drilling. operation and production: 
the methods and units to be used for the measurement of geothermal 
·esources. and the standard conditions to which the measurements are to 
x: converted . 
Jlation made under subsection ( 1) may provide that the division head may. 
particular location or well and subject to conditions the division head 

1pt a person from the application of ail or part of the regulation . 
Jtions granted under subsection (2) by the division head or an officer of 
d regulations made under this section other than regulations of general 
not regulations for the purpose of the Regulation Act . 

e bJ Lieutenant Govemor in Council 

he Lieutenant Govemor in Council may make regulations for the pur
:. or respecting geothermal resources . 

t limiting subsection ( 1 ). the Lieutenant Govemor in Council may make 
1e following purposes and respecting the following matters: 

ablishing the conditions under which persons are eligible to apply for 
issue and renewal of permits. leases. test hole program authorizations. 

Il authorizations . geothermal rig licenœs . registrations . recordings and 
er rights. privileges and ser\'ices under this Act or the regulations . and 
procedures to be followed and the fees to be paid by them: 
revocation and suspension by officers of the ministry in circumstanèes 
:ilied in the regulations of permits . leases . test hole program authoriza
s. well authorizations and geothcrmal rig licences and the powers to Se 
·cisahle by those oftïcers for those purposes: 
ipplièation . with or without modification . of regulations made under 
10n 36 of the Petmleum mu/ Narural GtlJ Act respecting geophysical 
nration. to exploration for geothermal resources; 
iring persons holding leases to suhmit plans for any work that they 
m,e and prohibiting the carrying out of that work without approval: 
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(e) establishing the conditions under which permits, geothermal rig lice1 
leases, test hole program authorizations and well authorizations ma 
trans ferred; 

(f) royalties and the amount or rate of a royalty that shall be paid in c: 
where there is no agreement under section 17; 

(g) prescribing the rent payable in respect of leases; 
(h) prescribing the amount or method of calculation of security depm 

required under the Act: 
(i) establishing the amount and kind of work to be performed by permitte 

and lessees on their locations and the time within which the work 
required to be done , providing for grouping. unitization, payments in lie 
of work and related matters , and authorizing, in circumstances specified i1 
the regulation, the extension of time within which work required to be 
donc on a location may be done where the permittee or lessee has been 
prevented from doing work by extraordinary physical conditions that are 
beyond his control and could not be foreseen by him; 

(j) requiring lessees to provide surveys of their locations at their ex pense and 
setting standards for the surveys; 

(k) establishing procedures for recording transf ers and other instruments 
aff ecting the title to permits and )cases; 

(1) the granting, in respect of a test hole or well drilled or in operation before 
this Act came into force, of exemptions from provisions of this Act other 
than section 2; 

(m) to meet any difficulties that may arise by reason of the repeal of the 
Geothermal Resource Act and the substitution of this Act; 

(n) requiring persans drilling for or producing geothermal resources to keep 
records, and prescribing the information to be recorded in those records; 

(o) requiring persans drilling for or producing geothermal resources to 
(i) supply samples and cores, 

(ii) discfose geological information respecting the resources 
obtained by them in the course of the drilling and production. 

Consequential Amendments 

Hydro and Power Authoriry Act Amendment 

25. Section 52 (6) of the Hydro and Power Authority Act. R.S.B .C . 1979. c. 188. is 
amended by adding "the Geothermal Resources Act," after '"the Forest Acr. •·. 

l.And Act.Amendmenr 

26. Section 47 (1) of the l.And Act, R.S.B .C. 1979. c . 214. is amendëd 
(a) in paragraph (a) (ii) by adding "geothermal resources and any" before ·•minerais,". 

and 
(b) in paragraph (b) by adding "geothermal resources as defined in the Geothermal 

Resources Act," before "minerais". 
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Pt•troleum and Nmura/ Gas Aci Amendment 

Section I ofthePetrolt•umt111dNatura/GasAct, R.S .B.C. 1979.c . 323. isamended 
l~t) in paragraph (b) of the definition of "well .. by adding .. in connection with the 

production of petrokum or natural gas·· af ter ••formation··. and 
(hl in paragraph (cl of the definition of "we1r· by adding ··respecting petroleum or 

natural gas·· after "information .. _ 

Repeal 

28. The Geothermal Resource Act, RS.B.C. 1979, c. 154, is repealed .. 

Quecn "5 Printer for Briti5b Columbia C' 
VictOria. 1982 
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B.C. Reg. 170/83 Filed April 25, 1983 

GEOTHERMAL RESOURCES N::r'" 
[Section 23] 

Plirsuant to section 23 of the Georhermal Resources Act, I make the attached 
Geothermal Drilling and Production Regulation. 

BRIAN R. D. SMITH 
Minister of Energy, Mines and 

Petroleum Resources 

GE<JTHERMAL DRILLING AND PRODUCTION REGULATION 

lnterpretation 

J. In this regulation, 
.. Act" means the Geothermal Resoitrces Act; 
.. devclopment well" means a wcll that, upon approval of its well authorization, was 

located on a geothermal lease; 
.. exploratory well" means a well that, upon approval of its well authorization, was 

located on a geothermal pennit; 
.. operator" means the owner rcsponsible to the division forthe drilling. comple-

tion, production and abandonment of a wcll or test hole; _ 
.. work-over" means any operation that bas changed the producing interval or 

producing characteristics of a wcll by perforating, abandoning a portion of the 
well, running casing or any major or recently developed stimulation operation 
but does not include routine stimulation operations or the changing or replace
ment of equipment. 
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Service of notice 

2. ( 1) An operator. of a well shall register an address within the Province with the 
division before operations commence. 

(2) A notice or or.der issued under this regulation may be served on an operator by . 
leaving it with a person at the registercd address or by sending it by registered mail to that 
address. 

