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

Your Comment

(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 imminent environmental constraint to the future expansion of this

recovery method."

Referring to drainage areas, Page 16 of the report recommends "a
comprehensive survey of all the drainage basins which traverse the mineable area'

in order to determine what river courses should be preserved.
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Your Comment

(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.
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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. 1 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”vto 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.™

For purposes of this Study our soil consultants consider the use of
the term "muskeg' 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

T



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).
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Your Comment

(4) vIndexing 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 which 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.
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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., HZSO3 and H2804 formation

should be considered."

Reference to Summary Report

Original Printing - Page 20, First Paragraph

Revised Printing - Page 21, First Paragraph

Our Response

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.
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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 foads 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.
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Your Comment

"Disagrees 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

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

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 "simplest and cheapest method"
is subject to more detalled examination of the success of this technique, and

the additional impounding areas required and their related value.
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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 ﬁand, 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, howevef, 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.
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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 Consultant’s Verbatim Response to this Item is as Follows:

"The criticism or comment is valid. Calculated value of oxygen sag
would be very low. The February 16/72 figures for effluent B.0.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/1 - probably not detectable. The natural B.0.D. of the

river is of the order of 1 mg/l.

There is however, always some uncertainty connected with 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.0.S., Page 75, show B.0.D.
" values (Feb. 16/72) of 46 but the C.0.D. is 140. Some uncertainty exists as

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

In swmary 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 when heavier river loadings

are likely to be present.™
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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."
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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

"If 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 Govermment that we

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

Qur Response

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.
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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 enviromnment, 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 envirommental
impact of mining and hot water extraction. 1In 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.
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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 envirommental 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
fhe only practical basis for projecting the environmental impact of future tar

sands development beyond Lease 86 and 17.
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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 comnstruction 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.
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Your Comment

(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 summary 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
recommendations 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.
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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."

Our Response

As already explained, our Progress Report was deliberately limited
to the envirommental impact of mining and hot water extraction which is not a
major contributor to air pollution except for the ice fog. The principalv
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 502 and
other emissions. Over the past six months efforts have been made to obtain the
results of this suévey for incorporation into our conclusions, however to date

the necessary information has not been provided.
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Your Comment

(6) "More 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."

Qur Response

The type of data required for environmental planning should have
been readily apparent from our continual discussions with the Department of
Enviromment 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.
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Your Comment

(7) "With regard to the recommendation of removing restrictions on available
information required for envirommental 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."

Qur 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 Govermnment 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.
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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.
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Your Comment

(8) "The Department of Lands and Forests has issued quotas of 9 million f.b.m.
in A-5 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, althouéh‘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.
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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,

7

o -

,,-»(;;/ &// ( ey L

Harold V. Page, P.Eng.,
Project Director.

ATHABASCA TAR SANDS STUDY
HVP:ejd
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Enclosure No. 1

NOTES ON MUSKEG DISTRIBUTION MAP

prepared for

Athabasca Tar Sands Study

The Soils Division of the Research Council of Alberta carried out
an exploratory soil survey of northern Alberta between the years 1955
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 1951.

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 pipeline 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 delineated - 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
occﬂrrence of muskeg associated with the various landforms in the area.
For example, the Muskeg Hills north of Fort McMurray are characterized by
70 - 100% muskeg, whereas the higher elevations of the Birch Mountains are

by comparison only 20 - 50% muskeg covered.

tt would 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: YA soil that has developed dominantly frem
organic deposits that are saturated for most of the year and contain 30%

or wore of organic matter to a depth of 12 inches.!
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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 we]i be 5 to

10 feet deep in some parts of the area.

It was 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.1. six
muskegs‘were examined and five found to contain ice at an average depth of
25 inches below the surface. In the McMurray area at an elevation of about
1,600 feet a.m.s.1. 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 detailed planning of
roads or other structures since individual muskegs have not been delineated

nor their depth determined.

D. Lindsay
Head, Soils Division v A
Research Council of Alberta : ‘ July 3, 1972
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FHONE 684.9371 ¢ CABLE "'"WRIGHTENG'* ¢ TELEX: 04-54367

1101 WEST PENDER STREET ¢ VANCOUVER 1, B.C., CANADA

Project No. 684,
File No. 102

October 25, 1972,

Mr. Harold Page, P. Eng.,
Integ Alberta Ltd.,
11055~107th Street,
EDMONTON, ALBERTA.

Dear Harold,

SUBJECT: Athabasca Tar Sands Study

. Thank you for your telex of October 13 and your letter of QOctober
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
B. Kemphar was that existing data would be reviewed but no further
testing would be done during this year's programme, Areas classified
within the general term '"muskeg'" should however be identified by inter-
pretation of the aerial photographs. Some broad classification of these
areas may also be possible. Sampling to identify in detail the various
. types of vegetation cover and underlying peat in these areas would have
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 few samples
during the next site visit and to examine these in the B.C. Research
Laboratory.

The question whether it 1s necessary or beneficial to conserve
and re-spread muskeg-type material to assist vegetation is a difficult
one to answer at this stage. No data is available to us of the revege-
tation work done by GCOS although my impression is that GCOS have not
used any form of organic mulch. My own view 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. Without
further research as rccommended on page 27 of Appendix 1 of the Interim
 Report, preferably by field trials, it is not possible to make specific
recommendations. Also at a future date it would be very desirable to
carry out a detailed survey of the muskeg,
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From a telephone discussion with Ernic Stenton of Alberta Fish and
Wildlife Department on October 12, the position on the baseline study
at that time was as follows:i-

have completed aerial photography and are now
engaged in interpretation.

Forestry

i

have completed field work and expect to have
their report ready by the end of December,

Fisheries

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.

Waterfowl

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 GCOS
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
committed 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 view, perhaps you would consider making a visit to Vancouver before
this, I will let you know 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.

Yours very truly,
WRIGHT ENGINEERS LIMITED

A:r/ /‘\..ﬁw

R.W, Palmer, P. Eng.

RWP/bao
cce W.E.L. File
P.OYS/I.W.

’X{v/
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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 forwarding the comments regarding our preliminary
report on "The Air Quality Study for the Athabasca Bituminous

Sands Development." We would 1ike to respond to the comments
in the order 1in which they were presented.

Page 4 - Comment "Should include fly ash and water vapour."

Response We agree and will have the words "fly ash
and water vapour" inserted in a revised

report.

"Should be completely revised by consultant.
Should check with Department of the
Environment." :

Page 25 - Comment

We have talked with the Department of the
Environment and learned that their calcul-
ations indicate that values of ground level
S02 concentrations 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. -

Response

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 - 6th AVENUL SOUTHWEST, CALGARY, ALGBERTA, CANADA T2P 0T8 PHONE (403) 263-1253
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recently been rechecked with the following formula recommended
by the Alberta Department of the Environment (2).

2

c, = 1.68x10% e |-2.303 (F) (1)
U6 dh h
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.

8 = Tlateral spread of plume. For extremely unstable
conditions when one is close to the source Pasquill
(3) recommends a value of 60° for this variable.

d = downwind distance from the source (ft.)
“h = vertical spread of the plume (ft.)
The vaeriables 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

shown as predicted by the Brigg's (A) formula 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. '
(:a:ug> ’
¢, = 1.68 x 10% x 76 x  en2:303 (3280

(14.7)(60)(3,280)(3,280)

Performing the indicated operations one gets:

CO = .53 ppm

This value is the same as presented by WR&D in its report.
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The calculations for various stability conditions were presented
in the preliminary report in order to illustrate the influences
that atmospheric stability has on ground level concentrations. As
these calculations demonstrated,a knowledge of the frequencies of
various stability conditions is clearly important to an evaluation
of potential air poliution effects.

Page 33 - Comment - "It is questionable whether particulate
emission will affect inceming radiation.”

Response~ The comment refers to a sentence in the report
which states 1in part that “"particulates 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.

Page 35 - Comment - "Should include total dustfall.”

Response- We agree and will have the words "total dustfall
stations" inserted 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
behaviour 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.
1t 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 1in
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-
guently predict higher plume rises.

It should be mentioned that Figure 3 was in-

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.

We hope this letter properly responds to the comments that were
raised concerning our report. If we can further clarify our responses
or be' of any further assistance, please do not hesitate to contact us

: an
P atly?u} convenience.

£
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J. Lukacs, P. Eng.
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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 0i1 Sands operations should result in ground

Tevel concentrations of S02 which are within acceptable 1imits.

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 0i1 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 “Preliminary Report on the Air Quality
Study for the Athabasca Bituminous Sands Development

Phase II." It outlined air poTTution problems which might
arise in the Bituminous Sands area and proposed research

studies by which the preoblems could be_investigated.

This supplementary report was prepared at the request of
Intercoatinentaf Engineeréng of Alberta Ltd. It recommends
plume rise and diffusion models for application to stack
design problems which might arise in the interim preceding

compietion of the proposed studies.

The recommended models have been used to calculate ground
Tevel concentrations of S02 which will result from the
proposed Syncrude type plant. It appears from the cal-
culations that such a plént may slightly exceed present

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

Calculation of ground Tevel 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 1liter-
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
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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 heighfs, and stack

exit velocities. In choosing the equations that might be
acceptable for predicting plume rise from the large Syncrude
type plants, Western 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 Bosanguet, Carey and Halton (BCH) Formula

Bosanquet et. al. (1) derjved 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. MWe
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have routinely used this assumption for stack design purposes

over the last five years.

2.1.2 CONCAWE Formula

The CONCAWE (Conservation of Clean Air and Water, Western Europe)
Working 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 Targe coal-fired power
stations was conducted under the sponsorship of the Tennessee
Yalley Authority (5). A comparison between predicted and observed
plume rises on 133 occcasions showed that the Carson and Moses

formula gave one of the better results.
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2.1.4 lLucas Formula

This formula for plume rise was proposed by Lucas (6)
after a study 6f plume rise from two moderately Targe 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 "2/3 Law"
(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
"2/3 Taw" are generally favoured by theorists 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 emiésions.(10)

Calculations were made using the above six equations, together
with the stack emissions data for a Syncrude type source given

in Table T1.

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 between those given 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 formula are about midway between those predicted

by the Carson and Moses, and CONCAWE formulae.

By overlaying Figure 1 onto Figure 2, cne sees that the plume
rises given by the formulae of Thomas et. al. and Lucas are

similar.
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After coﬁsideration of the plume rise values given in
Figures 1 and 2, Western Research & Development Ltd. decided
to recommend the formula proposed by Thomas et. al. 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. al. and CONCAWE
formulae;

2. The Thomas et. al. 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. al. 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
Taws of buoyancy and momentum, aﬁd, thus, has a

relatively solid theoretical basis;
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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 fhe 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 té study the coefficients was made by

Sutton (11) in the thirties. He postulated that the coefficients
were powe; 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
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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 (D) to moderately
stable (F). Estimates derived from this method have agreed fairly

well with the results of many diffusion experiments (15).
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Many agencies have adopted the Pasquill coefficients for use in
estimating air quality. These include fhe 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

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 theif 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 Towest 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
guality 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 Bitumfnous Sands area, one
should be aware of the possible detrimental effects of unstable
atmospheric conditions. Western Research & Development Ltd.
recommends, however, that pending an investigation into the fre-
quency and duration of these conditicns, 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 irregu]ar topography. One may argue from continuity
considerations, that topographica] 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 héppens,
the terrain should have 1ittle noticeable influence on ground
level pollutant concentration. The results of observational
studies made around a power plant Tdcated in a steep sided river
valley as reported by Cummings et. al. (23), confirm this view.

They concluded that locating a power plant in a valley does not

Page’ 392

necessarily cause increased pollution on high ground in the vicinity.

Irregular topography may have other influences on the air flow
besides inducing vertical ve]ocfties. 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 Targe 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.shou1d 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 éir 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 p]ume-rise formula. This procedure
is less conservatfve than if one subtracted the entire hill.

It thus recognizes that fopographica] 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 resu]tvas a conséquence of a Syncrude type source
located in the Athabasca Bituminous Sands area. ‘Ca1cu1ations
were also performed for the Great Canadian 0i1 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 pkedicted by the plume rise formula of
Thomas et. al.;

2. The diffusion coefficients are given by Pasquill
and Gifford;

3. The atmosphere is in neutral stability;

4. The Tevel 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 011 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 0il 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 "the

worst" topographical conditions,

Shown in Figure 3 are the ground level SO2 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 0il 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
0i1 Sands were derived from using stack survey data. If the original
design data employed by Great Caﬁadian 0i1 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 0il Sands as a function of wind speed.

The maximum combined ground level concentrations from Great
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Canadian 0i1 Sands does not exceed .15 ppm. Ground Tevel concen-
tration from the Syncrude type plant slightly exceeds .2 ppm at

wind speeds greater than 15 mph.

The proposed Syncrude type plant will 1ie about 33,000 feet'wNN

of the present Great Canadian 011 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 011 Sands and the Syncrude plant sites was level. The
combined ground level concentration will be about .3 ppm. This
value exceeds the Alberta Government's 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
ridges or hills from the plume rise given 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 will result in ground Tevel concentration
of S02 which are slightly in excess of the Alberta air quality
standard of }2 ppm. The ground level concentrations resulting
from the Great Canadian 011 Sands operation should be within

acceptable Timits.

The preblem of maintaining acceptable air quality standards
becomes very complex when one considers the combined effects
of two or more plants. If the Alberta Department of the

Environment is unwilling to have 100 percent of the air quality

- 18 -
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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
Teases discussed in the initial submission, the air quality
standard for each source would be about .1 ppm. More p]énts 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 ihportant that plume rise formulae

be pertinent to the Syncrude type source, that diffusion coeffi-
cients be developed, that the frequency of various wind and
stability conditions be known and that terrain effects of the

Athabasca River valley upon diffusion be evaluated.

- 19 -
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TABLE 1

STACK EMISSION PARAMETERS

FOR THE

GREAT CANADIAN OIL SANDS AND SYNCRUDE PLANTS

S02 (cfs)

Flue gas (cfs)*

Temperature (°F)

Stack ID at Exit
(ft.)

Exit Velocity
(fps)

Height (ft.)

* At 70°F and 14.7 psia.

Great Canadian

011 Sands

Sulphur Power
Plant Plant
Stack B Stack A
6.10 23.50
623.00 8,483.00
1,000.00 550.00
5.92 19.00
62.00 57.00
350.00 350.00

Syncrude Plant

Sulphur & Power Plant
(maximum firing rate)

76.00

20,951.00

500.00

25.67

73.00

400.00
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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 Elevation of Land
From Source (M Ft.) Above Stack Base (Ft.)
20 30
30 20
40 45
50 120
60 220 .
70 300
80 420
90 500

100 570

130 670
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APPENDIX A

Gaussian Model For Calculating Ground Level

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 u, 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;
(i1) Within the plume, the pollutant is considered
to have a Gaussian distribution with Tateral and
vertical standard deviations 8y(x) and 8z(x)
‘respectively;
(iii) The turbulence is considered homogeneous and
stationary;
(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:

i - [ @? -

U X (x.¥,2) _ LI oo’ o 2522 ‘e 252% ...(a)
Q 2n8ysz J '



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.
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APPENDIX B

Plume Rise Formulae



Effective Plume Height

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

formula:

o0
]

he + 0.75 hr

S

effective plume height

N

where: H
S physical stack height

hr: plume rise

Only 75 percent of the plume rise was used in the above equation
as a conservative measure because full theoretical plume rise
is seldom rea]ized;

The following formulae are discussed in the report.

1. Bosanguet, Carey and Halton Formula

In this formula:

hr B hV * ht

where:
h, = flue gas velocity rise (ft.)
h, = flue gas thermal rise (ft.)

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

0.8 hV
hV = hv 1 - max
max «
Where:
l/2
h, = 1.77 (Q,V,)
max 1+0.43 U0 u
Vs

The flue gas thermal rise is given by the equation:

6.37 Qt g AZ
hy = 3
u T]
Where:
Z = -1.7 + 4.5 1og X
X = G — L SRR [
3.57(Q,V ) * (Qv,) *
and:
VS = stack exit velocity (ft./sec.)
g = acceleration due to gravity (32 ft./sec.z)
Qt = emission rate of total stack gas (ft.s/sec.)
(at atmospheric pressure and 70°F)
T2 = temperature of gases at top of stack (°R)
A = T2 - (atmospheric temperature) = T2 - 530 (°R)
T1 = temperature at which stack gas density equals

that of the ambient air at 70°F (°R)

B-2
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2. CONCAWE Formula

i

= heat emission (ca]./sec;)

wind speed (m/sec.)

3. Carson and Moses Formula

4.12 Vo.d + 9.22 (QH)%

U

S

stack exit speed (m/sec.)

stack diameter (m)

= heat emission (104 cal./sec.)

wind speed (m/sec.)

