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PREFACE 

This report is not intended to be a definitive review of 

publ ished literature concerning environmental changes which might 

occur in northern ecosystems as a result of massive industrial 

development. Rather, it is intended to summarize a large number 

of surveys and some research of a distinctly appl ied nature and to 

describe the manner in which the Alberta Oil Sands Environmental 

Research Program (AOSERP) was carried out. 

The level of impact reported to date is described in a 

manner which allows environmental managers in government and 

industry to decide what additional research may be required to 

support future env i ronmenta 1 management dec i s ions. I t was not 

possible with available data and within the terms of reference for 

this report to predict the consequences of future massive develop­

ment of the Athabasca Oil Sands; to do so would be speculative. 

The position is taken a priori in organizing this report 

that the AOSERP s ystelils approach to env i ronlilenta 1 research po i nts 

the way to description of air, land, water, and human systems in 

terms (conceptually at least) of dynamic models, which may be use­

ful in directing future research and in assessing long-term envi­

ronmental effects of development of the Athabasca Oil Sands. Such 

an approach lends itself to computer simulation modelling which 

may be used to develop alternative predictive impact scenarios and 

research options, without prior committal of large research 

budgets. 

The systems approach used by AOSERP is only the first 

step toward any in-depth assessment of ecosystems and social 

impacts--an adm i n i strat i ve conven i ence for organ i zing a comp 1 ex 

series of investigations. In order to assess with any degree of 

exactitude what the long-term impacts of oil sands development 

might be, extensive research will be required to develop a predic­

tive capabiity which does not now exist. Some of the obvious gaps 

in research knowledge are discussed and recommendations advanced 

which might aid in correcting these deficiencies. 
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SUMMARY 

Th is report prov i des background i nformat ion wh i ch 

describes the initiation and conduct of AOSERP from 1975 to 1980. 
The program amassed a very large amount of basel ine information 

over its five-year life, at a cost of about $17.4 million. The 

assessment is made that basel ine information on the Athabasca Oil 

Sands region is now complete enough that additional general sur­

veys wil I not be required in future. Rather, recommendations are 

advanced for specific appl ied research projects. Systems research 

results are described below in relation to possible effects on 

ecosystems and people. 

AIR SYSTEM 

For the Air System, atmospheric research has culminated 

in the construction of an air qual ity model for the region. This 

first-order frequency distribution model has the unique character­

istic that permits biological and social weighting of calculated 

ground level concentration values for pollutants according to 

meteorological parameters included in a time series data file. 

Further development and use of the air qual ity model will provide 

a powerful tool for prediction of air quality, as well as the 

basis for air qual ity control decisions. In this regard, the Air 

System program is further advanced than Land, Water, and Human 

systems, and comes closest to meeting its major objectives. A 

serious deficiency still occurs in the Air System with respect to 

knowledge of deposition of atmospheric pollutants, although some 

prel iminary estimates are available for winter months. This lack 

of information will prejudice the capacity of terrestrial ecolo­

gists to assess the effects of air pollution on terrestrial 

ecosystems. 

LAND SYSTEM 

Land System research has proceeded to the point where an 

adequate data base has been establ ished for soils and surficial 
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geology, vegetation, and wildl ife. A 1 arge part of the area is 

not highly productive for ungulate species such as moose or cari-

bou, whose numbers apparently are stable or decl ining. Wherever 

publ ic access is increased, or further withdrawals of terrestrial 

habitat made, ungulate populations will be reduced. Of particular 

significance wi 11 be completion of a bridge across the Athabasca 

River near Fort MacKay, which will provide easy access to fish and 

wi ldl ife on the east side of the Athabasca River. Lack i ng more 

precise information, the judgement is offered that the moose popu­

lation of the Muskeg River basin will decl ine and that the numbers 

of pike, walleye, and grayling available to anglers likewise will 

be reduced as a consequence of increased angl ing pressure. 

Research concerning impacts of air pollution on soils 

and vegetation has not as yet demonstrated that damage has occur­

red from atmospheric pollutants. Biomonitoring carried out to 

date shows no physiological response of jack pine and other sensi­

tive woody-stemmed plants to atmospheric pollutants. Experimental 

evidence indicates that ground level concentrations of S02 would 

have to be considerably higher than at present to result in a sig­

nificant response. Nevertheless, changes have occurred in sulphur 

content of vegetation, and species frequency occurrence of lichens 

shows indication of change. Changes in soil chemistry have not 

been demonstrated in relation to deposition of atmospheric 

pollutants. 

No accurate prediction can be made at this time of the 

long-term effects of low-level air pollution on vegetation, par­

ticularly when quantitative information is lacking on deposition 

of air pollutants. For this reason, it seems self-evident that 

permanent biomonitoring networks must be establ ished, using appro­

priate organisms and methodology to provide an early warning sys­

tem of assessing air pollution impacts over extended time periods. 
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WATER SYSTEM 

Basel ine information on hydrology, hydrogeology, water 

qual ity, and aquatic biota of the Athabasca Oi 1 Sands region is 

essentially complete. Studies of water chemistry and aquatic 

biota in the Athabasca River fail to reveal significant impacts 

downstream of Fort Mct-1urray and the two present 1 y operat i ng oi 1 

sands plants, either from materials emanating from the industrial 

operations or from domestic sewage and municipal drainage from 

Fort McMurray. Lake acidification potential in the region appears 

to be low at present development levels. The Athabasca River has 

been shown to be extremely important for fish, and projections as 

to water withdrawal by the year 2000 indicate that these might 

exceed 40% of the mean daily low flow of the Athabasca River at 

Fort McMurray. A combination of low flow and increased sewage and 

other effluents could result in deterioration of conditions in 

late winter when fish are known to be migrating upstream in the 

Athabasca River under ice cover. 

Streams tributary to the Athabasca River have been shown 

to constitute an important part of the Athabasca system, both for 

spawning and rearing of fish. Production in tributary streams is 

highest in upstream reaches, both for primary and secondary pro­

duction. A number of areas through which tributary streams run 

have re 1 at i ve 1 y high eros i on potent i a 1. Sed iment from disturbed 

erodable areas could have a deleterious effect on aquatic organ­

isms in tributary streams, and the amount of sediment entering 

tributary streams will increase with increased human activity in 

the region. 

HUMAN SYSTEM 

Human System research has described conditions in the 

Athabasa Oil Sands region both in historical and in contemporary 

terms. Data have been accumulated on demographic and socio-

economic changes which have occurred as a consequence of oil sands 
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development. There has been a start ling transformat ion of the 

region during the period from 1960 to 1980, with Fort McMurray 

increasing its population by about 10 times. Fort McMurray now 

dominates the region as an urban centre of about 30 000 people, 

and was accorded city status on 1 September 1980. 

Research data have been used to construct a conceptua I 

framework for social research which can be related to the still 

rapidly changing conditions resulting from oil sands development. 

Development of appropriate indicators of social change has allowed 

an in-depth, quantitative assessment of the adjustment of people 

in Fort McMurray to social conditions in this urban area. No 

psychological disorientation has been recorded for residents of 

Fort McMurray, who generally have a positive and optimistic view 

of their jobs and social environment, both at present and for the 

future. In-depth descriptions have been provided for the several 

stages of development of resource communities. 

Human System research has been directed to the needs of 

users and has attempted to identify policy-relevant socio-economic 

parameters. A compendium of social statistics has been compiled 

and interpreted in a manner which may permit the use of computer 

simulation models in a quantitative fashion to assist in predic­

ting the direction and magnitude of social change which may take 

place as development of the Athabasca Oil Sands proceeds. 

FUTURE RESEARCH 

Recommendat ions for future env i ronmenta I research have 

been made on the assumption that continued massive development of 

the Athabasca Oil Sands will take place. The proposition is 

advanced that the present level of spending on environmental 

research by industry and government shoul d be ma i nta i ned as an 

investment in the maintenance of acceptable environmental qual ity 

for the region. 
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In the Air System, future research should involve the 

continuing refinement of the regional air qual ity model presently 

under development, as well as investigation of medium- and long­

range transport of atmospheric pollutants. High priority should 

be given to integration of atmospheric research with research in 

Land, Water, and Human systems. 

In the Land System, research should be directed toward 

biomonitoring, as well as continuing physical and chemical moni­

tor i ng in the reg ion. Two bas i c approaches have been suggested 

for terrestrial biomionitoring research: primary productivity 

studies aimed at detecting any shift in total ecosystem producti­

vity; and research in soil/l itter phenomena, including nutrient 

retention and recyclng and possibly the role of microarthropods in 

1 itter turnover. 

For the Water System, it is suggested that biomonitoring 

research in aquat i c ecosystems shoul d fo llow the same pattern as 

that recommended for terrestrial ecosystems. Based on the acquired 

knowl edge of pr imary (autotroph i c) and secondary (heterotroph i c) 

production in stream systems, aquatic biomonitoring research 

should concentrate on developing a methodology through which the 

most sensitive areas of production can be monitored in a quantita­

t ive fash ion. These cons i st of the upper reaches of the major 

tributaries to the Athabasca River System. 

Statements concerning lack of evidence for significant 

direct effects of air or water pollution on terrestrial and 

aquatic ecosystems shoud not be construed as a conclusion that 

such effects are not present, or that they will not be present in 

future. It is clear that the potential exists for establ ishment 

of several additional surface mines and in situ operations, which 

will contribute in an additive fashion to pollution and distur­

bance in the region. 

Future research in the Human System should be directed, 

intitially at least, toward the construction of a model to 

describe the process of community dynamics in the Athabasca Oil 
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Sands region. Such a model should be derived with the objective 

of applying it to the study of publ ic pol icy decisions in relation 

to continued oil sand development, and should be based on existing 

knowledge of the region and modified on the basis of the results 

of future social research as the need arises. 

The criteria which form the bases for public policy 

decisions in the Athabasca Oil Sands region require serious anal­

ysis, using the research results available from AOSERP studies. 

To accompl ish this objective, a comprehensive and integrated over­

view is required of socio-economic research in the region, and 

comparison of results with existing theory and practice of social 

analysis of the development of resource communities. 

It was not found possible to achieve objectives outlined 

in the Introduction. Effects of oil sands development were 

assessed, but not in an integrated fashion. Rather, in examining 

research results, few interdiscipl inary connections were apparent. 

This is considered a major deficiency of AOSERP research results. 



xv 

TABLE OF CONTENTS 

DECLARATION 

LETTER OF TRANSMITTAL 

PREFACE 

SUMMARY 

AIR SYSTEM 

LAND SYSTEM 

WATER SYSTEM 

HUMAN SYSTEM 

FUTURE RESEARCH 

LIST OF TABLES 

LIST OF FIGURES 

ACKNOWLEDGEMENTS 

1. 
1.1 
1.2 
1.3 
1.3.1 
1.3.2 
1.4 
1.5 
1.6 

2. 
2. 1 
2.1.1 
2.1.2 
2.2 
2.2.1 
2.2.2 
2.3 
2.3.1 
2.3.2 
2.4 
2.5 

3. 
3.1 
3.1. 1 
3.1.2 
3. 1 .3 
3.1.4 

INTRODUCTION 
Purpose and Objectives of Report 
Methodology and Report Organization 
Study Area ...... . 

Athabasca Deposits .... . 
Physiography and C1 imate 

Conditions Prior to Development 
Stages of Development 
Present Conditions 

THE MANDATE FOR AOSERP 
Development of the Program 

Canada-Alberta Agreement for AOSERP 
Objectives of AOSERP 

Organization of AOSERP ... . 
Pol icy and Direction ... . 
Systems Approach to Research 

Qual ity Assurance ..... . 
Scientific Advisory Committees and Referees 
Qual ity Assurance Boards .... . 

AOSERP-Industry Relationships .... . 
AOSERP-Industry Model for Joint Research 

RESEARCH RESULTS 
Air System 

Data Acquisition Networks 
Meteorology ... . 
Air Quality ... . 
Air Qual ity Modell ing 

Page 

i i 

iii 

vii 

vi i i 

vii i 

vii i 

x 

x 

xi 

xvi i 

.xvi i i 

xix 

2 
3 
3 
7 
9 

11 
12 

14 
14 
14 
15 
17 
19 
22 
24 
24 
25 
26 
27 

28 
29 
30 
34 
36 
38 



3.2 
3.2.1 
3.2.2 
3.2.3 
3.2.4 
3.3 
3.3.1 
3.3.2 
3.3.3 
3.3.4 
3.4 
3.4.1 
3.4.2 
3.4.3 

4. 
4.1 
4.2 
4.3 
4.4 

5. 
5.1 
5.2 
5.3 
5.4 
5.5 

6. 

7. 

8. 
8.1 
8.2 
8.3 
8.4 

8.5 
8.6 

xvi 

TABLE OF CONTENTS (CONCLUDED) 

Land System 
Fauna 
So i 1s 
Vegetation 
Air Pollution Impacts 

Water System 
Hydrology ..... . 
Water Qual ity ... . 
Microbiological and Invertebrate Production 
Fi sh ...... . 

Human System ... . 
Exploratory Studies 
Conceptual Framework 
Field Studies 

DISCUSSION. 
Air System. 
Land System 
\.Jater System 
Human System 

RECOMMENDATIONS FOR FUTURE RESEARCH 
General Recommendations 
Air System Research 
Land System Research 
Water System Research 
Human System Research 

CONCLUSION 

REFERENCES CITED 

APPENDICES 
Canada-Alberta Agreement for AOSERP, 1975 
Canada-Alberta Agreement for AOSERP, Amended 
AOSERP-Industry Co-operative Model. 
Terms of Reference for Scientific Advisory 
Comm i ttees 
Glossary 
Man-Days Occupancy at Mildred Lake Research 
Fac i 1 i ty 

Page 

45 
46 
51 
53 
56 
60 
61 
64 
69 
73 
78 
80 
85 
86 

96 
97 
98 

101 
103 

110 
111 
112 
113 
114 
115 

117 

122 

142 
142 

1977 151 
158 

163 
168 

170 



xvi i 

LI ST OF TABLES 

1 • AOSERP Technical Research Committees 

Pa~e 

16 

2. Sources and Disbursements of AOSERP Funds. 1975 to 1980. 18 

3. Number of Man-days Occupancy at the AOSERP Field 
Research Facil ity. Mildred Lake ••••• 170 



xvi i i 

LI ST OF FIGURES 

1 • AOSERP Study Area . . . . . . . . . . · . . . . 
2. Simpl ified Geological Cross-section of the Athabasca 

Page 

4 

Oi Is Sands about 50 km North of Fort McMurray, Alberta. 6 

3. Gross Topography of the Lower Athabasca River Drainage 
Area • • • • · . . . . . . . . . . . 10 

4. Organization of AOSERP under the Original Canad a-A 1 berta 
Agreement, 1975 · · · · · · · · · · · · 20 

5. Organization of AOSERP under the Canada-Alberta 
Agreement as Amended, 1977 • · · · · · · · · · · · · 21 

6. AOSERP Air Quality Monitoring and Meteorological Data 
Acquisition Networks . . . . . . · · · · · · · · · · · · 31 

7. AOSERP Water Qual ity Sampl i ng and Water Gaugi ng 
Stat ions . . . . . . . . . . . . · · · · · · · · · · · · 62 



xix 

ACKNOWLEDGEMENTS 

All those investigators who produced the research 

described in this report are acknowledged as contributors; other 

research is cited, but does not constitute a part of this 

summary. 

A large number of persons gave generously of their time 

in discussing the general direction this report should take, and I 

have used their ideas freely. 

Appreciation is expressed to Suncor Inc. (formerly Great 

Canadian Oil Sands Ltd.) for access to the company library, and to 

Syncrude Canada Ltd. for supplying a large number of research 

monographs. 

Sincere thanks are expressed to all the staff in the 

former AOSERP office for assistance, but particularly to 

A. Avramenko, S. Grant, W. Hume, B. Kasinska, A. Mann, B. Munson, 

and M. Rehn. H. S. Sandhu and D. S. Dav i son always took time when 

approached to provide technical advice which is appreciated. 

P. Hetherington typed the manuscript. 

In the field, D. Hadler was always available to make 

vis i ts to corporate 1 eases and research sites much eas i er than 

without his help. R. Findlay arranged a tour of the Amoco Canada 

Ltd. in situ pilot operation near Gregoire Lake and D. Dabbs pro­

vided a hel icopter and ground tour of the Alsands project site. 

To all individuals and organizations from whom 

received assistance, I express my gratitude. 

Following completion of the first draft of this report, 

it was forwarded to 21 referees for criticism. Comments of refer­

ees have resulted in reorganization of the report and incorpora­

tion of a number of suggestions for improvement of text. Aside 

from correction in errors of fact, I am grateful for suggested new 

approaches to discussion of an obviously complex subject; I have 

freely used these ideas. To all referees (who remain unknown to 

me) express my thanks; it is my bel ief that incorportion of 

their comments has materially improved the final draft of this 

report. 



1. INTRODUCTION 

1.1 PURPOSE AND OBJECTIVES OF REPORT 

This report consists of a review and evaluation of envi­

ronmental research carried out in the Athabasca Oil Sands region 

of northern Alberta, Canada. Generally, the review is restricted 

to investigations within the original study area boundaries pre­

scribed for the Alberta Oi 1 Sands Environmental Research Program 

(designated by the acronym AOSERP) and to the activities generated 

by that program. However, in order to assess adequately the 

research effort mounted by AOSERP, as well as to evaluate the need 

for future environmental research in the Athabasca Oil Sands 

region, it was found necessary also to examine a number of envi­

ronmenta 1 research reports produced by 0 i 1 sand s corporat ions. 

The major corporate generators of env i ronmenta 1 research in the 

Athabasca Oi 1 Sands region are Syncrude Canada Ltd. and Suncor 

Inc. (formerly Great Canadian Oil Sands), and more recently 

Alsands Project Group. The latter company recently has filed an 

environmental impact assessment of its proposal to build an oil 

sands plant.(l} 

Although a number of alternatives ex i stor are being 

developed for extraction of bitumen in the Athabasca Oil Sands 

region, the assumption is made that existing technology will pre­

vail for the immediate future (five years). Consequently, the 

research car r i ed out to date and the pred i ct ions wh i ch may be 

derived from it are examined in this report in relation only to 

open pit mining and hot water separation of bitumen (Suncor, 

Syncrude, and Alsands) or to so-called in situ technology (Amoco 

Canada Limited) where deep deposits are subjected to thermal 

treatment and 1 iquid bitumen is forced to the surface. Each of 

the two extraction methods poses a different set of environmental 

problems. In the case of in situ operations in the Athabasca Oil 

Sands region, 1 ittle has been publ ished on possible environmental 

effects. Wi th a dearth of env i ronmenta 1 research knowl edge in 

this area of oil sands extraction technology, recourse has been 
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taken to examination of a proposed large in situ operation near 

Cold Lake, Alberta. The Cold Lake project has been described in 

documents publ ished by Esso Resources Canada(2) and in the 

transcripts of publ ic hearings(3) and will be used to provide 

a preliminary estimate for research needs on the effects of in 

situ operations in the Athabasca Oil Sands region. 

Four objectives were establ ished for this report: 

1. To assemble and analyze all research reports 

resulting from AOSERP; 

2. To provide a review of the research reports 

produced by AOSERP; 

3. To assess the completedness or otherwise of the 

research results from AOSERP; and 

4. To develop recommendations concerning the need for 

future envi ronmental research in the Athabasca Oi I 

Sands region. 

1.2 METHODOLOGY AND REPORT ORGANIZATION 

The AOSERP Project covered a period of five years, with 

a cost of $17,323,673. (4) Consequently, in preparing this 

document, it has been found necessary to review approximately 200 

environmental research reports, including 58 reports produced by 

oil sands corporat ions and reI at i ng to the Athabasca Oi I Sands 

region. This material covered a very wide range of investigations, 

far too diffuse for anyone person to assess as to technical 

content. It should be emphasized, therefore, that the author in 

many cases has used excl us ivel y the assessment of referees to 

determine the technical completeness and scientific val idity of 

research reports. Interpretat ion of the useful ness of research 

results is, however, the responsibil ity of the author. 

Integration of research results to provide an assessment 

of environmental impact (EIA) was not carried out in the same 

manner as would be done under the guidel ines establ ished by the 

Alberta Department of Environment. (5) It should be mentioned 
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at the outset that the scope and detail of the Alberta Environmen­

tal Research Program permits much more intense analysis than is 

generaly possible in an EIA. Consequently, its research results 

provide data which may be used both by government and by industry 

to rationalize the future long-term consequences of oil sands 

development with increased precision and confidence. 

The conclusions, which relate to Objectives 4 and 5 

above, are based largely on the identification of remaining 

knowledge gaps of significance in the Athabasca Oil Sands region. 

These conclusions, however, have been influenced also by obtaining 

an apprec i at i on of the i nformat i on need s both of government and 

industry, as these needs relate to environmental management deci-

s ions in the area affected by deve 1 opment. Scientific reports 

form the factua 1 bas i s for ga in i ng an apprec i at i on of env i ron­

mental effects of oil sands development. Conclusions as to com-

pleteness of research information and the need for future 

research must be considered judgemental. 

Not all AOSERP or industry reports are cited in this 

analysis. Nor is any attempt made to recapitulate the results 

described in research reports themselves, which are contained in 

separate AOSERP publications. Additionally, a relatively complete 

description of the total program is contained in an interim report 

compiled in 1978 and published in April 1979.(4) Additional 

references cited herein refer mainly to research under way, but 

with results not available when the interim report on AOSERP was 

publ ished. For a detailed listing of references to environmental 

and socio-economic studies in the Athabasca Oil Sands region, the 

reader is referred to a bibl iography publ ished elsewhere.(6) 

1.3 STUDY AREA 

1.3.1 Athabasca Deposits 

The AOSERP study area is shown in Figure 1, with an 

approximation of the Athabasca Oil Sands deposits indicated as a 

stippled overlay. Three major oil sands deposits occur in 
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The Mildred Lake Research Facility; accommodations and well-equipped 
laboratories provided for researchers in the Alberta Oil Sands 
Environmental Research Program. (Photo - G. Hunter, AOSERP) 



One of many small streams flowing through the Athabasca Oil 
Sands area. (P. Lulman, Syncrude) 

The oil sands region contains a diversity of ecosystems. A large 
area of shifting sand dunes represents one of the more interesting 
and fragile of these. (AOSERP file) 
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Alberta, with the Athabasca deposit being the largest. Various 

est imates of bitumen reserves have been pub 1 i shed, but there 

appears to be agreement that the Athabasca deposit contains not 

less than 600 x 109 barrels of bitumen.(?) Many papers 

have been produced on var ious aspects of oi 1 sands deposits and 

extraction technology in Alberta. For more detailed descriptions, 

the reader is referred to the K.A. Clark Volume(8) and Guide 

to the Athabasca Oil Sands Area(9), both publ ished by the 

Research Council of Alberta. 

The first suggestion for hot water extraction of bitumen 

from the Athabasca Oi 1 Sands was made near 1 y 100 year sago; 

subsequent 1 y, suc h a process was deve loped and patented by Dr. 

K.A. Clark of the Research Council of Alberta and first placed in 

commercial operation by Great Canadian Oil Sands Limited (now 

Suncor). The so called Clark hot water extraction process results 

ins i gn i f i cant env i ronmenta 1 prob 1 ems. These prob 1 ems in turn 

have been the focus for considerable environmental research, both 

by industry and government. It is to be expected that additional 

plants will be built using hot water extraction process(8), 

or other technology as it becomes available. 

Much of the Athabasca deposit lies buried so deeply that 

bituminous ore cannot be recovered from open pit mines.(9) 

Rather, in situ thermal treatment likely will be employed to 

recover bitumen from these deep deposits. Environmental problems 

resulting from the use of in situ technology will require a 

substantially different focus on environmental research. The 

possibility for several in situ operations in the Athabasca Oil 

Sands region appears strong(10), although no in situ 

operation has yet proceeded to full-scale commercial development. 

Consequently, the environmental effects of in situ operations are 

considered to be potentially significant to a degree that will 

require considerable future emphasis. A simplified geological 

cross-section of the Athabasca Oil Sands is shown in Figure 2, 
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outlining the general location of bituminous ore in relation to 

other materials. 

Although the physical extent of the Athabasca Oil Sands 

deposit is reasonably well known, I ittle precision can be attached 

at present to an estimate of the area which can be mined economi­

cally, since this will change with the price of oil and cost of 

recovery of bitumen. Nevertheless, it is possible to construct 

scenarios which give a reasonable idea of the results of varying 

rates of development in the region. These in turn may provide 

insight into the range of impacts likely to result from oil sands 

development, as well as into the environmental research which may 

be necessary in the future. 

1.3.2 Physiography and Climate 

The physical characteristics and location of the AOSERP 

study area have sharply influenced the kind of research carried 

out during the past five years. It is apparent from an examina­

tion of Figure 1 that the lower Athabasca River, terminating in 

the Peace-Athabasca Delta, together with 

dominant feature of the AOSERP region. 

its tributaries, is a 

Consequently, water-

related research has been extensive, deal ing with both surface and 

groundwater hydrology, water qual ity and aquatic habitats, as well 

as invertebrates, fish, autotrophic (algal), and heterotrophic 

(microbial) populations. 

The Athabasca River is joined by its largest tributary, 

the Clearwater River, at Fort McMurray. At the junction of the 

Athabasca and Clearwater, the Athabasca River valley is sharply 

incised into the surficial glacial drift and underlying Cretaceous 

sediments. North of Fort McMurray, the Mackay, Dover, and Ells 

rivers comprise the major tributaries draining from the west, 

while the Steepbank, Muskeg, and Firebag rivers constitute the 

most important tributaries draining from the east. Each of the 

tributary drainages provides an important contribution to total 
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aquatic habitat of the Athabasca system in its lower 300 km, both 

for fish(ll) and for furbearers. (12) 

Topographic rel ief may be important in modifying wind 

flow, and cold air may drain into the Athabasca River valley, 

contributing to local ized meteorological variabil ity. Such 

variabil ity in temperature and wind direction could have important 

effects on the distribution of air pollutants and occurrence of 

fog during some months of the year. Cl imate of the area has been 

described as cold temperate, with relatively long periods of cold, 

dry weather during winter and relatively long periods of sunny, 

warm weather during summer.(13) The general circulation 

pattern of the area is from west to east. However, low pressure 

systems embedded in this flow may bring warm air from the south in 

advance of their travel, and draw down colder air of Arctic origin 

in their wakes. In winter, these migratory low pressure systems 

are of sufficient strength to displace ridges of Arctic air which 

may become entrenched over the western prairies for several weeks 

at a time. As a consequence of movement of air masses and 

pressure systems, cold and warm periods frequently alternate 

throughout the year. Change in temperature in the region often is 

accompanied by precipitation events. 

Annual precipitation is relatively low, with a pronouced 

summer maximum, largely from convective storms, and persistent 

snow cover in winter. Such meteorological conditions are relevant 

to investigation of deposition of atmospheric pollutants. In 

addition, mean wind speeds, as well as frequency and persistence 

of calms, may be more relevant to an assessment of existing and 

future air qual ity than extremes in temperature. 

Because of latitude of the region (S6°N - S9°N), with 

the associated very large differences in solar radiation between 

summer and winter, there may be a swing of 80°C in ambient 

temperature, from plus 30°C in summer to minus SO°C in winter. 

Temperature inversions of more than 3°C between ground level and 

SOO m are not uncommon in winter over the Athabasca River valley. 
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A general representation of the topography of the region is shown 

in Figure 3. The narrow, deeply incised Athabasca River valley at 

the junction of the Athabasca and Clearwater rivers at Fort 

Mc~1urray progressively widens to the north into a broad shallow 

lowland river plain, eventually to merge with the Peace-Athabasca 

De I ta, at the western end of Lake Athabasca. The shape and 

orientation of the Athabasca River to the surrounding highlands 

and high plains, together with meteorological variations discussed 

above, may compl icate the research required to assess air qual ity 
• h . (14) In t e region. 

1.4 CONDITIONS PRIOR TO DEVELOPMENT 

The physical character of the AOSERP study area probably 

has for the most part remained unchanged for many decades. 