Variation of program 

3. (1) Subject to subsection (2), departure from or variance in a program of 
operations approved or prescribed undcr this rcgulation shall not be made without the 
approval in writing of an officcr of the division. 

(2) Where an cmergency occurs and an immediate departure from or variation in 
the program is necessary, the division shall be notified immediately of the departure or 
variation followed by confirmation in writing. 

Position of test holes 

4. (1) No operator shall drill a test hole within 
(a) 10 rn of a survey monument, 
(b) 20 rn of a driveway or gateway, 
(c) 80 m of a school, cburch or other public building or a residence, or 
(d) 200 rn of a water wcll. 

(2) Whcre a test hole is drilled in the vicinity of agas, oil, steam or water pipeline, 
electric cable, transmission line or utility, an operator shall ensure that every reasonablc 
precaution is taken to ensure that the pipeline, electric cab le, transmission line or utility is 
not darnaged or its use interrupted. 

Test hale information requi~ments 

S. (1) Not more than 3 rnonths after the date of rig release of the drilling rig from a 
test bote, the operator shall sumbit a report to the division containing the following 
information: 

(a) the name of the test bole program; 
(b) the survey relationship of the test hole drilled to the ncarest corner of the 

legal subdivision or quarter unit in which the test hole is positioned; 
(c) the ground etevation of the test botes drilled in metres above sea level; 
(d) the total depths of the test holes; 
(e) a report of any lost circulation zones encountered or blow outs reported 

during the drilling of the test holes; 
(f) any other information that may be required by an officer of the division. 

(2) Where a series oftesthole cuttings is taken at a test hole, asctshall be forwarded 
to the division's Charlie Lake office, carriage prepaid, as soon as possible after total 
depth is reached, but not later than 14 days after the date or rig rcleasc. 

(3) Two copies of each log, including temperature measurements, taken at a test 
bote shall be submitted to the division within 30 days after the date the log or measure
ment was taken. 

(4) Information obtained from a test hole and recorded with the division as required 
by this regulation shall, for a period of JO years after the date of relcase of the drilling rig, 
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be confidential and no officer or employce of the division shall release that information. 
other than to a public servant, without the written consent of the person who supplied the 
information. 

Position of we/ls 

6. No well shall be drilled within· 80 m of 
(a) the right of way or casernent of any road allowance or pwblic utility, 
(b) a permanent building, installation or works. 
( c) a place of public concourse. or 
(d) a reservation for national defence 

unless special circumstances exist and an officer of the division gives written permission 
to drill a well at a specified position. 

Drilling near mine workings 
and underground storage 

7. No wcll shall be drilled within 3 km of a subsurface mine working or under
ground storage facility except with the written approval of the division head and then only 
in accordance with any conditions he may specify. 

Spacing for wells 

8. The spacing of a well on a geothermal leasc shall conform with the development 
plan submitted under section 8 ( 1) of the Act. 

Weil names 

9. (1) The length of the well name, including the number which shall be followed 
by the letters ••1W 0

• shall not exceed 36 characters and spaces. 

(2) The well name shall clearly identify by narne, or an abbreviation acceptable to 
the division head. or by number or letter 

(a) the operator. 
(b) the area name. and 
(c) the site of the well 

(i) in the Peace River Block. by legal subdivision. section. township 
and range. or 

(ii) outside the Peace River Block, by quarter-unit. unit and block 
with the details given in the above order, indicated by letters and numbers and separated 
by hyphens. 

(3) In addition to the particulars required in subsection (2). a well name shall 
contain such other particulars as the applicant proposing the name desires and an officer 
of the division approves. 

(4) A company whose name is identified in a well name shall file with the divisi~n 
an abbreviation of its name acceptable to an officer of the division. and only that 
abbreviation shalt be used where it is necessary to abbreviate the namc of the company in 
a well name. 

Changes of well names 

10. Whcre an operator wishes to change the name of a well. he shall submit an 
application to change a well name. together with a fce of $35. to the division and. if an 
officcr of the division approves. the name may be changed accordingly. · 
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Notification of commencement 
of drilling 

May 3, 1983 

11. The division shall be notified within 24 hours of the commencement of the 
drilling of a weU. 

Signs 

12. Unless exempted by an officer of the division, an operator shall ensure that a 
legible and conspicuous permanent sign is displayed and maintained at a well showing 
the name of the operator and the name and legal description of the well. 

Samples and cores 

13. (I) Unless otherwise directed by an officer of the division, an operator shall 
take a series of samples while drilling a well, at depth intervals of 10 m, of the various 
formations which drilling penetrates, and the samples shall be washed, dried and 
preserved in bags tied in groups of 10 consecutive samples, each bag being accurately 
labelled with the name of the well anddepth interval. 

(2) The samples shall be forwarded to the division's Charlie Lake office, carriage 
prepaid, as soon as possible after total depth is reached, but in any case not more than 14 
days after the date of rig release. 

(3) An operator shall retain all cores taken from a well and shall store them in book 
fashion in wooden core· boxes, accurately labelled on the body, not on the Jid, of each box 

. with the number and interval of the core, top, bottom and recovery in metres of the core 
and the name of the well from which the core was taken. 

(4) Core boxes shall be of adequate construction satisfactory to an officer of the 
division; the sides of the boxes shall project above the level of the contained cores, lids 
shall be securely fixed to ensure safe transit and the boxes shall have an inside length of 
80 cm. 

(5) An operator shall take rcasonable steps to protect boxes containing the corcs 
from theft, mis placement or exposurc to the weather and, after rcasonable time has becn 
taken for examination and analysis, he shall forward them to the division 's Charlie Lake 
office, carriage prepaid, but in any case not more than 2 months after the date of rig 
rclease or such longer pcriod as approved by an officer of the division. 