4, Lucas Formula

1

i

L

o Qg

475 + 2/3 (hg - 100) me sec

physical stack height (m)
stack heat emission rate (MW)

wind velocity (m/sec.)

B-3

-1

MU

1
%
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5. Formulae Based on the "2/3 Law" (Carpenter et. al. and
Thomas et. al.) ,

In this approach:

Where:

h

r

ex?/3 f1/3
0

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.

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

gVSr2 [(TS - Ta)/Ta] = flux due to buoyancy and
momentum (m4/sec.3)

acceleration due to gravity (m/sec.z)
stack exit velocity (m/sec.)

radius of stack top (m)

ambient air temperature (°K)

stack gas exit temperature (°K)

wind velocity (m/sec.)

B-4
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TABLE (a)

TYPICAL VALUES OF C
FOR STABLE, NEUTRAL, AND UNSTABLE .
ATMOSPHERIC STABILITIES

Atmospheric C
Stability Carpenter et. al, Thomas et. al.
Stable 0.70 0.98
Neutral - 1.58 1.06

Unstable 1.75 1.08
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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 ét 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 abéut 1700t ASL.
To the east, the land is flat at an elevation éf about
1000" ASL for about 15 miles then slopes.upward to
elevétions of 1800' ASL. The valley lies flat and
open to the north énd northesgst.

Major lakes in the surface recovery area . are
McClelland and Kearl. McClelland Lake covers about
12 sq. miles while Kearl Lake is about 3 sq. mile.
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.
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SYNOPTIC METLEOROLOGY

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 ﬁore
extreme because of the 1000' elevation difference.

Summer Season

Th?ee air masses are involved with the summer
meteérology of the Bitumen Area. They are (a) Arctic
Continéntal (b) Maritime Pacific and of lesser fre-
quency (c) Maritime Tropic;l, 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 %eather. The
Maritime Pacific masses come from the west and produce
general cloud cover, unstable conditions with rain
or thunderstorms accompanied by cool temperatures.

The Maritime Tropical air is an infrequent visitor
but produces very high temperatures, high moisture
content and showers or thunderstorms.

Winter Wegther

Winter weather is dominated by two air masses,

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



The Arctic air dominates the winter weather while

any modification is brought about by the Pacific air
masses. The Arctic air, when mqst 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 ana 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
Siberia, migrate in an easterlyldirection across
Alaska and into the MgKenzie Valley and thence south-
eastward across thé Prairie Provinces. This migration
of the air mass is characterized by intermittenf 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
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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 cleaf 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 -35°F) 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. 18000% 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 eéual importance in circulation at this time are
the gravity or drainage winds. Clear skies coupléd
with a very low solar elevation angle (8% 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-
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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.
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MESO SCALE METEOROLOGY

In this discussion the term meso scale is used
to denote those meteorclogical processes whose dig-
tribution in space and time is too small to be re-~
flected in syncptic 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 Level Atmosvhere

For the purposes of this discussion, the low
level atmosphere is defined as the lower 2000' above
the Athszbasca Valley.

The summer conditions do not, for the present,
give cause for concern from the point of view of air
pelivtion. In essence;, the summer aztmosphere is un-
stable during the day and stable for only a limited

Devtime vertical
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mixing is to considerable depth through convective

processes with the net result that more than ample dil~
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Tution is provided. The nocturnasl inversions which

sare set up through radiatiocn losses to the upper air
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may well be of sufficieht 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 thunderstorms 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 IFt. McMurray Airport and Birch ﬁoun-
tain shows Birch Mountain to be 10°F cooler during
the summer months. The elevation difference between
the two stations is 1587' which should produce a dif-
ference of 9°F assuming a dry adiabatic lapse 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 atmbsphere is
quite different; Diurnal temperature changes are
small due to minimum daytime heating and the atﬁos—
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

1l:~ 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
produced. These analyses are produced for 5:00 A.M.
and 5:00P.M. daily. The deeper air sondings are actu-
ally made at Ft. Smith and Edmonton, However by simple
interpalation and analytical methods an acceptable

850 MB temperature can be found for Ft. McMurray.

Using this method one cannot accurately define the
vertical temperature distribution between the surface
and 850 MB so an assumption is made that the differences
are linear. This assumption yields wvalues for the
inversion intensity which are conservative especially
under conditions of very low temperature (less than
~-30°F) 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 aésumptions are reasonable
correct, then there should be botanical evidence of

such occurances.

Page 428



Page 429

The inversions should produce a high rate of
temperature change at some unknown héight 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 'red
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 802 by the
needles of white pine produces an easily distinguished
characteristic marking. Even at very low concentrations
of SOZ’ the damage is quite noticable. There may be
another vegetation such as ragweed which shows damage
from 30, 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.
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Circulation

Surface wind measurements have been made for a
long enough period to produce statistically valid data
only at Ft. McMurray. Prevailing wind direction is
east and southeast from October to May while for the
month of June to August, the prevailing diréction is
westerly. Wind speeds are relatively light on the
average and even the maximum gust speed both computéd
and measured is only 65 m.p.h.

No measurements of wind have been taken ocutside
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 with
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.

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
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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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ANALYSTIS OF CLIMATOLOGICAL DATA

Ft. McMurray 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. McMurray 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 measure&ents but are
the result of verticle and horizontal interpolation and
are identified as "generated.!? |

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
—3OOF (~340C) which is the temperature at which ice fogs
most frequently occur. These frequencies are tabulated

below.
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JAN . FEB. MAR. NOV. DEC. ANNUAL

546 253 35 2 218 1054

The data for March and November are not significant in
that ice fog formation requires many hours of cooling
befofe onset. However, the January, February and December
data are significantf_ Although ice fog does not of nec-
essity form simply because temperatures drop below -30°F,
the potential fof ice fog is present on condition that
there is sufficient moisture in the atmosphere. As a re-
sult, a proliferation of present type bitumen separation
processes couldbwell provide the necessary moisture to

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

Fogs: The disﬁribuﬁion of all fog occurances is shown

in table (2) and is the number of hours over a ten year
period when fog or iée‘fog was present and restricted
visibility to 6 miles or less. Of particular interest

is the diurnal distribution of fog from May to Octobére
These are radiation fogs caused by night time cooling and
the subsequent moistﬁre 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



Page 434

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

of the fog occurances.

Winds: Tables (3-14) show the frequency of winds in var-
ious speed ranges for each of 16 dlrcctlons together with
average speeds from each direction. They are the average
for 10 vears of data divided by 10 to produce average fre-

°

gquencies per year. 1t can be safely assumed that 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.

WMO Climatological Suﬁmary: Tables (15-26) are a special

climatological preparation which shows the frequency of
variocus bad weather Combiﬁations in various wind speed
ranges. JThe purpose of its presentastion is to give a
statistical history which can be assumed to be the normal
conditions. Any increases in fregquency of bad weather as-
sociated with fogs will show up in analysis of future con-
diticns and will be indicative of deterioration due to pro~
Jiferation of hot water extraction processes.

g {omY 3 o - . .
Table (27) is a presentation of mean temperatures and

o
"3
0

standard deviations at three hour intervals: Table (28)

is a presenbtstion of computed mean temperatures and ex-



Page 435

treme wet bulb temperatures. Tables (29-32) are presen-
tations of frequency of thunderstorms, rain, freezing pre-
cipitation and snow. The fog fréquencies, 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 nco such measured data
is available, the following information was calculated

on the following basis. Upper air sondings 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



Page 436

TABLE (3)
AT = Birch Hills T °F - McMurray T °F

0000 GMT 1200 GMT

Monthly meanal ©F +3.7 +6.0
Frequency of cooler ﬁemperatures at BH 13 6.
Mean difference when BH cooler °F 6.1 5.1
Frequency of warmer temperatures at BH 18 25
Mean difference when BH warmer °©F 10.7 8.7

Table (34) is the presentation of daily results at
0000 GMT and 1200 GMT. Although these data are admit-
tedly partislly 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 1260 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.



T . McMURRAY, ALBERTA

JAN . IFEB. [MAR. [APR. | MAY| JUNE{ JULY{AUG.| SEPT{OCT .|NOV, |DEC. {YEAR
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F'T. CHIPEWEYAN, ALBERTA

IJAN. [FEB. |[MAR. |APR. | MAY JUNE JULY| AUG.| SEPT{OCT.|NOV. |DEC. | YEAR

Mean Temperature L12.2] 6.9 5.6(28.6 47.8 55.7162.9159.6(48.01(32,3/13.3 |-1.6 | 27.8
- Mean Max. Temperature ~4.013.0116.0(39.0 |58.7/67.7174.9{71L.0(57.9{40.0 20.2 7.2 137.6
Mean Min. Temperature ~20.31-16.6/-4.9(18.1 36.8143.6{50.9148.1{38.0[24.6 | 6.3 10.4] 17.9

Extreme Max. Temp. 47 59 57 72 86 02 93 93 | 85 76 57 57 93
Extreme Min. Temp. =58 | =60 |~54 |-32 |-14] 16 | 23 | 20 | 10 | -14 | =45 | =50.] = .60
Average Rainfall T 0 1.03 (.26 [,98 11.59]1.,93{1.3511.58| .47 | .06 | .09 | 8.34
Average Snowfall 4.8 18.11 57 |2.8 T d O | .00 | .2 | 4.200.9 |8.4]43.1
Average Total Precipitation 48 1.81 .60 |.54 .98 {1.59]1.93(1.351.60| .89 .15 | .73 |12.65
Maximum Pcpn. in 24 hrs. «30 .00 .60 ..50‘ .70 27211.9211.17 11.48 | .71 | .60 ‘.60 1.92
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1957 ~ 1966 TEMPERATURE FREQUINCY F© Fort McMurray, Alberta
F® g0rAL JAN FEB . MAR APR  MAY JUN JUL  AUG SEP OCT NOV  DEC
99

98

97

96 1 1

95

94

93 2 2

92 5 s

24 3 3

G0 12 1 10 1

89 16 4 2 9 1

88 25 3 -7 15 -

87 27 2 5 18 12

86 52 1 11 24 16

85 60 2 9 31 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 i3 - 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 3149 104 17 1

74 401 X 20 i 96 170 .97 14 3

73 442 i 23 115 158 111 28 6

72 501 2 45 118 159 146 25 6

71 %y 2 46 137 169 133 30 14

70 552 2 52 165 226 150 41 16

69 644 6 62 166 204 147 52 7

68 700 1 77 173 227 169 42 11

67 746 5 38 184 225 164 57 23

66 764 6 107 190 230 164 53 14

65 361 15 111 200 231 207 68 29

64 894 2 12 68 164 223 210 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 1220 1 66 159 281 273 331 158 51

56 1287 1 61 165 260 269 301 151 77 2

55 1558 1 11 77 21.8 268 320 250 207 96 1

54 1321 1 5 62 191 240 224 316 191 90 i

53 1334 1 7 83 212 232 212 285 203 97 2

52 1380 i 8 88 208 243 206 283 240 101 2

51 1394 1 17 304 220 225 - 189 262 251 121 6

50 1443 1 i3 122 23.8 249 163 249 284 137 5 2
49 1305 9 8§ 123 225 201 121 223 258 135 6 3
48 1309 3 19 140 201 211 107 180 280 154 9 5
47 1291 i 12 22 144 220 204 86 153 266 162 17 4
46 1202 3 8 32 128 207 169 84 149 273 181 21 7
45 1322 6 G 29 173 264 182 66 97 278 187 20 11
44 1229 3 10 38 154 2315 138 50 110 279 190 26 7
43 1145 13 10 34 155 226 115 45 70 234 200 19 21
42 1135 20 11 47 159 242 95 4 62 228 178 46 13
41 1133 4 i 51 184 214 85 2 47 226 229 35 22
40 1224 8 24 75 198 214 94 1% 44 242 224 71 19
29 1082 14 21 84 201 193 52 19 29 175 220 60 14
28 1123 11 22 67 259 180 47 12 24 176 229 70 26
29 11332 15 20 10 240 168 33 7 18 178 247 84 16
36 1121 2¢ 22 107 231 157 a2 4 10 166 2792 - 81 19
35 1337 25 54 123 305 L7L 28 2 14 3069 272 133 31
34 136y 10 43 113 288 142 19 13 146 242 11y 30
33 31163 22 40 125 275 139 16 2 2 126 271 134 41
22 1157 22 40 131 263 81 22 3 33 282 133 47
3k 1016 27 45 125 236 g0 8 2 84 247 127 35
%20 1107 21 52 124 260 88 9 1 93 268 141 56
29 1087 16 74 118 271 84 3 61 248 157 53
28 1145 45 74 163 218 P4 1 2 61 281 153 73
277 1060 32 74 L7 4 228 53 1 43 256 136 88
26 1006 25 76 213 171 33 1 25 18¢ 182 92
25 1033 33 8z 202 151 [ 1 19 175 193 116



TABLE 2

Period 1957 ~ 1966 FOG Fort McMurray, Alberta

Hour TOTAL ANNUAL JAN FEB MAR AFR MAY JUN JUL AUG SEP oCcT NOV DEC

00 3652 65 9 2 2 4 4 4 12 12 4 4 8
01 3652 81 8 1 2 3 5 9 20 14 5 5 9
02 3652 97 .8 2 3 3 6 9 10 20 13 7 6 10
03 3652 114 5 3 4 3 8 3 12 24 17 6 8 11
04 3652 148 7 6 7 3 13 = 23 26 27 6 6 9
05 3652 163 9 7 6 4 10 H 23 36 29 12 6 9
06 ‘3652 155 8 4 9 6 10 8 18 41 28 8 5 10
07 3652 125 5 3 9 5 6 7 11 31 25 7 4 11
08 3652 108 4 6 7 7 5 5 7 25 23 6 2 11
09 3652 90 8 5 2 6 3 4 s 13 19 6 5 14
10 3652 66 8 5 1 2 4 3 1 5 19 2 4 12
11 3652 53 7 31 4 32 2 50013 1 111
12 3652 47 9 2 1 3 2 1 3 6 6 1 4 9
13 3652 36 3 1 2 2 2 2 3 3 5 1 3 9
14 3652 33 3 1 2 2 3 4 1 4 1 5 7
15 3652 22 1 1 3 1 3 2 1 1 5 4
16 3652 26 1 1 4 1 2 3 2 7 5
17 3652 28 2 2 1 3 1 1 3 2 2 6 5
18 3652 29 2 2 1 "2 1 2 2 1 3 7 6
19 3652 27 5 1 1 1 1 1 3 2 6 6
20 3652 38 7 2 1 3 .2 2 1 2 2 2 6 8
21 3652 33 4 1 1 2 1 3 4 4 2 6 5
22 3652 41 7. 2 2 4 1 3 2 3 3 1 6 7
23 3652 52 6 2 2 11 5 5 8 6 2 7 7
FRQCY. 1676 136 60 65 66 99 111 149 297 276 90 124 203
PCNTG . 1.8 1.8 .9 .9 .9 1.3 1.5 2.0 4.0 3.8 1.2 1.7 2.7

TOTAL 87648 - 7440 6768 7440 7200 7440 7200 7440 7440 7200 7440 7200 7440

Oty o8eg
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1957 - 1966 TEMPERATURE FREQUENCY F© Fort McMurray, Alberta
TOTAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DIC
24 820 27 g9 181 108 40 13 134 156 92
23 830 27 gg 195 122 28 8 96 181 84
22 776 42 304 2066 96 23 9 74 173 89
21 730 40 g3 147 87 17 2 64 172 108
20 783 62 300 184 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 g5 163 55 3 2 44 195 178
16 go& 87 3150 179 48 1 5 37 201 161
15 848 76 317 171 21 2 39 204 192
14 720 73 8¢ 148 44 1 2 24 170 173
13 745 82 o5 177 35 2 5 13 142 190
12 750 95 151 176 23 1 13 158 163
11 773 112 337 147 361 . : 1 9 162 174
10 812 98 I3 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 6 130 167
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 1o 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- 539 338 151 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 1ol
19- 395 146 69 33 © g1 116
20- 398 136 86 33 .32 11
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 s1
25~ 200 120 58 14 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 21
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~
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Period January 1957 -~ 1966 k Fort McMurray, Alberta
MEAN MONTHLY

WIND  SPEED FREQUENCY

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

CALM | 1 132.5

NNE 2.7 3.0 A 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 23,1 7.0 76.4 7.0
LSE 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 11.6 77 .5 21.9 6.6
swW 4.5 28,4 25,2 3.1 61.2 7.4
WSW 3.8 22,0 18.3 5.9 .1 : 50.1 7.8
W 6,0 18.0 21.7 9,7 1.3 56.7 8.8
WNW 7.0 23.3 16.8 7.6 1.4 4 } 560.5 8.1
NW 13.6 37.5 22.5 g0 6 7 o 80.1 7.0
NNW 5.3 12.6 16.0 6.9 .6 o1 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
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Period February 1957 - 1966 Fort McMurray, Alberta
MEAN MONTHLY

