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The following items relate to your letter of 7 September 72. 

Your Comment 

Page 3~.3 

;M~.',Q,n 
m~ mll.l\#~ 

(1) "I think the report emphasized that planning must be done well in advance 

of any tar sand development schemes. Your report also stressed the problems 

involved in tailings disposal and diversion of rivers in the area which can be 

mined." 

Our Response 

This observation is correct. We did indeed stress the necessity of 

systematic planning for future tar sand development. For example, on Page 10 

of our report we emphasize the need for a government co-ordinated industrial 

development plan and a government directed regional plan related thereto. 

With reference to the tailings problem, Page 13 of the report states 

that "the disposal of tailings from the hot water extraction process represents 

the most imninent environmental constraint to the future expansion of this 

recovery method." 

Referring to drainage areas, Page 16 of the report recomnends "a 

comprehensive survey of all the drainage basins which traverse the mineable area" 

in order to determine what river courses should be preserved. 

.. .. /3 
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Your Conunent 

(2) "An attempt should be made to priorize recommendations in the final report." 

Our Response 

The final report which is now scheduled for the end of January 73 

will coordinate and assign recommended priorities to our recommendations . 

... . /4 
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Your Comment 

(3) "Numerous reviewers of the report have commented on the conflicting views 

on the need to save the muskeg for reclamation. I would appreciate it if you 

could possibly review this aspect in more detail." 

On the occasion of our presentation to Cabinet the Honourable 

Dr. Horner also raised a question on this subject with particular reference to 

the identification of the material as either "muskeg" or "peat moss". We 

consider it only proper that we should consolidate our answer on this total sub-

ject in our response to you. 

Our Response 

Our principal authority on this subject was the Alberta Research 

Council. Attached hereto as Enclosure No.1 is a copy of a special report, 

dated 18 July 72 by our participating consultant, Maurice Carrigy, who in turn 

has drawn specialized expertise from their Soils Division. They used the term 

"muskeg" to identify "a soil that has developed dominantly from organic deposits 

that are saturated for most of the year and contain 30% or more of organic 

matter to a depth of 12 inches. 1I 

For purposes of this Study our soil consultants consider the use of 

the term Itmuskeg" as most appropriate but concede that the material as defined, 

might also be referred to as "peat moss". 

It does not seem advisable at this time to make a definitive 

recommendation regarding the use of muskeg as a nutrient for revegetation since 

additional field surveys and experiments should be conducted on the subject. 

The preliminary experiments conducted to date tend to confirm that the muskeg 

.... /5 
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is helpful in stimulating certain types of growth, however, additional experiments 

by specialized disciplines would be required to determine whether muskeg per se 

is essential to re-establishing growth or whether alternately. other more con-

venient growth stimulants might be effective. 

We have also referred this matter to our participating consultants 

assigned to interpret the ecological baseline data being supplied by the Alberta 

Government. Their comments on the subject are reproduced in Enclosure No.2 

attached hereto. Hopefully the survey being conducted by Lands and Forests may 

possibly shed some more light on the subject of soil conditions. Additional 

consultations will be undertaken in preparing our observations and recommendations 

which will comprise part of the final report (hopefully including discussions 

with the Department of Agriculture), 

.... /6 
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Your Comment 

(4) fllndexing of the report, which we discussed previously, and I understand 

you are undertaking," 

Our Response 

The most recent printing of the Progress Report involved sixty copies 

of the total report and one hundred copies of the Director's Summary. These 

reports had the individual pages consecutively numbered, thereby facilitating 

subsequent reference to any section of the report. The entire report has thereby 

been provided with indexes \"hich define the contents of the total report and 

individual component reports. 

When preparing the final report we will also keep in mind your desire 

for indexed references. 

. ... /7 
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The following items relate to your list of detailed comments of 

7 September 72. 

Your Comment 

"Reference to ice fog and other contaminants. H2S0
3 

and H
2

S0
4 

formation 

should be considered." 

Reference to Summary Report 

Original Printing - Page 20, First Paragraph 

Revised Printing - Page 21, First Paragraph 

Our Response 

Page 34& 

We would concur that the possible formation of sulphurous acid and 

sulphuric acid should be investigated as part of future monitoring programs 

in the identity of harmful emissions and their derivatives and to measure 

their concentration and dispersion. Such data should be generated at an 

advanced stage of progressively more sophisticated monitoring systems . 

.. .. /8 
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Your Comment 

"The timber, which must be removed from the leases prior to the mining 

operations, is generally small and of poor quality." 

"This does not agree with the Section in Land Ecology, Appendix 4, Page 3." 

Reference to Mining Report 

Original Printing - Appendix I, Page 5, Second Paragraph 

Revised Printing - Appendix I, Page 40, Second Paragraph 

Our Response 

We respectfully submit that these two statements are compatible. 

The existing merchantable timber tends to occur in specific regions which are 

interspersed with large areas of poorer quality growth. Both consultants have 

recommended that a more detailed evaluation should be done to determine the 

potential value of this renewable resource. When access roads are available 

the timber which is suitable for the production of lumber can be harvested and 

the cost benefits of continuing the lumbering operation could be compared with 

the alternative of mining the tar sands plus the future possibility of 

reforestation on reclaimed land. Even the scrub growth might have commercial 

value, for example, as a supplementary source of wood chips to pulp mill opera-

tions. We have made some preliminary investigations into the feasibility of a 

portable field chipper. Such equipment is available and this approach would 

be technically feasible as a means of reclaiming a useful product from tree 

clearing. 

. ... /9 
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Your Comment 

IlDisagrees with the main recommendation (5th line, Page 18)," 

(This relates to the stockpiling of muskeg) 

Reference to Mining Report 

Original Printing - Page 9, Second Paragraph 

Revised Printing - Page 24, Second Paragraph 

Page 350 

Our Response to this unresolved situation is contained in earlier comments . 

... . /10 



- 10 -

Your Comment 

"Last sentence. Is this really the simplest and cheapest method?" 

Reference to Mining Report 

Original Printing - Page 16 

Revised Printing - Page 51 

'Our Response 

Page 35t 

Our mining consultant has conceptualized a decanting system which 

would avoid the costs inherent in either chemical or mechanical means for 

clarifying. His prediction that this would be the Ilsimplest and cheapest method!! 

is subject to more detailed examination of the success of this technique, and 

the additional impounding areas required and their related value. 

. ... /11 
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Your Comment 

"First and second line and 17th, 18th and 19th line are contradictory." 

(reference to suggestion for decanting liquid tailings as opposed to 

consultant's comment that wildlife problem would be minimized by smaller 

ponds) 

Reference to Mining Report 

Original Printing - Page 17 

Revised Printing - Page 52 

Our Response 

In reality there are two separate considerations involved here. On 

the one hand, we are contemplating a possible means of reducing the volume of 

liquid tailings required to be stored permanently. The decanting technique 

might increase the exposed area of liquid tailings, however, the added area 

might possibly be safe for wildlife depending of course on its purity. On 

the other hand, the consultant is pointing out the need for more information 

regarding the tendancy of migrating birds or wildlife to use the tailings pond. 

We are hopeful that some information in this direction might be made available 

from the recent wildlife survey. 

. .. . /12 
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Your Comment 

"It is doubtful that oxygen sag would be present." 

Reference to Water Report 

Original Printing - Page 4, Last Sentence 

Revised Printing - Page 69, Last Sentence 

Our Consultantfs Verbatim Response to this Item is as Follows: 

Page 353 

tiThe criticism or corrnnent is valid. Calculated value of oxygen sag 

would be very low. The February 16/72 figures for effluent B.O.D. (46 mg/l at 

2900 I.g.p.m.) in a stream flow of 3700 c.f.s. would indicate a drop in dissolved 

oxygen of only 0.1 mg/l - probably not detectable. The natural B.O.D. of the 

river is of the order of 1 mg/l. 

Ther e is however, always some uncertainty connected wi th estimated 

or computed oxygen demands. In the case of the Athabasca - the analysis by 

Clark, Page 92 will indicate organic material of the order of 30 mg/l in the 

winter period. The total organic carbon analysis - Page 95 - Date 2-3-71 and 

28-2-72 show total organic carbon of 13 and 10 mg/l respectively. In the 

Red Deer river the oxygen sag seemed to parallel the change in organic carbon. 

The analysis of the wastes from G.C.O.S., Page 75, show B.O.D. 

values (Feb. 16/72) of 46 but the C.O.D. is 140. Some uncertainty exists as 

to which of these values correlates best with dissolves oxygen use in rivers. 

In summary it is felt that data obtained by tests on a river sample 

eliminate all these uncertainties, and furthermore serves as a part of a record 

of the river quality for comparison in the future \\'hen heavier river loadings 

are likely to be present. 1f 

.... /13 
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Your Comment 

"Provide an adequate food supply for wildlife which does not drastically 

alter the ecological balance." 

"The above is an impossibility." 

Reference to Land Ecology Report 

Original Printing - Page 18, Item 5(b) 

Revised Printing - Page 187, Item 5(b) 

Our Response 

Our participating consultant's reply is as follows: 

"The key word in this statement is drastically. We realize that a change in 

vegetation will involve a change in the type of wildlife to be supported. 

However, we believe that it should be possible to introduce a vegetative 

assemblage which will maintain many of the large and small animals presently 

found in the area. 1I 

.. .. /14 
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Your Comment 

"I don't think this requires a research program. We know how to do it." 

Reference to Land Ecology Report 

Original Printing - Page 19, Item (9) 

Revised Printing - Page 188, Item (9) 

Our Participating Consultant's Reply 

IIIf research has been carried out already on this problem by the 

Department of the Environment, then a research program is clearly unjustified. 

However, the Fish and Wildlife officers of the Provincial Government that we 

talked with do not appear to have received the results of this research." 

.... /15 
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YOur Comments Regarding Air Quality 

The next five comments apply to Appendix V on Air Quality. Western 

Research & Development Ltd. has provided a detailed response to these comments 

and their representatives have discussed the subjects with the Department of 

Environment. A copy of their replies is attached hereto as Enclosure No.3. 

In addition, Western Research & Development Ltd. has published a supplementary 

report to incorporate information received subsequent to our Progress Report . 

.. . . /16 
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Your Comment 

"It can be shown that the Athabasca River has adequate capability to accept 

heat discharged, etc." 

"The Department would like to have evidence to show this." 

Reference to Utilities Report 

Original Printing - Page 6, Second Paragraph 

Revised Printing - Page 275, Second Paragraph 

Our Response 

Our participating consultant's reply is as follows: 

"The cooling capacity of the Athabasca River for accepting heat discharge from 

the power plant requirements of several more conventional hot water extraction 

plants was calculated on the basis of data available, including minimum water 

flow and summer water temperatures, and found to be within allowable temperature 

limits in force at the time of submission of the report. Location of plant, 

availability of open evaporative surface and adequate mixing zones and mixing 

of the water streams were assumed, and these will need re-evaluation for each 

application. It 

.... /17 
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Your Comment 

"Excess heat in hot water extraction plants is not indicative of a poor BTU 

balance." 

Reference to Report on Sampling and Analysis 

Original Printing - Page 5, Second Paragraph 

Revised Printing - Page 338, Second Paragraph 

Our Response 

Page 358 

This is presumably a matter of semantics. Our participating consultant 

was referring to the fact that the conventional hot water extraction process 

discharges large volumes of hot tailings, thereby resulting in substantial heat 

losses. As he points out, other sections of the report deal with the consequential 

problems, e.g. the ice fog phenomenon. He also intended to infer that the 

economics related to a better energy balance might possibly favour centralized 

processing facilities. 

. ... /18 
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The following comments relate to your letter of 31 October 72. 

Your Comment 

(1) "Not enough attention was given to analyzing the effect of the various 

recovery and upgrading processes on the environment, both on a long and short 

term basis." 

Our Response 

The preamble to our Progress Report emphasizes that the initial 

observations and recommendations relate specifically to the environmental 

impact of mining and hot water extraction. In accordance with the Study plan 

the coordination and summation of recommendations pertaining to other "recovery 

and upgrading processes" were scheduled for a later stage of the Project. 

Our conclusions will be presented in the final report. 

.. .. /19 
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Your Comment 

(2) "Some of the information collected does not appear to fall within the 

initial terms of reference for the study. This is exemplified by the amount 

of attention given to human factors such as town site development and 

community planning and the. detail presented regarding environmental effects 

in the mined out areas rather than surrounding areas. The latter point was 

specifically excluded by point 2 of Exhibit 1 of the report." 

Our Response 

The proportion of attention devoted to human factors was carefully 

regulated. We respectfully submit that regional planning and the location of 

communities do have a distinct relationship to the human aspects of environ­

mental planning. 

At an early stage of our mutual consultations regarding the scope 

of the Study it was agreed that Clause 2 of the Department's memorandum, 

dated 2 December 71, should be interpreted to mean the exclusion to any indepth 

consideration of environmental problems which might exist within Lease 86 and 17. 

It was also understood that the existing operations on Lease 86 and the approved 

operation for Lease 17 represented the most relevant sources of technical base­

line data. It was therefore necessary to utilize this technical information as 

the only practical basis for projecting the environmental impact of future tar 

sands development beyond Lease 86 and 17. 

. ... /20 
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Your Comment 

(3) "Too much emphasis has been placed upon present conditions and specific 

problems such as approval of the Ruth Lake basin tailings water disposal 

plant, the recommended dike construction procedure and details of the pro-

posed Syncrude tailings disposal plan. These items should be used only as 

support for long term evaluation recommendations." 

Our Response 

The Ruth Lake basin lies outside Lease 86 and 17 and therefore by 

definition the scope of our Study included consideration of its proposed use 

for tailings storage. 

We consider that the future location and construction of tailings 

dykes does indeed have a profound effect on planning for protection of the 

environment. 

Our objective in presenting specific recommendations at this time 

was to maximize the benefit of our observations for the Client. 

The only meaningful source of technical baseline data relates to the 

existing operation on Lease 86 and the approved project for Lease 17. In 

accordance with Clause II of the Client's memorandum dated 2 December 71, we have 

utilized the available published information from these sources as a basis for 

projecting probable future developments. This approach was endorsed in several 

of our discussions. both with the Client and with the Conservation and Utilization 

Committee. 

. . . . J 21 
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Your Corrunent 

(4) "No mention was made in the initial portion of the report regarding 

various methods which could be used for upgrading bitumen recovered by the 

hot water extraction process and their comparative merits from an environmental 

impact point of view. For example, which upgrading process should be 

encouraged having regard for the amount of sour residue produced." 

"It should be noted that Appendix 8 contains a good surrunary of the various 

upgrading processes but the data does not appear to have been used to assess 

environmental impact." 

Our Response 

This appears to be somewhat of a duplication of Item (1) and as 

already indicated, our Study schedule provides for the presentation of 

recorrunendations on bitumen upgrading as part of our final report. The term 

"sour residue" is used primarily in the conventional oil industry and normally 

refers to a viscous petroleum fraction having a high sulphur content. It will 

be our intention to deal with the subject of bitumen upgrading in a broad 

context (i. e. that is, not restricted to conventional petroleum refining) and 

in doing so we will deal with the subject of the ultimate disposition of the 

sulphur which occurs in the natural bitumen. 

. .. ./22 



Your Comment 

(5) "Not enough attention has been paid to air pollution problems and 

appropriate recommendations in this area. It would appear that hydrology 

and land reclamation were considered the more significant factors whereas 

it is conceivable that total oil sands development could be limited by air 

pollution problems. It 

Our Response 

As already explained, our Progress Report was deliberately limited 

Page 363 

to the environmental impact of mining and hot water extraction which is not a 

major contributor to air pollution except for the ice fog. The principal 

contributors to atmospheric contamination involve the power generation and 

bitumen upgrading facilities. The earlier stages of our Study concentrated on 

identifying the information available on pertinent factors such as air quality. 

We had seriously contemplated the allocation of substantial funds to monitor 

the air quality as a basis for projecting future constrictions. We decided 

however that this would be an unwarranted duplication of effort when it was 

learned that the Federal Department of Energy, Mines and Resources had already 

conducted field measurements to ascertain the dispersion pattern of S02 and 

other emissions. Over the past six months efforts have been made to obtain the 

results of this survey for incorporation into our conclusions, however to date 

the necessary information has not been provided. 

.. .. J 23 
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Your Comment 

(6) !~ore detailed guidance should be included respecting the additional data 

the study considers required. As an example, point 6 of the recommended 

research priorities suggests the need for additional data from the GCOS 

operation but does not mention the type or amount of data needed." 

Our Response 

The type of data required for environmental planning should have 

been readily apparent from our continual discussions with the Department of 

Environlnent and also from our preliminary meeting with the Energy Resources 

Conservation Board. The individual progress reports by our participating 

consultants provide numerous examples of the type and amount of data needed. 

In order to provide confirmation and documentation of these specific items 

we will incorporate an appropriate list into the final report. 

. ... /24 
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Your Comment 

(7) "With regard to the recommendation of removing restrictions on available 

information required for environmental planning, reference is made to the 

information classed as confidential by government agencies. A further review 

of field work performed in confidential experimental schemes would indicate 

that there is very little information of environmental significance being 

retained as confidential. It can be concluded that the data do not exist or 

are being retained as proprietory information by the companies involved." 

Our Response 

Our preceding response to your comment regarding the air quality 

provides one example of the limitations encountered on available information. 

Documented inquiries covering the past six months are on file which illustrate 

some apparent restrictions or at least some reluctance to supply information 

which is definitely pertinent to environmental planning. In this particular 

case, the information was generated by a Federal Government agency with the 

approval of a Provincial agency and the approval also of the private developer. 

Another example involves the established practice of treating as 

confidential for a period of one year, the geological and geophysical data 

pertaining to core holes. It is debatable whether this practice is justifiable 

for the bituminous sands leases established, since the information may be 

helpful to the planning for environmental protection of underground features . 

. . . . /25 
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Still another example would involve the information on the alleged 

exhaustive research of the tailings problem. Statements have been made by 

at least one developer that all possible attempts to clarify tailings water 

have been exhausted, and that therefore additional storage area is required 

for impounding tailings. Our Progress Report emphasizes that an alternative 

solution to the tailings problem should be sought in order to protect the 

environment from this aspect of future tar sands development. It would seem 

only logical that all existing information should be studied before programming 

additional research and development. 

.. .. /26 
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Your Comment 

(8) liThe Department of Lands and Forests has issued quotas of 9 million f.b.m. 

in A-S management area with an additional 7 million f. b.m. salable quota in 

A-7 for a total sustainable potential of 16 million per year, or $1.6 million 

at $100 per thousand. These figures are probably more meaningful than those 

in the report. The $9,000,000 is incorrect." 

Our Response 

The figures presented by our praticipating consultant in the Progress 

Report are based on the concept of a single harvesting of the merchantable timber 

which would be followed by mining of the tar sands in that area. Hence our 

figures reflect the gross quantity and gross value as estimated by the Department 

of Lands and Forests. We respectfully submit that our figures are valid when 

interpreted in the correct context, although we would point out that our estimates 

are deliberately conservative. By contrast your comments pertain to annual 

harvesting of timber and thereby reflect a different concept which would invalidate 

any comparison of the figures. 

. ... /27 
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We sincerely hope that the foregoing text provides a satisfactory 

response to all of your comments. If any further explanations are required 

we would be pleased to discuss the matter with you or with the originator of 

the comment. 

Yours respectfully, 

ATr~BASCA TAR SANDS STUDY 

HVP:ejd 

Enclosures (3) 



Enclosure No. 1 

NOTES ON MUSKEG DISTRIBUTION MAP 

prepared for 

Athabasca Tar Sands Study 

JUL Z 0 19/2 

The Soils Division of the Research Council of Alberta carried out 

an exploratory soil survey of northern Alberta between the years 1955 
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and 1962. The Athabasca Tar Sands Study area was Included in this program 

and was covered by the survey in the years 1957, 1960, and 1961. 

The survey was required to provide a broad inventory of the soils of 

this relatively inaccessible area with a view to delineating areas con­

sidered to be potentially suitable for agricultural development. However, 

in addition to agricultural interests the information has been used in 

connection with oil and gas pipel ine location studies, railway construction, 

and road location studies. 

In the course of the survey attention was given to the location and 

extent of organic soils (muskeg) in the area. On the basis of this Infor­

mation the accompanying map has been prepared showing the relative aerial 

extent of muskeg in the Athabasca Tar Sands area. Four categories of 

occurrence have been del ineated - 0 - 20%, 20 - 50%, 50 - 70%, and 70 -
100%. This map, therefore, is not intended to be specific with regard to 

location of individual muskegs but rather it is meant to show the relative 

occurrence of muskeg associated with the various landforms in the area. 

For example, the Muskeg Hills north of Fort McMurray are characterized by 

70 - 100% mtlskeg, whereas the higher elevations of the Birch Mountains are 

by comparison only 20 - 50% muskeg covered. 

It Hould Seem advisable at this point to define organic soil or 

muskeg as used by the soil survey during the course of the survey. The 

definition is as follows: l~ soil that has developed dominantly from 

organic deposits that are saturated for most of the year and contain 30% 

or more of organic matter to a depth of 12 inches. 1I 
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In the Tar Sands area the major portion of the muskegs are developed 

under a Black Spruce tree cover with a herb and moss layer consisting 

primarily of sphagnum and feather mosses, and Labrador tea. At the same 

time, however, organic soils developed on the remains of sedges are fairly 

common in the area. 

Because of a limitation in time it was not possible to undertake an 

appraisal of the depth of the muskegs in the area. Of those that were 

examined by a hand shovel the depth of peat exceeded 30 inches in most 

cases. It is possible, however, that some of the muskegs may well be 5 to 

10 feet deep in some parts of the area. 

It \'las interesting to note that at some sites the peaty material in 

some of the muskegs was frozen in the month of September. Such a phenomena 

is regarded as a permanently frozen condition when found at this time of 

year. In the Birch Mountains at an elevation of 3,000 feet a.m.s.l. six 

muskegs were examined and five found to contain Ice at an average depth of 

25 inches belovl the surface. In the tkMurray area at an elevation of about 

1,600 feet a.m.s.l. a frozen layer was encountered in three of eight muskeg 

inspection sites. The average depth to the ice contact in this area was 

26 inches. 

Summary 

The information provided by this report and accompanying map is meant 

to give a broad overview of the distribution of muskeg in the Athabasca 

Tar Sands area. The data Is not suitable for use in det~iled planning of 

roads or other structures since individual muskegs have not been del ineated 

nor their depth determined. 

D. Li nd say 
Head, Soils Division 
Research Council of Alberta July 3, 1972 
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\VRIGHT ENGINEERS LIMITED PHONE 664·9371. CABLE "WRIGHiENG" • TELEX: 04·54367 

1101 WEST PENDER STREET 0 VANCOUVER I, B.C., CANADA 

Mr. Harold Page, P. Eng., 
Integ Alberta Ltd., 
11055-l07th Street, 
EDMONTO:-J, ALBERTA. 

Dear Harold, 

Project No. 684, 
File No. 102 

October 25, 1972. 

SUBJECT: Athabasca Tar Sands Study 

Thank you for your telex of October 13 and your letter of October 
17, 1972. 

On the subject of muskeg I presume the Minister of Agriculture's 
query arises from Appendix 4 of the Interim Report where muskeg, peat 
moss and moss bog are referred to on pages 3 and 8 apparently as one 
and the same thing and where it is recommended that the muskeg be used 
as a mulch during revegetation. A similar recommendation is made by 
Mike Pearson on page 26 of Appendix 1. 

Identification of soils is not included in the scope of the baseline 
study this year. This point was raised by Ian Allen at the meeting held 
with the Alberta Government Departments on August 3rd and the reply by 

lB. Kemphar was that existing data would be revie,ved but no further 

t 
testing would be done during this year's progranune. Areas classified 
within the general term "muskeg" should hOlvever be identified by inter­I pretation of the aerial photographs. Some broad classification of th.ese 

! areas may also be possible. S8Jllpling to identify in detail the various 
i types of vegetation cover and underlying peat in these areas would have 
i to wait until 1973, assuming money is available for this work. The best 
! we can do as an interim measure would be to try to take a felv samples 

during the next site visit and to examine these in the B.C. Research 
Laboratory. 

The question whether it is necessary or beneficial to conserve 
and ro-spread muskeg-type mateT:i.al to assist vegetation is a difficult 
one to anS\ver at this stage. No data is available to us of the revege­
tation \vork done by GCOS al though my impression is that GCOS have not 
used any form of organic mu} ch. rly own viCl'.' is that a mulch would most 
likely benefit revegetation indirectly by improving soil structure and 
preventing erosion rather than serving as a source of nutrients. \Vithout 
furthcT research as recomIllended on PQgc 27 of Appendix 1 of the Interim 
Report. preferably by field trials, it is not possible to make specific 
recommendations. 1\150 at a futuTe date it \\'Ould be very desirable to 

. carry Ollt a detailed survey of the muskeg. 

. .. /2 
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From a telephone discussion with Ernie Stenton of Alberta Fish and 
Wildlife Department on October 12, the position on the baseline study 
at that time was as follows:-

Forestry - have completed aerial photography and are nm" 
engaged in interpretation, 

Fisheries - have completed field work and expect to have 
their report ready by the end of December. 

Wildlife - awaiting winter conditions before carrying out 
an aerial survey. Expect to have a preliminary 
report ready by the end of December. H. Thiessen 
has agreed to an extension of time for completion 
of their final report by the end of March. 

Parks have completed field work and have started mapping. 

Waterfo'i1l field work is complete and mapping is In progress. 

In general all departments except Wildlife expect to have reports ready 
by the end of the year for review by Ian Allen. 

Regarding a meeting with yourself, I have no firm plans for a visit to 
Edmonton at the moment except for a provisional arrangement to visit GeOS 
about the middle of November. Ian Allen would like to make a further site 
visit when the Wildlife people are carrying out their survey. Ian is 
commi tted to stay in Vancouver until about November 6th and Wildlife have no 
dates in mind yet as they are waiting for weather conditions to strip the 
leaves off the trees and provide snow cover. Possibly the week commencing 
November 13th would suit both Ian and myself, If this is too late from your 
point of vim'l, perhaps you would consider making a visit to Vancouver before 
this, I will let you knO\'1 when there are any developments on our dates. If, 
in the meantime, you would like to arrange a provisional date for a meeting 
here, please let me know. 

RWP(bao 
cc~ W.E.L. File 

p.ots;r.W. 

Yours very truly, 

WRIGHT ENGINEERS LHHTED 

/Jv 
A:;-/&~ 

R.W, Palmer, P. Eng. 

\ ;<../ 
'(~V 
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Enclosure No.3 

/ 
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,/( VVESTERN RESEAf~CH & DEVELOPMENT LTD. 
',:'''''''- 7 

" " Subsidiary of Bow Valley Industries Ltd. 

'\;/ 

October 5, 1972 

Intercontinental Engineering of Alberta Ltd. 
11055 - 107th Street 
Edmonton, Alberta 

Attention: Mr. H. V. Page, P. Eng. 

Dear Sir 

Thank you for fonlardi ng the comments regardi ng our pre 1 imi nary 
report on liThe Ai r Qual i ty Study for the Athabasca Bitumi nous 
Sands Development." vJe Vlould like to respond to the comments 
in the order in whi ch they VJere presented. 

~ - Comment "Should include fly ash and water vapour.1I 

Response - tIle agree and wi 11 have the vlOrds IIfly ash 
and water vapour" inserted in a revised 
report. 

Page 25 - Comment "Should be completely revised by consultant. 
Should check with Department of the 
Envi ronment. II 

Response - We have talked with the Department of the 
Environment and learned that their calcul­
ations indicate that values of ground level 
S02 concentr~ati ons from a Syncrude type 
stack under extremely unstable atmospheric 
conditions (i. e. A conditions) with a wind 
speed of 10 mph are of the order of .1 ppm. 
This contrasts with the value presented by 
WR&D in the report which is of the order of 
.5 ppm. 

Western Research & Development Ltd. 's orig­
inal calculations were done in the manner 
recommended by the U. S. Department of 
Health Education and Welfare (1). They have 

932, 700 - Glh AVENU[ SOUTHweST, CAl.GAr1V, ALnUITA, CAN/\DA T211 OT8 PHONE (403) 263-1253 
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recently been rechecked with the following formula recommended 
by the Alberta Department of the Environment (2). 

C = 1.68 x 108Q o U G dh 
EXP t20303 (~~) J (1) 

where: c = ground level concentration of contaminant (ppm). 
QO = contaminant emission rate at ambient conditions. 

For the Syncrude source this quantity is 76 ft. 3 /sec. 

U = wind speed (fps). This has a value of 14.7 for a 
10 mph wind. 

Q = lateral spread of plume. For extremely unstable 
conditions when one is close to the source Pasquill 
(3) recommends a value of 60° fOl~ this variable. 

d = downwind distance from the source (ft.) 

. h - vertical spread of the plume (ft.) 

The variables d and h are related to one another in Figure 2 of 
a paper published by Pasquill (3). Under extremely unstable 
conditions when d = 3,280 ft., h also equals 3,280 ft. 

H = effective stack height. From Appendix B this can be 
shoym as predi cted by the Bl~i gg I s (A) formul a under 
unstable conditions to be 2110 feet for wind speeds 
of 10 mph. 

Equation (1) can be applied with the above values for the variables 
i. e. 

Co = 1.68 x 108 x 76 
~7JT60)(3,280)(3,280) 

x 

Performing the indicated operations one gets: 

Co = .53 ppm 

(
2110 \ 2 

e -2.303 3280) 

This value is th~ same as presented by WR&D in its report. 
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The calculations for various stability conditions \Jlere presented 
in the preliminary report in order to illustrate the influences 
that atmospheri c stabi 1 i ty has on ground "' eve 1 concentrati ons. As 
these calculations demonstrated,a knowledge of the frequencies of 
various stabil ity conditions is clearly important to an evaluation 
of potential air pollution effects. 

Page 33 - Comment - lilt is questionable whether particulate 
emission \'Jil1 affect incoming radiation. 1I 

Response- The comment refers to a sentence in the report 
which states in part that liparticulates when 
present in significant quantities can reduce 
the amount of incoming radiation possibly 
affecting vegetation." The statement is correct, 
and refers to one of the reasons why particulate 
emissions must be controlled. 

If the Department of the Environment wishes, 
we will delete it from the report. 

f£.ge 35 - Comment - "Should include total dusHall." 

Response- We agree and will have the words Iitotal dustfall 
stations" insetted in a revised report. 

figure 3- Comment - "Consultant should check with Department of the 
Environment." 

Response- We have talked with the Department of the Envir­
onment and understand that while they agree that 
behavi~ur of plume rise attributed in Figure 3 
to the BCH formula is qualitatively correct, they 
question the small magnitude of the rises for wind 
speeds less than 10 mph. 

The BCH graph shown in Figure 3 was calculated 
according to the method described in Appendix B. 
It is assumed in applying the procedure that the 
plume reaches its maximum rise 1000 feet downwind 
of the source. This assumption has been used by 
Western Research & Development Ltd. for the last 
five years in stack design calculations. While it 
may be suitable for relatively small sources~ its 
application to large sources obviously results in 
unrealistic values for low wind speed conditions. 
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The Department of the Environment applies the 
same calculation procedure as Western Research 
& Development Ltd. but with the assumption that 
the plume reaches its maximum rise at greater 
downwind distances from the source; they conse­
quently predict higher plume rises. 

It should be mentioned that Figure 3 was in-
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cluded in the report in order to illustrate the 
differences in effective plume heights as predicted 
from standard formulas. The graphs demonstrate 
the need to adopt a plume rise formula which is 
suitable to large Syncrude type sources. 

vJe hope thi s 1 etter properly responds to the comments that were 
ra/sed concerni ng our repott. If \!Je can further cl arify our responses 
of b~ of any further assistance, please do not hesitate to contact us 

/lai\ y~UI~ conv,ell'; ence. 
\ 

. I 
: .i l,l 
~ours trHly 
I A Z j J1l/lJ'1' /(/ L I < . &~--L ____ --\J, Lukacs, P. Eng. 

P-GB/ DL/ cm 

! . 



RECOMMENDED MODELS 
FOR CALCULATING DIFFUSION FROM POINT SOURCES 

WITH APPLICATIONS 
TO THE ATHABASCA BITUMINOUS SANDS AREA 

Prepared For: 

Intercontinental Engineering of Alberta Limited 

Prepared By: 

Western Research & Development Ltd. 

11 October 1972 

Page 377 



2. 

3. 

TABLE OF CONTENTS 

PAGE 

ABSTRACT 

INTRODUCTION 

PROPOSED METHODS FOR CALCULATING GROUND LEVEL 
POLLUTION CONCENTRATIONS FROM POINT SOURCES 2 

2.1 Simple Plume Rise 2 

2.1. 1 Bosanquet, Carey and Halton (BCH) Formula 3 
2.1.2 CONCAWE Formula 4 
2.1.3 Carson and Moses Formula 4 
2.1.4 Lucas Formul a 5 
2.1.5 Formulae Based on the 112/3 Law ll 

(Carpenter et. al. and Thomas et. al. ) 5 

2.2 Diffusion Coefficients 8 

2.3 Atmospheric Stability As Related To Stack Design 10 

2.4 Terrain Effects on Plume Behaviour 

CALCULATIONS OF GROUND LEVEL S02 CONCENTRATIONS 

DISCUSSION 

TABLE 1 - Stack Emission Parameters for the 
Great Canadian Oil Sands and Syncrude 
Pl ants 

TABLE 2 - Terrain Elevation Differences Assumed 
In The Calculation of S02 Ground Level 
Concentrations From the Syncrude and 
Great Canadian Oil Sands Plants 

APPENDIX- Gaussian Model for Calculating Ground 
A Level Concentrations From Elevated 

Point Sources 

APPENDIX- Plume Rise Formulae 
B 

11 

15 

18 

After Text 

After Text 

Fo 11 OVJS Fi gures 

Follows Figures 

Page 378 



LIST OF ILLUSTRATIONS 

Figure 1 - Plume Rise for a Syncrude Type Source as Predicted By 
The Indicated Formulae 

Figure 2 - Plume Rise as a Function of Wind Speed as Predicted by 
The Given Formulae 

Figure 3 - Ground Level S02 Concentrations Downwind of a Syncrude 
Type Stack Calculated for a Wind Speed of 20 mph. 

Figure 4 - Ground Level S02 Concentrations Downwind of the G. C. O. S. 
Stacks Calculated For a Wind Speed of 20 mph. 

Figure 5 - Maximum Calculated Ground Level 502 Concentrations From 
The Syncrude and G. C. O. S. Sourtes as a Function of 
Wind Speed 

Figure 6 - Ground Level 502 Concentrations Calculated for a Combination 
of the G. C. O. S. and Syncrude Plumes at a Wind Speed of 
20 mph. 

Page 379 



ABSTRACT 

In this report, Western Research & Development Ltd. makes 

recommendations as to the methods to be used for estim-

ating ground level pollutant concentrations from point sources 

located in the Athabasca Bituminous Sands region. 

An application of the recommended methods shows that the 

Great Canadian Oil Sands operations should result in ground 

level concentrations of S02 which are within acceptable limits. 

A Syncrude type plant may, however, yield S02 concentrations 

which will exceed the Alberta Government's ground level stand­

ard of .2 ppm. 

When the plumes from the Syncrude and Great Canadian Oil Sands 

plants align, the resulting concentrations will be of the 

order of .3 ppm. 
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INTRODUCTION 

This report is supplementary to the one Western Research & 

Development Ltd. prepared and submitted to Intercontinental 

Engineering of Alberta Ltd. on 28 July 1972. The initial 

report was entitled IIPreliminary Report on the Air Quality 

Study for the Athabasca Bituminous Sands Development 

Phase II." It outlined air pollution problems which might 

arise in the Bituminous Sands area and proposed research 

studies by which the problems could be .investigated. 

This supplementary report was prepared at the request of 

Interconti nenta 1 Engi neeri ng of /1,1 berta Ltd. It recommends 

plume rise and diffusion models for application to stack 

design problems which might arise in the interim preceding 

completion of the proposed studies. 

The t~ecommended models have been used to cal cul ate ground 

level concentrations of S02 which will result from the 

proposed Syncrude type plant. It appears from the co. 1-

culations that such a plant may slightly exceed present 

air quality standards. 
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2. PROPOSED METHODS FOR CALCULATING GROUND LEVEL POLLUTION 
CONCENTRATIONS FROM POINT SOURCES 

Calculation of ground level concentrations of a pollutant 

resulting from a point source are almost invariably made 

from Gaussian plume models. To apply these models, one must 

have a knowledge of the plume rise and the standard deviations 

of plume spread. (For mathematical details, see Appendix A). 

Ideally, these parameters should be derived for the type of 

plant and site under investigation. When, as in the present 

case, the desired information is not available, reliance must 

be placed upon the results of investigations which have been 

conducted at other locations. 

Western Research & Development Ltd. has reviewed the liter­

ature and evaluated the results of previous studies into 

atmospheric diffusion processes. As a result of this review, 

we have arrived at recommendations for estimating plume rise, 

plume spreads, stability effects and terrain influences. 

2.1 Simple Plume Rise 

A multitude of plume rise formulae have been proposed over 

the last decade. Periodically, review studies are done in 

- 2 -
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order to select the "best" equation. These studies usually 

compare predicted and observed plume rises from plants having 

a large range of heat emissions, stack heights, and stack 

exit velocities. In choosing the equations that might be 

acceptable for predicting plume rise from the large Syncrude 

type plants, vJestern Research & Development Ltd. evaluated 

the review studies and, as a result, gave consideration to the 

following six equations. (See Appendix B for mathematical 

details) . 

2.1.1 Bosanquet, Carey and Halton (BCH) Formula 

Bosanquet et. a1. (1) derived their formula in order to 

estimate dust deposition from stack plumes. It has, however, 

received wide use for gas plume analysis. Moses and Strom (2) 

compared 711 predicted and observed plume rises and concluded 

that of many well known formulae, the BCH equation gave the 

best results. It should be pointed out, however, that the 

study was done with plume rises from plants which emit much 

less heat than a Syncrude type plant. 

In applying the BCH formula, Western Research & Development Ltd. 

adopted the assumption that maximum plume rise will be achieved 

within a distance of 1,000 feet downwind from the stack. We 

- 3 -

Page 383 



have routinely used this assumption for stack design purposes 

over the last five years. 

2.1.2 CONCA\JJE Formula 

The CONCAWE (Conservation of Clean Air and Water, Western Europe) 

vJorking Group on Stack Height and Atmospheric Dispersion, made 

an analysis using 438 plume rise observations and devised a 

formula by regression techniques (3). 

Thomas et. al. (4) did an independent study of plume rises 

from six large generating stations. They concluded from their 

investigation that the CONCAWE formula gave predictions which 

agreed well with their observed data. 

2.1.3 Carson and Moses Formula 

Carson and Moses proposed their formula at the 47th Annual Meet­

ing of the American Meteorological Society in January, 1967. 

An investigation of plume rises from large coal-fired power 

stations was conducted under the sponsorship of the Tennessee 

Valley Authority (5). A comparison between predicted and observed 

plume rises on 133 occasions showed that the Carson and Moses 

formula gave one of the better results. 

~ 4 -
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2.1.4 Lucas Formula 

This formula for plume rise was proposed by Lucas (6) 

after a study of plume rise from two moderately large power 

generating stations in England. It has been adopted by the 

Central Electricity Research Laboratories in England, and 

is recommended by the American Society of Mechanical Engineers (7). 

2.1.5 Formulae Based on the 112/3 Law ll 

(Carpenter et. al. and Thomas et. al.} 

There has been a growing agreement among recent investigators 

that plume rise is proportional to the 2/3 power of the down­

wind distance (8). The proportionality constant is a function 

of the vertical temperature gradient. Models based upon the 

112/3 1 a\'111 are generally favoured by theori sts because they 

incorporate conservation equations for buoyancy and momentum 

or energy. 

The problem in applying these models arises in the values one 

uses for the proportionality constant. Western Research & 

Development Ltd. has done calculations using the constants 

proposed by Thomas et. al. (4) and also by Carpenter et. al. (9). 

The work of both groups of investigators was sponsored by the 
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Tennessee Valley Authority. It is noteworthy that the constants 

proposed by the first group of authors (Thomas et. al.) are 

used by the Tennessee Valley Authority in operational programs 

designed to limit stack emissions.(lO) 

Calculations were made using the above six equations, together 

with the stack emissions data for a Syncrude type source given 

in Table 1. 

The results of the calculations for the BCH equation and the 

equations of Carpenter et. al. and Thomas et. al. are given on 

the transparency of Figure 1. The equation proposed by Thomas 

et. al. gives plume rise values at moderately high wind speeds 

which are intermediate bet\lleen those 9.iven by the other two 

equations. 

Figure 2 gives plume rise values predicted for a Syncrude type 

plant by the Carson and Moses, Lucas and CONCAWE formulae. Values 

from the Lucas formul a are about mi dVJay between those predi cted 

by the Carson and Moses, and CONCAWE formulae. 

By overlaying Figure 1 onto Figure 2, one sees that the plume 

rises given by the formulae of Thomas et. al. and Lucas are 

similar. 

.. 6 -
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After consideration of the plume rise values given in 

Figures 1 and 2, Western Research & Development Ltd. decided 

to recommend the formula proposed by Thomas et. ale for 

use in the Bituminous Sands region. This recommendation is 

made for the following reasons: 

1. The Thomas et. al. formula gives values of 

plume rise for a Syncrude type plant, which are 

intermediate between those given by the BCH, 

Carson and Moses, Carpenter et. ale and CONCAWE 

formulae; 

2. The Thomas et. ale formula is utilized on an 

operational basis by the Tennessee Valley 

Authority in its program to meteorologically 

control emissions from power plants. This 

Authority is well known for its studies into 

plume rise and dispersion; 

3. The values of plume rise predicted by the 

Thomas et. ale formula are in essential 

agreement with the Lucas formula, which is 

widely employed in the U. S. A. and England; 

4. The Thomas et. al. formula embodies conservation 

laws of buoyancy and momentum, and, thus, has a 

relatively solid theoretical basis; 

- 7 -
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5. The Thomas et.al. formula has a coefficient which 

can be readily adjusted to take into consideration 

various atmospheric stability conditions. 

Often, the full plume rise, as predicted by a given formula, 

is not realized. For this reason, the Alberta Department of 

the Environment adopted the practice in the past of utilizing 

only 75 percent of a predicted plume rise value. It is recom­

mended that this conservative measure be continued for the 

Bituminous Tar Sands area. 

2.2 Diffusion Coefficients 

In applying the Gaussian model, one must have a knowledge of 

diffusion coefficients. These parameters are physically related 

to the vertical and horizontal spread of the plume about its 

axis. The manner in which they vary with stability and downwind 

distances from the source, has been a matter of controversy. 

The earliest attempt to study the coefficients was made by 

Sutton (ll) in the thirties. He postulated that the coefficients 

were power law functions of the downwind distance from the source. 

He further postulated that the exponent of the power law function 

was related to the vertical gradient of the wind speed. Theoretical 

~ 8-

Page 388 



and observational developments have since shown that his 

theories are invalid. Notwithstanding these purely theoretical 

difficulties, Sutton's model has been widely accepted in prac­

tice and sanctioned by usage. Good verification of Sutton's 

method has been achieved over distances of several miles under 

neutral or unstable conditions. 

Other less well known power law functions for the diffusion 

coefficients have been proposed by Bosanquet and Pearson (12) 

and by Gartrell et. al. (13). 

In 1961 Pasquill (14) presented a graphical method for estimating 

diffusion coefficients. The graphs were based upon observations 

made over relatively flat terrain in Porton, England, and are not 

restricted to power law functions. 

The method is straight forward and easy to apply. From a knowledge 

of such easily measured parameters as wind speed, insolation and 
\ 

cloudiness, one may estimate diffusion for the stability categories 

A to F. The categories classify turbulence into six kinds, ranging 

from extremely unstable (A) through neutral (0) to moderately 

stable (F). Estimates derived from this method have agreed fairly 

well with the results of many diffusion experiments (15). 

9 -
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Many agencies have adopted the Pasquill coefficients for use in 

estimating air quality. These include the U. S. Atomic Energy 

Commission (16)~ the U. S. Department of Health, Education and 

Welfare (17), the British Meteorological Office (18), and the 

Canadian Department of Energy, Mines and Resources (19). 

Calculated estimates of ground level pollutant concentrations can 

vary greatly with the diffusion coefficients that one employs (20). 

For this reason, it is important that diffusion coefficients be 

developed for the location where they will be applied. In the 

interim preceding the development of coefficients for the 
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Athabasca Tar Sands area, Western Research & Development Ltd. recom­

mends that the coefficients proposed by Pasquill and presented by 

Gifford (21) be used for evaluating air quality. This recommendation 

is based upon their simplicity, general validity and widespread 

acceptance. 

2.3 Atmospheric Stability As Related To Stack Design 

A question arises as to the atmospheric stability one should assume 

in estimating the stack heights which would be consistent with 

acceptable 'air quality. 

It has been customary in the past to assume neutral stability in 

stack design calculations. Briggs (22) argues that this is a 
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reasonable assumption because the highest winds and consequently, 

the lowest plume rises, occur under neutral atmospheric conditions. 