(6) Core rcceived by the division 's Charlie Lake office in unsatisfactory corc boxes 
may be reboxed by the division at the expcnse of the opcrator. 

rn No person shall, without the approval of the opcrator of the well and an officer of 
the division, 

(a) destroy, 
(b) slab or otherwise sample, or 
( c) take out of British Columbia 

acore frorn the opcrator's well. 

(8) Core rnay be removed from the division 's Charlie Lake f acilities for the purpose 
of laboratory investigations that cannot be perfonned there but the removal is subject to 
approval by an officer of the division and to the following conditions: 

(a) where a core is to be slabbed or where confidential corc is involved, 
written authorization from the operator shall be obtained; 
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(b) an operator removing core from the facilities shall retum the core within 3 
weeks, unless special permission for a longer pcriod is granted by an 
officer of the division; 

(c) an operator removing core shall take every reasonable precaution not to 
damage or mix the core in core boxes. 

(9) A person wishing to examine a core or samples at the division 's Charlie Lake 
facilities shall give reasonable notice to the division. 

(10) A fee of $20 per day for examining samples and $40 per well for examining 
cores may be made at the division 's Charlie Lake facilities. 

(11) A person shall paya fee for removal of cores from the division 's Charlie Lake 
facilities of $10 per well and, if the cores are not returned within 3 weeks, shall pay an 
additional daily fee of $20 per well up to a maximum of $80. 

Tests, analyses, surveys and logs 

14. (1) Immediataely on obtaining data and results of 
(a) a bottom hole sample analysis, 
(b) a pressure, volume or temperature analysis, or 
(c) a measurement made on a well for the purpose of investigating the well's 

producing characteristics 
the operator shall submit the information to the division. 

(2) Before a well is cornpleted, suspended or abandoned, the operator shall record a 
lithology log from the base of the surface casing to total depth. 

(3) As drilling progresses, an operator shall record abnormal changes in well 
temperatures and drilling rates on the daily report. 

( 4) An opcrator shall submit 2 copies of cach log to the division not more than 30 
days after the date on which the log was takcn, but a copy of the log shall be made 
available to an officer of the division on request. 

Deviation and directional sun·eys 

15. An operator shall make deviation surveys during drilling at intervals net more 
than 150 m in depth apart unless othcrwise approved by an officer of the division. 

Tools, casing. equipment and materials 

16. An opc,rator shall ensure that ail tools, casing, equipment and materials used in 
the drilling or production of a well arc in good condition and are adequate for the purpose 
for which they are used. 

Casing requirements 

17. (1) An opcrator shall set surface casing to a minimum depth of 15% of tl}_e 
cxpected total depth or intermediate casing depth, but in any case not less than 150 m 
bclow ground level and 25 m into a competent formation, using a method approved by the 
division hcad and in accordance with good practice, and the annulus shall be filled with 
cernent to the surface unless otherwise approved by an officer of the division. 

(2) An opcrator shall allow cernent to set for not Jess than 12 hours undcr pressure 
before the cernent plug is drilled out of the casing. 
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(3) \Vhere a float cotlar or float shoe is used, pressure at the surface may be released 
immediately upon completion of the cernent job. 

(4) An operator shall cernent intermediate and production casing through ail porous 
zones, but in any case not Jess than l 50 m above the casing shoe, and shall test it in 
accordance with good operating practice, and shall allow the cernent to set for not less 
than 24 hours before the cernent plug is drilled out of the casing unless otherwise 

-approved by an officer of the division. 

(5) \Vhere there is any reason to doubt the effectivcness of a casing cementation, an 
opcrator shall make a survey to determine the top of the cernent in the annulus and shall 
take remedial measures where neccssary. 

(6) Where an operator intends to use a casing program, other than the one specified 
by the well authorization, he shall obtain the approval of an officer of the division before 
the casing is run. 

Blow out prevention requirements 

18. (1) The following classes of blow out prevention equipment shall be used for 
the depth of well specified: _. 

(a) Class A equipment shall be used on a wcll with à depth of not more than 
1 850 m; 

(b) Class B equipment shall be used on a wcll with a depth of not more than 
3 000 m; 

(c) Class C eguipment shall be used on a wcll with a depth of not more than 
5 500 m; 

(d) Class D equipment shall be used on a well with a depth of more than 
5 500 m. · 

(2) The pressure rating of blow out prevention equipmcnt shall be as fotlows: 
(a) for Class A cquipment, 14 000 to 21 000 kPa; 
(b) for Class B equipment, 21 000 kPa; 
(c) for Class C equipment, 34 000 kPa; · 
(d) for Class D eguipment, 70 000 kPa. 

(3) Wherea well is bcing drilled, blow out prevention equipmcnt of the appropriate 
class shall be continuously maintained so that the equipment 

(a) consists of a minimum of one annular preventer and 2 or more ram 
preventers, the latter to be compriscd of a blank ram and one or more rams 
to close off around drill pipe, tubing or casing being used in the well, and 

(b) is connected to a casing bowl !lange with the flange an integral part of the 
casing bowl and the casing bowl having 2 nominal 50 mm flanged outlcts 
that are closed offby 50 mm high volume, high pressure, flanged valves. 

Blow out prevention equipment 

19. (1) Blow out prevention equipment shall 
(a) have steel lines or high pressure hases of a type approved by the division 

head connectcd to the blow out preventer assembly, one or more for 
bleeding off pressure and one or more for killing the well; 

(b) consist of componcnts having a work pressure equal to that of the blow out 
preventers. except that part of the bleed off linc or lincs located down
stream from the last control valve on the choke manifold, and 

(c) have the valve band wheel assembly in place and securely att.lched to the 
valve stem on all valves in the blow out prevention system. 
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(2) Bleed off lines shall be 
(a) a minimum nominal 76 mm diameter of uniform bore, 
(b) connected only by weld neck flanges that are perpendicular ta the line ta 

which they are attached, 
( c) equipped with a gauge connection where well pressures may be measured. 
(d) connected ta 

(i) a choke manifold. and 
(ii) a mud tank through a mud gas separator, and 

(e) where the lines are downstream of the choke manifold. terminated in a 
slighty downv;ard direction into an earthen pit. 