WIND SPEED FREQUENCY

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 20 .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 4.8 70.4 7.2
SE 5.5 16,17 11,3 1.7 34,6 6.8
SSE 1.5 4.0 2.1 3 7.9 6.1
3. 5 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 32.8 7.5
W 3.8 11,1 13.9 4.7 -4 1 ©34.0 8.3
WNW 6.6 20,2 17.0 4.9 -4 49.1 7.6
NWwW 10,6 30.9 2509 4.9 «3 : 72,6 7.1
NNW 5.8 19,6 20.4 6.6 4 52.8 8.1
N 1.4 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

7 a1dvL
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Period March 1957 - 1966

CALM
NNE

NE
ENE
ESE
SE
SSE
SSW

SW
WSW

W
WNW

NWwW
NNwW

TOTAL

1-3 4-7 8-12
3.7 7.3 3.2
5.1 9.2 3
3.5 -16.5 8
8.0 34.6 33.3
7.5  39.6 48,3
3.9 20.7  17.6
1.4 6.2 . 5.4
3.0 8,1 6.1
1.9 10,9 6.8
3,7 15.6 - 9.7
2,9 ‘ 1194 705
, 11.7 T4
2«8 18.1 11.5
9.9 33.4 29.1
5.5 23.3 27.7
509 1035 10;2
75.7 277 .1 236.0

Fort McMurray, Alberta

MEAN MONTHLY
WIND SPEED FREQUENCY

13-18 v 19-24 25-31 32-38 39~46 TOTAL

93.7

.1 14.3
o7 18.5
Q) ' 29.13
9.1 .3 85.3
11.8 .2 ’ 107.4
4.4 .1 46.7
. 9 : ' 13.9

0 3 17.5

» L 19.7
1:2 30'2
2.5 .2 .1 24.6
3,6 6 . 28.3
340 e3 .1 ‘ 37.9
4.8 .3 1 77.6
11,6 -7 68.8
3.7 30.3
5844 2.7 4 : 744.0

MEAN
SPEED
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Period April 1957 - 1966 Fort McMurray, Alberta

MEAN MONTHLY
WIND SPEED FREQUENCY

MEAN
1-3 4-7 8-12  13-18 19-24  25-31  32-38  39-46  TOTAL  SPEED
CALM L 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
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 2,9 7.8 13.2 3.0 i/ ‘ 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 x 28.8 7.6
SW 2.9 14.7  15.6 4.1 2 37.5 8.1
WSw 2 2 §.1 11.8 6.8 28,9 9.2
W 11.0 11.3
i 5.5 5 32.7 8.4
WN W gl.o 14.7 14.6 6.1 5 38.9 3.5
NW 6.3 27.1  26.6 6.8 3 67.1 7.8
NNW 4,0 20.4 32.6 14.1 7 4 72.2 9.3
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

9 JATdVL
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Period  May 1957 - 1966 Fort McMurray, Alberta

MEAN MONTHLY
WIND SPEED FREQUENCY

: MEAN
1-3 4~7 0 8-12 13-18  19-24  25-31  32-38  39-46 TOTAL  SPEED
CALM : : 63,6
NNE 4.4 12.4 12.1 4.4 1.0 34,3 8.0
28.3 7.2
NE A 12.8 8.0 2.9 .2
ENE 3,1 15.2 10.4 1.9 31.6 6.9
| ‘ 75.5 8.4
E 5,3 29.7 28.9  11.3 -3 _ ©
ESE 6.1 31.4 28.5 7.6 | .1 73.7 7.8
SE 5.2 15.7  13.0 5.3 .4 « %g,g ;.g
SSE 252 10;5 705 2a0 N av o
S . 3.5 12.1 10,2 1.9 a1 : ;i.g g.%
SSwW 3.7 16.3 10,3 1.3 ‘ ‘ L0 ]
, 38,0 7.3
SwW 4.1 18.3 12.1 3.4 .1 ; ,
WSW 3.4 13.6 15.6 4.7 .7 .1 28,1 8.5
41.9 9.1
W 4.3 13.6 13.4 9.3 1.1 02
WNW 3.6 14.3 12.0 6.4 1.2 .1 37.6 8.6
| 50.7 8.0
NW 5.9 20,2 17.2 6.7 4 .3
NNW 6.0 22,9 24,2 8.7 Ao L2 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

L A74VL
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Period June 1957 -~ 1966 Fort McMurray, Alberta

MEAN MONTHLY
WIND SPEED FREQUENCY

_ - MEAN

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 1502 2.7 39.6 6.8
SSE 3.2 10.1 9.8 3.1 . 26,2 76
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 % R - 44.1 7.5
W 4.9 19.8 19.6 2.9 2 48 .4 7.5
WN W 4.7 13.6 13.2 4.3 4 | | 36,2 7.9
NW 7}4 z5§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

9.1 275.0 214.9  51.4 2.0 . 720.0 6.3

TOTAL 8

8 dTIdVL
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Period  July 1957 ~ 1966 Fort McMurray, Alberta

MEAN MONTHLY
WIND SPEED FREQUENCY

b
i

(€%

&~
1

~J

MEAN
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 22.3 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
SE 6.2 17.5 . 9.5 2.3 .3 35.7 6.7
SSE 2.9 9.0 4s5 1.1 17.5 6.6
s 6.0 17.5  10.6 1.1 35.2 6.4
Ssw 6.2 24.5 15.6 1.5 o4 4g.2 6.8
SW 8.0 29.5 23.6 5.4 .9 .2 07.6 7.4
WSW 7.1 2342 24,1 9.6 .3 64.3 8.2
A 6.3 24,5 0 20,0 6.2 .2 57.2 7.6
WN W 5.9 17.2 20,5 4.0 .2 47.8 7.7
N 6.6 26,7 . 18.4 4.3 .6 56.6 .4
NNW 7.6 19.4 13.8 2,6 .5 .1 44.0 7.0
N 6.2 1342 6.7 .8 : 26.9 5.8
TOTAL  97.7 200.5  200.7 43.7 3.4 .3 744.0 4 o
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Period

CALM
NNE

NE
ENE
ESE
SE
SSE
SSW

Sw
WSW

W
WNW

NWw
NNW

TOTAL

August 1957 - 1966
- MEAN MONTHLY
WIND SPEED FREQUENCY

1-3 . 4-7  8-12  13-18  19-24  25-31  32-38  30-46  TOTAL
‘ ‘ ‘ 108.9

5.1 9.1 1.6 .7 16.5
5.7 10.6 3.4 4 20.1
5.6 10.3 4.2 A 20.5
9.5 36.0 18,5 2.7 1 66,8
60‘9 2540l 1805 2@3 2 ‘ 5299
6.1 20.4 11.3 1.4 .1 - 39.3
3,0 - 10,8 6.5 1.3 ‘ 21.6
6.1 17.5 7.2 1.2 32,0
5.0 22.8 14.2 1.2 43,2
9.1 34,7 22.4 1,8 | 68.0
6,0 2445 23,3 4,6 58.4
6,9 204 19,5 6.3 1 : 53,9
6.9 20,2 10.6 3,1 .2 A1.0
8.0 26,5 12,9 1,3 0 49.3
6.2 1505 702 101 ‘ 30;0
6.1 10.6 4.9 .6 1 22.3
102.2 314.9 186.2 30,4 1.4 | 744.0

MEAN
SPEED

N o O

oon ooon L Lu
O~ ONON LD 0L

(O U (o)W e [SXN
[ co |l

Fort McMurray, Alberta
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Period September 1957 — 1966

MEAN MONTHLY
WIND SPEED FREQUENCY

Fort McMurray, Alberta

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

CALM . 92.2

NNE 2.9 4.6 2.2 L1 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 6o7 259_1 22n3 30‘5 33 5709 7'3
WSW 4.9 19.9 A7 .7 6,1 ) 0 3 49.5 8.1
W 6,0 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 8.2 268 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 L1 22.4 6.1
TOTAL 89.9’ 273.3  206,2 54,0 4,0 A 720.0 6.3
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Period October 1957 - 1966 Fort McMurray, Alberta
' MEAN MONTHLY
WIND SPEED FREQUENCY

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

CALM : S 72.1

NNE 2.3 3.3 1.0 LA .1 7.1 5.7
NE 3.8 4.2 -9 gzl 9.1 4.5
ENE 3.8 11,7 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 2747 6,8 1 71.8 7.7
SE 3.8 18.8 15,7 2,2 40.5 5 4
SSE 2.9 9.5 5.2 ol 18.0 6.3
s 4,9 19.4 1567 1,5 ‘ 41,5 6.9
SSW - 5.0~ 23.0 26,2 2,8 62.0 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 25,3 10.6 .8 1 61.9 8.9
WNW 4,5 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 8.8 504 350 92 : 2004 7:8
TOTAL ~ 73.4  287.7 245,2  61.8 3.4 .4 744.0 6.8

¢T d1dVi
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Period November 1957 - 1966 Fort McMurray, Alberta
' MEAN MONTHLY
WIND SPEED FREQUENCY

. . . MEAN
1-5 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 ;,1 4.5
NE 6 6.6 1.5 1 . 12.8 4.6
ENE 3,4 14,8 5.7 4 30,3 5.3
E 36,8 19.5 3.6 79 6.4
ESE 12,2 3400 2601 6.8 3 S T
SE 16,6 8.7 1.3 6.0
SSE Z:g 6,7 1.6 f%:g 4.7
S 12.2 5.5 5.8
-1 ~ 21, .

SsW f’m 14.7  13.7 1.5 34.§ 7.1
SW 26,7 18,9 3.4 7.0
WSW g:g 1 19.1 19,2 4.6 1.4 28;2 8.1

14.7 15.9 5.0 .5 .1 41,2 8.1
W 36 7.1 165 6.5 v 1 8.3 7.9
NW 11,2 270 17,5 . 4.2 .8 60,7 6.9
NNW 8;5 13.0 10.4 4,2 .3 L1 36.5 7.2
N 4@6 5‘4— 405 1-7 x 16.1 6'7
TOTAL  1311.6 267,9 185.6  43.6 3.9 . .3 o 720,0 5.9

CT 474VE
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Period December 1957 - 1966 Fort McMurray, Alberta

MEAN MONTHLY ,
WIND SPEED FREQUENCY

- : MEAN
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 A4 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
B 16.0  44.9  27.2 5.2 93.3 6.6
ESE 9,6 30.0 31.8 7.0 1 785 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
WNW 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 a1 8.2 5.3
5.4

TOTAL  106.2  278.7 167.6  41.2 2.2 02 744.0

YT 2714V
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Period January 1957 -~ 1966 : Station Ft. McMurray, Alta.
WMO CLIMATOLOGICAL SUMMARY

[@)9V,]

= L\O LS )

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

1 2 - 3 1 2 3 1 2 3 1 2 3 1 2
CALM 1.1 4.5 9.9 1.1 4.5 9
NNE L1 .2 .8 .1 .1 .2
NE . .8 1.0 .1 .8 1
ENE o3 « 9 1.6 o5 .3 .9 2
E .1 1.2 3.0 1.1 2.3 1 2.3
ESE 1.5 2.8 .6 3.3 1 2.1
SE 4 4 .4
SSE .1 W1 .1 .1
S . .2 .3 .2
SSW , .3
SW 3 o4 3 .6
WSW .3 1.2 .3 .1 .31
W .10 1.8 . .2 .9 .3 .3
WNW .7 3.9 S | .9 .8
NW .2 1.5 7.6 .1 .4 1.9 .2 5 1.9
NNW .1 11,9 .2 1.6 .2 .1 .5
N o1 +9 el 5 : .2
TOTAL 2.0 12.9 37.9 .1 3,0 12,4 .2 .2 .5 2,3 16.1 50

1. ceiling 0 ~100 feet and/or visibility 0- 3/8 mile
2. ceiling 200-400 feet and/or visibility $-3/4 mile
3. ceiling 500-900 feet and/or visibility 1-2% mile

ST 471dVL
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Period February 1957 -~ 1966 Station Ft. McMurray, Alta.
. WMO CLIMATOLOGICAL SUMMARY

0 - 9 MPH | 10 - 19 MPH ., 20 - 29 MPH 30 - 39 MPH TOTAL

1 2 3 1 2 3 1 2 3 1 2 3 1 2
CALM C L2 1.0 4,0 .2 1.6 4
NNE ' .1
NE .2 .8 .2
ENE ) 2.4 02 4 o 3 2
E .9 3.0 .6 2.0 1.5 5
ESE 45 ! 10‘9‘ 96 loO 1&1. 2
SE .6 1.2 02 .7 .8 1
SSE .1 .1 .1 .1
s L1 .1
SSw .1
SW B T .3 , L .1 .1 .
WSW ’.l 02 08 'Vl , ol 02 s
W 130 .1 T 02 -l ln
WNW .5 1.8 ' o4 1.2 .9 2,
NW .0 5.0 .0 1.2 6
NNW .3 4.5 .2 2.1 .1 .5 6
N 1.0 1 5 .1 1.
TOTAL -4 6.2 28,0 3.1 9,06 -1 -4 9.3 37

1. ceiling 0-100 feet and/or visibility 0-3
2. ceiling 200-400 feet and/or visibility %-3/4 mile
3. ceiling 500-900 feet and/or visibility 1-2%

9T 419Vl
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Period March 1957 - 1966 S ati
tation Ft. McM
WMO CLIMATOLOGICAL SUMMARY cHurray, Alta.
0 -~ 9 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL

| 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
CALM C L5 ,9. 1.0 .5 9 1.0
NNE ‘ .3 .6 .3 .3 .9
NE e 2 02 o7 .5 .2 .2 1.2
ENE 1 1.4 A ' 1 1.8
E 2 2.7 .7 1.6 L9 4.3
ESE .1 1 1.9 A T .5 2 3.6
SE .3 .9 1 A4 1
SSE 2 ! 4 :g
S .1 ' - .1 .1 .1
SSW .1 '
- SW o ~

‘VSW '.2 91 \ ‘)3 ol 02 al 04
W o4 o4
WNW .3 .3 8 4 .3 3 1.2
Nw .2 5 3.4 L6 1,8 .1 .2 1.1 5.3
NN"‘J ol 5‘4 ‘lu8 g{S 390 01 01 q9 4.9
N 1 .3 i3 .8 .1 .3 1.1
TOTAL 1.7 3.8 16.5 .5 2,0 11.0 .2 2.2 5.8 27.7

LT d7dyy,

1. ceiling 0-100 feet and/or visibility 0-3/
2. ceiling 200-400 feet and/or visibility 3-3/4 mile
3. ceiling 500-900 feet and/or visibility 1 2;

9Gh 23eg



Period April 1957 - 1966 ' Station Ft. McMurray, Alta.
" WMO CLIMATOLOGICAL SUMMARY

0 - 9 MPH 10 - 19 MPH 20 -~ 20 MPH 30 - 39 MPH TOTAL

1 2 3 1 2 3 1 2 3 1 2. 3 1 2 3
CALM .7 .9 1.6 7.9 1.
NNE | 1 .3 | .1 .
NE 1 10 1.1 ] a1 1.
ENE .2 1.0 .3 .20 1.
E | 1 1.4 .5 1.5 6 2.
ESE .3 , 9 » L .3 .0 1.
SE 911 . 55 "pl ol -6
SSE .1 .1
S | .3 o ‘ | .
SSW - o : :
SwW | .1 '3 .3 .1 .6
WSW : .2 .1 .3
W o .7 S | 1 7
WNW .3 7 1. .6 .8 .1 3 1.3 2.0
NW 1 L9 3.1 6 2.0 10 1.5 5.1
NNW 4 .8 3.1 .1 .5 3.0 .5 1.3 6.1
N ..1 -1 64 56 :.'g4 . ol 07 n8
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
2. ceiling 200-400 feet and/or visibility 3-3/4 mile
3. ceiling 500-900 feet and/or visibility 1-25 mile

T dIdVL
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Period May 1957 - 1966 Station Ft. McMurray, Alta.
WMO CLIMATOLOGICAL SUMMARY

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

1 2 3 1 2 3 1 2 3 1 2 3 1 2
CALM 1.1 1.0 1.2 1.1 1,0 1.
NNE - .1 .5 2 1.0 31
NE .3 .3 20 1.1 5001
ENE .1 .8 .3 .5 401
E 1 1.9 3 6 4 2.
ESE 02 03 l-o ~4- .2 c3 l'
SE ' | .1 .3 1
SSE .1 .1 1
S
SSwW
S"\] . 03 .1 ol 03 °3 1
WSW . .7 ' : .2
M’ 03 : nl
WNW ) v 3. .4 .3 1
NW .1 o4 2.0 .7 1 402
NNW .1 L1 3.2 W4 1.2 1 .1 504
N ) .3 1.8 .5 2.2 .2 .2 8 4.
TOTAL 2.0 2,9 14.8 2.3 8.7 .5 , 2.0 5.2 24.