As Western Research & Development Ltd. illustrated, however, in its 

original submission to Intercontinental Engineering of Alberta Ltd., 

unstable atmospheric conditions may result in very large ground 

level pollutant concentrations even in the presence of high plume 

rises. Thus stacks which are sufficiently high to maintain air 

quality standards under strong winds and neutral atmospheric con­

ditions may fail to meet the standards under conditions of strong 

thermal heating and light winds when the atmosphere will be in an 

unstable condition. 

In designing stacks for the Athabasca Bituminous Sands area, one 

should be aware of the possible detrimental effects of unstable 

atmospheric conditions. \~estern Research & Development Ltd. 

recommends, however, that pending an investigation into the fre­

quency and duration of these conditions, that neutral atmospheres 

continue to be used in stack deSign. 

2.4 Terrain Effects on Plume Behaviour 

In the preceding three sections, it was implicitly assumed that 

calculations of air quality were to be made over horizontal terrain. 

The terrain in the Athabasca Bituminous Sands area, however, is not 
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regular. There are hills sloping upward on either side of the 

Athabasca River. It is necessary, therefore, to consider the 

effects which irregular topography will have on plume rise and 

plume dispersion. 

There is, unfortunately, very little literature on the general 

effects of irregular topography. One may argue from continuity 

considerations, that topographical features such as hills and 

ridges will create upward air currents which will maintain a 

plume at a constant level above the ground. If this happens, 

the terrain should have little noticeable influence on ground 

level pollutant concentration. The results of observational 

studies made around a power plant located in a steep sided river 

valley as reported by Cummings et. al. (23), confirm this view. 
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They concluded that locating a power plant in a valley does not 

necessarily cause increased pollution on high ground in the vicinity. 

Irregular topography may have other influences on the air flow 

besides inducing vertical velocities. At the edges of steep 

cliffs, frictional effects may result in bolster eddies which can 

bring a plume to the ground. Thermal cooling or heating of hill­

sides can result in cold air drainages or in updrafts'. Both 

frictional and thermal effects may have unknown complicating 

effects on general plume rise and dispersion. 
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For the large Syncrude type plants in the Bituminous Sands 

region, both effects could be negligible. The slope of land in 

the Athabasca River Valley area is relatively gentle. For this 

reason, bolster eddy effects should be small. Thermal wind 

effects occur only during light wind conditions when plume rises 

from the Syncrude type plants will be very large. For this 

reason, the plumes could penetrate above the layer of thermal wind 

influences which usually extends from the ground to the height of 

the elevated land. 

Because of the general lack of knowledge about terrain effects, 

it is difficult to assess the manner in which they may be incor­

porated into diffusion models. Any recommendation related to 

topographical effects will therefore contain an element of 

arbitrariness. Nonetheless, some working assumption must be 

used in order to predict the impact on air quality of future 

industrialization in the Athabasca region. With this in mind, 

Western Research & Development Ltd. is recommending that one-half 

the height of ridges or hills be subtracted from the plume height 

as predicted from the simple plume rise formula. This procedure 

is less conservative than if one subtracted the entire hill. 

It thus recognizes that topographical effects should be small. 

At the same time, however, it permits an allowance for any detri­

mental effects which may result from unevaluated frictional 

and thermal influences. 

-'13 -
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Western Research & Development Ltd. further recommends that the 

Pasquill-Gifford diffusion coefficients be used for air flow 

over irregular terrain. The coefficients may underestimate 

horizontal diffusion over irregular terrain (24), especially 

under stable atmospheric conditions (25), however in the absence 

of diffusion data from the Athabasca Bituminous Sands area, this 

conservative approach to pollution prediction appears.warranted. 

~ 14 -
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3. CALCULATIONS OF GROUND LEVEL S02 CONCENTRATIONS 

Calculations were performed for ground level S02 concentrations 

which will result as a consequence of a Syncrude type source 

located in the Athabasca Bituminous Sands area. Calculations 

were also performed for the Great Canadian Oil Sands type 

source and for a combination of both types of operation. 

Following the recommendations of the previous sections, it was 

assumed that: 

1. Simple plume rise is obtained by taking 75 percent 

of the value predicted by the plume rise formula of 

Thomas et. al.; 

2. The diffusion coefficients are given by Pasquill 

and Giffor9; 

3. The atmosphere is in neutral stability; 

4. The level of the plume over irregular terrain is 

obtained by subtracting one-half the height of the 

ridge from the height of the plume given by the 

simple plume rise relation. 

The stack emission parameters for a Syncrude type stack and for 

the Great Canadian Oil Sands power and sulphur plants, which were 

- 15 -
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used in the calculations given in Table 1. The Syncrude data 

were taken from the application to the Energy Resources Conservation 

Board by the Syncrude Group (26). The Great Canadian Oil Sands 

data were taken from the 1970 and 1971 Department of the Environment 

stack surveys (27). Table 2 gives the heights of the elevated 

terrain which were assumed for the calculation. These heights come 

from the previously cited application by the Syncrude group to 

the Energy Resources Conservation Board, and should represent lithe 

worst ll topographical conditions. 

Shown in Figure 3 are the ground level S02 concentrations predicted 

downwind from a Syncrude type source for a wind speed of 20 mph. 

The ground level concentrations are shown as slightly above .2 ppm. 

Figure 4 gives the same data for the Great Canadian Oil Sands power 

plant (Stack A) and sulphur plant (Stack B). The combination of 

the two stacks gives a maximum ground level concentration of about 

.14 ppm. It should be noted that these figures from Great Canadian 

Oil Sands were derived from using stack survey data. If the original 

design data employed by Great Canadian Oil Sands had been used, then 

calculated ground level concentrations would be increased by about 

a factor 2. 

Figure 5 shows the maximum ground level concentrations from both 

Syncrude and Great Canadian Oil Sands as a function of wind speed. 

The maximum combined ground level concentrations from Great 
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Canadian Oil Sands does not exceed .15 ppm. Ground level concen­

tration from the Syncrude type plant slightly exceeds .2 ppm at 

wind speeds greater than 15 mph. 

The proposed Syncrude type plant will lie about 33,000 feet WNW 

of the present Great Canadian Oil Sands stacks. With ESE or WNW 

winds, the plants will be aligned along wind. Figure 6 shows 

the combined ground level S02 concentrations which will result 

under a WNW wind of 20 mph. Calculations for this graph were per­

formed under the assumption that the terrain between the Great 

Canadian Oil Sands and the Syncrude plant sites was level. The 

combined ground level concentration will be about .3 ppm. This 

value exceeds the Alberta Governmentis calculated ground level 

standard of .2 ppm. 

- 17 -
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DISCUSSION 

This report has recommended that a Gaussian diffusion model 

which uses the plume rise formula of Thomas et. al. and the 

Pasquill-Gifford diffusion coefficients, be used for estimating 

ground level air quality in the Athabasca Bituminous Sands area. 

It has further recommended that terrain effects be incorporated 

into the model by the subtraction of one-half the height of the 

ri dges or hill s from the plume ri se gi ven by the recommended 

simple plume rise relation. 

Calculations based upon the recommended diffusion model have 

been presented in this report. It has been shown .that a 

Syncrude type plant \!Iill result in ground level concentration 

of S02 VJhich are slightly in excess of the Alberta air quality 

standard of .2 ppm. The ground level concentrations resulting 

from the Great Canadian Oil Sands operation should be within 

acceptable limits. 

The pr'oblem of ma-intaining acceptable ail~ quality standards 

becomes very complex Itlhen one cons i ders the comb; ned effects 

of tvlO or more plants. If the Alberta Department of the 

Environment is unwilling to have 100 pe\~cent of the air quality 

-' 18 -

Page 398 



in the Bituminous Sands area pre-empted by one Syncrude type 

source, then only a given percentage of the standard can be 

committed to that source. Thus, if two Syncrude type sources 

are to be built in the 30 x 20 mile region of the 9 contiguous 

leases discussed in the initial submission, the air quality 

standard for each source would be about .1 ppm. More plants could 

be built in the area and meet the same standard providing they 

were positioned in such a fashion that plumes from no more than 

two plants could align. 

It should once again be stressed that the diffusion model recom­

mended in this report is meant to be used only in an interim 

preceding the collection and analysis of diffusion data from the 

Athabasca region. It is important that plume rise formulae 

be pertinent to the Syncrude type source~ that diffusion coeffi­

cients be developed, that the frequency of various wind and 

stabil ity conditi ons be kno\'Jn and that terrai n effects of the 

Athabasca River valley upon diffusion be evaluated. 

-, 19 -

Page 399 



REFERENCES 

1. Bosanquet~ C. H., W. F. Carey and E. M. Halton (1950) "Dust 
Deposition from Chimney Stacks", Proc. List. Mech. Eng. 
Vol. 162, p. 355 

2. f'1oses, Harry and Gordon H. Strom (1961) "A Compari son of 
Observed Plume Rises with Values Obtained from Well-Known 
Formulae" J. Air Poll. Contr. Assoc. Vol II, pp. 455-466 

3. Brummage, K. G. et. al. (1966) liThe Calculation of Atmospheric 
Dispersion from a Stack" Stichting CONCAWE, The Hague, The 
Netherlands, 57 pp 

4. Thomas, Fred, W., S. B. Carpenter, and W. C. Colbaugh (1970) 
IIPlume Rise Estimates for Electric Generating Stations" J. Air 
Poll. Control Assoc. Vol. 20, pp. 170-177 

5. Carpenter, S. B., J. M. Leavitt, Fred W. Thomas, John A. Frizzola 
and Maynard E. Smith (1968) ItFull Scale Study of Plume Rise At 
Large Coal Fired Electric Generating Stations." J. Air Pol. 
Contr. Assoc., Vol. 18, pp. 458-465 

6. Lucas, D. H. (1967) IIPaper VI: Application and Evaluation 
of Results of the Tilburg Plume Rise and Dispersion Experiment" 
Atmos. Envi r. , Vol. 1, pp. 421-424 

7. Recommended Guide for the Control of Emission of Oxides of 
Sulphur (1970) (Am. Soc. Mech. Engrs., New York, N. Y. U. S. A.) 

8. Briggs, G. A. (1972) IIChimney Plumes in Neutral and Stable 
Surroundings" Atmos. Envir., Vol. 6 

9. Carpenter, S. B., Thomas L. Montgomery~ Jack M. Leavitt, 
William C. Colbaugh and Fred W. Thomas, "Principal Plume 
Dispersion Models: TVA Power Plants" (1971) Vol. 21, pp.491-495 

Page 400 

10. Leavitt, J. M., S. B. Carpenter, J. P. Blackwell and T. L. Montgomery 
(1971) IIMeteorological Program for Limiting Power Plant Stack 
Emissions" J. Air Poll. Contr. Assoc. Vol. 21, pp. 400-405 

11. Sutton, O. G. (1932) itA Theory of Eddy Diffusion in the Atmosphere" 
Proc. Roy. Soc. (London), Ser. A, Vol. 135, pp. 143-165 

12. Bosanquet C. H. and J. L. Pearson (1936) "The Spread of Smokes 
and Gases from Chimneys" Trans. Far. Soc., Vol. 32, pp. 1249-1264 



·13. Gartrell et. al. (1964) "Full Scale Study of Dispersion of 
Stack Gases" p.4 U. S. PHS-TVA - A Summary Report 

14. Pasquill, F (1961) liThe Estimation of the Dispersion of Windborne 
Materi alII, Met. Magazi ne, Vol. 90, pp. 33-49 

15. Gifford, Franklin A. (1968) IIAn Outline of Theories of Diffusion 
in the Lov!est Layers of the Atmosphere ll Chapter 3, p. 102 
MeteOl~ology and Atomic Energy, David H. Slade (Ed.) Available as 
T10-24190, Clearing House for Federal Scientific and Technical 
Information, Springfield, Virginia 22151 

16. Slade, D. H. "r~eteorology and Atomic Energyll T1D-24190 1968 
U. S. Clearing House for lechnical Information, Springfield, Va. 
22151, U. S. A. 

Page 401 

17. Turner, Bruce D. (1969) vJorkbook of Atmospheric Dispersion Estimates, 
U. S. Public Health Service Publication, No. 999-AP-26 

18. Pasquill, F. and F. B. Smith (1970) "The Physical and Meteorological 
Basis for the Estimation of the Dispersion of vJindborne Material II 
Paper ME-20A Second International Clean Air Congress of the 
International Union of Air Pollution Prevention Association, 
December 6-11, 1970; Washington, D. C., U. S. A. 

19. Whaley, H., L. Shenfeld, G. K. Lee, M. S. Hirt and S. G. Djurfors 
(1971) liThe Dispersion of Multiple Plumes from a Large Thermal 
Generating Station ll Paper 2.3-85. The Eighth World Energy 
Conference, Bucharest, June 28-Ju1y 2, 1971. 

20. Montgomery, T. L. and Corn M. (1967) IIAdherence of Sul phur Di oxi de 
Concentrations in the Vicinity of a Steam Plant to Plume Dispersion 
Mode1s 11 J. Air Poll. Control Assoc., Vol. 17, pp. 512-517 

21. Gifford, F. A. (1961) "Use of Routine Meteorological Observations 
for Estimating Atmospheric Dispersion" Nucl. Saf. Vol. 2 
p. 41-51 

22. Briggs, G. A. (1969) Plume Rise, U. S. Atomic Energy Commission, 
Division of Technical Information (Available as T1D-25075 from 
Clearing House for Technical Information, Springfield, Va. 22151, 
U. S. A. ) 

23. Cummings, W. G., M. t~. Redfearn and vi. Roberts Jones (1965) 
"Air Pollution by Sulphur Dioxide Part 1: The Effect of Land 
Configuration on Pollution by Sulphur Gases" J. Inst. Fuel, 
Vol. 38, pp. 391-398 

24. Cummi ngs, W. G., M. W. Redfearn and W. Roberts Jones (1965) 
"Ai r Poll uti on by Sul phur Di oxi de: Part 2 "Sul phur Di ox; de 
Concentrations Dowm'lind of Tall Chimneys - The Divergence of 
~1easured and Calculated Values ll J. Inst. Fuel, Vol. 38, 
pp. 426-436 



25. Leahey, Douglas M. and James Halitsky (1972) "Low Wind Turbulence 
Statistics and Related Diffusion Estimates from a Site Located 
in the Hudson River Valley," Atmos. Envir. (In Press) 

26. An Application to the Energy Resources Conservation Board to 
Amend Approval No. 1223 of the Oil and Gas Conservation Board 
under Part 8 of the Oil a~d Gas Conservation Act by Atlantic 
Richfield Canada Ltd., Canada Cities Services Ltd., Gulf Oil 
Canada Ltd. and Imperial Oil Ltd., August 7, 1971 

27. Great Canadian Oil Sands Sulphur Plant Stack Surveys 1970, 1971, 
Energy Resources Conservation Board. 

Page 402 



TABLE 1 

STACK EMISSION PARAMETERS 
FOR THE 

GREAT CANADIAN OIL SANDS AND SYNCRUDE PLANTS 

Great Canadian 
Oil Sands Syncrude Plant 

Sulphur Power Sulphur & Power Plant 
Plant Plant (maximum firing rate) 

Stack B Stack A 

S02 (cfs) 6.10 23.50 76.00 

Flue gas (cfs)* 623.00 8,483.00 20,951.00 

Temperature (oF) 1,000.00 550.00 500.00 

Stack ID at Exit 
(ft. ) 5.92 19.00 25.67 

Exit Velocity 
(fps) 62.00 57.00 73.00 

Height (ft. ) 350.00 350.00 400.00 

* At 70°F and 14.7 psia. 
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TABLE 2 

TERRAIN ELEVATION DIFFERENCES ASSUMED 
IN THE CALCULATION OF S02 GROUND LEVEL CONCENTRATIONS 
FROM THE SYNCRUDE AND GREAT CANADIAN OIL SANDS PLANTS 

Downwind Distance 
From Source (M Ft.) 

20 

30 

40 

50 

60 

70 

80 

90 

100 

130 

Elevation of Land 
Above Stack Base (Ft.) 

30 

20 

45 

120 

220 

300 

420 

500 

570 

670 
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APPENDIX A 

Gaussian Model For Calculating Ground Le~el 

Concentrations From Elevated Point Sources 
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The evaluation of ground level concentrations is usually made 

from a simple Gaussian diffusion model. Rectangular co-ordin­

ates are used with the x co-ordinate in the direction of the 

mean horizontal wind G, z in the vertical direction and y in 

the lateral. 

The usual simplifying assumptions are: 

(i) Diffusion in the x direction is neglected in 

comparison to transport by the mean wind; 

(ii) Within the plume, the pollutant is considered 

to have a Gaussian distribution with lateral and 

vertical standard deviations 8y(x) and 8z(x) 

respectively; 

(iii) The turbulence is considered homogeneous and 

stati onary; 

(iv) The ground is considered to be a perfect reflector 

of the pollutant; 

(v) The mean vertical velocity is assumed to be zero. 

Within these assumptions the well known continuous point source 

diffusion formula for short term periods (about 1/2 hour) can 

be derived: 
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u X (x,y,z) = 
Q 

1 

21T8y8z 
e (: (z+H)2 

28z2 
- (Z_H)2) 
+e 28z2 •.• (a) 
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where: X = time averaged value of the concentration. 

Q = rate of emission from a continuous point 

source. 

H = effective emission height of the stack. 

This is the sum of the physical stack 

height and the plume rise. 

Because the wind is assumed to have no vertical component, 

this effective stack height is everywhere equal to the effective 

height of the plume axis. 

A-2 
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APPENDIX B 

Plume Rise Formulae 



Effective Plume Height 

In calculating the effective plume height, use was made of the 

formula: 

where: H = effective plume height 

hS= physical stack height 

h = plume rise r 

Only 75 percent of the plume rise was used in the above equation 

as a conservative measure because full theoretical plume rise 

is seldom realized. 

The following formulae are discussed in the report. 

1. Bosanquet, Carey and Halton Formula 

In this fOl~mula: 

hr = hv + ht 

where: 

hv = flue gas velocity rise (ft. ) 

h = t flue gas thermal rise (ft.) 

B-1 
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The flue gas velocity rise is given by the equation: 

h = v hv 1 - vmax 
( 

0.8 h ) 

max x 

4.77 
1 + 0.43 U 

Vs 

The flue gas thermal rise is given by the equation: 

= 

Where: 

z = 

x = 

and: 

= 

= 

= 

= 

= 

= 

-1.7 + 4.5 log X 

xu = 280 U (x "= 1000 ft) 

stack exit velocity (ft./sec.) 

acceleration due to gravity (32 ft./sec. 2) 

emission rate of total stack gas (ft. 3/sec.) 
(at atmospheric pressure and 70°F) 

temperature of gases at top of stack (OR) 

T2 - (atmospheric temperature) = T2 - 530 (OR) 

temperature at which stack gas density equals 
that of the ambient air at 70°F (OR) 

B-2 
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2. CONCAWE Formula 

hr = 0.047 

Where: 

Q
H 

0.58 

U 0.70 

QH = heat emission (cal./sec.) 

U = wind speed (m/sec.) 

3. Carson and Moses Formula 

Where: 

Vs = stack exit speed (m/sec.) 

d = stack diameter (m) 

QH = heat emission (104 cal./sec.) 

U = wind speed (m/sec.) 

4. Lucas Formula 

h = r 

Where: 

1 

Clct o 

a = 475 + 2/3 (hS - 100) m2 sec -1 MW -~ 

hS = physical stack height (m) 

Q = stack heat emission rate (rvlW) 

U = wind velocity (m/sec.) 

B-3 
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5. Formulae Based on the "2/3 Law ll (Carpenter et. al. and 
Thomas et. al.) 

In this approach: 
ci/3 Fl/ 3 

hr = U 

Where: 

C = dimensionless coefficient which depends upon atmos­
pheric stability, Typical values for this quantity 
are given in Table (a) for the Carpenter et. al. and 
Thomas et. al. formulae. 

x = downwind distance from stack (assumed to be equal to 
1219 m) 

F = 9Vsr2 [(Ts - Ta)/TaJ = flux due to buoyancy and 

momentum (m4jsec. 3) 
g = acceleration due to gravity (m/sec. 2) 

Vs= stack exit velocity (m/sec.) 

r = radius of stack top (m) 

Ta= ambient air temperature (OK) 

Ts= stack gas exit temperature (OK) 

U = wind velocity (m/sec.) 

B-4 
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Atmospheric 
Stabil ity 

Stable 

Neutral 

Unstable 

TABLE (a) 

TYPICAL VALUES OF C 
FOR STABLE, NEUTRIl.L, AND UNSTP,BLE ' 

ATMOSPHERIC STABILITIES 

C 
Carpenter et. al. Thomas et. 

0.70 0.98 

1.58 1.06 

1. 75 1.08 

B-5 
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TOPOGRAPHY OF BITUMEN AREA 

The topography of the bitumen area as outlined 

in the additional submission of January 1972 by INTEG 

is discussed below. 

The dominant topographical feature of the whole 

area is the Athabasca River which flows along a south 

to north line which bisects the area of study. The 

river elevation averages about 750' ASL. To the west 

of the Athabasca the land is flat at an elevation of 

near 900' ASL then rises quite sharply to the Birch 

Mountains with a top elevation of 2700' ASL and the 

Thickwood Hills which are topped at about 1700' ASL. 

To the east, the land is flat at an elevation of about 

1000' ASL for about 15 miles then slopes upward to 

elevations of 1800' ASL. The valley lies flat and 

open to the north and northeast. 

Major lakes in the surface recovery area are 

McClelland and Kearl. McClelland Lake covers about 

12 sq. miles while Kearl Lake is about ~ sq. mile. 

Page 421 

All major drainage is, of course, tied into the Atha­

basca River. The Athabasca freezes over on the aver­

age on November 2, the earliest October 5 and the latest 

November 28. Breakup averages on April 21 while 

the earliest is April 9 and the latest May 9. 



SYNOPTIC METEOROLOGY . 

The synoptic scale meteorology in the Bitumen 

area is not unlike that of the Edmonton area except 

that winter modification of cold air masses is less 

frequent with winter minima and summer maxima more 

extreme because of the 1000' elevation difference. 

Summer Season 

Three air masses are involved with the su®ner 

meteorology of the Bitumen Area. They are (a) Arctic 

Continental (b) Maritime Pacific and of lesser fre­

quency (c) Maritime Tropical. The Arctic Continental 

air masses originate over the giant land mass to the 

north, are relatively dry and frequently, upon stag­

nation, produce long periods of hot, dry weather. The 

Maritime Pacific masses come from the west and produce 

general cloud cover, unstable conditions with rain 

or thunderstorms accompanied by cool temperatures. 

The Haritime Tropical air is an infrequent visitor 

but produces very high temperatures, high moisture 

content and showers or thunderstorms. 

Winter Weather 

Winter weather is dominated by two air masses, 

(a) Arctic Continental and (b) Maritime Pacific. 

• 2 
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The Arctic air dominates the winter weather while 

any modification is brought about by the Pacific air 

masses. The Arctic air, when most intense, produces 

relatively clear skies, very low temperatures and 

light winds (less than 10 m.p.h.). The Pacific air 

masses produce cloud cover, snow and under the best of 

conditions temperature modification to above freezing 

conditions. 

Since the winter weather is of greatest concern 

immediately, it is worth exploring the synoptic scale 

meteorology and its thermodynamic ramifications in 

more detail. 

The high pressure centres associated with the 

cold arctic air most frequently originate over Eastern 

Siberi~, migrate in an easterly direction across 

Alaska and into the McKenzie Valley and thence south­

eastward across the Prairie Provinces. This migration 

of the air mass is characterized by intermittent motion 

in that the high pressure cells periodically, along 

their migratory path, will stall and build in inten­

sity whereas during their periods of fast movement, 

pressure intensities are somewhat lower. 

While moving quickly, the leading edge of the 

cold air mass is characterized by strong northerly 

• 3 
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winds, heavy cloud cover with snow and blowing snow 

and rapidly lowering temperatures. On the other hand, 

the centre of the cold air mass produces clear skies, 

very little wind and extremely low temperatures. It 

is this latter condition which is of greatest interest 

at present since it is this condition which is con­

ducive to the formation of ice fog. 

The interest is not only in the presence of the 

Arctic air mass but also in its depth and intensity. 

The extreme low temperatures (below -350 p) only occur 

with an intense high of great depth and are always 

associated with a trough of low height at the 500 

millibar level (approx. l8000 f ASL). At this time, 

with the high pressure centre located beneath the up­

per trough, the whole system is relatively stable. 

The surface pressure gradient is very flat so that 

synoptic scale winds are usually under 10 m.p.h. 

Of equal importance in circulation at this time are 

the gravity or drainage winds. Clear skies coupled 

with a very low solar elevation angle (8 0 in early 

January) allow the air mass to radiate with resulting 

cooling at the surface. With a clear white snow cov­

ering giving a high albedo, the large portion of 

incoming radiation is reflected back out to the at-

. 4 
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mosphere. 

During this period, the strong surface based 

inversion is established. Inversion is the descrip­

tive term for a vertical atmospheric temperature 

distribution in which temperature increases with height. 

This inversion may well be up to 10,000' thick but 

our specific interest lies in the 500 feet next to 

the surface. Throughout the inversion structure, 

vertical motion is extremely limited. Motions down­

ward are as difficult as motion upward. The last 

factor to be considered is the persistence in time 

of such synoptic systems since there is a constant net 

loss of temperature while the shallow useable portion 

of the atmosphere remains the same with little flu­

shing or dillution in progress. 



MESO SCALE METEOROLOGY 

In this discussion the term meso scale is used 

to denote those meteorological processes whose dis-

tribut,ion in space and time is too small to be re-

fleeted in synoptic scale analysis. Two areas, the 

low level atmosphere and the circulation are consid­

ered. The discussion is subjective in the sense that 

no meso scale measurements have been taken. However, 

these meso scale events should be very similar to 

comparable areas for which measured data is available. 

Low Lev-el AtmOS1?Jlere 

For the purposes of this discussion, the low 

level atmosphere is defined as the lower 2000' above 

the Athabasca Valley. 

The summer conditions do not, for the present, 

give cause for concern from the poirit of view of air 

pollution 0 In essence, the SUITJl1er atmosphere is un-

stable during the day and stable for only a limited 

number of hou.rs during -the night. Daytime vertical 

mixing j s -to consideI'able depth tlu-'ough convective 

processes with the net result that more than ample dil-

lution is provided 0 The nocturnal inversions hThich 

• 2 
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may well be of sufficient intensity to prevent vertical 

mixing however, these inversions are relatively short 

lived (6-10 hours). The convective process is well 

supported by the frequency of convective cloud, the 

frequency of showers and th.understorms and especially 

by temperature comparisons at varying heights. E.V. 

Stashkol of the Alberta Forest Service has prepared 

a statistical analysis of daytime maxima for Alberta 

Forestry stations. A comparison of long term normal 

daily maxima for Ft. McMurray Airport and Birch Moun-

tain shows Birch Mountain to be 100F cooler during 

the summer months. The elevation difference between 

the two stations is 1587' which should produce a dif-

ference of 90F assuming a dry adiabatic l~pse rate. 

The computed and measured differences are close enough 

to show that vertical mixing is well established at 

the time of maximum temperature. 

The winter situation in the low atmosphere is 

quite different. Diurnal temperature changes are 

small due to minimum daytime heating and the atmos-

phere is most often very stable. As a general rule, 

it can be assumed that the lower the temperature the 

more stable is the atmosphere. No measurements of 

vertical temperature gradients have been made to the 

• 3 

1:- Probable 30 Year Normal Maximum temperatures -
Stashko, March 1971. 
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knowledge of the writer. However, upper air analysis 

at 850 miles (approximately 4800' ASL) are regularly 

produ ced. These analyses are produced for 5: 00 A.H. 

and 5:00P.M. daily. The deeper air son dings are actu­

ally made at Pt. Smith and Edmonton, However by simple 

interpa1ation and analytical methods an acceptable 

850 MB temperature can be found for Pt. :t>1cHurray. 
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Using this method one cannot accurately define the 

vertical temperature distribution between the surface 

and 850 HB so an assumption is made that the differences 

are linear. This assumption yields values for the 

inversion intensity which are conservative especially 

under conditions of very low temperature (less than 

-300 p) accompanied by light winds. 

It can be safely assumed that intense valley 

inversions occur in the Athabasca Valley with a high 

frequency in the winter months. It can also be as­

sumed, but with less confidence, that nocturnal summer 

inversions of short duration also occur with relatively 

high frequency. If these assumptions are reasonable 

correct, then there should be botanical evidence of 

such occurances. 

. 4 



The inversions should produce a high rate of 

temperature change at some unknown height above the 

valley floor and probably below the tops of the Birch 

Mountains. Such rapid changes in temperature with 

height should be reflected in the presence of fred 

belt' in the coniforous forests on the lee side of the 

Birch Mountains. If indeed a line of red belt does 

exist, it immediately provides a statistically valid 

measure of the height of the top of inversion. 

If red belt is found to exist in the region 

then we can further conclude that we have also found 

the height to which sulfur dioxide will be found pre­

sent in the ambient air. Absorption of S02 by the 

needles of white pine produces an easily distinguished 

characteristic marking. Even at very low concentrations 

of S02' the damage is quite noticable. There may be 

another vegetation such as ragweed which shows damage 

from S02 absorption. 

Clearly, low level, surfaced based inversions 

are statistically typical for this area. Their inten­

sity is very high. This is the necessary element for 

rapid accumulation of pollutants within the low levels 

of an atmosphere. 

• 5 
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Circulation 

Surface wind measurements have been made for a 

long enough period to produce statistically valid data 

only at Ft. }1cHurray. Prevailing wind direction is 

east and southeast from October to May while for the 

month of June to August, the prevailing direction is 

westerly. Wind speeds are relatively light on the 

average and even the maximum gust speed both computed 

and measured is only 65 m.p.h. 

No measurements of wind have been taken outside 

of Ft. McMurray airport which has a record long enough 

to have established statistical validity. Yet, there 

is little doubt that the light winds associated wit,h 

intense continental arctic air masses will play a major 

role in both ice fog and other pollution problems in 

the area. As a result, this meso scale circulation 

can only be described in a highly subjective sense at 

this time. 
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Under conditions of extreme cold, with little sur­

face pressure gradient, the dominant flow will be a 

gravity or drainage type of circulation. The coldest 

air resulting from radiation should be found at the low­

est elevations. A downslope flow from the surrounding 

hills and a general down river flow is to be expected. 

However, one should not assume that the pattern described 

. 6 
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results in a continuous flushing action. It should be 

remembered that downward moving air is still subject to 

the thermodynamic laws and that adiabatic warning will 

accompany downward moving air. Accordingly, it is more 

likely that the air in the bottom 200-300 M of the valley 

floor will remain almost completely calm while the gra­

vity circulation would probably take place above 200 M. 

If the assumption given above proves to be true, 

the tendency to high concentrations of man made ice fog 

and other pollutants is very high. 
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ANALYSIS OF CLIMATOLOGICAL DATA 

Ft. Mdlurray at the south end of the study and Ft. 

Chipeweyan well to the north of the study area are the 

only locations with long term continuous data. The analysis 

of data for Ft. HcMurray is fully treated while that for 

Ft. Chipeweyan is shown in simple monthly and annual sum­

mary form. It is important to note that data of statis­

tical validity does not exist right in the study area. 

Accordingly, although the data presented are valid 

in the synoptic scale they may not be directly applicable 

to the study area itself. 

Other data have been generated and are presented. 

However the generated data are not measurements but are 

the result of verticle and horizontal interpolation and 

are identified as Tgenerated.' 

Temperature: Table (1) is a presentation of temp­

erature frequency over a ten year period at Ft. McMurray. 

Of special interest is the frequency of temperatures below 

-30°F (-34°C) which is the temperature at which ice fogs 

most frequently occur. These frequencies are tabulated 

below. 

• • 2 



JAN. 

546 

FEB. 

253 

}fAR. 

35 

NOV. 

2 

DEC. 

218 

ANNUAL 

1054 
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The data for Harch and November are not significant in 

that ice fog formation requires many hours of cooling 

before onset. However, the January, February and December 

data are significant. Although ice fog does not of nec­

essity form simply because temperatures drop below -300F, 

the potential for ice fog is present on condition that 

there is sufficien-t moisture in the atmosphere. As a re­

sult, a proliferation of present type bitumen separation 

processes could well provide the necessary moisture to 

produce an average of 100 hours of ice fog each winter. 

Fogs: The distribution of all fog occurances is shown 

in table (2) and is the number of hours over a ten year 

period when fog or ice fog was present and restricted 

visibility to 6 miles or less. Of particular interest 

is the diurnal distribution of fog from Hay to October. 

These are radiation fogs caused by night time cooling and 

the subsequent moisture saturation of the atmosphere. 

It can be fairly assumed that where large amounts of 

water are available for evaporation, these radiation fogs 

will occur at higher frequency and of greater intensity 

. 3 
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and persistence. The same can be said for virtually all 

of the fog occurances. 

ltiXlJ::ts. : Tables (3-14) show the frequency of winds in var-

ious speed ranges for each of 16 directions together with 

average speeds from each direction. They are the average 

for 10 years of data divided by 10 to produce average fre-

quencies per year. It can be safely assumed thaJc the 

great majority of winter days with wind speeds of less 

than 8 m.p.h. will be inversion days on which low temp-

erature and relatively high fog frequency will also exist. 

\\7[>10 Climatological Summary: Tables (15-26) are a special 

climatological preparation which shows the frequency of 

various bad weather combinations in various wind speed 

ranges. The purpose of its presentation 1S to give a 

statistical history which can be assumed to be the normal 

conditions. Any increases in frequency of bad weather as-

sociated with fogs will show up in analysis of future con-

ditions and will be indicative of deterioration due to pro-

liferation of hot water extraction processes. 

Table I ?,..,,, • I .. 
\-/J 1S a presen~atlon of mean temperatures and 

standard deviations at three hour intervals: Table (28) 

is a presentation of computed mean temperatures and ex-

. 4 
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treme wet bulb temperatures. Tables (29-32) are presen­

tations of frequency of thunderstorms, rain, freezing pre­

cipitation and snow. The fog frequencies, table (2) are 

particularly valuable since any substantial increases 

in frequency will likely be related to moisture artifici­

ally added to the atmosphere. 

Generated Data: Since there is a real need for vertical 

temperature distribution data while no such measured data 

is available, the following information was calculated 

on the following basis. Upper air son dings are performed 

at Ft. Smith and Edmonton at 0000 GMT and 1200 GMT daily. 

At these same times surface, 850 MB charts and frontal 

contour analysis is carried out. By the process of inter­

polation of the basic charts and tephigrams a reasonable 

temperature at the top elevation in the Birch Hills is 

calculated. Using surface temperatures at Ft. McMurray, 

temperatures differences are calculated. The month of 

January, 1970 was selected for this study because it 

was a month of highly variable meteorological conditions 

ranging from chinook conditions to extreme cold. The 

data presented in table (33) is the result of the analysis 

. 5 
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TABLE (33) 

4T Birch Hills T of - McMurray T of 

0000 GMT 1200 GMT 

Monthly meanAT of 

Frequency of cooler temperatures at BH 

1-1ean difference when BH cooler of 

Frequency of warmer temperatures at BH 

Mean difference when BH warmer of 

+3.7 

13 

6.1 

18 

10.7 

+6.0 

6. 

5.1 

25 

8.7 

Table (34) is the presentation of daily results at 

0000 GHT and 1200 GHT. Although these data are admit­

tedly partially subjective, they provide excellent guid­

ance as to probable inversion frequency and intensity. 

As a further check, three other winter months were 

selected at random and for 0000 GMT and 1200 GMT, the 

following question was answered. Was there a good prob­

ability of inversion existing at any time in the day in 

question? Of 89 days examined, the question is answered 

in the affirmative 73 times or 82% of the time. Accord­

ingly it can be assumed with a high degree of certainty 

that inversion frequency is very high in the winter months. 

Because all these calculations are carried out in very 

broad terms, no other conclusions can be drawn at to temp­

erature distribution except that there was or was not an 

inversion. 
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PT. CHIPEWEYAN, ALBERTi! • 

p-AN. FEB. !lIAR. APR·l HAYl JUNEI JULY AUG. SEPT 

I . I 
Mean Temperature 1-12.2 -6.E 5.6 28.6 47.8 55.7 62.9 59.6 48.0 -
Mean Max. Temperature -4.0 3.0 16.0 39.0 58.7 67.7 74.9 71.0 57.9 

i'Iean }lin. Temperature 1-20.3 16.6 -4.9 18,1 36.8 43.6 50.9 48.1 38.0 

Extreme Max. Temp. 47 59 57 72 86 92 93 931 85 -
Extreme Min. Temp. -58 -60 -54 -32 -14 16 23 20 10 

Average Rainfall T 0 .03 ~26 .98 1.59 1.93 1.35 1.58 -
Average Snowfall 4.8 8.1 57 2.8 T 0 0 ,0 .2 

Average Total Precipitation .48 .81 .60 .54 .98 1.59 1.93 1.35 1.60 

Maximum Pcpn. in 24 hrs. .30 .60 .60 .50 .70 .72 1.92 1.17 1.48 

OCT. NOV. 

32.3 13.3 

40.0 20.2 

24.6 6.3 

76 1 57 

-14 -45 

.47 .06 

4.2 110.9 

.89 b-.15 

.71 .60 

DEC. YEAR 

-1.6 27.8 

7 02 C 1-10.4 17.9 

57 93 

-59· - ·60 

.09 8.34 

8.4 43.1 

.73 12.65 

.60 11.92 
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1957 - 1<)66 TE~lPERATURE FREQUENCY 1'0 Fort Hc}!ul'ray, Albcrta H 
~ 
OJ 
t"' 
t>:l 

1'0 'l'OTAL JAN FEB HAR APR MAY JUN JUL AUG SEI' OCT NOV DEC 
I-' 

'" 99 ...... 
98 
97 
96 1 1 
95 
94 
93 2 2 
92 5 5 
91 3 3 
90 12 1 10 1 

89 16 4 2 9 1 
88 25 3 7 15 
87 37 2 5 18 12 
86 52 1 11 24 16 
85 60 2 9 :n 18 
84 77 8 11 35 23 
83 91 2 13 48 27 1 
82 123 8 14 63 36 2 
81 126 13 22 57 31 3 
80 160 17 26 78 39 

79 171. 10 28 87 43 2 1 
78 218 2 13 48 104 42 6 3 
77 216 1 19 33 92 60 8 3 
76 275 2 15 52 114 77 12 3 
75 396 1 20 104 149 104 17 1 
74 401 1 20 96 170 97 14 3 
73 442 1 23 115 158 111 28 6 
72 501 2 45 118 159 146 25 6 
71 531 2 46 137 169 133 30 14 
70 652 2 52 165 226 150 41 16 

69 644 6 62 166 204 147 52 7 
68 700 1 77 173 227 ].69 42 11 
67 746 5 88 184 225 164 57 23 
66 764 6 107 190 230 164 53 14 
65 861 15 111 200 231 207 68 29 
64 804 2 12 98 164 223 210 72 13 
63 889 1 16 130 158 265 206 83 30 
62 1039 15 136 229 306 223 102 28 
61 1006 1 19 151 212 255 245 86 37 
60 1218 3 24 171. 237 280 333 126 44 

59 1226 1 31 153 256 302 273 154 56 
58 1248 36 158 237 315 293 145 54 
57 1320 1 66 159 281 273 331 158 51 
56 1287 1 61 165 260 269 301 151 77 2 
55 1558 1 11 77 218 268 320 359 207 96 1 
54 1321 1 5 (,2 191 240 224 316 191 90 1 
53 1334 1 7 83 212 232 212 285 203 97 2 
52 1380 1 8 88 208 243 206 283 240 101 2 
51 1396 1 17 104 220 225 189 262 251 121 6 
50 1443 1 13 122 218 249 163 249 284 137 5 2 

49 1305 2 8 123 225 201 121 223 258 135 6 3 
48 1:10') 3 19 140 201 211 107 180 280 154 9 5 
47 1291 1 12 22 144 220 204 86 153 266 ].62 17 4 
46 1262 3 8 32 128 207 169 84 149 273 181 21 7 
45 1322 6 9 29 173 264 182 66 97 278 187 20 11 
44 1229 3 10 38 154 215 138 ,(> 110 279 190 26 7 -, / 

43 1145 13 10 34 155 229 115 45 70 234 200 19 21 
42 1J 35 20 11 47 159 242 95 3!, 62 228 178 /j6 13 
41 1:.33 4 11 51 184 214 85 25 47 226 229 35 22 
40 1224 8 24 75 198 214 94 11 44 242 224 71 19 

39 1082 14 21 84 201 193 52 19 29 175 220 60 J4 
38 1123 J1 22 67 25<) 180 47 12 24 176 229 70 26 
37 1133 1.') 20 10} 24(1 ltlO 33 7 18 170 247 84 16 
36 11 21 20 ory 

,(.~ 107 231 157 32 4 ] 0 166 ?r7') 
~ 1-- 81 19 

35 1337 25 54 1 'l 0 :;05 17l 38 2 14 169 272 133 31 ~,) 

34 1] ('1 10 43 113 2S8 1.12 1,) 13 146 242 115 30 
33 1193 22 40 125 275 139 16 2 2 126 271 134 41 
32 11 57 22 40 J31 2()3 81 22 3 133 282 133 47 
31 ] Olll 27 45 125 2311 So 8 2 (;4 247 127 35 
30 11 07 21 :;2 124 260 ("" \,l 9 1 93 268 HI 50 

29 1087 16 74 uS 271 84 3 (,1 248 157 5.1 
28 J 1 :1 S 45 74 16] 2lK 74 .3 2 (,l 281 1S3 73 
27 1090 0') 

,\ - 79 .1.74· 228 53 1 43 2S6 13() gg 
26 J (!()() 23 'i(, 0' ~ .... ..1-.) J 71 J 1 25 J 1'9 1"'3 ,)2 

25 ] 033 .13 82 2l!~ IS1 1 1<) 175 193 116 



TABLE 2 

Period 1957 - 1966 FOG Fort HcMurray, Alberta 

Hour TOTAL ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

FRQCY. 