(3) A choke manifold shall be 
(a) located 

(i) not less than 20 m from the well bore. or 
(ii) in a position outside the substructure that is satisfactory ta an officer 

of the division, 
(b) designed ta permit the flow to be directed through a full opening line or 

through either of the 2 lines each containing an adjustable choke, 
(c) equipped with an accurate metric pressure gauge and ancillary equipment 

readily available for installation to provide drill pipe pressure readings at 
the choke manifold and, where a well is more than 3 000 m deep, installed 
to provide continuous readings. and 

(d) enclosed by a suitable housing. 

(4) A mud gas separator shall 
(a) be of a design to ensure personnel safety and adequate mud gas separation. 

and 
(b) be connected to a securely staked down inlet line and outlet line. and the 

outlet line shall 
(i) be at least one size larger than the inlet line. and 

(ii) terminale in an earthen pit or flare pit not less than 50 m from the 
well. 

(5) An earthen pit shall 
(a) be excavated to a depth of not less than 2 m. 
(b) have side and back walls rising not less than 2 m above ground level. 
( c) be constructed to rcsist erosion by a high pressure flow of gas or liquid. and 
(d) be shaped to contain any liquids discharged into it. 

(6) At ail times where a well is being drilled 
(a) a valve shall be installed in the kelly assembly. 
(b) a full opening stabbing value that can be connected to the drill pipe, drill 

collars or tubing in the well shall be provided. and 
( c) choke manifold and bleed off lines shall be 

(i) sccurely tied down, and 
(ii) contain only pipe that is straight or has 1.57 radian bcnds in it and 

which is constructed of flanged. studded or welded tees. blank 
flanged or bull plugged on fluid tums. 

(7) A full opening stabbing valve shall 
(a) have removable handles to facilitate handling by 2 men. 
(b) be storcd with the valve in the open position in the dog house. or other 

location satisfactory to an officer of the division, so as to be readilv 
available for use, and • 

(c) have the valve closing handle attached to the valve holding stand. 
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out prevenrer 

!O. (1) Where hydraulically operated blow out preventers are installed, a clearly 
:d operating control indicating direction of closure for the annular blow out 
1ter shall be located not less than 15 m from the well. 

2) The control valve regulating the closure of the annular preventer shall not have a 
locking device. 

l) A manual control for ram locking of a ram type blow out preventer shall be 
:d to the preventer. 

-) Where a ram type blow out preventer is used at a cascd well that is being testcd, 
:tcd or worked over. the contol shall be attached and be not Jess than 5 m from the 

) Where fluid under pressure is uscd to opcrate a blow out prcventer, there shall be 
e of sufficient pressure and volume to close the annular preventer. close a ram 
er, open the annular preventer, open the hydraulically operatcd valve and retain a 
~ of 8 400 kPa on the accumulator system. 

Where a nitrogen cylinder is uscd as an emergency pressure source. it shall have 
1t volume to be capable of closing the annular blow out preventer and one ram 
:r and shall have a pressure of not less than 12 500 kPa remaining after such 
n. 

'>low out prevention equipment 

(J) Prior to drilling out cernent from a string of casing, cach unit of the blow out 
,n equipment shall be pressure tested, first to a pressure of 1 000 kPa and then to 
han 7 000 kPa for a pcriod of 10 minutes and until the equipment passes the test 
1tor shall not procecd wi~ further drilling. 

Where a well is being drilled, tested during drilling operations, completed or 
•Ver 

{a) the appropriate blow·out prevention equipment shall be operated daily and 
if found to be defectivc, the opcrator shall ensurc that it is repaired before 
opcrations are resumcd. · 

(b) the operator shall cnsure that at least one pcrson is on tour at the well site 
who 

{i) is traincd in blow out prevention, and 
{ü) has a first line supcrvisor certificate issucd within the past 3 years by 

the Petroleum lndustry Training Service. 
and evidencc of bis qualifications shall be made available to an officer of 
the division on request, · 

c) the opcrator shall cnsurc that the rig manager and the opcrator's reprcsenta- · 
tive at the well site 

(i) are traincd in blow out prevention, and _ 
(ii) posscss a second Jine supervisor certificate issued within the past 3 

years by the Petroleum lndustry Training Service, 
and a copy of their qualifications shall be promincntly displayed in the 
control centre during the drilling operations. 

1) the opcrator•s representative shall confinn with the division •s Charlie Lake 
office that be posscsses a valid second line supervisor certificate by a visit 
to the office or by phone beforc assuming first responsibility at the wcll site 
or as soon as rcasonably possible thereafter, and 

- . 
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(e) .the operator shall ensure that 
(i) the Canadian Association of Oilwell Drilling Contractors placard or 

the operator's Well Contrai Procedures placard is prominently dis
played in the contrai centre and is maintained sa that it is legible at 
ail times. and 

(ii) a diagram of the trip tank and the trip tank volume indicator are 
prominently displayed in the contrai centre. 

(3) A trip tank volume indicator shall specify the volume of the trip tank and the 
volume of each graduation on the scale. 

(4) An operator shall report full particulars of all tests in the daily report and. in the 
case of a pressure test. the pressure applied and the duration of the test shall be recorded. 

