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PREFACE

Energy and Environmental Chemistry—they are inextricably entwined.
As we progress toward an increasingly industrialized and energy hungry
world the demands of producing more and more energy are going to require
greater care if we are to maintain a clean environment. There is no question
that we will continue to produce more energy—progress demands it and
people demand progress. The only question is how much we will let our
continuous quest for energy affect our environment.

Learning about the effects of energy production—directly or indirectly—
on the environment is one of the first steps to controlling adverse effects
of that production. That’s what these volumes are all about. They do
not cover it all—do not even come close; the subject area is much too large
and complex and we are only in the early stages of learning about the inter-
relations of energy and environmental chemistry. But it is hoped that the
information in these books will bring us one step closer to understanding
some of these relationships and hence to ultimately controlling unwanted

pollution from energy production.

Lawrence H. Keith
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PART 1

IMPACT OF TAR SANDS AND OIL SHALE

CHAPTER 1

»
THE ALBERTA OIL SANDS
ENVIRONMENTAL RESEARCH PROGRAM

W. R. MacDonald, H. S. Sandhu, B. A. Munson and J. W. Bottenheim

Research Management Division
Alberta Department.of the Environment
Edmonton, Alberta, Canada, T5K 2J6

INTRODUCTION

Energy is of major concem in industrial countries and considerable activity
is directed to finding, developing and using every form of energy resource.
Canada is no exception, and in this country the Province of Alberta is the
major supplier of hydrocarbon energy forms to the entire nation. A consider-
able fraction of Canada’s energy is still imported, however.

Alberta has immense supplies of various forms of energy, in comparison
to the total energy resource considered to exist in Canada. Natural gas and
conventional oil are the two prime resources. Coal, low in sulfyr, is abun-
dant for thermal and metallurgical uses, and its production is going through a
period of rapid development. Hydroelectric potential has been developed on a
couple of rivers, and is presently being rigorously assessed on two others in
the north. By far the largest source of energy exists in the oil sands of Alberta,
containing an estimated 960 billion barrels of bitumen. (Bitumen is the un-
refined hydrocarbon obtained from the oil sands.) Located in the northern
half of the province, there are four distinct deposits considered viable for
energy recovery: Athabasca (720 billion), Wabasca (24 billion), Cold Lake
(159 billion) and Peace River (64 billion).

Knowledge of the Athabasca deposit goes back two hundred years, when
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Alexander Mackenzie reported observations of oil sands along the river. A
process to extract bitumen was developed by Dr. K. Clark in 1923, and this
was followed by several attempts to produce a commercial product. Today
there are two surface mines in operation, Suncor (formerly Great Canadian
0il Sands) and Syncrude, both located in the Athabasca deposit. Numerous
pilot plants exist, all of which attempt to extract bitumen from underground
by way of in situ processes: for example, by fire-flooding, or the injection of
steam and hot water. At present two new plants are being proposed; one will
be a surface mine in the Athabasca deposit, the other an in situ operation in
the Cold Lake deposit. It should be noted that these deposits have con-
siderably different characteristics. The Athabasca Oil Sands contéin a bitumen-
clay-sand mixture which requires specific treatment to release the bitumen;
the Cold Lake deposit contains a heavy crude which must be thermally in-
duced to achieve reasonable flow for pumping to the surface. As shown in
Figure 1, the bituminous sands are under glacial drift, Cretaceous shale and
sandstones, and overlay a limestone formation [1]. Qil samds contain O to
18% by weight bitumen, averaging about 12%. Overburden depth varies;
surface mining can take place where overburden is up to 60 m thick, whereas
other methods will be required to extract bitumen with greater overburden
depths. '

Industrial interests have concentrated on developing technology for energy
recovery. In order to stimulate this interest, the Alberta Government estab-
lished the Alberta Oil Sands Technology and Research Authority (AOSTRA)
in 1974. Originally provided with a budget of $100,000,000 for five years,
the Authority now estimates it will have approximately $250,000,000 in
funds to be spent over several years. The major portion of funds is spent
jointly with industry in pilot operations, and other funds are spent on general
research.

Environmental issues related to oil sands development became of central
interest only in the early 1970s as industrial activity rapidly increased. In
1975, the governments of Canada and Alberta entered into an agreement to
jointly sponsor the ten-year Alberta Oil Sands Environmental Research Pro-
gram (AOSERP). Funding was anticipated to be $40,000,000 during the
lifetime of AOSERP.

AOSERP is not the only sponsor of environmental research in the oil
sands. Industry has undertaken its own research, primarily restricted to
specific leases, and numerous companies have formed the Oil Sands Environ-
mental Study Group (OSESG) to further their general interests.

In this chapter, the work sponsored by AOSERP from 1975 to 1980 is
reviewed, and particular attention is paid to baseline studies and research of

interest to chemists. Emphasis is on the processes and effects of pollutants on
the ecosystem,
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