Activities associated with oil sands development, such as 

construction of roads and movement of aircraft, boats, and land 

vehicles, are so obvious that an impression may be gained that 

rapid and significant changes are occurring over widespread areas 

of the region. The natural surface of the land has been totally 

disrupted on actual oil sand plant construction sites, in mining 

sites, and in large tailings ponds, but these constitute less than 

1% of the study area. Perhaps the largest changes in the natural 

landscape have resulted from roads and seismic lines, or perhaps 

the nature of vegetation as a result of more sophisticated fire 

detection and suppression during the past two decades. 

The foregoing comments should not be construed as 

suggesting that relatively smal I changes are not important, 

because such alterations may have far-reaching impacts. However, 

most of the basel ine research described in the the AOSERP Interim 

Report has been carried out in a natural environment that appears 

so far not to have suffered any general debil itation from oil sand 

ac t i vi ties. Data gathered from suc h an env ironment are therefore 

extremely valuable as benchmark information against which future 

developmental impacts can be measured. 
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1.5 STAGES OF DEVELOPMENT 

In order to effectively assess the research effort 

mounted by AOSERP, it is necessary to provide an overview of gene­

ral impacts rel ated to oi 1 sands development. Development of the 

Athabasca Oi 1 Sands has been descr ibed as a ser ies of mega pro­

jects.(1 5) Publ ic submissions to the Alberta Energy 

Resources Conservation Board (ERCB) have indicated investments for 

individual projects in the order of $5 billion in terms of 1978 

do 1 1 ar s, and emp loy i ng a 1 abour fo rce of 7000 to 8000 per sons 

during initial construction. Consequent 1 y, the impacts of such 

large developments require a considerable amount of research 

information in order to assess the importance of both biophysical 

and socio-economic effects. 

A sequence of events has been described for the various 

stages of development of oil sands projects. When a corporation 

or consortil..m of companies makes the decision to develop an oil 

sands extraction plant, a publ ic disclosure is made, followed by 

preparation of an environmental impact assessment, publ ic hearings 

by the ERCB, approval by the ERCB and the Cabinet of the Govern­

ment of Alberta, and finally construction of the plant. Each of 

these stages of development of an oil sands plant results in a 

socio-economic or biophysical impact. (15) 

Approval of the first oil sands plant (Great Canadian 

Oil Sands, now Suncor) was followed almost immediately by 

increased construction activity in Fort McMurray, with a concur­

rent change in the labour force. (16) The importation of new 

technology to the region provided new employment opportunities, 

new residents, high incomes, and demands for goods, services, and 

land in excess of supply. These primary impacts resulted in local 

inflation of the economy and shortages in land, housing, and 
1 abour. (1 n 

Concurrent with early development of the first oil sands 

plant was rapid upgrading of transportation. The first highway 

was completed to Fort McMurray in 1967 and air service schedules 



Suncor, Inc. (formerly Great Canadian Oil Sands). This company 
was the first to operate in the oil sands region, beginning in 1969 
and reaching a capacity of 58 500 barrels per day in 1980. 
(D. Hadler, AOSERP) 

Bucket wheel mining system used at Suncor; these huge machines 
have a materials handling capacity of 8000 tons per hour. 
(H.P. Sims, Research Management) 



(P. Ziemkiewicz, Energy 
and Natural Resources) 

(B. Pearson) 

Syncrude Canada Ltd. uses a combination dragline and bucket wheel system of 
mining in the oil sands region. These large draglines have a bucket capacity of 80 
cubic yards. 
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were increased to meet the demand for air travel between Fort 

McMurray and Edmonton and Calgary. Highway access was extended to 

the Suncor and Syncrude operations by construction of a bridge 

across the Athabasca River and a modern highway as far north as 

the Sync rude site. The secondary road 1 ink to Fort MacKay was 

brought up to all-weather standards, providing rel iable access to 

Fort McMurray in all seasons of the year, and the road to Anzac 

was paved. These transportation improvements provided the rapidly 

growing population of the region with mobil ity throughout the 

Athabasca River valley, as well as providing the small settlements 

of Fort MacKay and Anzac improved access to Fort McMurray and 

other parts of Alberta. In addition, improved access was provided 

for persons other than local residents to visit the oil sands 

region. Pr ivate boat travel on the Athabasca and Clearwater 

rivers increased sharply as did both the consumptive and 

non-consumpt i ve uses of fish and wi 1 d life resources and 

recreation.(18) 

1.6 PRESENT CONDITIONS 

While most of the natural landscape may not have 

suffered large-scale perturbation, there have been very large and 

very rapid socio-economic changes in the region. As a conse­

quence, Fort McMurray has increased its population by more than 10 

times (from less than 2500 in 1960 to about 27 000 in 1978). The 

outlying communities of Fort MacKay, about 60 km to the north, and 

Anzac, about 40 km south of Fort McMurray, have been impacted, but 

population in these communities has decl ined as employable 

residents shifted their abodes closer to Suncor and Syncrude. 

Fort Chipewyan, about 240 km north of Fort McMurray, has more than 

doubled its population (from about 700 in 1960 to over 1500 in 

1980), but th i s growth does not appear to be connected direct 1 y 

with oil sands development. The total population of the Athabasca 

Oil Sands region, with about 95% of the population resident in 
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Fort t1cHur ray, has grown from less than 3000 in 1960 to about 

30 000 in 1980. (19) 

The only base industrial activity in the Athabasca Oil 

Sands region of significant economic importance is oil sands 

extraction. Agriculture in the region is insignificant, and both 

forestry and commercial fishing appear to have decl ined in impor­

tance since 1960. Trapping occurs on 345 registered trapl ines in 

the area, and is of undoubted importance to a number of individ­

uals(20) although low in economic value to the region as a 

whole. 

Manufacturing in the region is located entirely in Fort 

McMurray and employs about 50 people. The service industry has 

grown rapidly as the population has increased, but employment in 

this sector has lagged. This is probably due to competition with 

the construction industry which at times has accounted for up to 

35% of the construction labour force in Fort McMurray, not includ­

ing the actual labour force of up to 7000 persons employed 

directly on plant sites. Retail outlets have increased dramati­

cally to accommodate the population growth associated with oil 

sands development. Income in the region is generally high, 

reflecting the significant investment of capital in oil sands 

plants and associated activities. 

The Athabasca Oil Sands region has changed dramatically, 

both in demographic and in economic character over the past 

20 years, so that the presently operating oil sands plants and the 

urban centre of Fort McMurray now dominate the area. The social 

and biophysical changes in the region are discussed in Section 3. 

Assessment of possible long-term impacts of oil sands development 

on natural ecosystems and on the people of the region are provided 

in Section 4. 
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2. THE MANDATE FOR AOSERP 

2.1 DEVELOPMENT OF THE PROGRAM 

The Alberta Oi 1 Sands Environmental Research Program 

initially was conceived as a response to the perceived needs by 

government officials for an extensive, long-term research effort 

into possible effects of development of the Athabasca Oi 1 Sands. 

Internal reports by scientists in Alberta Environment (Research 

Secretariat) and Environment Canada (Environmental Management Ser­

vice) late in 1973 resulted in 1974 in negotiations between the 

Government of Alberta and the Government of Canada on the need for 

a joint research effort in the oil sands region. In February 

1975, the two governments signed the Canada-Alberta Agreement for 

the AOSERP. This Agreement as originally signed, together with an 

amended agreement signed in 1977, is reproduced in Append ices 8.1 

and 8.2. 

2.1.1 Canada-Alberta Agreement for AOSERP 

Several aspects of the Canada-Alberta Agreement for 

AOSERP are important to the original development of the Program. 

The Agreement in its preamble stated that 1I •••• large-scale indus­

trial development will have immense economic, social and environ­

mental effects •••• 11 and that 1I •••• the results of an intensive 

study of the area will be useful 

proposed development. ••• 11 The 

in predicting the effects of any 

Agreement also restricted the 

research program to investigations of 1I •••• environmental 

of renewable resources involved in the development 

aspects 

of 0 i 1 

sands •••• 11 in the legally described AOSERP study area. As a con-

sequence of the stated intent of the initial AOSERP agreement 

between Alberta and the Federal Government, the Program was 

restricted to investigation of renewable resources only, el iminat­

ing the possibility of research into any aspects of oil sands 

technology. In addition, the Program was restricted to a study 

area with legally defined boundaries. 
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The administration arrangements in the initial Canada­

Alberta Agreement for AOSERP provided that Alberta and Canada sup­

ply funds for AOSERP within their individual budget estimates. 

The Alberta portion of the AOSERP budget (not less than $2 million 

annually) was provided by Alberta Environment. The Federal por­

t i on of the budget (not more than $2 mill ion annua 11 y) was pro­

vided under authority of the Federal Treasury Board as a fiscal 

pool for AOSERP. Federal funds were allocated within Environment 

Canada to Fisheries and Marine Service (now Fisheries and Oceans), 

Atmospheric Environment Service, and Environmental Management Ser-

vice. The latter agency was assigned the responsibi1 ity for 

release of AOSERP Federal funds as required. The Program was 

administered by a Program Director and staff under the general 

direction of a Steering Committee of two persons reporting to the 

respective Ministers of Environment for Canada and Alberta, and 

was chaired by Alberta. 

Under the original Canada-Alberta Agreement for AOSERP, 

project priorities and budgets were drawn up by Technical Research 

Committees (TRC's) deal ing with hydrology, hydrogeology, terres­

trial fauna, aquatic fauna, meteorology, vegetation, land use, and 

human env ironment. Late in 1974, a consu 1 tant was reta i ned to 

interview senior staff in appropriate government agencies, and to 

assemble groupings of research projects for the committees. The 

chairmen of the TRC's were constituted as an Advisory Committee on 

Program Coordination, chaired by the Program Director. By Apr i 1 

1975, 

were 

funds had been allocated to the Program and some projects 

under way. (21) The Techn ica1 Research Commi ttees are 

1 isted in Table 1. 

2.1.2 Objectives of AOSERP 

Aside from the protocols setting forth the Canada­

Alberta Agreement for AOSERP, specific objectives were also 

stated. These objectives were concerned largely with accumulating 

the information necessary to an understanding of the 
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Table 1. AOSERP Technical Research Committees. 

Sector Responsibility 

Meteorology and air qual ity 

Terrestrial fauna 

Aquat i c faunab 

Hydrology and water qual ity 

Regional hydrogeologyd 

Human environment 

Terrestrial vegetation 

Land Usee 

Agency Chairmanship 

Atmospheric Environment Service, 
Fisheries and Environment Canada 

Fish and Wildlife Division,a 
Alberta Recreation, Parks and 
Wildlife 

Fisheries and Marine Service,c 
Fisheries and Environment Canada 

Technical Services Division, 
Alberta Department of Environment 

Alberta Research Council 

Northern Development Branch, 
Alberta Department of Economic 
Development 

Alberta Forest Service, Alberta 
Department of Energy and Natural 
Resources 

Environmental Co-ordination 
Services, Alberta Department of 
Environment 

a Now with Alberta Department of Engery and Natural Resources. 

b Included all aquatic biota. 

c Now with Canada Department of Fisheries and Oceans. 

d Financed separately by Alberta Department of Energy and Natural 
Resources. 

e Not implemented. 
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characteristics of the biophysical environment (basel ine states), 

on which could be based research to elucidate the processes and 

assimilative capacity of air, land, and water.(22) No 

mention was made initially in the Agreement of the effects of oil 

sands development on people; objectives relating to the Human 

Sys tern were not formal i zed unt i 1 pub 1 i cat i on of the AOSER P Po 1 icy 

and Direction document in October 1977. (23) 

Objective 6 in Schedule "A" of the Agreement directed 

that the Program was to " ••• use existing agencies ••• where pos-

sible and to use other sources when necessary." Consequently, 

during the early part of the Program, both Federal and Provincial 

line agencies assumed responsibil ity for most of the work. Direc­

tion was further provided to establ ish priorities and co-ordinate 

projects in an interdiscipl inary fashion to ensure co-operation 

among both Federal and Provincial agencies, industry, universi­

ties, and other institutions. No administrative mechanism was set 

forth to achieve these aims. Disbursement of AOSERP funds as to 

source and rec i p i ents is shown for the per i od 1975 to 1980 in 

Table 2. 

A final and important objective directed the Program to 

II compi le, assess and disseminate research reports ••• II This 

objective required Program managers within AOSERP clearly to spell 

out in research contracts with universities, individuals, and 

private contractors or in research agreements with government 

agencies that research reports were to be completed for publ ica-

tion on termination of the contract or agreement. No AOSERP 

research could be held confidential under the pol icy set forth in 

the Canada-A 1 berta Agreement. Program activities for the first 

two years of the Program are described in its Annual Reports for 

1975 to 1976 and 1976 to 1977. (21, 22) 

2.2 ORGANIZATION OF AOSERP 

Although specific objectives were laid out in the 

Canada-A 1 berta Ag reement, as discus sed above, these were 



Table 2. Sources and disbursements of AOSERP funds, 1975 to 1980. 

1975-1976 1976-1977 1977-1978 1978-1979 1979-1980 Grand Totals 
Source 

Amount % Amount % Amount % Amount % Amount % Amount % 

Alberta 2,213,651 65 1,254,347 63 2,177,013 62 2,127,780 54 2,893,526 100 11,666,317 67 

Canada 1,164,979 35 1,327,929 37 1,344,448 38 1,815,000 46 _a 5,657,356 33 

Totals 3,383,630 100 3,582,276 100 3,521,461100 3,942,780 100 2,893,526 100 17, 323,673 100 ..... 
00 

Recipients 

Government 2,740,329 81 2,312,644 65 2,187,200 62 1,896,095 48 1,523,926 53 10,660,194 63 

University 302,707 9 788,017 22 498,160 14 187,000 5 218,000 8 1,993,884 11 

Consultant 304,594 10 481,615 13 836,101 24 1,859,685 47 1,151,600 39 4,669,595 27 

a Government of Canada withdrew from AOSERP at the end of fiscal year 1978-1979. 
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sufficiently lacking in precision and detail that they were open 

to somewhat differing interpretation by each TRC. Under the terms 

of the initial Canada-Alberta Agreement, it was specified that 

each TRC have at least one Federal and one Provincial member, as 

well as a member of the Oi 1 Sands Environmental Study Group 

(OSESG) comprised of representatives appointed by oil sands 

corporations. Because OSESG did not contribute financially to the 

operation of AOSERP, all TRC's were chaired either by a Federal or 

a Provincial representative. Each TRC was given full authority 

to plan and initiate research projects, with the consequence that 

control of operations and research pol icies and scientific 

direction became extremely difficult under the committee system. 

It should be emphasized that members of the TRC's were 

primarily responsible for identifying the research needs and 

setting the early priorities for AOSERP, as well as identifying 

and i nvo 1 vi ng a 1 arge number of ava i 1 ab 1 e experts to plan and 

execute fie 1 d research projects. It is doubtful that the Program 

could have been implemented with such dispatch without the 

considerable efforts of TRC members. However, it became apparent 

by the end of the second year of the Program that, under a diffuse 

committee system with over 50 members, government pol icy for the 

Program could not be implemented, controlled, or changed, as the 

need might arise. Consequently, the decision was made to delete 

the commi ttee structure from the Canada-Alberta Agreement. The 

Agreement was amended in September 1977 to accommodate these 

changes. The initial and reorganized structure for AOSERP is 

shown in Figures 4 and 5, respectively. 

2.2.1 Policy and Direction 

Concurrent with reorganization of AOSERP was the need to 

publ ish a more comprehensive definition of program objectives, 

related to the perceived needs of user agencies of government and 

industry in the oil sands region. At the same time, it was 

recognized that the pol icy should be consistent with the existing 
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research pol icy of Alberta Environment, which was responsible for 

administering the Program. A pol icy and direction document was 

produced and circulated for comment to more than 100 managers in 

government, industry, and research institutions. The AOSERP 

Pol icy and Direction was approved by the sponsoring governments 

and publ ished in November 1977. (23) 

The early activities in AOSERP were committed to exten­

sive surveys of surficial geology and soils, vegetation, wildl ife, 

fish, and hydrology. In addition, a network of stations was set 

up to provide data on meteorology and air qual ity in the region on 

a continuous basis. Similar networks of stations were established 

to accumulate data on water qual ity and hydrology on a regular 

samp 1 i ng schedul e. A review was carried out early in 1977 of 

ongoing AOSERP activities, in order to determine priorities for 

investigations in years three through five of the Program. As a 

result of this review, a comprehensive survey of soils was con-

°d d h O h ° ° flo b fO (24) Sl ere Ig priority or comp etlon y year Ive, par-

ticularly to provide data for habitat mapping of the area. Inten­

sive studies of wildl ife(25,26,27,28) were assigned low pri-

ority and brought to conclusion. Operation and maintenance of the 

air qual ity and meteorology network, as well as of the water qual­

ity and hydrology networks, was considered high priority for con­

tinuance, at least to the end of year five of the Program, in 

order to establish reI iable data bases. The very widespread fish 

sampl ing program was redirected to provide del ineation of stream 

habitat, in a fashion similar to that employed in British Colum­

bia.(29) An internal planning document(30) was produced 

specifically to provide direction and impetus for social research, 

which in the first two years of the Program lagged seriously 

behind biophysical research in terms of funding. 

2.2.2 Systems Approach to Research 

It was mentioned earl ier that consol idation of AOSERP 

i nvo 1 ved the estab 1 i shment in 1977 of four systems (A i r, Land, 
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Water, Human) under which all research activities were redirected. 

The Air System remained relatively unchanged because it appeared 

in large part to be meeting AOSERP objectives. The former sectors 

of hydrology, water qual ity, hydrogeology, and aquatic fauna were 

combined under the Water System and given new orientation. Acti­

vities formerly directed under the aegis of committees deal ing 

with land use (including soils and surficial geology), vegetation, 

and terrestrial animals (principally birds and moose, wolf, and 

caribou) were placed under the Land System. Human System research 

was reoriented toward the proposition that social impacts ulti­

mately could be analyzed with the use (conceptually at least) of a 

community process model related to rapid social changes caused by 

"mega project" development. (30) 

It is important to emphasize at this point that the 

organization of AOSERP was aimed primarily at the need to provide 

re1 iab1e scientific information, generated by highly qual ified 

researchers, wh i ch wou1 d be of use to managers respons i b 1 e for 

implementation of government pol icy. Industry priorities initi-

ally were not included as criteria because industry to that point 

had not made a fiscal contribution to AOSERP. Nevertheless, 

industry representat ives had been members of Techn ica1 Research 

Committees from the beginning of the Program. As well, both 

Suncor and Syncrude had spent large sums of money on environmental 

research. The results of AOSERP investigations obviously could 

provide usable information to oil sands corporations, particularly 

in assessment of the possible impacts of new oil sands plants. 

The systems approach by AOSERP did not in itself result 

in a significant number of new and better research projects. 

Rather, as an administrative organization, it resulted in a reduc­

tion of research approaches from eight Technical Research Commit­

tees to four systems, each headed by a research manager and 

receiving direction from a single source. The result was that the 

program became more responsive to government pol icy and more 

capab 1 e of responding to identified research needs and 
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deficiencies. It should also be emphasized that the systems 

approach to research used by the Program provides no direction as 

to the policy which should be pursued for environmental management 

in the oil sands region. Such pol icy recommendations may emanate 

from examination of research results, but were not included in the 

objectives set by the Canada-Alberta Agreement or the terms of 

reference for this report. 

2.3 QUALITY ASSURANCE 

Qual ity of research reports has been of concern to fund­

ing agencies for a considerable period of time. Where analytical 

procedures are employed (e.g., chemical analyses of environmental 

contaminants), it is routine to provide dupl icate samples for 

analyses to more than one laboratory, to ensure that methodology 

has not compromised the resul ts. Such practices were al so rou­

tinely followed in air and water qual ity analyses carried out for 

AOSERP. Analytic results,therefore, are considered comparable to 

those reported from most other environmental programs. 

Qual ity assurance goes much beyond analytical proce­

dures. Credibil ity of a research program of any kind can only be 

achieved through review and publ ication of research reports. As 

well, appl ied research must be carried out under a research design 

which meets problem-oriented criteria establ ished in advance of 

project initiation. The following section deals with two methods 

employed by AOSERP to aid in qual ity assurance. 

2.3.1 Scientific Advisory Committees and Referees 

The relatively short-term nature of most AOSERP research 

projects resul ted after the first two years of operat ion ina 

rapid flow of interim or final research reports. In addition, 

reorientation of the Program at the end of the second year 

required evaluation of early research results and review of 

scientific direction for the total AOSERP effort. The decision 

was taken to appoint scientific advisory committees comprised of 
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persons 1 arge1 y outs i de the Program, and known for the i r 

capabi1 ities and experience in particular discip1 ines. Scientific 

advisory committees were appointed for each of the Air, Land, 

Water, and Human systems in 1977. 
Each scientific adisory committee met at the request of 

the research manager for that system, primarily to review general 

directions of that portion of the program with which it was 

concerned, and reported its discussions and recommendations to the 

Program Director. These committees provided highly qual ified 

sounding boards for reflection of conceptual research design, as 

well as ideas for specific research projects. As such, their 

contr i but i on to the Program was very 1 arge. Terms of Reference 

for scientific advisory committees are contained in Appendix 8.4. 

One of the specific objectives set forth in the Canada­

Alberta Ag reement for AOSERP was to 11 •••• d i ssem i nate research 

reports •••• 11 For such reports to be useful required that they be 

scientifically accurate and that they meet the research objectives 

laid out for the project. To achieve this aim, qual ified referees 

were retained under contract to review research reports. 

Turnaround time from rece i pt of a research report by AOSERP to 

return of referees l comments to the author was generally less than 

30 days. Referees I comments were sent to authors verbat im as 

photocopies, less the identity of the referee. For most reports, 

a minimum of two referees was employed. Referees most often were 

scientists from universities in Alberta, elsewhere in Canada, or 

the United States, although scientists from industry, government, 

and private consulting firms also were used as referees from time 

to time. Staff of AOSERP genera 11 y did not referee research 

reports after 1977. 

2.3.2 Quality Assurance Boards 

Although scientific advisory committees and referees 

proved invaluable in providing scientific direction for the 

Program and peer review of research results, large individual 
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research projects wh i ch woul d run for three to five years were 

judged to require special attention. Accordingly, the concept of 

a Qual ity Assurance Board (QAB) was developed, in which scientists 

with highly special ized qual ifications and extensive experience in 

the project discipl ine were asked to provide advice. The QAB was 

intended to review the project proposal before the project 

commenced, and to advise on appl icabil ity of the expected results. 

The research contractor retained to carry out the project was 

requ i red to defend both the pre-project research proposal and 

resulting research reports before the QAB, in a seminar setting, 

open also to potential users. The first appl ication of a QAB in 

direct analysis of a specific research project (in January 1980) 
appeared to have been highly successful from the varied points of 

view of AOSERP Program Management, potential users, and the 

research contractor. It appears that the use of QAB's can achieve 

at least the following: (1) assurance of a high qual ity research 

design; (2) usefulness to potential users; and (3) highly 

qual ified advice to the research contractor. If the three results 

outl ined above are all achieved, it would appear that 1 ittle 

1 ikel ihood exists for a major research contract not to achieve its 

stated objectives. 

2.4 AOSERP-INDUSTRY RELATIONSHIPS 

All AOSERP research was oriented to the possible effects 

of Athabasca Oi 1 Sands development. Consequently, oil sands 

corporations have a strong interest in research sponsored by 

AOSERP. From its inception, when industry was represented on all 

Technical Research Committees, AOSERP maintained a close 1 iaison 

with both Suncor and Syncrude. As a consequence, research areas 

of mutual interest to AOSERP and industry, but not initially 

included, were identified by the mid-point of the Program in 1977. 
Potential research projects generally were seen in two contexts: 

(1) those specific to company leases; and (2) those with appl ica­

tion to the region as a whole. 
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2.4.1 AOSERP-Industry Model for Joint Research 

In order to del ineate more precisely the major research 

interest of AOSERP and oil sands corporations, as well as to iden­

tifiy areas where joint sponsorship of research might prove advan­

tageous, a model for AOSERP-industry joint research was drafted in 

1978 within AOSERP and approved by Suncor, Syncrude, and other 

active oil sand companies. The model provided that either AOSERP 

or a corporation could initiate a research project and invite co­

sponsorship from the other. This model has been used as a basis 

for increasing frequency of joint sponsorship of research by gov­

ernment and oil sands corporations, and is contained in Appendix 

8.3. The model is considered to be mutually educative for envi­

ronmental research managers, both in industry and in government, 

and tends to promote better technical liaison, as well as to aid 

in increasing awareness of research needs of industry and govern­

ment by the respective research managers in each. 



28 

3. RESEARCH RESULTS 

Review of research results in this section provides a 

general summary of AOSERP investigations in relation to the four 

systems mentioned previously. It should be pointed out that the 

four systems largely were used for administrative convenience to 

define and consol idate program objectives more clearly, rather 

than for the construction of a scientific design for integrating 

AOSERP research on an interdisciplinary basis. Moreover, it will 

be seen that few interdiscipl inary connections exist between 

systems, or even between research projects within the same system. 

Thus, the division of AOSERP into the four systems resulted in the 

development of an operational framework strongly compartmental ized 

and strongly directed toward the assessment of the direct effects 

of oi 1 sands development on the natural ecosystem and the human 

population of the region. To achieve this result required a 

departure from continuing detai led surveys and documentation of 

basel ine information. 

Reorganization of AOSERP resulted in re-definition of 

general program research objectives, followed by redefinition of 

core specific research objectives for the Air, Land, Water, and 

Human systems. The general research program was designed to meet 

three-year and five-year objectives. Review of research results 

in this section is restricted to three-year objectives outl ined 

below. Discussion relating to five-year and longer-term 

objectives is contained in Section 6. 

Year-Three Objectives 

1. To review existing data with respect to the total 

area 1 ikely to be affected by oi 1 sands development. 

2. To identify gaps in the data base and establ ish 

projects that will el iminate these deficiencies. 

3. To establ ish monitoring networks in order to obtain 

basel ine data on variables in the environmental 

systems and review the monitoring requirements 

annually. 
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4. To i dent i fy env i ronmenta 1 and soc i a 1 prob 1 ems that 

can be expected to resul t from present and proposed 

oil sands development. 

5. To promote the estab 1 i shment of an integrated data 

storage and retrieval system encompassing all infor­

mation pertinent to the program and ensure that all 

data generated through the program are placed in the 

data system. 

6. To establ ish a conceptual framework by which current 

knowledge will aid in the design, conduct or redirec­

tion of research projects. 

7. To present a program report during year three (1978) 

that describes current understanding of the basel ine 

states and processes of the environmental systems in 

the AOSERP study area. 

3.1 AIR SYSTEM 

Air System investigations were initially conceived and 

designed on the premise that any possible effects of airborne 

pollutants would be widely dispersed and that they would be 

closely related to cl imatological and meteorological characteris­

tics of the region. Furthermore, because of the knowledge already 

available with regard to the Suncor plume, it was assumed that 

ground level concentrations of S02 would be relatively low. Con­

sequently, attention was directed as a first priority to acquiring 

basel ine meteorological and air qual ity data on a regional basis. 

Although AOSERP Air System objectives were not publ ished 

until 1977, they were in large part derived from the program 

establ ished in 1975, and became fully operational in 1976. Air 

System objectives (from AOSERP Interim Report to 1978)(4:1 7) 

are 1 isted below: 

1. To establish data acquisition systems to effectively 
describe existing physical conditions and processes 
including: cl imatology, air qual ity, precipitation 
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chemistry, lower atmospheric soundings, and inventory 
of emissions from all sources; 

2. To describe major meteorological 
characteristics of the oil sands 
historical and current data; 

and air qual ity 
reg ion based on 

3. To apply physical models to processes of air pollu­
tant dispersion, transport, and deposition; 

4. To develop systems for predicting levels of air pol­
lution resulting from oil sands processing and the 
extent of dispersion and impingement on land and 
water; and 

5. To provide advice and scientific support to other 
research sectors in areas relating to meteorology and 
air qual ity. 

In order to satisfy the data acquisition needs of the 

Program, networks were estab 1 i shed to gather base 1 ine i nformat ion 

on meteorology and air qual ity. 

3.1.1 Data Acquisition Networks 

The meteorological data acquisition network consisted of 

nine solar-charged, battery-operated stations which were pro­

grammed to telemeter hourly wind, temperature, and precipitation 

data to a central facility at Mildred Lake. The network is shown 

in Figure 6. As part of the basic meteorological data acquisition 

program, a 152-m instrumented tower, and precipitation and snow 

survey have been operational since 1976. The data are archived on 

hard copy and paper and magnetic tapes and are available through 

the Research Management Division of Alberta Environment. 