Operation of blaw out 
prevention equipment 

22. A rig crew shall have an adequate understanding of, and be able ta operate, the 
blow out prevention equipment and, when requested by an officer of the division, the 
contracter or rig crew shall 

(a) demonstrate the operation and effectiveness of the blow out prevention 
equipment, and 

(b) perform a blow out prcvention drill in accordance with the Well Contrai 
Procedure placard issued by the Canadian Association of Oilwell Drilling 
Contractors or as outlined by the Petroleum Industry Training Service, 
Blow Out Prevention Manual. 

Maintenance of blow out 
prevenrion equipment 

23 . . An operator shall maintain blow out prevention equipment so that its operation 
will not be impaired by low temperatures. 

Drilling procedure 

24. (1) Subject to subsection (2) 
(a) where a mud tank is in use. the opeator shall installa device and main tain it 

so that it is visible to the driller's position, waming of a change of the fluid 
level in the mud tank or of an imbalance in the fluids entering and retuming 
from the well, and the device shall be either electrically, pneumatically, 
hydraulically or mechanically operated and shall be maintained in working 
order at ail times. 

(b) the operator shall cquip the drilling mud system with a trip tank with a 
volume of approximately 5 ml to accurately measure the fluid required ta 
fill the hole while pulling pipe from the wcll and the trip tank shall 

(i) be constructed so that the cumulative volume can be reliably and 
rcpeatedly read to an accuracy of O. l ml from the driller·s position, 

(ii) be tied into the mud retum line. 
(iii) be equipped so that drilling fluid can be transferred into and out of 

the trip tank, and 
(iv) be located in. or within 10 m of, the shale shaker end of the mud tank 

and be readily accessible to afford visual observance of the fluid 
level. and 
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(c) the operator while pulling pipe from a wcll shall ensure that 
(i) the hole is filled with drilling fluid at such frequency as required so 

that the fluid level in the well bore does not fall below a depth of 
30 m, and 

(ii) a permanent record of volumes that are required to fill the hole are 
retained and submitted as part of the daily drilling reports. 

(2) Where it is impractical or unsafe to follow a procedure or precaution required by 
subsection ( l ), an eguivalent procedure or precaution may be adopted to ensure safe 
operation. · 

Surface and sub-surjace equipment 

25. (1) An operator shall arrange the surface and sub-surface cguipment of a well 
to permit any reasonable test that may be required by an officer of the division and shall 

_ include facilities to determine the well head fluid temperature. 

(2) An operator shall ensure that the surface equipment inc}udes such valve connec
tions as are necessary to sample the water, brine or other fluid produced. 

(3) An operator shall keep a detailed record of al! sub-surface eguipment in the well 
at all times prior to abandonment and shall make the record available to an officer of the 
division on request. 

Uncontrolled flow 

26. An operator shall take evcry reasonable precaution to prevent a well from 
flowing uncontrolled and shall immediately make a verbal report of any well flowing 
uncontrolled to the division and confirm it in writing forthwith . 

Submission of information 

27. On request by an officer of the division, the operator shall provide all informa
tion connected with or derived from the drilling, production or other work perf ormed on n 
well. 

Dai/y reports 

28. (1) An operator shall keep a daily report at the site of a well being drilled or 
otherwise worked on. 

(2) An operator shall submit a Jegible copy of the daily reports for each week within 
the ensuing week to the division, and copies shall be retained by the operator as part of his 
permanent record. 

(3) A daily report shall set out complete data on all operations perf ormed during the 
day, and, without restricting the generali~y of the forcgoing, shall include -

(a) depth at the beginning of and end of cach tour, 
(b) all casing data, including size, type, grade, wcight, whether ncw or used, · 

and the depth at which it is set, 
(c) particulars of cementing, 
(d) details of any water, brine or other fluid cncountered, regardless of 

quantity, 
(e) a report of any tests made , 
( f) full details of ail formation tests, except wherc the details are submitted on 

a confidential report fonn, 
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(g) details of ail occasions when the blow out preventers are closed, with the 
reason for closure, 

(h) details of any loss of dnlling fluid into the formation, 
(i) allocation of time to each operation, 
(j) name of drilling contracter or service company and rig number, and 
(k) the spud and rig release dates. 

Weil summary 

29. (1) Not more than one calendar month after the date of the rig release of the 
drilling rig, the operator shall submit a signed well summary to the division . 

(2) Where the initial completion or abandonment of a well is not carried out within 
one month of the release of the drilling rig orwh~re a we!l is subsequently deepened, the 
operator shall submit a signed supplement to a well summary to the division giving 
details of the operations. 

Weil history reports 

30. Not more than 2 months after the date of rig release of the drilling rig from a 
well, the operator shall submit a well history report to the division. 

Work-over reports 

31. ( l) An operator shall submit a work-over report to the division net more than 
one month after a work-over operation. 

(2) Where more than one work-over bas been performed on a well, the work-over 
reports shall be numbered consecutively. · 

Release of information 

32. ( 1) No officer of the division shall release the following information, except to 
another public officer, without the written permission of the person who supplied it: 

(a) pool studies and reserve estimates submitted by an operator unless filed at 
an inquiry or public hearing; · 

(b) information submitted to the division not required by regulation. 

(2) No officer of the division shall release, cxcept to another public officer, 
information obtained from a development well and recorded with the division as required 
by this regulation until a period of one year after the date of release of the drilling rig. 

(3) No officer of the division shall release, cxcept to another public officer, 
information obtained from an cxploratory wcll and recorded with the division as required 
by this regulation until a period of 2 years after the date of release of the drilling rig. 

(4) The following information shall be open to the public at ail times: 
(a) position, elevation, current depth, casing and cementing data and the 

status of a well; 
(b) all applications and submissions made to the minister or the division for 

the purpose of a public hcaring; -
(c) monthly production and injection of steam, brine or any fluids. for wells 

on regular production. 

(5) Information may be released at any time with the written consent of the operator. 