1. ceiling 0-100 feet and/orAvisibility 0-3/
2. ceiling 200-400 feet and/or visibility -3 mile
3. ceiling 500-900 feet and/or visibility 1-2

6T d1dVL
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Perioed June 1957 - 1966 Station Ft. McMurray, Alta,
| WMO CLIMATOLOGICAL SUMMARY

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

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
CALM 1.3 =9 19 1.1 9 1.9
NNE 4 i .5
NE .2 4 .6
ENE .6 6 1.2
- .4 -1
"SE A -4
SE 5 I | -1 1
SSE
S 1 .1
SS5W e 2 2
SEJ 1 . 5 o L .1 6
WSW L4 .3 .4 -4 2 4

93 94- 38‘ 1 93 94 "9
W W .7 L2 00 1.3 .1 9 .7 .3 2.2
‘Y .2 .6 2.1 5 e 2 .6 2.6
NNW 1.1 1.6 .3 9 1 1.4 2.6
N : I o -5 2 1.0
TOTAL 2.9 3.7 11.1 50 4.1 ¢ | 2.9 4.2  15.3

1. ceiling  0-100 feet and/or visibility 0-3/8 mile
2, ceiling 200-400 feet and/or visibility %mﬁ mile
3., ceiling 500-~900 feet and/or visibility l~2% mile

JIdv e
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Period July

1957 - 1966

0 - 9 MPH

Station Ft. McMurray, Alta.
WMO CLIMATOLOGICAL SUMMARY :

10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TOTAL
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
CALM 8 1.7 1.9 ‘ 8 1.7 1.9
NNE 4 A
NE 1.1 .1 1.2
ENE .5 1.1 1 .5 1.2
E .1 o4 3 .1 7
ESE .1 .1 .1 1
E o1 .1
SSE .1 1 .2 .1 .3
S 1 .1 1 i1 I A | 2
- SSW .7 o4 o1 .7 4 .1
Sw 1 .4 .1 .3 1 A 4
WSW . .3 . 8 .3 .8
W .1 @2 o1 .1 .2 .1
WNW -4 1,2 82 5 .6 1.7
NW L7 2.2 .5 A 1 | 1.2 2.7
NNW 4 2.5 -6 o7 .3 1 1.4 3.2
N .5 4 .9
TOTAL 5.9 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
2. ceiling 200-400 feet and/or visibility 3 - £ mile
3. ceiling 500-900 feet and/or visibility 1 ~2% mile

dT1dVL
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Period

Augusﬁ :1957 - 1966

0 - 9 MPH

2. ceiling
3. ceiling

1 2 3
CALM 3.8 3.2 4.2
NNE ' ' 26
NE Y2
ENE .5
E .1 9 2,0
ESE .1 . 3 1.6
SE .2 6 1.2
SSE L1 ‘ql
S o3 4 -4 )
SSW oA .6 « 9
SW .8 4 .8
WSW : .1 7
X\T .5 °3 1@0 "
WNW .7 1.3
NW A L9 2.3
NNW .1 o4 .9
N '1 ﬁ6
TOTAL 6.7 9.0 19.3
1. ceiling 0-~-100 feet

10 - 19 MPH

1 2 3

(0208 ]

.‘1,

A1 1 45

and/or visibility
200-400 feet and/or visibility -
500-900 feet and/or visibility

20 -~ 29 MPH

1

2

WMO CULIMATOLOGICAL SUMMARY

3.

Station Ft. McMurray, Alta.

30»— 39 MPH

1 2 3

3.

AR S

8

6.8

TOTAL

e
- oW

-
[oX>=

[N AV |l ol
e G

o
(o

24.90
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Period September 1957 - 1966

* ‘ WMO CLIMATOLOGICAL SUMMARY

0 - 9 MPH

10 - 19 MPH . 20 - 29 MPH
1 2 3 1 2 3 1 2 3

CALM 2.1 2.4 2,9 |

NNE ‘ 3

NE .1 o1 .8

ENE .5 3

E .3 -

A 01 ‘4’

ESE ¢l oS @2 ‘ ul 04

SE 3 g .2

SSE -3 $2 :

S C W2

SSW A .3 02 o1

SE‘] "3 01 c5 02

WSW 2 o4 . 8 o) .7
W .2 .7 1.3 .1 .8

XxN‘Nr ,5 _07 1-9 ‘a3‘ 1'06

NW 1.2° 2.5 6.0 L1 1.0 .4.5
NNW 4 .9 3.8 ,1 .3 2.1,
N .2 L2 29 A4

TO0TAL 6.1 10.1 21.7 .2 1.8 11.2 A

1. ceiling 0-100 feet and/or visibility 0-3/8 mile
2. ceiling 200-400 feet and/or visibility 3 - £ mile
3. ceiling 500-900 feet and/or visibility‘l—2% mile

Station Ft. McMurray, Alta.

30

1

39 MPH

2 3

TOTAL

2
2.4

»

(S o

[@XYV)

. =
H o W

o
[O8)

Do

a » I .

°

°
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Period October 1957 -~ 1966 Station Ft. McMurray, Alta.

WwMO CLIMATOLOGICAL SUMMARY

0 - 0 MPH 10 - 19 MPH 20 - 29 MPH 30 - 39 MPH TQTAL

1 2 3 1 2° 3 1 2 3 1 2 3 1 2
CALI\I ‘ Qz &7 {294- 02 07 20
NNE ' 1 .6 -1 .1 Kl
NE .6 1
ENE .3 9 -2 3 1
E - . ’ o6 1.5 al cl 07 l
ESE 02 1.7 A 1.8 .0 3
SE .7 .1 .7 1o
SSE L2 .1
S ) I R | . .1 1
SSwW | W1 A
SW o2
WSW o1 .6 .3 1 :
W 4 2.1 15 52,
WNW A 1.2 2,44 6 1.9 L - T
NW 3 1.5 4.6 .1 .4 1.0 4109 s,
NNW ol la4" 296 : Q5 2«2 ol 1‘9 4”
N -2 o4 lQO . .3 lp8"'l ‘ ‘ , a2 ‘ .7 2
TOTAL ‘1.0 7.0 22,5 .1 2.5 10.9 a 1.1 9.5 33.

1. ceiling 0-100 feet and/or visibility 0~3/8 mile
2. ceiling 200-400 feet and/or visibility %/-% mile
3. ceiling 500-900 feet and/or visibility 1-25 mile

414dVL
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Period November 1957 - 1966 Station Ft. McMurray, Alta.

WMO CLIMATOLOGICAL SUMMARY

0 -9 MPH 10 - 19 MPH 20 ~ 29 MPH 30 -~ 39 MPH TOTAL
1 2 3 .1 2 3 1 2 3 1 2 3 1 2 3
CALM 8 2.2 4.6 | 8 2.2
NNE S | S
NE .7 1.6 o1 .2 81
ENE L1100 2.9 °4, o4 1.5 3.3
E 2 1.7 4.5 1 -2
. s Q 02 ° 2.2 5«9
ESE A 94 4.2 CY 1.2 -1 10 2.6 5.5
SE o5 2.0 1 7 6
a - 207
SSE o3 +6 .1 .3 L7
S 04 “6 ' '
SSW 1 10 1.1 1 1 ,% 1402
SW ) .2 2.2 .1
WSW . .9 1.9 . 4 ‘é g.g
K;\] g . .4 158 : 'ol .7 ' -
WNW 40 1.1 2.8 1 .33 2,1 .5 1Qj img
NW 1 2.9 5,2 8 2,2 .2 .1 7
NNM’T ].02 306 . nzi 1,7 ::]3-.2 g.g
N I 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

1. ceiling 0-100 feet and/or visibility 0-3/8 mile
2. ceiling 200-400 feet and/or visibility 2

i ~1Z'mile
3. ceiling 500-900 feet and/or visibility f~2§ mile

J1dvd
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Period December 1957 - 1966 . Station Ft. McMurray, Alta.
WMO CLIMATOLOGICAL SUMMARY :

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

1 2 3 1 2 3 1 2 3 1 2 3 1 2
CALM 3.2 5.7 13.7 3.2 5.7 13
NNE ‘ .2 1.4 201
NE .1 .5 1.4 . ol .7 1
ENE 1.1 4.6 .2 .2 .5 .2 1.3 5
E .1 7 4.3 W1 w4 2.1 2 1.1 6
ESE ) 9 3.6 .2 .2 2.3 4 1.1 5
SE 02 1,7 52 ¢9 -4 2
SSE , 1
E A
SSW .2 i
Sw .1 1,2 .2 .1 1
WSW ' L2 1.5 .2 201
W .1 A4 1.7 A .3 .3 e3 .7 2.
WN W 5 2.2 4,2 .5 1.3 5 2.7 5
NW L4 2.6 5.4 .8 2.6 .3 4 3.4 8
NNW 5 .9 1,9 1 1.4, 1 .5 1.0 3
N .1 .6 1.4 1.1 .2 6 1.
TOTAL 5.3 16.2 48,6 .7 2.9 12,0 .1 Ao 6.1 19.1 61.
1. ceiling 0-100 feet and/or visibility 0-~3/8 mile
2. ceiling 200-400 feet and/or visibility % - ¥ mile
3. ceiling 500-900 feet and/or visibility 1-2%4 mile

9¢ d71dvl
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TABLE 27

-~ 1966

1957
0000 0300 0600

MT SD  MT SD  MT SD
JANUARY 19.0- 8.9  20.7- 9.4 .21.5~ 9.5
FEBRUARY 12.4~ 8.9 . 15.6~ 9.7 :17.4~ 10.4
MARCH 3.9-.7.8 7.6~ 8.3 9.9~- 8.9
APRIL 6.6 .6,2 3.1 5.4 1 5.0
MAY 14.2 6.4 XL.5 5.8 6.9 4.9
JUNE 18.8 4.9 16.6 4.5 -11.8 3.7
JULY 21.6 4.7  39.1 4.2 14.3 3.5
AUGUST 20,0 .4.6 16.1 3.8 12.7 3.3
SEPTEMBER 13.2 5.7 8.9 4.7 6.5 4.7
OCTORER 6.8 6.7 3.1 5.8 1.6 5.3
NOVEMBER 7.8- 8.3 9,3~ 8.5 10.1- .8.6
DECEMBER 14.9- 9.5 15.8- 9.8  16.5- 9.8
(MT) = Mean temperature in degrees centigrade.

SP) =Standard deviation of temperature in degrees centigrade.

WMO CLIMATOLOGICAL SUMMARY

0900

MT 3D
21.9- 9.8
18.5- 10.4
12.5- 9.3
2.2~ 5.2
4.0 4.7
8.5 3.9
11.6 3.6
10.6 3.5
5.2 4.7
7 5.3
10.4~ 8.7
16.8-~ 10.0

1200
.
éé.2~ 10.
19.2~ 10.
13.7- 9.
:354- 5.4
.2.9 4.
8.0 3.
10.7 3.
9.4° 3.
4.3 4.
1 5.
11.0- 8.
17.1~ 10.

P
. 71500
MT
22.6~ 10.2
19.5- 10.4
S13.3~ 9.2
8- 5.6
7.5 5.0
13.0 3.6
15.6 .3.1
‘12.8  .3.4
6.0 4.5
4 . 5.1
-11.1~ - 8.8
17.3~ 10.3

Fort McMurray, Alberta

1800

MT - 8D
20.9- 9.5
16.3- 9.5
. 8.5~ 8.2

. 5.7 6.4 |
11.8 6.1
J17.0 4.6
19.9 4.0
17.5 4.2
10,5 5.0

4.7 6.0
9.1~ 8.6
©15.9- 10.0

2100

MT SD
18.4~ 8.9
12.7-.8.9
4.5~.7.9
6.2 .6.4

- 13.9 .6.5
15.5. 5.0
2.7 . 4.4
19.9 4.7
13.4 - 5.7
7f8 7.2
6.8~ 8.4
13.8-.9.7

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~

99y 988



Period 1957-1966 Fort McMurray, Alberta
COMPUTED MEAN TEMPERATURES AND EXTREME WET-BULB TEMPERATURE (F)

00GMT 06GMT 12GMT 18GMT ALL HOURS MAXIMUM CORRESPONDING
MONTH T TW T W T TW T TW T W W Temp Dew Pt.
JAN 2.2~ 2.3- 6,0~ 5,9~ 8.0~ 5.6~ 5.7~ 4.7~ 5.7~ 4.5~ 42 46 37
FEB 9.7 8.4 0.7 0.7 2.5~ 1.1~ 2.6 2.1 2.4 2.6 43 55 28
MAR 25.0 21.5 14.1 13.0 7.3 7.1  16.8 14.9 15.3 13.8 50 64 36
APR 43,8 36.0 32,3 28;9_ 25.9 24.3 38.7 32.9 35.0 30.5 57 78 139
MAY 57.5 46.2  44.5 39.4  37.2 34.7  53.2 43.8 48.3 41.3 66 81 57
JUN 65.8 54.1 53.2 48.5 ' 46.3 44.1 62.5 52.6 57.3 50.1 71 83 65
JUL 70.9 59.3  57.8 53.8 - 51.3 49.5 '67,8 58.5 62.3 55,5» 80 89 78
AUG 67.9 57.6  54.8 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 34.9'3252 ‘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 80 89 78

82 d14VL
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Period 1957 - 1966 THUNDERSTORM Fort McMurray, Alberta

HOUR TOTAL ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NQV DEC.

00 3652 18 2 3 8 4 1
01 3652 11 : 1 6 4

02 | 3652 15 | 2 "9 4

03 3652 i1 . 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 | o 2 9 23 7

16 3652 40 : 3 8 18 11

17 . 3652 52 3 11 20 15 2 1
18 3652 56 ‘ 1 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

FRQCY. 535 4 27 © 110 241 136 15 2
PCNTG. L6 ‘ ' .1 14 1.5 3.2 1.8 .2 | .0

TOTAL 87648 ' 7440 6768 7440 7200 7440 7200 7440 7440 7200 7440 7200 7440

goy °3ed



Period 1957 -~ 1966

HOUR

00
0l
02
03
04
05

" 06

07
08
09
10
i1
12
13
14
15
16
17

© 18

19
20

S 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

TOTAL ANNUAL JAN FEB MAR

185 : 6
175 1 1
177 1 1
198 1

214 1 2
204. 1 2
183 1 2
185 1 2
181 -1 1 2
184 1 1 2
181 | 3
177 —
188 2
210 2
226 1 1 2
222 1 3
220 2

230 2 o
208 1 3
214 3
221 3
216 1 5
210 1 1 4
198 6
4807 14 8 - 61
5.5 .2 .1 .8

7440 6768 7440

APR

10
11
14
12
11
11
11
13

8
10

12

10

17
12
12
16
13
15
9
13
13
13
16
16
298

4.1

7200

MAY
26
22
20
27
29
31
26

23

26
28
21
23

26

- 38

36

35

33
38
25
29
33
32
25
25
677

9.1
7440

JUN  JUL
32 28
26 28
27 22
29 32
30 35
33 27
37 " 23
32 28
27 26
26 23
30 28
28 30
28 33.
29 38
36 47
42 40
36 44
41 36
36 31
31 38
36 39
31 31
35 34
29 36
767 777
10.7 10.4

7200 7440

AUG
30
33
41
36
42

36 -

39
39
38
37
35
35
31
34
34
34
35
40
41
43
34
44
35
38

884

11.9
7440

Fort McMurray, Alberta

SEP

37
- 37
32
34
31
33
27
32
34
32
31
34
32
39
36
33

37

37
39
40
46
42
37
34
846

11.8

7200

oCT

12
11
14
23
24
24
15
13
16
19
16
14
17
17
20
16
16
18
17
13
13
10
16
13
387

5.2
7440

NOV

(AN V2 S T o o R o+ S~ & S & S N

| SV S ]

]

OO v W By

77

1.1
7200

DEC

oM

11

.1
7440

69% 28eg



Perjod 1957 ~ 1966

HOUR TOTAL

00 3652
01 3652
02 3652
03 3652
04 3652
05 3652
06 3652
07 3652
08 3652
09 3652
10 3652
11 3652
12 3652
13 3652
14 3652
15 3652
16 3652
17 3652
18 3652
19 3652
20 3652
21 3652
22 3652
23 . 3652
FRQCY.

PCNTG ..