The air qual ity data acquisition network consisted of 

three stations (Birch Mountain, Bitumount, and Fort McMurray) and 

was establ ished to provide data on ambient air qual ity over a 

relatively large area. At Fort McMurray, 502,02' and particu-

lates were routinely measured. At Bitumount and Fort McMurray, 

levels were recorded of H25, CO, NOx ' particulates, Pb, Cu, 

Mg, Cr, Cd, Hg, ln, Be, V, Ni, Mo, and Co. The network provides 

an indication of requirements for constructing an air qual ity 
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cl imatology for the area, as well as supplementing industry net­

works operated at Syncrude and Suncor at closer proximity to the 
. .. (31 ) 

two major emiSSion sources. 

As ide from the network descr ibed above, a total of 13 

continuous monitors recorded levels of S02 and H2S and over 100 

tota 1 sul phate exposure sites were operated through the comb i ned 

effort of AOSERP and industry. Suncor has carried out extensive 

air qual ity sampl ing since it began operations. The operation of 

air qual ity monitors and total sulphate exposure sites on a shared 

basis was considered to provide much wider coverage at less cost 

than if air qual ity sampl ing were to be done on an individual 

basis. An inventory of man-made and natural emissions was assem­

bled and placed in a computer retrieval system to facilitate ease 

of access. 

Construction of the 152-m instrumented tower in the 

Athabasca River valley was intended to provide data on air move­

ments in the vicinity of Suncor, from which could be determined 

the d i sper s i on of the plumes from the rna in stack at th i s plant. 

These data were considered essential in determining the frequency 

of concentrations of airborne pollutants in relation to local 

meteorology, as well as in providing information on the possible 

effects of terrain in modifying air flows near ground level. 

The meteorological data acquisition and precipitation 

chemistry networks (Figure 6) and 152-m tower have been opera-

tional for four years. The hourly data accumlated on wind, tem-

perature, and precipitation provide an extensive data base for 

cl imatology of the region. Usefulness of the data may be 1 imited 

in relation to the construction of dispersion models, and requires 

evaluation for use in terrestrial ecosystem models and biomonitor­

ing. A very large meteorological data base now exists, but 

regional meteorological data in large part remain unanalyzed. 

Data from the tall tower are of 1 imited useful ness, except for 

site-specific investigations near the Suncor plant. Minisonde 

data are considered more useful and acoustic sounder data may be 



Humidity sensor and temperature 
monitor. (A. Mann, AOSERP) 

Snow gauge. (H. Johnston, AOSERP) 

Instrument towers carry various 
sensors located at critical heights. 
(A. Mann, AOSERP) 

An intensive network of air quality monitoring stations was operated during the first 
five years of the Program. Key stations are still maintained by government and 
industry. 



Minisonde balloon and theodolite used for upper 
air monitoring. (M. Falk, AOSERP) 

Sampling snow for S02 deposition. (A. Mann, 
AOSERP) 
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the most useful in relation to requirements of logistics and 

manpower. 

The air qual ity network has collected ground level con­

centrat ion data for a number of airborne const i tuents for three 

years.(31) The air quality climatology for the area is now 

described in detail. The data provide very useful supplementary 

information which can be related to industry networks which are 

relatively close to the emission sources. A combined meteorolo­

gical data acquisition and air qual ity system was instal led in the 

vicinity of the Amoco Canada Ltd. in situ pilot plant near Stony 

Mountain (Gregoire Lake), about 50 km south of Fort McMurray, in 

co-operation v,ith Amoco Canada Ltd. The system consists of four 

meteorological towers and a highly sophisticated integrated air 

qual ity instrument package in a trailer on the Amoco site. The 

meteorological towers provide data for analysis of flow character­

istics in the vicinity of Stony Mountain, where terrain exerts a 

significant effect on atmospheric flow at lower levels. Because 

of technical problems, the air qual ity instrunent package to date 

has produced little usable data. When fully operable, the system 

is expected to prov i de a means of assess i ng em i ss ions from the 

Amoco Canada Ltd. in situ operation and integrating the data with 

respect to several air qual ity and atmospheric parameters simul­

taneously. A study was carried out(32) to identify all poss-

ible sources of toxic emissions from oil sands plants. Spec i a 1 

emphasis was placed on the emissions 1 ikely to cOlile from in situ 

operations, as well as those to be expected from the technology 

presently employed by Suncor and Syncrude and from conventional 

mining and extraction processes in future. Included in the study 

were recommendations for both water and air sampling for toxic 

substances over extended time periods to accumulate a rel iable and 

stable data base. 

Both the air qual ity network and the meteorological data 

acquisition system largely have met their stated objectives of 

acquiring sufficient data that a prel iminary assessment can be 
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made of the climatology of air movements and distribution of 

i sop 1 eths of se 1 ected atmospher ic po 11 utants. The data obta i ned 

to date are highly useful in planning future air system research. 

As an adjunct to research on meteorology and air qual ity, an air 

system directory has also been compiled.(33) The directory 

provides a comprehensive 1 isting of all air quality and meteoro­

logy data, including location of and description of sensors, 

extent of data records, and 1 ocat i on of arch i ved data. The data 

are available on request to researchers in government, industry, 

research institutions, and private sector consultants. 

3.1.2 Meteorology 

Feasibility of the use of weather radar was investigated 

as an aspect of app 1 y i ng advanced technology to acqu i sit i on of 

meteorological data. (4) The use of weather radar, in con-

junction with conventional methods of acquiring meteorological 

data, was judged economically, techn ica lly, and sc ient i f i call y 

feasible, but was considered of relatively low priority to imple­

ment, to staff, and to reduce the data in relation to identified 

needs of users of hydrological and air qual ity information. Very 

high resolution radiometry imagery (VHRR) from the multi-spectral 

scanner (MSS) of LANDSAT was assessed for monitoring weather con­

ditions in the AOSERP study area. US ) While LANDSAT imagery 

could resolve surface features, its 9 to l8-day return period fre­

quency made it unsuitable for studying such features as occurrence 

of fog, plume trajectories, etc. NOAA satell ites give twice daily 

coverage but provide inadequate resolution of features essential 

to assess effects of i ndustr i al development. No comb i nat i on of 

NOAA and LANDSAT imagery was considered adequate to provide 

weather data of use to AOSERP. 

Conclusions of the report mentioned above may be unduly 

pessimistic as to frequency of coverage. Some satellites now give 

more than twice daily coverage and provide very high resolution 

data (visual and thermal). Thus, the appl ication of rapidly 
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improving remote sensing technology should be examined frequently 

(A.S. Mann, Atmospheric Environment Service, personal communica­

tion) as to its suitabi1 ity in providing high qual ity meteorolog­

ical information on a regional basis. Such information might 

prove valuable in gaining a better appreciation of problems asso­

ciated with storm cells and acid precipitation. 

A number of research projects were initiated to eluci­

date atmospheric processes which might affect plume dispersion 

from the Suncor and Syncrude plants, and which could be related to 

ambient air qual ity in the area. Three field studies were carried 

out to provide preliminary information on plume behaviour of the 

5uncor plume in relation to the meteorology of the area as well as 

the rate of 502 ox i dat ion in the plume. For the majority of 

observations, both in March 1976 and February 1977, inversion 

conditions prevailed. It was found that, with a cross-valley 

flow, winds near ground were decoup1ed from winds aloft, with 

lower level flow a1 igning with the Athabasca River valley 

wa11s.(35,36,3?) Thus, assessment of plume behaviour at 

tower altitudes was made more difficult because of terrain effects 

on wind flow. Oxidation rates of 502 were found to be lower than 

expected from theoretical estimates under conditions of the field 

studies. These studies provided atmospheric scientists with the 

opportunity to assess the appropriateness of methodology and 

equ i pment, as well as the useful ness of data gathered from the 

tall tower located in the river valley. 

Knowledge of plume dispersion characteristics is 

critical to any assessment of the impacts of air pollutants. A 

project was developed in 1976 to carry out intensive plume surveys 

as an integral part of short-duration field studies, from which 

c1 imato1ogy could be related to plume dispersion and turbulence 

measurements. (38) The five cases used for analysis of plume 

geometry, mass flux calculations, and turbulence charact~ristics 

provided comparisons between observed plume structure and profiles 

predicted from the Gaussian model. Lateral and vertical plume 
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spread were derived from each case. Significant differences 

occurred between observed values of the lateral dispersion coeffi­

cient and Pasquill-Gifford values, with the former being several 

times larger, wh i ch the authors specul ated might be due to the 

presence of multiple sources. Values for the vertical plume dis­

persion coefficient were simil iar to Pasquill-Gifford values, but 

decreased more slowly downwind. It was the conclusion of the 

study that a promising approach had been developed for determining 

the relationship between turbulence and plume dispersion for the 

Athabasca Oil Sands extraction plants. 

Together with the knowledge of plume dispersion charac­

teristics, long-term and long-range predictions of the effects of 

air pollutants require knowledge of cl imatological effects. A 

study was carried out to determine the cl imatology of low level 

air trajectories (movement of air parcels).(39) Most 

frequently, air masses move into the Athabasca Oil Sands region 

from the west and out of the region to the east, at the surface to 

1500 m above the surface of the ground. These air masses may 

entrain emissions and are important to transport of atmospheric 

pollutants, particularly in summer months. Also of interest is a 

sign i f i cant secondary component of air mass movement from the 

south and southeast at the surface level during spring months. 

3.1.3 Air Quality 

In order to identify the effects of air pollutants on 

air quality, the physical and chemical characteristics of the 

atmospheric constituents must be known. An extensive literature 

review was carried out to identify chemical transformation pro­

cesses in plumes from oil sands plants which could be of impor­

tance in assessing long-term environmental effects.(40) Four 

major aspects of atmospheric chemistry were discussed: clean air 

chemistry, oxidant chemistry, S02 chemistry, and aerosol chemis­

try. It was concluded that high ozone concentrations and forma­

tion of Pan-type oxidants probably would take place, especially 
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dur ing sll11mer when concentrations of both man-made and naturally 

occurring reactive hydrocarbons could be sufficient to fuel 

oxidant chemistry. Homogeneous gas phase reactions via interac­

tions of 502 with oxidative processes were suggested as the prime 

transformation route of 502 to sulphate during summer, with 

aqueous phase reactions being important at all times. 5tud i es 

relating to cl imatic and geographic conditions in northern Alberta 

also are specifically discussed. A parallel study of pollutant 

transformation processes was carried out to examine experimentally 

in the 5uncor plume the summertime rates of oxidation of 502 to 

sulphuric acid and sulphates in order to determine the in situ 502 

plume dispersion characteristics of 502 and particulates. 

Oxidation rates of 502 were found to be low (typically less than 

0.5%) in early morning; later in the day, these rates rose to 1 to 

3%, with a downwind ozone "bulge" occurring in several afternoon 

samples. Results suggest that photo-chemical processes play an 

important role in oxidation of 50 2.(41) 

The initial long-range objectives of atmospheric 

research in the Athabasca Oil 5ands region included evaluation and 

development of an air qual ity model to fit the needs of regulatory 

agencies in assessing air qual ity of the region. Inputs to such a 

mode 1 are in 1 arge part based on knowl edge of c 1 imato logy and 

meteorology of the region as well as characteristics of terrain 

and industrial pollutants discussed earl ier. As a prel iminary to 

extensive model development, experiments were performed with the 

Cl imatological Dispersion Model (COM) to calculate annual averaged 

values of 50 2 concentrations at ground level.(42) 

The major meteorological input to the model is the 

long-term joint speed and direction frequency distribution of 

winds in the vicinity of pollution sources. COM calcul~tions were 

reasonably well correlated with observational data; the model is 

therefore cons i dered useful for comput i ng seasonal or annnua 1-

average ground level concentrations (glc) of 502, but is not 

intended for evaluation of short-term glc. The max imum annua 1-
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average concentrat ion of S02 was found to be below the Federal 

Maximum Desirable Level, National Air Quality Objective. The 

model calculations predicted that, with both Suncor and Syncrude 

in full operation, the annual-average glc of S02 would not be 

significantly higher than that observed with only the Suncor plant 

operating. Because of lack of data from the Mildred Lake metero­

logical station, Fort McMurray data were used and correlated with 

Mildred Lake data. These data suggest significant terrain effects 

which are of importance in the development of any useful air 

qual ity models for the region. To this date, no project has been 

developed to determine terrain effects or to incorporate these in 

an operating air qual ity model. 

The climate of the area and c 1 imato logy of atmospher i c 

flows, along with the field studies, all of which were discussed 

earl ier, provide the basis for assessing dispersion, transport, 

and impingement of pollutants near emission sources, as well as 

regionally and at long range. 

Dispersion measurements of the Suncor plume resulting 

from the 1976 and 1977 field studies provided enough data that 

further field work on plume dispersion characteristics was not 

recommended. Instead, a comprehensive analysis of sigma data was 

undertaken in order to derive a procedure which could be used to 

predict plume sigma values.(43) This latter study suggested 

the need for more sigma data. The analysis of AOSERP plume sigma 

data was also intended to provide a user needs evaluation when 

used in conjunction with two users' surveys carried out concurrent 

with the plume sigma data analyses(44,45) and air qual ity 

model 1 ing. 

3.1.4 Air Quality Modelling 

A relatively large effort was devoted to investigation 

of atmospheric models and their appl ication to air qual ity manage­

ment in the oil sands region. A 1 iterature review was carried out 

of both Gauss i an and more comp 1 ex Eu 1 er i an models, (46) wh i ch 
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resulted in recommendations that a flexible model be used to allow 

input of local chemistry and dispersion characteristics and inclu­

sion of complex terrain effects, following which there would be a 

staged implementation of model use from the simple Gaussian 

(CRSTER, CDM) to more complex (LIRAQI AOPIC). A study was carried 

out to calculate the annual glc of S02, using Suncor data as an 

input to the COM, and a1 lowed some comparison with measured annual 

average values. Both the values predicted from the model and the 

measured values for the glc of S02 were below the generally 

acceptable upper limit, indicating no cause for concern. However, 

the study concluded that it would be desirable to rerun the model 

with Syncrude data to achieve greater precision to predict the glc 

of S02 with two emission sources. The study recommended also that 

the monitoring network density be increased for model val idation 

and that real wind and dispersion data be used, rather than 

parameters fixed in the model. 

assess 

An in-depth study was carried out to implement 

the CRSTER mode1(4J) by testing the state of the 

and 

art 

EPA model with the use of Suncor data. Results compared reasonably 

well with the COM determinations mentioned above. The study 

resulted in recommendations that monitoring be increased to a1 low 

comparison of model predictions and that a flare stack plume rise 

algorithm be developed. The study also suggested that more recent 

EPA models be examined for inclusion of multi-source data, field 

tests for worst case epi sodes, and increased qual ity control of 

data. A parallel study provided detai led examination of the 

Livermore Laboratory models (LIRAQ and AOPIC) for possible use in 

the oil sands region.(48) The study excrnined algorithms, 

data requirements, app1 ication, and logistics of implementation. 

The study concluded that the AOPIC model mig~t be useful for 

episoda1 studies, but that severe computational difficulties could 

be expected, reprogrcrnming might be required, and implementation 

of this model for the Athabasca Oil Sands region should not be 

attempted before careful progrcrn analysis was carried out. The 
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LIRAQ model was judged to be inappl icable to problems in the oil 

sands region. A problem analysis was carried out of plume disper­

sion in a convective boundary layer. (49) This study provided 

a theoretical discussion of plumes in a boundary layer, effects of 

a convection in summer, and appl ications to looping plumes in the 

oil sands region. It recommended field investigations to obtain 

model-directed data, measurement of incoming radiation, cl imatol­

ogy of mixing depths and wind profiles, and a visual plume obser­

vation program. 

A prel iminary ice fog model deal ing with physical pro­

cesses in ice fog formation was developed, using observational 

data obtained in the oil sands region. (50) This study 

resulted in a recommendation for the development of a sophisti­

cated fog model which could incorporate topography and assess 

pollutant-fog interations. Because of the relatively infrequent 

occurrence of fog (potentially 10 to 13 days/year), a low priority 

was assigned to continuing development of ice fog models. A study 

was carried out to investigate the chemical fate of pollutant 

gases from oil sands plants and to develop a comprehensive com­

puter algorithm which could be used to derive plume chemistry in 

mathematical terms.(Sl) This chemical model was designed to 

incorporate the chemistry of sulphur dioxide, oxides of nitrogen, 

ozone, and hydrocarbons and to val idate the chemistry of these 

compounds experimentally. The model has been tested, but requires 

data from plume chemistry studies to obtain reaction rates. 

A highly significant objective of AOSERP was to supply 

advice and scientific information on meteorology and air qual ity 

to government agencies and industry which could be used as a basis 

for environmental management decisions. Involved in that objec-

tive were the needs of users in a variety of government agencies 

and industry as well as researchers in several discipl ines. 

sequently, as mentioned earlier(4S), user requirements 

Con-

were 

analyzed in relation to airshed management strategies. This 

analysis provided an overview of the appl ication of air qual ity 
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simulation models to air qual ity management. Included in the 

analysis is a summary of the types of models in use, how they are 

appl ied, and an analysis of model criteria. The report def i nes 

the strategies employed in air qual ity management and concludes 

that only one of the four main strategies has need of air qual ity 

models on which to base management decisions. 

A st udy of user needs (44) was car r i ed out to deter­

mine the appl ication of computer simulation models to airshed 

management, in order to provide direction for the formulation, 

development, and appl ication of an air qual ity model to air 

qual ity management in the Athabasca Oi 1 Sands region. The model 

deemed most appropriate to users' needs included three basic 

components: glc file, meteorological time series file, and the 

frequency distribution model itself. The procedure used for 

selection of an appropriate model rel ied on three main parameters: 

appl icat ion, implementation, and importance. Appl ication 

parameters reflected the degree to which the model type accurately 

simulated physical processes which determine wind flow and disper-

sion of atmospheric pollutants. Implementation parameters con-

cerned requirements for input data, computers and personnel. 

Importance parameters evaluated which physical processes were 

important for particular user needs. Major user needs were iden-

tified as: maintenance of air qual ity standards; long-term dry 

deposition patterns; and generation of frequency distributions of 

canopy-top pollutant concentrations as functions of biologically 

important parameters, such as surface moisture, temperature, 

season, time of day, etc. Sever a 1 types of air qua lit y mode 1 s 

were identified as meeting user needs, and the rationale for 

selection of a specific model was discussed in detail. Five 

suggested stages of implementation for air qual ity model program 

are stated below: 

1. The implementation of a Gaussian frequency distribu­

tion model of a modified CRSTER form to include site-
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specific dispersion parameters and biological strati­

fication parameters; 

2. The site-tuning of a Gaussian standard model with a 

consideration of convective effects for tall stacks; 

3. The determination of a modified potential flow 

terrain model with site-specific dispersion 

co-eff i c i ents; 

4. The determination of spatial distribution and impor­

tance of terrain effects in the AOSERP region; and 

5. The generation of a representative wind data base for 

t he frequency d i st r i but i on mode 1 • 

As indicated earl ier, AOSERP Air System research had a 

two-part final objective: to provide meteorological and air qual­

ity data to a variety of users and to develop an airshed manage­

ment program for the Athabasca Oil Sand region. Large amounts of 

data are available for use by researchers, government agencies, 

and environmental managers in industry, which in large part satis­

fies the first part of the final Air System objective of AOSERP. 

A multi-year program for development and refinement of a series of 

air quality models has been initiated, with the first phase con­

sisting of the first of the five stages outlined above.(5 2 ) 

It shou1 d be emphas i zed that the frequency d i str i but i on mode 1 

developed in this Air System research project differed signifi­

cantly from the traditional c1 imato1ogica1 dispersion model (COM), 

with the major difference being the inclusion in the AOSERP model 

of biologically or sociologically important weighting factors. 

Available data were analyzed to provide inputs for weighting para­

meters and dispersion specifications, and it was determined that 

extensive refinement and extension of the data base wi 11 be 

required before appropriate wind speeds can be generated for the 

model. As well, a need was identified to parameterize wind direc­

tion fluctuation for plume sigma estimates by means of boundary 

layer classifications specified by available parameters. 
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I t has been stated ear 1 i er that the air qua 1 it y mode 1 

developed by AOSERP is intended as a working air qual ity model, 

rather than as a research model. As a result, the first working 

version of the model strongly reflects airshed management require­

ments and spec ified user needs. As background to a workshop for 

model users(S3), a discussion of model capabil ities and an 

outl ine of its components was developed. This material, produced 

by D.S. Davison, is quoted below. 

OVERVIEW OF MODEL CAPABILITIES 
The model is a frequency distribution model which is de­
signed using a time-series approach. Basically the model 
provides an integrated picture of ground level concen­
trations (glc) of a given pollutant over a specified 
time period. As in other frequency distribution models, 
the average glc values and their frequency distribution 
for various concentration levels are calculated. How­
ever, the model has additional characteristics which 
should make it a more powerful management tool for 
typical users. Three of the major improvements are 
out 1 ined below. 

The frequency d istr ibut ion of ground level concentra­
tions can be very efficiently modified to allow for the 
sensitivity of the particular receptor. For instance, a 
biologist could limit his concern for times in which 
active photosynthesis is taking place. The land-use 
planner might wish to be especially concerned with glc 
values during daytime recreational hours. The model can 
permit 1 imitation of the data set being considered to 
specific seasons or times of day. In a more general 
way, the model will permit a weighting of the calculated 
glc values according to any of the meteorologial param­
eters included in a time series data file. For in­
stance, the weighting of the glc values could be made a 
function of temperature. The weighted glc values then 
become a measure of both the concentration value and the 
susceptibility measure which was emphasized by all the 
biologists interviewed for the user survey. 

The model can also generate a time series of concentra­
tions at any given receptor location based upon the 
historical time series of meteorological data. A fre­
quency distribution of the time between occurrences of 
glc values above a given critical value can also be 
generated. This type of analysis can then be used to 
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estimate the likely time period between high concentra­
tion episodes. That information was identified as being 
very useful for biologists studying the effect of a 
recovery concept after an exposure and for land-use 
planners in assessing a nuisance to deteriorated air 
qual ity. Because the model can be used to simulate 
various possible developmental scenarios, the time 
between episodes can be used to assess the 1 ikelihood of 
exceedance of various air qual ity objectives using 
historical return periods and future emissions. 

A third major feature of the model is the flexibility in 
the source specification. The model is designed to 
precalculate and store on file the amount of dilution 
for each source at each receptor point in a grid. As 
long as no new sources are desired and glc values are 
desired only for regions inside the grid, then users 
need only run one portion of the model to vary source 
strengths, and weighting of glc values and to util ize 
most other model analysis options. The significance of 
this modular feature is that it is much simpler and far 
more efficient (i.e., less expensive) to run a wide 
range of simulation studies. Thus, the glc values due 
to a single source or group of sources can be assessed 
by varying the source rates (which can be set to zero to 
ignore a particular source). This feature permits some 
estimates of the incremental effects of additional 
sources; so that many aspects of different developmental 
scenarios can be assessed easily without the need to 
regenerate the main ground-level concentration file. 
The source strengths can be similarly varied to study 
different contaminant species (e.g., 502 , NOx ' 
etc.). 

OUTLINE OF MODEL COMPONENTS 
The model has three basic components. The typical user 
would access the frequency distribution model, itself, 
called FRQDTN. This progran calculates frequency 
distributions and performs other statistical analyses 
based upon input parameters including the susceptibil ity 
weighting descriptors. The program FRQDTN util izes two 
pre-generated files which are the remaining two major 
components of the model system. 

The first major f i 1 e assessed by FRQDTN is the time 
series of the meteorological data. The meteorological 
data presently include wind speed and direction, 
temperature, relative humidity, mixing height cloud 
cover, precipitation and snow depth. The time series 
file is the final output from a series of analysis 



Plumes CWo Hume, AOSERP) and plume 
photography (M. Falk, AOSERP). Study of 
emission plumes aids in developing transport 
and deposition models for aerial pollutants. 



Foraging White Pelicans (Pelecanus erythrorhynshos). (R. Beaver, CWS) 
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programs for the var ious paraneters. The final program 
which synthesizes the data sets and performs some 
additional analyses is called TIMSER. The typical user 
would not need to run TIMSER since the time series file 
would normally be available. 

The second major file is the ground level concentration 
file generated by the progr~n GLCGEN. The ground level 
concentrations are pre-calculated for all possible dis­
persion classes, for specified sources and receptors. 
This pre-calculation avoids the necessity of separately 
computing the ground level concentrations at each time 
series entry. Although there is an approximation 
involved in the discretization of the parameters con­
troll ing dispersion into dispersion classes, the precal­
culation reduces the model run-time by about an order of 
magnitude. All the major dispersion formulations are 
within GLCGEN; so that a typical user who chooses to use 
the existing formulations need not run GLCGEN. 

A unique feature of the development of the airshed air 

qual ity model discussed above was the appointment of a Qual ity 

Assurance Board (QAB) to review the progress of model development 

and to offer criticism and advice at pre-determined stages of the 

research project. As a result of the interactions of the QAB with 

the researchers who developed the model, significant shifts in 

emphasis occurred. The final report on development of the model 

also incorporates QAB comments and critical review of the product. 

3.2 Land System 

The geographic location of the Athabasca Oil Sands 

region, plus its topography and cl imate, determines its major 

environmental characteristics. AOSERP studies were directed 

toward the determination of regional basel ine conditions with 

respect to vegetation, soils, surficial geology, and wildl ife. In 

addition, field studies were commenced to determine possible 

impacts of air pollution on vegetation and soils, as well as 

laboratory studies to determine threshold levels and symptomology 

of Injury to vegetation by S02. The land system objectives 

designed to meet those goals are 1 isted below:(4:3 1) 
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1. To review and assess 
pertaining to terrestrial 
study area; 

the available information 
ecosystems of the AOSERP 

2. To undertake stud ies which may be used to establ ish 
the basel ine states for physical, chemical, and 
biological constituents of the terrestial ecosystems 
of the study area which could be altered by oil sands 
deve 1 opment; 

3. To identify substances which may be introduced into 
the metabol ic pathways of the terrestrial ecosystems 
of the study area and their effects on these 
metabol ic pathways; 

4. To assess and report on all physical, chemical, and 
biological disruptions of the terrestrial ecosystems 
in the study area resulting from oil sandS 
development; 

5. To undertake studies directed toward restoration of 
biological productivity to terrestrial ecosystems 
disrupted, damaged, or destroyed in the course of oil 
sands development; and 

6. To der ive a conceptual and/or mathemat ical model 
wh i ch can be used to pred ict the effects on the 
terrestrial ecosystem and its capacity to assimilate 
those effects without permanent or long-lasting 
deb i 1 itat ion. 

Fauna 

Our i ng the fi rst two years of the program, heavy 

emphasis in Land System research was placed on constructing a 

general inventory of bird and mammal species of the region. 

Species selected for initial study were those considered to have 

potential for a negative response to oil sands development. These 

included waterfowl, migratory and resident birds of the forest 

ecosystem, rare, sensitive, and endangered species (e.g., white 

pel icans and peregrine falcons), and moose, caribou, and wolves. 

In order to provide an estimate of the number of moose 

in the region, a project was designed for estimating moose 

densities with rel iable statistical confidence intervals. A model 
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was developed which was considered appropriate to quadrant or 

transect surveys, and which provided statistically reliable esti­

mates of visibil ity bias and absolute density as well as real istic 

estimates of population variance.(54 ) To serve the general 

objective of minimizing damage to and preserving habitat for moose 

as one of the most important ungulate species in the region, the 

relationship was studied between moose and the habitats and 

forages available to them. Radio telemetry was employed to track 

moose to de 1 i neate seasona 1 use and preference and avo i dance of 

habitats and forages. Observations indicated that upland habitats 

were seasonally most heavily util ized and preferred (greatest 

impact of oil sands development would result from destruction of 

upland habitat). The study included data on the ranked importance 

of major plant assoc i at ions and the ranked importance of forage 

species consumed by moose.(55) ~100se are widely distributed 

in the oil sands region in a variety of habitats. The dynamics of 

moose in the region were extensively investigated between 1976 and 

1978(56) and revealed that the pupulation is stable or 

declining. Comparison with a population of moose at Rochester, 

Alberta(57) revealed lower fecundity, and mortal ity of adults 

chiefly as a result of hunting and wolf predation. Along with 

data gathered earlier, likely critical habitats were identified. 