(6) Notwithstanding this section, the Lieutenant Govcrnor in Council may release 
information at any time if he considers it in the public interest to do so. 
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Electrical equipment 

33. (l) An operator shall ensure that electrical equipment on a drilling rig located 
(a) within 4 m of the centre line of the rotary table or blow out preventer stack, 
(b) within 2 m of a shale shaker or an atmosphere separator, 
(c) in an enclosed space containing a mud tank or a choke manifold, or 
(d) in an enclosed space where combustible gases may accumulate 

conforms to the requirements of Class 1, Division 2, Wet Locations in the Canadian 
Electrical Code. 

(2) An operator shall ensure that clectrical equipment on a drilling rig located 
within 20 m of the centre line of the rotary table or blow out preventer stack conforms 
with the requirements of Canadian Electrical Manufacturcrs Association 4 or equivalent 
Canadian Standards Association standards. 

(3) An operator shaJI ensure that electrical equipment referred to in this section 
bears evidence of Canadian Standards Association or Underwriters Laboratories ap
proval for use where it is located. 

(4) Subsection (3) does not apply to a motor and motor control which is provided 
with a positive pressure air or inert gas purge system. 

(5) No electrical equipment shall be used in an area referred to in this section unless 
it is essential to the processes being carried on there. 

(6) Service equipment, panelboards, switchboards and similar electrical cquip
ment shall, where practicable, be located in rooms or sections of the building away from 
hazardous areas. 

(7) An operator shall ensure that no electrical generator is placed within 20 m of a 
well, separator, or other source of ignitable vapours. 

(8) Purgcd traction motors shall be protectcd against cntry of a spray of water into 
the motor . 

(9) An operator shall ensure that positive pressure purge systems comply with 
Appendix G of the Canadian Electrical Code and arc constructed 

(a) to prevent escape of moltcn mctal particlcs or sparks, 
(b) to have a positive pressure of at lcast 2.54 mm of water, and 
(c) to accommodate an audible or visual mcchanical pneumatic or elcctric 

alann system to announcc the failure of purge pressure within the system. 

(10) A purge pressure alann system shall be used and, where it is elcctric it shall 
bear evidencc of Canadian Standards Association or Undcrwriters Laboratorics approval 
for the location in which it is used. 

· (11) The cxtemal surfaces of purged enclosures or motors and the purge egrcss shall 
not cxcced 200°C. 

(12) Wherc air purge is used, the compressor intake shall be located in a non
hazardous area and an air drying sys!cm shall be included as part of the purge system. 

Grounding and bonding 

34. An operator shall ensure that grounding and bonding conform to section 10 of 
the Canadian Electrical Code and in addition that the following are complied with: 

(a) the non current carrying parts of electrical cquipment are bonded to the 
neutral point of the system; 

' . 
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(b} the ne-::.nral conductor of supply circuits is not used for bonding on non 
curre,.! carrying metal parts of equipment; 

(c) the nc::1 current carrying parts of the electrical equipment are bonded to the 
neutra.l point of the system if the system incorporates a neutral conductor. 

l'liring and ir.sulation 

35. (1) An ope.rator shall ensure that ail wiring is in 
(a) rigid L°"lreaded conduit, 
(b) flexible arrnoured cable, or 
(c) flex cc.d. 

(2) \~re fle."( cord is used it shall 
(a) be of a type designed for extra hard usage, 
(b) conta.in, in addition to the conductors of the curcuit, a grounding 

conductor, 
(c) be con:;ected to terminais or supply conductors in a manner acceptable to 

an officer of tl1e division, 
(d) be sup?Orted by cable trays or other suitable means in such a manner that 

there will be no tension on the terminal connections, and 
( e) be pro,.·ided with seals acceptable to an officer of the division at the places 

wherc the flex cord enters a box, fitting or enclosure which is required to 
be explosion proof. 

(3) Reœptacles and attachment plugs installed in areas referred to in section 33 ( 1) 
shall be of the type p-:oviding for connection to the grounding conductor of the flexible 
cord, and sh:!!! be approved by the Canadian Electrical Code for Class l, Division 2, Wet 
Locations, except where such receptacles and attachment plugs are purged . 

(4) Co;:ductor insulation installed in areas referred to in section 33 (1) where 
condensed v;-iours cr liquids may collect on or corne in contact with the insulation on 
conductors s::all meet Canadian Standards Association or Underwriters Laboratories 
standards for use unèer such conditions, or the insulation shall be protected by flexible 
armoured cable or by other means acceptable to an officer of the division. 

(5) An cpcrator shall ensure that no live parts of electrical equipment or of an 
clectrical ins:.?llation are cxposed. 

Removal of drilling equipment 

36. An operat~ shall not remove a drilling rig from a well without fi.rst obtaining 
v.Titten appro .. -ar from an officer of the division, unless the well has been drilled in 
accordance v.ith the ....,>ell authorization, or the drilling operations have becn suspcnded or 
the well has been ab:Uldoncd in accordance with the rcquircments of this regulation. 

Plugging repiremer..zs of wells 

37. ( 1) An operator shall submit an application to abandon a wcll to the division 
~fore abancooing a ~'Cil and shall obtain written approval of the abandonment program 
from an officer of the division. 

(2) Suff:cicnt information shall be submitted to the division to allow the effective
r:ess of the proposed :?bandonment program to be evaluated, and a summary of any tests 
run and a copy of the :ogs run shall be submitted if requested by an officerof the division . 
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Resroration of surface • 
. ,1 11 wdl. test hole or 

38. (1) On complet1on of a well or final abamh1111m·111 '. 1 ,r sh·,11 
production facility, as soon as weather conditions pen11il. :m •'I" 111

' • • 

(a) clear the area of all refuse material. 
{b) drain and fil! excavations, . 1. ,1 hein" uscd for 
{c) remove concrete bases, machinery ami 111:111•,1:1 s 

11
' 

0 

production, and 11 11 a.-: nearly as is 
{d) level the surface and leave the site in 1h,· 1•

111
" 

1 en d 
hl . d' . h . . ·n· ,·0111m~nce . reasona e to 1ts con ilion w en operatums "' 

. . ï" .. Il· or rcstoration to the 
(2) An operator shall subm1t an application for ~, t:l'111 1' ·' • . 