PCNTG. 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

,3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

TOTAL 87648 

65 

81 

97 

114 

148 

163 

155 

125 

108 

90 

66 

53 

47 

36 

33 

22 

26 

28 

29 

27 

38 

33 

41 

52 

1676 

9 

8 

8 

5 

7 

9 

8 

5 

4 

8 

8 

7 

9 

3 

3 

1 

1 

2 

2 

5 

7 

4 

7 

6 

136 

2 

~ 

6 

7 

4 

3 

6 

5 

5 

3 

2 

1 

1 

2 

'2 

1 

2 

1 

2 

2 

60 

2 

1 

3 

4 

7 

6 

9 

9 

7 

2 

1 

1 

1 

2 

2 

1 

1 

1 

1 

2 

2 

65 

2 

2 

3 

3 

3 

4 

6 

5 

7 

6 

2 

4 

3 

2 

1 

1 

1 

1 

3 

2 

4 

1 

66 

4 

3 

6 

8 

13 

10 

10 

6 

5 

3 

4 

3 

2 

2 

2 

3 

4 

3 

2 

1 

2 

1 

1 

1 

4 

5 

9 
13 

15 

12 

8 

7 

5 

4 

3 

2 

1 

2 

3 

1 

1 

1 

1 

1 

2 

3 

3 

5 

4 

9 

10 

12 

23 

23 

18 

11 

7 

5' 

1 

2 

3 

3 

4 

3 

1 

2 

.1 

2 

5 

12 

20 

20 

24 

26 

36 

41 

31 

25 

13 

5 

5 

6 

3 

1 

2 

2 

. 3 

2 

3 

2 

4 

3 

8 

12 

14 

13 

17 

27 

29 

28 

25 

23 

19 

19 

13 

6 

5 

4 

1 

3 

2 

1 

2 

4 

3 

6 

99 111 149 297 276 

4 

5 

7 

6 

6 

12 

8 

7 

6 

6 

2 

1 

1 

1 

1 

1 

2 

2 

3 

2 

2 

2 

1 

2 

4 

5 

6 

8 

6 

6 

5 

4 

2 

5 

4 

1 

4 

3 

5 

5 

7 

6 

7 

6 

6 

6 

6 

7 

8 

9 

10 

11 

9 

9 

10 

11 

11 

14 

12 

11 

9 

9 

7 

4 

5 

5 

6 

6 

8 

5 

7 

7 

90 124 203 

1.8 1.8 .9 .9 .9 1.3 1.5 2.0 4.0 3.8 1.2 1.7 2.7 

7440 6768 7440 7200 7440 7200 7440 7440 7200 7440 7200 7440 

1-0 
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CO 
co 
.p­
.p­
O 
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1957 - 1966 l'nlPERATIJRE FREQUENCY FO FOl't Hd1ul'l'£lY, Albcl"'t£l rl 
:>-
t;:l 
t'" 
m 

TOTAL JAN FEn HAR APR HAY JIJN JUL AUG SEP OCT NOV DEC '" .-.. 
24 820 27 69 181 108 40 13 134 156 92 0' 

23 830 27 89 195 122 28 8 96 181 84 
22 776 42 104 166 96 23 9 74 173 89 
21 730 40 93 147 87 17 2 64 172 108 
20 783 62 100 184 91 7 7 33 174 125 

19 727 67 116 157 78 5 4 43 134 123 
18 817 73 158 176 66 7 2 39 178 118 
17 789 64 85 163 55 3 2 44 195 178 
16 808 67 109 179 48 1 5 37 201 161 
15 848 76 111 171 52 1 2 39 204 192 
14 720 73 85 148 44 1 2 24 170 173 
13 745 82 

99 177 35 2 5 13 142 190 
12 750 95 121 176 23 1 13 158 163 
11 773 112 

131 147 36 1 1 9 162 174 
10 812 98 

143 160 33 2 5 158 213 

9 747 91 143 129 33 5 184 161 
8 699 119 123 113 23 2 10 148 160 
7 660 125 107 105 19 1 6 1:l0 167 
6 667 142 126 114 14 .6 130 135 
5 689 129 148 118 19 7 120 148 
4 664 186 128 106 17 2 95 130 
3 642 148 116 113 17 4 121 123 
2 667 170 115 124 13 10 100 135 
1 628 168 118 106 6 2 102 126 
0 671 186 116 117 10 1 90 151 

1- 615 141 142 101 7 2 90 132 
2- 611 152 142 99 10 3 70 135 
3- 544 131 126 102 5 1 75 104 
4- 539 133 124 87 2 2 84 107 
5- 634 169 150 102 1 86 126 
6- 477 130 113 78 4 51 101 
7- 539 138 151 80 2 65 103 
8_ 527 145 143 60 78 101 
9- 506 164 143 49 59 91 

10- 556 151 165 73 1 63 103 

11- 443 149 114 37 49 94 
12- 526 203 124 43 55 101 
13- 413 170 81 38 38 86 
14- 400 145 77 37 51 90 
15- 488 199 85 35 39 130 
16- 399 152 87 33 33 94 
17- 414 138 95 47 30 104 
18- 394 132 87 37 37 101 

19- 395 146 69 33 31 116 
20- 398 136 86 33 32 111 

21- 307 135 59 15 18 80 

22- 369 138 82 23 22 104 

23- 296 130 59 19 13 75 
24- 261 123 54 19 14 51 

25- 290 120 58 J,.4 16 82 

26- 219 79 56 14 7 63 
27- 172 68 40 6 6 52 
28- 168 77 35 4 10 42 
29- 142 55 26 9 6 46 

30- 167 82 39 10 3 33 

31- 145 59 33 7 2 44 
32- 135 69 33 2 31 
33- 134 77 32 2 23 
34- 90 43 26 1 20 
35- 110 65 14 2 29 
36- 99 59 13 1 26 
37- 65 28 21 2 14 
38- 57 31 13 3 10 
39- 61 34 14 3 10 
40- 44 25 12 1 6 

41- 37 26 8 3 
42- 22 11 7 3 1 
43- 16 7 6 2 1 
44- 12 4 6 2 
45- 6 6 
46- 7 3 3 1 
47- 9 3 3 3 
48- 5 2 3 
49-
50": 



Period ,} anuary 1957 - 1966 Fort HcIvlurray, Alberta 1-3 
rlEAN MONTHLY > 

t;j 
WIND SPEED FREQ,UENCY r 

tTl 

MEAN w 
1-3 4·-7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 132.5 
~N ~1 I~ 2.7 3,6 .4 ,1 6.8 4.3 

NE 5.5 8,4 1.2 15.1 4.4 
ENE 7,9 16.6 5,8 .3 30.6 5.4 

E 10,4 35.9 2'301 7,0 76.4 7,0 
ESE 6 ~ 8 21,0 24.8 6.2 .1 58.9 7.8 

SE 5.2 16,0 5.0 .5 26.7 5.6 
SSE 1.0 2.6 1.3 4.9 5.3 

S 2.9 4.4 1.7 9,0 5.1 
SSW 2,1 LL6 7 .:7 .5 21.9 6.6 

SVv 4.5 28,Lj. 25.2 3.1 61.2 7.4 
·\'lISW .3.8 22.0 18.3 5.9 .1 50.1 7.8 

\\T 6,0 18.0 21.7 9.7 1.3 56.7 8.8 
h'NW 7.0 23,3 16.8 7,6 1.4 .4 56.5 8.1 

Nl'l 13.6 37.5 22.5 5.2 .6 .7 80.1 7.0 
NNW 5.1 12,6 16,0 6.9 .6 .1 41.3 8.7 

N 4.2 4.6 4,6 2.7 .1 15.3 7.6 

TOTAL 88.7 265.6 196.1 55.7 4.2 1.2 744.0 6.0 t-cJ 
OJ 

C'Q 
Ii) 

+--
+--
tv 



Period February 1957 - 1966 Fort McMurray, Alberta 1-3 MEAN i-lONTHLY > 
t;j WIND SPEED FREQUENCY L' 
tr:J 

MEAN ~ 

1-3 4-7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 
CALM 112.9 
NNE 3.0 2.8 . 2 .1 6.1 4.1 
NE 7.4 6.1 1.0 14.5 4.0 ENE 6.8 15.7 4.2 26.7 5.1 
E 13.8 38,8 17.0 2.8 72.4 6.2 ESE 8.8 32.7- 24.1 Ll,. 8 70.4 7.2 
SE 5.5 16.1 . 11.3 1.7 34.6 6.8 SSE 1.5 4.0 2.1 .3 7.9 6.1 
S· 2.6 6.1 2.3 11.0 5.5 ssw 2.6 10.6 10.1 1.4 24.7 7.4 
sw 3.8 12.6 14.2 3.7 34.3 7.9 WSW 3.2 13.9 12.8 2.8 .1 3:2.8 7.5 
w 3.8 11.1 13.9 4.7 .. 4 .1 34.0 8.3 VvNW 6.6 20.2 17.0 4.9 .4 49.1 7.6 
NW 10 .. 6 30.9 25.9 4.9 .3 72.6 7.1 NNW 5.8 19.6 20.4 6.6 .4 52.8 8.1 

N 4.4 8.2 5.3 1.8 .3 20.0 6.9 

TOTAL 90.2 249.4 181.8· 40.5 1.9 .1 676.8 5.8 '"0 
Q.l 

(JQ 
ro 
~ 
~ 
w 



Period March 1957 - 1966 Fort Mci'Iurray, Alberta f-3 MEAN MONTHLY >-
WIND SPEED FREQUENCY tJ:j 

t-' 
t:r:l 

.t-lEAN Vl 

1-3 4-7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 
CALM 93.7 
NNE 3.7 7.3 3.2 .1 14.3 5.7 

NE 5.1 9.2 3.5 .7 18.5 5.5 
ENE 3.5 ·16.5 8.7 .6 29·3 6.3 

E 8.0 34.6 33.3 9.1 .3 85.3 7.8 
ESE 7 .. 5 39.6 48.3 11.8 .2 107.4 8.2 

SE 3.9 20.7 , 17.6 4.4 .1 46.7 7.5 
SSE 1.4 6 .. 2 5.4 ~ 9 l,'io9 7.3 

S 3.0 8.1 6.1 d 17.5 6.3 
ssw 1.9 10.9· 6.8 .1 19.7 6.5 

sw 3.7 15.6 9.7 1.2 30.2 6.8 
WSW 2.9 11.4 7.5 2.5 . 2 .1 24.6 7.5 

w 4.9 11.7 7.4 ' 3.6 .6 .1 28.3 7.6 
\\!NW 4.9 18.1 11.5 3.0 ·3 .1 37.9 7.2 

NW 9.9 33.4 29.1 4.8 .3 .1 77.6 7.2 
NNW 5.5 23.3 27.7 11.6 .7 68.8 8.6 

N 5.9 10.5 10.2 3.7 30.3 7.3 

TOTAL 75.7 277.1 236.0 58.4 2·7 .4 744.0 6.5 ""d 
Q} 

(JQ 
ro 
.j::'-
.j::'-
.j::'-



Period April 1957 - 1966 Fort McMurray, Alberta J-3 
MEAN MONTHLY >-

t;:J 
WIND SPEED FREQUENCY t""' , i 

t'l:I 

r.'1EAN 
Q\ 

1-3 4-7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 66.1 
NNE 1.9 8.0 8.7 3.1 .6 22.3 8.6 

NE 4.0 10.2 4.6 .8 19.6 5.9 
ENE 2.6 14.0 7.0 1.6 .3 25.5 7.0 

I 

E 5.0 31.1 20.0 4.0 .1 60.4 7.1 
ESE 5.8 35.7, 29.4 3.4 .6 74.9 7.4 

SE 3.3 22.4 24.2 3.5 .4 ·3 54.1 7.9 
SSE 2.3 7.8 13.2 3.0 .4 . 26.7 8.6 

S 2.2 9.6 9.5 3.4 24.7 8.0 
SSw 2.0 13.9 10.6 2.3 28.8 7.6 

SW 2.9 14.7 15.6 4.1 .2 37.5 8.1 
WSW 2.2 8.1 11.8 6.8 28.9 9.2 

w 4.4 11.0 11.3 5.5 .5 32.7 8.4 
wNW 3.0 14.7 14.6 6.1 .5 38.9 8.5 

NW 6.3 27.1 26.6 6.8 .3 67~1 7.8 
NNW 4r O 20.4 32.6 14.1 . 7 .4 72.2 9.3 

I 

N 4.7 12.7 16.1 5.8 .2 .1 39.6 8.4 

TOTAL 56.6 261.6 255.8 74.3 4.8 . 8 720.0 7.3 '"0 
Q) 

IJCI 
(i) 

.f::' 

.p-
\..rl 



Period May; 1957 - 1966 Fort I'-lcMurray, Alberta f-3 
MEAN MONTHLY >-

t::J 
WIND SPEED FREQUENCY r 

t::I 

'-l 

1-;) 4-7 8-12 13-18 19-24 25-31 
MEAN 

32-38 39-46 TOTAL SPEED 
CALM 63.6 
NNE 4.4 12.4 12.1 4.4 1.0 34.3 8.0 

NE 4.4 12.8 8.0 2.9 .2 28.3 7.2 
ENE 4.1 15.2 10.4 1.9 31.6 6.9 

E 5.3 29.7 28.9 11.3 .3 75.5 8.4 
ESE 6.1 31.4 28.5 7.6 ,'I 73.7 7.8 

SE 5.2 15.7 13.0 5.3, .4 39.6 7.8 
SSE 2.2 10.5 7.5 2.0 22.2 7~2 

S 3.5 12.1 10.2 1~9 .1 27.8 7.1 
SSW 3.7 16.3 10.3 1.3 31.6 . 6.8 

SW 4.1 18.3 12.1 3.4 .1 38.0 7.3 
WSW 3.4 13.6 15.6 4.7 .7 .1 38',1 8.5 

W 4.3 13.6 13.4 9.3 1.1 .• 2 41.9 9.1 
V,'NW 3.6 14.3 12.0 6.4 1.2 .1 37.6 8.6 

NW 5.9 20.2 17.2 6.7 .4 .3 50.7 8.0 
NNW 6.0 22.9 24.2 8.7 .4 .'2 62.4 8,.3 

N 5.6 17.1 16.6 7.1 .7 47.1 8.3 

TOTAL 71.8 276.1 240.0 84.9 6.6 1.0 744.0 7.3 I-cJ 
III 

QQ 
(1) 

.p-
+' 
Q\ 



Period June 1957 - 1966 Fort I'Ic?v1urray, Alberta 1-3 
MEAN MONTHLY >-

IJj 
WIND SPEED FREQUENCY t"" 

tD 

. MEAN OJ 

1-3 4-7 8-12 13-18 19-24 25-31 . 32-38 39-46 TOTAL SPEED 

CALM 87.6 
NNE 4.1 9.2 6.3 1.2 20.8 6.6 

NE 4.7 13.2 8.3 1.5 27.7 6.5 
ENE 2.9 11.7 8.0 1.1 23.7 6.8 

E 7.2 22.8 14.0 4.0 .2 48.2 7.0 
ESE 8.;4- 25.5 17.3 2.3 53.5 6.6 

SE 5.8 17.9 13.2 2.7 39.6 6.8 
SSE 3.2 10.1 9.8 3.1 26.2 7.·6 

S 5.0 13.6 9.0 2.9 .2 30.7 7.1 
SSW 6.9 17.8 10.8 1.1 .3 36.9 6.4 

sw 6.3 23.0 13.8 2.3 .2 45.6 6.7 wsw 6.3 16.2 16.8 4',7 .1 44.1 7.5 

\v 4.9 19.8 19.6 3.9 .2 48.4 7.5 
VvNW 4.7 13.6 13.2 4.3 .4 36.2 7.9 

NW 7.4 25.9 18.7 4.1 .1 56.2 7.1 
NNW 5.6 20.7 20.3 7.7 .1 54.4 8.1 

N 5.7 14.0 15.8 4.5 .2 40.2 7.7 

TOTAL 89.1 275.0 214.9 51.4 2.0 720.0 6.3 I-cJ 
Q) 

OQ 
rD 

+--
+--
--...J 



Period July 1957 - 1966 Fort McMurray, Alberta H 
MEAN MONTHLY >-

t;:I 
WIND SPEED FREQlJENCY ~ 

w 

]\lEAN '.0 

1-3 4-7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 107.7 
NNE 4.4 9.2 2.4 .7 16.7 5.5 

NE 6.5 11.2 4.6 2:L.3 5.1 
ENE 3.8 9.3 4.1 17.2 5.7 

E 7.7 . 18.9 11.8 2.2 40.6 6.5 
ESE 6 . .3 19.7; 10.6 1.9 38.5 6.4 

I 

SE 6.2 17.5 9.5 2 . .3 .3 35.7 6.7 
SSE 2.9 9.0 4.5 1.1 17.5 6.6 

S 6.0 17.5 10.6 1.1 3§.2 6.4 
SSW 6.2 24.5 15.6 1.5 .4 4 .2 6.8 

sw 8.0 29.5 23.6 5.4 .9 .2 67.6 7.4 
WSW 7.1 23~2 24.1 9.6 . 3 64.3 8.2 

w 6.3 24.5 20.0 6.2 .2 57.2 7.6 
IVNW 5.9 17.2 20.5 4.0 .2 47.8 7.7 
NW 6.6 26.7 18.4 4.3 ,6 56.6 7.3 NNW 7.6 19.4 13.8 2.6 .5 t1 44.0 7.0 

N 6.2 13.2 6.7 .8 26.9 5.8 

TOTAL 97.7 . 290.5 200.7 43.7 3.4 .3 744.0 6.0 "0 
Q) 

(JQ 
(D 

+--+--
ex> 



Period August 1957 - 1966 Fort McMurray, Alberta 1-3 
}'lEAN }lONTHLY >-

t:;.:i 
WIND SPEED FREQUENCY t""' 

tD 

MEAN 
I--l 
0 1-3 4-7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CAUl 108.9 
NNE 5.1 9.1 1.6 .7 16.5 5.2 , 

NE 5.7 10.6 3.4 .4 20.1 5.2 
ENE 5.6 10.3 4.2 .4 20.5 5.6 

E 9.5 36.0 18.5 2.7 .1 66.8 6.3 
ESE 6 .. 9 25.0 18.5 2.3 . 2 52.9 6.8 

SE 6.1 20.4 11.3 1.4 .1 39.3 6.4 
SSE 3.0 10.8 6.5 1.3 21.6 6.6 

S 6.1 17.5 7.2 1.2 32.0 5.9 
SSW 5.0 22.8 14.2 1.2 43.2 6.5 

SW 9.1 34.7 22.4 1~8 68.0 6.6 
WSW 6.0 .. 24.5 23.3 4.6 58.4 7.6 

IV 6 p 9 20.4 19.5 6.3 .1 53.2 7.7 
\v'NW 6.9 20.2 10.6 3.1 .2 41.0 6.8 

NW 8.0 26.5 12.9 1.3 .6 49.3 6.3 
NNW 6.2 15.5 7.2 I.::\- 30.0 6.1 

N 6.1 10.6 4.9 .6 .1 22.3 5.8 

TOTAL 102.2 314.9 186.2 30 ,4 1.4 744.0 5.6 '"d 
Q) 

ao 
ro 

+--+--
'-D 



Period September 1957 - 1966 Fort Mdlurray, Alberta I-j 

MEAN MONTHLY > w WIND SPEED FREQUENCY t.""" 
tI:J 

MEAN, f-' 

1-3, 8-12 
,n f-' 4-7 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 92.2 
NNE 2.9 4.6 2.2 .1 9.8 5.3 

NE 5.3 7.5 1.4 1.4 14.2 4.4 
ENE 3.7 8.9 1.3 1.3 14.0 4.7 

E 9.0 23.9 11.5 1.1 45.5 6.1 
ESE 7.5 26.8 25 .. 9 2.6 62.8 7.1 

SE 6.2 16.4 13.8 3.7 40.1 7.2 
SSE 3.1 7.7 5.6 1.5 17.9 6.8 

S 4.9 17.7 9.8 1.4 33.8 6.4 
SSw 3.2 21.9 18.8' 3.3 47.2 7.4 

sw 6.7 25.1 22.3 3.,5 .3 57.9 7.3 
WSw 4.9 19.9 17.7 6.1 .6 .3 49.5 8.1 

w 6.6 19.3 20.3 10.2 1.3 .1 57.8 8.6 
WNW 5.5 21~0 14.7 6.2 1.0 48.4 8.0 

NW 8.2 26:8 20.4 5.9 .2 61.5 7.3 
NNW 5.6 16.5 15 ~ 3, 7.1 .5 45.0 8.2 

N 6.6 9.3 5.2 1.2 .1 22.4 6.1 

TOTAL 89.9 273.3 206.2 54.0 4.0 .4 720.0 6.3 1-0 
OJ 

OQ 
ro 
.p-
V1 
0 



Period October 1957 - 1966 Fort Mdlurray, Alberta 1-3 
MEAN MONTHLY >-

to 
WIND SPEED FREQUENCY t:'"'" 

H 

MEAN f-' 
N 1-J 4..,.7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 72.1 
NNE 2.3 3.3 1.0 .4 .1 7.1 5.7 

NE 3.8 4.2 .9 .' .2 9.1 4.5 ENE 3.8 1147 1.7 .2 17.4 5.1 
E 7.2 33.9 23.3 2.0 . 2 66.5 6.8 
ESE 6 .. ,7 30.5 27.7 6,8 .1 71.8 7.7 

3,.8 
. ' 

SE 18.8 . 15.7 2 &.2 40.5 7.2 SSE 2 .• 9 9.5 5.2 .4 18,0 6.3 
S 4.9 19.4 . 15.7 1~5 41.5 6.9 SSW 5.0 28.0 26.2 2.8 6,2.0 7.4 
sw 6.3 31.3 31,0 7.2 .4 76.2 7.9 WSw 5.1 23.7 ,30.9 8.6 .1 .' 68.4 8.3 
w 5.1 20.0 25d' 10.6 .8 .1 61.9 8.9 
vlNW 4F5 16.0 14.4 8.3 ,8 .2 44.2 8.6 

NW 5.4 16.9 11.2 3.4 .7 .1 37.7 7.4 
NNW 3.6 11.8 9.6 4~2 29.2 7.9 

N 3.0 8.8 5.4 3.0 .2 20.4 7.8 

TOTAL 73.4 287.7 245.2 61.8 3.4 .4 744.0 6.8 I-Q 
Q) 

CJQ 
(D 

+:--
VI 
r-' 



Period November 1957 - 1966 Fort McMurray, Alberta f-3 
>-MEAN }IONTHLY tJj 

WIND SPEED FREQUENCY t""' 
::r:J 

f-' 
MEAN w 

1-3 4':"7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 107.1 
NNE 3.7 2.5 .. 5 . 5 .1 7.1 4.5 

NE 4.6 6.6 1.5 .1 12.8 4.6 
ENE 9.4 14.8 5.7 .4 30.3 5.3 

E 12.2 36.8 19.5 3.6 72.1 6.4 
ESE 11.,6 34.0 26~1 6.8 .3 78.8 7.2 

SE 7.9 16~6 8.7 1.3, 34.5 6.0 
SSE 4.6 6.7 1.6 12.9 4.7 

S 4.1 12.2 5.5 21.8 5.8 
ssw 4.8 14.7 13~7 1.5 34.7 7.1 

SlY 6,6 26.7 18~9 3.4 55.6 7.0 
WSW 5 .. 2 19.1 19.2 4.6 1.4 49.5 8.1 

w 5~0 
14.7 15.9 5.0 .5 ~1 ... 41.2 8.1 

\vNW 7.6 17.1 16.5 6.5 ~ 5 . .1 48.3 7.9 

N\v 11.2 27.0 17i5 4.2 . 8 60.7 6.9 
NNW 8.5 13.0 10.4 4.2 .3 .1 36.5 7.2 

N 4.6 5M4 4.5 1.7 16.1 6.7 

185.6 43.6 720.0 5.9 
'"0 TOTAL 111.6 267.9 3.9 • .3 0> 

()Q 
(i) 

.p-
V1 
N 



Period December 1957 - 1966 Fort McMurray, Alberta J-3 
>-MEAN MONTHLY v:; 

WIND SPEED FREQUENCY r 
w 

MEAN I--' 
+>-

1-3 4":'7 8-12 13-18 19-24 25-31 32-38 39-46 TOTAL SPEED 

CALM 147.9 
NNE 3.1 2.2 .4 5.7 3.7 

NE 6.5 7.9 1.3 . 2 15.9 4.4 
ENE 9.0 19.5 7.5 .4 36.4 5.5 

E 16.0 44.9 27.2 5.2 93.3 6.6 
ESE 9/ 6 30.0 31.8 7.0 .1 78.5 7.7 

SE 5.4 16.2 6.9 1.5, 30.0 6.2 
SSE ,1.9 4.4 ~9 7.2 5.1 

S 4.3 8.6 2.5 .1 15.5 5.2 
SSW 2.9 12.0 10.1 1.1 26.1 7.1 

sw 5.9 29'.7 22 .. 2 2.8 60.6 7.0 
WSW 5.3 ' 21.7 13.8 4.7 . 2 45,,7 7.3 

w 5.8 18.1 10~8 4.7 .5 39.9 7.5 
VvNW 9.0 20.9 11.0 5.0 .9 46.8 7.1 

NW 11.7 28.5 14.6 5.5 .3 .1 60.7 6.7 
NNW 7.0 10.2 5.6 2.6 . 2 25.6 6.5 

N 2.8 3.9 1.0 .4 .1 8.2 5.3 
" - I-cJ TOTAL 106.2 278.7 167.6 41.2 2.2 .2 744.0 5.4 ru 

CiQ 
(1) 

+'-
\..Jl 
W 



Period .J anuary 1957 - 1966 Station Ft. ~cMurray, Alta. f-3 
:>-WMO CLIMATOLOGICAL SUM1-'IARY tJ:I 
t'" 
tr:1 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL 
}-l 
<..n 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CALM '1.1 4.5 9.9 1.1 4.5 9.9 
NNE .. 1 .2 .8 .1 .1 .2 .9 

NE .1 .8 1.0 .1 .8 1.0 
ENE .3 .9 1.6 .5 .3 .9 2.1 

p .1 1.2 3.0 1.1 2.3 .1 2.3 5.3 A-J 

ESE 1.5 2.8 .6 3.3 .1 2.1 6.2 

SE .4 .4 .4 .4 
SSE .1 '11 ~1 

, 
• ..1- • 2 

S .2 .3 .2 . 3 
SSW .3 .3 

sw .3 .4 .3 .6 .4 
'WSW .3 1.2 .3 .1 .3 1.5 

w .1 1.8 .2 .9 .3 .3 2.7 
1VNW .7 3.9 ' , .1 .9 .8 4.9 

NW .2 1.5 7.6 .1 .4 1.9 .2 .5 1.9 9.8 
NNW .1 .1 L,9 ~ 2 1.6 .2 .1 .5 3.5 

N .1 .9 .1 .5 . 2 1.4 

TOTAL 2.0 12.9 37.9 .1 3,0 12,.4 .2 .2 .5 2.3 16.1 50.8 

1. ceiling 0 -100 feet and/or visibility 0- 3/8 mile I-.j 
ru 

2. ceiling 200-400 feet and/or visibility !-3!4 mile aq 
(1) 

3 . ceiling 500-900 feet and/or visibility 1-2! mile .p-
Vl 
.p-



Period February 1957 - 1966 Station Ft. McMurray, Alta. 1-3 
WMO CLIMATOLOGICAL SUMMARY >-

to 
t-< 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL t:'l 

l-' 
Q'\ 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CALH . 2 1.6 4.0 . 2 1.6 4.0 
NNE .1 .1 

NE .2 .8 . 2 . 8 
ENE .6 2.4 .2 .4 . 8 2.8 

E .9 3.0 .6 2.0 1.5 5.0 
ESE .5 1'.9 .6 1.0 1.1 2.9 

SE .6 1.2 42 .7 .8 1.9 
SSE .1 .1 .1 .1 .2 

S .1 .1 
SSW .1 .1 

SW .1 .1 .3 .1 .1 .1 .4 
WSW .. 1 .2 .8 .1 .1 .2 .9 

W 1.0 .1 .2 .1 1.2 
1'/NW .5 1.8 .4 1.2 .9 3.0 

NW .6 5.0 .6 1.2 6.2 
NNW .3 4.5 • 2 2.1 .1 .5 6.7 

N 1.0 .1 .• 5 .1 1.5 

TOTAL .4 6.2 28.0 3.1 9.6 .1 .4 9·3 37.7 

1. ceiling 0-100 feet and/or visibility 0-3/8 mile '"U 
Q) 

2. ceiling 200-400 feet and/or visibility !-3/4 mile cr-< 
(l) 

3 . ceiling 500-900 feet and/or visibility l-2~ mile +--
lJ1 
lJ1 



Period March 1957 - 1966 Station Ft. McMurray, Alta. H 
Wl'1O CLl}1ATOLOGICAL SUIVIMARY > 

t;j 

0-9 MPH 10 - 19 MPH 20 29 MPH 
t""' 

30 39 MPH TOTAL M 

I--' 
1 2 3 1 '-l 2 3 1 2 3 1 2 3 1 2 3 

CALH .5 .9 . 1.0 .5 · 9 1.0 
NNE .3 .6 .3 .3 .9 

NE . 2 • 2 .7 .5 .2 · 2 1.2 
ENE .1 1.4 .4 .1 1.8 

E .2 2.7 ~7 1.6 .9 4.3 
ESE .1 ,1 1.9 .4 .1 1.7 .5 · 2 3.6 

SE .3 .9 .1 .4 .4 1.3 
SSE .2 .2 

S .1 , .1 .1 .1 .1 
SSW .1 

SW 
WSW '.2 .1 ~3 .1 .2 .1 .4 

W .4 .4 
\\!tHv .3 .3 ~ 8 .4 .3 .3 1.2 

NW .2 .5 3.4 .6 1.8 .1 .2 1.1 5.3 
NNW .1 .4 1.8 .5 3.0 .1 .1 .9 4.9 

N .1 .3 .3 . ~ 8 .1 .3 1.1 

TOTAL 1.7 3.8 16.5 .5 2 .• 0 11.0 .2 2.2 5.8 27.7 

1. ceiling 0-100 feet and/or visibility 0-3/8 mile t-c! 
ceiling 200-400 feet and/or visibility !-3!4 mile Q) 2. 

(JQ 

3 • ceiling 500-900 feet and/or visibility 1-2! mile ro 
+:--
VI 
0\ 



Period April 1957 - 1966 Station Ft. McMurray, Alta. 1-3 
WMO CLIMATOLOGICAL SUMMARY >-

tJj 
r 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 39 MPH TOTAL w 
I-' 

1 2 3 1 2 3 1 2 
CXJ 

3 1 2 3 1 2 3 
CALM .7 '.9 1.6 .7 .9 1.6' 
NNE .1 .3 .1 .3 

NE .1 .1 1.1 .1 .1 1.1 
ENE . 2 1.0 .. 3 . 2 1.3 

E .1 1.4 .. 5 1.5 .6 2.9 
ESE .3 .9 ft1 ~ 3 .6 1.2 

SE .1 ' .5 .• 1 .1 .6 
SSE .1 .1 

S .3 .3 
SSW 

SW .1 d .3 .1 .6 
WSW .2 .1 .3 

W .7 .1 .1 .7 
'i\~W .3 .7 1,.1 .6 .8 .1 .3 1.3 2.0 

NW .1 .9 3.1 .6 2.0 .1 1.5 5.1 
NNW .4 .8 3.1 .1 .5 3.0 .5 1.3 6.1 

N .1 .1 .4 .6 ',4 .1 .7 .8 

TOTAL 1.7 4.4 16.0 .1 3.0 8 .• 9 .1 1.8 7.4 25.0 , 

1. ceiling 0-100 feet and/or visibility 0-3/8 mile >-0 

ce~l~ng 200-400 feet and/or v~s~b~l~ty !-3f4 m~le ll.l 2 . (J() 
(i) 3 . cel11ng 500-900 feet and/or V1Slbl11ty 1-2~ ml1e 
.p-
\.Jl 
---.J 



Period May 1957 - 1966 Station Ft. McMurray, Alta. f-3 
::» 

WMO CLIMATOLOGICAL SUMMARY IJj 
r 
M 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL f-' 
'.0 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CALM '1.1 1.0 1.2 1.1 1.0 1.2 
NNE .1 .5 . 2 1.0 .3 1.7 

NE .3 .3 • 2 1.1 . 5 1.4 
ENE .1 .8 .3 .5 .4 1.3 

E .1 1.9 .3 .6 .4 2.5 
ESE • 2 .3 1.0 .4 . 2 .3 1.4 

SE .1 .3 .1 .3 
SSE .1 .1 .1 .1 

S 
SSW 

sw .3 .1 .1 .3 .3 .1 .4 
\vSW .7 .2 .9 

VI .3 .1 .4 
\\1NW .6 d .4 ~ 3 1.0 

NW .1 .4 2.0 .7, .1 .4 2.7 
NNW .1 .1 3.2 .4 1.2 .1 .1 . 5 4.5 

N .2 .3 1.8 .5 ' 2.2 .2 .2 .8 4.2 

TOTAL 2.0 2.9 14.8 2.3 8.7 .5 2.0 5.2 24.0 

1. ceiling 0-100 feet and/o~ visibility O-a/8,mi1e 1-0 

2 . ceiling 200-400 feet and/or visibility !-% mile Q) 

(JQ 

3 . ceiling 500-900 feet and/or visibility 1-2! mile (iJ 

.j> 
V1 
00 



Period ,June 1957 - 1966 Station Ft. McMurray, Alta. r-3 
> 

'WI'10 CLIMATOLOGICAL SUM}'vIARY ~ 

'v-' 

r-' 
~" L ~) 

0-9 r.lPI{ 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL "" 0 

1 2 3 1 2' 3 1 2 3 1 2 3 1 2 3 

CALM 1.1 ,9 .. 19 1.1 .9 1.9 
}I}:; ~E .4 .1 · 5 

NE .2 .4 .6 
ENE . 6 . 6 1.2 

I~ .1 .1 
ESE .4- .4-

C':;T.' 
)..,..,') • ..1 .1 .1 .1 .1 
C':;C':;'P 
)..Ji-.....J.L.) 

S .1 .1 
SS~'{ • 2 · 2 

S\~J .1 ,5 .1 .1 · 6 
\y'Slo' .4- .3 .4- .4- " .4 • j 

W ,., .4- .8 .1 .3 .4- .9 g ,) 

1\1'I T" . 7 . 2 1.3 .1 .9 . 7 .3 2.2 

}T'~l .2 .6 2.1 . 5 . 2 .6 2.6 
Nl"J \-'V 1.1 1.6 ,3 .9 .1 1.4 2.6 

N .1 .5 .1 .5 .2 1.0 

TOTAL 2.9 3.7 11.1 .5 4.1 .1 2.9 4.2 15.3 

1. ceiling 0-100 feet and/or visibility 0-3/8 mile I-Q 
l)) 

') ceiling 200-400 feet and/or visibility ~-* mile (JQ 
-:..~ ~ 

(l) 
r, ceiling 500-900 feet and/or visibility l-2i mile ,) . -P-

\Jl 
\0 



Period July 1957 - 1966 Station Ft. McMurray, Alta. f-'3 
~10 CLIMATOLOGICAL SUMMARY ~ 

tJj 
t"'" 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL w 

N 

1 2 3 1 2 3 1 2 3 1 f--' 
2 3 1 2 3 

CALM . 8 1.7 1.9 .8 1.7 1.9 
NNE .4 .4 

NE 1.1 .1 1.2 
ENE .5 1.1 .1 .5 1.2 

E .1 .4 .3 .1 .7 
ESE .1 .1 .1 .1 

SE .1 .1 
SSE .1 .1 . 2 .1 .3 

S .1 .1 .1 ~1 .1 .1 . 2 
. SSW .7 .4 .1 .7 .4 .1 

SW .1 .4 .1 .3 .1 .4- .4 
WSW .3 . 8 ·3 . 8 

W .1 .2 .l- .1 .2 .1 
",,TNW . 4 1.2 

'! 
.2 .5 .6 1.7 

NIV ·7 2.2 .5 .4 .1 ' 1.2 2.7 
NNW .4 2.5 .·6 .7 .3 .1 1·4 3.2 

N .5 .4 .9 

TOTAL 2.0 5.2 12.8 1.3 3.1 .3 .1 .1 2.0 6.9 16.0 

1. ceiling 0-100 feet and/or visibility 0-3/8 mile ~ 

ceiling 200-400 feet and/or visibility ~ - 1 mile lD 2. CP 

ceiling 500-900 feet and/or visibility 1 -2~ mile ro 3 . 
+' 
0' 
0 



Period August 1957 - 1966 Station Ft. McMurray, Alta. 1-3 
WMO CLIMATOLOGICAL SU~lliARY > 

to 
l' 

0-9 MPH 10 - 19 MPH 20 - 29 MPH ~O - 39 MPH TOTAL t'ij 

tv 

1 2 3 1 2 3 1 2 3 1 2 3 
tv 

1 2 3 

CALM '3.8 3.2 4.2 3.8 3.2 4.2 NNE ~ 6 .6 

NE • 2 . 2 
ENE .5 .1 .6 

E .1 .9 2.0 .3 .1 .9 2.3 ESE .1 .3 1.6 . 2 , .1 .3 1.8 

SE .2 .6 1.2 .2 .2 .6 1.4 SSE .1 • J~ .1 .1 

S .3 .4 .4 .3 .4 .4 ssw .4 .6 ,.9 " .1 .4 .6 1.0 

SIV . 8 .4 .8 .3 .8 .4 1.1 
WSW .1 .7 .6 .1 1.3 

IV 05 .3 1&0 1.1 .5 .3 2.1 
'iV'NIV .7 Ih3 .1 .8, 

o 8 2.1 

NW .4 .9 2.3 .6 .1 . 2 .4 1.0 3.1 
NNW .1 .4 .9 .1 ,.1 .2 .4 1.0 

I , 

N .1 .6 .1, .1 .7 

TOTAL 6.7 9.0 19.3 .1 .1 4.5 .1 • 2 6.8 9.2 24.0 

1. ceiling 0-100 feet and/or visibi1i~y 0-3/8 mile I-:j 

ceiling 200-400 feet and/or visibility ! - i mile Q) 2 . (JQ 

3 . ceiling 500-900 feet and/or visibility 1-2! mile (1) 

.p.. 
0' 
I-' 



Period September 1957 - 1966 Station Ft. McMurray, Alta. 1-3 
WMO CLIMATOLOGICAL SUMMARY :;:.-

t;j 
t""' 

0-9 MPH 10- 19 MPH , 20 - 29 MPH 30 - 39 MPH TOTAL tr:i 

N 
W 1 2 3 I' 2 3 1 2 3 1 2 3 1 2 3 

CALM '2.1 2.4 2.9 2.1 2.4 2.9 
NNE .8 .8 

NE .1 .1 . 8 .1 .1 .8 
ENE .5 .3 .5 .3 

E .1 .3 .4 .1 .3 .4 
ESE .1 .5 • 2 .1 .4 ~1 .6 .6 

SE .3 .3 
p 7 .,2 .3 ·3 .9 

SSE .2 .2 

S .2 .2 
SSW .4 .3 .2 .1 .4 .3 .3 

Sid .3 .1 .5 .2 .3 .1 .7 
'\vSW .2 .4 .8 .9 .7 • 2 .4 2.4 

w .2 .7 1.3 .1 <8 .2 .8 2.1 
\\1NW .5 .7 1.,9 .3 1,.6 , " .5 1.0 3.5 

NW 1.2 2.5 6.0 .1 1.0 ' 4.5 1.3 3.5 10.5 
NNW .4 .9 3.8 .1 .3 2.1 .5 1.2 5.9 

N .2 , .2 ' .9 ' .4 . 2 • 2 103 

TOTAL 6.1 10.1 21.7 .2 1.8 11.2 .7 6.3 11.9 33.6 

1. ceiling 0-100 feet a~d/or visibility 0-3/8 mile 'U 
ru 2. ceiling 200-400 feet and/or visibility ~ - i mile ()q 

ceiling 500-900 feet and/or visibility 1-2~ mile ro 3 . 
+--
Q'\ 
N 



Period October 1957 - 1966 Station Ft. McMurray, Alta. f-3 
>-WMO CLIMATOLOGICAL SUHMARY to 
t""' 
tr:1 

0-9 MPH 10 - 19 )vJPH 20 - 29 MPH 30 - 39 MPH TOTAL 
tv 

.jO>. 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CAUl . 2 .7 2.4 .2 .7 2.4 
NNE .1 .6 .1 .1 .1 .8 

NE .6 .1 .7 
ENE .3 .9 . 2 .3 1.1 

E .6 1.5 .1 .1 .7 1.6 
ESE . 2 1.7 .4 1.8 .6 3.5 

SE .7 .1 .7 .1 1.4 
SSE .2 .1 .3 

S .1 .1 .3 .1 .1 .3 SSW ,1 .1 .2 

SW .2 .2 
WSW .1 .6 .3 .1 .9 

W .4 2.1 .1 .5 .5 2.6 
WNW .1 1.2 2,~ 4 .6 1 .. 9 .1 1.8 4.3 

NW .3 ' 1.5 4.6 ,.1 ,.4 1.0 .4 1.9 5.6 
NNW .1 1.4 2.6 .5 2.2 .1 1.9 4.8 

i 

N . 2 .4 1.0 .3 1.8 .2 .7 2.8 

TOTAL '1.0 7.0 22.5 .1 ,2.5 10.9 .1 1.1 9.5 33.5 
>-0 

ceiling 0-100 feet and/or visibility 0~3!8 mile 1. m 
(JQ 

2. ceiling 200-400 feet and/or visibility !:'-! mile I'D 

3. ceiling 500-900 feet and/or visibility 1-2! mile +' 
0' 
W 



Period November 1957 1966 Station Ft. McMurray, Alta. i-3 

WMO CLliV1L\TOLOGICAL SUJ'.IMARY > 
t;d 
L' 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL 
trJ 

tv 
VI 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CALM .8 2.2 4.6 .8 2.2 4.6 NNE .1 .1 .5 .1 .1 .5 

NE .7 1.6 .1 
" . 2 .8 1.'8 ENE .1 1.1 2.9 .4 .4 .1 1.5 3.3 

E .2 1.7 4.5 · 5 1.4 .2 
• 2 2.2 5.9 ESE .1 2.4 4.2 1.2 .1 .1 2.6 5.5 

SE " 2.0 .• 1 . ) .7 .6 2.7 SSE .3 .6 
.1 .3 .7 

S .4 .6 
.4' .6 ssw .1 .1 1.1 .1 .1 .1 1.2 

SW . 2 2.2 .1 
wsw .9 1.9 .4 

. 2 2.3 

.9 2.3 

IV .4 1.8 I .1 . .7 
\\'NW .4 1.1 2.8 .1 .33 2.1 

.4 2.5 
.5 1.4 4.9 

NW .1 2.9 5.2 · 8 2.2 .2 .1 3.7 7.6 NNW 1.2 3.6 .2 1.7 1.4 5.3 

N .1 .3 1.4 .1 .1 .5 .2 .4 1.9 

TOTAL 2.0 16.5 41.5 .2 2.7 11.8 .3 2.2 19.2 53.6 

ceiling 0-100 feet and/or visibility 0-3/8 mile 
'1j 

1. m 
CP 2. ceiling 200-400 feet and/or visibility l - ~mile ro 

3 . ceiling 500-900 feet and/or visibility !-2~ mile .p-
(j'\ 
.p-



Period December 1957 - 1966 Station Ft. McMurray, Alta. t-3 

WMO CLIMATOLOGICAL SU~~ARY :> 
to 
t-' 
171 

0-9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL 
N 
0' 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CALH '3.2 5.7 13.7 3.2 5.7 13.7 
NNE .2 1.4- .2 1.4 

NE .1 .5 1.4 .2 .1 .7 1.4 
ENE 1.1 4.6 .2 .2 .5 .2 1.3 5.1 

E .1 .7 4.3 .1 .4 2.1 ' .2 1.1 6.4 
ESE . 2 .9 3.6 .2 .2 2.3 .4 1.1 5.9 

SE .2 1.7 .2 .9 .4 2.6 
SSE .1 .1 

S .4 .4 
SSW .2 i .2 

S'\IT .1 1.2 • 2 .1 1.4 
wsw .2 1.5 .2 ,.2 1.7 

W .1 .4 1.7 .2' ,3 .3 .3 .7 2.0 
1"JNW . 5 2.2 4.2 • 5 1.3 · 5 2.7 ,5.5 

NW .4; 2.6 '5.4 • 8 2.6 .3 .4 3.4 8.3 
NNW .5 .9 1.9 .1 1.4· .1 · 5 1.0 3.4 

N .1 .0 1.4 .1 .1 · 2 .6 1.5 

TOTAL 5.3 16.2 '48.6 .7 2:9 12.0 .1 .4 6.1 19.1 61.0 

1. ceiling 0-100 feet and/or visibility 0~3/8 mile I-rj 

ceiling 200-400 feet and/or visibility! - ~ mile 
Cll 

2. ()q 

3 . ceiling 500-900 feet and/or visibility 1-2! mile CD 

+'-
0'\ 
V1 



TABLE 27 

1957 - 1966 WMO CLIMATOLOG.ICAL SUMMARY Fort McMurray, Alberta 

'" 
0000 

NT 
0300 

SD ,1.11' SD ,1.11' 

0600 0900 
3D MT SD MT 

1200 -1500 1800 2100 
SD MT SD MT 3D MT SD 

JANUARY 19.0- 8.9 20.7- 9.4 ,21.5- 9.5 21.9- 9.8 22.2- 10.0 22.6- 10.2 20.9- 9.5 18.4- 8.9 

FEBRUi\RY 12.4- 8.9 15.6- 9.7 ,17.4- 10.4 18.5- 10.4 19.2- 10.5 19.5- 10.4 ,16.3- 9.5 12.7-.8.9 

},ARCE 3.9-7.8 7.6- 8.3 9.9-· 8.9 12.5- 9.3 13.7- 9.4 13.3- 9.2 8.5- 8.2 4.5-·7.9 

APRIL 6.6 .6,:7. 3.1 5.4 .1 5.0 2.2- 5.2 3.4- 5.4 .8- 5.6 3.76.4 6.2 .6.4 

NAY 14.2 6.4 11.5 5.8 6.9 4.9 4.0 4.7 2.9 4.4 7.5 ,5.0'11.86.1 13.9 .6.5 

JU;.iE 18.8 4.9 16.6 4.5 11.8 3.7 8.5 3.9 8.0 3. 6 13.0 3.6 ,17.0 ,4.6 18.8 .5.0 

.JULY 21.6 4.7 19.1 4.2 14.3 3.5 11.6 3.6 ~0.7 3.4 15.6 ,3.1 ,19.9 4.0 21.7 ,4.4 

ArGUST 20.0 4.6 16.1 3.8 12.7 3·3 10.6 3.5 9.4' 3.4 12.8 ,3.4 '17.54.2 19.9 ,4.7 

SEPTDillER 13.2 5.7 8.9 4.7 6.5 4.7 5.2 4.7 4.3 4.6 6.0 4.5 '10.5 5.0 13.4 5.7 

OCTOBER 6.8 6.7 3.1 5.8 1.6 5.3 .7 5.3 .1 5.2 .4,5.1 4.7 '6.0 7.8 7.2 

};OVE~>\BER 7.8- 8.3 9.3- 8.5 10.1- 8.6 10.4- 8.7 1.1 • 0- 8.8 11.1,-, 8.8 9.1- 8.6 6.8- 8.4 

DECm.1:BER 14.9- 9.5 15.8- 9.8 16.5- 9.8 16.8- 10.0 17.1- 10.0 17.3- 10.3, '15.9- 10.0 13.8-,9.7 

(~lT) Noan t emperat,ure in degrees centigrade. 

(3D) =Standard deviation of temperature in degrees centigrade. 

MEAN DAILY 

MAX MIN 

16.6- 25.6-

11.1- 22.3-

3.3- 15.8-

7.1 4.2-

15.0 2.3 

19.8 7.3 

22.6 10.2 

20.6 8.9 

13.9 3.3 

8.2 1.6-

5.7- 13.7-

12.4- 20.4-

'"d 
0> 

(rC( 
CD 

-P--
0'\. 
0'\. 