A conclusion of this research was that increased exploitation of 

moose (by hunting) would produce a major population decline. A 

population estimate of 4595 moose for the entire AOSERP study area 

(O.18/km 2 ) was obtained for the winter of 1977 to 1978. 

Dynamics of woodland caribou were studied over the same 

period as for the moose.(5 8 ) The total population of the 

AOSERP study area was estimated at 433 animals for the winter of 

1977 to 1978. Calculated rate of population growth indicated a 

stable or slowly declining population and recruitment of calves 

appeared to be low. Cause of mortal ity was not determined, but 

duration of snow cover appeared one likely cause. Hunt i ng and 

wolf predation were judged to be minor factors in total mortality. 
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Because of the location of caribou herds, these animals are not 

1 ikely to be affected directly by oi 1 sands development. Sus­

tained increased mortal ity from hunting would 1 ikely extirpate 

caribou from the Athabasca Oil Sands region. The study concluded 

that woodland caribou in the Athabasca Oil Sands region in future 

could be exposed to significantly increased human disturbance. No 

conclusions were presented as to the 1 ikely consequences of 

increased disturbance on caribou numbers or distribution. 

The wolf is of widespread, but low density, occurrence 

in the Athabasca Oil Sands region.(59) Population studies on 

wolves carried out from 1975 to 1978 revealed a total wolf popula-

tion of about 140 animals. The population appeared to have 

increased significantly during the course of the investigation 

(from 1975 through 1977). Trapp i ng and ear 1 y death of pups were 

judged to be the chief mortal ity factors. Geographic distribution 

of wolves and kill location was associated with density of moose. 

Some members of wolf packs became associated with garbage dumps; 

these animals were in poorer condition than wolves dependent 

entirely on natural prey. As with caribou, this study concluded 

that wolves in future would be subjected to significantly 

increased human disturbance as a consequence of continued develop­

ment of the Athabasca Oil Sands. 

A species of relative abundance and importance in the 

AOSERP study area is the black bear. Suppor t wa s prov i d ed to a 

study at Cold Lake, Alberta to provide information on responses of 

black bears to habitat alterations, bear-human interactions, and 

refuse disposal, all of which have caused concern in other 

areas.(60) Results of the study indicate that bear-human 

interactions can be minimized with adequate refuse disposal 

methods. 

A review of AOSERP faunal studies indicated a deficiency 

in basel ine information with respect to insects, which comprise 

the major component of animal biomass in terrestrial ecosystems. 

Surveys were carried out to describe the insect fauna of the 



Wolf (Canis /upis). (L. Carbyn, CWS) 

Bull Moose (A/ces a/ces) with radio­
tracking device. (T. Fuller, University 
of Wisconsin) 

Predators and game and furbearing 
animals are important inhabitants of 
the oil sands regions. Studies of 
population dynamics and habitat 
preference aid in assessing the 
impact of oil sands mining on this 
valuable natural resource. 

Spruce Grouse (Canachites 
canadensis). (K. Lumbis, CWS) 



Revegetation plots on Suncor tailings dyke. 
(J. Selner, Energy and Natural Resources) 

Aerial photograph of a vegetated portion of 
the Suncor dyke. (H.P. Sims, Research 
Management) 

Small mammal damage 
to seedlings is one 
problem encountered in 
reclamation schemes. 
(H. Johnston, AOSERP) 

Reclamation of tailings pond containment dykes is a major concern. A self­
maintaining and erosion-controlling cover must be established. 
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an imal s 

compr i se 

dependent on insect 

the largest component 

of total animal biomass but are important as food for insecti­

vores, may be important to people as biting insects, or may do 

damage to vegetation, depending on the taxa involved. An insect 

survey of the Suncor dike showed that insects were abundant in 

dike vegetation. Insect attacks were tolerable for deciduous 

trees but more severe on conifers. I nsect damage was not the 

chief limiting factor in mortality of trees on the Suncor 

dike.(63) 

Next to insects, small mammals (rodents) constitute the 

most abundant animals in the Athabasca Oil Sands region. In order 

to develop baseline data on small mammals and to identify their 

relationship to other components of the forest ecosystem, the 

ecology of 

t i gated. (64) 

five major species in 

Distribution, habitat, 

the reg ion was inves-

and food preferences 

were reviewed for the red-backed vole, meadow vole, deer mouse, 

red squirrel, and snowshoe hare. All five species were abundant, 

widely distributed, and important prey species for furbearers and 

raptors. Each species has potential as a pest in afforestation. 

The red-backed vole and deer mouse appear to er upt into large 

popul at ions every three to four years. The red squ i r re I and 

meadow vole fluctuate widely in numbers, related to a variety of 

causes, while the snowshoe hare reaches peak numbers every 8 to 10 

years. 

Because of problems associated with survival of trees 

on afforestation sites, the potential for damage to trees by small 

mammals was reviewed.(65) Natural distribution and densities 

of small mammals was investigated as well as demographic trends, 

habitat requirements and utilization, feeding habits, and damage 

to plants. Small mammal damage was I ight on natural sites; vege-

tation species susceptibility was highly variable. Numbers of 

small mammals were only weakly associated with damage to plants. 

For snowshoe hares, rate of browsing was inversely correlated with 
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amount of avai lable browse. The study concluded that control of 

damage by small mammals on reclaimed areas was best achieved 

through the provision,of supplementary food, manipulation of habi­

tat (reduced cover), and the use of chemical repellants.(66) 

During planting trials of vegetation on the Suncor dike, 

it became apparent that rodents (and possibly insects) could cause 

significant damage or mortality to planted tree seedl ings. A pro­

ject was initiated to monitor rodent damage to tree seedlings. An 

est imate was made of rodent popul at ions on the Suncor dike and 

poison bait feeding stations were establ ished as a means of con­

troll ing rodent numbers. Results of attempts to control rodents 

and damage to seedl ings were inconclusive.(67) 

The availability of furbearers to native people of the 

area is of economic importance. An analysis of fur production for 

the five-year period 1970 to 1975 indicated that about $165,000 in 

fur was produced from 131 registered trapl ines in the area, and 

that several times the amount reported could actually have been 

produced in the region. (68) The four major species of semi­

aquatic mammal ian furbearers in the Athabasca Oi 1 Sands region are 

muskrat, beaver, mink, and otter (in order of importance). A 

study mentioned earl ier on the ecology of semi-aquatic furbearers 

of the areas produced an annotated bibliography concerning life 

history, physiology, mortality factors, environmental quality, and 

management of the four species.(28) This study provides an 

excellent reference base for any future study of the four species 

of furbearers mentioned above, particularly in relation to effects 

of 0 i 1 sands deve 1 opment on fur product i on and operat i on of 

trapl ines. 

One of the large groups of warm-blooded animals in the 

oil sands region comprises birds. These were inventoried in two 

major categories: terrestrial birds and waterfowl. The study on 

terrestrial birds(69) provides an annotated checkl ist of 220 

species and includes notes on the status of each species with 

respect to residence, breeding, and migration status. Habitats 
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were identified for each species of bird and the potential impacts 

of oil sands development were related to habitat requirements and 

usage. It may be concluded that some species will be el iminated 

from actual oil sands plant sites, but the total direct impact on 

terrestrial birds in the oil sands region will be relatively small 

because of the sma 11 percentage of tota 1 area affected. The 

surveys on terrestrial birds provide extensive basel ine data of 

considerable value to any future work on this group. 

Species distribution and habitat preferences were deter­

mined for staging or breeding of waterfowl in the oi 1 sands 

region. (70) Less than 1000 breeding pairs were counted, but 

fall staging surveys indicated numbers between 11 000 and 24 000 

d uc ks. Evidence was not presented in this report for widespread 

effects of oil sands development on waterfowl with the exception 

that tail ings ponds pose a threat at all times to migrating water­

fowl because of oil on the surface of these waterbodies. Sugges­

tions were made to render tail ings ponds as unattractive as 

possible to waterfowl and, fai 1 ing success, to use appropriate 

methods to deter waterfowl from use of tailings ponds. 

Included in studies of birds was an inventory of 

selected species of rare, endangered, or senstive status, carried 

out over a three-year period from 1975 to 1977. (71) Three 

major groups of birds were surveyed: raptors, colonial birds, and 

selected sensitive species, except for peregrine falcons and white 

pel icans, which are reported elsewhere. (72,73) The study 

concluded that increased levels of human activity associated with 

further 0 i 1 sands development pose a potent i a 1 threat to rare, 

sensitive, or endangered species of birds. 

3.2.2 So i 1 s 

Prior to initiation of AOSERP, detailed information was 

not available on the soils of the Athabasca Oil Sands region. It 

was decided to inventory and map the extent and locations of soils 

throughout the region in order to provide basel ine information for 
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prediction of the effects of oil sands development on terrestrial 

ecosystems. So i 1 mapp i ng was a 1 so intended to prov i de base line 

information to all disciplines involved with research in the 

Athabasca Oil Sands region. All areas to be covered were field 

checked and sampled and prel iminary maps prepared. In the Bi rch 

Mountains, Dunkirk Plain, and Kazon Upland, permafrost was 

encountered in most organic soils. It was suggested that a 

reclassification to sub-Artic, rather than Boreal might be used by 

other researchers. Further work on ecological land classification 

might result in classification changes for some areas to sub­

Arctic or high-, mid-, or low-Boreal regions. Land districts were 

divided according to relief, geology, and geomorphology, while 

soils were described in terms of particle size, pH, wetness, and 

soil temperature.(70 ) 

Soils of the area were identified and mapped according 

to the system developed by Lacate.(75) Aerial photography 

used in the soils inventory was 1974 black and white Panchromatic 

at a scale of 1:50 000. Field maps were reduced from 1:50 000 to 

1:250 000 for publication and are held in the files of the 

Research Council of Alberta. Dominant upland soils of the region 

were identified as Gray Luvisols and Eutric Brunisols supporting 

vegetative covers of white spruce, trembl ing aspen, and jack pine. 

Soils developed on materials of recent glacial deposition were 

identified as Regosols and Gleysols. Soils in lowland, poorly 

drained sites are mainly organic and consist of bog and peat fens 

which occupy a large portion of the region. Vegetat i on on bog 

soils is largely black spruce and a variety of deciduous 

shrubs.(76) 

Availabil ity of materials suitable for rebuilding soils 

during reclamation of disturbed areas is of extreme importance. 

Many exploitabJe oil sands deposits are overlain with muskeg, which 

must be de-watered and stripped before surface mining can 

commence.(l) The surface overburden materials often consist 

of peat wh i ch can be stored for later use. The effect of the 
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drying and freeze-thaw cycle on peat may affect its usefulness in 

reclamation, since peat may be stored for several years before 

be i ng used as a so i 1 amendment. Peat was character i zed as to 

chemical, physical, and microbiological properties and the changes 

1 ike 1 y to occur in 

assessed.(77) This 

these 

study 

after prolonged 

was term i nated 

storage were 

by accidental 

destruction of peat piles before any useful information was 

obtained. Drying affected most physical properties of peat, as 

well as microbial activity, as measured by enzyme activity and 

and C02 production. When inorganic constituents were mixed with 

peat, microbial activity increased. Undisturbed peat showed 

1 itt 1 e m i c rob i a 1 act i v it Y • Peat is cons i dered to be the best 

available material for reconstructing soils on tailings pond dikes 

and reclaimed mine pits. 

There is potentially very wide application of informa­

tion relating to characteristics of soil materials to be reclaimed 

after oil sands development. Such information is of direct inter­

est to government agencies and industry alike. A research project 

was initiated to provide detailed characterization of soils at a 

number of sites.(78) Eleven field sites were instrumented to 

monitor ground temperature, soil moisture tensions, moisture con-

tent, and position of water tables. There were eight sites on 

sand, one on glacial till, and two on the Suncor dike. Soil 

sulphur content and mechanisms and rates of 50 2 uptake by soils 

were measured to det~rmine the effects of current ground level 

concentrations of 502 on soil pH, available sulphur, and soil 

biological activity. 

3.2.3 Vegetation 

A vegetation inventory of the oil sands region was begun 

in 1976, with air photo coverage of major plant associations from 

both true colour and false-colour infrared photographs at a scale 

of 1:15000.{]9) A vegetation classification system had been 

developed earlier, both from air photography and field 
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stud ies. {80} The prel iminary vegetation classification was 

to form the basis for the design of a full-scale vegetation inven­

tory and habitat ~apping program for the whole AOSERP study area 

at a scale of 1:50 000. The preliminary vegetation classification 

divided the plant associations into two major types: upland 

commun i tie s and wet I and commun it i es. These major assoc i at ions 

each were further divided into more distinct associations of 

species. The vegetation classification developed by AOSERP has 

been widely used as a basis for most other terrestrial surveys in 

the Athabasca Oil Sands region. 

Animals are distributed in and depend on various vegeta­

tion assoications or habitats.{81} As a means of providing 

comprehensive baseline information on forest plant ecology and 

habitats, an extensive review of the literature pertaining to the 

vegetation 
out. {82} 

of the 

This 

Athabasca Oi I 

study exami ned 

Sands reg ion was carr ied 

in deta i I the ecol og i cal 

factors associated with mature canopy and understory vegetation in 

terms of soil and moisture requirements, reproduction, establ ish­

ment, growth, successional roles, and sensitivity to pollutants. 

The study also examined the nature, causes, incidence, and extent 

of fire and its ecological consequences, including its influence 

on soil heat balance, soil pH, and nutrient availabil ity. The 

general dynamics of vegetation were summarized for muskeg and 

related wetlands, river and lake shores, uplands and lowlands, and 

the understory associations. Five general approaches to studying 

and classifying vegetation were dicsussed: physiognomic classifi­

cation; ordination {continuum} view of vegetation; floristic 

classification; physiognomy and dominance; and biophysical land 

classification. For each approach, a general description was pro­

vided of characteristics of the system, data requirements, advan-

tages and disadvantages, and app I i cat i on. The study prov i des a 

var i ety of approaches for use by researcher s interested in the 

plant ecology of the region. 
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As a companion research project to determine ecological 

factors important in the Athabasca Oil Sands region mentioned 

above, a project was carried out to prepare ecological habitat 

maps of the region.(83} This study involved the development 

of a "habitat" classification system for combined mapping of vege­

tation and surficial geology, ground surveys ("truthing"), and 

preparation of maps at a scale of 1:50 000. A second, more 

detailed study was carried out on the vegetation and related 

surficial geology of the Muskeg River basin.(84} This study 

provided much larger scale coverage of surficial features and 

plant associations, as well as more detailed examination of the 

understory. Examination of the results in a workshop determined 

that the broader coverage and classification used in ecological 

habitat mapping were adequate, and the expense involved in mapping 

the region at a larger scale was not justified. 

The extraction process technology presently used in oil 

sands plants results in production of very large volumes of 

tailings sludge, as well as very large tonnages of spent sand. 

Consequently, it is of concern to know how to reclaim tailings 

pond dikes and waste piles of sand with permanent vegetative 

cover. A project was initiated to assess the long-term perfor-

mance of vegetation of steeply sloping sands and to provide infor­

mation from which predictions could be made as to the maintenance 

of various kinds of vegetation on tail ings sand.(85} The 

research was carr i ed out ina natural jack pine forest on a 

natural sand dune with deep slopes. Such conditions are typical 

of many areas in the Athabasca Oil Sands reg i on. I n two years of 

field investigations, extensive data were accumulated on micro­

meteorology, soil physics, plant physiology, heat pulse, tree 

geometry and optical properties, role of lichens, mycorrhizae, 

energy, water balance, and radiation. These data were integrated 

into a mathematical model of the jack pine forest under the 

conditions and in the locality of the experimental field investi-

gations. The data obta i ned were re 1 ated to cond i t ions to be 
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expected on mined sands and tail ings pond dikes resulting from oil 

sand extraction operations. The authors suggested that a process­

oriented approach, using a totally integrated model, provided 

reasonab 1 e pred i ct ions for vegetat i on management on steep dikes 

and waste sands. The authors st ressed that th is research was 

prel iminary to a more comprehensive approach and that further 

investigation would be required to refine the data and predictive 

capabil ity of the study. 

A second approach to revegetat i on of mined sands was 

initiated to evaluate the suitability of native and introduced 

species of trees and shrubs. A project was developed to identify 

factors important to survival of seedlings, to test ecotypes from 

invading species on disturbed soils elsewhere, and to develop 

recommendations for suitable genotypes which could be propa­

gated. (86) The project resulted in the extensive collection 

of seeds of native trees and shrubs, but conclusions could not be 

drawn from the information collected in this study. A third pro­

ject was initiated to identify and collect propagules from herba­

ceous and shrubby species on areas of disturbed soil where natural 

revegetation had taken place; to test such materials for survival 

and establishment on tail ings sand and amended tailings sands and 

spo i 1 mater i a 1 s; and to deve 1 op techn i ques for propagat i on of 

genotypes to test and their use in large-scale reclamation proj­

ects. (8]} No firm conclusions were reached from the results 

of this project. 

3.2.4 Air Pollution Impacts 

A large number of studies have been carried out on the 

ecological impact 

decade.(88,89) In 

of 

order 

air 

to 

po 11 utants during the past 

establish basel ine conditions of 

vegetation response to air pollution in the Athabasca Oil Sands 

region, a comprehensive research program was designed. This 

program was intended to determine response of vegetation to 

existing ground level concentrations of S02' and to determine 
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experimentally the symptomology and threshold levels for injury, 

as well as ecological bench marking for detection of effects and 

physiology and mechanisms of injury to vegetation. A similar 

study on the long-term and transitory effects of physiological 

response of jack pine to S02 had been carried out earlier in the 

vicinity of Whitecourt, Alberta, with some assistance from AOSERP 

and is report elsewhere. (90) 

In order to determine symptomology of S02 injury (vis­

ible and microscopically observable effects). six boreal forest 

plant species were fumigated in an environmental growth chamber 

with 0.34 ppm S02 for up to 40 days.(91) All species showed 

a gradual decline in CO 2 gas exchange which was correlated with 

symptom development characteristic of S02 injury. Paper birch was 

the most sensitive to S02 injury, followed by green alder, jack 

pine, Labrador tea, and white and black spruce. Visual threshold 

level of S02 injury was defined as the Iitime and concentration 

where visual fol iar damage was first detected. 1I Physiological 

threshold level of S02 injury was defined as the IItime and 

concentration which reduces net CO2 assimilation by ten percent. 1I 

Although detectable effects of S02 injury to vegetation 

may not be lethal, it is probable that vegetation suffers signifi­

cant injury by the time symptoms are visible. Biochemical studies 

carried out under the same concentrations as those outl ined above 

resulted in alt\:!ration of metabolism of chlorophyll and other 

pigments by 

systems. (92) 

inhibiting lipid synthesis and various enzyme 

Plants fumigated with S02 exhibited biochemical 

responses deleterious to normal growth, but showed considerable 

recovery when returned to an S02-free environment. These results 

are in agreement with the study in the vicinity of Whitecourt, 

Alberta, cited above.(90 ) An attempt was made experimentally 

under field conditions to detect pre-visual S02 injury to jack 

pine and white spruce from the impingement area in the immediate 

vicinity of the Suncor plant(93) and which was termed 

lIeco log i ca 1 benc hmark i ng .11 No appreciable effects could be 
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detected in the field on biochemical and physiological functions 

which responded to S02 under laboratory conditions. Further 

experimentation was suggested with species known to be most sensi­

tive to fumigation by S02. 

In a number of studies carried out on the impact of air 

pollution, particular attention has been paid to the impact on 

1 ichens, but almost all the reported studies have been IIpost­

mortemll in the sense that they have dealt with severely damaged 

areas. It should be emphasized that the study discussed above on 

ecological benchmarking and biomonitoring in the Athabasca Oil 

Sands region was carried out where obvious damage to the forest 

ecosystem had not been documented. The study should therefore be 

of value in providing basel ine information on vegetation and soils 

in areas of low to zero imp i ngement, as we 11 as in the max i mum 

imp i ngement area of the Suncor plume. No apparent impact of air 

pollution on soils or vegetation has been detected to date, but 

these sensitive monitoring techniques are intended to provide 

lIearly warning ll of possible long-term impacts of low concentration 

air pollution in the oil sands region. 

The studies discussed herein outl ine a preliminary 

approach to investigation of the effects of atmospheric pollutants 

on vegetation. These studies were carried out over five years and 

conc 1 uded in 1980. Cont i nu i ng exper imenta 1 fum i gat i on of 1 i vi ng 

plants with concentrations of S02 at 0.34 ppm confirmed the symp­

tomology and threshold levels for pollutant injury to vegetation, 

and the high sensitivity of deciduous trees and shrubs as compared 

to conifers was also confirmed. A quantitative measure of reduc­

tion in metabolic rate is now available of the species tested with 

S02 and it has been determined that S uptake is extremely var­

iable. As a result of studies of the physiology and mechanisms of 

uptake of S02 by vegetation, there is in 1980 no detectable meta­

bo 1 ic response of vegetat i on to present S02 1 eve 1 sin the 0 i 1 

sands region. Although no changes have been detected to date in 

metabol ic response of vegetation to S02 impingement from the 



The land-water interface provides a diversity of complex habitats necessary for the 
maintenance of many aquatic and terrestrial animals. The oil sands region is rich in 
such riparian habitats. 

A pothole-bog-upland mosaic. 

Shoreline vegetation transition is complex 
along a quiet section of the Steepbank River ... 
(P. Thompson, AOSERP) 

However, the Steepbank also cuts through 
terrain of more pronounced relief, creating 
more abrupt land-water transition zones. Such 
river margins are fragile and of considerable 
importance, especially to aquatic life forms. 



Vegetation mosaic along the MacKay River 
(T. Chamberlin, B.C. Ministry of Environment) 

Beaver dam south of Fort MacKay. 
(E. Hennan, CWS) 

Meandering river courses create many 
kilometres of riparian habitat relative to actual 
horizontal distance covered. Such rivers often 
change course in flood, creating new habitats 
while altering or destroying others. 
(T. Chamberlin) 
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Suncor stack, the doubl ing of total S02 emissions when Sync rude 

became operational suggests that caution is required in interpre­

tation of results over the relatively short five-year time span of 

the study of S02 effects. Consequently, biomonitoring plots were 

established to determine possible gradients in S deposition and 

uptake by plants. For vascular plants, with variable distances of 

stands from emission sources, no evidence could be adduced from 

community structure and species composition that there was any 

environmental change at these sites asociated with the Suncor 

plume, for the relatively short term during which they were 

studied. Similarly, lichen community analysis did not provide 

data which could indicate a trend to change in species composition 

with distance from the emission source. However, within the zone 

of direct imp i ngement, there were changes in spec i es compos i t ion 

of some lichens, but these could not be correlated to effects of 

the Suncor plume alone. 

Soil chemical analysis revealed an extremely variable 

pattern, which prevented correlations being established between 

soil chemistry and soil type or soil chemistry and distance from 

the pollution source. In soil samples, total S content was very 

low, and significant corelation betwen soil S and emissions from 

the Suncor stack cou I d not be estab I i shed. Su I phur content in 

tree species appeared to show a trend with distance from the 

emission source but was not statistically significant. These data 

will provide a baseline measure of S in vegetation which can be 

used in future studies of S deposition. Chemical analyses of some 

selected understory plant species showed a substantial increase in 

S content with decrease in distance from the Suncor plant, but 

these data must be viewed with caution since the measured S levels 

may be a reflection of site characteristics, such as stand den­

sity, with consequent increased opportunity for direct deposition 

on lower vegetation. Experiments are currently in progress to 

provide additional data for better interpretation of results, 

particularly in relation to the possibility of synergistic effects 



60 

of sulphur dioxide and nitrogen oxides (S. 

Forestry Service, personal communication). 

Ma I hotra, Canad ian 

3.3 WATER SYSTEM 

The Athabasca Oil Sands region is dominated by two major 

river systems (Athabasca and Clearwater) which join at Fort 

McMurray. The mainstems of these two systems and their tr ibu-

taries drain a variety of ecologically different basins, which 

contribute to variability in physical, chemical, and biological 

characteristics of surface waters. Because of the very large area 

drained, plus the fact that the Athabasca River terminates in the 

Peace-Athabasca Delta, AOSERP water system research was wide 

ranging, both in geographic scope and technical character. 

Objectives set out to elucidate the important aspects of the 

aquatic ecosystems in the Athabasca Oil Sands region are outlined 
b I (4:40) 

e ow: 

1. To review and assess the available information 
perta i n i ng to aqueous systems of the AOSERP study 
area; 

2. To undertake studies which may be used to establish 
the baseline states for physical, chemical, and 
biological constituents of aqueous systems of the 
study area which could be altered by oil sands 
development: 

3. To identify substances which may be introduced into 
the metabol ic pathways of aqueous systems of the 
study area and their effets on me-tabolic pathways; 

4. To assess and report on all physical, chemical, and 
biological disruptions of aqueous systems in the 
study area resulting from oil sands development; 

5. To derive a conceptual and/or mathematical model 
which can be used to predict the effects on aqueous 
systems and their capacity to assimilate those 
effects without permanent or long-lasting debil ita­
tion; and 

6. To undertake studies directed toward restoration of 
biophysical productivity to aqueous systems 
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disrupted, damaged, or destroyed in the course of 
oil sands development. 

Aquatic resources of the Athabasca Oil Sands region have 

four major uses. The mainstem Athabasca is still a major 

transportation route between Fort McMurray and Lake Athabasca and 

the Slave River system to the north of Fort Chipewyan. As a 

transportation route, the Athabasca system is unl ikely to be 

affected by oil sands development, and no research was carried out 

on this aspect of the system. A second major use of the Athabasca 

system is for private boat travel, both for native people 

travell ing in the region and for recreation, and hunting and 

fishing. A third use of the system is supply of water for 

domestic use and for dilution of sewage effluent from the 

communities in the region. The fourth major use is for industrial 

supply of water for operation of oil sands plants. In total, 

therefore, the Athabasca River system warrants serious attention 

with respect to the imp i ngement on its resources by 0 i I sands 

development. 

3.3.1 Hydrology 

In order to determine flow regimes and water qual ity 

parameters, networks were establ ished to record informat ion on 

flows and suspended sediments.(94 to 99) Network sampling 

locations are shown in Figure 7. A major emphasis in Water System 

research was to characterize the physical aspects of the mainstem 

Athabasca. Considerable data were available for hydrologic 

aspects of the Athabasca and Clearwater rivers, and an additional 

intensive regional hydrologic network was established on a number 

of tributaries. These data are contained in Water Survey of 

Canada compilations(94 to 97) with a synthesis and analysis 

providing an assessment of hydrometric data requirements for the 

future.(100) Included in these studies are data on suspended 

sediments(98,99), which indicate a large sediment load for 

the mainstem Athabasca during the ice-free period. The conclusion 
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may be drawn that the mainstem Athabasca River is unl ikely to be 

significantly impacted by siltation from oil sands development. 

Work is in progress to determine the rates of mixing and 

deposition of silt in the Peace-Athabasca Delta of Athabasca River 

water. Data are not yet available to make quantitative estimates 

of effects on the Peace-Athabasca Delta of increased water with­

drawals from the Athabasca River. 

An investigation of the hydrogeology of the Muskeg River 

basin provided detailed information on the importance of muskeg 

d . fl· ( 10l) ralnage areas to stream ow generation. Other than 

for a brief period in winter and during snowmelt, the drainage 

from adjacent muskeg is a major contributor to stream flow along 

with groundwater inflow. This work was carried out on Hartley 

Creek and essentially the same patterns were observed for Muskeg, 

Firebag, and Steepbank rivers, as well as Thickwood Creek. The 

study concluded that stream flow in all basins will be influenced 

by the drainage and/or disturbance of muskeg, and that, where 

disturbance of muskeg is extensive, there will be marked variation 

in water chemistry as a consequence. 

A regional hydrogeological study was completed under the 

aegis of the Research Council of Alberta. While technically not 

part of AOSERP, the study was included under an AOSERP Committee, 

and prov i ded base 1 i ne data for deep groundwater movements in 

geological formations associated with or in close proximity to the 

Athabasca River valley.(102} 

A comprehensive review was made of the effects of sedi­

mentation on aquatic biota(103}, and simulation model 1 ing of 

oil sands development provided rough estimates of total water use 

over the next 30 years.(104} These studies provided evidence 

that, unl ike the mainstern Athabasca, siltation of streams tribu­

tary to the Athabasca will be a distinct possibil ity because of 

the high erosion potential for some areas within the region. 