TOTAL 87648

ANNUAL
12
11
14

8

8
11
15
12
11
17
14
12
8

7

8
.10
)

-~ 10
13
10

co  C0 O

(%

247

JAN

1

[

438
.6
7440

FEB

R

[#%)

R w

32
.6
6768

FREEZING PRECIP

MAR APR

2

[

1

26 4
.3 .1
7440 7200

MAY  JUN JUL

5
.0
7440 7200 7440

AUG

17440

Fort McMurray, Alberta

SEP

7200

oct

1
2
39

-5
7440

NOV

N W d

RoH

1
32

-4
7200

DEC

[l (98 ) (o8] w (9o

N Oy W

oW e W

64

-9
7440
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TABLE 32

Period 1957 ~ 1966

HOUR TOTAL ANNUAL

00 3652
01 3652
02 . 3652
03 3652
04 3652
05 3652
06" ‘>3652
07 3652
08 3652
09 3652
10 3652
11 3652
12 3652
13 3652
14 3652
15 3652
16 3652
17 3652
18 3652
19 3652
20 3652
21 3652
22 3652
23 3652
FRQCY.

PCNTG «

TOTAL 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
10409

11.9

JAN
82
87
88

92

92
86
90
78
- 73
85
95
838
84
80
73
75
83
83
88
78
83
74

77 .
83

- 1997
26.8

FEB  MAR
64 53
66 58
72 66
67 73
69 77
69 76
78 65
73 73
71 : 80
92 77
91 77
81 71
73 62
72 44
68 38
63 44
61 37
65 40
55 45
64 41
59 50
58 49
59 55
67 50

1657 1401
24.5 18.8

SNOW

APR

26
29
27
32
32

37
42
47
42
40
36
36
27
30
25
24
22
16
15
17
16
20
23
697
9.7

MAY

8
11

13

i3

9
i4
11

10

[
o

£ L LWL O oo ~a.

198
2.7

%o OV O O & o O

Fort McMurray, Alberta

JUN JUL AUG SEP ocT

29
30

w 4 S o B~ (o2 ¥ o >
3]
o

[ |33 >
o ™o w
o RN [e%)

=N B wn I w [ =
o
(&3

35
1 : 93 674

.0 1.3 9.1

7440 6768 7440 7200 7440 7200 7440 7440 7200 7440

NOV
79
75
76
73
74
80
77
76
66
81
89
83
80
77
75
76
76
74
70
79
75
81
81
79

1852

25.7
7200

DEC

67
68
69
71
79
86
86
87
82
87
85
87
79
78
83
82
73
73
66
71
72
70
70
68

24.7
7440
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4T 1200 GMT

DECEMBER 1970

AT = Birch Hills F° - McMurray F°
AT 0000 GMT

TABLE 34
DATE
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+17.2
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+14.6
+113.2
3.7
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ICE FOG ABSTRACT

In general, natural ice fog is composed of well
developed crystals ranging from 30 to 100 micromns in
diameter which develop with simultaneocus cooling of the
- atwosphere and the water vapour contained in it. It is
well known that water vapour in liquid form may exist
at temperatures down to -34°C. However, at -35°C most
of the Vapour in water form freezes agnd produées ice
crystals. This change in vapour state with a one degree
drop in %emperature is highly significant. The signi-
ficance lies in the fact that with cooling 1°C at 34°C
the capacity of the air to hold watef is decreased by
.027 g/mg, A fﬁrther cooling of 1°C again reduces the
atmospheric moisture by the same amount. lHowever, 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
—360C reduces moisture capacity by a total of .110 g/mz.

It is important to remember that the above calcu-
lationé 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 mdisture in any way from

hot water reservoirs to exhausts from any fuel burning



equipment into an gtaosphere whose temperature is -35°C
or lower can bring about large increases in ice fog in-

tensity. 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 foga ~Accordingly, man made moisture con-
tribution can be highly significant in ice fog intensity
increases.

Man Made Scurces of Wgter Pollution

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 ccal before combustion.

Amount of Vapour Per Kg of Fuel Burned

Fuel

Gasoline 1,38 Kg
Fuel 01l : 1.33 Kg
Coal .68 Kg

It is readily seen that many industrial processes which

require heat will cause
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eratures drop. Accordingly, zs critical ice fog temper~
atures spproach, fuel consumption increases to maximum

¢ water in contact with z saturated astmosphere

at low temperature is probably the most efficient way

of introducing water to that atmosphere. The hot water
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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 sztmosphere. 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 ~30°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.0.5. operations to date and it becomes
extremely difficult to even subjectively predict ice fog
freéuency an& intensity in consideration of a program |
whiéh may call for g proliferation of hot water éxtrac~
tion processes.

Pollution Aspects of Ice Fog

If ice fogs develop at high frequency and intensity
in fhe Athabasca TafVSands 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 nonoxide and dioxide together with a variety of
particulétes 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 distribution of

crystals in heavy fogs, the total surface area is ap-
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2 3

proximatély 2000 cm® per m° 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 withig the ice fog layer.

Corrective Action

Current knowledge and studies show that ice fogs
are associated with a wvariety of inversion types and that
the structure of the inveréions changes with the evo-
lution and 1life 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 miﬁing operations. Diesel units provide ground level
water and pollution inputs while electrical generator

plants can employ tall stacks.

% TIce Fog, Carl S. Benson, June 1670



CONCLUSIONS

The entire preparation of the report is
based upon information and data which is appli-
cable to the syﬁoptic 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 dats in terms of the meso~scale,A Accord-
ingly, the conclusions drawn should be locked
upon as subjective and valid only within these
limits of accuracy allowed by synoptic scale
&atao

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 summer to intense inversion during winter.
There is good reason to believe that a strong

hi =ffect on precipitation distribution
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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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The synoptic scale weather patterns produce

- summer wegther 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
polliution concentrétion. Nocturnal weather is
usually stable but relatiyely short lived.
.Winter weather however, is generally of a

very stable nature with inversion frequency and

intensity which can produce long periods of
pollution concentration at levels below 2500
feet 4.S5.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'stagnaticn,

Climatic data is available for long term
at Ft. McMurray and its application to other

locations within the study area appears to be
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fairly valid for comparable elevations only.
Summer datg is available for high elevations
and supports the summertime stability conclusions
drawn.

Ice fog data is non;existent except for
scattered subjective reports by local people.
The degree of subjectivity is extremely high as
indicated by the great varigbility 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 afe cooler and winter temperatures
much warmer. Present indications are that a
new town location; when required, should be in
the Birch Hills. |

Theré is now ample inforﬁation 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.



1. (é)

(b)
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RECOMMENDATIONS

Fog Study: 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 continuocusly record temperature,
dew peint and wind.

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 planﬁs and extended fogs,

the radiation reduction can be calculated.

Cilimate Studyv and Atmoépheric 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. McMurréy and can then be trans-

lated intc long term data.
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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.
Staticn #0 should measure wind, temperature,
dew point and precipitation (rate of fall}.

This basic structure will provide the
essential climat@logy cf 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 requifes precipitation data within the
confines of the drainage basin of one of the
major creeks together with evaporation data.
The basin should be selected by the ground

water group and should contain precipitation

gavges (rate of fall type} in a number of

locations {dependent upcn the basin) and
at least two evaporation stations.
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RESEARCH COUNCIL OF ALBERTA

RESEARCH ON WASTE DISPOSAL

AND WASTE DEPOSITS
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RESEARCH ON WASTE DISPOSAL AND WASTE DEPOSITS

Therc are two areas that become readily apparent or identifiable thatv
require intensive research to gain information that is necessary if severe or
unneccessary adverse impacts 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 tﬁe 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 simpie approach that the tailings or waste consisting of sand,
water, fines, unrecovered bitumen 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
wéuld generate sufficient room to accommodate the wastes., The volume of the
mineral matter in the waste is some 20% greater than'that of the oﬁginal tar
sand due to "swelling'. 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 lessexr amounts for recycle than was originally
assumed. Since the rate of accumulation of waste is gradually increasing and
the rate at which roonﬁ is provided to accommodate is relatively constant and
dependent on the mining rate, it is a matter of time until one runé out of room
for waste disposal in the minéd~out arca. To circumvent this problem, one

could:-
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1. Build the initial 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 "dir‘ty"' 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 a small scale, dumping may be tolerated at a
sacrifice or price to the environment and resource conservation. Ona lafge
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 minimum use of fresh water to
make up the water losses only emerges as the best general solutAion to this
proliem. Admittedly, the costs of any treatment of waste will exceed the
costs of dumping them, It may be mentioned certain large municipalities,
using this linc of 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 novcl process on December SO, 1969. To date this invention has not been
practiced. Apparently during this time, research on "dirty water" treatment
by accelerating the sedimentation rate through the use of centrifuges and hydro-
cyclones, {locculation by use of additives or in situ generation of flocculents, as
well as ultrafiltration, filtration, freczing, electrophoresis have been studied.
In addition, evaporation, deep well disposal, diéiillation, tailings compaction,
direct discharge int.o the river, chemicals to permit water of poorer quality for
recycle and selécﬁve 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
magnitudevof the methods considered, one wonders if any one 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 proliem
in an economic and practical manner. It may be mentioned that the solution to
the prpblem will be of benefit to all bituminous sands leascholders, The two in
situ processes, steam drive and combination of forward combustion and water
flooding, will also produce "dirty water” that will require some sort of a
treatment. |

The solid material from the hot-water processing plants will eventually
form a new geology and geography in the tar sand area. The additives that are

or may be added to the process strecams are 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 extiaction plant results in the disposal of alkaline waste
streams. These wastes will form new alkaline or saline soil. Over a period
of time, due to precipitation, groundwater movement, and evaporation, the
alkalinity and salinity of the reclaimed region may be expected to vary, with
the net result that certain plants and wildlife may thrive in one area whereas
other areas may not support anything.

In order to plan reclamation, it is necessary to get thorough reseaxrch
information as to what plants are suitable and cﬁoose 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 aécount. 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 prace-
tical and within the reach of economics. If one takes the ﬁew that the land
underlain by the tar sands is of very lite 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 higher and
becomes aware that improvement of this land and the extraction of the hydro-
carbons from beneath it arc not mutually exclusive, then improvements in the
existing 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 rescarch will yield little by way of useful or

new information or processes. Indecd, 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 oi‘
inventing processes where the bitumen is removed in substantial amounts under
dry conditions is desirable and should be explored. It may be mentioned that if
research and development of improved and new processes is left in the hands of
opefators, there appears to be little incentive on their part to pursue such
research vigorously since a technically and economically proven process is
available,

Many impiovements 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 mfprobkﬁns,itappearsthatxnére
rapid progress could be made and economies realized through gathering of all
information, directing, performing, and coordinating research 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
~well 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 coz1sider¢d to
offset any unforseen expenses in respect to reclamation that may be encountered
in the future, especially since proposed reclamation practices arc based on
incomplete knowledge. This fund may be generated by levying a feelon a per

acre of mined-out area basis.
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CENERAL

This supplemental report continues ths examination of the effects

of the energy requiremnents on . the enviromment 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 low to allow for recovery by normal flow intoc wells
or conventlional stimulation methods, excess energy cver that required
to process the bﬁ*ume is required to recover it. These energy
reguirements are in differen nt forms depending on the methods of
recovery, whether through striv mining or one of the in-situ methods
being envisaged for deeper overburden area.

S

ENERGY DEMAWNDS AWD PRODUCED EFFLUENTS

Figures 9 to 15 provide some gualitative assessments of the two

Presently proposed in-situ recovery methods. There is considerably

less material gvaileble on in-situ recovery methods, or on other

mnore distaat processes on which to make accurate assessments and
estimates of effluents.

conclusions reached in the interim report remain germane, though

is clear that greater, if less obvious, envirommental problems may
introduced with in-situ recovery. Reguirements of energy distribution
t slightly, as the tar sand recovery process becomes to some extent
lied to an extractive process.

Whatever the method of recovery a portion of the bitumen is cannibalized

for the energy reguirvements ¢f the process. A relstively undistorted
estimate 0f the prccess demend can be obtained by converting all plant
process suresns to epergv eq wivalents. '™/ It is then found that the
strip-mine Clark hct water process type mlants, such as GCOS and Syncrude,

utilize esbout 17% of the eporﬂv equivaient of the bitumen in place. For
the Shell in-situ steam and diluent process a2 similar value can be
cbtained, bu ig in-situ process, as for the Amoco (Muskeg 0il)
COFAW forwas i reter flooding process and other in-sitbu

L i nay be much higher vhen all

U“
W]

energy socurces and distribution
vroduced energy utilization.
; ons of the vrocecs shown the

3 = i that of tar sand recovery and bitumen extracition
or purification, are hoth large net isporters of energy while the final
process of bitumen up-grading is a large net exporter of energy. Irom
the envirormental view this shows two main areas of concern; the Tuels
for energy produced by the up-gr dzvv process, and the source of energy
as related to plant location and distribution of effluent.

has a calorific value of
are quoted herein or are




FUELS

The interim report discussed the various types of fuels. The
enphasis so Tar on the heavy recidues has been dictated by

econcomic reasons. Of Tthe three processes reviewed fluid ccking

is attractive to a refinery because of flexibility of throughput
and a greater yield of liguids. It also concentrates feed stock
sulphuy and heavy metals. Delayed coking alsc cconcentrates

sulphur, and being a batch-type process the coking units will
control plant capacity development. Heavy residue or pitch has
slightly less sulvhur concentration compared to the other processes,
but its vigbility as a fuel has still to be demonstrated.

-

t 1s expected that both fluid coke or pitch would be burnt in
cyclone type furnaces. Both may require supplemental fuels for
stability of flame. The use cf cyclone furnaces may lead to the
dcitional problem of hlgher NO_ formation because of the higher
emperature requirements of the” furnace need to maintain fiuid ash
Jag on the walls of the furnace.

w oW

Sulphur, hovever, is the most important pollutant at the present
time. All hesvy residue fuels have sulphur levels higher than the
1% or less sulphur presently demanded by Envirommental Protection
Agency regulations in the United States for cil or coal fuels. XNo
similar regulstion exists in Caneda epart from some contrels in
Ontarioc. t is rec ed that the Province institute a fuel
sulphur contert restriction, perhsps to 2% or less, to restrict
local stack c« nirations to more acceptable les Such a
regulation cculd be installed in stages as was conse ta

in Ontario.
Scrubbing eqguipment would allow the optional use of higher sulphur
fuels il so desired.

While control of plant emASSWOﬂb has to date been the most common
nethod of controlli sions, and though several methods
o

of 80_. sc ched as described in the interim

c rare !
report, the elimination of sulphur in fuel should be favoured.
Greater hydrogenatioc

v f u

n in the bitumen trestiment and greater de-
sed are aims for 1mmedlace research and
e re

commended.

the application of some of the fluidized
being studied for cozl and oil in various
processaes include steps to reduce the
ares of development is
rial activity and

s 1T applied to the

wer gas
1t of an enormous amount of
gt this time and may have benefi
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Seversal promising lines of research are proceeding in the production
of power gas from residusl oils. Some of them, notably those of

n
bl

British Esso resegrch 1 rﬁva,ﬁv’d at Abingdon in England, and those
a
&

s hi
of ‘the City College of fork utilize fluidized beds incorporating
lime orx dolomite for the production of sulphur free gas. (1) similar lines
of research could be initisted here to evaluate the economics and
problems involved in the technologies for production of suitable
guantities of ti atura The development and use

of larger guasntities of synthetic natural gas, SHG, developed
from the process of bitumen up-grading could supply an increasing
smount of the fuel demands of the plants. A foremost consideration
is that sulphur, heavy metals and other impurities are easier and

less costiy to remove in fuel gas as HQS than in flue gas as 802.

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 report, transportation costs for liquids are several
times cheaper than the costs for gas, since in energy terms over 150
Btu per cubic foot of gas per 1000 miles is needed for transportation.
Synthetic natural gas could help fill the gap between steadily
declining contributions of natural gas in the total energy assessments
and the incressing energy consumption levels of North America.

The location of plants is =2 most 1mnortapt paraneter of thelir impact on
the environment. This is furt mphasized when the numbers of such
plants increases from the presen ro.ipal level. No major review has
been nmade of the study area with regard to limiting the effects of
plant siting, and such a concern could well be exercised al this stage
in the development of the area. Some of the considerations involved in
iting were discussed in the interim report, where one promising
partirl centralization was reviewed.

AL present
boundaries,

ig generally delermined by lease

sal preoblems, and local cornsiderations,
though 21l b s are taken into account. Continued
developrnent in this sense could lead into the undesirable uncontrolled
concentration of dlants and the common pyramiding effect of random
industrial development

For the study ares the relationship of plants to the envirommental con-
cern of the region can be more eesily assessed if the plants are considered
from the 7Tollowing viewpoints; which follow the pattern of Figure 16

on energy sources and distri ion:

-~ 10C0Vu1y

-~ tion or purification demands
- xac1¢1t1es

- tion reguiremer

- or peovie dispersd

(1)

"Clean Pover From Dirty Fuels', artvicle by Arthur M. Sguires.

U
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Tar sand recovery methods, whether minin
determined by the location of the c
energy have thereflore to be suppl T
Their demands vary considerably with the methe
recovery considered.