Period 1957-1966 Fort McMurray, Alberta 
COMPUTED MEAN TEMPERATURES AND EXTREME WET-BULB TEMPERATURE (F) 

OOGMT 06GMT 12GMT lSGMT ALL HOURS MAXIHUM CORRESPONDING 
MONTH T TW T TW T TW T TW T TW TW Temp Dew Pt. 

JAN 2.2- 2.3- 6.6- 5.9- S.o- 5.6- 5~7- 4.7- 5.7- 4.5- 42 46 37 

FEB 9.7 804 0 07 0.7 2.5- 1.1- 2.6 2.1 2.4 2.6 43 55 28 

IvLAR 25 00 2105 14.1 13.0 703 7.1 16.8 14.9 15.3 13.S 50 64 36 

APR 43.S 36.0 32.3 2S09 25.9 24.3 3S.7 32.9 35.0 30.5 57 78 39 

iVlAY 57.5 46.2 44.5 39.4 37.2 34.7 53.2 43.8 48.3 41.3 '66 81 57 

JUN 65.S 54.1 53.2 48.5 46.3 44.1 62.S 52.6 57.3 50.1 71 83 65 

JUL 70.9 59.3 57.8 53.8 ,51.3 49.5 67.8 5S.5 62.3 55.5 So 89 78 

AUG 67.9 57.6 54.S 51.9 48.9 47.6 63.5 56.4 58.8 53.5 .75 84 71 

SEP 55.7 48.0 43.7 41.4 39.8 38.6 50.9 45.8 47.2 43.3 66 72 63 

OCT 44.2 37.9 34.9 32.2 32.1 30.3 40.4 36.0 37.6 33.9 60 76 49 

NOV 17.9 16.5 13.8 13.0 12.2 11.6 15.6 14.5 15.0 14.0 45 56 31 

DEC 5.2 4.,8 2.3 '2.,2 1.2 2.1 3.3 3.2 3.1 3.2 41 45 36 

ANNUAL . 38.6 32.5 28.9 26.9 24.4 24.1 34.3 30.0 31.5 28.4 So 89 78 

1-3 
>-
t;;:J 
t-< 
tr:! 

N 
(X) 

t,j 
III 

(JQ 
rt> 

+:-
0'\ 
'--J 



Period 1957 - 1966 THUNDERSTORM Fort McMurray, Alberta 

HOUR TOTAL ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

00 3652 18 2 3 8 4 1 

01 3652 11 1 6 4 

02 3652 15 2 9 4 

03 3652 11 5 5 1 

04 3652 7 2 4 1 

05 3652 4 1 1 2 

·06 3652 6 1 1 2 2 

07 3652 5 1 2 2 

08 3652 4 2 2 

09 3652 6 1 1 2 2 

10 3652 6 5 1 

11 3652 10 2 4 4 

12 3652 12 1· 3 5 1 2 

13 3652 28 1 3 7 13 2 2 

14 3652 36 6 9 17 3 1 

15 3652 43 2 2 9 23 7 

16 3652 40 3 8 18 11 

17 3652 52 3 11 20 15 2 .1 

18 3652 56 i 1 . 15 18 17 4 

19 3652 45 9 22 . 13 1 

20 3652 31 2 19 10 

21 3652 30 6 14 10 

22 3652 33 10 13 9 1 

23 3652 26 2 7 11 6 
'1:j 

FRQCY. 535 4 27 110 241 136 15 2 
Q) 

00 
ro 

PCNTG.· .6 . .1 14 1.5 3.2 1.8 .2 ,0 .f>-
0' 

TOTAL 87648 7440 6768 7440 7200 7440 . 7200 7440 7440 7200 7440 7200 7440 
co 



Period 1957 - 1966 RAlN Fort Mc.'lurray, Alberta 

HOUR TOTAL ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

00 

01 

02 

03 

04 

05 

·06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

23 3652 

FRQCY. 

PCNTG; 

TOTAL 87648 

185 

175 

177 

198 

214 

204. 

183 

185 

181 

184 

181 

177 

188 

210 

226 

222 

220 

230 

208 

214 

221 

216 

210 

198 

1 

1 

1 

·1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

6 

1 

1 

2 

2 

2 

2 

2 

2 

3 

1 

2 

2 

2 

3 

2 

2 

3 

3 

3 

5 

4 

6 

10 

11 

14 

12 

11 

11 

11 

13 

8 

10 

12 

10 

17 

12 

12 

16 

13 

15 

9 

13 

13 

13 

16 

26 

22 

20 

27 

29 

31 

26 

23. 

26 

28 

21 

23 

26 

38 

36 

35 

33 

38 

25 

29 

33 

32 

25 

32 

26 

27 

29 

30 

33 

37 

32 

27 

26 

30 

28 

28 

29 

36 

42 

36 

41 

36 

31 

36 

31 

35 

28 

28 

22 

32 

35 

27 

23 

28 

26 

23 

28 

30 

33 

38 

47 

40 

44 

36 

31 

38 

39 

31 

34 

16 25 29 36 

30 

33 

41 

36 

42 

36 

39 

39 

38 

37 

35 

35 

31 

34 

34 

34 

35 

40 

41 

43 

34 

44 

35 

37 

37 

32 

34 

31 

33 

27 

32 

34 

32 

31 

34 

32 

39 

36 

33 

37· 

37 

39 

40 

46 

42 

37 

12 

11 

14 

23 

24 

24 

15 

13 

16 

19 

16 

14 

17 

17 

20 

16 

16 

18 

17 

13 

13 

10 

16 

4 

5 

5 

4 

8 

4 

1 

1 

1 

5 

5 

2 

2 

1 

2 

2 

1 

5 

4 

3 

5 

6 

38 34 13 1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

4807 14 8 61 298 677 767 777 884 846 387 77 11 

5.5 .2 .1 .8 4.1 9.1 10.7 10.4 11.9 11.8 5.2 1.1 .1 

7440 6768 7440 7200 7440 7200 7440 7440 7200 7440 7200 7440 

I-tj 
(\) 

OQ 
(D 

-l> 
Ci\ 
\0 



Period 1957 - 1966 

HOUR TOTAL fu~NUAL JAN 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

FRQCY. 

PCNTG. 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

12 

11 

14 

8 

8 

11 

15 

12 

11 

17 

14 

12 

8 

7 

8 

10 

6 

10 

13 

10 

9 

8 

8 

5 

247 

.3 

1 

3 

2 

1 

3 

2 

2 

2 

4 

5 

3 

2 

2 

2 

1 

3 

2 

1 

2 

1 

2 

2 

48 

.6 

FREEZING PRECIP 

FEB MAR APR MAY JUN 

1 

1 

3 

2 

1 

3 

1 

2 

3 

1 

1 

2 

2 

~ 

3 

2 

2 

1 

32 

.6 

2 

1 

1 

1 

1 

2 

1 

2 

2 

1 

1 

1 

1 

2 

3 

1 

2 

1 

26 

.3 

1 

1 

1 1 

1 

1 

4 2 

.1 .0 

Fort McMurray, Alberta 

JUL' AUG SEP OCT NOV DEC 

2 
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TABLE 32 

Period 1957 - 1966 SNOW Fort HcHurray; Alberta 

HOUR TOTAL ANNUAL JAN FEB HAR APR HAY JUN JUL AUG SEP OCT NOV DEC 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

FRQCY. 

PCNTG.· 

TOTAL 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

3652 

87648 

412 

429 

439 

448 

464 

478 

474 

467 

462 

508 

528 

490 

457 

422 

402 

395 

389 

396 

374 

385 

389 

385 

403 

413 

82 

87 

88 

92 

92 

86 

90 

78 

73 

85 

95 

88 

84 

80 

73 

75 

83 

83 

88 

78 

83 

74 

77 

83 

64 53 26 

66 58 29 

72 66 27 

67. 73 32 

69 77 32 

69 76 36 

78 65 37 

73 73 42 

71· 80 47 

92 77 . 42 

91 

81 

73 

72 

68 

63 

61 

65 

55 
64 

59 

58 

59 

67 

77 

71 

62 

44 

38 

44 

37 

40 

45 

41 

50 

49 

55 

50 

40 

36 

36 

27 

30 

25 

24 

22 

16 

15 

17 

16 

20 

23 

8 

11 

13 

13 

9 

14 

11 

10 

10 

9 

6 

6 

9 

9 

9 

'8 

7 

8 

6 

5 

3 

5 

5 

4 

10409 1997 1657 1401 697 198 

11.9 26.8 24.5 18.8 

7440 6768 7440 

9.7 2.7 

7200 7440 

1 

1 

.0 

7200 7440· 7440 

4 

5 

6 

5 

6 

4 

4 

5 

5 

4 

4 

4 

3 

2 

2 

2 

1 

3 

3 

4 

5 

4 

4 

4 

29 

30 

22 

22 

26 

27 

26 

23 

28 

31 

40 

34 

31 

33 

24 

20 

27 

28 

25 

28 

25 

28 

32 

35 

79 

75 

76 

73 

74 

80 

77 

76 

66 

81 

89 

83 

80 

77 

75 

76 

76 

74 

70 

79 

75 

81 

81 

79 

67 

68 

69 

71 

79 

86 

86 

87 

82 

87 

85 

87 

79 

78 

83 

82 

73 

73 

66 

71 

72 

70 

70 

68 

93 674 1852 1839 

1.3 9.1 25.7 24.7 

7200 7440 7200 7440 
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TABLE 34 

DECEMBER 1970 

.AT = Birch Hills pO _ McMurray pO 

DATE AT 0000 GMT AT 1200 GMT 

1 -10.4 - 9.4 
2 - 5.0 - 0.9 
3 + 1.0 + 2.7 

4 - 1.4 + 0.4 
5 - 7.4 + 3.9 
6 + 8.6 + 6.3 

7 - 2.7 - 4.2 
8 - 5.2 + 0.5 
9 + 0.2 + 9.2 

10 - 6.1 + 6.5 
11 +13.0 + 5.4 
12 - 0.8 - 5.7 

13 +31.0 +29.0 
14 I 8.4 + 6.9 T 

15 +12.2 +11.0 

16 + 6.4 + 1.4 
17 - 7.6 - 7.4 
18 - 5.6 + 0.8 

19 -11.0 + 4.7 
20 + 2.2 +15.5 
21 +18.9 +17.4 

22 +13.0 +23.0 
23 +17.8 + 0.4 
24 + 5.8 + 0.4 

25 + 7.0 - 3.4 
26 -16.2 +12.0 
27 +12.8 +17.6 

28 + 8.6 +11.2 
29 +11.6 + 4.6 
30 - 0.5 + 8.8 

31 +14.6 +17.2 

TOTAL +113.2 +185.8 

MEAN + 3.7 + 6.0 



ICE FOG ABSTRACT 

In general, natural ice fog is composed of well 

developed crystals ranging from 30 to 100 microns in 

diameter which develop with simultaneous cooling of the 

atmosphere and the water vapour contained in it. It is 

well known that water vapour in liquid form may exist 

Page 473 

at temperatures down to -34°C. However, at -3SoC most 

of the vapour in water form freezes and produces ice 

crystals. This change in vapour state with a one degree 

drop in temperature 1S highly significant. The sib~i­

ficance lies in the fact that with cooling 1°C at 34°C 

the capacity of the air to hold water is decreased by 

.027 g/m3 . A further cooling of 1°C again reduces the 

atmospheric moisture by the same amount. However, with 

freezing, the saturation vapour pressure must be calcu­

lated with respect to ice which decreases moisture capa­

city by .083 g/m3 while further cooling from -35°C to 

-36°C reduces moisture capacity by a total of .110 g/m3 . 

It is important to remember that the above calcu­

lations are based upon the purely natural formation of 

ice fog. An entire air mass can achieve cooling rates 

of 3-SoC/hour with the result that in a matter of hours, 

an entire- air mass may achieve saturation. 

The injection of man made moisture in any way from 

hot water reservoirs to exhausts from any fuel burning 



equipment into an atmosphere whose temperature is -3SoC 

or lower can bring about large increases in ice fog in-

te'nsity. This man made moisture rapidly cools, freezes 

and forms ice crystals which, in fact, are produced in 

a relatively dry atmosphere. Because of this, the crys­

tals cannot grow to precipitable size and remain in sus­

pension as ice fog. Accordingly, man made moisture con­

tribution can be highly significant in ice fog intensity 

increases. 

Man Hade Som~ces of Water Pollutj OIl 

Combustion of fuels produce water vapour at approx­

imately the rates given below but can vary greatly with 

respect to coal depending upon actual water content of 

the coal before combustion. 

Fuel 

Gasoline 

Fuel Oil 

Coal 

Amount of V Cillour Per Kg of Fuel Burned 

1.38 Kg 

1.33 Kg 

.68 Kg 

It is readily seell that many industrial processes which 

require heat; ,·dl1 cause higher fuel consumption as temp-

Accordingly, as critical ice fog temper-

atures approach., fuel consumption increases to maximwn 

HoJe water in C011'tac"t: with a saturated atrnosphere 

at low temperature is probably the most efficient way 

of introch.l.cing water to t;llat a·tmosphere. The hot w<:rtcr 
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separation process with hot water running over exposed 

sand and remaining in an open pond is a highly efficient 

method of introducing water to the atmosphere. The 

current systems of deposition of sand to form dikes makes 

the calculation of water contribution to the atmosphere 

almost impossible. However, in a subjective sense, at 

temperatures below -30o C, the dike building and open 

ponding will make a huge contribution to fog production. 

Currently little or no observational data is avail­

able from G.C.D.S. operations to date and it becomes 

extremely difficult to even subjectively predict ice fog 

frequency and intensity in consideration of a program 

which may call for a proliferation of hot water extrac­

tion processes. 

Pollution Aspects of Ice Fog 

If ice fogs develop at high frequency and intensity 

in the Athabasca Tar Sands area, it is important to know 

what role these ice fogs will play in pollution. It is 

already known. that sulfur dioxide, oxides of nitrogen, 

carbon monoxide and dioxide together with a 'variety of 

particulates are by-products of the mixing, separation 

and upgrading processes. 

Ice fog crystals do not remain clean and in fact 

provide large surface areas upon which various pollutants 

are absorbed. Considering the size and distribuJeion of 

crystals in heavy fogs, the total surface area is ap-



proximately 2000 cm 2 per m3 of air?~. In fogs of long 

duration, ice crystals near the top of the ice fog layer 

will evaporate while the remaining pollutants are pre­

cipitated back into the ice fog layer. Clearly this is 

an excellent mechanism for pollution concentration and 

for chemical action within the ice fog layer. 

Corrective Action 

Current knowledge and studies show that ice fogs 

are associated with a variety of inversion types and that 

the structure of the inversions changes with the evo­

lution and life of the ice fog. As a result the inputs 

should be at as great a height as possible and well 

above the top of the ice fog layer. Warm surface water 

should be avoided as much as possible through cooling 

before discharge. Vehicular inputs are to be avoided 

where other energy types may be employed. A typical 

example is that of diesel power versus electrical power 

in mining operations. Diesel units provide ground level 

water and pollution inputs while electrical generator 

plants can employ tall stacks. 

Ice Fog, Carl S. Benson,June 1970 
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1. 

2 • 

CONCLUSIONS 

The entire preparation of the report is 

based upon information and data which is appli­

cable to the synoptic scale. The real infor­

mation required is in a much smaller meso-scale. 

The report recognizes this problem, however a 

real attempt has been made to interpret synoptic 

scale data in terms of the meso-scale. Accord­

ingly, the conclusions drawn should be looked 

upon as subjective and valid only within these 

limits of accuracy allowed by synoptic scale 

data. 

The topography of the study area includes 

elevations which vary from 750 to 2800 feet 

A.S.L. Variations in temperature over these 

elevations range from simple adiabatic changes 

in sumrner to intense inversion during winter. 

There is good reason to believe that a strong 

orographic effect on precipitation distribution 

is present. The valley floor, bounded on three 

sides by high ground is an excellent area for the 

production of fog, ice fog and pollution. 
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• 2 

3 • The synoptic scale weather patterns produce 

summer weather which is comparable to Edmonton 

and detailed in long term climatological data. 

In general, daytime weather is unstable and 

suggests no real danger from the standpoint of 

pollution concentration. Nocturnal weather is 

usually stable but relatively short lived. 

Winter weather however, is generally of a 

very stable nature with inversion frequency and 

intensity \~lich can produce long periods of 

pollution concentration at levels below 2500 

feet A.S.L. 

The frequency of critical temperatures for 

the production of ice fog is sufficiently high 

to warrant careful investigation. The problems 

of liquid droplet fogs should not be overlooked 

since large amounts of hot water for atmospheric 

input will be available together with low level 

atmospheric stagnation. 

4. Climatic data is available for long term 

at Ft. 1'lo.1vlurray and its application to other 

locations within the study area appears to be 

. 3 



5. 

6. 

• 3 

fairly valid for comparable elevations only. 

Summer data is available for high elevations 

and supports the sununertime stability conclusions 

drawn. 

Ice fog data is non-existent except for 

scattered sUbjective reports by local people. 

The degree of subjectivity is £xtremely high as 

indicated by the great variability of the reports. 

The study of synoptic scale events strongly 

points to a much more pleasant climatic regime 

over the Birch Hills than in the valley. Summer 

temperatures are cooler and winter temperatures 

much warmer. Present indications are that a 

new town location, when required, should be in 

the Birch Hills. 

There is now ample information available 

to give direction to further climatological 

study. However, the meteorological investigation 

should proceed with caution. The subsequent 

recommendations are designed to provide not only 

some badly needed data but additional guidance 

in the direction future studies should take. 
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RECOl'-IHENDATIONS 

The frequency, intensity, area 

coverage and persistence of fogs and their 

relationship to ambient temperature and dew 

point is required. The best approach is to 

establish a time lapse camera station to 

observe the whole area together with a surface 

station to continuously record temperature, 

dew point and wind. 

(b) There are no radiation measuring stations in 

the entire area. As a result, no normal 

radiation is established and should be done 

immediately so that, in the event of a 

proliferation of plants and extended fogs, 

the radiation reduction 'can be calculated. 

2. Climate Studv and Atmospheric Stability: 

The accompanying map indicates six approx­

imate locations at which various measurements 

should be made over a minimum one year period. 

These data can then be compared to long term 

data from Ft. Hdlurray and can then be trans­

lated into long term data. 

. 2 
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Station #1, located at Bitumont (base­

station) should measure wind, temperature, 

precipitation and radiation. Stations 2, 3 

4 and five should measure temperature only. 

Station #6 should measure wind, temperature, 

dew point and precipitation (rate of fall). 

This basic structure will provide the 

essential climatology of the Birch Hills 

location, and a course vertical temperature 

distribution from the valley floor to the 

tops of the hills. 

Precipitation: The ground water studies 

group requires precipitation data within the 

confines of the drainage basin of one of the 

major creeks together with evaporation data. 

The basin sh_ould be selected by the ground 

water group and should contain precipitation 

gauges (rate of fall type) in a number of 

locations (dependent upon the basin) and 

at least two evaporation stations. 
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RESEARCH COUNCIL OF ALBERTA 

RESEARCH ON lVASTE DISPOSAL 

AND WASTE DEPOSITS 

11315 - 87 Avenue, 
Edmonton 7, Alberta, 
~ , 
Lanaoa .. 
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RESEARCH ON WASTE DISPOSAL AND WASTE DEPOSITS 

There are tvvo areas that become readily apparent or identifiable that 

require intensive research to gain information that is necessary if severe or 

unnecessary adverse i.mpacts on the environment from the wastes of the hot­

water plants are to be minimized or avoided. These are: (1) the accumula­

tion of "dirty" process water in the disposal area, and (ii) the chemical and 

physical nature of the new soil that will have a new geology and hydrology 

associated with it. 

The simple approach that the tailings or waste consisting of sand, 

water, fines, unrecovered bitume."'1 and alkaline additives from the hot~water 

process could be hydraulically conveyed and placed over a non-mined area 

for a relatively short period of time to permit a sufficient amount of tar sand 

to be mined out and then deposit the 'wastes in the mined-out area and recycle 

the water has run into difficulties. It was based on the assumption that mining 

would generate suificient room to accommodate the wastes. The volume of the 

mineral matter in the waste is some 20% greater than'that of the Oliginal tar 

sand due to "s\velhng". In addition, a portion of the solids in the tailings water 

have extremely low settling rates and accumulate, rendering the tailings water 

progressively acceptable in lesser amounts for recycle than was originally 

assumed. Since the rate of accumulation of 'waste is gradually increasing and 

the rate at 'which room is provided to accommodate is relatively constant and 

dependent on the Inining rate, it is a matter of time until one runs out of room 

for waste disposal in the mined-out area. To circumvent this problem, one 

could: 
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1. Build the l.nl.tial tailings pond over a non-mined area large enough 

so that the volume of mined-out area and the tailings pond will be 

able to accommodate the "dirty" water and the "swell factor" of 

the solids. 

2. Discharge the "dirty" water into surface water systems. 

3. Inject it into the ground by deep well disposal. 

4. Alter or improve the quality of the process by treatment to make 

it suitable for recycling, or other uses. 

The first three of these alternatives have a common denominator, i. e. , 

the dumping of wastes. On 8. small scale, dumping may be tolerated at a 

sacrifice or price to the environment and resource conservation. On a large 

scale, such as the envisioned multi-plant development, the load on the surface 

water system. or land may be too great to make dumping acceptable. Further­

more, there are not that many areas that are suitable sites for this purpose. 

Assuming that the present flow sheet of the bitumen extraction plant is not 

modified, then from the environmental point of view, the treatment of tailings 

water to make it acceptable for recycle and the mininium use of fresh water to 

make up the water losses only emerges as the best general solution to this 

problem. Admittedly, the costs of any treatment of waste will exceed the 

costs of dumping them. It may be mentioned certain large municipalities, 

using this line uf reasoning; delayed the installation of secondary sewage treat­

ment, while the smaller ones even today have no secondary treatment facilities •. 

Indeed, some of them do not subject sewage to any treatment but simply dispose 

of it by dumping. 
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It is of interest that the Great Canadian Oil Sands and their parent 

company have been researching the treatment of "dirty" tailings water for a 

period of about six years or so and have been granted a patent (U. S. 3,487,003) 

for a novel process on December 30, 1969. To date this invention has not been 

practiced. Apparently during this time, resear.cil on "dirty water" treatment 

by accelera.ting the sedimentation rate through the use of centrifuges and hydro­

cyclones, flocculation by use of additives or in situ generation of flocclllents, as 

well as ultrafiltration, filtration, freezing, electrophoresis have been studied. 

In addition, evaporation, deep 'well disposal, distillation, tailings compaction, 

direct discharge into the river, chemicals to permit water of poorer quality for 

recycle and selective mining have also been considered. The details of these 

studies are not available to the author and they have not been published. The 

general conclusion reached by GCOS is that none of these are acceptable, 

presumably for economic reasons. If one looks at the number, scope and 

magrlitude of the methods considered, one wonders if anyone operator of a hot­

water plant could afford a research budget big enough to examine all of these 

approaches with the degree of intensity necessary to solve this urgent pro.l::i!.em 

in an economic and practical manner. It may be mentioned that the solution to 

the problem will be of benefit to all bituminous sands leaseholders. The l""\vo in 

situ processes, steam d1ive and combination of forward combustion and water 

flooding, will also produce "dirty \vater" that will require some sort of a 

treatment. 

The solid mat81""1a1 from the bot~water processing plants will eventually 

form a new geology and geography in the tar sand area. TIle additives that are 

or may be added to the process strearns arc expected to influence the nature of 
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the resultant soil. As an illustration, the current practice of using sodium 

hydroxide in the extraction plant reS'LU.ts in the disposal of alkaline waste 

streams. These wastes will form new alkaline or saline soiL Over a period 

of time, dl.le to precipitation, groundwater movement, and evaporation, the 

alkalinity and salinity of the reclaimed region l!!ay be expected to vary, with 

the net resu.lt that certain plants and wildlife may tbrive in one area whereas 

other areas may not support anytbing. 

In order to plan reclamation, it is necessary to get thorough research 

information as to what plants are suitable and choose from them those that are 

desirable. In addition, surface water ponds and lakes on the landscape may be 

considered and their suitability for fish and wildlife taken into account. It is 

not the purpose here to offer detailed programs of research, but rather to 

draw attention to potential problem and research areas. 

In any reclamation program of land disrupted by industrial activity, it 

is necessary to set goals and examine them if they are technologically prac~ 

tical a nd Within the reach of economics. If one takes the view that the land 

underlain by the tar sands is of very little value, then an expression of no 

real concern as to what will happen to it will naturally follow and the area will 

likely degenerate. On the other hand, if one sets his sights bigher and 

becomes aware that improvement of this land and the extraction of the hydro­

carbons frorn beneath it arc not mutu:::tlly exclusive, thcn improvcments in the 

exi.sting technology and even development of new technology become relevant 

subjects of research. It should not be assumed at this time that research on 

tar sands is complete and further research will yield little by way of useful or 

new information or processes. Indeed, the extraction research to date has not 
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been too concerned about the fate of the environment. The possibility of elimi-

nating inorganic additives and salt generators would reduce if not eliminate the 

problems arising from the salinity of the soil. Minimization of the accumulation 

of process water, and perhaps eliminating the use of water by developing or 

inventing processes where the bitumen is removed in substantial amounts under 

dry conditions is desiTable and should be explored. It may be mentioned that jf 

research and development of improved and new processes is left in the hands of 

operators, there appears to be little incentive on their part to pursue such 

research vigorously since a technically and economically proven process is 

available. 

Many improvements in the tar sands technology that will lessen the 

adverse impacts on the environment will not benefit one particular operator only 

but all companies who are or will be engaged in this industry. Rather than have 

each company do research on these types of problems, it appears that more 

rapid progress could be made and economies realized through gathering of all 

information, directing, performing, and coordinating ~esearch by some agency 

appointed for this purpose. It has been suggested that the Research Council of 

Alberta be this agency. Since the work of this agency would benefit present as 

\vell as future operators, it is recommended that the funds for this work be 

shared by levying a fee on a per acre basis on all leases rather than only on . . 

those under production currently. In addition, a fund should be considerea to 

offset any unforseen expenses in respect to reclamation that mo.y be encountered 

in the future, especially since proposed reclo.mation practices are based on 

incomplete knowledge. 1111s fund may be generated by levying a fee on a per 

acre of mined-out area basis. 

'" 
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GENEFJi.L 

'Ilhis supplemental report continues ths examination of the effects 
of the energy requiremeclts on the en:viromnent within the study area, 
extending the study to other methods of recovery beyond the present 
conventional process. Since the energies and permeability of the 
deposits are too 10"T to allow for recovery -by normal flow into Ivells 
or conven"'.-,~onal stj,n~ulation methods, excess energy over that required 
to process the bi t:mnen is reC'cuired to recover it. These energy 
requirements a:c-e in different forms depending on the methods of 
recovery? "ibether through 8trj_:9 mining or one of the in-situ methods 
being envisaged for deeper overburden area. 

EllJERGY DEM/uJDS AND PRODUCED EFFLUENTS 

Figures Sf to 15 provide some qualitative assessments' of the two 
presently proIJosed in--situ recovery methods. There is considerably 
less materiel available em in-situ recovery Yllethods, or on other 
more distant pyocesses on '\JlLich to make accurate assessments and 
estimates of effluents. 

The conclusions reached in the interim 1'e:90yt remain germane, though 
it is cle9.r that greater, if less obv .'Lous, environmental problems may 
be introduced .. ,ith in--si tu recovery. Requirements of energy distribution 
shift slightly, 8.S the tar sancI recovery p:roce;3s becomes to some extent 
allied to an extractive process. 

Hh,:rtevE,r the met.hod of recovery a portio::1 of' the bi tUJllen is cannibalized 
for the eneygy re':;iuirements of the process. 1, reJatively undistorted 

.L.' -l- P' 1 d" b 'I" -" • , 11 1 -'-es l..l';;E.ccP O~.: 'r:, je ;Jl'ccess em2.no, can e o.)~alIJe(i ny con'lTerl:;lng a_ p anl, 
" -. ~.-'. L ~. ~ t ,,.,,,', "l .• ' (J-J 1'+ "c -,-,~, -P ' +1--t t·h· :DIOerE'",;:, s;,rec:.ms·o energy e'ci.u],J'cL_E:nl,.s. _-v .L0 L·J:1t::n .Louna vla e 

strjp~I!iine Clark hot i·ratec' process tYJ,E; :;lants, "uch as GCOS 8.nd Syncrude, 
utilize 2.bout 1 of the energy eq~)jv~"ij.c~r:1. of thebi tUt'1len in place. For 
the Shell in--sit'L" ste3..t'1l and diluent proces2 a SilEi18r value can be 
obt8.inecl, but ]"01' thi:=: in--si tu process, as for t:he AYJOCO (Muskeg Oil) 
COFAF fonJayd c~)n'~;;;,stion and vra1:.eI' flooding nro(~eSf:> and other in-situ 
p:::-o\.;ef:>ses the actual ene!:'g;{ l'equircr.wnt n&y 1)e 21lUCh higher vThen all 
losse2) carl "be accl1ra:tc:1JT deterYD.:i.ned .. 

The sirn.·~)l=Lfi::'c1 diagrclIcr-natic ciisplaJr of energy sources 8 .. nd distri bu~tion 
in Figt.ll"e 16 deJ-:1o~Jstrates t1Jis net self produ.cec energ~r 'Lltilization .. 
It also SIl.Oi,fS tr.1.at of t1:1e tlrree d:iv'isio:r:s of tl1e l;rocess sho\·rll tlle 
first tlW sectiom3, that of tal' sand recovery al~d b:i tumen ext:re.ction 
or p'O,r:ific:ation, are both large net i,,:}x)rters of energy "Thile the final 
proces,; of 1,itmr:C'n l1.1j-grading :1;3 a laY.sse net exporter of enerGY' From 
the err-.r:LroL"l(:;n-cEd viev this shO'ws tvo D13.in aI'eaf:> of concern:, the fuels 
for energ;v pY'oduc:eJ by the up-grading I!}'ocess, and the source of energy 
as related to' :pJ.ant. location and distr:i.bution of effluc!Jt . 

.l\.cc'~rdilJC t,o Clark ~ tJte l\tb.::J.l.H .. isca l)it:uTIl(-'\Tl lV-l;'·) 8. ca,lorific ·va11.1.e of 
17,900 Jjtl1 b. Calorific values of fuels lire quoted h,:;;:'dn or are 



FUELS 

The interim report discussed the various types of fuels. The 
eITlpbasis so far on the heavy residues has been dictated by 
economic re~u::,cms. Of the tll . .ree processes reviei.,red fluid coking 
js attrac:tive to a refinery because of flexibility of tbToughput 
and a greater yield of liquids. It also concentrates feed stock 
sulphur and heavy metals. Delayed. coking also concentrates 
sulphur, and -being a batch--type process the coking units vTill 
control plant capacity development. Heavy residue or pitch has 
slightly less c)ulphur concentration compared to the other processes, 
but its viability as a fuel has still to oe demonstrated. 

It is expected that both fluid coke or pitch VTould be 'burnt in 
cyclone type furnaces. Both may require supplemental fuels for 
sta.:)ili ty of flame. 1'he use of cyclone furnaces may lead to the 
additiollal problem of higher NO~ formation because of the higher 
ternperatl1.re requirements of theh-fu.rnace need to maintain fluid ash 
slag on the ,mlls of the furnace. 

Sl1..1r·rnIY ~I hOi,·Teiler, is the most important pollutant at t~be present 
time. All heavy residue fuels have sulphur levels higher than the 
1% or less su.lphur presently de1nanded by Environmental Protection 
Agency regulations in the United 8-';;ates for oil or coal fuels. No 
similar regulation exists in Cam"da apart from some contre,ls in 
Ontario. It is recorrnnended that the Province institute a fuel 
sulphur co:"teEt:~estriction, pe:!.'haps to 2% or less, to restrict 
10ce11 stack u.:c,,:,ntrations to more 2_cceptable le;vel;s. Such a 
regulation cc"J,ld be installed in stages as 1'TaS cloDe in Ontario. 
Scrubbing equipIneDt '\{Quld allOil the optional lIse of higher sulphur 
fuels if so desired. 

\"ibile control of p1a.nt ernissions has to date been the most C0111.YflOn 
method of controlling plant emissions, and though several methods 
of 802 scrub-bing aTe l)e:iLg resea:rched as described in the interim 
re})ort:" the elimination of sulphur in fuel should be favou::'ed. 
Greater hydrogena.tion in. the l)i t,Lunen treatrn.ent 8.11d greater d.e­
s'ulplruri Zctt:LurL of fueJ_2. "LtfJeJ. are ail!lS for iImnediate research and 
PTOCeSS fj.pplication tll&t arE: recoITlm.ended. 

!\n alt.ern2"ti ·vc tJ .. pproacn. is tll.e application of SOl'oe of the fluidi zed 
bed gs,sLfication proces2,es being studied for coel and oil in various 
centres of 'c:ne ,,-orld. '::'[1('se processes include steps to reduce the 
sul~ph1;.r cOIl.tent-, of t~ne fi11c1,1 pOv1er gas. f}]lis area of c.':2"\'eloprrrellt is 
a focal 1')0:1.n-:-, of an enO:CY:lOU;3 ffi'10unt of inclu.stri2"1 activity and 
develo}x;;E:.'llt, at this t,iJ1J(; and may have benefits if applied to the 
study nrea fuels. 
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Several promising lines of research are proceedicg in the production 
of pOeler c;as fro:T, residus.l oi1s. Some of them, nota,bly those of 
B:~itish Esso research la1)ora';~c)!'ies at Abjngdon in England, and those 
of the City College of Ne\v Yo:(']c:: utilize fluid.ized. beds incorporating 
lime or dolor.iite for the production of sulphur free gas. (1) Sirailar lines 
of reses,rch could be initi3,te:i here to evaluate the economics and 
prol,lems invo-Lved in the t('ctnologies for production of suitable 
quanti ties of clean syntlL:tic natural gas. 1'he development and use 
of larger CJlJ8_ntities of cle8,r;. synthetic natural gas, SlJG, developed 
fro;~l the process of bi tmnen up-grading could supply an increasing 
aITlOlmt of the fuel demands of the plants. A foremost consideration 
is that sulphur, heavy metals and other impurities are easier and 
less costly to rer.Iove in fuel gas as H

2
S than in flue gas as SO 2' 

The development of suitable SNG plants could also conceivably result 
in the release of natural gas for use in the study area. As mentioned 
in the interim re})ort, tra,r;.sportation costs for liquids are several 
times che2.per than the costs for gas, since in energy terms over 150 
Btu Ilel' cubic foot, of gas per 1000 miles is needed for transJ]ortation. 
Synthetic natural gas could help fill the gap betvreen steadily 
declining contri b1J_tions of natural gas in the total energy assessments 
and the increasing energy consumption levels of North America. 

PLAi\i'r SITING 

The location of plants is a most important para'1leter of their impact on 
the environment. This is further empha;3i?ed when the numbers of such 
plants increases from the p:cesent nominal level. No major review has 
been made of the st,udy area 'ITi th regard to limiting the effects of 
plant sitir.g, and such a concern could lTell be exercised at this stage 
in the development of the area. Some of the considerations involved in 
plant siting -vJeTe discussed in the interim report, vThere one promising 
rEodel of partial centralizat:lon vTaS reviewed. 

At present location of the plant is generally determined by lease 
bounclaries, ;,Tater supply, disposal problems, and local cons:iJleTations, 
tho:;,gl, all reqttired regulat:i.ons are taken into account. Conti nued 
dev-eloI)L~ent ~ n tllis ser1se could lead in,to the L!.ndesira1)le lJ.ncontrolled 
concentration of ~olarrt~; and the common pyramiding effect of random 
inct1}strial developlnent. 

For the study 8Tea the relationship of plants to the enviroll1r,ental con­
cern of the region can be nOTe easily assessed if the plants are considered 
fl'om the Foll.mcing vie",})oints; 'ihieh follO'i,r the p8,l~tern of Figure 16 
on energy sources and distribution: 

t~~-~' ~;2.r.ld recovery· 
bitw?len ex.-J~·,r(lction or purj. fication dcnla~.1ds 

l1}>-g'~"ndj nc; fcl,::;ilities 
}Jo'.rer geI1e:-c /:L L 1. on rcq1J~ix'em ents 
ts:..;rnsitc 0.(' T)t.:o~~)le disIJ(;!·sioD 

(1) 



Tar sc:mel recoveJ7 tnethods, whether mining or in-··sitl.l are natu:rally 
deten'lined by the location of the product. Their demands as to 
energy have therefore to be supplied at the operc"tional site. 
Their de'nands var:;- considera'bly with the method of the tar sana 
recovery considered. 

l>1ining requires electric pen'JET or liq-o.id fuels such as diesel oil 
or gasoline. Their impact on the envirowuent is transferred to 
another fwurce or reduced by clj.spersion of production by sevend 
'lmi ts. In-situ met:-wds, however, are likely to req-:.J_ire an intensi­
fied local source. Of the t'110 r:J.ethods exanined the Shell process 
:requires high pre~:'3Ure steam 0 vrhile the Huskeg Oil process utilizes 
the bitumen ill place as fuel. Practical limits on the transportation 
of steam or lack of other sources of heat ,vill continue to require 
that these mBthods remain a localized demand. 

Bitumen extracti oe process plcmt demands are approximately similar 

i 

fo:;.' all methodE;, once the semd and bi tUJD.en has been delivered for 
rrocess:ing except that in-sit'.l methods may result in partial processing 
in the recovery phase. The major restraints on the location of 
process plants are the assurance of feasible incoming material supply 
routes 0 and of cOllvenient and properly usal;le tailings dispos&.J_. Both 
may have large and insurmountable problems relat.ed to centralization 
cOnceI-lts. 

The up-grading facilities are items that are not necessarily site 
controlled. As long as the b:5.t1L'11en extraction product is trmlsportable 
no real restraintE as to SlJecific location are posed by these 
facilities. Furthermore, the refining or up-grading process is a 
generally less onerous enviroY'J'nental aspect of the operational plant. 
Since, hov;ever, t.he upgrading process provides the fuels for energy of 

. the previo\ls t;vTO sections ,-"ny ])iecemeal development of the area would 
nsturallx fcwo1]x self contained plants. Fro:n an economic and 
efficiency vie"1 such :plants may continue to shmv advantages over the 
centralization concept. 

Pm·,er geneTs,tioD requirements are the largest concern Emd source of 
pollutioD contarninants. This is because they are generally slJ.pplied 
by the lGOst econo,~lic fuel a'18.ila1)le, often l.Jlth high conta,"nj.nant lev-els, 
since- the efficient utilization OJ': such plant demands are -best met by 
h1,,:,;:O.er use parameters. A de:::ided advantage is that unit pm'ier generation 
co;::;ts are red1J.ceCi \.,'·ilh increased si ze, \rnile pO'wer output can 1,e 
relatively cheaply and cleanly tranSl"litted to the demand centre. 

The grovth of this technology and development of such a l['U'ge resource 
,!ill CG,use an influx of population. As stud.ied under oUler sections of 
thi s Stl1d.~,/ j the reoJ)le ha\re t!1.eil' effects on tl1C environrnent. P>.s 
concer-llS this sc:~ction of the ~)t,'UdjT ·Lh(~ pop~lla.tion gro\'lth i.s reflected 
in inCl"'2[i.sed }"~IO\-Te:;:" der:1ands clescrioeG in tl'le interirn report. J\.18 ° , 
the lOcci.tion :,>1"0 dis t1'i but-ioll of tlleir living centres I-rIll relate to 
tbe si til;;; of p12..;)ts. '1'}]011[;1; t'Y..rnsite seJection :i~) tlle concern of 
other :pJem1('n~, t.ovns:Ltes fihnuld. receive at lea~;t ,-tB much consideration 
as tbe location of plant. 



As di sCt)ssed in previous parag:raphs -while natural gas YTonld be a 
prime fuel, the concentratiol1 of po',Ter pls,nt could. utilize heavy 
residue fuels from neighbouring process plants. From this it 
fo1101-;s that one possible location of a central pm·rer source YTould 
-be a development of the existing eGOS or proposed S;yncrude po-\'ier 
plants, and as excess residue is shmm in the Syncrude operation 
sufficient fuel is available for a first stage of generation. 
Addi tlonal fuel as plant expa,Dsion proceeds could be transported 
from ot.her leases or met by the conversion of all output of one 
process plcwt to feed the pO-wer plant. 

A further advantage for the environment in concentrating power plant 
occurs with the concentration of stack heat discharge to pierce the 
winter inversion conditions and avoid cont3.in.l1ent wi thin the valley. 

If, in conjunction 'Id th a centralized power source utilizing 
residues 5 the hea.t energy demands of the bitumen extraction are met 
using clea~1ed process gas, the airborne pollution. aspects of the 
development of the area ,-TOuld be much improved over the inch vidual 
pO'l-ler and process plant a}<':"l'native. The varied, and often large, 
dCl'Uands of the tar sand recovery methods and the large quanti ties 
of steam required are pn.i.ctical reasons for the near f-,lture for 
arguing agg,inst an overa11 central energy source. 

Tbe emphasis in thL:: rev:! (''if ha~; been on thermal power generg,tioE, 
since Jarge sInonnts of suitable thermal energy fuels are a result 
of the lrp-grading process. HOIvever, local hydro development.s could 
provide some }x)"!ler, No Teally significant hydro potential is 
available in the region, and except for the Atha-basca River itself 
any development \TO~..lld be of 8m3-II size. vmile hydro pOl-1er is clean 
as regards ail' and thermal pollution g,spects, there he,s been 
increar.;ing ErIiJ(?~reness of t~he other importa.nt ecological effects of 
large dams on rivers, and the Athabasca River delta and Lake Athabasca 
syst.em may be affected to a large extent by development on the river. 
A f1.:.rthe:~ disaclvantage is that the "Tater St.ol'g,ge lake formed by such 
a dam i-TOUJ.J flood a region of the i\.thabasca valley, under which lie 
the mos';~ accessil)le recoverable tS2' sand deposi t.s. 

THEr~:'J!~J~ ') G;\SF10tJS .c'\1;TD OTlillR DISCILAI~GE~S 

a) Thermal Discharges 

A m2,.jO[ effl~_len-(. Clf' all tYI)eS of ])lant is the beat dischDTged, 
'fhic, heat can be Lore conveniently eX2T'1ined as r.:2cssivE' pl'oduct:;on 
or 'l-fB.ste discharge heat, cooJing ,-Tater or process heat exchanger 
heat ~ an(1 as at1110spberica.,11::l di scb.arged heat. rI1he interim rct)ort 
reflec·t.ed FL concerl1 on the envirorrrnentL:..J .. effects of tlle large 
heat dischc':-Tges e 



Many other important aspects such as ecological impact, hydrological 
effect and others are raised by the siting of plants, and these are 
expressed in other sections of the report. 
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Massive concentration of plant could have considerable benefits as to 
energy concerns. It could conceivably also have a relatively low 
overall environI:lental impact since only one major environmental inter­
face vO'tJ,ld occur. Against these gains are the presently almost 
insuper20ble problems of transportation of ravl material to the plant, 
disposal of the huge amounts of water and tailings and the history of 
our species in the development of such centralized industrial areas. 

At the other extreme is the scattered development of individually self­
contained plB_nts, similar -::.0 GCOS and Syncrude. If this development is 
pla:-::.ned then environmental disturbance can be protected to some degree. 
A planned development 'l-lOuld require the formation of a regulated 
regiOl-::.al plan which would consider all factors, particularly concern as 
to allocation and use of water sources, controlled tailings disposal 
areas, geological and hydrological features of mining or in-situ 
development and other key factors. 

A controlled individual plant development plan would also require early 
studies of air and '\-Tater pollution distribution. Sources of potable 
water and process water would be identified and such resources allocated 
on an overall regional plan basis. Many of these aims are in direct:. 
conflict with the present arrangement of leases, '.,hich have no co~on 
concern of deyeloprnent other than that of delineating a man-made limit 
of mmership of the productive tar sands. 

A practicable gain in reducing energy related enVirOIl.1llental disturbances 
would accrue from centaliziing electric power features. In the group 
of ..-i e'I-T points exarnined the pm{er plant was clea.rly the most important 
source of pollutants, thus a central power plant offers considerable 
adv~.i,~tages in cont~olling the d~stribution ~f.S02 an~ NOx ' An a~r­
qua.ll ty study should be made prlor to the Sl tlng of "he plant, and a 
monitorjng network established to determine the buffer zones between 
the power plant and townsites can be established, and the location of 
nearby process plants can be correlated with the l)ower pla.nt to avoid 
contaminant concer,"Lration increases. 

Such a central :po'!rel' pIant sj,te can also be chosen to reduce natural 
environmental distul'bances. Since coolant requirements and discharges 
will 1)e large the most suitable site 'I-~ould lie on the Athabasca River. 
Adequate cooling ,·rater for the size of }xJW'er plants envisaged is available 
and studies can locate the discharges for m~nimum effect on aquatic 
life. Since the river is an existing natural feature no gross changes 
in the landscape or \vater s'J.pply iVould be Cl"ec~ted, reducing the impact 
on 'Haterfo\·rl. Some disruption of natural hal')i tat and vrild life vill occur 
durhlg the long term ['.nd staged construction of such power plants, but 
their effect can be localized and controlled. 