Results of simulation modelling also suggested that water use 

(assuming a medium rate development scenario) may be of a 
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magnitude to cause serious concern in relation to low winter flows 

in the Athabasca Rver by the year 2000. 

3.3.2 Water Quality 

Natural inputs of both organic and inorganic constitu­

ents occur in all aquatic systems. Basel ine information on water 

quality parameters provides background information useful in 

prediction of man-induced environmental impacts from industrial 

developments and urban centres. AOSERP water qual ity investiga-

tions were oriented toward the assessment of existing information, 

identification of introduced substances resulting from oil sands 

development, and the analysis of 1 ikely disruptions of aquatic 

ecosystems. 

The concentrations and distribution of natural organic 

constituents in the Athabasca River, both upstream and downstream 

of oil sands development, are of importance in determining possi­

ble loading from sources associated with development. A study was 

carried out to assemble chemical data upstream of Fort McMurray to 

establ ish the background levels against which comparisons could be 

made of the concentrations of the same constituents sampled from 

downst ream po i nt s. Emphasis was placed on naturally occurring 

classes of organ i c compounds known to be const i tuents of waste-

waters from oil sands processing. Water so 1 ub 1 e const i tutents, 

tannins and 1 ignins, asphaltenes, and polar constituents were 

identified as the major organic components occurring naturally in 

Athabasca Ri ver water. Water conta i ned an average of 9 mg/L of 

organic carbon, principally as dissolved organ ic carbon 

(DOC) • ( 105) Water so 1 ub 1 e organ ics averaged mg/L; 

tannins and lignins 0.24 mg/L; and extractable carbon fractions--

20% asphaltenes, 33% polar constituents, and 10% hydrocarbons. 

Sediment samples contained an average of 11 000 to 20 000 mg/kg of 

total organic carbon, 6% of which was extractable. Of this 

extractable portion, asphaltenes comprised 39%, polar compounds 

17%, and hydrocarbons 16%. The study conc 1 uded that "organ i c 
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constituents in this segment of Athabasca River are mainly water 

soluble, naturally occurring compounds, with minimal uptake by 

bacteria, and provide a steady natural input to the river system." 

A comparative study was made of Athabasca River water and waste 

waters from Suncor and Syncrude operations to determine the 

contribution of these operations to organics in the Athabasca 

River.(106) Total organic carbon in the Athabasca River 

above the Suncor plant averaged 13 mg/L, not greatly different 

from that above Fort McMurray (9 mg/L). Under ice conditions in 

the Athabasca River, the chemical composition of hydrocarbons 10 

km downstream of Suncor was very similar to that in the upgrading 

plant effluent, diluted 70 fold. It was concluded from this study 

and from the study of the Athabasca River above Fort McMurray that 

the main source of 1 ight hydrocarbons in the river is the Suncor 

upgrading plant; oxygenated compounds could be either from natural 

sources or the dike drainage filter system. Mine depressurization 

waters from the Syncrude lease also contribute organic 

constituents to the Athabasca River. 

A study of lake acidification potential in the oil sands 

region revealed that the susceptibil ity of lakes to acidification 

was low, and that 1 akes in the reg i on were we 11 buffered. I twas 

determined that surface waters would not become acidic, even if 

exposed to levels of acid rain as severe as those experienced in 

eastern North America and Europe.(10 7) 

Heavy metals in surface waters may pose human health 

problems if concentrations reach unacceptable levels. Investiga-

tion of natural humic substances and metallic elements in surface 

waters in the oil sands region did not provide evidence of any 

connection with industrial operations, but did reveal that humics 

increased the solubil ity of metals, which sometimes reached signi­

ficant concentrations. Concentrations of both humics and metallic 

elements were correlated with increased flows.(10B) Disper­

sion pathways of heavy metals in the Athabasca River were deter­

mined from dredged sediments and sediment cores along the 
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Athabasca River between Fort McMurray and the confluence of 

Riviere des Rochers and Slave River. No unusual metal concentra­

tions were detected, and total concentrations were low, when 

compared to data from other areas. Vanadium and nickel concentra­

tions were correlated with each other and with organic carbon. 

Higher concentrations occurred lower in the system, with the 

highest being recorded from Lake Athabasca sediments.( 109) 

As indicated above, hydrometric and water qual ity net-

works were establ ished as early activities of AOSERP. In addi-

tion, an intensive water qual ity study was initiated in the Muskeg 

River basin. The major objective of this study was to obtain 

enough water chemistry and hydrometric data to enable calculation 

of water chemistry budgets, and to provide a model on which water 

qual ity parameters could be based, both for the Muskeg River 

drainage basin and other drainage basins of the area.(110) 

Organic compounds are important in assessment of water 

qual ity. A study was carried out to determine the impact of the 

Suncor plant on organic constituents in the Athabasca River. Dif­

ferences in amounts of organic carbon between samples from bottom 

sed iments upstream and downstream of the pI ant were recorded. 

Chemical composition of hydrocarbons in river water 10 km below 

the plant was the same as that in the upgrading plant effluent. 

The samples indicated that the origin of these groups of organic 

compounds is unclear, and may have been from natural sources, mine 

depressurization water, or dike drainage filters. (The latter is 

now collected and pumped back to the tail ings pond.) No evidence 

was presented to indicate seepage of pond material through the 

dike into the Athabasca River. Results of the study outlined 

above should be treated with caution because of the extremely 

small number of samples and the high degree of variability in 

natural constituents in Athabasca River water.(ll1) In 

addition no statistical or error analyses were presented. 

A first-order priority for the program was to investi­

gate the possibility of toxic effects of water-borne effluents. 
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A study was carried out on aquatic environmental toxicity to 

establish a broad toxicological screening system(l12) to 

determine the identification of appropriate organisms and their 

responses to toxic agents at various life stages. This study eval­

uated toxicity to fish of mine depressurization water and some of 

its major constituents. It was determined that a 20 to 30% dilu­

tion of mine depressurization water from the Syncrude lease 

resu 1 ted ina 10-day LC 50 for trout. Var i ous organ isms 

tested showed highly variable responses to mine depressurization 

water which changed in chemical characteristics and toxicity after 

storage. This study substantiated work carried out 

earlier.(l13) A study of acute and chronic toxicity of 

vanadium to fish indicated that vanadium was only moderately toxic 
( 114) and should not be the cause of urgent concern. 

Another priority of the program was to investigate 

acidification of surface waters, resulting from airborne emissions 

of acidifying agents such as sulphur diodixe (S02) and nitrogen 

oxides (NO ). Funds were provided by AOSERP to assist experi-x 
mental lake acidification in the vicinity of Kenora, Ontario. 

Results of these studies have been reported elsewhere.(l15) 

It is a difficult task to establ ish with precision the 

water qual ity basel ine states in the Athabasca Oi 1 Sands region 

because of the high degree of variabil ity in water chemistry men­

tioned earl ier. In addition, water qual ity demands are different 

for domestic use as compared to industry, while industrial water 

qual ity requirements themselves are highly variable. (10) An 

intensive study was carried out of the water qual ity characteris­

tics of the Muskeg River system which provides some measure of 

variability which might be expected in the larger tributary 

streams of the Athabasca system. (116) Such intensive studies 

are valuable in providing basel ine information against which 

changes in water chemistry may be compared as development in the 

basin takes place. For the Muskeg River basin, such parameters as 

specific conductance and concentrations of major ions, such as 
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as we 11 as 

relatively stable throughout the year. 

Na + and C 1 , were 

Factors influencing 

variabil ity in the chemical constituents were increased surface 

and groundwater flows. Both this study of water qual ity and a 

study of hydrogeology of the Muskeg basin(141) provided 

evidence that water storage in and movement from muskeg areas have 

a major 

Ca ++ and 

influence on seasonal 

we 11 as 

patterns and concentrations of 
M ++ g , as NA:Cl rat ios. The distance 

water travelled through the Muskeg basin allowed assessment of 

basic water qual ity information in sub-basins to be deduced by 

monitoring focal points. Good statistical relationshipswere found 

between specific conductance and discharge and the concentrations 

of major ions, and from these it was found possible to calculate 

basel ine annual chemical throughput for the system. Changes in 

dissolved oxygen concentrations were related to biological produc­

tion, as well as turbulence, turbidity, and temperature during the 

ice-free period and to biochemical decomposition of organic 

material under ice-cover. Observed natural levels·of As, Hg, Ni, 

ln, Fe, and Mn were higher than for Alberta Surface Water Quality 

Objectives. For the Athabasca Oi 1 Sands region as a whole, a 

regular sampl ing 

1976.(11]) This 

program 

project 

was placed 

was designed to 

in operat ion in 

provide regional 

basel ine water quality data, with particular reference to varia­

tion in water qual ity parameters over time at the junction of 

important stream basins with the Athabasca River. These data were 

intended to be used in future research to construct water quality 

models and confirm their general accuracy by comparison of 

observed and predicted water qual ity parameters. Firm re 1 at i on-

ships were established between stage discharge and concentration 

of major dissolved ionic species for most of the streams sampled. 

The relationships for each stream were attributed to the physio­

graphy and geology of the drainage basin, which affected discharge 

and water chemistry, respectively, and ranged from highly variable 

hard waters in the MacKay and Hangingstone rivers to relatively 
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stable soft waters in the Firebag and Richardson rivers. Turbidity 

varied from consistently clear (Firebag) to consistently turbid 

(Hangingstone). Most streams had brief periods of high turbidity 

during peak runoff in spring. Many smaller tributaries showed long 

durations of high concentrations of dissolved organic compounds, 

likely caused by input from muskegs which they drained or passed 

through. Throughout the region, maximum total dissolved organic 

carbon levels varied from 10 to 45 ppm. Occur rence of higher 

levels typically corresponded to inputs from adjacent areas during 

sp ring and autumn. Maximum total phosphorus ranged from 0.1 to 

0.5 ppm. 

3.3.3 Microbiological and Invertebrate Production 

The ultimate routing of inputs of organic carbon and 

chemical nutrients to aquatic stream ecosystems is determined by 

the capacity of heterotrophic organisms to incorporate these 

constituents into 1 iving biomass. F i xat i on of organ i c carbon 

occurs as a resul t of two processes: carbon f i xat i on by plant 

1 ife within stream systems and fixation of organic carbon outside 

streams by green plants and subsequent transfer of plant material 

directly to the stream in the form of plant debris or leaching of 

plant mater i ali nto surface waters. 

A prel iminary study was carried out to determine the 

chemical and microbial characteristics of the Athabasca River as 

background to development of a biological/chemical model which 

could be used to predict the impacts of oil sands devel-

opment. ( 118) An essential component of such a model is 

quantification of the capacity of the river to assimilate or 

metabol ize organic compounds introduced to the river as a conse­

quence of oil sands development. This project produced a defini­

tive literature review of assimilative capacity of river systems 

through microbial degradation of organic compounds and on the 

methods of determining nutrient uptake by microbial populations. 

Some prel iminary data were generated on the rate of uptake of 
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radio-labelled glutamic acid by microbial populations in order to 

assess the effects of organic compounds from natural and indus­

trial sources on the rate of heterotrophic assimilation in the 

Athabasca River. Total planktonic heterotrophic potential was 

similar at various river sites and showed no increase or decrease 

below the current mining area. Detailed descriptions of methodol­

ogies were included in the report, which concluded that oil sands 

mining wastes entering the river at present have no significant 

st imu 1 atory or tox ic effect on the uptake of g 1 utam ic ac i d by 

planktonic bacterial populations of the Athabasca River. 

A study was carried out on the biochemical ecology of 

the Athabasca River to evaluate the possible relationship between 

microbial populations and the effects of industrial activities and 

Fort McMurray sewage effluent discharge.(116) No significant 

differences were found in microbial population numbers above Fort 

McMurray and below the Suncor oil sands plant. Twenty-fold fluc­

tuations were observed in numbers of bacteria, with the lowest 

occurring in August and in the winter and the highest in May and 

the autumn. Microbial numbers were not associated with numbers of 

silt particles. It should be pointed out that the lack of signi­

ficant differences in density of microbial populations in the 

Athabasca River above and below the Fort McMurray sewage outfall 

may be due to the very large dilution of sewage with river water 

or sampl ing error, both of which could have contributed to the 

variabil ity of samples. 

A study of comparative primary productivity was carried 

out on five streams tributary to the Athabasca River.(120) 

These were: Muskeg, Steepbank, Hangingstone, Ells, and MacKay 

rivers, all relatively extensive and potentially important to the 

total Athabasca system. Algae in flowing water may be important 

in the total energy flow by producing organic carbon for other 

components of the aquatic ecosystem, or by providing habitats for 

other organisms. This study of primary productivity was 

restricted to investigation of algae (blue-green, green, diatoms, 



The Athabasca River flows through the oil sands 
region to the Athabasca Delta, a complex aquatic 
ecosystem rich in many natural resources. 
(H. Johnston, AOSERP) 

Athabasca Delta (H. Johnston) 

A pristine stream, part of the 
huge Athabasca watershed. 
(K. Lumbis, CWS) 



Fish fence on the Muskeg River. 
(R. Wallace, Freshwater Institute) 

Goldeye from the Athabasca River. 
(B. Bond, Freshwater Institute) 

Monitoring of water quality and aquatic fauna was carried out as part of the 
AOSERP aquatics research sub-program. 

Water quality monitoring is continued year-round. 
(H. Johnston, AOSERP) 
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and red) and did not include macrophytes, which appear to be of 

minor importance in these streams. Results indicate that seasonal 

fluctuations in algal numbers and productivity are to be expected. 

No nutrient or physical factor was identified as a single control­

I ing mechanism in fluctuations of algal population size, but 

current velocity, which is related directly to stream discharge 

rate, appeared to be the most important factor. An est imate of 

the contribution of epil ithic (attached) algae to the organic 

matter of the five streams varied more than 10-fold, with mean 

productivity between 0.63 and 2.18 g. m-z. y-I. 

Aquatic fauna investigations were initiated on the 

mainstem Athabasca River(121) and intensive studies were 

begun on the Muskeg River drainage basin.(122,123 ) The major 

tributary of Muskeg River, Hartley Creek, was selected for inten­

sive study because of the probable development in the basin by 

Shell Resources Canada (now Alsands Project Group). Studies in 

the Muskeg River basin were concerned with assessment of 

comparative autotrophic and heterotrophic production in this 

stream system. Some prel iminary experiments were carried out to 

assess the effects of synthetic crude oil and ponded tailings on 

invertebrates in situ. In general, synthetic crude oil increased 

productivity of selected substrates, while tail ings sludge sharply 

d d h b f . b (121) M h . re uce t e num ers 0 macrolnverte rates. ec anlsms 

involved in the effects of these materials on invertebrates were 

not reported. 

To complement the information obtained on primary pro­

duct i v it y, a study was des i gned to ut iIi ze the data gathered 

during intensive studies on the Muskeg basin cited above in order 

d h h · d·· (124) to assess secon ary, or eterotrop IC pro uctlvlty. 

This study did not include the microbial utilization of organic 

carbon which is the basic first step in heterotrophic production 

in streams but, rather, concentrated on the invertebrate (insect) 

fauna, in terms of production, trophic interactions, habitats, and 

limiting factors. A major objective of this study was to define, 
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from available literature, the problems inherent in quantifying 

heterotrophic production in streams and to design an appropriate 

research plan for an investigation of comparative invertebrate 

resources and production in selected streams tributary to the 

Athabasca River. The study identified physical and chemical 

factors which directly or indirectly affect now or could affect 

stream productivity in the region. Included in this study was a 

non-quantitative benthic survey of the Ells, MacKay, Hangingstone, 

and Steepbank rivers (using a trophic, rather than taxonomic 

approach) which indicated that, in general, the upper reaches of 

these streams are significantly more productive than lower 

reaches. Allochthonous organ i c mater i a 1 s interact i ve with algae 

and bacteria are the main sources of energy driving the production 

systems of these streams.(126) The data gathered in the 

prel iminary study al so ind icate that upstream energy is exported 

downstream and that a sh i ft occurs away from detr i t ivores and 

herb ivores in upper reaches toward omn i vores and carn i vores in 

downstream river reaches. The relationships between components of 

stream production and possible trophic 1 inkages were presented in 

a conceptual schematic model together with identified requirements 

and investigative design for quantifying productivity estimates 

for streams tributary to the Athabasca River in the oil sands 

region. 

Based on development of the system used to est imate 

production outl ined above, a second study was carried out to pro­

vide prel iminary quantification of the level of secondary produc­

tion in the Muskeg River.(126) The study determined that 

secondary production in the Muskeg River was highest upstream by a 

factor of two times that of a central site and four times that of 

a downst ream site. Production values were compared with those 

from other rivers but were considered relative assessments of 

production rather than true estimates because of lack of data from 

highly productive periods in spring and autumn. This study 

confirmed that production was based on detrital and algal feeding 
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in upstream reaches, shifting to carnivores and omnivores in down-

stream reaches, as shown by the prel iminary studies. Production 

values of 301.2,144.1, and 78.8 g·m- 2 • y-l were given for upper, 

middle, and lower reaches, respectively, of the Huskeg River. 

These values indicate that the Muskeg River is highly productive 

in relation to levels of production generally reported for other 

streams, and that upstream reaches are very important to hetero-

trophic production. From the study cited earl ier, autotrophic 

(algal) production appears to be about 1% of heterotrophic produc­

tion in the Muskeg River. 

3.3.4 Fish 

Stud ies of fish fauna and hab itat in the Athabasca 

River system cons i tute a I arge port i on of the AOSERP research 

effort. Intensive studies of several of the larger tributary 

( and . )(12 7,128,129 ) 
streams Muskeg, Steepbank, MacKay rivers 

provide basel ine fisheries data on the larger tributaries in the 

Athabasca system which have a potential for alteration by oil 

sands development. These rivers all have substantial fish popula­

t ions in them or may be important spawn i ng or rear i ng areas for 

the species moving out of the mainstem Athabasca during spawning 

migrations.(1 30) The fish populations of the Athabasca River 

downstream of Fort McMurray were surveyed in depth because the 

lower Athabasca River, between Fort McHurray and the Peace­

Athabasca Delta, was considered to have a significant potential 

for impact resulting from oil sands development. Twent y-seven 

species of fish were identified from the Athabasca River, which 

appears to be a very important migratory route for a number of 

species moving upstream from the lower river and possibly the 

Peace-Athabasca De I ta and Lake Athabasca. Because some spec ies 

are migrating under ice, late winter conditions may be critical to 

their successful ascent to the Athabasca River. The entire lower 

Athabasca River constitutes an important feeding area for immature 

goldeye. Over 9000 fish were sampled, and the tag returns 
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indicated that walleye, goldeye, lake whitefish, and longnose and 

white suckers found in the lower Athabasca River belong to 

popu 1 at ions wh i ch over-w inter 

Peace-Athabasca Delta. 

in Lake Athabasca and the 

An investigation was carried out on the lower Athabasca 

River at Richardson Lake to study the walleye population in that 

area.(131) It had been shown earlier(1 32) that walleye 

habitat in the shallow marshlands of the Peace-Athabasca Delta was 

susceptible to changes in water levels, and that information on 

this species would be useful in assessing water use in the oil 

sands development area. The initial study on walleye, plus a sub­

sequent investigation(1 33 ), indicated that the shallow marsh­

lands comprising the Richardson Lake complex were important areas 

of walleye habitat. 

Considerable attention was paid to sampling and tagging 

of fish in the Athabasca River in an attempt to del ineate migra­

tion timing and routes.(134) As well, experimental work was 

carried out on the development of radio tags for fish to provide 

more precise information on fish movements.(135) This latter 

study did not progress to the stage that it made a significant 

contribution to knowledge of life histories of the various species 

or their behaviour in the Athabasca River. Studies of fish fauna 

in the Muskeg River revealed that this stream is an important 

spawning (and possible rearing) area.(136) 

From the surveys described above, it was known that 

substantial numbers of adult lake whitefish occurred in the 

mainstream Athabasca River in autumn, and that these fish were in 

spawning condition. A study was therefore carried out to deter­

mine the actual and potential spawning areas for this popula­

tion.(13?) Lake whitefish were found to spawn during October 

in the Athabasca River from Fort McMurray upstream to Cascade 

Rapids. Major concentrations of spawning whitefish were observed 

immediately below Mountain Rapids, 24 km upstream of Fort 

McMurray. Post-spawning tag recoveries indicate that these fish 
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comprise one or more populations from the west end of Lake 

Athabasca. No lake whitefish were observed to spawn in Clearwater 

River. From the studies of the fish fauna in the mainstream 

Athabasca River and its tributaries, the system (over at least 

300 km), can be said to be of great significance in production of 

fish, as well as supplying spawning and rearing habitat for a 

number of species resident in the Peace-Athabasca Delta and Lake 

Athabasca. 

The physical characteristics of an aquatic ecosystem, 

together with the chemical characteristics of its water, to a 

l~rge extent determine the amount of biological material which can 

be produced within it. Animals and plants occur within ecological 

systems in habitats to which they have become adapted for repro­

duction, growth, feeding (fish and other animals), uptake of 

nutrient (bacteria and plants), or other aspects of their contin­

ued existence. One of the critical aspects of the maintenance of 

fish populations is suitable habitat at all important stages of 

the life history of the species in question. In order to del ine­

ate the habitats of fish in the Athabasca system, a study was 

initiated to provide background 

1 'f' , (28) T' d c assl Icatlon. his stu y, 

information on stream habitat 

referred to previously, was 

designed to identify the appropriate parameters which could be 

used to characterize aquatic habitats in the Athabasca Oil Sands 

region. Ten parameters were selected for each of lake and stream 

habitats, and the study reviewed the possible use of remote 

sensing data for interpretation and assessment of aquatic habitats 

as well as the levels of data processing and computerized mapping 

techniques. The study suggested that aquatic habitats be 

characterized and mapped using essentially the same system as that 

employed by the Resource Analysis Branch of the British Columbia 

r1inistry of Environment. The study provides a convenient, simple, 

and relatively rapid means of classifying aquatic habitats which 

might be disturbed or altered as a consequence of oil sands 

development. 
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A second study of aquatic habitats was carried out to 

describe some of the sites where fish collections were made during 

the course of previous studies.(1 38) A survey was made of 

sites at the confluences of streams with the Athabasca and Clear­

water rivers, as well as downstream of points of land and islands. 

In all, 25 sites were surveyed and habitat parameters (current 

velocity and direction, depth, Secchi disc visibil ity, substrate 

compos i t i on, and temperature) were recorded. These descr i pt ions 

and measurements provide some data relating to the importance of 

stream mouths to various species of fish. 

Because of the suspected or known importance of tribu­

tary watersheds to fish in the Athabasca River system, the major 

streams in the Firebag, Muskeg, Steepbank, MacKay, and Ells water-

sheds were characterized and all data considered important 

included in a biophysical inventory. (139) Methodology 

were 

was 

the same as that for the study out 1 i ned above. The phys i ca 1 

characteristics of nine streams in the five watersheds were sum-

marized and compared. Hydrometric and water qual ity data, as well 

as information on autotrophic and heterotrophic production, were 

inc 1 uded in the data summar i es. The characteristics of streams 

were related to occurrence and distribution of fish, together with 

the factors which tend to promote or 1 imit fish production. From 

16 to 24 species of fish were found in the five watersheds 

surveyed. Forage fish were the most abundant species in every 

stream and the most widespread and important sport fish, in order 

of decreasing abundance, were Arctic grayl ing, northern pike, and 

wa 11 eye. A good correlation was found between the physical 

characteristics of streams and the distribution and abundance of 

fish. This study provided a partial catalogue of fish habitats 

and species abundance in the Athabasca Oil Sands region, and may 

be useful to managers of aquatic resources as a convenient means 

of assessing the potential for fish production and importance of 

the various reaches in satisfying the needs of recreational 

fishing. As well, a data base is available for jUdging the 
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importance of river reaches in major tributaries as spawning and 

rearing areas and the potential for stream perturbation as a 

consequence of oil sands development. 

It is to be expected that continued development of the 

Athabasca Oil Sands will result in environmental alterations of 

aquatic systems. From research discussed herein, there is 1 ittle 

doubt that the Athabasca River system is of great importance to 

fish populations in Lake Athabasca and that the Athabasca River 

and tr i butar i es are in themse 1 ves important fish producers. A 

variety of influences may be exerted on the Athabasca River, 

emanating from domestic sewage and industrial effluents, sal ine 

groundwater from mining operations, deposition of stack emissions, 

and water withdrawals for consumptive use. Regulation of industry 

prevents discharge of most waste waters directly to the Athabasca 

River, but it will not be possible to prevent some intrusion of 

foreign substances on a probably increasing scale. Assessment of 

environmental effects of water pollution generally is based on 

ana 1 yt i ca 1 methods to check aquat i c systems for occurrence of 

various toxic substances at concentrations not greater than those 

prescribed by law. 

An a 1 ternat i ve to ana 1 yt i ca 1 assessment is to mon i tor 

aquatic systems with 1 iving organisms, chosen for their known 

sensitivity and physiological response to waterborne pollutants. 

In order to assess the appl icabil ity of aquatic biomonitoring to 

the Athabasca River system, a review of aquatic biomonitoring was 

carried out.(140) The major objectives of the review were to 

examine aquatic biomonitoring methodology with special attention 

to diversity indices; identify the kinds of environmental effects 

likely to result from oil sands development; and summarize the 

type of data 1 ikely to be obtained from the application of differ­

ent biomonitoring methodologies. The report outl ines the general 

principles and methods reported in the current 1 iterature, and 

emphasizes those most 1 ikely to be directly appl icable to the 

Athabasca Oil Sands region. The basic assumption is made that 
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changes in the aquatic environment will be reflected by detectable 

changes in living organisms in the ecosystem. The report con-

cluded with the specific recolllTlendations that an aquatic biomoni­

toring program be instituted in the Athabasca Oil Sands region as 

soon as possible. Although the review of aquatic biomonitoring is 

a prel iminary assessment, it provides the basis for considering 

what may be necessary for continuing assessment of the impacts on 

aquatic ecosystems of further oil sands development. 

3.4 HUMAN SYSTEM 

Research in the Human System was directed toward the 

gathering of basel ine information concerning social processes 

associated with resource development. Of particular interest to 

government agenc ies was the need to i dent i fy and analyze the 

impacts of oi 1 sands development on Fort McMurray and adjacent 

communities. Early in the human environment research program, the 

decision was made to identify and quantify social indicators of 

the response of people in the region to oil sands development, and 

to measure both the identifiable positive and negative effects. A 

second major thrust was to gather relevant basel ine information, 

both of a biophysical as well as of a social nature, and to 

attempt to integrate these data in a manner which would elucidate 

the significant social changes resu 1 t i ng from 0 i 1 sands 

development. 

Research needs identified by government agencies and 

industry in the oil sands region had provided initial direction 

for social research.(22) A set of research objectives was 

evolved which essentially paralleled those of the Air, Land, and 

Water systems, and are listed below:{4:66) 

1. To review and assess the available information 
perta i n i ng to the Human System of the AOSERP study 
area; 

2. To undertake studies which may be used to establ ish 
the basel ine states for social conditions of the 
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study area which could be altered by oil sands 
development; 

3. To identify and explain various direct and indirect 
impacts of the development on people of the region, 
including the relationships between changes in 
socio-economic conditions and social and personal 
adjustment; 

4. To critically assess the relationship between people 
and the changing urban and natural environments of 
the region, including use of various resources by the 
population and effects of changes in the environment 
upon people; 

5. To der i ve a conceptua I mode I wh i ch can be used to 
forecast the effects of oil sands development on the 
human systems and the i r capac it y to ab sorb these 
effects without permanent or long lasting debilita­
tion; and 

6. To undertake studies which will identify alternative 
measures to rectify or prevent any negative effects 
of the development activities on people of the 
region. 

The objectives stated above were aimed at generating 

information which could be used by oil sands corporations and 

governments al ike to maximize the benefits of oil sands develop­

ment and to minimize or amel iorate identifiable or likely disbene-

fits. An obvious consequence of oil sands development was 

foreseen as a wide-ranging series of changes to the physical and 

social environment of the region. Few usable social data were 

available for the region, at least in an organized form, with the 

exception of the Peace-Athabasca Delta and Fort Chipewyan, about 

200 km north of Fort McMurray. The Peace-Athabasca Delta and Fort 

Ch i pewyan had been the subject of 

study.(1 32) The initial AOSERP studies 

an intensive earlier 

provided a description 

of what was taking place as a result of oil sands development, 

plus analyses of the impacts on the communities of the region. 