Mining reguires electric power or liquid fuels such as diesel oil
or gasoline. Their impact on the envirorment is transferred to
another source or reduced by dispersion of production by several
units. In-situ methods, however, are likely to reguire an intensi-
fied local source. Of the two methods exemined the Shell process
reguires high pressure steam, while the Muskeg 01l process utilizes
the bitumen in place as fuei. Practicel limits on the transportation
of steam or lack of other sources of heat will continue to require
that these methods remain a localized demand.

Bitumen extraction process plant demands are approximately similar

for 211 methods, once the sand and bitumen has been delivered for
processing except that in-situ 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, and of convenient and properliy usable tailings dispesal. Both
may have large and insurmountable prcblems releted Lo centralization
concepls.

The up-grading facilities are items that are not necessarily site
controlled. As long as the bitumen extraction product is transportable
no reegl restraints as to specific location are posed by these
facllities. PFurthermore, the refining or up-grading process is g
generally less oconerous environmental aspect of the operational plant.
Since, however, the upgrading vrocess provides the fuels for energy of
_the previous twoe sections any piecemeal development of the area would
naturally favour self contained plants. From an econonic and

efficiency view such plants may continue to show advantages over the
: a

n requirements are the largest concern and source of

minants. This is Decause they are generally supplied
lable, often with high contaminant levels,
fr nt utilization of such plant demands are bvest mel by
parameners. : & e is that unit power generation
costs are reduced with increased size, while power output can be
relatively cheaply and cleanly transmitted to the demand centre.

The gr is technolecgy and develorment of such a lasrge resource
will csuse an influx of population. As studied under other sections of
this study, the people have their effects on the envirorment. As
concerns this gection of the udy the population growth is reflected

2~
in

the locat

the sit

Le L

=

> demal ribed in the interim report. Also,

r living centres will relate to
piants. Though ite selection is the concern of
other ples ¢, townsites should receive at least as much consideration

as the location of plant.




As discussed in previous paragraphs while natural gas would be a
prime fuel, the concentration of power plant could utilize heavy
residue fuels from neighbouring process plants., From this it
1lows that one possible locatiocn of a central power source would

evelopment of the existing GCOS or proposed Syncrude power
ts, and as excesgs residue is shown in the Syncrude operation
icient fuel is agvailable for a first stege of generation.
tional fuel as plant expansion proceeds could be transported
from other leases or met by the conversion of all output of one
process plant to feed the power plant.

A further advantage for the enviromment in concentrating power plant
occurs with the concentration of stack heat discharge +to plerce the

winter inversion conditions and avoid contazimment within the valley.

If, in conjunction with a centralized power source utilizing
residues, the heat energy demands of the hitumen extracticn are met

b
Y

using cleaned process gas, the airborne polluticn aspects of the
development of the area woul d be much improved over the individual
power and process plant aiternstive., The varied, and often large,
demands of the tar sand verg methods and the large guantitie

of steam required are prs cal reasons for the near future for
arguing against an overall central energy source.

The emphasis in this review has been on thermal power generatiorn,
since large au suitable thermsl energy fuels are a result
of the upmgrad'ng process, However, local hydro developments could
provide some power., No really significent hydro potential is
availablie in the region, and except for the Athabasca River itself
any development would be of small size. While hydro power 1s clean
as regards air and thermal poliution aspects, there has been
increaﬂ4ﬁg avareness of the other important ecological effects of
large damg on rivers, and the Athabascsa River delta and Lake Athabasca
system muy be affected to a large extent by development on the river.
A ft“th@“ disadvantage is that the water storage lake formed by such
. cdam would flood a region of the Athabasca valley, under which lie
the mos® accessibie recoverable tar sand deposits.

A major effluent of all types of plant is the hest discharged.
Thlb heal carn be more conveniently examined as massive production
or waste discharge heat, cooling water or process heal exchanger
heat, and as atmospherically discharged heat. The interim revport
reileciei s concern on the environmentel effects of the large
heat discharges.
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Many other important aspects such as ecological impact, hydrological
effect and others are raised by the siting of pilants, and these are
expressed in other sections of the report.

Massive concentration of plant cculd have considerable benefits as to
energy concerns. 1t could conceivably also have a relatively low
overall envirormmental impact since only one major environmental inter-
face wovld occur. Against these gains are the presently almost
insuperable vroblems of transportation of raw 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 plents, similar to GCOS and Syncrude. If this development is
planned then envirommental disturbance can be protected to some degree.
A pilanned development would require the formation of a regulated
regional plan which would consider all factors, particulariy concern as
to allocation and use of water sources, controlled tailings disposal
areas, geclogical and hydrological features of mining or in-situ
development and other key factors.

A controlled individual plant develcpment plan would also require early
studies of air and water pollution distribution. BSources of potable
water and process water would be identified and such resources allocated
on an overall regional plan basis. Many of these aimsg are in direct
conflict with the present arrangement of leases, which have no common
concern of development other than that of delineating a man-made limit
of ownership of the productive tar sands.

A practicable gain in reducing energy related envirommental disturbances
would accrue from centaliziing electric power features. In the group

of view points examined the power plant was clearly the most important
source of pollutants, thus a central power plant offers considerable
advantages in controlling the distribution of SO, and NO . An air-
guality study should be made prior to the siting of the plant and a
monitoring network established to determine the buffer zones between

the power plant and townsites can be established, and the location of
nearby yrocess plants can be correlated with the power plant to avoid
contaminant concentration increases.

Such a central power plant site can also be chosen to reduce natural
environmental dist Urbmnce% Since coolant requirements and discharges
will be large the most suitable site would lie on the Athabasca River.
Adeguate cooling water for the size of power plants envisaged is available
and studies can locate the discharges for minimum effect on aguatic

life. Since the river is an existing natural festure no gross changes

in the landscape or water supply would be created, reducing the impact

on vaterfowl. Some disrupiion of natural habitat and wild life will occur
during the long term and 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-spob pattern is
100 tons of high pressure (1000 psi) steam per day. The tar
sand formation will be raised to peak temperatures of 350°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 forward combustiog process even
higher local temperatures are expected, 1500 F being rgcorded
within the formation in tests reducing to 300 F to LCO'F at
the periphery of the tar sand pay zone. These temperatures are
deenmed necessary to the process since cracking of the Athabasca
bitumen occurs at temperatures over 500 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 enrichmen®t underground are not fully established.
Among considerations that should be studied are the results of
such heating on ground-water, possible contamination 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

of heated tailings and process water disposal. Though these dis-
charges are all at relatively low temperatures they are more
onerous in that they are surface effects. Thus, they might
influence local weather, by ice fogs or other phenomenon, affect
existing ecosystems and have various sub-lethal but fundamentally
significant results on various biological communities. For
example, the heat discharged will almost certainly result in some
portion of such tailings ponds remaining open in winter leading to
probable effects on waterfowl migration, and to pcssible breeding
and reproductive cycle effects on fish and other biots occupying
such ponds. A more severe effect, 1f more localized and of smaller
vrobability, 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
within the context of the study area system.

The second group of thermal discharges considered are associated
with plant power and process cooling losses. While such losses
may occasionally form part of the larger tailings and process
wvater disposal systems previously discussed, there are cases
likely where the cooling water is taken from and returned to
rivers or reservoirs. One such case would apply to the concept
of a central power plant for the study area.

More is known about and much study is proceeding on the effects and
controls of discharges of these magnitudes and normal Department of
Environment practice is applicable. However, while several rivers,
streams and a rumber of lakes are distributed through the situdy area,
and though a good deal of surface water is prevalent, the sources of
useful water for the large and varied demands of large scale develop-
ment of the ares are relatively scarce. Some of the lakes are worth
retaining for potable waler or recreational use. For example, the
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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 adequately controlled thermal discharge tc the rivers, streams,
or lakes. ©Some streams may not have adequate flow or watershed
drainage capacities and they are especially affected by the cold
winter conditions. Hence the supply of and discharge of the larger
guantities of cooling water 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
recomuended 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 aguatic 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 polliution aspects result from plant
stack discharges than the heat loss. Cooling towers may become
necessary where future plants have inadequate water resources. If
s0, 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.

Gaseous Fmissions

For the Clarke hot-water process plants and the up-grading facilities
that accompany them, various gaseocus 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 amounts of £0,,

H S, CO, water vapour and hydrocarbons. The guantity emitted of

S is generally far below those emitted by the power generation
stack, since most of the gases burnt have been largely de-sulphurized.

The in-situ plants have similar discharges within the process section,
but have higher emissions of water vapour or CO and inert gas associated
with their fieid operations.

The qualitative effect of these emissions on the enviromment 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.



¢) Treated Water and Sewage Disposal

Though these items are not strictly related to the energy
production of the study area, all plants, townsite and develop-
ments will all have such effluents. Provincial standards for
such disposals, including controls on the hydrocarbons content
are extant and should be applied. Any overall plan for the
study area would naturally set aside regions of potable water
storage.

CONTROL 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

Pollutant Amount and Measurement of Concentration Time Period
' %
302 0.2 ppm to air by volume Half hourly
average
Fuel sulphur content of 2% or less is
recommended, or scrubbing used to
reduce stack concentration below
equivalent levels in ppm
NOX 0.2 ppm to air by volume ¥*¥ Half hourly
: average
HZS 0.01 ppm to air by volume Half hourly
' average
Particulates 0.2 pounds per 1000 pounds of Half hourly
effluent adjusted to 50% excess air average
Dustfall As for existing regulations
803 1 nmicrogram per cubic meter maximum
ground level concentration
Cco 15 ppm to air by volume Half hourly
‘ average
(60 ppm ambient air quality above in- Hourly

situ bitumen fired sites) ¥%#

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 1o 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 bioclogical
impact.

# SO2 is the most important air emission product. The 0.2 ppm
suggested 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 eguipment would allow use of higher sulphur fuels
vhen available,

. ¥%  NO_ is suggested at a similar level to SO, for dispersion.
Emission levels within the stack could be proposed but are
not suggested until more information is available on achieve-
able levels.

¥%% (00 levels are likely to be higher over in-situ production fields
wvhere bitumen firing underground is in progress.
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RECOMMENDATIONS

As concluded in the interim report, while the energy requirements

of the development of the tar sands are one of the primary sources

of envirommental 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 fully 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 pollution 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 SO, are also an area requiring more study, though this is also
a study applicable 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. Many lessees other than the Muskeg
0il (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 breaks the bounds of conventional action and gives hope for the
future.



GREAT CANADIAN OIL SANDS FIG. 1
MATERIAL BALANCE ‘
TOTAL LB/CD X 1000 AND (SULPHUR CONTENT)
> Co, 1,390
_ st Treatment
Bitumen 23,400 Steam o & S (703)
Sand 162,000 H2 Production
Bitumen 20,400 .
Sand 400 Fuel 1,052
¥  Gas -
(860) H2 (11)
Sands SUUNSS—— -5
. Coker . IS 'Naphtha)
Steam = . g Extraction and & Unifiners : )
Water — Gas Recovery )
) Syncrude
. Kerosene)1§4gls
) >
SteéT & Water 153,200 > Gas 0113
Plant
®  Fuel 0i1 220
@)
Coke 5,200
L " (138)
Tailing Losses 400
Bitumen 2,200 (Sand) -
Sand 153,600 .
Water 162,000 (51%)° TOTAL 21,880
Total 317,800

(Includes Oversize Dump)

45,000 BCD PLANT
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GREAT CANADIAN OIL SANDS FIG.2
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GREAT CANADIAN OIL SANDS FIG. 3
EFFLUENTS
ITEM YIELD LB/CD X 1000 HEAT LOSSES X 106 BTU/HR
SYNCRUDE Product 12,915
TATLINGS 317,800 839AT = 100°F
SULPHUR Stored Solid 703
RESIDUAL COKE Stored Coke T00
BOILER COKE s = 119 802 = 238 4,500 2h2 2,26 x 106 1b/hr
~COMBUSTION ' Flue Gas at
Nox = 24 500" F
Ash 197 225 Condensing Loss
PLANT FUEL OIL ) : 220
COMBUSTION ) S = 10 80, = 20 83 0.38 x 1o6 1b/hr
- Flue Gas at

FUEL GAS COMBUSTION ) No, = 5 1,052 1,000°F
002 1,390 Assumes L40% Burned

As Fuel for Procgss
Loss 15% at 1000 F

45,000 BCD PLANT

€05 =8eg



Page 504

FIG. 4
GREAT CANADIAN OIL SANDS
TRACE METALS AND ASH
BITUMEN FEED 20,400,000 1b/cd Bitumen.
ppm 1b/cd-~
Ni 100 . 2,040
' 250 6,100
CU 5 102
Ash 9
0.65 132,600
PRODUCT
Synthetic
Crude 12,915,000 1b/cd
ppm 1b/cd
Ni 0.01 0.129
Vv 0.01 0.129
cU : 0.02 0.258
Ash Nil Nil

45,000 BCD PLANT



1,920
8,540
348,940

s
L2
i

BITUMEN 53200
SAND 378720

SANDS
STEAM

WATER o

EXTRACTION ol

FIG.5

TAILINGS
BITUMEN
SAND
WATER

TOTAL

SYNCRUDE
~ MATERIAL BALANCE .. STACK
TGTAL LB/CD X 1000 -~ LOSSES 56
2680 STEAM -———> H,S TREATMENT
2990 NATURAL -~ H, PRODUCTION g O | 1850
GAS
20460 FUEL 2740
WATER "! & GAS
: GAS
. oI,
DEHYDRATE HYDRO- & HYDROTREATERS }
5= VISBREAKER :
) ITUMEN
s N
THOT WATER BITUMEN 49,440 g NAPHTA
SAND 1,540 .
L, 0ILS P 37580
‘ w SYNCRUDE
FOR UTILITIES -
: g~ RESIDUE 7100
& EXPORT POWER
DIESEL
> BUEL 20
3,760
377,180 LOSSES 4764
388,340 (51%)
SAND 1540

769,280

(INCLUDES OVERSIZE DUMP)

TOTAL 56650

125,000 BCD PLANT
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LOSSES

b, 76k

SYNCRUDE FIG. T
EFFLUENTS
ITEM YIELD LB/CD X 1000 HEAT LOSSES X 106 BTU/HR
SYNCRUDE Product 37,580
TATLINGS 769,280 1425 AT = 100°F
' SULPHUR Stored Solid 1,850
RESIDUE Stored Residue 1,990
BOILER RESIDUE S = 294 802 = 588 5,130 274 Flue Gas6@ 500°F
COMBUSTION 2.6 x 10° 1b/hr
NO = 31
X
Ash 915
(Max. Airborne 1u5) 466 Generator Cooling Water
PLANT FUEL GAS s = 56 o, = 112 3,Tk0 260
NO = 11.5 1.15 x 106 1b/hr
X . Tuel gas at
1,000 F

Assumes 40% Burned
As Fuel for Procgss
Loss 15% et 1000 F

125,000 BCD PLANT

L0S 98eg



EFFLUENTS

. 150,000 BCD MINING - CLARKE HOT WATER PROCESS TYPE PLANT FIG. 8

TTEM YIELD IB/CD X 1000 HEAT LOSSES X 106 BTU/ER
SYNCRUDE Product 45,096
TATLINGS 923,136 1710AT = 100°F
SULPHUR Stored Solid 2,220
 RESIDUE Stored Residue 2,388
BOILER RESIDUE S = 353 802 = T06 6,156 329 Flue Gas @ 500o
COMBUSTION 3.12 x 10 1b/hr
NOx = 37
Ash 1098
(Max. Air borne 1Th4) 560 Generator Cooling Water
PLANT FUEL GAS S = 67 80, = 134 4,488 312 1.38 x 106 lb/hro
Fuel Gas at 1000°F
Assumes L40% Burned
As Fuel for Procgss
Loss 15% at 1000 F
LOSSES 5,716

150,000 BCD PLANT
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SHELL IN-SITU PROCESS

ENERGY BALANCE

FIG. 10
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1,463
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—-—-————-——-w
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10,135 230°F
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SHELL IN-SITU PROCESS

FIG. 11

EFFLUENTS
6 *
ITEM YIELD LB/CD X 1000 HEAT LOSSES X 10 BTU/HR
SYNTHETIC CRUDE Product 29,264 134 @ 250°F
WATER Treated Discharge 105,220 1000 approx.
Field Loss 950

SULPHUR Stored Solid 915
PITCH Fuel 15,162
BOILER & PLANT S = 1324.6 o = 2649 110 (Athabasca)
PROCESS EFFLUENTS

. = 15 (Edmonton)

Ash = 650 123 Generator Cooling Water

LOSSES

¥ All heat losses and equivalents are estimated from minimum data.