1 1 ,le or roduction 
division, after restoration of the surface of an abandllnc<I wdl, 1':. Il p 
facility in accordance with this section. 

• • • , 1111 , ,,lCrntor need not 
(3) Where the owner of the surface consents Il\ wn1111~. 

comply with subsection (1) (c) and {d). 

Disposai of drilling and 
production material 

• ,r usc,1 in a well or test 
39. (1)" An operator shall ensure that a fluid producc,1 lnnn' · 

hole does not 
{a) create a hazard to public health or safety. . ·r ,,r r~main in a place 
(b) contaminate any fresh water stratum or t,,,,ty ,,I w:ih .

1 
ly of water 

from which it might contaminate any frcsh w111i•r ''1 
M~ ' 

(c) run ~ver or damage any land, highway 1lr_rmhl_ï,· n•:,~~:;ws intosuch water, 
{d) pass mto anybody of waterfrequented by l1sh ,,, thnl 

or on ice over such water, or . . , \\"lier fowl or that 
(e) pass into any body of water frequented by 1111>~.-:ih•I > • 

flows into such water, or on ice ovcr sud, ,,·:itl·r. 

1 . . pn~lu~ed from a well, 
(2) An operat~r shall ~r_isure that gaseous substant:,~s e1r l''. '.''( .111111 ,,r s:ifcty. 

test hole or production fac1hty do not create a hazard to p111tl 11 " 

•• . 1,nlllu~cd from a wcll, 
(3) An operator shatl dispose of fluid or gaseous ~uhst :im ~ ~". •r l,f the division. 

test hole or production facility by a method approved t,y :111 ul h,' 

. Measuremenr of fluid production 
. 1 1-,~ 1111 11 wdl by n method 

40. (1) An operator shall measure flu1d produ1.·cl • 
approved by an officer of the division. 

• • • • • 1 • 1111 ,,p,-n1tor, exempt the 
(2) An officer of the d1v1s1on may, on apphcatum •~ • ·~ exi!.t 

operator from complying with this section where sped:il dn•un1~11uh t: • • • • 

Wcll testing 
• 11 •1h,"1 uppnwed by an 

41. (l) An operator shall production test a well \1s111~ 11 1 ' 

officer of the division. 
, tl11• ,li\'ii-i,,n wirhin 2 

(2) The operator shall submit a detailed report tlf 1lw ti•i.t h 

months of the date in which the test was completed. 
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Report of geothermal production 

42. An opcrator shall submit a monthly report on production of a geothermal 
resourcc to the division giving particulars of dates produced, hours produced, volumes 
produced and pressures measured. 

Exemptions 

43. The division head may, in relation to a particular location or well and subject to 
conditions the division head specifies, exempt a persan from the application of ail or part 
of this regulation. 

Offence 

44. A persan who contravenes a section of this regulation other than section 2 ( 1 ), 5 
(4), 9 (3) or (4), 13 (6), (10) or (11), 31 (2) or 32 (1), (2) or (3) commits an offence. 
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WASHINGTON ADMINISTRATIVE CODE (WAC) 230 

REQUIRED EXPLORATION AND DEVELOPMENT WORK 

Performance of exploration and development work is 

required by the anniversary date of the second year and 

annually thereafter until the end of the fifth year. Work 

shall be as follows: 

Be fore the f irst two years of the lease have elapsed, the 

operator shall spend a minimum of $20 per acre; during the 

third year of he lease not less than $15 per acre; during 

the fourth year not less than $20 per acre; and during the 

fifth year not less than $25 per acre must be spent 

subject to approval by the department. To retain the 

lease past the end of the f ifth year, the lessee must be 

proceeding with due diligence according to WAC 120. 

The lessee may pay to the state the scheduled amount in 

lieu of the performance of development work or 

improvements; PROVIDED, that the lessee may pay the 

difference between the actual work performed and the work 

required. 

When two or more leases are involved, exploration and 

development work, accompli shed in excess of the required 

amount on one lease, may be credi ted on the other lease; 

PROVIDED, that operation of the leases has been uni tized 

as per WAC 240. 

The lessee may apply in wr i ting to the department for a 

day-for-day reduction or waiver of required exploration 
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and developrnent work in any one lease 

legal restrictions or acts of God 
lessee from performing work. 

year due to strikes, 

which prohibit the 

Reports of exploration and developrnent work perforrned 

shall be the responsibility of the lessee and shall be 

subrnitted on the anniversary date of the second year and 
annually, thereafter, in a format approved by the 
departrnent. Failure of the lessee to submit the required 

proof and evidence of work shall cause the lease to be in 

defaul t and shall autornatically termina te upon 30 days' 

notice (WAC 310) • The lessee, his agents or associates 
shall not be eligible for a new lease of the premises for 

one year frorn the date of autornatic terrnination. 

Exarnples of unacceptable work or irnprovernents are: 

1. Travel or living expenses. 

2. In the opinion of the departrnent, construction 

of buildings and faciiities not strictly for 

the production of geotherrnal energy or cascaded 
uses. 

3. Processing or treatrnent costs. 

4. Legal and attorney fees. 

5. Contracted development work paid for but not 
perforrned. 

6 o Irnprovernents and developrnent work performed by 

a prior lessee except by approved assignrnent. 
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7. Reclamation work. 