The Human System research effort consol idated the basel ine infor­

mation obtained by exploratory studies and directed the total 
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research effort toward analyses which were relevant to publ ic and 

private sector pol icy intervention, if such actions were required. 

Five major components were included in the general 

strategy for Human System research: (1) exploratory studies; (2) 

conceptual framework; (3) field studies; (4) compend i um of 

social statistics; and (5) integration of research results. 

3.4.1 Exploratory Studies 

As an initial approach, a research project was initi­

ated to design and develop a basel ine data system as a repository 

for both social and biophysical data. I twas determ i ned that a 

basel ine data system could be developed but its usefulness, at 

least to social scientists, would be 1 imited by unevenness of 

available social data and lack of common boundaries used by agen­

cies which originally had collected the data.(141) 

The Human System research program at the outset identi­

fied the need for direction in gathering the kinds of information 

which could be appl ied to analyses and forecasts of the impacts of 

oil sands development on the people of the region (impacts on 

"qual ity of life"). A study was corrmenced to assess the feasibil­

ity of a social indicators research model.(142) This study 

produced a review of the literature on social indicators, an 

analysis of relevant operational frameworks previously reported in 

the 1 iterature, and a prel iminary assessment of data relevant to 

the oil sands region. The report concluded that social indicators 

could be useful " ••• in making pol icy decisions more expl icit, 

informed, and provide for more rational choice among priorities 

with i n the preva i 1 i ng value system. II As we 11, the report sug-

gested that " ••• social indicators appear to have more pol icy 

relevance and impl ications than other groupings of social statis­

tics." Paradigms of goal areas were provided, with considerable 

emphasis on qual ity of life. One example from the existing liter-

ature included nine main indicators as follows: 

tion, employment, health, housing, physical 

income, ed uc a­

environment, 
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recreation, publ ic order and legal justice, and transportation. 

Each of the main indicators has sub-categories. The report 

suggested careful development of a framework for a soc ial ind i­

cators research model relevant to identified social issues in the 

oi'l sands region, but this suggestion was not pursued by AOSERP on 

the assumption that data incomparability and difficulties in 

appl icabil ity of methodology did not warrant further support for 

constructing a social indicators model. 

In order to provide a context for research on human 

response to rapidly changing conditions in the oil sands communi­

ties, a research project was initiated to identify the issues 

involved in the relationship between rapid resource development 

and family and individual adjustment to changing social condi­

tions. The report attempted to gain some prel iminary insight into 

what might be happening to people in the region, why it was hap­

pening, whether it was harmful or beneficial, and whether any 

policy decisions would be necessary to mitigate harmful effects or 

enhance beneficial effects of oil sands development. The study of 

family and personal adjustment provides a well-documented review 

of human well-being in resource communities in general and the oil 

sands region in particular. The study concluded that many 

research reports have described social responses to conditions in 

resource communities, but virtually none exists which has 

explained, by means of systematic scientific research, why these 

responses occur. The study rev i ewed both pub 1 i shed and un pub-

1 i shed mater i a 1 cons i dered pert i nent to soc i a 1 impacts assoc i ated 

with new resource communities. A tentative theoretical model and 

research design was proposed for study of social and personal 

adjustment in the oil sands region(14 3 ), as a result of this 

study. 

An explanatory study of social deviance in the oil 

sands region was carried out as a means of assessing the impacts 

of development on this facet of human behaviour. The research 

design included the review and assessment of the 1 iterature on 



82 

social deviance as a prel iminary to identification and integration 

of variables specific to understanding the significance of devi-
. h . 1 d . ( 144) Th h 1 ance In t e 01 san s region. e researc was a so 

intended to identify pertinent qual itative and statistical data on 

deviance in the oil sands region and to suggest future research. 

The project re 1 ied on data from three sources: publ i shed 1 itera­

ture, existing regional information on deviance, and data from 

interviews with field staff of appropriate government agencies. 

For the purpose of the study, social deviance was defined as alco­

hol and drug abuse, crime, and del inquency. Demographic variables 

considered important in analysis of deviance as defined included: 

age, sex, marital status, income, ethnicity, and education. With 

few exceptions, however, it was found that relevant information 

was not available which would allow examination of the variables 

selected. This study determined that the rate of alcohol consump­

tion was significantly above the Alberta average, and that exces­

sive use of alcohol appeared to be an accepted social norm. 

Alcohol abuse was related to accidents, to crime, and to del in­

quency. The report stated that a tendency ex i sted for juven i 1 es 

to use alcohol as a primary recreational and social izing activity. 

The report on deviance concluded that most of the money available 

to counteract deviance was spent on treatment, rather than on pre­

ventive programs such as publ ic education, research, and social 

planning. 

Referees of the report on the study of social deviance 

in the oil sands region pointed out a number of deficiencies in the 

methodology and use in interpretation of raw data and publ ished 

literature on this subject, as well as the narrow definition of 

deviance itself. Although this study may be deficient in statis­

tical treatment, it points out significant concerns of field staff 

of agencies which deal with deviance. The study also concentrates 

on possible mitigation measures by suggesting that a more compre­

hens i ve view be taken of the soc i a 1 structure and norms of the 

community, as well as suggesting stronger emphasis on identifying 
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developed. 

A number of social problems have come to be identified 

with rapidly expanding resource communities. but often little hard 

data are available which can be used to measure their magnitude. 

In addition. there appears to be no widely accepted research 

design for integrated studies of social problems in resource com­

munities. A study was initiated by AOSERP with the objectives of 

identifying significant social problems which might be pecul iar to 

the Athabasca Oil Sands Region and designing a system of social 

preventive and rehabil itation mesures for identified social prob­

lems. This research dealt with types of problems which need to be 

identified; the social. economic. environmental. and cultural 

variables which might contribute to social problems; and preven­

tive and rehabil itation measures which might be instituted. Rele­

vant issues. methodology. and data collection techniques were 

reviewed. An annotated bibl iography of 1 iterature deal ing with 

social problems in resource towns is included.( 14S) The 

report provides extensive reference material for future use in 

research on similar problems. Wh i 1 e the report covered many of 

the theoretical aspects of social problems which may occur in 

resource towns. it did not develop a complete design for the 

10-year research program wh ich was recommended as its major con­

c 1 us ion. Major components of the tot a 1 human env ironment were 

identified as: (1) the biophysical environment; and (2) society 

and culture and definitions of each and their interactions. were 

suggested in relation to analyses over time (10 years) of qual ita­

tive changes which might be used better to interpret statistical 

social data. A parallel study of social problems specifically 

oriented to the communities of Fort McHurray. Anzac. and Fort 

HacKay provided descriptive insights into social problems in the 

Athabasca Oil Sands region as perceived by interviewed residents 

who provided 

t d (146) 
s u y. 

the basis for the conclusions reached by the 

Referees criticized the study on a number of 
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grounds, including the very small sample (43) of persons 

interviewed, as well as lack of scientific rigour in data 

interpretation. Nevertheless, the research results provide 

descriptive insight useful to the design and implementation of 

more carefully analyzed social research projects. 

As a means of recording the historical development of 

the Athabasca Oil Sands region over the past 100 years, a research 

project was carried out to analyze and document migration to and 

from the region, economic factors which have influenced develop­

ment, society and government, and oral history.(147) The 

research report (i n two vo 1 umes) is extens i vel y and carefu 11 y 

documented, and includes descriptive commentaries on geographic 

setting, prehistory, historic native peoples, and recent history. 

The authors suggested that, during the last 200 years, the 

Athabasca Oil Sands region has been characterized by periods of 

high economic activity, interspersed with long periods of rela-

tively slow growth. Dominant forces included the fur trade, 

miss ionar ies, and transportat ion. The area also has been i nf 1 u-

enced by strong social and economic forces originating largely 

outside the region. 

The authors concluded that the interaction of indigen­

ous people with those moving into the region, in association with 

outside economic interests, deserves further research, especially 

in relation to education and health, which were once the assumed 

responsibil ities of church organizations, but which now are con­

trolled by Federal, Provincial, and municipal institutions. 

The most recent outside influence on the economy of the 

region (and the people residing in it) has been development of the 

oil sands, beginning approximately in 1960. An overview of local 

economic conditions in the oil sands region since 1961 provided a 

general assessment of the economic impacts resulting from oi 1 

sands development.(l S0) The research was intended to provide 

some definition of relationships and interfaces between economic 

growth and changes in social and personal conditions. In 



Settlement of Fort MacKay. (R. Seidner, AOSERP) 

Settlement of Bitumount. (H. Johnston, AOSERP) 

Small northern settlements, such as Fort MacKay and Bitumount shown here, must 
adjust to the social, economic, and environmental changes brought about by the 
development of the rich oil sands deposits. 



Trapper's cabin near the Clearwater River. 
(M. Fox, University of Calgary) 

Skins stretched out on frames to dry. (AOSERP file) 

Many people of the oil sands region depend upon natural resources such as fur and 
fisheries, for their livelihoods. AOSERP studies will help to assess and mitigate the 
effects of oil sands development on these resources. 
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addition, the research was intended to suggest techniques for 

forecasting future impacts of oil sands development on the economy 

of the region. The report concluded that extensive economic 

opportunities were created by oil sands development, but these 

were confined almost exclusively to Fort McMurray, with no 

evidence for substantial economic benefits for Anzac, Fort MacKay, 

or Fort Chipewyan. 

The importance of local resources to native residents 

of the oil sands region was not documented in the study cited 

above. A separate study cited ear 1 i er on both consumpt i ve and 

non-consumptive use of fish and wildl ife resources also provided 

little data on the present use and importance of fish and wildl ife 

to native people. (18) The importance of these resources to 

the people in the Peace-Athabasca Delta has been reported else-

h ( 164, 165) 
were. 

3.4.2 Conceptual Framework 

A research project was initiated to satisfy the stra­

tegy requ i rement of the Human System for a conceptual framework 

for investigations in the oil sands region. Th i s project was 

intended to identify information needs most pertinent to the 

requirement of government agencies and oil sands corporations in 

relation to formulation of social POlicy.(1 51) The study was 

designed to establish criteria for collection of relevant data 

pertaining to economic, demographic, and social characteristics of 

the region as a means of identifying changes resulting from oil 

sands development. These data in turn formed the basis for assess­

ing possible benefits or disadvantages and the need or otherwise 

of pol icy actions by government or industry. The conceptual 

framework study carr ied out a survey of government agenc ies and 

oil sands corporations, which resulted in the identification of 11 

indicator areas of importance to pol icy planning in the region. 

The i nd i cator s i dent if i ed are: popu 1 at ion, employment and labour 

force, housing, education, health, counsell ing and welfare 
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services, culture and recreation, protection services, criminal 

justice, municipal administration and physical services, and 

regional infrastructure. Each indicator has a number of relevant 

variables which can be used in statistical analyses. 

3.4.3 Field Studies 

Field studies were carried out primarily in relation to 

anticipated data requirements resulting from the conceptual frame­

work research, although some were implemented separately and do 

not correspond directly to the indicator areas identified. Field 

studies were divided into five sectors: historical, economic, 

soc i a I impacts, labour, and people and the i r env ironment. 

Historical research consisted of two elements--oral 

history and history of socio-economic development.( 14 7) The 

oral history research perhaps has its chief value in providing a 

sense of the relationship between man and the natural environment, 

as well as a basis for understanding the perceptions of long-term 

residents of the relationship of citizens and their government in 

a region undergoing very extensive and very rapid socio-economic 

change. The study deal ing with the history of socio-economic 

developments of the region from the late 1880's to the mid-1960's 

provides some measure of the magnitude of developments over an 

80-year period which has resulted in some social stress for older 

residents and established institutions of government, as well as 

the former economic and corrvnercial base of Fort McHurray. While 

these projects do not provide a means of assessing future impacts 

of oil sands development, they have value in establishing a 

reasonable view of basel ine social and economic conditions prior 

to construction of the first oil sands plant. 

records, they stand on their own merits. 

As historical 

Labour-related field studies focussed on the employment 

patterns of native people(1 52), the integration of native 

workers into the labour force, and impacts of construction camps. 

In the study of native employment patterns, seven general areas 
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were cited as major barriers to employment. These were: economic, 

education and training, political, social and cultural, health, 

recruitment techniques, and on-the-job barriers. In addition, 

analysis of interviews with natives suggested that, within the 

native community, status, tribe, age, and kin might also exert 

important influences on native employment patterns. The assump­

tion was proven inval id that native people prefer outdoor, 

part-time seasonal jobs; the majority of those interviewed wanted 

full-time employment. Increased training in the region has not 

reduced native unemployment, possibly because of the very low 

education level of natives generally (the majority have less than 

10 years of formal school ing and virtually no formal training 

beyond school). The results of this study, taken in conjunction 

with the literature review for the subject, confirmed the results 

of earlier studies, which indicate a very serious problem with 

respect to native employment. 

The report on native employment patterns in the 

Athabasca Oil Sands region provided some insight into the diffi­

culties of reducing native unemployment, and suggested that unem­

ployment rates among natives have not been significantly affected 

by native employment training programs. The report also suggested 

that changes in the attitudes of natives to increase employabil ity 

would have to be accompanied by changes in attitudes of employers. 

The report revea 1 ed that no comprehens i ve exam i nat i on had been 

carried out with respect to employment opportunities for native 

people, or their life styles, community involvement, or family 

commitment. What statistical data are available appear to be 

incomplete or unrel iable. 

A number of recommend at ions were advanced for future 

research. Of prime importance was the need to identify job oppor­

tunities and assess available supply of natives with the necessary 

skills to fill these jobs. A need was identified for research 

into the aspirations of native persons and evaluation of existing 

tra in i ng programs. Research was suggested into the effects on 
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natives of relocation to jobs in different areas, economic impl i­

cations of increased employment of natives, effects of shiftwork 

and union or company regulations, and the effects on predominantly 

native communities of native employment programs by industry. The 

findings of the report and its recorrmendations for additional 

research have impl ications for pol icies relating to the problems 

of native employment in the region. Although some referees ques­

tioned the lack of a statistical approach, this study should prove 

useful to the evaluation of native employment patterns in future. 

An all ied study was carried out to determine how 

natives were integrated into the labour force in the Athabasca Oil 

Sands region. (153) The employment history of the majority of 

natives interviewed was unstable. Over 80% of the samp 1 e had 

averaged less than one year of employment during the three years 

preceding the interview; 17% had held no job during the same 

period; and 65% had held between two and eight jobs. Sixteen 

recommendations were made for increasing employment of natives; 

most of these re 1 ated to percept ions of those i nterv iewed. As 

with the study on nat i ve emp loyment patterns, referees suggested 

that the methodology of sampl ing may have reduced the rel iabil ity 

of conclusions which might be drawn from the study of native inte­

gration into the labour force. Nevertheless, the study discussed 

above and the study of native employment patterns warrant serious 

examination, since they both reveal serious problems of native 

unemployment, without tangible evidence of significant progress to 

alleviate the situation. 

Several scenar i os have been rev i ewed for progress i ve 

development of the Athabasca Oi 1 Sands. A study of 0 i 1 sands 

plant construction shows that each new plant requires a construc­

tion force of several thousand transient workers. Construction of 

the Suncor plant required 2300 workers, while the Syncrude plant 

required a force of 7000 housed in camps. The Suncor construction 

camp was in operation during the years 1964 to 1967, while the 

Syncrude camps operated from May 1975 to May 1978. The A 1 sands 



plant will house about 8000 non-permanent workers probably for 

five years. The study focussed on the impacts of construction 

camps on nearby corrmun i ties and on the occupants of the camps 

themselves.(154 ) It was determined from available literature 

that crude camp conditions and lack of social amenities which 

formerly prevailed in construction camps no longer are the case. 

Thus, the recreational diversions formerly sought by camp resi­

dents, wh i ch often caused prob 1 ems in nearby commun i ties, were 

reduced in the case of the Syncrude camp by provision of recrea­

tiona 1 amen i ties and a tavern. Modern camps br i ng to an area a 

mixture of skilled and unskilled labour, improved conditions for 

leisure time, and added business opportunities and subsequent 

employment for local people. Overloading can occur on local 

health, social, transportation, and other services, particularly 

on housing. Business activities peak and wane as labour forces 

increase and decrease. It can be assumed that the size of local 

corrmunities bears a strong relationship to the impacts of con­

struction camps. The main conclusions of the study were the need 

for high qual ity camp facil ities including food and recreational 

opportunities, good pay with opportunities for overtime, good 

security, and regular opportunities for breaks from camp life. 

Assuming that an economy of scale will apply to the 

construction of future oi 1 sands plants, it seems reasonable to 

expect that for each plant about 7000 workers will be required at 

the peak construction level, and that these largely will be housed 

in camps. Thus, for each new plant, there will be economic and 

social impacts on existing communities. These impacts may 

decrease in intensity as the total population increases, but, from 

the information presented in the study discussed above, will not 

be negl igible. The conclusions and recommendations of the study 

should form a valuable basis for minimizing any negative impacts 

of construction camps, and maximizing the positive impacts. 

A series of studies was initiated to provide informa-

tion on people and their environment. These included an 
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exploratory study of environmental perceptions(1 55 ), and a 

study of 

very.(1 56) 

recreation, culture, and leisure serv ice del i-

The study of environmental perceptions theorized 

that the relationships between man and environment and between 

perception and behavior are dynamic and transactional. No clear 

relationships were demonstrated for the role of demographic, per­

sonal, and situational factors in relation to environmental 

perceptions. No relationship was established between environ-

mental perceptions and oil sands development. It is possible that 

the methodology employed in the study of environmental perceptions 

may have contributed to difficulties in 1 inking socio-cultural 

var i ab 1 es to percept ions by people of the env ironment in the 0 i 1 

sands reg ion. I t was not made clear in the report how human 

perceptions of the environment in the region might be used by 

planners and resource managers in relation to the impacts of oil 

sands development on people. 

For the study of recreation, culture, and leisure ser­

vice del ivery, the years of 1972, 1976, and 1979 were used to pro­

vide inventories. The 1972 inventory showed an emphasis on recre­

ational, as opposed to cultural, facilities. The 1976 inventory 

showed only a sl ight increase in recreational facil ities and a 

dearth of opportunities in performing and creative arts, crafts, 

and hobbies, as well as a serious lack of informal, unstructured 

drop-in facil ities. Facil ities for tennis and curl ing could not 

meet the demand. The number of developed playgrounds and parks 

was inadequate in 1976. The 1979 inventory showed both an expan­

sion of previously existing facil ities and an increase in the 

range of recreational activities. The report concludes that faci­

lities and open space development responded in a manner unrelated 

to real demand. At least three factors were identified as impor­

tant to the development of adequate recreat ional and cultural 

amenities for Fort McMurray: (1) the town has a relatively compact 

lower commercial district with satell ite suburbs without direct 

linkage to each other; (2) it has a long winter season; and 
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(3) recreational preferences in Fort McMurray differed signifi­

cantly from those in Edmonton, which indicates that further 

investigation is required before standards are final ized for Fort 

McMurray. 

Human System research is designed to develop an under­

standing of the relationships between people and their natural and 

man-made environments. One aspect i nvo I ves the consequences of 

oil sands development on human health. A study was developed to 

identify conditions relevant to human health, the medical para­

meters which should be measured, and to review existing medical 

health sources in Alberta to obtain a prel iminary assessment of 

pertinent medical indicators of possible changes in human health 

of people residing in the oil sands region.(1 57 ) The study 

was designed to identify possible relationships between selected 

health indicators and environmental conditions associated with oil 

sands development. 

available. 

To date, results of the study are not yet 

The foregoing discussion of a variety of field studies 

indicates an obvious and significant change in the demographic and 

economic character of the region during the past 20 years. 

Through a survey of the adult population in Fort McMurray, an 

assessment was provided of the major impacts on the social fabric 

of Fort Mc~1urray from react ions of the people to a st ill chang ing 

and rapidly growing urban environment.( 149) The popUlation 

of Fort McMurray is more than 10 times larger today than it was 

before the first oil sands plant was constructed, having grown 

from 2600 in 1960 to more than 27 000 in 1980. Per sona I i nter-

views with 430 residents formed the basis for the study of human 

adjustment in Fort Mct1urray, based on the assumption that signifi­

cant alterations have occurred in the former social environment, 

and that these can be analyzed by quantification of data obtained 

by the use of selected social indicators. The i nd i cator s used 

were as follows: demographic composition and differential popula­

tion stabil ity; perceivied qual ity of housing and services; labour 
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force activity; incomes and standard of I iving; social participa­

tion and (family) social support; and individual sUbjective 

reactions of survey respondents to their I ife in Fort McMurray. 

Survey results provide the first comprehensive statis­

tically based assessment of social adjustment in Fort 11ct1urray. 

The survey clearly shows that Fort McMurray is a relatively young 

community with a high proportion of young children, with the pro­

portion of married adults at 77% being close to the Canadian 

average of 75%. About one-half the adult population comprises 

those with less than two yearsl residence. The proportion of 

those remaining in Fort McMurray after living through construction 

of an oil sands plant has grown from 12 to 22%, which may indicate 

a growing demographic stabil ity in the community. Further 

research is required to provide reI iable quantitative analyses of 

several aspects of population turnover which is still relatively 

high. 

Before the development of Suncor, single family 

dwellings comprised 90% of housing in Fort McHurray. By 1979, 

this had shifted to apartments (28%), multiple dwell ings (23%), 

and mobile homes (20%). Employer subsidies for housing were 

received by 46% of survey respondents. Although the preponderance 

of housing in Fort McMurray is relatively new (less than 10 years 

old), respodents were generally critical of their surroundings 

with respect to landscaping, play space for children, privacy, and 

noise. Differences in perceived housing qual ity apparently were 

related to perception of the total environment. It was determined 

that respondents perceived the level of services to be similar to 

those found in other urban sett i ngs, with the use of hosp i ta I, 

emergency, and publ ic health services showing a relatively high 

frequency. Recreational activities not dependent on community 

facil ities seemed to be preferred, perhaps reflecting a relatively 

strong orientation of Fort HcMurray residents to outdoor recrea­

tion. About 40% of respondents expressed dissatisfaction with 

opportunities to find good entertainment. As with housing, 
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individual respondents varied widely in their perceptions of the 

qual ity of services available to them. 

Annua 1 incomes in Fort f1cMurray were found to be 

considerably higher than the average for Canada, Alberta, and 

Edmonton, totalling about $24,500 per household, and relatively 

high material standards of 1 iving reflect the household income 

levels. Men in Fort I1cl1urray make more money than women; those 

under 44 years of age make more than those over 44; oil company 

employees receive higher incomes and more fringe benefits than 

publ ic sector employees. Fort Mct1urray workers differ 1 ittle from 

other Canadian workers in their attitudes toward their jobs. 

Fort McMurray residents are not socially isolated or 

withdrawn, and their social integration and participation shows 

1 ittle evidence of negative impact of rapid urban growth of their 

city. Social integration appears to be positively correlated with 

1 ength of res i dence. Family 1 ife seems to be 1 ittle different 

than that found el sewhere in Canada. About 84% of respondents 

expressed satisfaction with their family 1 ife, but almost 70% 

expressed concern about community programs and activities for 

teenagers. No evidence was found to suggest that the psycholo­

gical orientation of Fort McMurray residents has been negatively 

affected by their association with the socio-economic patterns of 

oi 1 sands development. In general, Fort McMurray res idents are 

very satisfied with and optimistic about their future. Problems 

identified by respodents to the survey questionnaire seemed to be 

about the same as those found elsewhere in Alberta and Canada. 

One of the difficulties encountered in any kind of 

research project is the availabil ity and rel iabil ity of data. 

Often the kinds of data available plus the methodology used to 

gather them have prejudiced the opportunity for social scientists 

to quantify research studies. This problem occurred frequently in 

the Athabasca Oi 1 Sands region, with data being gathered by 

different agencies over differing time periods and often without 

the same spatial boundaries. A research project was developed to 
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derive the fundamental basis for and compile a compendium of 

social statistics which could comprise the ongoing data repository 

for those corporations and agencies involved in pol icy decisions 

requiring a high degree of statistical certainty. such as the pro­

vision of services and facilities. The prime objective of this 

project was to prov i de the necessary quant i tat i ve component of 

information required to line the conceptual framework for identi­

fication of pol icy-relevant parameters of socio-economic impacts 

of oil sands development with the study of social adjustment. as a 

prelude to integrating the total AOSERP Human System research 

effort.(158) 

The compendium referred to above used as criteria the 

indicator areas and variables identified by the conceptual frame­

work research to assemble data to ill ustrate demograph i c and 

socio-economic trends in Fort McMurray and the Athabasca Oil Sands 

region. These data were analyzed in relation to their pol icy 

relevance and to identify appropriate strategies for monitoring 

changes associated with future oil sands development. The study 

also assessed available data as to what they might reveal about 

the nature of socio-economic impacts resulting from oil sands 

deve 1 opment. The findings are integrated with existing social 

theory on the dynamics of resource communities. The mode 1 for 

analysis used the following approach to the stages of resource 

community development: (1) basel ine; (2) exploration; (3) con­

struction; (4) operation; and (5) maturity and/or dec1 ine. 

The study recommended: 

1. Development by the Alberta Government of a permanent 
mechanism to monitor communities impacted or created 
by resource development; 

2. Inclusion in collection of demographic and socio­
economic data a method to collect information in 
population mobil ity and turnover in resource 
communities; and 

3. Development of social services and faci1 ities at 
earl ier stages of resource community development. 



New development at Fort McMurray. (AOSERP file) 

Construction of new hospital for Fort McMurray -
completed in 1979. (F. Edwards, AOSERP) 

Fort McMurray experienced a population growth of from 2600 in 1960 to 27 000 
in 1980. 
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The compendium of social statistics contains a large 

amount of comprehensive and systematically presented statistical 

information on demographic and socio-economic conditions in the 

Athabasca Oil Sands region between 1961 and 1979. It makes 

available, in a usable form, considerable statistical information 

for social planning which may be required as oil sands development 

proceeds. These data may also prove useful in the construction of 

computer simulation models which might provide some direction for 

integration of research with Air, Land, and Water systems. 
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4. DISCUSSION 

Review of AOSERP research results is intended to provide 

a general summary, indicating the initial direction for AOSERP, 

and an overview of research projects in each of the four systems. 

The assessment of 1 ikely or observed impacts, which may be 

determined from AOSERP research reports, may be divided into 

biophysical effects (ecosystems impacts). effects on people, and 

eff ects of peop 1 e on the env ironment. Examination of the data 

bases for each of the four systems has resulted in identification 

of gaps in research knowledge which would prejudice the opportun­

ity to construct quantitative models which might be used in 

predictions of long-term impacts of oil sands development. 

Descriptions were provided in Section 3 of specific 

investigations in the Air, Land, Water, and Human systems. These 

systems were used by AOSERP to compartmentalize research activi­

ties largely to define the scope of the program more precisely and 

for fiscal and administrative control. Examination of the results 

of research projects indicate 1 ittle integration between systems, 

or even between research projects within systems. The use of the 

word system should not be viewed, therefore, as being suggestive 

of atmospheric systems or terrestrial or aquatic ecosystems. 

Neither was research in social science constructed to provide an 

integrated investigation of the social structure of the human 

population in the oil sands region. Rather, the Air, Land, Water, 

and Human systems concentrated their efforts on activities which 

accumulated baseline information in areas of investigation deemed 

essential as background for applied research of problems identi­

fied during development of the program. 

It should be mentioned also that the discussion of 

research results concerning environmental impacts which follows is 

restricted by the short time frame (less than five years) over 

which the investigations were carried out. Consequently, where no 

evidence was obtained for a measureable impact, this should not be 

construed as implying that no problem could exist. Ample evidence 
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is available from elsewhere(88,89) that ecological impacts 

may be extremely subtle, and that they may not be easily detect­

able in their early stages. This discussion therefore is related 

to the present state of the environment in the oil sands region. 

Where it is judged that data gaps exist in basel ine information, 

these are i dent if i ed and spec if i c recommendat ions are offered in 

the concluding section for research which might be useful in pro­

viding assessment of future effects of oil sands development. 