(Airborne about L400)

550 loss in piping
6600 approx. loss underground

or to heating adjacent
material

100,000 BCD PLANT

116 °8eg



(AMOCO) MUSKEG OIL COFAW IN-SITU PROCESS

MATERIAL BALANCE PER 120 ACRE BLOCK

LB/CD X 1000

FIG. 12
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(AMOCO) MUSKEG OIL COFAW IN~-SITU PROCESS
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(AMOCO) MUSKEG OIL COFAW IN-SITU PROCESS FIG. 14

MATERIAL BALANCE FOR PROPOSED 60,000 BCD OUTPUT

LB/CD X 1000

4 BLOCKS IN HEATING
125 BTU/CF GAS - 3,334
_ PHASE
39,857 AIR -
9T BTU/CF GAS - 31,238
2 BLOCKS IN % YEAR
PRODUCTION PHASE
660 BTU/CF GAS - 4,930
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88,095 WATER o 127,952
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i BITUMEN - 25,060
PRODUCTION PHASE

60,000 BCD PLANT
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(AMOCO) MUSKEG OIL IN-SITU PROCESS

EFFLUENTS

120 ACRE BLOCK

FIG. 15
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)
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)
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5,460 BCD
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February 2, 1973

Project No. 1505

Prdject Report

To:

Wright Engineers Limited
1101 West Pender Street
Vancouver 1, B. C.

Attention Mr. R. W. Palmer

Subject: ATHABASCA TAR SANDS BASELINE STUDY

AQ

OBJECT

To survey streams, rivers and lakes of the Athabasca Tar Sands

area for fisheries potential within Township 84 to 103, Range 4 to 18,
west of the Fourth Meridian. Excluded from study were areas

defined by Leases 86 and 14.

INTRODUCTION

The study was initiated at the request of the Alberta Department of

Environment to Alberta Fish and Wildlife to be incorporated into the
preplanning and feasibility studies towards extraction of tar sands

in the Fort McMurray Region. Headed by Alberta Fish and Wildlife

. biologist, William Griffichs, the field investigation was undertaken

during the gummer of 1972 and included sampling of streams and

rivers to assess the current utilization by different species of
fish. At each sampling station, water samples were collected and a
descriptive evaluation was made of physical parameters pertaining

to the suitability of the yiver as fish habitat. Additicnal 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. '

METHODS

The Athabasca Tar Sands Project used the national topographic map
series 1:250,000 as the basic map unit on which the survey was 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.

A1l existing information was gathered from Alberta Fish and Wildlife
central files and from the district biclogists and summarized for
each water unit located in the map sheet.

1. Stream Survey Format
Field reports were written 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 metheds and kick samples of the bottom fauna were
taken. All the field reports contained the following information:
- Water temperature
-  Type and frequency of pools. (Depths and relative amount of -
riffle versus pools established).
~  Bottom type, including extent of bottom vegetation,
-  Stream banks were described as to cover, nature and
composition, height, erosion, etc. '
A score sheet was utilized to establish the class rating of
the individual water body. The class rating was determined as
follows:
STREAMS
Factor , Unit : Score’
Flow {(minimum winter) Good ' 5
Shallow riffle 3
Intermittent 1
Summer temperature 3 months over 15°C 5
3 months over 12°C 3
3 months less than 12°C 1
Depths of pools Greater than 3 ft 5
{based on minimum flow) -1 fr - 3 ft 3
Less than 1 ft i
Frequency of pools 40 ~ 602 5
{(percentage} 60 - 80% 3
' Greater than 80%
or less than 40% 1
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Factor Unit Score
Refugia Good 5
(Banks, logs, deep still Fair 3
pools) Poor 1
Nutrients Good 5
Fair 3
Poor 1
Bank cover Good 5
{amount of shading and Fair 3
bank stability) Poor 1
Substrate type of riffle Gravel, rubble 5
Sand 3
Silt, mud or large
boulders 1
Lend utilization which Grazing
will or has affected Logging
the stream for 5 to 10 Pollution : -1 to -5
years Mineral Exploration
Classes
Class 1 Score 35-40 Class 3 Score 21-27
Class 2 Score 28-34 Class 4 Score 1-20

2. Invertebrate Fauna

Aguatic 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 were gathered from existing reports, incorporated
into the "Preliminary Fisheries Results, Fort McMurray Tar Sands
Project, 1972"™ by W. Griffiths.

3. Bioassay

a. Toxicity

Results are expressed as percentage survival of fish within a

26~hr period of exposure.

made at intervals of 6, 24, 48 and 96 hrs.

Observations of survival were
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b. Test Fish

Juvenile coho salmon (Oncorhynchus kisutch) were used as test
fish and were taken from a homogeneous population approximately
seven months old.

c. Dilution Water

Dechlorinated Vancouver City tap water was used as dilution
water. The laboratory piping is PVC directly from the transite
main. Water quality characteristics include pH 6.5, EDTA
hardness 7.3 mg CaCO3/l, conductance 25 mmhos/cm.

d. Bioassay Procedures

A sample of Athabasca tar sand, collected at the barnk 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 107 weight to volume
concentration of this sample was stirred vigorously for 30 minutes
prior to addition of test fish. A second test solution was
prepared by stirring a 10% weight 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.

D. RESULTS

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 was collected in all of the larger and most of the smaller
watersheds. Requiring a habitat of relatively clear, running
water {Table 6), it was not observed in watersheds where only
lakes were sampled, i.e. the Richardson River, Eleanor Creek

and Mikkwa River watersheds. Nor was it found in Algar River,
winich thas poor flow and is largely blocked by beaver dams.
Eymundson Creek, where only flathead chub was collected, had a
turbidity rating of 73 JTU (Table 3) and is probably too muddy to
support Arctic grayling.

Northern pike was observed to be widespread in lakes and larger
rivers with portions of quietly flowing waters. 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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fost abundant among the species listed as nongame fish

(**0ther Fish', Table 2), were the white and longnose suckers,

the lake. chub and the burbot. The white sucker was collected
from every major watershed including the Legend and Pearson

lakes. 1t was not collected from MclIvor River, which was

sampled only near its shallow muskeg headwaters and further
downstream, near the boundary of the survey area, where 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 watersheds 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,
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 Mclvor river watersheds.

Commercially valuable species of less than widespread distribution,
in descending order of occurrence, included lake whitefish, yellow
perch, yellow walleye, lake cisco, mountain whitefish, lake

trout and goldeye., Lake whitefish were collected in Pearson

Lake, Legend Lake, Namur Lake, Gardiner Lake, Gregoire Lake and

in the three unnamed lakes of Twp. 99, Rge. 16; Twp. 100, Rge. 15
(Ells River watershed) and Twp. 103, Rge. 5 (Richardson River
watershed}. In additicn, lake whitefish were 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.

With a habitat preference similar to that of the lake whitefish,
yeilow perch were collected in the quiet , lower portionsof
several larger rivers, including the Steepbank, Muskeg, Horse
and Ells rivers, and in Gregoire Lake and in some of the lakes
in the upper Ells River drainage area.

ye, also a fish of lakes and deep rivers (Table 6),
wag collected near the mouths of the Clearwater, Firebag, MacKay
and Ells rivers, in the Gregoire, Pearscn and Gardiner lakes and
in the unnsmed lakes of Twp. 99, Rge. 16 and Twp. 100, Rge. 15 in
~the Ells River watershed. Lake cisco were found in Gregoire Lake,
Legend Lake and Pearson Lake, and in alli.the four surveyed lakes
in the Ells River system.

Yellow walle
o

Mountain whitefish in the Clearwater River drainage area were
found almost exclusively in the High Hill River. Nevertheless,
a pumber of mountain whitefish fry were collected in a small side
channel of the Clearwater River furither downstream in Twp. 89,
Rge. 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-two 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
watersheds within the study area except in Algar River and
Eymundson Creek. Clarke Creelk, 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 MacKay river watersheds also
demonstrated considerable species diversification with 12, 14

and 12 different species, respectively. Game fish and commer-
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 two commercially valuable svecies and the MacKay River water-
shed only three. Forage fish and species without significant
commercial or angling interest were most numerous in the Clearwater
{10 species), Steepbank (10 species), Firebag (9 species),
Ells (9 species), MacKay (9 species), and Horse (8 species)
river drainage systems. S

The Athabasca River contains virtually every fish recorded for
the whole area and functions as a reservoir and wintering area
for fish populations that migrate into streams from this major -
river.

The 1967 lzke sur&ey, primarily using gill nets for collection
purposes, did not emphasize the lakes' content of forage fish

and other smaller species.

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
cf rivers. Those rated Class 1 and Class 2, and a high Class 3
{25 score points or over), werc considered to have excellent to
good fisheries potential. Class 4 was considered to have poor
fisheries potentiel. 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 Clearwater 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 with class ratings varying
between 1 and 2 over most of, or all of, their lengths within

the study area. The Hangingstone River and Surmont Creek, both
also draining into the Clearwater, likewise were very good rivers
and were rated Class 2. '

Frequently, a high class rating was essigned to a portion of a
river, although the river further upstream or downstream would

be rated as poor in fisheries potential. In the Clearwater

River watershed, 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 below their respective
headwaters flow through flat muskeg country with extensive
.beaver activity. These portions of both rivers were rated Class 4.
Further downstream the rivers flow more rapidly and show improved
~habitat characteristics. Along these lower stretches, a Class 2
rating was applicable. The Muskeg River was rated Class 2 over

a relatively short stretch not far from the rivermouth, with

a Class 3 below snd 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% of its remsining length. Twenty-five to 30% of the length,
i.e. the lower Horse River, was rated Class 2. The most favorable
fisheries potential in the watershed was offered by the large,
unmnamed tributary draining the area Immediately south of Horse
River itself. This tributary was rated a high Class 2 below its
headwaters.

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
Clasg 4 ratings covering almost their entire lengths. The entire
Ells River below Gardiner Lake and excepting the lowermost four

to gix miles, was considered to be excellent. Namur River in the
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Ells watershed was considered suitable for support of a 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 15-mile~long 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 was 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 Twp.929, Rge. 9, throughout were

rated as Class 4 or a low Class 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 watershed,
contained substantial populations of valuable species of fish.
The lake whitefish collected in both lakes provéd to be heavily
infested with cysts of the tapeworm Triaenophorus crassus.

Namur Lake in addition contains an appreciable quantity of lake
trout and in Gardiner Lake northern pike and walleye were readily
collected. :

In the unnamed lake in Twp. 99, Rge. 16, the whitefish also
were heavily infested with 7. crassus. Yellow walleye were
present in commerciazlly 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 walleye, cisco, pike and

perch. In Gregoire Lake, whitefish, burbot and longnose suckers
also were collected.

The umnamed 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 1bs
of fish. White suckers, from the net tests appeared to be
plentiful and the presence of northern pike also was ascertained.
In Legend Lake, the whitefish, pike and cisco were comparatively
small for their age and the whitefish were heavily infested with
cysts. The longnosed suckers in Legend Lake, likewise, were
found to be slow growing. In contrast, white suckers, also
present and probably plentiful, eppeared to be relatively fast
growing. Pearson Lake (Eleanor Creek watershed) yielded some
good—sized pike, but the lskeis 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 Twp. 100, Rge. 15, had the
extremely high infestation of 1555 T. crassus cysts per 100 1bs
of fish. Although walleye, pike and cisco were also collected,
the fish were small and slow growing.

The Ludet, McClelland, Kearl and Gordon lakes were all shallow
and rated low in fisheries potential.

Invertebrate Fauna

The distribution of insects, insect larvae and other aquatic
invertebrates in lakes and rivers are compiled in Table 8a to
8c. Only the 1969 and 1967 data included aquatic invertebrates
other than dnsécts.

The largest number of different species within a single river
was collected from CGregoire River on September 18, 1872, for a
tal number of 12 genera. Eleven different genera were collected
in ELLS River on August 27, 1%67. Other rivers with a high
degree of gpecies diversity included Clearwater River {seven

different genera), Surmont Creek (7) Muskeg (9), Firebag (8),

Marguierite River and its unnamed tributary (8 each), Namur River
{7}, and the unna med tributary to Namur Lake (7).

In rivers, Hydropsyche sp. and Athrix sp. were common. In lakes,
the predominant invertebrate group was chironomids (F. tendipedidae).

The sample of Athabasca tar sand was nontoxic to test fish at a
10% weight to volume concentration within a 96~hour period of
X

‘exposure when stirrved for 30 minutes prior to addition of test
sh. However, a 10% concentration of this sample, when stirred

i

o 6 hours, was toxic to all test fish within a six-hour periocd
f exposure (“*ole 7Y. The laboratory assay was terminated after
& s. Total organic carbon content after six hours of stirring
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was 138 mg/l; after 16 hours, it was 532 mg/1.
Vanadium

Typical analysés of Athabasca bitumen, gives values for vanadium
ranging from 210 to 290 parts per million depending upon source.
From limited analysis, the value for vanadium exceeds the total

of other metals (nickel 82 - 100 ppm, ivon 75 ppm, copper 2 —

5 ppm). :

Vanadium also comprises 47 by weight of the ash of bitumen from
one quarry, 0.021% in another, and 0.08% in bitumen coke.

The 96-~hr TLp 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 TLy 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 wvalues ofexisting 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
moving, 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 dis improved. The Steepbank, North Steepbank,
Firebag, Marguierite, and MacKay rivers, and to a lesser extent
the Muskeg, Horse, Dover and Mclvor rivers, are all examples of
rivers that originate in muskeg countyy with low habitat rating,
but which gradually change character to become more favorable
downstream to several species of fish,

Less frequently within the study area, streams originate in
hill country where the water flow is too rapid to provide suit-
able habitat for game fish. Where a flatter gradient further
downstream improveg the habitat characteristics, a higher class
rating is applicable. ‘
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General Considerations Regarding the Potential Impact
of Construction on Fish Habitat in the Study Area

The sluggish streams that permeate the large areas of muskeg
mostly provide unfavorable habitat for fish. The higher
fisheries potential further downstream 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 viecinity 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 whitefish,
cisco, grayling, white sucker and walleye. 1In addition,

siltation influences the composition of the bottom flora and
fauna. Adverse changes in the bottom dwelling components of

the regular river or lake food chain will affect the availability
of a normal diet to fish inhabiting the expcsed water bodies. 1Imn
extreme cases, increased water turbidity may reduce the agvail-
ability of light to the trophic zone and affect the metabolic

rate of the community on the photosynthetic level.

Flozting bituminous products will introduce several problems to
the biological community. 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
retaiorphosis 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 and mountain whitefish,
cisco, white and longnose sucker, flathead and lake chub and
yellow  pevch 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 toxicitry of bituminous tailings additionally
necessitates strict adherence to water quality standards, with
regard to all water discharge into the study area drainage
systems.

Tnvertebrate 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 (Chirconomidae) 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.

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 "gravel" component in the stream bed, -adhering in par-—
cicle 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 bicassay what
the effect on fish might be of higher concentrations that could
result from industrial 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 bicassay 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 CaCO3
(very soft) in Legend Lake to 470 ppm CaC03 (very hard) at an
inflowing spring at Namur Lake (Table 3). Generally within the
study area, the lake waters were soft to moderately hard, whereas
the river waters (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 allowed 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 80Z. Supersaturation was frequent, consistent with good
flow and zeration. The water quality measurements and sampling
regularly were carried out at stations where the fisheries
poetential was good or fair. At these stations, the measured
parameters indicate good resistance of the waters towards rapid
oxygen depletion under altered environmental conditions.

Cnly near the headwaters of the unnamed tributary to Horse

River was the dissolved oxygen of a river less than 50%. Pearson
Lake, at a depth of 43 ft, during the 1969 survey contained only
2 ppm of dissolved oxygen at 17°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 RECOMMENDATIONS

1. All streams and lakes listedas Class 1 and 2 (Tables 4 and 5 and
shown in red on Fishery Map) have high fisheries potential and
should not be disturbed.
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2. All Class 3 water bodies (shown in yvellow 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 low fishery potential and may be
modified for industrial purposes providing no change in water
quantity and quality affecting downstream higher quality habitats
is permitted.

4. Any industrial activity affecting water bodies should not be
undertaken without consultation with Fish and Wildlife
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 watercourses.

8. Existing provincial and federal water quality and fishery
regulations must be met to avoid damage to the environment.
Vanadium should be added to the list of heavy metals in water
monitoring programs.