By far the largest amounts of heat are those expended as in­
situ production development. In the Shell steam injection 
process the expected injection rate per five-spot pattern is 
100 tons of high pressure (1000 psi) steam per day. The tar 
sand formation will be r~ised to peak temperatures of 350

0
F, 

and injection of steam for an estimated 900 days are required. 
Thermal losses will occur to upper and lower non-tar bearing 
formations. For the Amoco forw·ard combustion process even 
higher local temperatures are expected, 1500

0
F being recorded 

within the formation in tests reducing to 300°B' to 4000 F at 
the periphery of the tar sand pay zone. These temperatures are 
deemed necessar,f to the process since cracking of the Athabasca 
bitmnen occurs at t,emperatures over 5000 F. 

Though the depth of the overburden will probably result in little 
surface effect of the heat discharged the long term effects of 
such thermal enrichment underground are not fully established. 
Among considerations that should be studied are the results of 
such heating on ground-water, possible conta.mination with the 
products of combustion, and the formation of slags and voids 
after completion of the recovery phase. 

Another area of massive heat rejection occurs in the discharge 
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of heated tailings and process water (U.sposal. Though these dis­
cha~'ges are all at relatively lovT ter;~pc:ratures they are more 
onerous in that they are surface effects. ThUS, they might 
influence local veather, by ice fogs or other phenomenon, affect 
existing ecosystems and have various sub-lethal but fundamentally 
significant results on various biological cOIn..munities. For 
example, the heat discharged vill almost certainly result in some 
portion of such tailings ponds remaining open in vinter leading to 
probable effects on vaterfowl migration, and to possible breeding 
and reproductive cycle effects on fish and other biota occupying 
such ponds. A more severe effect, if more localized and of smaller 
probability, is the effect of thermal shocks on organisms in the 
event of emergency loss of such heated discharges. The effect of 
such large continuous heat discharge effects should be studied 
vrithin the context of the study area system. 

The second group of thermal discharges considered are associated 
with plant pO'.\'er and process cooling losses. Wbile such losses 
may occasionally form part of the larger tailings and process 
vater disposal systems previously discussed, there are cases 
likely \-There the cooling water is taken from and returned to 
rivers or reservoirs. One such case ,muld apply to the concept 
of a centraJ power plant for the study area. 

More is lmmm about and much study is proceeding on the effects and 
controls of disctarges of these magnitudes and normal Department of 
Environment practice is applicable. However, while several rivers, 
streanls ana. a numl1er of lakes are distributed through the study area, 
and though a p,;ood deal of surface w'ater is prevalent, the sources of 
useful vater for the large and varied demands of large scale develop·­
ment of the area, are relatively scarce. Some of the lakes are worth 
retaining for rotable ",al,e],' or recrea.tional use. For example, the 



Namur-Gardiner Lake group in the Birch Hills could form the basis 
of a provincial park and water storage source. Careful evaluation 
and design of the cooling water discharges on any water courses 
used should eliminate any undesirable localized effects and result 
in adeCluately controlled thermal discharge to the rivers, streams, 
or lakes. Some streams may not have adeCluate floior or watershed 
drainage capacities and they are especially affected by the cold 
winter conditions. Hence the supply of and discharge of the larger 
Cluanti ties of cooling 'Tater should be restricted to the Athabasca 
and Clearwater rivers and to those streams or rivers capable of 
absorbing the heat discharged without producing deleterious affects. 
If discharge is made into the Athabasca or Clearwater rivers it is 
recommended that bottom diffusion or other methods that would not 
blanket the river surface from bank to bank be utilized, leaving 
free unaffected zones for passage of aquatic life. 

The third group of thermal discharge was that of heat discharged 
to the atmosphere. These occur from plant stacks and from cooling 
towers. Other more critical pollution aspects result from plant 
stack discharges than the heat loss. Cooling tmrers may become 
necessary where future plants have inadequate water resources. If 
so, site studies should be required as an important aspect of such 
plants to reduce cooling tower water or recreational use. In the 
case of (wet) cooling towers the emission of large amounts of heat 
and water vapour can add significantly to the atmospheric moisture 
content, and this combined with the weater conditions of the 
locality could modify the micro-climate in the vicinity of the 
plant. Cooling towers applications and effects are discussed in 
the interim report. 

b) Gaseous Emissions 
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For the Clarke hot-water process plants and the up-grading facilities 
that accompany them, various gaseous emissions occur as a result of 
the utilization of heat energy in the process other than effluents 
from power or steam generation. Most of these are effluents from the 
use of natural or process gas. These gases contain &~ounts of S02' 
H2S, CO, water vapour and hydrocarbons. The quantity emitted of 
S02 is generally far below those emitted by the power generation 
stack, since most of the gases burnt have been largely de-sulphurized. 

The in-si -tu plants have similar discharges wi thin the process section, 
but have higher emissions of water vapour or CO and inert gas associated 
with their field operations. 

The Clualitative effect of these emissions on the environment are 
probably low, localized and are beyond the main scope of this section 
of the study. Further reference to them may be found in the section 
on Air Quality. 



c) Treated Water and Sewage Disposal 

Though these items are not st.rictly related to the energy 
production of t.he study area, all plants, townsite. and develop­
ments will all have such effluents. Provincial standards for 
such disposals, including controls on the hydrocarbons cont.ent 
are extant and should be applied. Any overall plan for the 
study area would naturally set aside regions of potable water 
storage. 

C01ITROL LEVELS RECOMMENDED 

As stated in the interim report, there is no reason why similar 
regulatory constraints as are presently in force in Alberta should 
not be applied to the study area. The following emission control 
levels are suggested as a guide and are repeated where discussed 
earlier for easier reference. The departments concerned will no 
doubt soon set more definitive levels. 

Air Pollutants 
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Pollutant Amount and Measurement of Concentration Time Period 

NO 
x 

Particulates 

Dustfall 

CO 

* 0.2 ppm to air by volume 

Fuel sulphur content of 2% or less is 
recommended, or scrubbing used to 
reduce stack concentration below 
equivalent levels in ppm 

0.2 ppm to air by volume ** 

0.01 ppm to air by volume 

0.2 pounds per 1000 pounds of 
effluent adjusted to 50% excess air 

As for existing regulations 

1 microgram per cubic meter maximum 
ground level concentration 

15 ppm to air by volume 

(60 :ppm ambient air quality above in­
situ bit~~en fired sites) *** 

Half hourly 
average 

Half hourly 
average 

Half hourly 
average 

Half hourly 
average 

Half hourly 
average 

Hourly 
average 
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Heavy Metals 

- Vanadium Limits to be established 

Beryllium 0.01 micrograms per cubic meter of air Half hourly 
average 

Fluorides 10 ppb of air by volume Half hourly 
average 

Water Pollutants 

As for existing regulations, with water quality criteria established 
in the Province. 

Sewage Disposal 

As determined in existing Provincial and Municipal regulations. 

Ash & Oily Waste Disposal 

Ash and plant oily wastes, excluding tailings and process water 
containing traces of bitumen, should be disposed of in such a way 
as to prevent any possibility of present or future run-off contamination 
of surface or sub-surface water. In the case of ash which might be later 
processed for heavy metals, all emissions from such collection areas 
should be monitored. Controlling limits of water and other emissions 
should not exceed the level set for water pollutants. 

Thermal Discharge to Cooling Ponds or Rivers 

Since thermal discharges to cooling resources should be evaluated in 
the light of actual damage to the biota and ecosystems, the temperature 
effects and controls desirable will be related to the location and body 
of water affected. No specific recommendations can be made, but each 
application should include an assessment of temperatures and biological 
impact. 

* SO,., is the most important air emission product. The 0.2 ppm 
su~gested is for local dispersion concentrations. The fuel 
content restriction is suggested to restrict the local stack 
concentrations to more acceptable levels. This regulation 
could be established in steps, as was done in Ontario. 
Scrubbing equipment would allow use of higher sulphur fuels 
when available. 

NO is suggested at a similar level to S02 for dispersion. 
Emission levels within the stack could be proposed but are 
not suggested until more information is available on achieve­
able levels. 

CO levels are likely to be higher over in··situ production fields 
where bitumen firing underground is in progress. 



RECOMMENDATIONS 

As concluded in the interim report, while the energy requirements 
of the development of the tar sands are one of the primary sources 
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of environmental disturbance there are many technological improvements 
towards alleviating the critical nature of the problem. Many equally 
important environmental effects occur in other parts of the study that 
are less well understood and against which defenses should be set. 

This is not to say major problems do not exist, or are tully understood 
in regard to the energy production for the area. Rare indeed are the 
chances existing today for considering the consequences before the 
action as in the case of the tar sands development. Perhaps the major 
purpose of such a study as this is to define the immediate areas for 
re-evaluation. 

The main source of energy has been seen to be the residual and other 
fuels of the up-grading process. Within these fuels, sulphur is the 
largest single pollutio~ factor. Study, research and a regulated 
decrease in the sulphur content of energy fuels are primary recommenda­
tions. Methods of utilizing the fuel while reducing the contaminant 
output of S02 are also an area requiring more study, though this is also 
a study appllcable to a variety of fuels. 

Another important parameter is the method of development of the overall 
area. This study discussed some of the advantages of partial centrali­
zation sufficiently to demonstrate that an overall regional plan of 
development to reduce environmental impact would be of benefit. Among 
studies necessary for such a plan to be produced would be assessments 
of water resources and uses, plant locational features, and an air 
quality monitoring study such as done recently by the Federal Department 
of Mines and Energy. 

The long range effects of thermal discharges, particularly for in-situ 
processes should also be studied. Hany lessees other than the Muskeg 
Oil (Amoco) group have indicated an interest in underground bitumen 
firing and recovery methods. Steam heating processes such as the Shell 
in-situ process would seem less destructive of the resource, though 
such evaluations are beyond the scope of this report. 

These and other studies and recommendations of the interim report would 
allow the Department to set and regularly review standards of protection 
required of processes. As a starting point control levels for the study 
area have been suggested in the body of this section. 

Environmentally speaking, man is generally not born free, he inherits an 
environment disturbed and contaminated by generations before; even more 
important he inherits a system of values placing emphasis on development 
without consideration of less obvious long range costs. The tar sands 
are a rare opportunity to change this normal system; and a study such as 
this hreaks the bounds of conventional action and gives hope for the 
future. 
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Project Report 

To: Wright Engineers Limited 
1101 West Pender Street 
Vancouver 1, B. C. 

Attention Mr. R. W. Palmer 

Subject: ATHABASCA TAR SANDS BASELINE STUDY 

A. OBJECT 

Page 518 

February 2, 1973 

Project No. 1505 

To survey streams, rivers and lakes of the Athabasca Tar Sands 
area for fisheries potential within TOi-<ffiship 84 to 103, Range 4 to 18, 
lIlest of the Fourth Meridian. Excluded from study \\lere areas 
defined by Leases 86 and 14. 

B. INTRODUCTION 

The study Has initiated at the request of the Alberta Department of 
Environment to Alberta Fish and \~ildlife to be incorporated into the 
preplanning and feasibility studies towards extraction of tar sands 
in the Fort HcHurra.y Region. Headed by Alberta Fish and \\fUdlife 
biologist, William Griffiths, the field investigation was undertaken 
during the Gl1l1uner of 1972 and incJuded sampling of streams and 
rivers to assess the current utilization by different species of 
fish. At each sampling station, Hater samples were collected and a 
descriptive evaluation was made of physical parameters pertaining 
to the suitability of the river as fish habitat. Additional observa­
tions by helicopter of areas where access by boat or helicopter was 
difficult, supplemented the on-site collection of field data. The 
compiled field data subsequently were submitted to B. C. Research 
for evaluation and reporting. 

C. }ffiTHODS 

The Athabasca Tar Sands Project used the national topographic map 
series 1: 250,000 as the basic map uni t on which the survey "las to be 
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carried out. Subunits NTS 1:63,000 map sheets were used for more 
detailed information such as lengths of streams. 

All existing information was gathered from Alberta Fish and Wildlife 
central files and from the district biologists and su~~arized for 
each vlater unit located in the map sheet. 

1. Stream Survey Format 

Field reports '.;vere vrritten for all stream locations established 
and pictures were taken at these locations. Locations were 
described by map reference points. Fish were collected by a 
variety of methods and kick samples of the bottom fauna were 
taken. All the field reports contained the following information: 

\-Jater temperature 

Type and frequency of pools. (Depths and relative amount of 
riffle versus pools established). 

Bottom type, including extent of bottom vegetation. 

Stream banks vlere described as to cover, nature and 
composition~ height, erosion, etc. 

A score sheet was utilized to establish the class rating of 
the individual Hater body. The class rating ,.;ras determined as 
follo"\>1s: 

Factor 

Flow (minimum winter) 

Su~~er temperature 

Depths of pools 
(based on minimum flo,v) 

Frequency of pools 
(percentage) 

STRE/';.HS 

Unit 

Good 
Shallm,r riffle 
Intermittent 

3 months over 15°C 
3 months over 12°C 
3 months less than l2 Q C 

Greater than 3 ft 
1 ft - 3 ft 
Less than 1 ft 

40 - 60% 
60 - 80% 
Greater than 80% 
or less than 40% 

Score· 

5 
3 
1 

5 
3 
1 

5 
3 
1 

5 
3 

1 



Factor 

Refugia 
(Banks, logs, deep still 
pools) 

Nutrients 

Bank cover 
(amount of shading and 
bank stability) 

Substrate type of riffle 

Land utilization which 
will or has affected 
the stream for 5 to 10 
years 

Classes 

Class 1 
Class 2 

Score 35-40 
Score 28-34 

2. Invertebrate Fauna 

Good 
Fair 
Poor 

Good 
Fair 
Poor 

Good 
Fair 
roor 

Unit 

Gravel, rubble 
Sand 
Silt, mud or large 
boulders 

Grazing 
Logging 
Pollution 
Mineral Exploration 

Class 3 
Class 4 

Score 21-27 
Score 1-20 
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Score 

5 
3 
1 

5 
3 
1 

5 
3 
1 

5 
3 

1 

-1 to -5 

Aquatic insects and insect larvae were collected from bottom 
samples of the streams and rivers surveyed and later identified 
in the laboratory. The 1969 invertebrate compositions of lakes 
and streams '\vere gathered from existing reports, incorporated 
into the HPreliminary Fisheries Results, Fort HcMurray Tar Sands 
Project, 1972!f by W, Griffiths. 

a. Toxicity 

Results are expressed as percentage survival of fish within a 
96-hr period of exposure. Observations of survival were 
made at in tervals of 6, 24, L.8 and 96 hrs. 
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b. Test Fish 

Juvenile coho salmon (Oncorhynchus Idsutch) were used as test 
fish and were taken from a homogeneous population approximately 
seven months old. 

Co Dilution Water 

Dechlorinated Vancouver City tap water was used as dilution 
water. The laboratory piping is PVC directly from the transite 
main. Hater quality characteristics include pH 6.5, EDTA 
hardness 7.3 mg CaC03/l, conductance 25 mmhos/cm. 

d. Bioassay Procedures 

Do RESULTS 

A sample of Athabasca tar sand, collected at the bank of the 
Steepbank River, was received from Mr. I.V.F. Allen 
(B. C. Research, Division of Applied Biology) on September 12, 
1972. The sample was ground to a sandy constituency with a 
mortar and pestle. Subsequently, a 10% weight to volume 
concentration of this sample was stirred vigorously for 30 minutes 
prior to addition of test fish. A second test solution vlaS 
prepared by stirring a 10% vleight to volume concentration of 
this sample for 16 hours prior to addition of test fish. 
The pH, conductance and total organic carbon content of both 
test solutions was determined before and after stirring. 
Specific test conditions are outlined in Table 7. 

1. Abundance and Distribution of Fish 

During surveys carried out in 1967, 1969 and 1972, 23 different 
species of fish were collected within the study area (Table 1). 
The distribution of species within each watershed of the study area 
is compiled in Table 2. 

The most commonly occurring game fish was the Arctic grayling 
which vlaS collected in all of the larger and most of the smaller 
vlatersheds, Requiring a habitat of relatively clear, running 
"t'later (Table 6) ~ it "Jas not observed in watersheds \\There only 
lakes ,-Jere sampled, i. e. the Richardson River, Eleanor Creek 
and Hikkvla E.iver \vatersheds, Nor \Vas it found in Algar River, 
"\-Jhich has poor fIm-l and is largely blocked by beaver dams. 
Eymundson Creeks ,vhere only flathead chub Has collected s had a 
turbidity rating of 73 JTU (Table 3) and is probably too muddy to 
support Arctic grayling. 

Northern pUce ~as observed to be widespread in lakes and larger 
rivers ,vith portions of quietly flo\,ring Haters. Among the larger 
watersheds within the study area, only the Steepbank River and 
the Horse River did not yield samples of northern pike. 
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:Host abundant among the species listed as nongame fish 
(nOther Fish", Table 2), were the v,hite and longnose suckers, 
the 1akec, chub and the burbot. The white sucker Has collected 
from every major watershed including the Legend and Pearson 
lakes. It \1aS not collected from McIvor River, which Has 
sampled only near its shallow muskeg headHaters and further 
dotqnstream, near the boundary of the survey area, Hhere the 
river gradient was relatively steep. Longnose suckers were 
collected at the latter sampling station. The longnose sucker 
also was collected in most of the other Hatersheds including 
Algar River. It was not found in the lakes of the Richardson 
River and Eleanor River watersheds. The demonstrated distribution 
of lake chub closely resembled that of the longnose sucker 1 

although the lake chub was also collected from the Birch River 
watershed. but not from Legend Lake. The slightly less frequently 
observed burbot also was collected in most of the major watersheds, 
except in the Horse, the Birch and the McIvor river watersheds. 

COF@ercially valuable species of less than widespread distribution, 
in descending order of occurrence, included lake whitefish, yellow 
perch, yellov,r vlalleye, lake cisco, mountain vJhitefish. lake 
trout and goldeye. Lake vlhitefish \"ere collected in Pearson 
Lake~ Legend Lake, Namur Lake, Gardiner Lake, Gregoire Lake and 
in the three unnamed lakes of TvlP. 99, Rge. 16; Ti,7p. 100, Rge, 15 
(Ells River v18 tershed) and Tv7p. 103, Rge. 5 '(Richardson River 
watershed)~ In addition, lake \"hitefish Here collected from the 
mouths of the Muskeg, Firebag, High Hill and Ells rivers, where 
these rivers flow quietly with deep pools and few riffle sections. 

t-Jit.h a habitat preference similar to that of the lake whitefish, 
yellow perch were collected in the quiet, lower portiomof 
several larger rivers. including the Steepbank, l1uskeg, Horse 
and Ells rivers, and in Gregoire Lake and in some of the lakes 
in the upper Ells River drainage area. 

Yellow "mlleye. also a fish of lakes and deep rivers (Table 6), 
was collec.ted near the mouths of the Cleanmter> Firebag, NacKay 
and Ells rivers, in the Gregoire, Pearson and Gardiner lakes and 
in the unna.med lakes of T,,7p. 99, Rge. 16 and T\vp. 100, Rge. 15 in 
the Ells River watershed. Lake cisco \\Tere found in Gregoire Lake, 
Legend Lake and Pearson Lake, and in all~the four surveyed lakes 
in the Ells River system. 

Hountain \;ihitefish in the Clearwater River drainage area were 
found almost exc.lusively in the High Hill River. Nevertheless, 
a number of: mountain '\.;rhitefish fry "Jere collected in a small side 
chennel of the Clearwater River further dmVl1stream in Tivp. 89. 
Rga. 5, supposedly a range extension for this species. A. 
separate population of mountain whitefish were observed in a 
tributary to the Marguierite River in the Firebag River drainage 
system. 
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Forty-t~,(70 lake trout were caught in gill nets in Namur Lake in 
the Ells River watershed. Namur Lake was the only location where 
lake trout were observed. Goldeye similarly were collected in 
only one locality, i.e. in McIvor River, near the border of the 
study area. All the goldeye collected were immature. 

Commercially valuable species of fish were observed in all 
vlatersheds vJithin the study area except in Algar River and 
E)~undson Creek. Clarke Creek; Tar River, Red Clay Creek and 
Conn Creek each yielded one species of game fish, the one 
species in each case being Arctic grayling. 

The greatest species diversification within the Fort McMurray 
study area was found in the two large watersheds drained by the 
Clearwater (17 different species) and Ells (16 different species) 
rivers. The Steepbank, Firebag and }lacKay river watersheds also 
demonstrated considerable species diversification with 12, 14 
and 12 different species, respectively. Game fish and co~~er­
cially valuable species occurred most commonly in the Clearwater 
River and Ells River systems, with seven different species 
collected in each of the two watersheds. The Firebag River and 
Muskeg River watersheds yielded five and four game species, 
respectively. In contrast, the Steepbank River watershed yielded 
only tl!iO cOlInnercially valuable species and the MacKay River water­
shed only three. Forage fish and species without significant 
con~ercial or angling interest were most numerous in the Clearwater 
(10 species), Steepbank (10 species), Firebag (9 species). 
Ells (9 speci.es), MacKay (9 species), and Horse (8 species) 
river drainage systems. ' 

The Athabasca River contains virtually every fish recorded for 
the \vhole area and functions as a reservoir and wintering area 
for fish populations that migrate into streams from this major 
river. 

The 1967 lake survey. primarily using gill nets for collection 
purposes, did not emphasize the lakes' content of forage fish 
and other smaller species. 

2. Quality of River Habitats 

The lakes and streams in the study area were rated according to 
their assessed fisheries potential. A system of numerical 
classification from one to four was used to rate the potential 
of rivers. Those rated Class 1 and Class 2, and a high Class 3 
(25 score points or over), were considered to have excellent to 
good fisheries potential. Class 4 was considered to have poor 
fisheries potential. The classification of lakes and streams in 
the study area is presented in Figure 1. Class 1 and 2 rivers 
and lakes are outlined in red, Class 3 in yellow and Class 4 
in green. The class rating and the associated score points of 
rivers are compiled in Table 4. The assessed potential of each 
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lake surveyed is presented in Table 5. Water quality data from 
each survey station are compiled in Table 3. 

Rivers typically with the near-ideal fisheries potential of a 
Class 1 rating, extending virtually over their entire length 
within the study area. included the Cleanlater River and its 
tributary High Hill River. Christina River (the major tributary 
of Clearwater River), Ells River and Firebag River were also 
considered of excellent potential '\Tith class ratings varying 
between land 2 over most of, or all of, their lengths vlithin 
the study area. The Hangingstone River and Surmont Creek, both 
also draining into the Clearwater, likewise were very good rivers 
and vlere rated Class 2. 

Frequently, a high class rating was £.8signed to a portion of a 
river, although the river further upstream or dO\\11lstream '-,!QuId 
be rated as poor in fisheries potential. In the Clearwater 
River 1;'latershed. Gregoire River was rated as poor over most of 
its length, although short stretches appeared to be highly 
favorable and were rated Class 2 (Table 4). The Steepbank and 
North Steepbank rivers for many miles belmv their respective 
head\vaters floVI through flat muskeg country Ivith extensive 
.beaver activity. These portions of both rivers were rated Class 4. 
Further dOvmstream the rivers flow more rapidly and show improved 
habitat characteristics. Along these lower stretches, a Class 2 
rating I-las applicable. The Muskeg River "laS rated Class 2 over 
a relatively short stretch not far from the rivermouth, with 
a Class 3 below and a Class 4 to cover the remainder of the 
river. The Marguierite River, a tributary to the Firebag, 
similarly was rated as poor over the uppermost 80 to 90% of its 
length. A high Class 3 was assigned to the remaining 10 to 20%. 

Algar River and Grayling Creek were rated as poor. These 
rivers represent minor watersheds on the east side of the Athabasca 
River. 

Horse River was rated Class 3 at the mouth and Class 4 over 70 
to 75'1{, of its remaining length. Twenty-five to 30% of the length, 
1. e. the 1m'lcr Horse River, vlaS rated Class 2. The most favorable 
fisheries potential in the watershed was offered by the large, 
unnamed tributary draining the area imInediately south of Horse 
River itself. This tributary was rated a high Class 2 below its 
headHaters. 

MacKay River had major stretches rated a high Class 3 or Class 2. 
However, low ratings are given to further portions of the river. 
Its Dover and Dunkirk tributaries mostly were very poor, with 
Class /;, ratings covering almost their entire lengths, The entire 
Ells River below Gardiner Lake and excepting the lowermost four 
to SJ .. x miles, \.Jas considered to be excellent. Namur River in the 
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Ells watershed was considered suitable for support ofa moderate 
level of sports fishing. Two unnamed streams, one flowing into 
Namur Lake and one into Gardiner Lake both were considered to 
be relatively unproductive with little or limited potential for 
angling. Joslyn and Chelsea creeks, both tributaries to the Ells 
River from the north were considered unsuitable habitats for 
game fish production and rated Class 4. 

Among the rivers in the northwest corner of the study area, only 
the upper 4 to 5 miles of Birch River were rated as high as Class 2. 
The headwaters of Alice Creek in the Birch River watershed, and 
an approximate IS-mile-Iong portion of McIvor River were rated 
a high Class 3. The remaining river stretches in the Birch 
River, McIvor River and Bucton Creek watersheds were considered 
Class 4 habitat. 

Only Tar River and Eymundson Creek among the several smaller streams 
draining directly into the Athabasca from the west had stretches 
where the fisheries potential \Vas sufficiently high to merit a 
high Class 3 rating. The remaining streams, including Redclay 
Creek, Conn Creek, Buffalo Creek, Poplar Creek, Pierre River, 
Calumet River, unnamed river T<;vp.99. Rge. 9, througho'-lt were 
rated as Class 4 or a low Class 3. 

3. .Quality of Lake <,Habitats 

Fourteen lakes within the study area were surveyed with respect 
to their fisheries potential. The lakes are confined to eight 
different watersheds and are listed in Table 5 according to 
descending fisheries potential. 

The Namur and Gardiner lakes, both in Ells River '\.;ratershed, 
contained substantial populations of valuable species of fish. 
The lake whitefish collected in both lakes proved to be heavily 
infested vlith cysts of the tapeHorm Triaenophorus crassus. 
Namur Lake in addition contains an appreciable quantity of lake 
trout and in Gardiner Lake northern pike and '\.;ralleye ,,,ere readily 
collected. 

In the unnamed lake in T,\'p. 99. Rge. 16. the Vlhi tefish also 
were heavily infested vlith I. crassus. Yellow vlalleye Here 
present in cOJ1l.mercially exploitable quantities. 

The Gregoire and Georges lakes in the Clearwater River watershed 
have been intensively fished in the past. Both lakes provide good 
habitat for game fish and contain Halleye, cisco, pike and 
perch. In Gregoire Lake. Vlhitefish. burbot and longnose suckers 
also were collected. 

The unnamed lake (Twp. 103, Rge. 5) in 'Richardson River watershed 
had a good population of lake whitefish. The tapeworm infestation 
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in the collected specimens was low, with six cysts per 100 Ibs 
of fish. ~fuite suckers, from the net tests appeared to be 
plentiful and the presence of northern pike also was ascertained. 
In Legend Lake, the 'hrhitefish, pike and cisco ,vere comparatively 
small for their age and the v,rhitefish vJere heavily infested with 
cysts. The longnosed suckers in Legend Lake, 1ikevlise, were 
found to be slow groYling. In contrast, vlhite suckers, also 
present and probably plentiful, appeared to be relatively fast 
growing. Pearson Lake (Eleanor Creek watershed) yielded some 
good-sized pike. but the lake is relatively small and the whitefish 
and cisco were heavily infested with tapeworm cysts. 

The remaining lakes surveyed appeared to have little or no 
potential for commercial or recreational fishing. The white­
fish collected in the unnamed lake of THp. 100, Rge. 15, had the 
extremely high infestation of 1555 1:.. crassus cysts per 100 Ibs 
of fish. Although Halleye, pike and cisco were also collected, 
the fish "ilere small and slovJ groHing. 

The Audet. HcClelland, Kearl and Gordon lakes ,vere all shal1mv 
and rated low in fisheries potential. 

4. Invertebrate Fauna 

The distribution of insects, insect larvae and other aquatic 
invertebrates in lakes and rivers are compiled in Table 8a to 
Be. Only the 1969 and 1967 data included aquatic invertebrates 
other than ins~cts. 

The largest number of different species vlithin a single river 
was collected from Gregoire River on September 18 s 1972, for a 
total number of 12 genera. Eleven different genera Here collected 
in Ells River on August 27, 1967. Other rivers -;.Jith a high 
degree of species diversity included Clean-later River (seven 
different genera), Surmont Creek (7) Huskeg (9), Firebag (8), 
Harguierite River and its unnamed tributary (8 each), Namur River 
(7), and the unnamed tributary to Namur Lake (7). 

In rivers> Hydropsyche sp, and Athrix sp, vlere common. In lakes, 
the predominant invertebrate group vJas chironomids (F. tendipedidae). 

5. Bioassay 

The sample of Athabasca tar sand was nontoxic to test fish at a 
10% weight to volume concentration within a 96-hour period of 
exposure when stirred for 30 minutes prior to addition of test 
fish. Hm'lever, a 10% concentration of this sample, ,,,,hen stirred 
for 16 lwurs, vlaS toxic to all test fish \'lithin a six-hour period 
of exposure (Table 7). The laboratory assay was terminated after 
96 hrs. Total organic carbon content after six hours of stirring 



was 138 mg/l; after 16 hours, it was 532 mg/l. 

6. Vanadium 
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Typical analyses of Athabasca bitumen, gives values for vanadium 
ranging from 210 to 290 parts per million depending upon source. 
From limited analysis s the value for vanadium exceeds the total 
of other metals (nickel 82 - 100 ppm, iron 75 ppm, copper 2 -
5 ppm). 

Vanadium also comprises 4% by weight of the ash of bitumen from 
one quarry, 0.021% in another, and 0.08% in bitumen coke. 

The 96-hr TLm of vanadyl sulfate for the fathead minnow was 
measured at 4.8 mg/l and 30 mg/l in soft and hard waters, res­
pectively. Corresponding values for vanadium pentoxide were 
13 and 55 mg/l. Other tests with the bluegill sunfish gave 
96-hr TLm values of 6 mg/l in soft water and 55 mg/l in hard 
water for vanadyl sulfate, expressed as vanadium. 

E. DISCUSSION 

1. Topographical Considerations of Fish Habitat in the Study Area 

In the Fort McMurray study area, the recreational and commercial 
fishing value~ of existing water bodies is largely influenced by 
topographical facotrs. A substantial portion of the river 
systems originate in bog and muskeg country and for miles are 
characterized by flat gradients where the streams are slow 
mailing, meandering channels with few riffles and a predominance 
of pools, Frequent beaver activity tends to restrict the movement 
of fish. These areas are normally rated low in fisheries 
potential. In contrast, where the stream gradients become 
steeper through sloping country and river valleys; the fish 
habitat frequently is improved. The Steepbank, North Steepbank, 
Firebag, Marguierite~ and l'1acKay rivers, and to a lesser extent 
the Nuskeg, Horse, Dover and Hclvor rivers, are all examples of 
rivers that originate in muskeg country \vith 10\\1 habitat rating ~ 
but 1ilhich gradually change character to become more favorable 
do,,ffistream to several species of fish. 

Less frequently within the study area, streams originate in 
hill country ,,"here the water flo", is too rapid to provide suit­
able habitat for game fish. vJhere a flatter gradient further 
dmmstream improves the habitat characteristics, a higher class 
rating is applicable. 
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The sluggish streams that permeate the large areas of muskeg 
mostly provide unfavorable habitat for fish. The higher 
fisheries potential further do\vustream of rivers draining the 
muskeg may only be preserved intact where adequate precuations 
are taken to avoid detrimental downstream effects during drain­
age, diversion or construction in the muskeg country. 

Artificial flash floods across spawning grounds during the 
breeding season of a species are likely to wash away and cause 
mortality among fish eggs and young fry. Where the spawners 
simply scatter their eggs over the bottom in normally quiet 
waters, even moderately increased flow rates may have detrimental 
effects (Table 6). Upstream drainage resulting in desiccation 
or substantial lowering of the flow rate across a spawning ground , 
likewise jeopardize the recruitment of the spawning species. 

Rivers flowing through areas of construction may be subject to 
increased siltation,' following wind and water erosion of desiccated, 
exposed clays, soil or sand. Lake bottoms are also susceptible 
to siltation problems, particularly in the vicinity of muddy 
stream outlets. Artificial siltation of river beds and lake 
bottoms affects the fish habitat by changing the surface structure 
of rocky and gravel shallows, utilized as spawning grounds by 
several species, including goldeye, lake and mountain \vhitefish, 
cisco, grayling, white sucker and ,\valleye. In addition, 
siltation influences the composition of the bottom flora and 
fauna. Adverse cnanges in the bottom dwelling components of 
the regular river or lake food chain \o1ill affect the availability 
of a normal diet to fish inhabiting the exposed water bodies. In 
extreme cases, increased water turbidity may reduce the avail­
ability of light to the trophic zone and affect the metabolic 
rate of the community on the photosynthetic level. 

Floating bituminous products will introduce several problems to 
the biological cOIT&unity. Fish that feed on terrestrial insects 
will be affected. The Arctic grayling is a habitual surface 
feeder and is highly susceptible. Other species, including 
goldeye, lake trout, lake and flathead chub, intermittently 
feed on terrestrial insects. Insects whose larvae are aquatic 
are susceptible to oil on the water when the eggs are deposited. 
The release of the adult insect from the water subsequent to 
metarnorphosis also may prove difficult. The aquatic larvae of 
terrestrial insects are the domenant invertebrate forms in many 
water bodies in the study area and constitute an important 
dietary source to many species. Lake ~nd mountain whitefish, 
cisco, white and longnose sucker, flathead and lake chub and 
yellow perch are some of the species which feed on the aquatic 
larvae of insects. Depletion of the insect larvae in streams 
and lakes would significantly affect the fish habitat. The 
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potential toxiciry of bituminous tailings additionally 
necessitates strict adherence to water quality standards, with 
regard to all water discharge into the study area drainage 
systems. 

3. Invertebrate Fauna 

The demonstrated species diversity in the different rivers does 
not closely reflect the class ratings based on descriptive 
habitat assessment. Gregoire River, with the highest observed 
diversity of insects (12 different genera), was rated Class 2 
at the atypical stretch from where the insect samples were 
obtained. The rest of Gregoire River was Class 4. High Hill 
River~ attributed the highest fisheries potential of the smaller 
rivers within the study area, yielded only six different genera 
of insects. 

The observed predominance of Tendipididae (Chironomidae) in the· 
lakes with high fisheries potential suggests that these midge 
larvae may constitute an important source of food for fry and 
for adult fish that feed on aquatic insect larvae. Other lake 
invertebrates~ particularly the planktonic forms, to a limited 
extent reflected the assessed productivity of the surveyed 
lakes. No plankton sampling was included from Legend Lake. 

4. Athabasca Tar Sands Toxicity-

Bitumen in a "natural" form occurs in the Athabasca, Tar, McKay 
and Steepbank rivers and undoubtedly also in other rivers within 
the study area. Depending upon the percentage of entrapped sand, 
bitumen can occur as an exposed seam on the bottom of a river, as 
part of the Itgravelfl component in the stream bed, adhering in par­
ticle form to native gravel, in suspension, or on the surface 
forming a small but distinct irridescent sheen in back eddies. 

Since, in its naturally occurring form, bitumen concentration 
probably is not sufficiently high to kill fish in their native 
streams, it was considered useful to determine by bioassay what 
the effect on fish might be of higher con~entrations that could 
result from indu.strial disturbance of bitumen deposits adjoining 
fish streams. 

Accordingly, a sample of tar sand was collected from an outcrop 
on the bank of the Steepbank River about one-quarter of a mile 
from the mouth. The bioassay performed on the tar sands sample 
suggested that vigorous stirring within several hours will lead 
to the release of lethal levels of toxic material from the bitumen. 
Although the mechanical extraction and mining of tar sands may 
not cause the physical release of toxic components equivalent to 
over six hours of vigorous stirring in the laboratory, an 
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accumulation of wastes in the existing fish habitats may prove 
harmful over a period of time. Tailings products containing 
soluble or emulsified components of tar sands must be regarded 
as toxic. Their confinement to tailings ponds, isolated from 
the natural drainage systems, is required to curtail potentially 
adverse effects. The bioassay did not investigate the 
cumulative effects to fish over prolonged periods of time of 
toxicity levels that were nonlethal after 96 hrs. 

The toxicity to fish of vanadium salts in the laboratory decreased 
with one order of magnitude as the experimental bioassay 
conditions were changed from soft to hard water. The hardness 
of waters in the Athabasca study area ranged from 13 ppm CaC03 
(very soft) in Legend Lake to 470 ppm CaC03 (very hard) at an 
inflowing spring at Namur Lake (Table 3). Generally Hithin the 
study area) the lake Haters ,vere soft to moderately hard, whereas 
the river "mters (not including Clearwater River) mostly were 
moderately hard to hard. 

Thus, it might be expected that similar concentrations of vanadium 
would be considerably more toxic in lakes than in rivers. In 
any event, vanadium should not be al1mved to enter any water 
body and should be regularly monitored. 

7. Susceptibility to Oxygen Depletion 

At the majority of the survey stations, the dissolved oxygen was 
above 80%. Supersaturation Has frequent, consistent Hith good 
floH and aeration. The ,vater quality measurements and sampling 
regularly ,·,ere carried out at stations Hhere the fisheries 
potential Has good or fair. At these stations, the measured 
parameters indicate good resistance of the Haters tOHards rapid 
oxygen depletion under altered environmental conditions. 

Only near the head1;l7aters of the unnamed tributary to Horse 
River was the dissolved oxygen of a r'iver less than 50%. Pearson 
Lake, at a depth of 43 ft, during the 1969 survey contained only 
2 ppm of dissolved oxygen at l7 D C, i.e. approximately 20% 
saturation. 

If the latter observation is representative of a normal condition 
in Pearson Lake, an artificial increase in turbidity could result 
in further oxygen depletion, with the low oxygen water strata 
reaching closer to the lake surface. 

F. CONCLUSIONS AND RECGrfi'mNDATIONS 

1. All streams and lakes listed as Class 1 and 2 (Tables 4 and 5 and 
81)0';,'11 in red on Fishery Hap) have high fisheries potential and 

should not be disturbed. 
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2. All Class 3 water bodies (shown in yelloH on map) should not be 
disturbed until extensive investigation has been carried out to 
delineate the manner in which fishery values can be accommodated and 
at the same time meet industrial needs. 

3. All Class 4 water bodies have lOH fishery potential and may be 
modified for industrial purposes providing no change in Hater 
quantity and quality affecting downstream higher quality habitats 
is permitted. 

4. Any industrial activity affecting water bodies should not be 
undertaken without consultation vlith Fish and Hildlife 
authorities. 

5. Prior to undertaking industrial activity, a detailed environmental 
impact statement should be prepared for the specific property 
or lease. Survey methods used should be approved by Fish and 
Wildlife. 

6. Buffer zones or leave strips should be maintained along all 
watercourses where vegetation and wind conditions permit. 

7. Reclamation and revegetation of stream banks should be undertaken 
for all modified w&tercourses. 

8. Existing provincial and federal vmter quality and fishery 
regulations must be met to avoid damage to the environment. 
Vanadium should be added to the list of heavy metals in v.rater 
monitoring programs. 

9. Existing air quality regulations Hill provide environmental 
protection and must be met by industry. There is little natural 
buffering capacity in most water bodies to protect against sulfur 
based acid fallout. 