Proof of work reports shall contain sufficient information · 

to indicate the type, amount and cost of work or 

improvements accomplished. Examples of acceptable types 

of work which may apply to meeting these requirements are 

listed below. These are examples only. All work must, in 

the opinion of the department, directly contribute to the 

exploration and development of the geothermal resource. 

1. Drilling of production and/or reinjection wells 

and related operations. 

2. Geophysical, geochemical and geologic surveys 

including mapping, data interpretations, 

temperature-gradient and heat-flow drilling in 

core holes 500 feet or more in depth and other 

exploration activities. 

3. Engineering and construction of improvements 

including roads for access; buildings if used 

only for production of geothermal energy such 

as electr ic plants, cooling towers, equipment 

storage facilities, offices, and shops; 

maintenance and repair of such improvements; 

drill pads; pipelines; power and water systems; 

and treatment structures. 

4. Moving machinery or construction mater ials 

which directly contribute to the development of 

the premises. 

5. Approved property line surveys made to 

department standards. 



1 • 

APPENDIX C 

PRICING DIRECT-USE GEOTHERMAL ENERGY 

PRICING FORMULA DEVELOPMENT 

Charles v. Higbee 

Geo-Heat Utilization Center, 

Oregon Institute of Technology, 

Klamath Falls, Oregon 
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Pricing Formu1a Deve1opment 

In an attempt to develop a pricing formula, a mathematical 

function was chosen that would allow both the owner and 

the user to benefit by increasing the amount of heat 

extracted from the resource. Parameters were then 

established which would yield reasonable results over 

established resource temperature ranges. The maximum 

temperature for direct-use was set at 3S0°F, the concept 

being that higher temperatures would probably be used for 

electrical power generation. The lower temperature range 

was established at l00°F. The logic here was that system 

costs rise rapidly as heat is extracted at temperatures 

lower than l00°F. Temperatures in the range of SSOF are 

sui table for both space heating and cooling using water

to-air heat pumps. In the cooling cycle, the heat pump 

receives the resource fluid, increases the temperature of 

the fluid, and injects fluid to the reservoir at a 

temperature higher than the temperature of the reservoir. 

Such a process would indicate that the landowner would 

have to paya royalty to the user. 

Most direct-use geothermal systems utilize heat exchangers 

to separate the geothermal (primary) fluid from the fluid 

in the secondary system which is normally clean or treated 

water. There are a few cases in which the geothermal 

fluid i tself is suff iciently clean to be used throughout 

the system. As resource water quali ty de ter iorates, hea t 

exchangers are absolutely necessary to avoid scaling and 

corrosion of the secondary system. Efficient heat 

exchangers have approach temperatures in the neighborhood 

of 10°F between the primary and secondary fluids, leaving 
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a net available resource temperature of 10°F less than 

that of the resource. Therefore, the formula evaluates 

net available resource temperature. 

FORMULA: 

WHERE: 

3400F - d = e-hr 
653 

d = Discharge fluid temperature in °F 

r = Royalty expressed as a decimal 

A value for h is established by setting d = 180°F and rs = 

some standard royalty (expressed as a decimal) agreed upon 

between the owner and the user based on the cost to 

develop and deliver the resource. Once h has been 

established, it remains fixed for that specific resource. 

d is given the value of the actual discharge temperature 

and r is calculated. 

EXAMPLE: Assume rs = 10%: then 

340 - 180 = e-h (.10) 
653 

ln of 160 = .l0(h) 
653 

h = -1.4064 = 14.064 
-.1 

For a resource of 270°F and a discharge of 140°F: 

340 - 140 = e-14.064(r) = 8
0

4% 
653 

The reason for establishing the discharge temperature at 

180°F to calculate h at the standard royalty is because 

typical existing space heating systems supply temperatures 

at 200°F, extracting 20°F, wi th fluid returning to the 

heat source at 180°F. Therefore, whatever value is 

established as the percentage by extracting enough heat 

'\ 
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from the resource to reduce the discharge fluid to 180°F. 

If the discharge fluid were higher than 180°F, the 
percentag·e royalty would be higher than 10 percent. If 

the discharge fluid were lower than 180°F, the royalty 

would be less than 10 percent. 

If the assumption is made that pressures are maintained to 

keep higher temperature resources from flashing, then the 

energy output of a resource can be easily calculated to 

arrive at a royalty payment. 

FORMULA: 

WHERE: 

Btu/Hour = (Rn - d) 500 (gpm) 

= Net available resource temperature 

(resource temperature in °F -10°F) 

d = Discharge fluid temperature in °F 

For a 270°F resource with a flow of 1,000 gpm and a 

discharge of 1400F: 

Rn = 270 - 10 = 260 

d = 140 

gpm = 1,000 

Btu/hour = (260 - 140) 500 (1,000) = 60,000,000 

= 60 MBtu/hour 

At a price of $4.50/MBtu, the total energy value would be 

4.5 x 60 = $270/hour, and the royalty payment with a Rs of 

10% would be .084 x $270 = $22.68/hour. 
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As an example, the Klamath Falls Heating District has 

resource temperatures of 210OF (net available resource 

temperature 200°F), a discharge temperature of 160°F, and 

a peak flow of 1,390 gpm. The annual load factor for this 

district is 25 percent. This means that the system would 

operate for 2,190 hours per year based on the peak load. 

If this resource was evaluated at a 10 percent standard 

royalty, the royalty for 1600F discharge f luid would be 

9.16 percent. The total annual energy delivered would be: 

Btu/Hour = 40°F (500) 1,390 = 27.8 MBtu/hour. 

Then, energy value per hour = $3.50 x 27.8 = $97.30/hour. 

Total annual energy value= $97.30/hour x 2,190 hours/year 

= $213,087/year and the royalty = $213,087 x .0916 = 

$19,519. The city could eut this amount in half by 

designing the heating district to extract 80°F with a 

discharge temperature of 120°F. 