4.1 AIR SYSTEM 

Air qual ity and meteorological networks have gathered 

large amounts of data. The air qual ity determinations described 

in Section 3 indicated that present concentrations of air pollu­

tants are within the allowable limits set by regulations. Direct 

effects of air pollution on local communities appear to be minimal 

and not a cause for immediate concern. Meteorological data 

describe the conditions of air movement, temperature, and precipi­

tation levels at the interface between ground level and tree top 

he i ght above ground. These data are genera 11 y descr i pt i ve of 

meteoro 1 og i ca 1 cond it ions in the reg ion, but may be 1 im ited in 

their application to dispersion of air pollutants because they 

comprise average values, rather than measurements of magnitude and 

frequence of fluctuations of wind speed and direction. Appl ica­

tion of meteorological data to impacts of air pollution at ground 

level also may be of questionable value to ecological investiga­

tions, because they may not be representative of ground level 

micrometeorological conditions. 

Very 1 ittle information has been obtained on the possi­

b 1 e effects of ter ra i n on air movements near the ground. Con­

sequently, it may be difficult to assess future dispersion and 

impacts of emissions from new oil sands plants. Likewise, 1 ittle 

information is as yet available on acid precipitation in or down­

wind of the oil sands region, and adequate measurements of both 

wet and dry deposition of sulphur dioxide do not exist. Finally, 



measurements of sulphur in snow, which could be used for at least 

a prel iminary assessment of winter deposition of sulphur dioxide, 

have been carried out only on a casual basis. 

In view of the lack of information in the several areas 

of atmospheric sciences discussed above, significant deficiencies 

are judged to exist in AOSERP Air System research. These defi­

ciencies will be corrected only by further specific 

investigations. 

4.2 LAND SYSTEM 

The AOSERP Land System research effort consisted of 

investigations described previously on fauna, soils, vegetation, 

and the impact of atmospheric pollutants on vegetation. These 

investigations did not demonstrate impacts, either in a quantita­

tive or qual itative manner. Some of the changes associated with 

development were noted earl ier, but the impacts of these changes 

on the terrestrial ecosystem have not been documented. Rather, 

the investigations carried out to date generally have described 

the undisturbed terrestrial ecosystem or its components as they 

exist at present (basel ine states) and have not dealt with the 

response of ecosystem components to env i ronmenta 1 stress wh i ch 

might result from oil sands development. 

The 1 argest and most obv ious impact of development is 

the direct removal of large areas of the natural environment for 

construction of transportation routes or facil ities, together with 

the construction or expansion of the urban area of Fort McMurray, 

and industrial areas associated with development. These areas 

must be considered as permanently lost to the maintenance of 

vegetative cover and associated animal 1 ife. No estimate has been 

made of the total withdrawal of wi ldl ands in the Athabasca Oi 1 

Sands, but this could easily be done from aerial photographs. 

Commercial exploitation of oil sands deposits is con­

strained by economy of scale and engineering necessities. Thus, 

any operation will require a mining site of minimum size, a plant 
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site, and an area for waste disposal and retention. The impact of 

a convnercial mining lease would affect a total of approximately 

100 km 2 and, as with the impacts of transportation and urban 

development, wildland withdrawal must be considered as permanent, 

at least for the I ife of the oil sands plant. 

It was not within the terms of reference of this report 

to consider the problem of reclamation, the responsibil ity for 

which was removed from the AOSERP mandate early in 1979 and 

assigned to the Reclamation Research Technical Advisory Committee 

formed to co-ordinate reclamation research in the province. 

Neverthe less, it shoul d be stated that both the Government of 

Alberta and oil sands corporations have devoted a considerable 

effort to reclamation research in the oil sands region, and that 

the knowl edge base requ i red to restore permanent vegetat ion to 

disturbed areas is increasing rapidly. Notwithstanding this 

research effort, however, a major deficiency still exists with 

respect to reclamation of the very large tail ings ponds associated 

with the hot water extraction process. It might be argued that 

tail ings ponds have a low impact on the environment, but they will 

be permanent I y non-product i ve unt i I a means is found to restore 

them to some acceptable level of biological productivity. It 

should be mentioned also that oil-covered, open tail ings ponds are 

a threat to migratory birds, particularly during spri.ng and autumn 

when migration rates of waterfowl are maximized. As far as the 

author is aware, no publ ished research is avai I able to suggest 

that tai I ings ponds associated with oil sands plants can be 

reclaimed with existing technology. 

The development of an in situ operation results in sub­

stantially different impacts than those of a conventional surface 

mine, although the eventual upgrading and refining operations are 

essentially similar. The proposed Esso Resources Canada operation 

at Cold Lake is used as a general model to assess the probable 

impact of ins i tu extract ion in the Athabasca Oi I Sands 

region.(2) There is no development of a surface mine with an 
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in situ oil sands plant. Rather, the surface impact results from 

construction of roads and wells used to inject air, steam, or 

water, depending on the technology and the recovery wells from 

which heavy oil or bitumen is withdrawn. The impact of such con­

struction {which may involve several thousand wells and many 

thousands of metres of roads} is more or less continuous over the 

I i f e 0 f the 0 pe rat i on • No ser i ous research has been produced 

which might be used to assess the impact of in situ operations in 

the Athabasca Oil Sands region. The environmental impact assess­

ment produced by Esso Resources is not in sufficient detail to 

warrant direct appl ication in the Fort McMurray area, but does 

provide a base on which such research could be planned. 

A cont inuing concern of both Government and industry 

must be the potential long-term impact of air pollution on the 

terrestrial ecosystems of the region. Suncor and Syncrude 

together are licensed to em it a tota I of about 640 tonnes of S02 

per day. Th is amount may be I ess on occas ion, or may for short 

periods be more, if there is a plant upset which may alter the 

plant operating regime. The proposed new Alsands plant is 

des i gned to produce I ess than 150 tonnes per day of S02, wh i ch 

probably also will apply to other oil sands plants which may be 

constructed in the future. {160} Assuming that each new plant 

could emit 150 tonnes per day of S02 {which may be a high esti­

mate}, a further lOp I ants woul d more than doub I e the S02 em i s-

sions for the region. Results of research discussed earl ier do 

not provide evidence for damage to soils or vegetation, but there 

have been shifts in species composition of lichens in areas of 

plume impingement and increased sulphur content in vegetation with 

decreased distance from the emiss ion source. At present, it 

cannot be stated precisely what the long-term prospects may be for 

effects of air pollution in the region, particularly since inves­

tigations have been carried out over a relatively short time span. 

Recently, concern has been expressed over the 

consequences of increased emissions from the Alberta oil sands 
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. (161,162) region. A significant deficiency exists with 

respect to meteorological data (turbulence measurements) which can 

be appl ied to precise quantification of dispersion of atmospheric 

po 11 utants downw i nd of em i ss i on sources. As well, depos it i on of 

50 2 has not been measured with sufficient accuracy or frequency to 

provide reI iable information, and almost no data are available on 

acid precipitation which might result from increased emissions in 

the oil sands region. Each of the def i c i enc i es noted above 

prejudice the opp-ortunity for accurate assessment of ecological 

impacts of oil sands development. 

4.3 WATER SYSTEM 

As with terrestrial impacts of oil sands development, 

aquat i c impacts may resu 1 t from a nLlI1ber of causes. Three mai n 

categories of impacts on water have been discussed: direct 

impacts resulting from land disturbance; direct impacts from 

aqueous pollutants; and indirect impacts from airborne pollutants. 

Construction of transportation routes, development of 

urban areas, and land clearing for oil sands plants all could con­

tribute to direct impacts on surface waters. Almost no reference 

is made to these possible impacts in AOSERP reports. Impacts of 

transportat i on routes are often immed i ate, but no data appear to 

have been generated by AOSERP to indicate whether aquatic ecosys­

tems have been affected by road construction or other activities 

associated with transportation. Of major concern is the possible 

effect of siltation on streams. In this regard, only the 

Athabasca River has been reported on in detai 1 with respect to 

sediment loads and, because of its nature, it is judged to be 

relatively immune to degradation from siltation. The survey which 

was carried out on the effects of sediment on aquatic biota indi­

cates that the eros i on potent i ali s high ina number of areas in 

the Athabasca Oil Sands region.(103) This research paper 

points out the need for caution during new construction in regard 
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to the erodable areas identified, and possible deleterious effects 

on important tributaries of the Athabasca River. 

Because of the relatively low level of air pollution in 

the region, and the conclusion presented earl ier that no evidence 

to date has been found for damage to vegetat i on or so i 1 s, the 

assumption is made that no direct or indirect damage from air 

pollution has occurred to aquatic ecosystems. This assumption is 

based on the evidence gathered on water qual ity (chemical) para­

meters, (both in the intensive studies of the Muskeg River basin 

and the regional water chemistry investigations) that, to a large 

degree, water chemistry in the region reflects the characteristics 

of the drainage basins and their soils and surficial geology. 

The Athabasca River investigations have adduced informa­

tion on sediments, heavy metals, organics, bacteria, inverte­

brates, and fish. The Alberta Government pol icy of total contain­

ment of liquid tailings appears to provide the necessary 

safeguards to prevent pollution of the river with toxic substances 

associated with the hot water extraction process, although 

organics from small waste water outfalls and mine depressurization 

water were detected at low concentrat ions in downstream areas. 

The levels of microbial populations above and below Fort McMurray 

were not found to differ substantially, and evidence was not found 

for significant impacts of development on the Athabasca River. 

Probab 1 y the size of the Athabasca has prevented detect ion of 

significant impacts, because of the very large dilution factor for 

any effluents entering the river. 

It has been shown that tributaries of the Athabasca 

River system constitute important components of the total system. 

Because of the relatively small size of many of these streams, 

they are much more vulnerable than the mainstem Athabasca to both 

physical perturbations and chemical pollution. Other than the 

accidental introduction of toxic agents, these tributaries are not 

1 ikely to be chemically polluted as a result of oil sands develop-

mente In some cases, however, they are susceptible to siltation 
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because of the highly erodable nature of their banks, and great 

care will have to be exercised so that road or industrial 

construction activities do not cause damage to these streams as a 

result of siltation. 

Lakes in the Athabasca Oil Sands region have received 

1 ittle attention. However, the general study of lake acidifica­

tion potential referred to earlier indicates that the acidifica­

tion potential is low, and that additional air pollution loads 

several times greater than present would be required to cause an 

acidification problem. Work in progress to analyze rain samples 

in a number of local ities in the region should provide better data 

on the acidification potential of surface standing waters (W. D. 

Hume, Atmospheric Environment Service, personal communication). 

4.4 HUMAN SYSTEM 

In attempting to document basel ine states of the human 

env ironment, AOSERP Human System research fo 11 owed essent i all y 

similar objectives as those used by the Air, Land, and Water sys­

tems. However, it should be pointed out that data accumulated for 

much of the Water and Land systems dealt with largely unimpacted 

areas of the natural environment and even downwind (for air pollu­

tion) or downstream (for water pollution) significant impacts on 

1 and or water could not be demonstrated. Human System research 

dealt largely with demographic and social patterns which have been 

establ ished as a direct result of oil sands development. Further, 

it was clearly established(15 1,158} that data which had been 

gathered prior to or during development of Suncor and Syncrude in 

many cases could not be used by Human System researchers because 

of problems associated with boundaries used and methodology of 

data gather i ng. 

As a result of differing applicability of data, as 

compared to the natural environment, Human System research in 

large part documents the end result of changes which already have 

taken place in the social and demographic character of the human 
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environment in the oil sands region. Because of population growth 

in the past 20 years, data were accumulated by AOSERP on people, 

housing, transportation, service facilities, industry, and infra­

structures which simply did not exist in 1960. Because the oil 

sands communities (and particularly Fort I1c/1urray) may still be 

adjusting to an extremely rapid period of growth, predictions as 

to the future characteristics of the human environment may be made 

more difficult. However, the social research carried out since 

1975 provides documentation of socio-economic change which has 

occurred and which now can be used to judge not only the kinds and 

rates of change, but also the response of people to those kinds of 

changes. 

Oemograph ic and economic impacts have been shown to 

have radically altered the human environment in the oil sands 

region. The major change demographically has been a 10-fold 

increase in popul at ion since 1960 and a sign i f i cant lower i ng of 

the age structure. Associated with these changes has been a docu­

mented shift in household income levels which are now well above 

the Canadian and Alberta average. The region is now dominated by 

Fort McMurray (accorded city status on 1 September 1980) which has 

a population of about 27 000 people. 

However, as mentioned previously in Section 3.4, AOSERP 

research indicates that there is little difference in patterns of 

employment and integration of natives into the work force in the 

oi 1 sands region than that documented for other areas of Canada 

and Alberta. It wou 1 d appear, therefore, that whatever steps may 

have been taken for raising the employment rate of natives and 

fully integrating them into the labour force have been in large 

part unsuccessful. The future of the communities mentioned above 

is by no means clear, and will depend on a number of factors not 

researched and not easily predictable at the present time. Among 

these is the impact on the smaller communities of withdrawal of 

better educated and more employable residents, which may tend to 

further depress the vi ab i 1 it y of these centres. I n add it ion, 
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little has been accomplished by AOSERP to evaluate the present 

status, or future possibil ity of the education of natives in rela­

tion to increasing the benefits they might derive from oil sands 

development. To date, the community of Fort Chipewyan, which has 

about 75% of the native population of the region, appears to have 

been impacted only to a sl ight degree, but little direct attention 

was paid by AOSERP to investigation of the impact of oil sands 

development on Fort Chipewyan. 

The assessment of social impacts of oil sands develop­

ment and cultural responses to those impacts has centred on Fort 

McMurray. Early concern has been expressed about the qual ity of 

life in Fort McMurray, and the Human System research program was 

intended to provide some understanding of the dynamics of commu­

nity organization in this rapidly changing urban environment. 

Research designs for social impact assessment produced a number of 

indicators which might be used as aids to quantify not only the 

economic and demographic changes but also to assess the cultural 

responses to a changing environment through analysis of the 

perceptions of the residents of Fort McMurray. These research 

efforts were aimed generally at providing information for future 

publ ic pol icy decisions. 

In developing the Human System research of AOSERP, it 

appears that the total effort was heavi 1 y or iented toward impact 

research, rather than development of theory or methodology. 

Because of the very short-term nature of the individual projects, 

1 ittle in-depth evaluation was possible for the long-term applica­

tion of the results. The Human System research program was 

derived primarily from needs identified by government and indus­

try, and the terms of reference for individual research contracts 

were spec if i ed by AOSERP. Thus, the re 1 i ance on research d i rec­

tion provided by AOSERP, government agencies, and industry, plus 

the short-term nature of the investigations, may have prejudiced 

integration of research projects and development of a balance 
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between accumulation of information and a hol istic approach to 

social research in the oil sands region. 

The conceptual framework study discussed earl ier 

at tempted to def i ne areas of soc i a 1 researc h to be fo 11 owed in 

response to needs identified by government agencies and industry 

in relation to social services and human resources. The study was 

designed to produce information compatible with and useful to 

management jurisdictions. It is the judgement of the author that 

the conceptual framework study would have been of considerably 

greater value in providing a basis for research direction had it 

been carried out at the beginning of AOSERP, rather than at the 

end. 

Currently, the use of computer simulation models is 

becoming more frequent, both in ecolog ical and social 

research. 
( 161) 

This technique is useful to the degree that 

assumptions upon which models are constructed can be strengthened 

by the insertion of real data, to aid in the specification of 

variables, the relation between variables, and the rationale for 

choosing indicator areas. The compendium of social statistics 

discussed in Section 3.4 provided an organized data assembly which 

should prove useful in any appl ication of computer simulation 

model 1 ing to social research in the oil sands region. 

In addition to social impact research, AOSERP produced 

information on the use of resources by the people of the region. 

The use of fish and wi 1 d 1 i fe resources and parks and recreat ion 

areas, as well as the use of the Athabasca River as a receiver of 

domestic sewage, initially may impose greater stress on these 

resources than the direct impacts by industry as a result of air 

and water pollution discussed earl ier. 

Est imates have been made of the consumpt i ve use by 

people of the fish and wildl ife of the Athabasca Oil Sands region. 

These estimates allow quantification of present use, the extent of 

which is largely a consequence of increased human population size 

and great 1 y improved access, both of wh i ch in turn are a direct 
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consequence of oi I sands development. Production estimates for 

fish are not available, so that only crude approximations could be 

made from the I iterature as to the I ikely maximum desirable levels 

of exploitation of fish stocks {primarily by sport fishermen} in 

the Athabasca River system. Grayl ing, pike, and walleye are the 

principal available sport fish species, and these are I ikely to 

decl ine in the face of heavily increased harvest by anglers. No 

change is I ikely to occur in Lake Athabasca tish populations, 

other than the possibil ity of changes in spawning areas for those 

populations which migrate into the Athabasca River and spawn, and 

whose progeny are reared in Lake Athabasca rather than in the 

Athabasca River. 

It is unl ikely that bird populations will be affected by 

increased hunting pressure; evidence is strong that bird popula­

tions fluctuate in response to factors other than hunting mortal­

ity. Providing that bird habitats are not impaired by air pollu­

tion, game birds {resident and migratory} likely will show no 

detectable response to the effects of oil sands development. 

Studies of moose and caribou have provided evidence that 

these ungulates constitute stable or slowly decl ining populations. 

At present, natural and hunting mortal ity generally balance 

recruitment. Increased access to the Muskeg River basin will 

likely impose additional hunting mortality on the moose of that 

area which could result in rapid depletion of the population. A 

secondary impact on wolves would I ikely reduce their numbers also 

in the Muskeg River basin, because moose constitute the single 

most important diet item for wolves. Caribou are less accessible 

to hunters than are moose, but increased population pressure would 

I ikely result also in increased hunting pressure on caribou. 

In general, the likely consequence of oil sands develop­

ment would be early reduction of fish and wildlife populations 

most accessible to hunters and fishermen followed by similar 

reductions of less accessible populations as the human population 

continues to increase in the Athabasca River valley. Possible 
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reduction in fish and wildl ife also should be assessed in relation 

to its impact on Treaty Indian and Metis use of these resources. 

Recreat i on areas and non-urban parks are in 1 im ited 

supply in the Athabasca Oil Sands region. I ncreas i ng popu 1 at ion 

pressure will result in very heavy use of Gregoire Lake Provincial 

Park and areas such as Poplar Creek below Highway 62. Areas such 

as Namur and Gardner lakes have high potential for recreation, but 

access is restricted to air travel. The lakes in the Richardson 

Tower area also have high potential for recreational use, but the 

only access road would require considerable upgrading to make this 

area accessible to residents of the region. If Fort McMurray and 

the New Town near the proposed A 1 sand s plant grow as expected, 

recreation areas and park facil ities will be inadequate to supply 

the demand. 

As discussed earlier, evidence has not been produced to 

show that the Athabasca River below Fort 11cMurray has been signi-

ficantly impacted by industrial effluents or sewage. Neverthe-

less, projections of population at a medium rate of development to 

the year 2000 indicate a population of about 180 000 for the 

region and a water withdrawal rate of about 25% of the winter mean 

daily flow in the Athabasca River. With a high rate of develop­

ment, the population of the region is projected to be about 

260 000 with a water withdrawal rate of about 43% of the mean 

daily winter flow in the Athabasca River.(104) These projec­

tions are not to be taken as what will happen. However, the com­

puter simulations from which they were derived are consistent with 

what is already known about population growth in the Athabasca Oil 

Sands region. In view of the projections described above and what 

is known of the migratory movements of fish under ice in the 

Athabasca River, the poten:tial reduction in water qual ity from 

sewage effluents cannot be ignored. To the present, AOSERP has 

generated virtually no winter data on conditions in the 

Athabasca River. Such data are essential to an understanding of 

future impacts on the Athabasca River. 
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As a result of projections of population growth and the 

expected impact of this population on resource use in the region, 

a clear need is indicated for integration of social research with 

that in the natural sciences. Direct impacts on resources by air 

and water pollution from oil sands development are relatively easy 

to assess. The measurement of these impacts, however, will have 

1 ittle precise meaning unless it is linked with assessment of the 

impact by people on those same resources. 
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5. RECOMMENDATIONS FOR FUTURE RESEARCH 

Recommendations for future environmental research in the 

Athabasca Oil Sands region are made with regard to the minimum 

level of investigations considered necessary to provide high qual­

ity information on which environmental management decisions can be 

made. All the recommendations therefore are directed toward 

potential use by government and industry. Notw i thstand i ng the 

requ i rernents for research wh i ch can be app 1 i ed direct 1 y to user 

needs, it should be recognized also that research is an investment 

in the maintenance of acceptable environmental qual ity. Con-

sequently, as long as massive developments continue in the 

Athabasca Oil Sands region, with as yet unknown long-term environ­

mental impacts, research into the effects of development should be 

considered as an essential component of the development process. 

The question of financing environmental research is 

foremost in the minds of both government and industry. In the 

case of the Athabasca Oi 1 Sands, it is difficult to arrive at a 

p rec i se es t i mate as to tota 1 env i ronmenta 1 researc h fund i ng, but 

it appears that a figure of $30 mill ion since 1960 would be a 

reasonable approximation. Over the same period, it would seem 

that about $3 bill ion has been invested in oil sands development. 

The environmental research investment therefore appears to be 

about 1% of the investment total. 

Almost all the funds invested in the environmental 

research by industry have been directed toward the solution of 

specific problems, or, in the case of AOSERP, to gathering massive 

amounts of basel ine data. Experience elsewhere, particularly in 

central and eastern North America and Europe, sharply outl ines the 

need for a different approach. In the industrial areas of central 

Canada and central and eastern United States, very serious 

environmental effects have resulted from air pollution. A similar 

situation now prevails over large areas in Scandanavia.(88) 

The rese.arch wh i ch has documented severe damage in these two areas 

has almost been done IIpostmortem" , that is, after severe 
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env i ronmenta 1 degradat i on has occurred. For the Athabasca Oi 1 

Sands region, no evidence as yet has been found for damage to 

either terrestrial or aquatic ecosystems other than those areas 

withdrawn for construction or municipal development. From experi­

mental data or existing scientific literature, it is not possible 

to make accurate predictions as to the likely response of 

ecosystems to long-term low grade air or water pollution. 

Specific recommendations outl ined below are made with 

the assumption that the kinds of investigations suggested for the 

future should result in the construction of predictive models for 

air, land, water, and human systems. Government and industry 

together shoul d comm it a long-term env i ronmental research program, 

which should be developed jointly and made known widely to 

researchers in universities, private consulting firms, and govern­

ment research institutions. If development of a research policy is 

pursued as suggested, the widest possible comment should be sought 

from experienced scientists active in the environmental research 

field before a research program is commenced. 

No standards exist, either in government or industry, 

for what mi ght be cons i dered as an adequate expend iture on env i­

ronmental research. Criteria for future research should involve 

clear identification of an actual or potential problem to which 

the research is to be addressed. Proposed research should be based 

on adequate theoretical grounds, and should be of practical 

importance. 

Specific recommendations for future env i ronmenta 1 

research in the Athabasca Oil Sands region are outl ined below: 

5.1 GENERAL RECOMMENDATIONS 

1. Invest i gat ions in future shoul d be directed toward 

processes involved in ecosystem and social system 

response to specific environmental perturbations, 

rather than to the accumulation of data from addi­

tiona 1 sources. 
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2. A review should be carried out of all informatiol. 

accumulated by AOSERP, and a data catalogue should be 

publ ished at the earl iest possible date, 1 isting the 

kind of information available, the form in which it 

is stored, and the programs available for its 

retrieval. 

3. A complete 1 ist of all AOSERP reports should be pub­

lished without delay, whether the AOSERP reports have 

themselves been publ ished or not. 

4. Because of the lack of integration of research within 

or between air, land, water, and human systems, it is 

recorrrnended th at future research be planned on an 

integrated inter-systems basis. 

5. In order to achieve the objective of integrating re­

search as suggested in (4) above, it is recommended 

that computer simulation modelling be used as an aid 

in planning long-term research in the oil sands 

region. 

5.2 AIR SYSTEM RESEARCH 
1. It is recommended that the air qual ity model 

described in Section 3.1 be further refined and 

developed, and that all available AOSERP air quality 

and meteorological information be examined as to its 

suitability for inclusion in the model. 

2. It is recommended that high priority be 

research on transport of atmospheric 

given to 

poll utants 

downwind from emission sources, both in Alberta and 

in Saskatchewan. 

3. Because of the impl ications for ecological monitoring 

of the impacts of air pollution, it is recommended 

that high priority be given to accurate and frequent 

measurement of the distribution and amounts of 
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atmospheric pollutants deposited in the oil sands 

region. 

4. It is recormlended that the potential amounts and 

kinds of emissions from in situ operations be 

assessed in relation to their potential impacts on 

forest ecosystems. 

5. It is recormlended that a program be establ ished to 

monitor sulphur in snow, and that samples be taken on 

the same plots as those used for terrestrial ecosys­

tem biomonitoring. 

5.3 LAND SYSTEM RESEARCH 

1. It is recommended that the effects of air pollution 

on terrestrial ecosystems be assessed by the estab-

1 ishment of a biomonitoring program, integrated with 

the deposition measurement program 1 isted in 

Section 5.2 (3) above. 

2. It is recommended that any biomonitoring program 

include both industry and government as sponsors with 

primary responsibil ity for direct ecosystem response 

measurements to be assigned to industry, and respon­

sibil ity for research and development of biomontoring 

methodology assigned to government. 

3. It is recommended that permanent sample plots be 

established with replicate "ecological analogs" as 

suggested by Legge et a1.(161), with planned 

sampl ing of biomonitors over a 50-year period. 

4. It is recorrmended that simultaneous measurements be 

made of sulphur deposition and soil pH in permanent 

sample plots, over a 50-year period. 

5. It is recommended that organisms chosen as biomoni­

tors be selected to provide information on the depo-

sition of long-term, low concentrations of 
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atmospheric pollutants which appear typical in the 

region at the present time. 

6. It is recommended that measurements be made of annual 

basal area increment in jack pine to provide informa­

tion on primary productivity in the forest ecosystem, 

as carried out by Legge et al.(162) 

7. It is recommended that measurements be made of nutri­

ent retention and carbon efflux of soils in the 

permanent sample plots in order to provide data on 

the response of soil and soil organisms to deposition 

of atmospheric pollutants. 

8. It is recommended that field and laboratory experi­

ments be carried out to determine the possible syner­

gistic effects of sulphur dioxide and nitrogen oxides 

on vegetation and soils. 

9. Because of the potential for effects on a very large 

surface area for each in situ operation, it is recom­

mended that possible benefits and disbenefits for 

terrestrial mammals and birds be assessed in relation 

to all potential in situ plants. 

10. It is recommended that a prel iminary total land use 

plan be developed for the areas of the oil sands 

region which will be affected by development over the 

next 50 years. 

5.~ WATER SYSTEM RESEARCH 

1. Because of the poss i b i 1 it y of sign i f i cant increases 

of water withdrawals from the Athabasca River, it is 

recommended that investigation be commenced immedi­

ately of conditions in the Athabasca River during the 

period of ice cover. 

2. It is recommended that biomonitoring commence immedi­

ately on the streams tributary to the Athabasca 
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River, and that periphytic algae and benthic macro­

invertebrates be considered as the most likely 

candidate groups of biomonitors. 

3. It is recommended that investigations commence imme­

diately to identify and accurately quantify all pres­

ent water uses, and to project water use in the 

region for the next 50 years, in la-year increments. 

4. Because of lack of current information, it is recom­

mended that particular attention be paid to the 

potential effects of in situ operations on surface 

and groundwater supplies in the oil sands region. 

5. It is recommended that monitoring of the Athabasca 

River system include construction of a physical/ 

chemical biological model to quantify river processes 

and assimilative capacity, including uptake of man­

made, as well as natural organic constituents 

entering the system. 

5.5 HUMAN SYSTEM RESEARCH 
1. It is recommended that government and industry, in 

cooperat i on wi th nat i ve organ i zat ions, i dent i fy 

methods which might be used to provide better 

involvement of natives in the labour force of the oil 

sands reg ion. 

2. It is recommended that research be carried out on the 

present suitabil ity of education programs for 

natives, in respect of their potential for employment 

in permanent occupations in the oil sands region. 