A. Bohn 
Research Officer 
Division of Applied Biology 

LV.F. Anen 
Group Leader, Ecological Surveys 
Division of l:\ppUed Biology 

AB:c 



TABLE 1 FISH SPECIES COLLECTED IN THE ATHABASCA STUDY AREA 

DURING THE 1967 AND 1972 SURVEYS 

Species Name Popular Name 

Stizostedion vitreum vitreum Yellow walleye 

Esox lucius --- Northern pike 

Prosopium \.Jilliamsoni Mountain whitefish 

Catostomus catostomus Longnose sucker 

PercoJ2sis omiscomaycus Trout perch 

Thlmallus arcticus Arctic grayling 

Cottus ricei Spoonhead sculpin 

Couecisius plumbeus Lake chub 

Notropis hudsonius Spot tail shiner 

Catostomus commersoni White sucker 

Semotilus margarita Pearl dace 

Rhinichthys cataractae Longnose dace 

Lota Iota Burbot ----
Cottus cognatus Slimy sculpin 

Coregonus clupeaformis . Lake whitefish 

Coregonus artedii Cisco (tullibee) 

Perea flavescens Yellow perch 

Chrosomus neogaeus Northern redbelly dace 

Notropis atherinoides Emerald shiner 

Culaea inconstans Brook stickleback 

Platygobio zracilis Flathead chub 

Salvelinus namaycush Lake trout 

Hiodon alosoides Goldeye 
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Table 3 

A.~AtYSIS OF WATER SAMPLES FROM ATHABASCA STUDY AREA 

f 
RESULTS IN rog!l 1..-. d 
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I 51.e.o,""ater River* 89 4 9.4 8.20 t,t, 40 16 50 ,,1 .2 11 3 28 1.2 .4 .3 J 235 1 
II II 89 9 S.30 68 69 22 50 .1 .2 20 4 39 1.3 .4 .2 5 335 1 

t fl ff 89 1 7.40 34 30 7 4 <.1 .1 7 3 3 .5 J,. .7 <1 75 

Clear water 17 

Ha::lgingstone River 85 9 9.2 8.20 172 192 <5 <1 <.1 .3 67 <1 6 2.0 .3 .4 13 362 2 

" " 88 9 9.6 8.30 2.90 210 39 17 <.1 .1 64 7 35 2.6 .1 .6 <1 475 2 
6 

Clear water 6 

.j C" ,in tir:a Ri v~" 88 7 10.8 8.00 154 163 31 100 <.1 .. 2 40 12 131 2.5 .4 .5 7 870 2 
,. i. 87 6 8.6 8.00 164 ISO 39 241 .1 .3 55 6 166 43 .2 .5 7 1050 2 

" " 84 4 8.00 128 159 28 .8 <.1 .4 46 2 18 1.6 .2 .5 4 335 1 
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Gregoire 't 85 6 9.2 8.20 152 194 33 42 <.1 <.1 49 6 62 2.1 .3 .5 2 480 2 

SU~00.t Creek 85 8 10.8 8.10 162 161 33 1 <.1 .6 15 29 6 2.0 .3 .4 5 325 2 
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1969 Survey 5 
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His" Eill River 89 4 8.6 8.30 140 138 14 1 <.1 .4 34 12 10 1.1 .4 .2 4 270 1 

" " " 89 3 8.10 HO HS 14 1 <.1 .5 39 2 8 .5 .2 .4 5 230 1 
14 

1 

Gregoire Lake, Sa~ple 1 7.6 50 50 40 

" " " II 7.8 50 55 40 I 
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1969 S...."rvey 

i 
S~ee"Jbank River 92. 9 9.6 8.30 146 189 17 7 <.1 .5 44 8 23 1.3 .1 .5 2 360 2 

I ~;crth S~eepba:"'Lk River 90 7 11.4 8.00 136 142 <5 1 <.1 .5 46 4 12 .5 .3 1.2 3 270 2 
2 

Tea br_own water 22 

11-:CJSk~~ R~ver 94 10 8.0 8.30 180 196 20 2 <.1 .7 57 8 14 1.0 .2 .7 3 375 2 . Tea bro\..". water 16 '"Cl 
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,~ Names denoting 'watersheds are underlined 
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I" " 99 7 
1°·2 

7.90 90 91 8 1 <.1 
fI " 96 4 '~l. 4 7.60 96 99 8 1 .1 

1l:::1:':;!w8G Trio. 95 4 ' l.0 7.60 82 76 <5 1 <.1 I :-:"':'g'-1ierice River 99 7 "0.8 S.OO 120 . 117 11 3 <.1 

I RicharGso:1 River 
l'u:13:::sd Lake 103 6 8.20 94 100 <5 1 .1 

II !t 103 5 7.9 48 57 <5 1 .1 

£l£'n~C'r C:-eck 7 7.2 80 90 
:: •• ~c::::;e.::i LG.k~ 103 7 8.30 86 73 <5 1 <.1 
?earson 1n~:e 8 7.7 73 50 

" " 2 7.1 78 75 

Mi~or ~a:ersheds 

L:=-:':1c.::-.ed Lake 103 7 7.80 78 79 5 1 .1 

HorsC! River 88 10 9.4 8.10 120 141 36 10 <.1 
". " Trib. 87 10 9.8 8.10 154 180 30 24 .1 
fI It " 84 11 5.0 8.20 182 198 31 1 .1 

I" K"r P' er 94 11 8.6 8.3 180 193 58 16 <.1 .,ac:tY. ~ .. .1~ 
90 16 10.l. 7.90 144 158 70 2 <.1 

Dover River 94 12 12.0 8.30 184 240 80 17 <.1 

Ells ?.i~ 97 16 11.4 7.60 72 67 IS <1 < .1 
" " 94 15 10.6 8.00 98 107 34 4 <.1 .. " 96 11 8.6 8.30 98 101 32 6 <.1 

" .. 7.6 60 75 
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.3 33 13 2 .9 .5 .2 

.3 28 4 3 .5 .2 .4 

.3 33 2 3 .5 .3 .5 

.8 23 5 3 <.1 .3 .6 

.3 37 6 3 .7 .2 .4 

<.1 27 6 <1 .9 .1 .2 
<.1 16 1 <1 .3 .5 .3 

SO 
.1 18 9 <.1 .7 .4 .3 

50 
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<.1 24 4 <1 .3 .2 .3 

.6 35' 7 24 1.6 .3 1.0 

.2 54 4 32 2.0 .8 .6 

.2 60 7 17 2.6 .5 .3 

.2 49 13 49 2.0 .2 .3 
1.0 51 3 24 1.4 .5 .7 

.1 68 3 55 2.6 2.3 .7 

.1 24 2 3 1.2 .2 .5 

.1 29 5 20 1.4 .2 .4 

.3 27 7 16 1.7 .1 .4 
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14 350 3 
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2 245 3 
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Light tea bro.~ water 17 
Clear, light bro.~ water 4 

4 
Tea brm .. 'n water 4 

3 -

-
1969 Survey 23.5 

Surface data 17 
43 .it of depth 17 

-
Dark bro.~ water 16 
Clear, tea bro.-n water 6 

- 6 

23 
2 

C1ea~ tea brown water 1 

Clear, light brown water 1 
Tea bro.-n water 2 

20 
August 27, 1967 "Cl 
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! ~~.:.::.~r Le.~:e 9.2 7.0 21, ·28 
i 11 It s?r'ing inflO'· ..... 8 17~5 

' 470 0 
1 G~~Gi:1c:- Lake 8 1,6 71 
t :'·::::::;.::-.~C La~e 99 16 6.8 7.2 1,1 60 

I " 100 15 8 7.5 45 SO 

Le::c:1d Ln:·~e 10 6.9 13 15 

! 
I ~~~~~ ~~~:: 99 17 10.2 6.50 30 12 <5 1 .3 

104 18 11. 6 6.00 16 5 <5 .1 <.1 , 
1.l3IV~:C River 103 IS 11.2 7. 1,0 48 46 6 1 <.1 

I :-:i:-:o:" ~·;at~rsh.;;ds 
7.4 !7.90 \ 176 i 'i'a:- ~~i·.~er 96 111 :).73 69 4 <.1 
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2.6 7 2 3 <.1 .4 .6. 
2.2 3 1 <1 .1 .3 .6 

2.6 16 1 5 .1 .4 .7 

.2 56 8 2.7 
1

2
•
6 I .3 .5 

6.4 52 34 31 3.2 1.0 .5 
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Aug. 15, 1967 
Aug. 10, 1967 
Aug.25, 1967 
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TABLE 4 SCORE AND CLASS RATINGS OF STREAHS A.~D RIVERS 

IN THE ATHABASCA STUDY AREA 

Watershed 

Clearwater 

Steepbank 
River 

Muskeg 
River 

Firebag 
River 

High Hill River 
Clearwater River 
Hangingstone River 
Christina River 
Surmont Creek 
Saline Creek 

Prairie Creek 

Gordon Creek 
Georges Creek 
Gregoire River 

River 

Gregoire River. atypical short stretch 

Steepbank River, lOHer 
Steepbank River, upper 
North Steepbank River, lower 
North Stecpbank Riv~r, upper 

Muskeg River, lower 4 - 5 miles 
Huskeg River, mouth 
Muskeg River, upper 
Heartley Creek 

Firebag River 
Unnamed tributary No. 1 
Unname,d tributary No. 2 
Unnamed tributary to Harguerite 
Marguerite River, atypical 10 -
l1arguerite River, remainder 
Reid Creek 

River 
20% 

All upper Firebag River tributaries, 
including Trout Creek and Hallace Creek 

Miscellaneous Clark Creek 
East Algar River 

Horse River 

Grayling Creek 

Unnamed tributary 
Unnamed tributary, headwaters 
Atypical lower Horse River 
Horse River. mouth 
Horse River, main portion 

Class 

1 
1 
2 

1 - 2 
2 
4 

(short stretches 
of 3 ) 

4 
(short stretches 
of 3 ) 

4 
4 
4 
2 

2 
4 
2 
4 

2 
3 
4 
4 

1 - 2 
2 
2 
2 
3 
4 

4 (probably) 

4 
3 
4 
4 

2 
3 
2 
3 
4 

Score 

36 - 38 
36 

30 - 34 
30 - 36 

30 

16 
34 

28 -

34 

34 
24 
19 

30 -
34 
30 
32 
26 

20 
18 

34· 
26 
30 
22 

34 

38 

~----------~-----------------------------------------~--------__ ----_I------_--~ 



TABLE 4 SCORE AND CLASS RATINGS OF STREAMS AND RIVERS 

IN THE AT&\BASCA STUDY AREA (CONTINUED) 

Watershed River 

J:i'.tacKay River Dover River, lO'wer 3 - 4 mi 1es 
MacKay River, lower 70 - 80 miles 
MacKay River, upper 50 - 60 
Dover River, upper 90 - 95% 
Dunkirk River 

Ells River Ells River, entire river except mouth 
Namur River 
Ells River, lower 4 - 6 miles 
Unnamed tributary to Namur Lake 
Unnamed tributary to Gardiner Lake 
Joslyn Creek 
Chelsea Creek 

Birch River Birch River, upper 4 - 5 miles 
Alice Creek~ headvlaters 
Birch River, below headwaters 
Louise River 

HcIvor River McIvor River, for 15 miles below 
headwaters 
McIvor River, headwaters and further 
downstream 

Bucton Creek Bucton Creek 

Miscellaneous Tar River, middle portion 
West Eymundson Creek, short middle portion 

Eymundson Creek, upper and lower 
Tar River, upper and lower 
Redclay Creek 
Conn Creek 
Buffalo Creek 
Poplar Creek 
Pierre River 
Calumet River 
Unnamed (TTdp. 99. Rge. 9) 

Class 

2 
2 - 3 

4 
4 
4 

1 - 2 
2 
3 
3 
4 
4 
4 

2 
3 
4 
4 

3 

4 

4 

3 
3 
4 
4 
3 
4 
4 
4 
4 
4 
4 
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Score 

34 
26 - 30 

<25 

32 - 36 

24 

30 
26 

26 

26 
26 

22 

\ .' 
~~, 
, . 
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TABLE 5 FISHERIES POTENTIAL OF LAKES IN THE ATRA.BASCA STUDY AREA 

Lake Hatershed Potential 

Namur Lake Ells River Very good 

Gardiner Lake Ells River Very good 

Unnamed (T\-1p • 99, Rge. 16) Ells River Good 

Gregoire Lake Cleanlater River Good 

Georges Lake Clearwater River Good 

Unnamed (T,vp . 103, Rge. 5) Richardson River Good 

Legend Lake 11ikkwa River Fair 

Unnamed (Twp. 100, Rge. 15) Ells River Fair 

Pearson Lake Eleanor Creek Fair 

Algar Lake Algar River Fair 

Audet Lake Firebag River Poor 

'HcClelland Lake Firebag River Poor 

Kearl Lake Muskeg River Poor 

Gordon Lake Clearwater River Poor 



Table 6-1 

BIOLOGICAL PA-~~~TERS OF FISHES COLLECTED IN ATHABASCA STUDY AREA 
Page 540 

Popular Name Species Name Preferred Diet Occasional . 
or Feeding Hah! ts PREFERRED HABITAT Tolerated, Alternative Fecundity Years Max Rec. Xa.'{ imum . Alternative Diet 

Habitat Spawning Period Data on Spawning Growth Rate Commercial or Ga,::ne Value Forage Value - to Maturity Age (yrs) Size Rivers Lakes l. Goldeye Hiodon alosoides A~uat.ic and terres trial As large adults, At surface, 25,OOO/~ Rapid at first 20" small fish night Large, muddy Turbid shallow Very high turbidity Late May to early Spawn on gravel shoals in quiet Market demand exceeds supply ir.:.sects. also mice and molluscs July expansions. Eggs semi-buoyant d' 6-9, '/. 7-10 then slower 3 lbs 
, 

2. Humpback Coregonus , clupeafor::-":'S Shri=.p, molluscs, Chironomid Plankton, Bottom or Over rocky reefs or in river 8 - 9 years 22 lbs Very high (lake white- terrestrial pelagic F. W. lakes down to 100 ~ Larger rivers, even Late summer to larvae insects feeders brackish conditions. November or December shallows fish) -
3. Lake cisco Coregonus artedii Plankton, crustacea, Young fish Late autumn Over sandy or gravel shallows J 14 20" Tasty and nourishing. Commercially Shallow or deep water chironomid larvae - eggs scattered on bottom utilized, especial~y as mink food 
4. Mountain ProsoEium williar::so::c ~u.dge Hay fly , stoneflYf and Bottom feeders. b Late fall, early No nests. Early spring hatching 3 - 4 years 18 20" Tasty and game. Good angling fish whitefish caddis fly larvae poor Clear or silty Down to about 10 m Quite fast currents 

5 lbs habitat may feed at winter . 
any level . 

-
5. Arctic Th:t!!!allus arcticus Terrestrial insects Amphipods, terr. insects After ice-break Usually in small streams scattered 5,000 - 10,000/~ Slow 24" Palatable game fish. Very easy to grayling Clear waters Clear waters, close to 

larvae J snails, fish, shore (May-early July) over gravel or rocky bottom. 5 lbs catch 
le~ing, sticklebacks, Slightly adhesive. No nest or -. parental core. 

6. Lake trout Salvelinus , namaycusG. Other fish, plankton t Large, clear riVers ·-Shallow to very deep Late summer, early Mostly along lake shores. No Up to 17 ,OOO/~ Very slow 25 48" Very high 
/ bottom organisms, terres- fall red~, eggs scattered 5 - 11 102 lbs trial insects 

7. Northern Esox lucitus Fish. insects, leeches, Voracious Shallow lakes and bays, Af ter ice-break Spawns usually in weedy,flooded n x 10,OOO/~ >4 ft Human and dog food in the North.Marketed pike birds:II maIrilIlals Quiet rivers 
scattered >40 lbs also in the U. s. and Europe near shore (May-June) areas. Adhesive eggs t 5 - 6 

8. Northern Semotilus margarita Insects, mostly beetles, Animal plankton, snaIl Occasional surface Summer Terri torial behaviour during !pawn. 6" Significant Clear and muddy Clear and muddy pearl dace machriebi vegetable debris ~nd algae fish, flies feeders No mound or excavation. 
. 9. Flathead Platzgobio gracilis Terr. insects and their Voracious and Muddy streams. Swift Summer 12.5" Very low chub ot:mivorous . , 

larvae, sand, berries, seed, currents. Avoids clear 
fish fry, small manunals water 
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Table 6-2 

Popular Name Species Name Preferred Diet Occasional or Feeding Habits PREFERRED HABITAT Tolerated, Alternative Fecundity Max Rec. Maximum Commercial or Forage Value Alternative Diet Habitat Spawning Period Data on Spawning 
Years to Growth Rate Age(yrs) Size Game Value 

- Rivers Lakes Maturity 

Probably alternative 1O.Lake chub Terr. and aq. insects and 3 - 4 5 - 6 6" None important Couesius Elumbeus Small fish Clear and o"Jddy Clear and muddy Very tolerant, outlets Summer No nests. Eggs unguarded 
to other species their larvaetalgae,zooplank-

bottom dweller of hot springs ton. • • 
6" 

11.Longnose dace Rhinichtzs cataractae Aq. insect larvae running Up to 6 ft/sec surf. Summer Probably no nest. Eggs probably 200 - 1200 eggs -Clear or 'Cuddy, - waters velocity (adults) guarded. Adhesive. prob. 3 

12.Northern red- Chrosomus eos Filamentous algae and Boggy margins of small Summer Nonadhesive eggs scattered among • 3" Possibly some forage value belly dace associated invertebrates • lakes algae . 
I3.Emerald shiner NotroEio atherinoides Probably larger zooplankton Probably algae and rotifers Present Present--pelagic Probably summer 4" Marketed for use as fish bait in Important in some areas 

(Daphnia) . Ontario . 
l4.S?ottail . -

6" 
Notro;eis hudsonicus Insect larvae, filamentous Plankton, small fish Recorded Clear shallows Large, turbid rivers Summer Over sandy._shoals or creek mouths. Prob. 3 shiner algae -- No nest,eggs unguarded --- .... -- . --

IS White sucker Catostomus comrnersoni Midge larvae, amphipods Molluscs, caddis larvae Bottom feeders as adults Warmer shallows Warmer shallows T >10'C Shallow gravel areas >50,000 eggs 25ft Palatable, canable. Earlier important 
Fry prob. plankton feeders , . 7 lbs food . 

-16.Longnose Catostomus catostomus Amphipods, midge and caddis Ubiquitous Down to "considerable" Brackish river mouths After ice melting Inlet streams, also outlets and d' 5, ~ 6-7 25" Frozen fillets narketed in Great Lakes sucker larvae, sphaeriids depths shallows of lakes. Adhesive eggs. 7 Ibs area. Good bait for trout and pike 

l7.Trout-perch PercoEsis omiscomaJ.:cus Aq. insects, small Quiet bade'Haters of large Along shallow, sandy Late spring, early Nocturnal, in slow streams and lake 700 or less 4" or None Important for lake trout and 
crustaceans, molluscs muddy rivers beaches; juveniles deeper summer shallows. Eggs adhesive more walleye 

-l8.Burbot Lota Iota Fish in general Crustaceans, caddis larvae Voracious carnivore. Large rivers and small At least to 100 m depths, Late winter, under the Spaw"'!ls in streams and shallow l,OOO,OOO/~ 4 ft Used for dog and mink food. Winter ----
. sphaeriids Nocturnal feeder streams also in shallows ice lakes. Eggs adhesive, no nest 75 lbs fish palatable flavor 

. 
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Popular Na.me Species lI=e Preferred Diet Oc:casional or Feeding Habits PREFERRED HABITAT Tolerated, Alternative Data on Spawning 
Fecundity Max Rec. Maximum Commercial or 

Alternative Diet Habitat 
Spawning Period Years to Growth Rate Age(yrs) Size Game Value Forage Value 

Ri.vers Lakes }\aturity 

19.Brook Culaea inconstans Insect larvae, ostracods-,-" Stickelback eggs Carnivorous. BottO:::l Slow streao.s. Weed beds Shallow lakes and bays. Summer Territorial.d"builds nest, guards 40 - 80 eggs/<r. Not known 2.5" Valuable, pike and 
sticke1back small crustaceans and feeders Heed beds. eggs. Eggs adhesive 1 yr, farther walleye 

molluscs south 

20. Slimy sculpin Cottus cognatus Aq. insects, crustaceans, Cool, running water, rocky I Less frequent. ,Over rocky Eggs attached to undersides of Not known Not known 4.7 H 

fish fry, algae or sandy bottom bottoms, with some current Early summer stones, guarded by ci" 

21. Spoonhead Cottus rice1 Not known Large, muddy rivers, Down to 200 m or more Tide pools Not known 4.2ft Eaten by lake trout and 
sculpin possibly cor:rnon at depth . burbot 

22.American Perea fluviatilis Small fish, even own fry. Carnivorous Sluggish streams - Quiet bays. Near weeded Late .spring or early Eggs in strands up to 2 m tangled Up to 40,OOO/!f Slow 20ft Delicious eating. $1.5 million market 
yellow perch flavescens Insect larva, crustaceans "- areas summer in stems of w. plants 2 - 3 yrs . 4 lbs in Canada in 1962 . Also good angling . molluscs fish . 

-
23. Yellow Stizostedion vitreum Fish Mayfly nymphs, aq. insec·ts; Piscivorous Present Depths of <5 m Spring, at ice-break Sandy or rocky lake shoals or Up to 600,000/\?- Slow in northern 30 11 Prized food fish. Market value, Canada, 

walleye vitreum amphipods gravel shallows- of streams. Eggs ~ 6,0'5 (in waters 11 lbs 1962: $5,000,000. Attractive to 
abandoned northerrt anglers 

waters) 
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TABLE 7 LIMIT BIOASSAY RESULTS OF ATHABASCA TAR SAND 

Sample received: September 12, 1972 

Test fish: Juvenile coho salmon (Oncorhynchus kisutch) 
10 fish/test solution 

Mean fish weight: 3.1 g 

Test volume: 20 li.ters 

Test temperature: 15°C (60 cF) 

Dilution 'ivater: 

Dissolved oxygen content: 

Vancouver City dechlorinated tap water 

>9 mg/liter 

Static 96 hr bioassay without exchange 

I I Test 
Conductance 

Total 
pH (micromhos/cm) Organic Carbon 

I (mg/liter) 
Sample 

Concentration 
% wt/vol 

(g/IOO ml) Before After Before After Before After 
Stirring Stirring Stirring Stirring Stirring Stirring 

! Athabasca 
tar sand 0): 10 6.5 6.9 25 37 1 138 

I Athabasca 
tar sand xx 10 6.5 7.6 25 138 1 532 

I Control I (dechlori.nated 
6.5 25 1 I tap Hater) - - - -

I __ ------------- .... ---_ .. _-----

* Sample stirred vigorously 30 min prior to addition of test fish 

** Sample stirred vigorously for 16 hr prior to addition of test fish 

6-hr 

100 

0 

100 

_. 

% Survival 

24-hr 48-hr 

100 100 

a 0 

100 100 

96-hr 

100 

0 

100 

I 

I 

I 
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FOREWORD 

The Athabasca Oil Sands have been estimated to contain more than 

600 bill ion barrels of heavy oil, and are generally considered to be the 

largest known reservoir of oil. They outcrop along the Athabasca River 

valley and its tributaries in northeastern Alberta between latitudes 56°30' 

and 58° north, and between the Saskatchewan-Alberta boundary and 112° west 

longitude. The extent of the oil-impregnated sand in the subsurface is 

incompletely del imited, but it appears to extend over an area of 20,700 

square miles bounded by latitudes 55° and 58° north between the Fourth 

and Fifth Meridians (Fig. 1). It is thus 204 miles long and 120 miles wide. 

i i 
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EARTH SCiENCES BRANCH T6G 2C2 OUR REF: MAC/ I JM/bb 

January 15s 1973 

Mr. Harold V. Page 
Project Director 
Athabasca Tar Sands Study 
Intercontinental Engineering of Alberta Ltd. 
11055 - 107 Street 
EDMONTON, Alberta 

D ea r Mr. P age: 

\1e have the pleasure to transmit herewith our report, liThe 

Erov i ror.menta 1 Impact of In situ Techno logy, II for the Athabasca 

Tar Sands Study as requested in your letter of August 15, 1972. 

Yours sincerely, 

dA[ll C' 0 
I \' i \ . t, b OJVV-~I,I) 

:.:-:+-"b 
M. A. Carrigy, P. Geol. 

9L~"""7 v ))( ( __ '~J././---o/ 
1/ 

I. J. Mclaws, P. Geo!. 
Geology Division 
Research Council of Alberta 
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of Alberta Ltd. 
11055 -107 Street Edmonton, Alberta, Canada 

Dr. M.A. Carrigy, 
Research Council of Alberta, 
11315 - 87 Avenue, 
Edmonton, Alberta. 

Dear Maurice: 

August 15, 1972. 

Re; Athabasca Tar Sands Study 
In-situ Technology 

This will confirm our recent discussions in which we indicated a 
desire to have you provide consulting services on the environmental impacts 
of the in-situ recovery technology. 

This will comprise part of Phase II I of our Study and we have 
allocated $5,000. of our Study budget to the specific investigation of the 
in-situ method. 

I believe you are already familiar with the terms of reference for 
our Study as a resul t of your participaticm to date. We sincerely appreciate 
the support and advice h'hich you have provided throughout Phase II of our 
Study. Your technical contributions were incorporated into our progress 
report to the Client, a copy of which is being mailed with this letter. 

We can discuss this subject in further detail at our meeting 
scheduled for Tuesday. August 29th. 

Yoy.rs truly, 

c-.. <_~-- .. :k .. )v? ~ / ~ 
~_::.~ .. ~ ..... / c/-.-/'l,..-~.::::...", 

Harold V. Page, P.Eng., 
Project Director. 

ATI-1\BASCA TAR SANDS STUDY 

!-NP: ejb 

P.S. Ploase noto that the Client has designated our progress report as 
strictly confidential and therefore the infoTJllation provided therein 
should be used only for the requirements of our Study. 

v 
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I NTRODUCT ION 

For the purposes of this study, we have examined the demands that will 

be made on the environment of the Bituminous Sands Area by the production 

of J.3 mil I ion barrels per day* of bitumen by in situ methods of extraction, 

in situ extraction implying the recovery of bitumen from the pores without 

disturbing the reservoir rock. This process usually involves the dril ling 

of many injection and production wells into the reservoir in a closely spaced 

pattern, and the collection and del ivery of the bitumen to a field plant for 

upgrading to a synthetic oil. 

Most of the in situ methods require the appl ication of differential 

pressure to the reservoir, and for this reason it is generally conceded that 

for safe and effective operations with today's technology, the overburden 

should not be less than 500 feet. The study area is therefore confined to 

that portion of the Athabasca deposit buried to depths of more than 500 feet 

in the Bituminous Sands Area. This in situ area comprises about 3,700 square 

miles and is about 64 per cent 'of the Athabasca deposit within the Bituminous 

Sands Area. Some 2,000 square miles of the Athabasca deposit, all of it 

buried deeper than 500 feet, 1 ies outside the Bituminous Sands Area and is 

not considered in this report. In addition, that portion of the Athabasca 

deposit covered by 200 to 500 feet of overburden has not been included, 

although it may conceivably be developed by in situ methods at some future 

time. 

Existing patents on ~n situ technology and extensive 1 iterature on 

secondary recovery of petroleum have been reviewed. It is clear that much 

of this technology cannot be transferred to the Athabasca deposit without 

considerable modification. 

Our predictions, at this time, of the environmental effects of large 

scale ~n situ production are subject to some significant limitations. Firstly, 

there Is no commercial production from in situ operations in the Bituminous 

Sands l\rea, and although some experimenta1 work has been carried out by two 

oil companies with two of the most promising methods, factual data Is scarce. 

~, It is assumed that 1.3 million barrels of bitumen will yield 1.0 million 
barrels of 'synthetic ' oil. 

x 
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Secondly, the area has until very recently been largely inaccessible and little 

factual data exist on the meteorology, hydrology, soils, vegetation, and 

wildl ife of the area. Current evaluations of the economic values of the 

renewable resources of the area were not available during the preparation 

of this report. 

Within this context, we have proceeded to examine in a theoretical 

way those actions which we believe will have a significant effect on the 

environment in the Bituminous Sands Area should commercial in situ production 

begin. 

Shell Canada Limited and Muskeg Oil Company appl ied to the Energy 

Resources Conservation Board for permission to go into commerial or semi­

commercial production, but both appl ications were subsequently withdrawn. 

The Shell Canada Limited submission was based on a steam-Injection system 

for extraction and Included data on upgrading the bitumen to a synthetic 

oil in two stages. The first stage processing was to take place at the 

production site and the final upgrading in Edmonton. The Muskeg Oil 

Company submission was concerned only with the production of the raw 

bitumen by a modified underground combustion method and did not include 

deta 11 s of the bitumen upgrad i ng phase; thus, it is cons i dered to be a 

semicommercial venture. Because of these differences, it is difficult to 

make meaningful comparisons between the tV-IO systems. For example, in the 

Muskeg Oil Company appl ication, details of the field gases are given because, 

in the absence of a processiong plant, they will have to be flared or vented. 

In the Shell app1lcation. no field gas analyses are given because they enter 

the primary processing plant along with the steam and bitumen emulsion. 

Similarly, sal ine water produced along with the bitumen emulsion in the 

Muskeg Oil Company method has to be concentrated and disposed of before the 

bitumen is del ivered to a distant processing plant, whereas in the Shell 

Canada Lirnited system, the saline water in the emulsion Is diluted by process 

waters and ultimately discharged into the surface drainage system. 

From our examination of these tV!O appl ications for commercial and semi­

commercial production by in situ methods, \'>ie believe the following major 

environmental impacts can be anticipated. 

xi 
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I. Ai r qua 1 i ty 

a) Steam injection (field and primary upgrading facility) 

In the Shell Canada Limited appl ication, 460,000 long tons a year of 

sulphur dioxide was to be emitted to the atmosphere from a plant producing 

100,000 barrels of synthetic oil a day. These emissions will come from the 

burning of the high sulphur residual fuel (pitch) in the power plant used 

xi i 

to generate the steam for injection and the electricity for primary processing. 

If this process were to be used for the production of I mill ion barrels 

of synthetic oil. without S02 abatement, 4.6 mill ion long tons of sulphur 

dioxide \vould be emitted annually from fevJer than 10 plants. This amount 

of sulphur dioxide would be equivalent to 20 per cent of the estimated 

annual emission of sulphur dioxide from the untreated stack gases of all 

stationary power plants in the United States in 1970.* About 80 per cent 

of the S02 emission would be produced by burning fuel to produce steam 

for injection into weI Is. 

b) COFC~~ (field fac!l ities only) 

Extrapolation of experimental data provided by Muskeg Oil Company 

suggests that 0.5 mill ion tons of S02 a year would be produced by flaring 

the gases collected with the bituminous emulsion for each 1.3 mill ion barrels 

of raw bitumen produced. 

2. !:an~~~...::...in\L {field faci1 ities only) 

To accommodate drill ing sites, roads, pipe] ines, etc., required by 

in situ extraction, large tracts of land have to be occupied for periods of 

up to 7 years. For example, a well field producing 130,000 barrels of bitumen 

a day would have about 1,600 operational wells spaced less than 300 feet apart 

over an area of 5.0 to 6.0 square miles at all times. If the clearing is 

confined to pippj ine rights of way, servicing roads, and well sites, 50 per 

cent of the vegetation would have to be cleared. Thus, to produce 1.3 million 

barrels of bitumen, the total area cleared of vegetation at anyone time 

would be between 25 and 30 square miles in fewer than 10 well fields. 

* Ad hoc panel on Control of sulfur oxide from Stationary Combustion 
Sources: National Academy of Engineering, Washington, D.c. 1970. 
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3. W~ter consumption 

a) Steam injection (field and primary and secondary upgrading facil ities) 

A fully integrated steam-injection system capable of producing 100)000 

barrels of synthetic oil v10uld require 25,200 gallons of water a minute, which 

is equivalent to a stream flow of 55.5 cubic feet per second. Thus, 10 plants 

producing a totai of 1.0 mill ion barrels of synthetic oil would require 

an amount of water equivalent to a flow of 555 cubic feet per second. 

b) ~~am injection (field faci1 ities only) 

The water requirement for production of ].3 million barrels a day of 

raw bitumen by steam injection is estimated to be about 260 cubic feet per 

second. 

c) COFCAW (field faci] ities only) 

Early experimental data indicate that less water is required for bitumen 

production by underground burning than for steam injection, as most of the 

formation water produced along with bitumen can be recycled without treatment. 

4. Groundwater contamination 

Although no estimate of the magnitude of the groundwater contamination 

problem can be given at this time, we can anticipate that, during in situ 

extraction, chemicals will be injected into the reservoir for a variety of 

reasons, for example, to initiate combustion, stimulate production, seal 

off permeable layers, and to heat the formation. Normally the concentrations 

of these chemicals will be low, and most of them will be recovered during 

production. However, it must be emphasized that in situ operations conducted 

in the Bituminous Sands Area are in the zone of moving groundwater which 

ultimately discharges into the surface drainage system, and constant monitoring 

will be needed to prevent contamination of the groundwater supplies which may 

be needed for domestic or industrial purposes. 

5. Liquid efflents 
---.:-.~-.--~--.--

a) _~~~am i!:.jec:.~_lon (upgrading faci1 ities only) 

little data are available on the temperature or composition of the 

effluents to be discharged from a steam injection processing plant. Shell 
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Canada Limited, in their submission, estimated that 10 barrels of oil 

dispersed in 396,000 barrels of water would be discharged into the Ells River 

for each 100,000 barrels of synthetic oil produced. 

b) COFCA\4 (field facil ities only) 

A large volume of saline water will be produced along with the bitumen. 

The salts in this water will be concentrated during field processing. Experi­

mental data suppl ied by Muskeg Oil Company suggest that up to 600,000 barrels 

a day of salt water wi1 I be collected during the production of 1.3 mill ion 

barrels of raw bitumen. 

xiv 
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CONCLUSIONS AND RECOMMENDATIONS 

With regard to Environmental Protection 

If the full oil-producing potential of the Athabasca Oil Sands is to 

be real ized, a viable method or methods of in situ extraction must be 

available. At the present time, no app! ications are pending to produce 

commercial quantities of bitumen by in situ methods, and we estimate that 

it will require 8 to 10 years of intensive research and development to 

evolve a suitable method and to do the field testing necessary to ensure 

that it will meet acceptable conservation and environmental criteria. 

Environmental problems associated with the two most advanced in situ methods 

developed to date are discussed in this report in some detail. 

Because of the lead time available before commercial in situ develop­

ment begins in the Bituminous Sands Area, there is time, if work is begun 

immediately, to establ ish the basic environmental criteria by which to 

ensure that when commercial development is approved it can proceed with 

the minimum of disturbance to the environment. 

To collect the data necessary to establ ish these environmental criteria 

the following actions and time table for their initiation or completion are 

recommended: 

1) Effective immediately, require that all holders of leases in the ~n situ 

area begin collecting ecological basel ine data, so that adequate 

environmental impact statements can be provided to the Department 

of the Environment when app] ications for commercial development 

are made. 

2) Effective immediately, prohibit withdrav1al of v1ater from all lakes 

and streams In the in situ area until a survey has been made of all 

possible sources and the volumes available. Priorities of water use 

can then be establ ished. 

3) Effective immediately, begin drafting regulations requiring the minimum 

of land clearing around wells, pipel ines and other temporary field 

f Be i 1 it I es . 

xv 
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4) As soon as possible, establ ish a network of recording stations In the 

~n situ area to measure the fol lowing parameters at appropriate 

Intervals for a period of at least 10 years: 

a) precipitation, b) evaporation, c) air temperature, d) stream flows, 

e) lake levels, f) water tables, g) water temperatures, h) water 

quality, i) pressures at several depths In deep observation wells 

drilled from ground surface to base of the bituminous sands. 

5) As soon as possible, draft regulations requiring monitoring of all 

experimental in situ test sites for groundwater contamination. 

xvi 

6) As soon as possible, draft regulations to ensure that no toxic concentrations of 

chemicals or radioactive materials are injected Into the bituminous 

sands reservoir. 

7) Before cemmerical ~n situ development permits are issued, draft 

regulations to ensure the production zone is flushed and refilled 

with compatible formation water after production has ceased. 

8) Before 1975, determine the location of al I suitable dam sites on 

streams crossing the in situ area so that water storage sites and 

catchment areas may be protected. 

9) Before 1978, make an inventory of all renewable resources such as 

lumber, fish, wildfowl, fur-bearing animals and big game in the 

in situ area. 

10) Before 1978, make a survey of t~e in situ area to establ ish the 

presence of any unique animals, plants, nesting sites, spawning 

grounds, ecosystems, etc., with a view to making satisfactory 

arrangements for their protection. 

11) C6nsider 8drly assessment of Impact of commercial development on 

native people and establ ish 1 ines of communication. 

12) Before commercial in situ development permits are Issued, draft 

regulations to ensure land reclamation objectives will be achieved 

after production has ceased. 
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With regard to Government Pol Icy 

Because of the early stage of development of in situ extraction 

processes in the Athabasca Bituminous Sands, there is an opportunity for 

the Alberta Government to maintain control of, and exercise leadership in, 

the development of the major portion of the Athabasca reserves.* The first 

requirement is a new leasing policy for the whole deposit, one feature of 

which should be that no more than 50 per cent of the deposit** shall be 

leased at anyone time, and that these leases shal I be distributed throughout 

the area in some sort of checkerboard pattern.*** 

In addition to the 50 per cent restriction on leased acreage within 

the &n situ area, it is recommended that no more permits or leases be issued 

in the Bituminous Sands Area where depths of overburden are greater than 

200 feet but less than 500 feet. This area or zone, which comprises 

838,000 acres, completely surrounds the mining area, and the bituminous 

xvi i 

sands beneath this area are too deeply buried for open-pit mining and too 

shallow for in situ methods. Keeping this strip clear of leases will prevent 

jurisdictional disputes that will undoubtedly arise if these two methods of 

extraction are allowed to share common lease boundaries. It will also simpl ify 

administrative procedures if, in the future, different ·regulations are to apply 

to the mining and in situ leases. 

With regard to Research Pol icy 

We bel ieve the problems of &n situ technology In the Athabasca deposit 

to be suff i c i ent 1 y different from convent 10na 1 "seconda ry recovery" methods 

used in the petroleum industry to require unique solutions which can only be 

tested and evaluated in the area of development. Therefore, the Alberta 

Government should encourage cooperation among lease holders for the testing 

of new and novel methods of in situ extraction by Initiating and supervising 

research and development programs. 

* It is estimated that 3.7 mill ion acres or 73 per cent of the Athabasca 
deposit is overlain by more than 500 feet of overburden. 

** In the Bituminous Sands Area 39 leases comprising a total of 1.7 mill ion 
acres are located in the in si.tu 'Hea. This represents 53 per cent of 
the land In the Bituminous Sands Area with more than 500 feet of overburden. 

*** This will al low lease boundaries to be adjusted to ore body dimensions 
without disturbing neighbouring lease holders and prevent the establishment 
of monopo 1 i es. 
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I .J. Topography and drainage 

The Bituminous Sands Area is located in northeastern Alberta on the 

Interior Plain, adjacent to the Canadian Shield. The main drainage of the 

area is provided by the Athabasca-Clearwater system, the valleys of which 

are incised into a broad, gentle, muskeg-covered high plain to depths of 

200 to 300 feet (Map 1). The tributary streams originate in three highland 

areas: the Birch Mountains to the northwest, which rise to about 2700 feet; 

Stony Mountain to the south, reaching an elevation of 2500 feet; and Muskeg 

Mountain to the east, with a gradual rise to 1900 feet. To the southwest 

of the area, between Birch Mountains and Stony Mountain and north of the 

eastward flowing Athabasca River, is a subdued highland with gentle slopes 

called the Thickwood Hills. These hills give rise to northward flowing 

tributaries of the MacKay River, with only a few short streams flowing 

southward to the Athabasca. 

A few shal10w lakes are located in the area, the largest and most 

numerous of which are located on the top of ~irch Mountains and form an 

interconnected chain of lakes which flow into the Ells River. These are 

called Eaglenest, Gardiner, and Namur Lakes. The only other lakes of any 

size, Algar and Gregoire Lakes, are located on the high plain to the south, 

with streams flowing in and out of them. McClelland Lake is located in 

the lowlands northeast of Bitumount in an area of internal drainage. 

I .2. ell ma te 

The climate of the Bituminous Sands Area is subarctic and is similar 

In many respects to that experienced In Edmonton. Fort McMurray, at an 

elevation of 800 feet, has a mean annual temperature of 29.8 degrees 

Fahrenheit and on an average remains frost free for approximately 67 days 

each year. Mean annual precipitation is approximately 18 Inches OVer the 

region, although there is good reason to bel ieve that there is an orographic 

effect on precipitation distribution. 

2 
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. I .3. Su rf i cia 1 Depos i ts 

Most of the Bituminous Sands Area is covered by unconsolidated glacial, 

fluvial, and lacustrine deposits ranging in thickness from a few to several 

hundred feet. Glacial drift up to 600 feet thick covers the north flank 

of Muskeg Mountains and much of the Stony Mountain area. Many of the 

minor landforms and the uppermost mantle of sediment over the whole area 

are the result of the retreat of the continental glacier which covered 

the area until 10,000 years ago. 

I\eol ian deposits found as sheet deposits and dunes derived from outwash 

sands and gravels are widespread adjacent to the Athabasca River valley In 

the northeast of the Bituminous Sands Area. 

Recent alluvial deposits composed mainly of sand are found along the 

valley of the Athabasca River and silt and clay along some smaller streams. 

Slumping of soft Cretaceous bedrock occurs on the steep slopes in many parts 

of the area. 

I .4. So i 15 

All mineral soils developed in the Bituminous Sands Area fall in the 

Grey v!oocled soil group; hO\l~ever, at least 60 per cent of the area Is covered 

by organic 5011, often referred to as muskeg or sphagnum moss bog (Map 2). 

Organic soils are defined as those which have over 12 inches of peat at the 

surface. These soils are acid to moderately acid in reaction and have a 

high water-holding capacity, and ice is commonly encountered at depths of 

16 to 30 inches. 

Grey Wooded-Podzol soils develop where there is better drainage and a 

continuous tree cover. The sorl profile typically has a few inches of leaf 

litter beneath which there is a grey zone vJhere the solI is leached of any 

plant nutrients (Photo 1). These soils have a low natural fertl1 ity and at 

the surface have an acid reaction which ranges between 4.8 and 7 pH units. 

Most of the Bituminous Sands Area has been classed as pasture and 

woodland. A combination of poor soil and lack of drainage makes this 

area of little value for agricultural development (Lindsay et aL 1957, 

196 i, 1962). 

4 
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1.5. Vegetation 

The Bituminous Sands Area 1 ies entirely within the boreal forest 

region. The vegetation Is a mixture of deciduous and evergreen trees. 

The greater part of the area is treed by aspen poplar but large areas are 

open sphagnum moss bogs with clumps of stunted black spruce (Photo 2). 

Small islands of jack pine and v"hite spruce are scattered throughout the 

area. 

There is a very close relationsh1p between topography, soils, and 

vegetation in the area. The inorganic grey wooded soils have a mixed 

cover of trembl ing aspen, white spruce. and jack pine where the drainage 

Is moderately good (Photo 3). The poorly drained areas have white spruce 

as the major cover with occasional aspen. Improvement in drainage and 

irregular topography give rise to relatively pure aspen stands on hill 

crests. 

The organic soils are generally treeless but where the layer of organic 

matter is thin and drainage improvesj black spruce and labrador tea appears. 

Tamarack is also present but is not common. 

1.6. Fauna 

Among the most characteristic large mammals of this area are the black 

bear, wolf, Canada lynx, white-tailed deer, mule deer, moose, and caribou. 

The Bituminous Sands Area is located on the Mississippi and Central 

flyway of waterfowl but it is not bel ieved to be an important resting or 

nesting ground. The area includes the breeding range of the blue jay and 

boreal chickadee and the summer grounds of the white pel ican. Among the 

many birds found in the area are the lesser yel10wlegs and solitary 

sandpiper, the myrtle warbler, the yellow warbler, spruce grouse, ptarmigan, 

and ruffed grouse. 

Common fish found In lakes and rivers of the Bituminous Sands Area are 

the walleye, northern pike, g01deye, lake trout, and Arctic grayling. 

7 
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1.7. Bedrock Geology 

The sedimentary succession overlying the Precambrian basement reaches 

its maximum thickness of about 3,000 feet at the southwestern corner of 

the area and thins fairly uniformly to zero at the edge of the Precambrian 

Shield in the northeast (Fig. 2). 

The Precambrian granites and gneisses are overlain dlsconformably by 

carbonate and evaporite strata of Middle to Late Devonian ages, which are 

inferred to under1 Ie glacial deposits In the lowlands adjacent to the 

Athabasca River in the northeastern part of the map area (Map 3). The 

Middle Devonian succession is composed of dolomite, minor dolomitic 

1 imestone, salt, shale interbedded with gypsum, and possibly anhydrite 

un i ts of llnknovm th 1 cknesses. The Upper Devon ian vJaterways Forma t ion 

comprises a succession of Interbedded 1 imestone and argillaceous limestone, 

exposed mainly along the Athabasca, 1'1uskeg, and ~1acKay River valleys in 

the central part of the map area. 

Strata of Early Cretaceous age under] Ie much of the high plain adjacent 

to the Athabasca River In the southwest part of the map area, extending 

under the highlands to the northwest (Birch Mountains) and to the east 

(Muskeg iv'!ountain), The Cretaceous succession consists of oil-impregnated 

quartzose sands and silty shale of the McMurray Formation.* The bituminous 

sands are overlain by bentonitic marine shales and feldspathic sandstones 

of the Clearwater and Grand Rapids Formation. The youngest bedrock strata 

are the dark marine shales of the Shaftesbury and Labiche Formations, which 

cap the upper slopes of the Birch Mountains. None of the Cretaceous units 

are well exposed outside of the Athabasca River valley and the lower reaches 

of its tributary streams. 

The Athabasca Bituminous Sands refers to the oil-impregnated part of 

the McMurray Formation. 

The McMurray Formation consists of sediments of continental origin 

deposited in fluviatile, deltaic, lacustrine, and lagoonal environments and 

It rarely exceeds 200 feet In thickness. No fossils permitting precise 

* These oil-impregnated beds are variously known as the Athabasca Tar Sands, 
Athabasca Bituminous Sands, or Athabasca Oil Sands. The Mines and Minerals 
Act refers to the oil sands within the designated study area as Bituminous 
Sands and this terminology is used throughout this report. 

8 
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. age determination hav~ b2en obtained from the McMurray Formation, but the 

current opinion is that it is of early Cretaceous age. The overlying 

Clearwater Formation carries a vIell developed marine macro- and microfauna 

of Cretaceous Middle Albian age (Mel Ion and Wall, 1956). 

Although the beds of the McMurray Formation have a heterogeneous 

appearance due to the variation of grain size and bitumen content of the 

sediments, the petrographic characteristics of the formation are remarkably 

uniform. The major constituent of all grain sizes is quartz, with minor 

amounts of feldspa( and mica. In the nonopaque heavy mineral fraction the 

most abundant minerals are tourmaline, chloritoid, zircon, and staurol ite 

(Mellon, 1956). The clay-size material Is composed of illite, kaol inite, 

chlorite, and quartz. 

The bulk properties of the bituminous sands vary with the percentage 

of bitumen. The range of values is shown in table 1. 

The variations in thickness shown In figure 3 of the bituminous sands 

are mainly due to topography on the I imestone surface. 

TABLE I t 
BULK PROP!":'.RTIES OF THE ATH/\i1ASCA TAR SAt\DS 

Propert), 

Bulk Density 

Porosity 
(per cent) 

!"atuntion 
(pcr cc:nt) 

Ajr 
Pcrrnc.abilit v 
(rni {~ll{,} rcys-) 

BilUfnCJ1 C"ontell! 
(per CCII! 

of (f,-y h·cii;,hl) 

>10 
unkno\vn 
unkno\vn 
unknown 

>10 
unkno\vn 
unknown 
unknown 

>10 

>JO 
4-10 
<4 

Range Average 
ofvallics 

1.75-2.09 1.90 
1.86-2.36 1.972 
1.98-2.03* 
2.10·-2.19** 

34--,16 40.7 
17.6-'+5.3 31.4 

Oil 44-98 
W:,tcr 1-39 
Tot,d 61-97 

40* 
34** 

0-215 50 
O· GOO 100 
0-35 10 

----_._------_._-----

(, 20'J [,:ct below surLice. 
*'/.:; 100{) feet bclo\v suri'~~Lc. 

t After Carrigy} 1967 
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I.S. Groundwater 

Few data exist on the hydrogeology of the Bituminous Sands Area. 

A theoretical pattern of the probable flovJ of fresh water and sal ine 

formation water is shown on figure 4. Knowledge of the regional hydro­

geology is important for predicting the safe ultimate disposition of 

pollutants generated during in situ operations. It is also important 

in locating supplies of potable water for urban development and sate!! ite 

industry. 

One geological feature dominates the groundwater flow pattern in the 

Bituminous Sands Area. This is the thick bed of Elk Point salt which 

under1 ies the Haterways 1 imestone. This salt bed is being dissolved by 

the fresh-water flow and discharged into the Athabasca River at sal ine 

springs. This process, which has been in operation for possibly 100 mill ion 

years or more, has resulted in an abundance of collapse structures and 

undulations in the overiying limestones. In one of the larger structures, 

near Bitumount, the overlying beds have dropped several hundred feet over 

an area of 50 square miles (Map 3). In addition to this large feature 

there are many hundreds of sinall (less than 100--foot diameter) circular 

holes in the limestone filled vJith rubble known as 'lsinkholes. 11 ~10st of 

these sinkholes were formed and fll led before the bituminous sands were 

deposited, but there is evidence that some sinkholes are still active. 

The role of sinkholes in the regional groundwater flow system Is as yet 

unknown and needs to be investigated. 
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1(,1. Introductory Statement 

The method of extracting the bitumen depends on the depth of burial 

which in the Athabasca deposit is largely a function of topography, It 

is possible to out! ine four categories of development within the Bituminous 

Sands Area (Map 4) and to assign to each a most likely method of extraction 

as foliows: 

Depth of 
overburden 
(feet) 

Per cent of 
Bituminous 
Sands f.lrea 

Per cent of 
oil-saturated 
portion of 
the f\,thabasca 
deposit within 
the BItuminous 
Sands {1.rea 

Location 

Su rface 
~ii n i ng 

0 to 200 

7,3 

14 

L 

m 
CX) 

",.I <J) Q.. 
C > ,­
(]) ,.- ..c 
u cz:: ([) 
ro c 

,-........ (0 -<: 
v· U 0 
en V') -!:-' 

('0 
If) .LJ. 4-

v ro 0 
c .. !.:: 
rv ,&.,;..c 

~r.:r::-l-J 
<:: L. 

000 
...J+-'C 

2 

Unass i gneo", 

200 to 500 

11.4 

22 

ro 
C) 
L. 

<J) ro 
U 
m ;:s 

4- -1~ 

L. '~ 
::J to 
(j) 

;;:: 
ce~ 
G) 
0)-0 
3: C 
-i-J (0 
(]) 
.a m 

c 
Q) ,-
c c 
0'­

I":-.! E 

3 

In situ 

greater 
500 

33,3 

64 

(iJ 
C4-J<J) 
,- L L. 

(iJ« 
(j) n.. 
C (j) 
,- -I-'v 

(iJ tf) C 
~ (]) (iJ 

a.. 3: V> 
.. C 

...e4-J(j) 
Gl::::l ::::l 
.- 0 0 
...e<flC 

-0 v E 
C C ::::l 
(iJ ro , ..... 

u .. p CD 
C (" 
m G) (]) 
r-3..r::. 
.J:: -l-1 
Gl<J) 
.- ...e 4-
x.;..> 0 

than 
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None~n', 

not 
applicable 

48 
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4-J 
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(iJ 0 (iJ 
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L..-
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* Currently too deep for surface mining, and too shallow for in situ methods, 

** Land under which there is little or no oil saturation or the formation 
has been removed by erosion. 
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It should be noted that only 52 per cent of the Bituminous Sands Area 

is underlain by oil-saturated sands of the Athabasca deposit, and 64 per 

cent of this is categorized as suitable for in situ development. 

11.2. Bitumen R.eserves 

Because the in situ portion of the Athabasca deposit Is very large 

and the overall density of drill ing is low, the bitumen reserves of this 

area are only imperfectly known. In 1963 the Energy Resources Conservation 

Board estimated that there were 416.5 billion barrels of bitumen, In place, 

in that portion of the Athabasca deposit with more than 500 feet of over­

burden. This amounts to 66 per cent of the total in-place reserves of the 

Athabasca deposit. These reserves were classified as drilled, 45.3 bill ion 

barrels, and undrilied, 371.2 bill ion barrels. The dril led reserves are 

based on wells less than 1 mile apart and, by analogy with classification 

of coal reserves, can be described as llindicatedo" The undrilled estimate 

of reserves is based on wells more than 1 mile apart and can be described 

as lIinferred. 11 No estimate of the in-place reserves of the in situ portion 

of the Bituminous Sands !\rea was available to us for this report. 

11.3. Terrain 

Pre! Imlnary terrain analysis of the in situ area (Map 5) clearly shows 

a difference between the highland areas and the high plain. In the Birch 

and Stony Mountain areas roll ing and gently roll ing terrain (Photo 4) 
predominates and streams have eroded well-defined narrow valleys. On the 

intervening high plains flat to undulating land and bog (muskeg) (Photo 5) 

predominates and most streams meander across the surface in extremely shallow 

depressions, with the exception of the Athabasca River which has cut a deep 

narrow gorge 300 feet deep through the high plain in the southwestern part 

of the area~ 

11.4. Frozen Ground 

Studies of frozen ground conditions in northern Alberta are repo~ted 

by Lindsay and Odynsky (1965). Their results show that ice is only 

4 
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encountered In organic soils which are thicker than 24 inches. In the 

in situ area frozen ground is found on the top of the Birch Mountains, and 

this area is considered by Lindsay and Odynsky to be a permafrost area for 

organic soils. In the remainder of the area the frozen condition in organic 

soils is temporary but may last more than one year. 

I I .5. Surface Water Supply 

Estimates of the amount of viater available v~ithin the confines of the 

~n situ portion of the Bituminous Sands Area must of necessity be very 

tentative. The catchment areas are all located in the upper reaches of 

tributaries (Map 6) where most streams meander across vast areas of partially 

frozen muskeg (Photo 6), and watershed boundaries are difficult to define. 

So far as vJe are able to determine, no reliable rainfall, evapotran~piration, 

or stream flov1 measurements exist for this area; hovJever, it has been 

estimated (C.R. Neill, personal communication) that the average runoff 

will probably be between 0.37 and 0.50 cubic feet/sec./square mile. The 

estimated average discharge of the streams crossing the in situ area based 

on the lower figure is given In table 2. 

Water storage will be required to even out annual and seasonal variations 

in precipitation. One feature of the terrain of the in situ area, which will 

have a limiting effect on the availability of the local surface water In 

some catchments, is the lack of erosional valleys and hence dam sites. 

I! .6. Inhabitants 

The principal residents of the in situ area are two bands of native 

people who depend on the lakes and rivers within the area for fishing, 

hunting, and trapping. The Fort McMurray Band, which numbers 101 people, Is 

settled on three reserves located on the shores of Gregoire Lake. The 

Fon t":ackay Band uses the two reserves located on the shores of Namur and 

Gardiner lakes on the top of the Birch Mountains. 

7 
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Table 2. Estimated average discharges from in situ catchment areas 

Drainage 
bas 1 n 

I;n {unnamed 
stream} 

Eymundson 

Asphalt 

Pierre 

Tar 

Joslyn 

Ells 

Dover 

Dover, 'vJ2 

MacKay 

Al gar 

Horse 

Horse, S1 

Horse, S2 

Hangingstone 

Hangingstone, S3 

Hangingstone, s4 

Conn 

Little Fishery 

Surmount Ck.­
Gregoire Lake 

Catchment 
area 

(sq m 1) 

28.80 

8.16 

38.40 
24.80 

63.36 

69. 12 

882.60 

147.20 

37.41+ 

1,502.72 

127.00 

382.88 
268.48 

24.80 

171 .52 
45.12 

27.68 

11 .68 

10.72 

92.48 

Minimum average 
discharge 

(cu ftlsec) 
(area x 0.37) 

10.65 

3.02· 

14.21 

9.18 

23.44 

25.57 
326.56 
54.46 

13.85 

556.00 

46.99 
141 .66 

9.17 

63.46 

16.69 

10.24 

4.32 

3.97 
34.21 
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I I .7. Renewable Resources 

II .7. (i) Lumber i n9_ 

Within the in situ area about 60,000 acres of land has been leased 

for lumbering. There is an estimated 117,272,000 board feet of timber 

available in these leases, worth about $11.7 million at an estimated 

average price of $100 per thousand board feet. 

The in situ area is included In forestry management units A-3, A-4, 

A-8 and the west half of A-5. The total value of marketable timber available 

in these management areas should be evaluated before development begins. 

There is no commercial fishing in the lakes and streams of the in situ 

area. However, Namur and Gardiner Lakes are designated as trophy lakes 

and a tourist fishing lodge is located on the shores of Namur lake. 

Fishing is also an important cultural activity and source of food for 

the native people of the area. 

Fur-bearing animals are abundant In the Bituminous Sands Area and many 

trap1 ines cross the in situ part. Trapping Is a very important part of the 

native economy, and many of the Indigenous people supplement their income 

from this source. It has been estimated that 70 persons are employed In 

this activity in the in situ area. 

11 
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. ! II .1. Genera 1 Statement 

In situ processes proposed for the recovery of the heavy viscous 

crude hydrocarbon (bitumen, tar, etc.) of the Athabasca deposit Involve 

some method of increasing the mobil ity of the bitumen so that it will flow 

through the pores of the reservoir sand and be produced from a well. All 

of the schemes devised for reducing the viscosity of the bitumen involve 

the injection of liquid or gaseous solvents, heat, and/or emulsifying 

chemicals into the reservoir, and the production of the mobile hydrocarbon 

solutions or mixtures through another well or wells. 

Secondary recovery methods widely used In the petroleum Industry to 

stimulate additional production from partially depleted reservoirs containing 

high gravity oils are fundamentally different from the in situ techniques 

required to produce bitumen from the Athabasca deposit. To be successful, 

secondary recovery techniques require that the reservoir have good permeabil ity 

and be filled with 011 mobile enough to move through the pores to the pro­

duction well. This is In direct contrast to the situation in the Athabasca 

deposit, where a heavy oil or bitumen occupies up to 90 per cent of the pore 

space and the permeabil ity to introduced fluids is close to zero. Also, the 

viscosity of the bitumen, at the low formation temperat~res (32-60°F) pre-

vail ing In this near-surface deposit, is so great that it has to be considered 

Immobile even if considerable external pressure Is app1 led to the formation. 

Therefore, in order to produce this bitumen It must be dissolved, emulsified, 

or heated. To do any of these things in a reasonable time, the area of 

contact between the viscosity reducing medium and the bitumen must be made 

as large as possible, I.e., the reservoir must be fractured. The most 

desirable fractures are basal horizontal planes which, while increasing the 

injected fluid to bitumen contact area, provide the shortest pathway from 

the injection well to the producing wells for the eyel ing of the solvents, 

gases J heat, and chemicals. Once such a permeable pathway has been establ ished, 

the circulating fluids, gases, etc. will gradually eat away the bitumen and 

transport it to the production well until 50 to 70 per cent of the bitumen 

in the reservoir has been recovered. Production is stopped when the ratio 

of circulating fiuid to bitumen becornes excessive. 

2 
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The most promising in situ methods tried to date in the Bituminous 

Sands Area are the steam-injection process pioneered by Shell Canada Limited 

(Fig. 5), and a modified in situ combustion process called the combined 

forward combustion and waterflood (COFCAW) process developed by Amoco Canada 

Petroleum Company Limited (Muskeg Oil Company). Both of these companies 

have submitted app1 ications to the Energy Resources Conservation Board for 

permission to produce oil commercially from the Bituminous Sands Area. 

Another in 8it~method using nuclear detonations as a source of heat has 

been proposed by Richfield Oil Corporation of California. A method of 

heating bituminous sands by injection of radioactive salts such as the 

waste from atomic power plants has also been patented (U.S. Pat. 3,233,669). 

I I I .2. Steam Injection 

In the steam-injection process for the recovery of crude bitumen, 

the steam is used to heat the bitumen and to form an emulsion of bitumen 

and hot water, which is then pumped from the production well. 

111.2. (Ii) Description 

Before production can begin a series of injection and production wells 

are dril led on a closely spaced five-spot or nine-spot pattern (Fig. 6). 

A permeable path is establ ished between the injection and production wells 

by hydraul Ie fracturing. This permeable layer is enlarged as the steam 

is circulated and bitumen emulsion production begins. Production within 

a single pattern usually begins after 100 days, rises to a maximum after 

about I year, and dec1 ines quickly after 3 years (Fig. 7). Production 

ceases vJhen the ratio of \"iater to oil in the emulsion becomes excessive. 

This usually occurs when 50 to 70 per cent of the bitumen in place has 

been ex t rae ted .. 

In 1962, Shell Canada Limited app] led to the Energy Resources 

Conservation Board for permission to produce 47,450,000 barrels per year 

(130,000 8/0) of crude hydrocarbon product (bitumen) from leases 26, 42, 

3 
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FIGURE 6 
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45 and 53 (Fig. 8). The method of recovery was descrIbed as a thermal 

technique which involves the injection of steam and/or hot alkal ine solutions 

into the bituminous sands, the emulsification of the bitumen in place by 

these solutions, and the production of the emulsion at production wells. 

Shell stated their belief that the method could be used to develop all of 

the bituminous sands except for a region close to the outcrop. The appl ication 

was heard by the Energy Resources Conservation Board in 1362 and a decision' 

on the approval VvClS deferred until 1968 if the company reapplied. Shell did 

not reapply and the proposal was dropped. The ideal ized behavior of a single 

production unit in the Shell process is illustrated in figure 9. 

! I! .3. Underground Cornbust ion 

I I I .3. (i) [Jef i nit ion 

In situ combustion is a process for the recovery of a partially upgraded 

bitumen in which part of the crude bitumen is burned underground to provide 

heat so that the viscosity can be reduced sufficiently for displacement to 

producing wells. Other names for this process are fire-flood, underground 

combustion, subsurface combustion, underground burning, and underground 

retort i ng. 

In the forward combustion process the production zone is in front of 

the burning zone, and In the reverse combustion technique the heated liquids 

pass through the burning zone and are produced from the burned-out part of 

the form3'ti on. 

To initiate production from a reservoir by the ~n situ combustion 

process, a serl~s of injection and production wells are drfl1ed in a pre-

defined pattetn. The usual patte(n consists of a centra'i injection \!{eli 

surrounded four producing weI Is (five spot) or eight producing wells 

(11m2 spot) (Fig. 6). The distance betV,feen the injection and production 

wells is commonly less than 300 feet. Communication between wells in an 

impermeable reservoir, such as the Athabasca deposit, is establ ished by 

J Ifting the strata (Sy applying hydraul Ie pressure) and injecting sand into 

7 
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the fractures until a permanent permeable path between the injection and 

production vJel1s is confirmed by continuous circulation of water or gas. 

The bitumen in the vicinity of the injection well is then ignited, and a 

gas containing oxygen is circulated to keep the bitumen burning and advancing 

toward the production wells in a controlled manner. After a prolonged period 

of burning (up to six months) the injection of oxygen ceases and an inert gas 

Is used to carry the heat Into the formation in order to raise the temperature 

of the whole formation to about 200°F. At this temperature the bitumen is 

fluid enough to move under pressure (Fig. 10) and be produced from a well 

along with the gaseous combustion products and formation water. Production 

of oli IS continued for a period of about 5 1/2 years or until the burning 

front reaches the production wells. If reservoir conditions are favorable, 

it is reported that 40 to 70 per cent of the bitumen in place will have 

been produced at the end of this period. 

Figure 10. Plots of viscosity versus temperature for 
Athabasca bitumen from various localities 
r~ftDr r-t-ri(]V 1°7'[' \fl. \...., vQ I ~~,.I/1 !.,J ! 
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The amount of 011 produced will depend on the thickness of the reservoir, 

the bitumen saturation) and the porosity and permeabil ity of the sand. The 

presence of a gas cap or a basal water layer could cause by-passing of the 

burning zone and have a detrimental effect on the production. Extensive 

shale layers within the reservoir will also have an adverse effect on this 

process. 

111.3.(li1) General ,I'.,pplication 

Over the past 20 years in situ combustion has been tested in at least 

77 projects in the U.S.A., but only three of these have been commercial 

successes (Simms, 1972). Most of this experience has been from stimulation 

of depleted reservoirs and is probably not too relevant to the Bituminous 

Sands Area. 

It seems un! ikely that a pure in situ combustion process will be 

suitable for the Athabasca deposit because the low pe~meabil ity of the 

thickly saturated sand layers prevents the efficient distribution of heat 

throughout the formation (Table 3). 

TABLE 3 

PHYS1CAL CONSTANTS 

1. At/;abasca Tar Sand 

Specific heal of formaiioll! (lOOO f(O{:t below surface) 0.298 
cal/grn/->C 
Sp::c:l/ic h(.·al"oj lar snnd2 (17.1 ~< BituI11cn. 0.9 ~{ \?,,:atcr) 
0.2 I S c81/gfD/~C 
Tlierlna! conduclil'ily of far sa;;d2 caL'(s~cj(cm2)(cmtC) at 
45-C 

Undisturbed sarnr1c, I 7.1 ~,~ bitun~en, 0.9 ~/~ \· .. ~ltcr 0.0035 
Rco10ulded sa:np)cs. (17.1 r;o bitunl~n) O.O~)2-;-D.0032 

(! 1.7 ~~ ) O.OU21 
( 8.6 % ) 0.0024 
( 3.0% ) O.OOl7 

2. Ar/;abasca Bfllimen 
Specific heal) 0.35 C;d.:I~ln!':'C 
SPC.:i!1C gravil:~;j I.e()2~ 1.027 . 
Viscosity} :\(~~s.}nd It:;:'ation 61...JO)000 f;oisc at 59:"F 

ISitur;iou:ll iocJ.tlon o-tJ.tK';l,) poi~)c at 50:JF 
Calorific v<lluc 2 17,')00 LlTU/lb. 

Sources &1 inlorrnafiotl 
l. Sh",i( C0.n3.da Limited 
2. CJ.:1rk 7 
3. Ward Jnd Cbrk 12 

------------------------

(Mter Carrigy, 1971) 
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11!.4. COFCfI.\1 Process 

In October 1968, Muskeg Oil Company. a wholly owned subsidiary of 

Amoco Canada Petroleum Company Limited, applied to the Energy Resources 

Conservation Board to produce 15 million barrels of crude bitumen a year 

at the rate of 8,000 barrels a day. The method of production proposed is 

a patented process designed to incorporate the best features of forward 

combustion and steam flood and Is called a combination forward combustion 

and water flood (COFCAW). The concept is Illustrated diagramatical1y In 

figure 11. The site of this semicommercial operation was to be the Gregoire 

Lake Indian Reserve No. 176. This company also holds two other leases in 

the area surrounding Gn;;goire Lake (Fig. 12). 

Muskeg Oil Company withdrew its app! ication before a decision was 

reached by the Energy Resources Conservation Board; however, experimental 

work has continued at the site. 

! I I .5. Thermal Heat From Nuclear Detonations 

In 1959 the Richfield Oil Corporation of Cal ifornia proposed an 

experiment designed to test the feasibility of economic extraction of 

deeply burled bituminous sands by the explosion of small nuclear devices 

beneath the Athabasca deposit. The Richfield proposal was to detonate a 

9 kiloton bomb in the limestone beneath the bituminous sands at a depth 

of 1,250 feet. The exp los Ion WOLl 1 d create a cav 1 ty into wh ich the b i turn i nous 

sand would fall and be heated to temperatures at which the oil could be 

recovered by conventional drill ing and production. 

This proposal was considered by the Alberta Government and the 

Government of Canada in 1959. A technical committee appointed by the 

Government of Alberta, after extensive study of the possible contamination 

by radioactive products, recommended that the experiment proceed.* However, 

Federal Government approval to conduct the experiment was never obtained. 

* Alberta Technical Comnittee report to the Minister of Mines and Minerals 
and the Oil and Gas Conservation Board, August 1959. 

12 
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FigllTC 12., Bitlnili_Y10l1S s3.nds le2ses held Amoco C<:l113.cia Petroleum Company 
Ltd" ~in the Gr8,go~: .. 1"e Lake a.Tca.,. Indian Reserve J76 ~is the 

site of the:: -commCTC i_al operation propo~:;cd by 
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Recently (Paz-Castillo and Kruger) 1971L the feasibility of using a 

nuclear explosion at a depth of about 15,000 feet, to fracture sufficient 

rock to produce steam from geothermal heat for in situ recovery by steam­

injection, was examined. It was estimated that steam for injection could be 

produced by this method for about the same cost as steam generation from 

fossil fuel. 

A schematic diagram showing these nuclear detonations in relationship 

to the geological situation in the Bituminous Sands Area is shown in 

I I I .6. Heat From Decay of Radioactive Isotopes 

A process to heat underground reservoirs, such as the Athabasca bituminous 

sands, has been patented in the United States (U.S, Pat. 3,233,669). In this 

method an insoluble radioactive material is introduced into the formation by 

injecting a clear solution of the radioactive element and reacting the 

solution in situ to form a radioactive insolute. One way to achieve this 

Is to inject an aqueous solution of an alkali hexametaphosphate (Na6P6018) 

into which Is dissolved a salt, hydroxide, or oxide of a radioactive element, 

such as strontium 85, 89 or 90, barium 140, calcium 41 or 45. cerium 141 or 

11,4 a·I~.Q' ,nl'"ytu·r,es 'c-,h,e-"po£!. Thp p01Iv~ho-ph~~e com~-IQxe- -formod s'lo"Jly -f _, _ ,,, 1 f-' ';:" C; ~ , ofJ . ~,::, Ie, V' 

decompose to insoluble orthophosphates which remain in the reservoir. A 

quantity of 40 mill igrams of strontium 90 per gallon of strontium 90 

polyphosphate solution with a concentration of 5 grams of sodium hexa­

metaphosphate per gallon has an acthilty of 6 curies per gallon< It is 

estimated that injecting 25 mill ion barrels of solution per square kilometer 

would heat the formation sufficiently to begin production of oil at the end 

of a ten year period. 

The Inventor bel ieves that the sand grains will hold the radioactive 

material so that the petroleum produced will remain uncontaminated. He 

also belIeves that this method v.Jould be a VJay of economically disposing 

of undesirable fissionable elements produced during nuclear power generation. 

15 
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IV.I. Land Transformation 

All of the in situ methods for extracting oil from the Bituminous 

Sands Area involve the drilling of many rows of wells 200 to 300 feet 

apart to depths of 500 to 1,800 feet. For example, as many as 1,600 pro­

duction and injection wells will be required to produce 100 thousand barrels 

a day of synthetic oil, and each well will be connected to the processing 

plant by one or more pipes carrying either injection or production fluids 

(Fig. 14). Because of the temporary nature of most of these facil ities, it 

is presumed that they will be installed above ground and salvaged for re-use. 

To facilitate access and servicing of this network of vlells and piping, the 

companies may feel that it is economically desirable to remove all bf the 

ground cover above the producing reservoir (Photos 7 and 8). If this is 

done then an area of 54 to 60 square miles would need to be cleared for 

the production of 1 mill ion barrels of product oil a day. As the economic 

productive 1 ife of a well varies from 3 to 7 years, from 8 to 20 square 

miles will have to be cleared of vegetation each year until the reservoir 

is depleted (Table 4). An equal amount of land will be abandoned each 

year ane be aVailable for rec1atnation. 

The organic soils of the 1:n situ area are composed of extremely com­

pressible material, usually a living layer of mosses and sedge underlain 

by partially decomposed organic material with a very high water content. 

Such soils do not provide a good subgrade for road construction. In areas 

of discontinuous permafrost, such as the top of Birch Mountains, it will be 

necessary to remove all the frozen material and replace it with wei] drained 

material. The depth of the freeze and thaw zones in these areas are not 

known. Frost penetration into tar sands at lease 17 was 7 feet (Carrigy, 1967). 

If all-terrain vehicles are not used, service roads will need to be 

constructed to ~ fairly high standard to carry the high axle loadings 

associated with normal drill in9 and servicing equipment, especially during 

the spring thaw. ThIS will require the removal of the organic soii layer 

and the emplacement of an embankment to a level about 12 inches above the 

surrounding ground plus 6 to 12 inches of gravel. If this type of con­

struction is necessary, substantial quantities of fill and gravel will be 

2 
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Table 4. Comparison of areas of land clearing associated with in situ and 
mining methods for the production of 1.3 mill ion barrels/day of 
bitumen from the Bituminous Sands Area. 

IN SITU MIN i NG;', 

COFCA\~ STEAlvI HOT yiATER 

Square Square Square 
mi les Acres mi 1 es Acres mi 1 es Acres 

Area Max. 53.7 34,368 60.0 38,400 31.0 19,840 cleared 
of all Min. 25.0 16,000 25.0 16,000 - -
vegetation 

Amount of Max. 7.67 4,908 20.0 12,800 land to be 3.4 2,176 
reclaimed f'1 in. 3.57 2,284 8.3 5,331 
each yea r 

interval 
before 7 yea rs 3 years 6 years 
reclamation 

* Note that land to be reclaimed In the mining development is underlain by 
sterile sand and will require a great deal of preparation before it will 
support a permanent growth of vegetation. 

needed, and many pits and quarries will have to be opened. To facil itate 

regrowth it may be necessary to remove these road construction materials 

after production has ceased. 

As most in situ operation~ will be located in the upper reaches of the 

drainage basins of tributary streams (Map 6) removal of the ground cover, 

especially of muskeg, could result in increased runoff and cause severe 

erosion in the invnediate area. The resulting Increased sediment loads 

could have adverse effects on downstream processing plants and the aquatic 

life in these streams. 

5 
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The removal of trees and shrubs from large areas of land will mean 

reduced food and cover for large and small land animals. However, it is 

anticipated that all land under development will have to be fenced, because 

of the danger of rupture of the high pressure steam lines, and therefore 

this land rnay not be accessible to large mammals. 

It is not known at this time how much merchantable timber Is located 

in the in situ part of the Bituminous Sands Area. Some thought will have 

to be given to harvesting this valuable resource prior to exploitation. 

In view of the large tracts of land which need to be cleared of 

vegetation for the in situ field operations~ it would be desirable for the 

government to initiate a policy requiring the minimum removal of ground 

cover. For example, if the trees in forested areas are 50 feet high, a 

corridor 100 feet wide cleared along the plpe1 ine right-of-way and around 

wells may be sufficient to prevent windfall damage. If clearing were 

restricted In this manner, more than 50 per cent of the natural vegetation 

cover could be left undisturbed, and the total amount of clearing required 

for the production of 1 mill Ion barrels of 011 would probably not exceed 

25 square miles. It is assumed that these untouched strips of natural 

vegetation would facll itate the regrovJth of the natural vegetation into 

the cleared areas as soon as the field production facilities are removed 

(Photo 9). 

If the gathering and injection pipe! Ines are burled, narrower corridors 

and hence lesser amounts of clearing might be posslble.* 

It should be noted here that the permanent clearing of land for 

processing plants, product pipelines, highways, railways, and power trans­

mission are not included fn the above estimates. 

To maintain the natural vegetation growth in these wet and boggy areas. 

drainage should be kept to a minimum. !n the absence of a clear objective 

for improving the area for agricultural or recreational use, it is recommended 

that the land be returned to Its natural state. To facilitate the regrowth 

of the natural vegetation the pol icy should be to: 

1) remove as 1 ittle vegetation as possible 

* Burial of pipeJ ines wll I disturb the soil profile and this may offset 
the advantage of lesser area of clearing. 
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2) disturb the soil and muskeg as 1 ittle as possible 

3) remove the imported gravel from all areas of construction and add 

organic matter so that these areas will revegetate naturally. 

(V.2. Water Requirements 

Commercial in situ systems proposed for extracting and processing 

bitumen from the Athabasca deposit will require larg~ quantities of good 

quality water. With the She! 1 steam-injection method, we have estimated 

that some 5.2 million barrels of water a day (333 cu ft/sec)~ is required 

for partial upgrading of 1.3 mill ion barrels of crude bitumen. Complete 

upgrading to produce 1 mill ion barrels of synthetic oil would, we estimate, 

require 555 cubic feet per second. The COFCAW method proposed by Muskeg 

011 Company requires large quantities of make-up water only in its early 

stages. However, the writers estimate that for production of 1.3 mill ion 

barrels of crude bitumen a day up to 1.7 mill ion barrels of water a day 

(110 cu ft/sec) will be requir~d for field operations. The additional 

water required to upgrade this bitumen wi1 1 have to be added to this figure 

to get comparable water requirement figures for comparison with the steam-

injection method. 

It might be useful to examine the water requirements of the single 

plant as proposed by Shell Canada Limited In Its app! Ication to the Energy 

Resources Conservation Board in 1962 to produce 130,obo barrels a day of 

bitumen from leases 26, 42, 45 and 53 in the upper Ells River drainage 

basin. !n their app] ication Shell sought permission to take water from 

Namur and Gardiner Lakes located on the top of Birch Mountains. The long 

term average In-flow from the catchment areas of both these lakes was 

estimated by Shell (Table 5) to be 200 cubic feet Der second, and the water 

requirements for field and processing operations at the site were 33 cubic 

feet per second, or about 17 per cent of the average in-flow and possibly 

50 per cent or more of the minimum in-flow. One plant, therefore, would use 

a significant proportion of the surface water stored in these lakes. In 

view of the posstb1e desirabi1 it)' of reserving the water in these lakes for 

8 



Tabie 5. Estimated yearly average flow 

Long term average 

Mild drought occurring 
about once in 10 years 

Moderate drought occurring 
about once in 50 years 

Severe drought occurring 
about once in 100 years 

Namur Lake 
Outlet 

(eu ft/sec);" 

56 

28 

n.5 

15.5 

* After Shell Canada Limited (1962) 

Gardiner Lakes 
Outlet 

(ell ftlsee);" 

144 

66 

45 

39 
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Tota 1 
(eu ft/see) 

200 

94 

62.5 

54 

future domestic use (INTEG Progress Rept. Phase I!) and the necessity to 

guarantee a base-flow to maintain the Integrity of the downstream aquatic 

life, a careful study of alterna'dve sources of water wiii need to be made 

before any water" from these lakes is diverted to industrial use. 

A similar situation arises with respect to the water requirements of 

Muskeg 011 Company. In their appJ [cation to the Energy Resources Conservation 

Board, Muskeg Oil Company proposed that sufficient water for their field 

operations could initially be drawn from shallow wells, but that Gregoire 

Lake would ultimately be needed as a reliable source of fresh water. 

9 
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From the analysis of the water requirements presented above, it is 

evident that most of the surface water available in lakes and tributary 

streams v,111 be required for large scale in situ development (Table 2). 

In view of the competing demands of Industry, the people, and the 

environment, it will be necessary to undertake an extensive and lengthy 

survey of the water resources available, and to evaluate the consequences 

of \\fater ~vithdrav,lal, and storage. Before permission .is granted to v1ithdraw 

water from any natural storage area, it must be established that any change 

in the natural seasonal fluctuations in water levels will not adversely 

effect the habitats of wild! ife or potential recreational use, and that 

the aesthetic qualities of the area will not be reduced. The effect of 

change on the cultural and economic I ivel ihood (hun~ing, fishing, trapping) 

of the native people also will have to be assessed. 

!V.3. Groundwater Contamination 

In the petroleum industry .al1 production, including secondary recovery, 

is from reservoirs that have an efficient fluid trapping mechanism, usually 

well below the zone of potable groundwater, and extreme care is taken during 

drilling and production to protect these supplies of fresh water. However. 

In the McMurray region the in situ operations will be conducted at shallow 

depths vJhere injected fluids could contaminate potential domestic and 

industrial supplies of groundwater (Fig. 15). I t is therefore impol-tant 

to know the nature of all fluids injected into the reservoir and ,the possible 

reaction and degradation products which might remain In the formation after 

in situ operations have ceased. For example, one patented method of 

igniting the hydrocarbons in an oil reservoir for recovery by in situ com­

bustion (U.S. Pat. 2,7Lr7,61}2) uses 1 pound of phosphorolls in 200 cubic 

centimeters of carbon disulphide. Another method (Oil and Gas Journ., 1960, 

11 ~\ ]'L ~ l' • '" "j , p. jj uses pe leLs or calCium pnospn!oe wnic~, wnen, contacted with water. 

produces phosgene gas which Ignites spontaneously in the presence of 

oxygen. The possible 1,Jse or such chemical Ignition procedures l'n the 

Athabasca deposit in thousands of "'/ells would pose the I-isk of serious 

10 
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groundwater contamination in the area. Other chemicals may be introduced 

in gaseous form as catalysts to maintain combustion. Mentioned in U.S. 

Pat. 2j804~ 146 are phosphorous trichloride, phosphorous oxychloride, 

chloride. chlorine h'l,drogen chloride, or chlorine derivativJof methane 
9 0 

such as tet roach 1 oromethane, tr i ch 1 oromethane, and d i ch 1 oromethane. 

In all in situ processes 1 iquids may be Injected to seal off permeable 

layers. Some of the 1 iquids which might be used for this purpose mentioned 

in Can. Pat. 746.724 are carboxymethyl cellulose and calcium sll reate. 

In addition to the chemicals used for ignition and maintenance of 

combustion, the steam-injection process calls for the addition of surfactants 

and emulsifying agents, such as sodium hydroxide, potassium hydroxide and/or 

lithium hyclro;dde (Can. Pat. 711,556)" in concentrations varying between 

0.0025 and 1.0 weight per cent. It Is surmised that these hot alkal ine 

solutions will dissolve some of the s11 icate minerals present in the 

reservoir and could result In increased concentrations of sll ica and 

metal! Ie ions in the effluent discharged into the surface waters. Also, 

after production has ceased, unless a flushing period with steam or fresh 

water is undertaken, these alkal ine solutions will remain In the formation. 

The eventual discharge of these chemicals into the surface drainage system 

Is a long term possibil ity that needs to be examined carefully. 

It has been suggested (U.S. Pat. 3,233,669) that radioactive waste from 

nuclear powerplants could be injected into the reservoir in sufficient amounts 

to heat the bitumen hot enough for normal production. 

In our opinion, no toxic chemicals, fluids, or gases should be injected 

into the reservoir without proper government approval and supervision. 

IV.4. Possible Modification of Groundwater Flow Pattern 

IV;O other effec is of the in Sl:tu opera t ions wh i ch need to be exam i ned 

are the possibility that the high injection pressures and the Increased 

porosity and permeabil ity of the reservoir after the removal of the 

bitumen will affect the groundwater flow rates and pattern well beyond 

the production ~rea. There is also the possibil ity of establ ishing con-

neetion with oeeper flow systems via sinkholes In the underlying limestone, 

12 
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causing Increased flow rates from sal ine springs present In the area. 

\4ith our present limited knowledge of the regional groundltJater flow-pattern 

there is no way of predicting the location or the magnitude of these effects. 

IV.5. Liquid Effluent Disposal 

Little data are available on the nature of the effluents that are 

likely to be generated during in situ extraction and upgrading operations 

in the Bituminous Sands Area. In the Shell Canada Limited application to 

produce 130,000 barrels of bitumen a day it is noted that 10 barrels a day 

of oil was to be discharged into the El Is River a]ong with 397,890 barrels 

a day of treated process ItJater of unknown composition and temperature. 

Simple extrapolation gives a figure of at least 100 barrels a day for oil 

discharged into the Athabasca drainage system from the production of 

mill ion barrels of synthetic oil a day. 

In the Muskeg 011 Company COFCAW process a quantity of saline formation 

water Is produced along with the bitumen. The salts in this water are con­

centrated during primary field processing, and will need to be disposed of in 

a satisfactory manner. A chemiGal analysis of the saline water produced by 

theCOFCAW experiments is shown in table 6. From extrapolation of the volumes 

of salt water produced during these experiments, it can be assumed that up 

to 600,000 barrels a day of salt water vJould require disposal during the 

production of 1.3 million barrels of bitumen. The most environmentally 

desirable method of disposing of this VJaste would be to drill a well and 

inject it into the strata below the salt beds of the Middle Devonian Elk 

Point Group which underlies the Bituminous Sands Area at depth (Fig. 16). 

On the one hand, this would eliminate the risk, apart from accidents, of 

sal inization of the surface waters. But on the other hand, the extra pressure 

exerted on the system by the injection procedure may increase the flow rate 

at existfng sal ine springs whi~h emerge in the Athabasca RiVer valley. The 

applications by both f1uskeg 011 Company and Shell Canada Limited state 

that the waste water will be disposed of in a manner approved by the 

Department of Health. 



Table 6. Produced water analysis* 
(From Muskeg Oil Company appl ication) 

Major Ion Analysis 

Sodium 
Calcium 
~1agnes i um 
Potassium 
Chloride 
Bicarbonate 
Sulphate 
Carbonate 

Total sol ids, mg/l 
NaC1 resistivity, mg/l 
Specific gravity at 72°F 
pH 

Total 

8, 110 
7,586 
1.006 
7.If 

* Produced during COFCAW experiments 

mg/i 

2,884 
68 
63 
o 

4,220 
561 
280 

o 
8,076 
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The question of the location of processing plants for upgrading the 

bitumen produced by in situ and mining operations needs careful examination 

particularly with regard to the possfble discharge of large volumes of liquid 

effluents Into small tributary streams. At the present time no recommenda­

tions can be made because no reI iable data exists on the flow characteristics 

of most of these streams. Nevertheless, the empirical data on I'unoff and 

drainage areas (Table 2) would suggest that the number of upgrading facll ities 

be kept to a minimum, and that they be located on streams with flow rates 

sufftcient for adequate dilution of the wastes. 

14 
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IV.6. Air Pollution 

IV.6.(i) Field Gases 

In the COFCAW process, gases conta1ning a mixture of oxygen and inert 

gas.es wilt be injected into the formation to maintain and control the com­

bustion of the hydrocarbon In the subsurface. Most of the oxygen injected 

will be consumed in the burning process, and the gaseous combustion products 

will be withdrawn from the formation along with the bituminous emulsion at 

the production wells. The fie)d gases so produced will then be separated 

and vented to the atmosphere or flared. An estimate of the maximum volumes 

of field gas that might be vented or flared from an operation producing 

1 mi1110n barrels of synthetic oil by the COFCAWmethod are shown in table 7. 

Table 7. Probable amount of field gas produced during the production 
of 1.3 mill Ion barrels of bitumen/day by the COFCAW Process* 

H2 S 

COS 

Hydrocarbon 

Toluene 

TOTAL 

From Early Production 
Phase I,je 1 'I s 

8.33;' .. ', 

20.52 

O.61t 

32.25 
0.00 

3.26 
0.00 

511. 19 

o. 18 

119.37 

From Late Production 
Phase Hel1s 

3.33 

33.55 
0.95 

115.89 

0.04 

0.25 

0.02 

13.54 
0.02 

210.59 

Extrapolated from Table Fl Muskeg Oils Ltd. 

** Mill Ions of cubic feet 

From All We 11 s 

11.66 

54.07 

1.59 

191 • 11+ 

0.04 

3.51 
0.02 

67.73 
0.20 

329.96 

16 



Page 622 

If flared the combusted gases will consist of H20, CO 2, NOx and S02-

The environmentally significant pollutants in this list are S02 and NO x ' 

For 1.3 mill ion barrels a day production of bitumen we have estimated 

that 1,260 long tons a day of S02 would be released into the atmosphere 

in the field. If vented the most toxic components wi1 1 be hydrogen 

sulphide and carbon monoxide. Venting of this quantity of gas wil I 

undoubtedly result in odor problems, and flaring from a high stack is the 

preferable treatment. Sublethal concentrations of hydrogen sUlphide and 

carbon monoxide during venting must be avoided. A discussion of the limits 

of concentrations of various gaseous pollutants is discussed in the Phase I I 

INTEG report and need not be considered further here. 

The gaseous emissions from the u~grading and uti! ity plants will be 

the same as those discussed previously~ and whether these can be safely 

dispersed cannot be known until the location of the plant has been decided 

upon. The meteorological study report in Phase I r suggests location of 

upgrading plants at higher elevations could be an advantage in dispersal 

of gaseous pollutants, especially if they are above the level of the thermal 

inversions. 

Studies elsewhere of gases produced from underground combustion projects 

(U.S. Pat. 2,914,309) have detected~ in addition to those gases mentioned by 

Nuskeg Oil Company, phenols, and ammonia, and Howard (1965, p. 102) reports 

that Ileven v'ihen hydrogen sulphide Is not present the combustion gases have 

a distinctive odor that is objectionable to most people. If combustion 

operations are undertaken near populated areas disposal of these gases will 

be a pro b 1 em . I I 

No analyses of produced gas were included in the app1 ication for 

commercial development of the steam-injection process by Shell Canada Limited 

in 1962. However, one of the 1 imitations of steam injection listed by 

Simm (1972) is the l-e1e2se of frequently hazardous H2S with produced 011 

and steam. 

~'( Integ report on mining hot-water extractIon 
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IV.6.(; i) Sulphur Emission From Recovery and Production 

Large quantities of sulphur-bearing gases will be vented to the 

atmosphere, if abatement measures are not taken, during the production of 

bitumen by COFCAW or other combustion methods of ~n situ recovery. In 

these underground burning methods the sulphur comes primarily from two 

sources, the bitumen and the sulphide minerals such as pyrite (FeS2) in 

the reservoir. 

Because the Muskeg Oil Company1s proposal is not an integrated process 

and most of the sulphur will be released and recovered at a processing plant, 

no analyses showing the sulphur content of the partially distilled product 
-,-

expected to be recovered are available to make estimates~ Therefore, a 

sulphur balance for this process cannot be drawn up at the present time. 

The amount of sulphur that would be recovered in the elemental form 

in the steam-injection process outlined by Shell Canada Limited In 1962 Is 

39.38 per cent of the total sulphur in the bitumen. This would amount 

to 4,086 long tons a day if a mill ion barrels of synthetic 011 were to be 

produced (Table 8). The remaining 60.62 per cent, or 6,290 long tons a 

day, would be released to the atmosphere when the bitumen and its by-

products are burned. As near as we can estimate, the ~uantities of sulphur 

that ,'Jould be emitted to the atmosphere at various locations are given 

in table 9. 

Table 9. Sulphur emitted to atmosphere dally from preparation 
of bitumen recovered by the steam-injection process * 

In the Bituminous Sands Area 5,703.0 long tons 

In Edmonton 200.8 long tons 

From burning or refining of synthetit oil 386.2 long tons 
--~-----

Total 6~2.90,O 10ng tOilS 

* prom production and consumption of I mill ion barrels of synthetic oil. 
E>;t'3po1C1ted from data supplied by Shell Canada Limited to Ener'gy 
Resources Conservation Board, 1962 

~ In the transcri-,IJt of the n,~roccedinqs of the 
'"A -

Company appl ication by the Energy Resources 
hearing of Muskeg Oil 
Conservation Board (1969), 

the sulphur content of the bitumen produced during experiments was 
said to be 3.5 weight per cent. 
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Table 8. Sulphur balance for steam-injection process* 
(for production of 1 mill ion barrels of 

synthetic oil) 

Bituminous Sands Area 

Input: 

Bitumen 

Output: 

Distillate to Edmonton 

Fuel (pitch) 

Edmonton 

Input: 

Distillate from Bituminous Sands Area 

Output: 

Gaso 11 ne 

Hydrotreated Naphtha/LGO 

Hydrotreated HGO 

Incomplete conversion in sulphur plant 

Elemental sulphur 

'Sulphur 
(Long tons/day) 

10,376 

4,673 
4,372 
1 ,331 

4,673.0 

11.6 

28.0 

346.0 

200.8 

4,086.0 

* Extrapolated from data suppl led by Shell Canada limited to 
Energy Resources Conservation Board, 1962. 

19 
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The total emissions of sulphur per year for the production of 

mill ion barrels a day of synthetic oil by the steam-injection system, 

without ,abatement, would be equivalent to 4.6 mill ion tons of S02~ This 

amount of S02 is about one-fifth of the estimated annual emission of sulphur 

dioxide to the atmosphere from all stationary power plants in the United 

States in 1970. As most of this sulphur dioxide is produced during the 

bur n i n 9 oft he" p ! t chi Ire sid u e a s f u e Ion the ex t rae t ion sit e , I t w ill 

probably be released simultaneously at a number of plant sites. The 

spacing and pollution 1 imitations on these plants will have to be regulated 

carefully and will require extensive knowledge of air movements in the 

whole Bituminous Sands Area if major pollution of the atmosphere, soils, and 

water is to be avoided. The only pre~ently available method for reducing 

502 emissions is the substitu~ion of low-sulphur fuels.* 

I V • 6 . ( i v) D l!.,S t_ 

Little data are available on which to base an estimate of the sol id 

waste disposal problems for in situ operations in the Bituminous Sands Area. 

The only reference to sol id waste Is contained In the Oil and Gas Conservation 

Board Report on the Shell Canada Limited app! ication, wherein it is stated 

that about 180 tons a day of mineral matter produced along with the bitumen 

emu'lslon would remain in the IIp itch. H Presumably this mineral matter will 

be emitted as dust into the atmosphere with the flue gases when the fuel 

is burned. Extrapolating these data to the production of million barrels 

a day of synthetic crude oil gives a figure of 1,800 tons a day of sol ids 

emitted into the atmosphere from the upgrading p1ant associated ",,!ith the 

steam-injection process. 

As no analyses of the mineral content of the bitumen produced by the 

COFCAW process are available, no estimate of the quantities of dust to be 

emitted to the atmosphere from the burning of "pitch l ! or coke made from 

bItumen recovered by thls process can be made. Hm,jever~ it IS assumed that 

* Ad Hoc Panel on Control of Sulfur Oxide from Stationary Combustion 
Sources; National Academy of En9Ineer~ng. Washington, D.C., 1970. 
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it will be equal to or greater than that produced by the steam-injection 

method. 

It is recommended that attempts should be made to get samples of the 

bitumen produced by the steam injection and COFCAW experiments*in the 

Athabasca deposit for analysis, so that some meaningful projections of 

environmental effects of dust emission can be made. 

* !n the transcript of the proceedings of the hearing by the Energy 
Resources Conservation Board of the Muskeg Oil Company (1969) 
appl ication, the sol ids content of the bitumen was said to be 
less than 1 per cent. 
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Method of heating subterranean formations. 

3 



2,804,146 (1957): 

2,813,583 (IS5?) : 

2,825,408 (1958): 

2,839,141 (1958) : 

2,914,309 (1 0 1:;0) • 
.J~J • 

2,882,973 (1959) : 

2,924,276 (1960): 

3, 107,726 (1963) : 

3,171Jt79 (1965): 

3,196,945 (1965): 
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Recovery of petroleum oil from partially depleted 
subterranean reservoirs. 

Process for recovery of petroleum from sands and shale. 

Oil recovery by subsurface thermal processing. 

Methods of 011 recovery with in situ combustion. 

Oil and gas recovery from tar sands . 

Recovery of oil from tar sands. 

Secondary recovery operation. 