3. It is recommended that the AOSERP compendium of 

social statistics be used by government and industry 

as the data base for assessment of future po I icy 

decisions which might affect the residents of the 

communities in the oil sands region. 
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4. It is recommended that deficiencies in service 

del ivery previously identified be researched in 

relation to integration of planning and future 

projections by Federal, Provincial, and municipal 

jurisdictions and industry, and particularly in rela­

tion to population growth projections for the 

region. 

5. It is recommended that the first phase of the study 

on human health be brought to conclusion, and 

expanded if necessary, to provide an accurate assess­

ment of human health in the region as a whole. 

6. It is recommended that an integrated overv iew of 

Human System research be prepared, which can identify 

existing knowledge gaps and which may be used to 

direct future research, part i cu 1 ar 1 yin the area of 

publ ic pol icy. 
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6. CONCLUSION 

In preceding sections, results of AOSERP studies have 

been described, deficiencies noted, and recommendations made for 

future research on the effects of oi I sands development. Some 

concluding statements appear to be warranted, deal ing not with 

specific aspects of the program, but rather with the conduct of 

environmental research generally. 

The lack of interd iscipl inary connections between and 

within AOSERP Air, Land, Water, and Human systems became obvious 

during review of the individual research projects. Examination of 

the results of the SNSF Project in Norway indicates progress 

toward integrated investigations, as does the examination of 

acidification of the Canadian aquatic environment (H. H. Harvey, 

Department of Zoology, University of Toronto, personal communica­

tion). The lack of integration of scientific investigations may 

constitute a severe impediment to basic understanding of inter­

related processses involved in the effects of air pollution on 

aquatic and terrestrial ecosystems. Of particular importance is 

the need to understand the dynam ic s of the comp I ex phys i ca I, 

chemical, and biological components of terrestrial ecosystems 

which receive most of the atmospheric constituents (both natural 

and man-made) which are deposited on the surface of the earth. No 

method of integrating research from several disciplines will solve 

all problems. However, funding sources can and should establ ish 

the pol icy that integrated investigations will be accorded a 

higher priority than non-integrated investigations. 

A second major deficiency of AOSERP was its lack of an 

adequate organizational framework in which to identify and assign 

priorities for research projects. The funding for AOSERP was in 

two government jurisdictions--Alberta Department of Environment 

and Fisheries and Environment Canada. Further compl icating the 

administration of 

responsibility for 

each of which was 

the program was the 

project identification 

concerned with severa I 

initial assignment of 

to eight committees, 

research discipl ines. 
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It was inevitable, therefore, that a mUltipl icity of research pri­

orities should be created and reorganization of the program at the 

end of the second year did 1 itt 1 e to change the bas ic program 

direction, or to integrate its many components. 

The deficiencies involved with lack of interdiscipl i~ary 

connections and lack of clear research direction for AOSERP may 

have prejudiced the capacity for the program to detect effects of 

emissions and effluents on terrestrial and aquatic ecosystems, 

respectively. In addition, 1 ittle information was adduced from 

social research to indicate what direct effects on people may have 

occurred during the past 20 years of development. Rather, 

detailed catalogues have been prepared, both in natural and human 

environments, of what exists at present. Neither impacts nor pre­

dictions for the future are possible from the results of AOSERP 

investigations. As suggested above, this is a common pattern for 

env i ronmenta 1 invest i gat ions. 

Research scientists and resource managers al ike are 

reluctant to predict the future impacts of oil sands development, 

and the five-year, multi-million dollar effect of AOSERP also has 

been unable to do so. As Lewis et al. (164) have pointed out, 

four types of predictive methodology may be employed: 

1. Qual itative techniques--in the absence of adequate 

quantitative data over time; 

2. Retrospective 

extrapolation; 

analyses of 

3. Development of process models; and 

data and trend 

4. Empirical methods, coupled with predictive models. 

Qual itative techniques do not lend themselves to predic­

tion and, in the case of retrospective analysis, most scientific 

data gathered in the oil sands region are not of sufficiently 

long-term nature to be useful for extrapolation. The only viable 

alternatives for prediction of long-term impacts of oil sands 

development appear therefore at present to reside in development 
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of process models and predictive scenarios through the early use 

of computer simulations. 

During the past decade, the use of computer simulation 

model I ing for gaining a better understanding of ecological systems 

has increased rapidly. Appl ication of this aspect of appl ied sys­

tems analysis has been used to aid in environmental impact assess­

ment.(161) Simulation modelling is intended to provide a 

vehicle for organization of information; to identify connections 

for data transfers between systems; to evaluate data gaps; and to 

explore routes for technology transfer from research organizations 

to regulatory agencies. 

Construction of simulation models for the Athabasca Oil 

Sands region may be used to provide projections of population 

growth and jobs; patterns of social and economic development; 

water use and water qual ity; air pollution; and the development of 

scenarios for differing rates of development in the region. In 

general, the predictive capabilities of a simulation model provide 

a means for special ists and managers to assess the consequences of 

management decisions, and to insure that research objectives 

related to management goals and constraints are stated expl icitly 

and completely. 

The choice of a multi-system approach to environmental 

research has a major drawback in that it tends to compartmental ize 

thinking in relation to impacts, and to isolate researchers and 

research managers from discipl ines other than their own. Con­

struction of a simulation model tends to break down barriers 

between systems by the initial requirements of problem definition. 

Simulation models may be useful to achieve agreement between dis­

cipl ines as to appropriate simulation time periods, the spatial 

extent and sca I e of reso I ut i on of the mode I, and the I eve I of 

detai I to be included. As a consequence of th is act ion, data 

needs can be identified early in the process as requirements for 

inter-system connections and communication are establ ished between 

systems. As a means of providing a relatively rapid and complete 
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problem analysis, the simulation model appears to be highly use­

ful. To achieve a high level of integration between systems 

requires that the model be run with real data and real time in the 

presence of researchers and resource managers from all systems. 

Initially, the chief impediment to credibility of a simulation 

model is the use of simulations which may not use real data, and 

which may not initially produce real istic predictions. Wherever 

feasible, real data should be incorporated into model components, 

particularly for managers who deal daily in real situations. 

It is not intended to suggest that computer simulation 

modelling will provide solutions to all research deficiencies. 

Used appropriately, however, it is an inexpensive but powerful 

tool for planning long-term, integrated research programs. 

A final question concerns the usefulness of AOSERP as a 

basis for effective environmental protection in the Athabasca Oil 

Sands region. The five-year objectives for the Program are 1 isted 

below, as publ ished in 1977. 

1. To determ i ne the nature and magn i tude of changes in 
the environmental systems which can be expected to 
result from present and proposed oil sands 
development; 

2. To identify the nature of interactions between and 
among the var i ous components of the env ironment and 
those of proposed development and reclamation 
activities; 

3. To determine, predict, and experimentally verify 
cumulative effects and resiliency of environmental 
systems that may be affected by oil sands development 
activities; and 

4. To present a Program report during year five (1980) 
on the baseline conditions, processes, and resil iency 
of environmental systems as well as a measure of 
capabil ity concerning individual and cumulative effects 
of oil sands development. 

None of the objectives 1 isted above has been entirely 

satisfied. Apparently because of low levels of air and water pol-
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1 ution, changes in ecosystems either have not occurred or are 

still below detectable levels. Notwithstanding deficiencies in 

meeting objectives (which obviously were very ambitious), AOSERP 

has produced an extensive data base which has resulted in a 

reasonable understanding of existing environmental conditions, 

both in the natural and in the human env ironment of the reg ion. 

With a moderate expenditure of funds in the future by industry and 

government in developing integrated research programs, it should 

be possible to build an adequate capabil ity for prediction of the 

long-term effects of oi 1 sands development. On the present evi­

dence, the environmental state of the Athabasca Oi 1 Sands region 

appears to be reasonably secure, with respect to terrestrial and 

aquatic ecosystems. For the majority of people residing in the 

region, expectations are positive, with the exception of natives, 

whose status in general has not improved as a result of oil sands 

development. Future environmental qual ity in the region wi 11 be 

cont i ngent in 1 arge part on the adequacy of mon i tor i ng programs, 

both for natural ecosystems and for human environments. 
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8. APPENDICES 

8.1 CANADA-ALBERTA AGREEMENT FOR ALBERTA OIL SANDS ENVIRON-

MENTAL RESEARCH PROGRAM, 1975 



THIS AGREEMENT made on the 26 day of 
February. 1975. 

BETWEEN: 

AND: 

THE GOVERNMENT OF CANADA 
represented herein by the Minister of 
the Environment (hereinafter called 
"Canada") 

OF THE FIRST PART 

THE GOVERNMENT OF ALBERTA 
represented herein by the Minister 
of the Environment (hereinafter 
called "Alberta") 

OF THE SECOND PART 

WHEREAS Canada and Alberta 
have agreed to identify. undertake or encourage 
and assist research into environmental aspects 
of the renewable resources involved in the 
development of oil sands in the area in Alberta 
described in Schedule "c" hereto. and wish by 
this agreement to provide a general framework 
for the co-ordinated planning. funding and im­
plementation of such research; and 

WHEREAS initial development is now 
occurring with expansion imminent and decisions 
on several industrial proposals now are pending; 
and 

WHEREAS the large scale industrial 
development of the area will have immense 
economic. social and environmental effects; and 

WHEREAS Canada and Alberta 
recognize the necessity of improving the scien­
tific understanding of the effects of the oil sands 
development on the human and natural environ­
ment of the oil sands area; and 

WHEREAS the results of an intensive 
study of the area will be useful in predicting the 
effects of any proposed development. as a basis 
for considering future proposals; and 

WHEREAS the results of the study 
program will be utilized by Alberta in the approval 
process for future developments and in the en­
vironmental design of any project which might be 
implemented; and 

WHEREAS Canada and Alberta are 
agreed on the objectives. general strategy and 
procedures which would govern the identification 
and selection of such research and the methods 
of encouragement and assistance; and 

WHEREAS His Excellency. The Gover­
nor General-in-Council by Order-in-Council P.C. 
1975 - 15/360 dated February 25. 1975 has 
authorized the Minister of the Environment for 
Canada to execute this agreement on behalf of 
Canada; and 

WHEREAS His Honour. The Lieutenant 
Governor-in-Council by Order-in-Council P.C. 
176/75 dated January 28. 1975 has authorized 
the Minister of the Environment for Alberta to ex­
ecute this agreement on behalf of Alberta; 

NOW THEREFORE THIS AGREEMENT 
WITNESSETH that in consideration of the 
premises. covenants and agreements herein con­
tained. the parties covenant and agree with each 
other as follows: 

I. DEFINITIONS 

In this agreement 
(a) "the Advisory Committee on Program 

Co-ordination" means the Committee 
described in IV (4); 

(b) "Alberta Oil Sands Technology and 
Research Authority (AOSTRA)" means 
the organization established by the 
Alberta Government to fund technology 
studies associated with petroleum ex­
traction; 

(c) "area" means that part of the Province 
of Alberta described in Schedule .. c .. to 
this Agreement; 

(d) "environmental research" means a fun­
damental investigation of a potential or 
actual man-induced change in en­
vironmental systems. which could result 
in identifiable benefits or adverse effects 
to society; 

(e) "Federal Minister" means the Minister 
of the Environment of Canada; 

(f) "fiscal year" means the period commenc­
ing on April 1 st of any year and ter­
minating on March 31 st of the im­
mediately following year; 

(g) "industry" means an individual company 
or the aggregate or any number thereof 
of industrial companies who seek to 
develop the oil sands; 

(h) "Ministers" means the Federal Minister 
and the Provincial Minister; 

(i) "non-renewable resources means 
minerals. mineral fuels. and similar 
resources; 

(j) "oil sands" means sands and other rock 
materials which contain crude bitumen 
and includes all other mineral sub­
stances in association therewith; 

(k) "oil sands deposit" means a natural 
reservoir containing or appearing to con­
tain an accumulation of oil sands; 

(I) "Oil Sands Environmental Study Group" 
means the organization which 
represents the industry in matters per­
taining to the Program; 

(m) "Program" means the research activities 
resulting from this agreement; 

(n) "Provincial Minister means the 
Minister of the Environment of Alberta; 

(0) "renewable resources" means biological 
resources and resources such as terrain. 



tion, laboratory space, logistics, 
vehicles and accommodation, 

(d) shall be responsible for scheduling 
project work to ensure the results 
thereof are available to the parties 
hereto as soon as practicable, 

(e) shall, subject to the direction and 
approval of the Steering Committee, 
be responsible for the preparation of 
news releases and reports for 
technical and public information, 

(f) may, on behalf of a technical 
research committee, recommend to 
the Steering Committee that the 
respective parties hereto, as the 
case may be, enter into contracts or 
other arrangements required to 
meet the objectives of the Program, 

(g) shall co-ordinate the activities of the 
technical research committees. 

(4) In addition to the Program Director, the 
Advisory Committee on Program Co­
ordination shall consist of the Chairmen 
of the technical research committees, 
the Chairman of Oil Sands Environmen­
tal Study Group and one person ap­
pointed by the Provincial Minister to 
represent all the universities in Alberta. 
The Advisory Committee on Program Co­
ordination shall: 
(a) provide advice to the Program Direc­

tor respecting the Program as it or 
he may deem fit, 

(b) recommend any necessary ad­
justments to budgetary proposals, 

(c) meet at the request of the Steering 
Committee or the Program Director. 

(5) Subject to the approval of the Steering 
Committee, the Program shall be plan­
ned and developed by technical research 
committees oriented to particular 
problems or disciplines. A technical 
research committee shall be composed 
of technical experts appointed by the 
Steering Committee. The Chairman of 
each technical research committee shall 
be as shown on the chart attached as 
Schedule "0" hereto or, if additional 
technical research committees are es­
tablished, as the Steering Committee 
may determine. Subject also to the ap­
proval of the Steering Committee and 
consistent with the objectives and goals 
of the Program, each technical research 
committee will define its own objectives 
and goals. 

(6) The parties hereto shall have regard to 
any existing programs of Alberta or 
Ca nada concerning oil sands en­
vironmental research for which the 
Departments of the Environment of 
Alberta and Canada are individually or 
jointly responsible, and agree to co-

ordinate these programs as closely as 
possible with the implementation of the 
Program. 

(7) Subject to paragraph V (8), Alberta shall 
be the contact with industry and Alberta 
universities in matters pertaining to this 
agreement and which have been 
recommended by the Steering Com­
mittee. 

(8) Any provision of this agreement may be 
amended by mutual agreement. 

V. FINANCING 

(1) The total cost of the Program is es­
timated to approximate $40,000,000 ex­
pended over a period of 10 years. For the 
purpose of this agreement, but subject to 
paragraphs (2) and (3) of this Article, the 
term of this agreement shall be five 
years from April 1, 1975, unless this 
agreement is extended or terminated 
pursuant to Article VI hereof. 

(2) Subject to the terms and conditions of 
this agreement and to funds being ap­
propriated by Parliament, the sum for 
which Canada shall be liable hereunder 
shall approximate $2,000,000 annually 
for five years from the date hereof and 
thereafter shall approximate $2,000,000 
annually for a further period not ex­
ceeding five years where the term of the 
program is extended pursuant to Article 
VI hereof. 

(3) Subject to the terms and conditions of 
this agreement and to funds being ap­
propriated by the Legislative Assembly of 
Alberta, the sum for which Alberta shall 
be liable hereunder shall approximate 
$2,000,000 or more annually for five 
years from the date hereof and 
thereafter shall approximate $2,000,000 
or more annually for a further period not 
exceeding five years where the term of 
the program is extended pursuant to Ar­
ticle VI hereof. 

(4) Prior to the beginning of each fiscal year 
the projects to be undertaken for that 
fiscal year shall be recommended by the 
Steering Committee for the approval of 
the Ministers. Alberta will fund and 
manage the projects for which it is 
responsible. Canada will fund and 
manage the projects for which it is 
responsible. The Steering Committee 
may recommend a joint project between 
the parties hereto, the cost of which 
shall be borne equally by the parties or 
as otherwise mutually agreed and shall 
be under the direction and control of one 
of the parties, in which case the party 
having that direction and control shall be 
responsible for all claims and demands 



water, and climate that support 
biological systems; 

(p) "research project" or "project" means a 
project that is entirely or primarily 
devotlid to conducting research on 
renewable resources in the area in rela­
tion to any matter pertaining to this 
agreement; 

(q) "Steering Committee" means the com­
mittee established pursuant to 
paragraph IV (2); 

(r) "technical research committee" means 
a committee established by the Steering 
Committee to identify environmental 
research requirements and administer 
the research projects. 

II. PURPOSE 

(1) The purpose of this agreement is to es­
tablish the "Alberta Oil Sands En­
vironmental Research Program" by 
which name the Program shall be 
known. 

(2) The purpose of the proposed Program is 
to provide timely information about fac­
tors that will aid the parties in es­
tablishing guidelines for socially accep­
table limits of damage to present and 
potential uses of biotic and abiotic 
resources. 

(3) In support of this purpose, Canada and 
Alberta agree that this agreement is 
confined to research only and does not 
involve the management of renewable 
resources. 

(4) The objectives of the Program are at­
tached as Schedule "A" hereto. These 
objectives may be added to or amended 
from time to time upon agreement of 
both parties. 

III. TERMS OF REFERENCE 

The Terms of Reference relating to the 
Program are contained in Schedule "8" 
hereto. 

IV. ADMINISTRATIVE ARRANGEMENTS 

(1) The Ministers shall approve the terms of 
specific research in the fields of 
hyd ro logy, hyd rog eo logy, terrestrial 
fauna, land matters, vegetation, human 
environment, aquatic fauna, 
meteorology and others to which they 
may mutually agree. 

(2) There shall be establ ished a Steering 
Committee, which, under the direction of 
the Ministers, shall be responsible for 
the composition, co-ordination and con­
duct of the Program and shall consist of 
one member appointed by Alberta who 
shall have the functions normally per-

formed by a chairman, and one member 
appointed by Canada. The Steering Com­
mittee shall: 

(a) meet as its members may determine 
but in any event shall meet at least 
once every fiscal year during the 
currency of this agreement, 

(b) recommend to the Ministers for ap­
proval any news releases respecting 
any matter concerning or relating tc 
this agreement or the Program, 

(c) annually, and at such other times as 
it or the Ministers may consider ap­
propriate, report to the Ministers 
upon the projects carried out under 
the Program and the progress ac­
complished in respect thereto, 

(d) invite interested departments of 
Alberta and Canada to send a 
representative to a Steering Com­
mittee meeting at least once each 
year at which the Committee shall 
present information upon the 
current and future research projects 
of the Program, 

(e) appoint the Advisory Committee on 
Program Co-ordination, 

(f) recommend to the Ministers those 
technical reports prepared for 
publication, 

(g) assume such other duties and ad­
ministrative responsibilities as the 
Ministers may from time to time 
agree and prescribe, 

(h) approve the matters mentioned in 
paragraph (5) of this Article. 

Each Steering Committee member shall 
appoint an alternate to represent him at 
meetings which he cannot attend and 
shall in writing notify the other member 
the name of the person so appointed. In 
the event that the Steering Committee is 
unable to agree upon any matter, the 
same shall be submitted to the Ministers 
for resolution. 

(3) Alberta shall in consultation with 
Canada appoint a Program Director and 
such supporting staff as may be required 
from time to time to meet the objectives 
of the Program. The Program Director: 
(a) subject to the approval of the Steer-

ing Committee, shall establish such 
other technical research committees 
as he may consider necessary to 
assist specific portions of the 
Program, 

(b) may convene and shall chair 
meetings of the Advisory Committee 
on Program Co-ordination, 

(c) shall arrange for the provision of 
field services common to all field 
research projects involved in the 
Program including, without limita-



arising in respect of that project; if any 
goods are purchased therefor, on the 
completion or other termination of that 
project they may be sold or otherwise 
disposed of by mutual agreement, and 
any proceeds thereof divided pro rata 
between the parties. 

(5) Salaries, travelling expenses and related 
costs of employees of the parties engag­
ed in the Program and related committee 
duties shall not be paid from funds ap­
proved under this Agreement except for 
salaries, travelling expenses and related 
costs of staff specifically assigned to or 
engaged in studies carried out on behalf 
of the Steering Committee by depart­
ment or agencies of the parties. 

(6) The salaries, travelling expenses and 
other costs incurred by Steering Com­
mittee Members, their alternates and 
other government officials appointed to 
represent those party to the Agreement 
on committees established or approved 
by the Steering Committee shall be paid 
for by their respective government. 

(7) Where goods or services in respect of 
the Program (including, without limita­
tion, equipment. office space or facilities 
specifically required for the Program) are 
provided by a party hereto or its agencies 
and are used or utilized by the other par­
ty or its agencies, any cost charged in 
respect thereto by the party or agency so 
providing shall be the actual cost to that 
last-mentioned party. 

(8) As between the parties hereto, Alberta 
alone shall bear the responsibility for 
negotiating contributions to the Program 
by industry, to a level and upon such 
conditions deemed appropriate by the 
Ministers. 

(9) Each party hereto shall, for audit pur­
poses, keep appropriate records of ex­
penditures made hereunder and, if re­
quested by the other party, shall make 
available to the other party those 
records. 

VI. DURATION AND TERMINATION 

For the purposes of this agreement. the term 
of the Program shall be five years, which 
said term may be renewed for a further 
period of up to five years. Either party may, 
however, at the end of any fiscal year during 
the currency hereof, terminate this agree­
ment by giving to the other party by 
registered mail at least one clear year's 
notice thereof, it being agreed that no such 
notice may be given which would result in 
such termination prior to March 31, 1977. 

VII. SCIENTIFIC INFORMATION 
PUBLICATION 

The parties hereto acknowledge hereby that 
they are committed to the principle that 
scientific work performed as part of the 
Program may be published in appropriate 
journals and/or technical reports. Save as 
aforesaid, all information obtained in the 
Program shall be considered to be in the 
public domain. 

VIII. NOTICES 

Any notice to be given hereunder shall be 
addressed to the Provincial Minister or the 
Federal Minister, as the case may be, and 
shall be deemed to have been given upon the 
day it is received. 

IX. GENERAL 

No Member of Parliament shall hold or be 
admitted to any share or part of any contract. 
agreement or commission arising out of this 
agreement. 

IN WITNESS WHEREOF the 
Honourable Jeanne Sauve, Minister of the En­
vironment of Canada, has hereunto set her hand 
on behalf of Canada, and the Honourable William 
J. Yurko, Minister of the Environment of Alberta, 
has hereunto set his hand on behalf of Alberta. 

In the Presence of: 

Signed on behalf 
of Canada 

(signed) Jeanne Sauve 

Feb. 26, 1975 

In the Presence of: 

Signed on behalf 
of Alberta ----- --------

(signed) W.J. Yurko 

Feb. 25, 1975 

This agreement is hereby approved and ratified 
as a binding Intergovernmental Agreement of the 
Government of Alberta as evidenced by the 
signature of the Minister of Federal and In­
tergovernmental Affairs. 

(signed) Don R. Getty 
Minister of Federal and Intergovernmental 

Affairs for Alberta 



SCHEDULE" A" 

GENERAL OBJECTIVE 

To undertake environmental research 
relative to the renewable resources on the 
designated area which will make information 
available to the parties hereto to ensure an 
acceptable quality of the environment during and 
after operations for the recovery, transport, and 
processing of oil sands products. This research 
will be directed to the solution of practical social 
and technical environmental problems resulting 
from oil sands development. 

SPECIFIC OBJECTIVES 

1. To identify the baseline states, processes, 
and absorptive capacity of the biotic and 
abiotic resources that may be affected by oil 
sands development activities; 

2. To identify the nature of interactions 
between the various components of the 
biotic and abiotic environment and the 
various components of proposed develop­
ment activities; 

3. To predict, in part from information obtained 
by meeting objectives (1) and (2), the in­
dividual and cumulative effects of anticipated 
developments on the biotic and abiotic en­
vironment; 

4. To develop the methods necessary to protect 
the biotic and abiotic environment and finally 
return the biotic environment to a productive 
state; 

5. To advise regulatory and management agen­
cies and the industry of new scientific and 
technological information pertinent to their 
jurisdictions, to minimize adverse en­
vironmental effects and maximize beneficial 
environmental effects; 

6. To use existing agencies within the ad­
ministrations of the parties hereto where 
possible and to use other sources when 
necessary. Taking inventories will not be 
considered as part of the objectives under 

this Program, except where necessary to 
provide research information; 

7. To establish priorities in areas of research, 
and assign these priorities in the light of an 
Alberta development strategy for the oil 
sands; 

8. To co-ordinate the projects within the 
Program so as to provide an interdisciplinary 
study of environmental problems; 

9. To promote an environmental research 
program which will ensure co-operation 
among the governments of Alberta and 
Canada, industry, universities and other in­
stitutions; 

10. To compile, assess, and disseminate research 
reports resulting from this Program. 

SCHEDULE "B" 

TERMS OF REFERENCE 

The Program will be broad and com­
prehensive, except insofar as industry has the 
sole responsibility for detailed work on leased 
portions of the area and associated sites for in­
stallations or works, but it will not apply to any 
research and inventories concerning non­
renewable resources in the area. 

When research information is obtained 
under this program it shall be available to both 
parties. 

Where Canada conducts research pur­
suant to these presents and incidentally obtains 
data respecting non-renewable resources, 
Canada shall provide Alberta with all such infor­
mation and shall not use these data nor disclose 
them to anyone except with the written consent 
of the Provincial Minister. 

For the purpose of this agreement. the 
chart attached as Schedule "0" hereto shall 
identify the committee structure and the en­
vironmental research subject matter of the 
Program, as contemplated by the Ministers at the 
date hereof. 



SCHEDULE"C" 

The area under consideration will be the lands 
comprised within 

Townships 84 to 104. in Ranges 6 to 18 
West of the Fourth Meridian. and 
Townships 1 05 to 115. in Ranges 6 to 9. 
excluding Wood Buffalo National Park in 
the Province of Alberta. 

FORT McMURRAY. 

EDMONTON • 

CALGARY • 



SCHEDULE "0" 

ALBERTA OIL SANDS ENVIRONMENTAL RESEARCH PROGRAM 

CABINET CABINET 

r . Alberta Canada 
ImPlem1ntation Implementation 

l t t ~ 
Canada 

Alberta Ministers of Environment Minister of the Environment 
Minister of the Environment Alberta Canada to fund and administer 

approved projects 

STEERING COMMIITEE 
Alberta Canada 

(Chairman) ~ SENIOR ADVISORY AND 
LIAISON COMMIITEE 
Alberta Canada 

RESEARCH ADVISORY 
COMMIITEE ON PROGRAM "'-

PROGRAM MANAGEMENT SECRETARIAT -
CO-ORDINATION (Alberta Environment) 

(Alberta Environment) 

I 
TECHNICAL RESEARCH COMMIITEES 

I 
I 

COMMIITEE STRUCTURE 
I 

COMMIITEES . 
Aquatic Fauna 
Human 
Environment 
Hydrogeology 
Hydrology 
Land Use 
Meteorology 
Terrestrial Fauna 
Vegetation 

TECHNICAL RESEARCH COMMITTEE 
CHAIRMAN 

The Chairman of each technical 
research committee listed hereunder shall be 
chosen from a department or agency of Alberta 
or Canada which has primary jurisdictional 
responsibility in the committee's area of interest. 

CHAIRMAN 

O.S.E.S.G. 

~ 
ALBERTA 
CANADA 

-----------------
SECRETARY 
(Program Management) 



Technical Research 
Committee 

Aquatic Fauna 

Hydrogeology 

Hydrology 

Human Environment 

Land Use 

Meteorology 

Terrestrial Fauna 

Vegetation 

Department or Agency 

Environment Canada 

Alberta Research Council 

Alberta Environment 

Alberta Northern Development 

Alberta Environment 

Environment Canada 

Alberta Lands and Forests (now 
Alberta Energy and Natural 
Resources) 

Alberta Lands and Forests (now 
Alberta Energy and Natural 
Resources) 

Division 

Fisheries and Marine Service 

Groundwater 

Technical Services 

Environmental Co-ordination Services 

Atmospheric Environment Service 

Fish and Wildlife 

Alberta Forest Service 
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8.6 MAN-DAYS OCCUPANCY AT MILDRED LAKE RESEARCH FACILITY 

Table 3. Number of man-days occupancy at the AOSERP field 
research facility, Mildred Lake. 

Year 

1975-1976 
1976-1977 
1977-1978 
1978-1979 
1979-1980 

Man-days Occupancy 

Not Operat ional 
5603 
5773 
3595 
3024 
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