Recovery of oil from tar sands. 

Method of forward in situ combustion util izing 
air-water injection mixtures, 

3,233.669 (1966): Heating an underground reservoir by radioactivity to 
recover viscous and tarry deposits therefrom. 

'6 '8 (1'" \ h d f .- d 3,34 ,04 907): Thermal recovery met 10 s or 01 I san's. 

3,384,172 (1968): Producing petroleum by forward combustion and cyc! ic 
steam injection. 

(. r. ") \ 1°",., . • ::)-..,1\...1 • Steam drive for incompetent tar sands. 3,396,791 

3,459,265 
3,460,621 

(1969): Method of recovering viscous oil by steam drive. 

(1969): eyc"! ic steam injection and gas drive. 

3,1[90,532 (1370): Recovery of low-gravity viscous hydrocarbons. 

3,620,303 (1971): Tar recovery method. 

v.4. Government Reports 

Reports submitted to the Energy Resources Conservation Board in 
support of applications to produce oil in commercial quantities 
by in situ methods. 

Shell Can;:lCia Limited (1962): IIfor the approvai of a scheme or operation for 

the recbvery of oil or a crude hydrocarbon product from oil sands. 11 

f1uskeg 011 Comp2ny (1368): lifor the approval of a scheme for the recovery of 

oil 01- crude hydl'ocarbon pi-odu.ct from certain oil sands in the Province 

of Alberta. 1I 

4 



Page 632 

v.4. (11) Report to the Lieutenant Governor In Council by the Energy Resources 
Conserve t i on Boa rd 

1963 with respect to the appl ications of Cities Service Athabasca Inc. 

and Shell Canada Limited under Part VI A of the Oil and Gas Conservation 

f-\c t, 258 pages. 

v.4. (I Ii) Report to the Minister of Mines and Minerals 

5 

1959 Alberta Technical Committee report to the Minister of Mlries and Minerals 

and the Oil and Gas Conservation Board with respect to an experiment 

proposed by Richfield Oil Corporation Involving an underground nuclear 

explosion beneath the McMurray Oil Sands with the objective of determining 

the feasibil ity of recovering the oil with the aid of heat released from 

such an explosion. 
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December 7, 1972 

DIRECT COKING OF ALBERTA BITIJMEN IN A FLUIDIZED SOLIDS BED 

By: P. E. Gishler 

Introduction 

At present, commercial oil is produced from mined tar sand by 

first separating the bitumen from the sand, using the Clark Hot Water 

Process. The crude separated bitumen is treated for removal of water 

and fines before it is sent to the delayed coker. The economics of 

this process is attractive, but a serious effluent problem results 

even at the low production rate of 45,000 bbls/CD. 

In ten to fifteen year's time there could be about one million 

barrels of synthetic crude produced daily. It is necessary now to 

give serious consideration to the possible effect on the environment. 

This includes search for the least harmful processing steps consistent 

with economic production. This is bound to be a lengthy and difficult 

exercise. 

The present report is meant to be one contribution towards this 

study. It describes a process developed at the National Research Council 

(NRC). Its main advantage is that bitumen in tar sand is converted 

directly to a coker distillate, thus avoiding the need to use any water 

separation. Both the advantages and disadvantages will be discussed below. 
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Process Description 

Commercial scale equipnlent would appear similar to that shown 

in Fig. 1. It has been found that when a lwnp of tar sand is dropped 

into a hot fluidized solids (F.S.) sand bed, rapid coking takes place. 

A clean coker distillate flashes from the bed and a layer of residual coke 

will surround each sand particle - the original lump having broken down 

to free-flowing sand. Pilot plant results will be described in a later 

section. 

Mined tar sand is fed continuously into the fluidized still bed 

held at 900 - 1000 F. Thermal cracking of the bitumen takes place. The 

resul tant coker distillate flashes from the still and is recovered as a 

clean dry oil. It will still require hydrogenatjon to remove the con­

tained sulphur. The solids of the feed become part of the fluidized 

sand bed. Heat is supplied to the still by moving hot sand continuously 

from the burner to the still. Coker gas is used to fluidize the still. 

Sand containing coke is continuously recycled from the still to the 

burner. This operation is similar to that of a HCat Cracker!;, 

The burner bed is fluidized by air. Heat is generated by burning 

the coke f:rom the ta:r sand surface. The necessary remaining heat is supplied 

by feeding some residual oil and coker gas as auxilia:ry fuel to the 

burner. 
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Pilot Studies (1) 

The pilot layout is shown in Fig. 2. Operation was similar 

to that described above. There were differences in design but these 

were meant mainly, to overcome heat losses due to small scale 

operation, and, to be assured of accurate measurement of products 

and byproducts. 

Operation data for typical runs are shown in Table I, and oil 

inspections are shown in Table II. Results showed that technically 

this is a neat way to get a clean product from bitumen, and that a 

minimu,'l1 of further processing is required. Yields in the range 

84 - 86% by volume were obtained. Feed samples were from the Fort 

McMm:Tay area (Abasand) and from Bi tumount. Bitumen content in each 

case was high compared with average bitumen content in the Mildred 

Ruth Lake area. 

If this process could be made economically viable, or if it 

could be modified to become viable, it would replace three steps in the 

present G.C.D.S. operation, viz: 

Hot water separation 

lvet crude biturnen cleanup 

Delayed coking. 

(1) Hcfercnces (a) NRC Report Ottawa Sept. 1951 
111'11e Fluidized Solids Technique Applied To 
The Alberta Oil SClncls Problem" by: 
Peterson anel Cishler 

Cb) ~!RepQrt OTJ. the .Alhert.a Bitumino'tlS San.ds n 

by: S .~l. ])1 :lir -- to t he (~ovel'nment of 
the Province of Alberta. December 19S0 
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Advantages and Disadvantages 

Compared with other processes direct coking has certain attractions, 

but it also has disadvantages. These are listed below. 

Advantages of Direct Coking 

1. It is a dry' process so that there is no liquid effluent to con-

taminate the environment. 

2. Solids fines do not present a separation or contamination problem. 

3. A clean coker distillate is obtained directly from tar sand as mined. 

4. Yields compare favorably with present processes, based on extensive 

small scale pilot work. 

S. A large amount of high tenlperature waste heat is available for other 

plant operations and for power generation. 

Disadvantages of Direct Coking 

1. Hodified nCat-CrackerT! equipment can be used, but this is expensive 

for processing of low grade feed material such as tar sand. 

2. Sand is abrasive. 

3. Every ton of bitumen fed to a fluidized coker is accompanied by 

about seven tons of solids and one-third ton of water. This must 

all be heated to about 900°[<' in the still. The solids would be 

heated to about 1300
0

F in the burner. The total amounts of heat 

involved are of the same order as those fOl' present processes, but 

rm . .1ch higher temperatures arc involved" 

4. The coke and the resiJual oil that serves as fuol in the burner 

contain at least 5~? sulphur. There is no practiCed i,!(lY of removing 

the sulfur from the coke. It I'Jill generate about 270 ton/CD of S02' 
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Untreated residual oil would generate a similar amount if used. 

Coker gas can be scrubbed before use. 

5. A heat disposal problem could develop. 
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Possible Modifications 

The main reason for examining the feasibility of applying direct 

coking or some modification is that it is less damaging to the environment, 

and at the same time produce the required synthetic crude at an acceptable 

cost. 

There are catalytic crackers that can handle 40,000 bbls/day of 

hydrocarbon feed. We are interested in feeding 140,000 bbls/day bitumen so 

that three units equivalent to large Cat Crackers should do the job. They 

must also handle 7.1 times that weight in solids plus some water. Further-

more, enough heat must be generated in the heater (regenerator) to carry 

out the operation. 

It has been proven technically that direct coking can process quite 

dirty feed. A heat and materials balance shows that this process would be 

more attractive if at least half of the solids could be rejected before 

bitumen coking. However this solids removal must be accomplished without 

introducing an excessive amount of 'dater into the product. and without 

generating an effluent problem. Two methods of attack are described below. 

The first method involves sand rejection via bitumen agglomeration: 

Dr. I.E. Pu~dington (2) NRC Ottawa has used his knowledge of 

surface chemistry to agglomerate the bitumen in tar sand 

and at the same time release most of the sand. Recovery of 

the bitumen as agglomerate was almost cOLlplete. 

Analysis of a typical product was: Bitumen - 55% 
Sand - 20% 
Water 

(2) Sr:rrks, '!cac1us Pi Puddington .. en! Transactions LXXIV 169-74 1971 
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The water content in the above is too high to make it an 

attractive feed to the coker still. However, a double 

agglomeration produced the following acceptable product at 

high yield: Bitumen - 73% 
Sand - 15% 
Water - 12% 

In this work a total water to feed ratio of 5 

This is unacceptably high. 

1 was used. 

Bickard, BOl'J11lan, Butler and Tiedj e (3) of Imperial Oil Enterprises 

Ltd. have carried out similar work, They found that they could get good 

separation - up to 90% solids removed - using less than one pound water per 

pound tar sand. Pilot scale studies confirmed their bench scale results. 

They concluded that the process has the following attractive features: 

1. Low operating temperature, 

2. Good oil recoveries. 

3, Tolerance to clay and silt in feed and in resycle water. 

4. Relatively dry oil phase (low heat demand in coker). 

5. No solvent required. 

6. No sludge produced. 

The results were published in 1963 and therefore preceded the CUTrent emphasis 

on a clean environment. The heat required to coke this procillct is low compared 

with that required for unbencficiated tar sand. 

(3) nAthabasca Oj1 Sands!l 
C' 1 l" laT( CUltJ..on Oct. 1963 p. 171-191 
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The second method involves bitumen recovery via sand agglomeration. 

The Clark Hot Water Process as presently applied to the commercial 

recovery of bitumen is found to produce a water effluent stream high in 

extreme fines and in oil-impregnated fines that settle with extreme difficulty 

if at all. The problem of finding enough effluent storage capacity is great, 

and the danger of a maj or spill or washout exists. 

The possibility of forming all the solids, including fines, into well 

compacted aggregates was investigated by Dr. Puddington. Starting with a 

high clay bituminous sand he first dissolved the bitumen in a hydrocarbon 

similar to \Tarsol and added a small amount of ivater \'Jhich caused the solids 

to separate and agglomerate. 

In this preliminary work the amounts of hydrocarbon used appeared to 

be too high to be of economic interest. However it has demonstrated the 

future possibilities of one more technique. It is recommended that continuous 

contact be maintained with NRC. 
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Comparisons 

1. Yields 

Yields are shown in Table III. In the Direct Coker all coke 

appears on the sand surface. It can be burned but not recovered. 

Calculations showed that 10% of the coker distillate ( a heavy 

ends cut) would be needed as burner fuel when feeding tar sand. 

This viould not be needed for coking agglomerated feed. Yields 

compare satisfactorily with those of G.C.O.S. and Syncrude. 

2. Energy Balances 

The energy requirements for any of the presently known processes 

are very high. Syncrude indicates 9100 r;~1 B.T.V./hr. heat load 

(when 1220 ~1M B. T .V . /hr. available for power production fro1Tl excess 

residue included). l"luch of the G. C. O. S. and Syncrude requirement 

is low temperature heat. With tar sand feed, heat required just to 

operate the direct coker (still plus burner) is about 9400 MM B.LV./hr. 

Because of its high temperatures a large percentage of this can be 

recovered. This should be sufficient to supply heat requirements for 

the rest of the plant. Effective heat recovery from the hot sand 

reject would require considerable design development. 

The SOUTces and amounts of heat available above 4000 p are shown 

as follows: 

1 From coker still overhead 820 ;"Il~,-j B.T.V ./111'. 

2. Froi!) liurner flue gas 1920 I\'IG'! B.T.V./hr. 

,., Prom burner sand reject 2820 >j>J B~rr~U J. 

Tota] 5560 f,'Jr.'i B.T.U./hT. 
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3. Some design considerations 

Only one example will be given to illustrate the sizes and implied 

difficulties that would be encountered in using tar sand as direct 

feed to a fluidized solids coking unit. Total burner stack gases 

would amount to 1,500,000 Co f.m. measured at N. T. P. If one 

assumes three burner beds, each 1;wuld have to be about 100 ft. 

diameter to reduce superficial linear velocities enough to avoid 

blowing the sand out of the burner bed. If it is recalled that 

the burner operates at about 13000 p one must conclude that the design 

problems would become monumental. One answer is more burners, but 

that mul tiplies the cost. 

4. Effect of Agglomeration on Heat Reguirements 

A fluidized solids coker does not need a clean oil or bitumen as 

feed. Peterson and Gishler have successfully used wet separated 

bi tum en (>30% fLO and 5% solids) as feed, However high water content 
L 

means high thermal demand. One does not need to knock all the sand 

out to get an acceptable feed, provided the water content of the 

product is low. 

The agglomeration work done both by NRC and by Imperial Oil Enter-

prises Ltd. show that this type of bitumen concentration can be done. 

One very inportcmt feature of agglomeration is that the extreme 

fines stay with the bitumen l'llJ.mpsfl. Fines can be handled in the 

coker. This is one \Vay of overcoming the present effluent problem. 
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Table IV gives quantitative data on the effect of producing 

and coking an agglomeration product relative to tar sand feed. 

Heat requirements and amounts of solids are reduced to a point 

vlhere fluidized solids coking can be considered as an attTactive 

pToduction process. 
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Conclusions 

1. A heat balance on a direct coking unit using tar sand as feed 

indicates that the system can be maintained thermally by using 

as fuel the coke and coker gas produced plus coker oil residue 

equal to 10% of the bitumen feed. However, direct feeding of 

tar sand is not considered to be practical because of the vast 

amounts of hot solids and gases that must be handled within a 

confined space, 

2. Direct coking becomes attractive if fifty percent or more of the 

solids in the tar sand could first be rejected. The agglomeration 

technique appears to be a promising way: of accomplishing this. 

It would be useful to discuss this in more detail with the NRC 

and Imperial Oil Enterprises groups with a view towards possible 

further studies. 

3. A more detailed quantitative comparison of pollution hazards 

between direct coking and present bitumen processing methods is in 

order. 

4, At some :Cut un; date, capital cost of a diTect coker should be 

esti1l1atcci J assurning tIle u,se of enriched feed e 
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TABLE I 

PILOT PLANT OPERATli\G DATA 

->"<'---'---'--'---'-~~-'--~'----~--"'~--'--'---"-"-'------~.,-------- ------------------------------.-.---------------_.-

Source 

Run 12 
... -... _--_._---_._----_.-.-_ .. _-----_._._--_ .. ------

}' cect 

tion .. }n. 

2 . ~.; (; t, 1 b . 'k 

3. Bitumen, % 
4. ~uter) % 
S. Rate, Ib/hr. 

Oil Froduct 
1. Vol. U.S. gal. 
2. Yield, vol., % 
7. Solids (settled oil), % > •• 1. 

4~ ',vatcl": qu 

1. 
2, 
3. 
4. 
r 
,J .. 

tion 
St i 11 t emf) ., OF 
Still dust, Ib .. 
p,," '" 0(' ..!~ _ ~";'").. 0h' 
v...,.txn,-,A. l.CiL'J)':> .~ ~ 

Burner dust, lb. 
Recycle ratio 

10 
830 
17.0 

0 .. 3 
Qr;. 
(J.) 

14.3 
84.0 
0.1 

trace 

925 
9.5 

1303 
19.3 

2.9 

* Note - Vol. still bed = 0.5 cu. ft. 

Abasancl 

11 16 

10 6 
864 453 
16.4 16.4 

0.3 0.5 
86.4 7S.5 

14.2 6.7 
83.5 75.0 

0.25 trace 
trace trace 

977 1022 
15.3 7.3 

1286 1373 
21.1 18.0 
4.4 3.8 

17 

6 
500 
16.4 

0.3 
83 

7.2 
73.5 

trace 
trace 

1067 
6.4 

1436 
22.0 
5.0 

Bi tumount 
-----.---=--::..-::..---.. --====.--=--==-- :::::::::::::::::::::::::::::::::==:====== 

13 

6.6 
704 

17. ,... .).J 

.35 
107 

9.9 
85.7 

trace 
nil 

932 
7,0 

1220 
7.2 
4.4 

9 

10 
886 

13 .5 
.5 

88.6 

12.4 
86.5 
nil 
trace 

950 
5.1 

1320 
13.0 
4.7 

10 

10 
854 

14.5 
nil 

85.4 

12.8 
86.0 
trace 
nil 

977 
2.1 

1265 
10.3 

18 

5.5 
435 

15.8 
0.9 

79 

6.4 
82.5 

trace 
0.1 

1022 
2.6 

1400 
7.0 
3,9 "'d 

\l.l 
{)'q 
(!) 

C\ 
+:> 
00 



TABLE II 

OIL INSPECTION 

-- ... "-.. --,--,---.-------,--.-.----~-.--.~-.-.. -----.--~------.-~-.--.------------~ ---~------.....-,-..,.----~ 

Feed 

Run r\O~ 

n.cD .. ction 
0 .. 

teE1p ~ l' 

DeD:.:· j. ty J grn .. /cc~ 

v; ",~r)c·i -' r l .. ·i 'l ·~1" 1000J~ 
} .L~ ... \""-\_ . .;J..:.._C), l ...... _l,,~ CSLt,5. l. 

210°F 

Distillation 

T "P of _'- ~ u., ~" 

50 .. 
.. '0 

10 

/") ('; 

LU 

30 

40 

50 

60 

70 

80 

SulphuT, h't., % 

Abasand 
_._--------_. 
------.-~-----.-------~--,-~-

12 11 16 

925 977 1022 

.954 .962 .959 

68.0 52.0 21.9 

5.6 6,2 3.7 

160 176 156 

280 338 245 

460 325 

585 575 487 

615 630 569 

638 660 614 

650 682 646 

662 700 660 

672 715 670 

670 730 682 

4.0 

Bitulllount 

17 13 9 

1067 932 950 

.950 .961 .954 

11.5 62.0 52.0 

2.7 7.4 5.2 

125 180 178 

215 308 426 

284 435 500 

417 540 580 

525 609 

596 645 662 

638 670 682 

668 692 710 

686 708 720 

707 714 728 

10 18 

977 1022 

.961 .961 

41. 6 

5.5 

182 182 

412 412 

482 472 

558 448 

600 600 

630 637 

650 655 

662 680 u 
ill 

(rq 

6~'J 701 
(]) 

/ "-
0'-..,. 

670 720 
(.Q 

3.9 4.0 



TABLE III 

Yields per 100 Ibs. Bitumen to Plant 

G.C.O.S. Syncn~le 

BituInen to plant Ibs. 100 100 

Clean 

Coker 

Coker 

Fuel 

Fuel 

Coke 

bi tcDllen produced Ibs. 85 93 

Dist.* Ib5, . 55 71 

Dist,* vol,% 68 84 

Gas lbs. 8 8 

or residual oil lbs. 3 16 

lbs. 22 

* or equivalent product. For comparison purposes 
loss in hydrogcnator assumed to be minor. 
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Direct Coker 

100 

72 

75 

5 

10 

10 
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TABLE IV 

Comparing ~Tar Sand and Agglomeration Product (SO% sand removed) 

Tar Sand 

Analysis: Bitumen % 1l.S 

~\iater % 4.2 

Sand % 84.0 

lb. sand/lb. bitumen fed 7.1 

Heat required - B,LD./lb. bitumen fed 2800 

Hot sand reject Ib/hr. 6 lS.7 x 10 

Agglomeration Product 

36.0 

12.8 

S1. 2 

1.42 

IS60 

6 3.1 x 10 
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Project No. 1505 

February 19, 1973 

Attention Hr. R. W. Palmer, P.Eng. 

Subject: FOREST SURVEY--ATHABASCA TAR SANDS AREA, 1972 

A. OBJECT 

To summarize forest data provided by the Alberta Forest Service for 
the Athabasca Tar Sands Area. 

B. INTRODUCTI00! 
In responseto a request by the Alberta Department of the Environment ~ 
the Alberta Forest Service initiated a program involving aerial 
photography and ground checks of the Athabasca Tar Sands Forest 
Study Area in the late summer of 1972. Follmling field checking s 

air photo interpretation, mapping, and preparation of area stand 
lists was carried out in Edmonton. 

Through 1·1r. J. J. Lm,7e, Forester in charge of Inventory Surveys, 91 
tov.-7.:tship-size area stand lists and forest type maps (scales 1:1980 
';\lith about lO~{' 1:1760) > 'vere delivered progressively as completed bet' .. Teen 
November, 1972 and mid-January, 1973. 

The distribution by Hal1agement Unit of the maps of 91 inctividual 
tOl·mships Has as follo,;vs: 

H.n. 
A3 
AS 
A6 
A7 
All 

TOTi\L 

No. of HaJ2..s (Tm-msh:ips) 
2 

1.4 
2 

42 
1 

91 
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Individual townships involved are listed by location and area in 
Appendix 1. 

Information provided on the area stand lists is shmm in Appendix II 
and a typical example of the maps, together with pertinent symbols, 
is sho\m in Appendix III. 

A summary of the cover type areas inside and outside the ATS (stripp­
able) area ,,,as received from Inventory Surveys, Alberta Forest Service 
on February 5, 1973. 

C. DATA PROCESSING 

The forest inventory records provided for each tOWllShip gave 
information for 22,440 different stands and land areas. It was 
unrealistic to show these on a single map) using the original land 
and vegetation categories, shovm in Data Block 15, Appendix III. 
These data were, tberefore, simplified by using a minimu::l stand 
area of 200 acres and, reducing the number of land and vegetation 
categories to 12. These are described below. 

1. Forested Types 

These Here designated as "commercial!1 or !1nonconu-nercial" from 
the forest inventory records using criteria defined by the Alberta 
Forest Service as follows: 

L Commercial: 

R :: Commercial: 

Lumber; ~ 600 cu ft per acre gross 
sawlog volume in white spruce, pine. 

> RoundvJOod; - 700 cu ft per acre gross 
pulp,,,ood volume in white spruce, black 
spruce, pine. 

H :=: High uncommercial: 2. 700cu ft per acre gross pulpwood 
volume--all species. 

U LOll! incommercial: 

N- ::: UncoITLrnercial: 

< 700 cu ft per acre gross volume--all 
species. 

Not operable--productive forest without 
operable potential either for local 
physical reasons or because ,vithdrawn 
from commercial use. 

Stanis were designated as Ilcommercial" or flnoncommercial" from the 
area stand lists using the criteria defined above. Four forested 
types were defined as follows: 
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Coniierous--those without aspen "All or birch "E,,," in the type 
symbol. 

Coniferous-deciduous--those ,\lith aspen ItAIt or birch ItBw" 
follmving the first symbol of the type, 

Deciduous-coniferous--those type symbols stanting vJi th aspen IlA" 
or birch ItB,·711 followed by conferous symbols. 

Deciduous--those type sumbols containing only aspen IIAII or 
birch "Bvlll. 

Four types and tHO commercial and noncommercial 
categories yielded a total pf eight forested types. 

2. Nonproductive Land 

Category Codes in Appendix II Data 

Potential productive 20 - 23 

Nonproductive hardHood 30 
scrub 

Huskeg 34 and 35 

Nonproductive softivood 
scrub 37 

Block 15 

C, PROCEDURES FOR THE HA.P Sill:1NiIRIZING THE DISTRIEUTION OF FOREST TYPES 

In each township the areas of at least 200 acres were selected and 
their type number, area in acres, type symbol and commercialism 
symbol recorded on IBN cards. In additioD, each area was located 
on the township map and its position recorded on a coordinate system 
using. to\·;rnship and range number and the quarter-section lines on the 
map. The original tm-;nship rnaps provided by the Forest Service 
were drm,nl to different scales (1:1980 or 1:1760). This inconsistency 
was overcome by using a coordinate system based on the 
section and quarter-section lines. These coordinates were also 
recorded on the IBM cards. An IBM 360 computer was used in con­
junction vlith a CalcoIT:p drum plotter to plot a scnttergrarn of the 
selected areas, with the appropriate type symbol being plotted at 
each location. From this scatteLf.Srmn~ the outlines of each type Here 
mapped. 
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The river systems were dra"m on a separate sheet and the final map 
produced from overlaying this and the type boundary maps. 

D. RESULTS A1~ DISCUSSION 

Of the 2,136,185 acres comprlslng the boundaries of forestry study 
area~ approximately 619,494 acres (29%) are Hithin the mineable 
area as outlined in the Progress Report on the Athabasca Tar Sands, 
August:; 1972 and 1,516,691 acres (71%) outside. 

Table 1 gives the percentage distribution of cover types. inside 
and outside the mineable area, based on a 200-acre minilfium stand 
size. All the commercial cover types (No.1, 3, 5, 7) are present 
in similar proportions both inside and outside the mineable area, 
ranging in value from 0.5 for deciduous to 7.4% for coniferous 
species. 

About tHO thirds of the area both inside and outside the mineable 
area consist of the same four noncommercial cover types: deciduous 
noncommercial ~ nonproductive soft\vood scrub, muskeg, and non­
productive scrub hard"Tood. 

From the 20-acre minimum stand size computet" summary of the cover 
type areas inside and outside the ATS as supplied by the Alberta 
Forest Service, it ,'laS possible to compare the percentage distri­
butions of the lumber, roundHood, the uncommercial categories; and 
others, ,·lith those obtained using a 200-acre minimum stand size 
(Table 2). 

The comparison indicates: 

1. Inside and outside the mineable area, the proportion of 
commercial stands is about the same for both the 20- and 200-acre 
minimum areas. 

2. Inside the mineable area, the proportions are about the same for 
the uncommercial productive categories, muskeg, and nonproductive 
hardwood and softwood scrub for both the 20- and 200-acre 
minimum areas. 

3. Outside the mineable area, there is a greater percentage of 
uncommercial productive stands smaller than 200 acres in extent. 

4. Outside the mineable area, for nonproductive hardHood and soft­
,\fOod scrub, there is a greater percentage of stands larger than 
200 acres. 

On the basis of this comparison, it is concluded that sufficient agree­
ment exists to validate the use of the 200-acre minimum stand size 
for the map gi vin g an ovcrvieH of the 91 tOl·mships comprising 3.338 5<} 

mi ATS Forest Study Area. 



No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Table 1 

PERCENTAGE DISTRIBUTION OF COVER TYPES 
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INSIDE Ah'D OUTSIDE THE l-UNEABLE AREA (200-ACRE MINHfUM) 

Cover Type Inside ATS Outside ATS 

Coniferous commercial 7.1 7.4 

Coniferous noncommercial 7.1 10.3 

Coniferous/deciduous commercial 5.0 5.1 

Coniferous/deciduous nonconunercial 1.0 0.9 

Deciduous/coniferous commercial 1.2 1.8 

Deciduous/coniferous noncommercial 7.3 5.9 

Deciduous commercial 1.0 0'.5 

Deciduous noncollli'11ercial 23.0 13.6 

Potential productive 0.1 0.1 

Nonproductive scrub hard"lvood 10.0 14.3 

Muskeg 12.0 17.2 

Nonproductive softwood scrub 20.8 19.7 

Other 4.4 3.2 



Table 2 

PERCENTAGE DISTRIBUTION OF FOREST TYPES 
ACCORDING TO Cm1l1ERCIAL CATEGORY 

INSIDE Al\1]) OUTSIDE THE tlINEABLE AREA 
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USING A 20-ACRE MININUM STANl) SIZE AND A 200-ACRE HINIHUH STAl\TD SIZE 

I N S I D E OUT S I D E 
Category 

I 20-Acre 200-Acre 20-Acre 200-Acre 
Hinimum Ninimum Hinimum Ninimum 

Lumber 6.9 -- 7.5 --

Roundwood 9.3 -- 7.9 --
Total lumber and 
roundwood 16.2 14.3 15.4 14.8 

High uncommercial 6.1 -- 6.1 --
Uncommercial 29.0 -- 33.0 --
Total uncow~ercial 35.1 38.4 39.1 30.7 

Huskeg 12.8 12.0 14.6 17.2 

Nonproductive scrub 
harci"lOod 8.5 10.0 12.8 14.3 

iNonproductive softwood 
scrub 20.3 20.8 16.5 19.7 

Other 7.1 4.5 1.6 3.3 

- ! - I I 
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The effect of mining is not to reduce the amount of potentially available 
timber now but to reduce the amount available in future. So little 
is currently knovm for this area of the possibility of reclamation 
for forest production, that it must be assumed that land cleared 
for mining represents a permanent reduction in the growing stock. 

Approximately 93% of the ATS forest study area is comprised of Hanage­
ment Units AS and A7, each of ,..;rhich has tHO coniferous timber 
quotas (AFS Hanagement Units A5, A7, Coniferous Timber Quotas 1971-2). 

For H.U. AS, the strippable area covers 15 and 8% of Quotas No.1 
and 2, respecitvely. The annual quota volumes allocated for cutting 
on a sustained yield basis are 6.5 mm FBH and 0.5 mm FBM for a 
combined total of 7.0 mm FElL 

The strippable area in H.U. 11.7 takes up approximately 45% of each of 
Quotas I and 2. Respective annual volumes allocated for cutting 
are 2.0 rum FBH and 6.9 mm FBIv1 for a combined total of 8.9 mm FBH. 

The combined annual value of timber from H.U. A5, and A7 (15.9 rum FBH) 
at $100 per m FBM is $1,590,000. 

Land clearing for eight properties producing 1 million barrels of 
bitumen daily \vould remove ground cover from 22,000 acres, in the 10 
years before a balance is reached bet,veen newly disturbed and 
reclaimed areas. I>]hen this balance is reached, annual clearing ,..;rill 
be in the order of 2,200 acres per year. 

In the absence of specific future plant locations, it must be assumed 
that the commercial lumber to be removed in land clearing vlill be the 
same proportionally as it now exists in the total mineable area. On 
this basis, the following table can be constructed: 

Table 3 

ESTIHATED AVAILABLE VOLUNES FROl-I TOTATJ HINING OPERATION 

, 

I 
, 

Yearly' I . 
% I Adjust I Approx Cu ft 

10-yr Total 
Timber Type from tab18i for 111:1 Cli ft Cll ft Total 

Acres Per Acre 2 \·;ater 1'1 cu ft , ._---
Lumber I 6.9 7.2 1,584 600+ 0.950 95.0 

RoundHOocl 9.3 9.7 2,1% 700+ 1.494 149.4 . 
High UDcomE1eJ:-
cia1 6.1 6.3 1,386 700+ 0.970 97.0 

30.2 700- 465.1 lJnc.on1E1erc: :Lal 29.0 I 
Other (less I 1,8.6 - 3.8 I I 
;~~_0Z.-':~:':1.!~e,-~:1 ______ ~_1-=--...ll:.i.,-sL ___ J_l.rf2..:J2 ___ \.IQ~J_~. __ . ____ =-_. ___ !--___ .......::::::..~ ______ --=.::::_ .. __ -1 
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In the first 10 years, assuming a 1,000,000 BreD bitumen production 
approximately 0.95 million cu ft of lumber Hill be avaialble for 
salvag,~ during clearing operations.' Using a board foot-cubic foot 
conven:ion ratio of 5:5, 5:225 mm FBI1 at $100 m FBl1 \vould be valued 
at $522,500. 

:t-fanagement plans and cutting scheduled for Units AS and A7 have been 
prepared on the basis of sustained yield forestry. If the strippable 
areas are removed in their entirety, M.U. A7 Hill be more seriously 
affected (45% reduction), than M.U, AS (8 - 15% reduction). In any 
case, it is doubtful that present cutting schedules can be folloHed. 

These figures show that the total annual volume likely to become 
available from mining is less than that already cut under the present 
quota system. If salvage logging is carried out, this means 
that mining will not affect the supply of timber during the present 
rotation but it will affect the supply from the next rotation. 
Sustained yield from units AS and A7 will still be possible but the 
allowable cuts Hill be smaller because the growing stock will have 
been reduced by mining operations. Using the proportion of A5 and 
A7 in the mineable area, ~nd the figures in Table 3, this total 
reduction Hould be approximately 5 }fIvl FJ3M per year. 

1. PUlpvlOOd 

There are approximately 119,500 acres of round"\vood outside the 
ATS and 57,000 inside, supporting a gross volume of at least 
700 cu it per acre. 

At present, no pulp mills exist in the study area but the possibility 
of building a very large (1200 tons per day) mill has been 
considered for the Hclviurray Pulp Development Area. (Forest 
Statistics for the Slave Lake and HcMurray Pulp Development Areas, 
Timber l1anagement Branch, Alberta Forest Service, September, 1972). 
Taking this as a guide, the folloHing estimates are possible. for 
the mineable area. 

A 13% deduction in gross volume can be assumed for losses from 
cull. decay, fire, insects and disease, resulting in a net cu ft 
volume of 31f, 713, 000 for the study area inside the ATS. The solid 
content of a stacked cord in the Mclviurray area is 85 eu ft and 
the average Height of a green cord is 2.3 tons. This gives 
408.388 net cords of pulpvlOod or 932,293 tons of green Hood as 
the total net quantity of available roundvmod. Assuming a rotation 
of 80 years for pulpHood, this is equivalent to an annual yield 
of 11,7/+1 tons of green cord,vooc1. 1\,,'0 cords of this are required 
to produce one ton of air dry pulp. There are ahout 320 operatjng 
days per year for a single pulp mill. On this basis; the area 
inside the ATS would produce about eight tons of air dry pulp per 
d3)r .. 
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The McHurray Pulp Development Area includes a very extensive 
area outside the entire tar sands study area, including Manage­
mant Units AI, A2, A3, A5, A6, A7, A8, A9, Ala, All, A12, and 
L3, A4, LS, A6. ·The Alberta Forest Service (Forest Statistics 
for the Slave Lake and Mdfurray Pulp Development Areas, Timber 
Management Branch) estimate that there is sufficient wood in that 
area to support production of 1,200 tons per day of air dry pulp_ 

It should be pointed out that the plan assumes that it is 
economically feasible to log all available vlOod. The loss of 
the roundvJOod on the mineable area to the total McHurray Pulp 
Development Area ,wuld not affect the establishment of a pulp 
mill. Table 3 indicates that, during mining operations, 
approximately 1.5 million cu ft of roundHood could be salvaged 
over each la-year period. 

F. EFFECT OF HINING ON NONCOl'mERCIAL COVER CLASSES 

Most of the tar sands area to be cleared is noncommercial cover. 
Table 3 shows that approximately 18,000 acres will be cleared every 
10 YI2.a.rs. These areas \\lill never return to the same ecological 
communities, and it is likely that all species of "\<lildlife will not 
find suitable habitats on reclaimed areas. Reclamation plans 
should attempt to create ,vildlife habitats as v1ell as productive forest. 

G. RECOHHENDATIONS A1TD CONSTR.4INTS: 

1. Each ne,·] mining operation should be preceded by its own 
environmental impact statement to include forestry data using 
currently available detailed tmmship maps and stand lists 
under the direction. of the Alberta Forest Service. 

2. I·Jell in advance of clearing operations, the Alberta Forest Service 
should be consulted to provide the best CUtting plan in relation 
to salvage and coordination \\Tith other clearing operations. 

3, Reclamation research should be directed in part, to determining 
the possibility of restoring denudeci areas to productive forest 
in at least the same proportion as it now exists and to accommo­
date v1ildlife. 

4. In the event of large-scale mlnlng development, new management . 
plans should be developed for M.D. A5 and A7 compatible Hith 
surface clearing rather than preserit sustained-yield objectives. 

5. Time, budget constraints and absence of the specific location of 
projec.tcd plo.nts did not permit detailed evaluZlt:Lon of site 
quality. l.ogg"bility, of any ecolog:Lcal relationships or loced 
en\riroD.T11cnt cll i111pacts" 
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LIST OF TOI-lNSHIPS MID AREAS IN ATS FOREST STUDY AREA 

Man. Unit Tmmship Range Acres 

A03 89 09 23,449 
89 10 23,449 

A05 89 14 23,449 
89 15 23,449 
90 5 23,398 

90 6 23,398 
90 7 23,398 
90 8 23,398 

90 9 23,398 
90 10 23,398 
90 11 23,398 

90 .12 23,398 
90 13 23,398 
90 14 23,398 

90 15 23,398 
91 5 23,549 
91 6 23,549 

91 7 23,549. 
91 8 23,5Lr9 
91 9 23,549 

91 10 23,549 
91 11 23,549 
91 12 23,549 

91 13 23,54·9 
91 14 23,549 
91 15 23,5 L[9 

92 5 23,499 
92 6 23,499 
92 7 23,4·99 

92 8 23,499 
92 9 23,L[99 
92 10 23,499 

92 11 23~499 
92 12 23,1,99 I 
92 13 23,499 I 

I ----.. -~---.. ----.-{ 
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Han. Unit Township Range Acres 

A05 92 14 23,499 
92 15 23,499 
93 7 23,449 

93 8 23,449 
93 9 23,449 
93 10 23,449 

93 11 23,449 
93 12 23,449 
93 13 23,449 

93 14 23,449 
93 15 23,449 

A06 97 6 23,449 
98 6 23,398 

A07 94 7 23,398 
94 8 23,398 
94 9 23,398 

94 10 23,398 
94 11 23,398 
94 12 23,398 

95 7 23,549 
95 8 23,549 
95 9 23,549 

95 10 23,51J9 
95 11 23,549 
9S 12 23,549 

96 7 23,1J99 
96 8 23,499 
96 9 23,499 

96 10 23,499 
96 11 23,499 
96 12 23,499 

97 7 23,/+q9 
97 8 23,449 
97 9 23,4!{9 

97 10 23)449 
97 11 23,L1/,9 
97 12 23,41+9 

I----------··---------------------------~ 



Page 664 

APPENDIX I - 3 -

11an. Unit Township Range Acres 

A07 98 7 23,398 
98 8 23,398 
98 9 23,398 

98 10 23,398 
98 11 23,398 
98 12 23,398 

99 7 23,549 
99 8 23,549 
99 9 23,549 

99 10 23,549 
99 11 23,549 
99 12 23,549 

100 7 .23,499 
100 8 23,499 
100 9 23,499 

100 10 23,4.99 
100 11 23,499 
100 12 23,1+99 

All 99 6 23,549 

TOTAL 2,136,185 

:: 3,338 sq mi 



Data 
Block 

11 

12 

13 

14 

15 

APPENDIX II 

CLASSES OF INFORHATION PROVIDED ON THE ATS MAPS 
AND AREA STA1'D LISTS--ALBERTA DEPAl'ZT}illNT OF FORESTRY 

Code 

0001 

0007 

A. 
B. 
C. 
De 

A 
B 
C 
D 

0 
1 
2 
3 
4 
5 

Sb 
Fb 
P 
A 

Description 

~number (4 digits) 
Forest types are numbered in areas 
with detailed inventories. 

Area in Acres (4 digits) 
Acreage of sub-type--productive, 
potentially productive or non­
productive land. 

Inventory 3 
CrOvffi Density % (Stands > 20 ft) 
Sparse := 6 - 30% 
Low 31 - 50% 
Hedium 51 70% 
Dense := 71- 100% 

Coniferous Regen. Stock (Stands < 20 ft) 

Unstocked 
Inadequate 
Adequate 
Overstocked::: 

Inventory 3 
Height Class 

1 - 20 it 
== 21 - LIO ft 
:= 41 - 60 ft 
:= 61 - 80 ft 

81 - 100 ft 
::: 101 ft + 

IY~~_~'ymb 0 1 s 
. Forested '£Y.I:es 

l.Jhite spruce 
Black spruce 
Balsam fir 

6 - 20% 
21 40% 
41 - 60% 
61% + 

Pine (also Pj, Plan map) 
Aspen (A\, on map) 
Hbite birch 
Larch 
Douglas fir (not in Athabasca) 

Note: If more than three species are coded 

ar;c1 height:.. 19norc speC~LC[; 1.n. bro.CKets" 
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Program 
Conversion 

req'd 

req'd 

req'd 

1 
2 
3 
4 
5 
6 
7 
8 

accept only tl-J(; first 3, If syn:bol is reversed, J 
aCCC'I)t [lS v<11:L(1. ALL of .<1hO~Te must,l,nve density 

~--',~",¥-----~-----. ....-...---~---~----~-.-----~-~---- .. -..,...----.. -.----~--~....,.,..--.----"- ---.,..._._- -_. __ . 



Data 
Block 

15 

16 

17 

Code 

C.C. 

Burn 
W.F. 
B 

Symbol 

Brushland 
Hater 
Alienated 

Cleared 
Open Nskg 
Treed Nskg 
Grassland 

Tree Line 
Stunted 
Rock 

Sand 
Cut banks 
Indian Res. 

Federal Pk 
Prot. Zone 
Prov.Pk 
Scrub 

R 
L 
P 

L 

R 

H 

APPEJ\TDIX II 

Description 

Potential Productive Types 

Inventory 3 
Clear cut (Vlith date of origin and S.I. 
if kno\-1n) 
Burn 
Windfall 
Brush 

Nonproductive Land 
Land Category 

Scrub hardVlood 
Hater 
Alienated--Clg 

Cleared--Clg 
Open Huskeg 
Treed Huskeg 
Grassland, Hay meadoVl 

Soil barren ~ beyond :;:1-\::: 
Stunted due to elevation 
Rock barren 

Sand 
Cut Banks 
Indian Reserves--I.R. No. 

Federal Parks 
Protection Forest 
Provincial Parks 
Softwood 30% tree cover 

.~J?c:cift..<: Symbol (Refers _to \vater) 
Rlver 
Lake 
Pond 

Commercialism (Inventory 3) 
Lun;b-er':"600+--g-ro~%s-av.rlog C:F. / acre 
in SH, PI, rd. 
Roundwo6d-700+ Gross pulpwood 
C.F./acre inS\\T, Pl, Fd, Sb. 
High uncommercial···700+ G:toSS pulp­
wood C.F./acre--all species 

._---------------------_. 
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Program 
Conversion· 

21 
20 
23 
22 

30 
31 
32 

33 
34 
35 
36 

38 
39 
40 

41 
42 
43 

44 
45 
46 
37 

req'd 

req'd 



Data 
Block 

17 

18 

19 

22 

Code 

u 

N 

V 
VJ 
X 
Y 
Z 
S 
T 

1 
2 
3 
4 

APPENDIX II 

Description 

Low uncommercial--1ess than 700 C.F./acre 
...--a11 species 

Not operab1e--productive forest without 
operable potential either for local 
physical reasons or because withdrmvn from 
commercial use. 

Disturbance Factors (Inventory 3) 

Various 
Wind 
Cut 
Burn 
Insect 
Stagnant 
Termi?ating 

Severity (Inventory 3) 

1 - 25% loss 
26 - 50% loss 
51 - 75% loss 
76 - 99% loss 

!:J;e (2 digi t fi. eld) 

Age is indicated by a t,.;tO number code 
called the lIDate of Origin", Date is 
determined by prefixing "l" and suffixing 
HO" to the code. Example: 95 - 1950. 

Actual stand age as determined by a field 
sample is indicated by a three-number code. 
Example: 951 - 1951. 

Date of Origin !':E,e Classes 

96 1 - 20 
94 21 - 40 
92 41 60 
90 61 - gO 
gg 81 - 100 
86 101 - 120 
84 121 - 11+0 
82 141 - 160 
80 161+ 
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Program 
Conversion 

req'd 

req'd 

req'd 



Data Code Block 

23 

U 

24 

G 
M 
F 

APPENDIX II 

Description 

Understory 

If record is understory, code "U" 

Site (Inventory 3) 

Good 
Medium 
Fair 

( 

Other Inventory 

Code I Good 
2 Medium 
3 Fair 
4 Poor 
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Program 
Conversion 

2 

req'd 

I 
2 
3 
4 



Al'PENDIX III 

c 

13! ~)N 
9/;-

3 !f/:;/C/./' 
.. 5/,IF'(?]j ~.::.: Cc/'//·7o.5//i('~ {<--5Pr:cl_.-s /0-- /9~'{ s;/o/,//'/ /~,/ 

f:3.(!.J'} (? .. -.'---;-'''S . . !-(:./JO;;:~/.~ ::/"//..:."(,/:::-." 

L ,"" c>:' ,//.) £..~~() (' / /} /,j ,-;,tV? 
/J;/i! 'i-C'" Td.'J~/ fO?,) I' 

XI J)I.··-'-U",'/"I}/'/CI'· ,'}.'/f' ."'F"'CC.v/- of -"';/"7.r;(:,,=. 

[3£J .7..Jli'i;-·- l',':'- (.),(,/('/ .• / (IS{)C) 

1'1 5/,r·.«c· - :>:"J', /·/-'/'/I.'{.,.u/J, /,--- F:'.'i~) 
.! .. J(ll..,)~"/ ~. (;'JJ/).'_./,:'\.;;..i;. ... <)/ /)/v"/) C'/..'/,<'//./. . 

t_"H' ___ _ .~;~!./:.". , . .... _.", ... ,,-~ .. _"" ',"", ,.."' ~ ~ ...... ~"""''' ~~.'" .. -, ,- ....... , ""~ ...... """ .. ,< ,,>,,._ •.• .--- .~~ ., _.---. --~-, "'-''''''~''''''-''''''.:< ... ~.' 

Example of typical m(ls~nc of forest cover types; 
1/3 of Th'SP 91> R13. Original Dcale 1:1980. 
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