9. Existing air quality regulastions will 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.
fﬂ\s‘/?///
Q:y/~ I~

= A. Bohn
Research Officer
Division of Applied Biology

I.V.F. Allen
Group Leader, Ecological Surveys
Division of Applied Biology

AB:c



TABLE 1 FISH SPECIES COLLECTED IN THE ATHABASCA STUDY AREA

DURING THE 1967 AND 1972 SURVEYS
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Species Name

Popular Name

Stizostedion vitreum vitreum

Esox lucius

Prosopium williamsoni

Catostomus catostomus

Percopsis omiscomaycus

Thymallug arcticus

Cottus ricei

Couecisius plumbeus

Notropis hudscnius

Catostomus commersoni

Semotilus margarita

Rhinichthys cataractae

Lota lota

Cottus cognatus

Coregonus clupeaformis

Coregonus artedii

Perca flavescens

Chrosomus neogaeus

Notropis atherinoides

Culaea inconstans

Platygobio gracilis

Salvelinus namaycush

Hiodon alosoides

Yellow walleye

Northern pike

" Mountain whitefish

Longnose sucker
Trout perch
Arctic grayling

Spoonhead sculpin

‘Lake chub

Spottail shiner
White sucker
Pearl dace
Longnose dace
Burbot

Slimy sculpin

"Lake whitefish

Cisco (tullibee)
Yellow perch

Northern redbelly dace
Emerald shiner

Brook stickleback
Flathead chub

Lake trout

Goldeye




TABLE 2> OCCURRENCE OF FISH SPECIES IN THE DIFFERENT WATERSHEDS IN THE ATHABASCA STUDY AREA
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Table 3

ANALYSIS OF WATER SAMPLES FROM ATHABASCA STUDY AREA

»

e et b

RESULTS IN ng/l Lel, s :
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& > 82134 i 2
N o o o & fry vE D w : . 3
- @ = @ ] = =l R RV Rezarks p
T fRge | g SRR OB I O ! PR P ;
1) = m w 0 1 25l Voo 2.
Sle 12183 1208 lelaslele o | | 58l £E 56 :
S B = < © kS = £ © = = Y £ S G2lw s (o =
Clearwater River® 89 4 9.4 18.20 44+ 40 16 50 <1 .2 11 3 28 jL.2 Wb .3 3 235 1 Clear water 17
" " 89 9 38.30 68 69 22 50 .1 .2 20 4 39 1.3 b .2 5 335 1
" s 89 1 7.40 34 30 7 4 [ <1 .1 7 3 3 .5 J. o7 <1 75 —
lzangingetone River 83 9 1 9.2 {8.20 | 172 | 192 <53 <l |<.1 .3 67 <1 6 2.0 .3 b 13 362 2 : 6
" ' 88 9 9.6 18.30 190 210 39 17 <, 1 .1 64 7 35 2.6 .1 .6 <1 473 2 © Clear water 6
Christina River 83 7 110.8 8.00 | 154 163 31 100 <.l ce2 40 12 131 2.5 W4 .5 7 870 2 19
' 87 6 8.6 §8.00 164 180 39 241 .1 +3 55 6 166 43 .2 .5 7 1050 2 6
" " 84 4 8.00 | 128 | 159 28 8 1<l b 46 2 18 (1.6 .2 5 4 335 1 . 2
Gregoire 85 6 9.2 {8.20 152 194 33 42 <.1 <.l 49 6 62 2.1 .3 .5 2 480 2 .
Surmont Creek 85 8 |10.8 {8.10 | 162 | 161 33 1 |<1 .6 15 29 6 12.0 .3 N 5 325 2 ' Clear water 6
Gregoire River 7.8 50 50 35 | ' 1969 Survey 3
Surzent Cresk 7.2 40 40 30 1969 Survey
High Ei1l River 89 4 8.6 {8.30 140 138 14 1 <.l 4 34 12 10 1.1 N .2 4 270 1 14
" " " 83 3 3.10 110 118 14 1 {<.1 .5 39 2 8 W5 W2 .4 5 230 1 R 1
Gregoire Lake, Sample I 7.6 50 50 ’ 40 1969 Survey
" " "oIx 7.8 50 55 40 1969 Survey
Steeobank River 921 91 9.6 }8.30 | 146 | 189 17 7 1 <.1 .5 44 8 23 11.3 [ A B 2 360 2 2
Merth Steepbank River 90 7 111.4 {8.00 | 136 | 142 <5 1 <1 .5 46 4 12 .5 .3 112 3 270 .2 Tea brown water 22
Muskez River g4 | 10| 8.0 {8.30 | 180 | 196 20 2 14 | 1.0 .2 .7 3 375 2 ' Tea brown water 16

% Names denoting watersheds are underlined
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firebaa River 101 9 3.4 8.20 {140 118 13 4 .1 .3 33 13 2 .9 .5 2 2 235 2 Light tea brown water 17
B " 99 7 0.2 {7.90 | 90 91 8 1 <. .3 28 4 3 5 .2 4 2 180 1 Clear, light brown water 4
" " o6 | 4 hi.4 |7.60 ] 96 | 99 8 1.1 .3 3 2 3 1.5 .3 5 2 | 195 1 4
med Trit 95 4 01,0 |7.690 82 76 <5 1 i<.1 .8 23 5 3 <.l .3 6 3 148 2 Tea brown watex 4
99 7 0.2 {8.00 {120.1117 11 3 <.1 .3 37 6 3 .7 .2 W4 2 230 3 o 3
103 6 8.20 94 1100 <5 1 P R D 27 6 <1 .9 .1 2 <1
103 5 7.9 48 57 <5 1 10 el 16 1 <1 .3 .5 .3 <1 —
7 17.2 80. 90 . 50 1969 Survey 23.5
103 7 §.30 86 73 <5 1 j<.1 .1 18 9 |<.1 .7 A .3 <1 140
8 7.7 78 50 50 Surface data 17
2 471 78 1 75 ) 50 T 43 £t of depth 17
103 | -7 7.80 78 79 5 1 R R 24 4 <1 .3 .2 .3 <1 160 .
88 | 10 { 9.4 {8,310 | 120 | 141 36 10 <.l .6 35 7 24 1.6 .3 1.0 5 325 3 Dark brown water 16
87 |10 1 9.8 |g.10 | 156 | 180 | 30 | 24 | .1 | .2 | 54 4 132 l2.0 | .8 | .6 3 | 41s 2 Clear, tea brown water 6
84 | 11 | 5.0 lg.o0 { 182 | 198 | 31 1) .1 .2 | 60 7 117 {2.6 | .5 | .3 2 | 395 3 c 6
MacKay River 94 {11 | 8.6 (8.3 180 | 193 58 16 <.l .2 49 13 49 2.0 .2 .3 3 4865 3 23
" K 90 ] 16 |10.4 17,90 | 144 | 158 70 2 1<.1 1.0 51 3 24 1.4 .5 .7 14 350 3 ) 2
Dover River 94 | 12 {12.0 |8.30 { 184 | 240 80 17 (<.l .1 68 3 55 2.6 12.3 .7 4 550 2 Clear, tea brown water 1
E1ls River 7 116 111.4 {7.60 72 67 15 <l }<.1 S 24 2 3 |L.2 .2 .5 2 150 1 Clear, light brown water 1
e " 94 15110.6 18.00 98 | 107 34 4 1<.1 W1 29 5 20 (1.4 .2 h 4 275 2 Tea brown water 2
" “ 96 {11 | 8.6 [8.30 98 | 101 32 6 <.l .3 27 7 16 1.7 .1 N 2 245 3 ) 20
" " 7.6 60 75 40 . August 27, 1967
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TABLE 4 SCORE AND CLASS RATINGS OF STREAMS AND RIVERS

IN THE ATHABASCA STUDY AREA

Watershed River Class Score
Clearwater High Hill River 1 36 - 38
Clearwater River 1 36
Hangingstone River 2 30 ~ 34
Christina River 1 -2 30 - 36
Surmont Creek 2 30
Saline Creek 4
(short stretches
of 3 . )
Prairie Creek _ A
(short stretches
of 3 )
Gordon Creek 4
Georges Creek 4
Gregoire River 4 16
Gregoire River, atypical short stretch 2 34
Steepbank Steepbank River, lower 2 28 ~ 34
River Steepbank River, upper 4
North Steepbank River, lower 2 34
North Steepbank Riveéer, upper 4
Muskeg Muskeg River, lower 4 - 5 miles 2 34
River Muskeg River, mouth 3 24
Muskeg River, upper 4 19
Heartley Creek 4
Firebag Firebag River 1 -2 30 - 38
River Unnamed tributary No. 1 2 34
Unnamed tributary No. 2 2 30
Unnamed tributary to Marguerite River 2 32
Marguerite River, atypical 10 - 207% 3 26
Marguerite River, remainder 4
Reid Creek 4 (probably)
All upper Firebag River tributaries,
including Trout Creek and Wallace Creek 4
Miscellaneous| Clark Creek 3 20
East Algar River 4 18
Grayling Creek 4
Horse River | Unnamed tributary 2 34
Unnamed tributary, headwaters 3 26
Atypical lower llorse River 2 30
Horse River, mouth 3 22
4

Horse River, main portion




TABLE 4 SCORE AND CLASS RATINGS OF STREAMS AND RIVERS

IN THE ATHABASCA STUDY AREA (CCNTINUED)

Page 538 .

Watershed River Class Score
MacKay River |Dover River, lower 3 - 4 miles 2 34
' MacKay River, lower 70 - 80 miles 2 -3 26 - 30
MacKay River, upper 50 - 60 4 <25
Dover River, upper S0 - 85% 4
Dunkirk River 4
Ells River Ells River, entire river except mouth 1-2 32 - 36
Namur River 2
Ells River, lower 4 - 6 miles 3 24
Unnamed tributary to Namur Lake 3
Unnawmed tributary to Gardiner Lake 4
Joslyn Creek 4
Chelsea Creek 4
Birch River |Birch River, upper 4 - 5 miles 2 30
Alice Creek, headwaters 3 26
Birch River, below headwaters 4
Louise River 4
Mclvor River |McIvor River, for 15 miles below
headwaters . 3 26
McIvor River, headwaters and further
downstrean 4 \
Bucton Creek | Bucton Creek 4
Miscellaneous| Tar River, middle portion 3 26
West Eymundson Creek, short middle portion 3 26
Eymundson Creek, upper and lower 4
Tar River, upper and lower 4
Redclay Creek 3 22
Conn Creek 4
Buffalo Creek 4
Poplar Creek 4
Pierre River 4
Calumet River 4
Unnamed (Twp. 99, Rge. 9) 4
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TABLE 5 FISHERIES POTENTIAL OF LAKES IN THE ATHABASCA STUDY AREA

Lake | - Watershed Potential
Eamur Lake Ells River Very good
Gardiner Lake Ells River Very good
Unnamed (Twp. 99, Rge. 16) Ells River Good
Gregoire Lake Clearwater River Good
Georges Lake Clearwater River Good
Unnamed (Twp. 103, Rge. 5)‘ o Richardson River Good
Legend Lake Mikkwa River - Fair
Unnamed (Twp. 100, Rge. 153) ' Ells River _ Fair
Pearson Lzke Eleanor Creek Fair
Algar Lake Algar River Fair
Audet Lake Firebag River Poor
McClelland Lake Firebag River Poor
Kearl Lake Muskeg River | Poor
Gordon Lake ) Clearwater River Poor

¥



i - ’ Table 6-1
, ; ‘ : . Page 540
BIOLOGICAL PARAMETERS OF FISHES COLLECTED IN ATHABASCA STUDY AREA J :

Popular Name :
s Specles Name Freferred Diet Qecaslonal or Feeding Habits PREFERRED HABITAT Tolerated, Al 1
. y e .
Alternative Diet olerated, ternative Spawning Period . Data on Spawning Fecundity Years Max Rec. Maximum p
, Habitat Growth Rate Commercial or Game Value Forage Value
A L. cold Rivers Lakes to Maturity Age(yrs) Size
I « LOldeye Hiodon alosoides Aquati '
i is::ctc and terrestrial As large adults, small fish | At surface, night Large, muddy Turbid shallow Very high turbidit Late May to earl Spawn on gravel shoals in quiet 25,000/ Rapid at first 20" .
/i = S. also mice and molluscs ’ : y hig y Y y P g d ? ¢ » Market demand exceeds supply
[ P— - . ~ , July expansions. Eggs semi-buoyant o7 6-9, ¢ 7-10 then slower 3 1bs
] + Rumpback . oregonus clupeafor=is Sarizp, molluscs, Chirono: ' = ' ’
; Soriz id _ ‘ :
s (lake white- larvae i . o ii:ZEEO“’ tgrrestrial ?ottom or pelagic F. W. lakes down to 100 m| Larger rivers, even Late summer to Over rocky reefs or in river 8 - 9 years 22 1bs Very high
| fish) s ‘ eeders _ ‘ brackish conditions. November or December shallows
3. Lake cisco Coregonus artedii Plankton —
crustacea Y
chironomid Lomae ’ oung fish Shallow or deep water Late autumn Over sandy or gravel shallows, 14 20" Tasty and nourishing. Commercially
i u : eggs scattered on bottom utilized, especially as mink food.
a . ountain Prosopium williamson? Midge Mayfl ’ k | '
‘ . z M y, stonefl and |
| whitefish , caddisfly la;vae I Bottom feeders. 1In poor Clear or silty Down to about 10 m | Quite fast currents Late fall, early No nests., Early spring hatching 3 - 4 years : 18 20" Tasty and game. Good angling fish
y . habitat may feed at winter : : : 5 1bs
g ‘ ‘ any level ~ -
J 5. Arctic Thymallus arcticus Terres |
", trial insects ‘
g grayling : ?25::z°d:; ?ifr‘fin;§Ct$ Clear waters Clear waters, close to After ice-break Usually in small streams scattered|5,000 —»10,000/3 Slow 24" Palatable game fish., Very easy to
i lemming si; ii . sk, shore (May-early July) over gravel or rocky bottom. ' 5 1bs catch
_ ) ! 8> cklebac S,. Slightly adhesive, No nest or
- - , parental core.
. Lake trout ‘Salvelinus namaycush Other fish, pl
2 t ankton . - ' ' :
bottom org;nisms, te;res- Large, clear rivers Shallow to very deep Late summer, early Mostly along lake shores. No Up to 17,000/2 Very slow 25 48" Very high
trial insects ' fall | redd, eggs scattered 5- 11 102 1bs '
7. Northern Esox lucitus Fi
ish, insects, leeche | .
pike ‘ bird;, mammal; s> Voracious Quiet rivers Shallow lakes and bays, After ice-break Spawns usually in weedy, floodedin x l0,000/g >4 ft Human and dog food in the North.Marketed
5. Noreh : ’ near shore (May=-June) areas. Adhesive eggs, scattered 5-6 >40 1bs also in the U. S. and Europe
. orthern Semotilus margarita Insects, m ' . |
‘ » mostly beetles Animal plankton, small 0 2 ’ A |
pearl dace machriobi vegetable debris and aléae fish fiies , S f::g:iznal surface Clear and muddy Clear and muddy Summer gerritogial behavi:;r during pawn, 6" Significant
: : | No mound or excavation.
Flathead Platygobio gracili | -
chab , 4 s ierr. insects and their ‘ Voracious and omnivorous Muddy streams. Swift ' . Summer 12.5" Very low
arvae, sand, berries, seed, V currents. Avoids clear ; . 7
g fish fry, small mammals water
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sphaeriids

Nocturnal feeder

streams

also in shallows

Popular Name Species Name Preferred Diet Occasional or Feeding Habits PREFERRED HABITAT Tolerated, Alternative Fecundit Max Rec. [Maximum C 1
: , 1 y . ommerclal or
Alternative Diet Habitat Spawning Period Data on Spawning ‘Years to Growth Rate Age(yrs) Size " Game Value Forage Value
_— Rivers Lakes Maturity
10.Lake chub ouesi Terr. and aq. 1 ; ‘ - 5 - " ;
che Couesius plumbeus chir iarvzz algzzczzo:§ink— Small fish Clear and nuddy Clear and muddy Very tolerant, outlets Summer No nests. Eggs unguarded 3 4 3 6 6 None i;ogigiz imZOEZant alternatlve
ton. } } bottom dweller of hot springs ' ) pecles
11.Longnose dace | Rhinicht taract A i 1 ! T - ‘
-Long chtys cataractae q. insect larvae - Clear or ruddy, running Up to 6 ft/sec surf. Summer Probably no nest. Eggs probably 200 - 1200 eggs| 6"
waters velocity (adults) guarded. Adhesive. prob. 3
bell ern e Chrosomus eos Filamentous algae and Boggy margins of small Summer Nonadhesive eggs scattered among 3" Possibly some forage value
elly dace associated invertebrates - lakes algae
13.Emerald shiner| Notropio atherimoides Probab%y 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 ‘
1408 tt i i 3 Y - .
, sizne: 1 Hotropis hudsonfcus IiseCt larvae, filamentous |Plankton, small fish Recorded Clear shallows Large, turbid rivers Summer o Over sandy shoals or creek mouths. Prob. 3 6"
- RRREE O algae ’ No nest,eggs unguarded
115 White sucker Catostomus commersoni Midge larvae, amphipods Molluscs, caddis larvae Bottom feeders as adults Warmer shallows Warmer shallows T >10°C Shallow gravel areas >50,000 eggs 25" Palatable, canable. Earlier important
) Fry prob. plankton feeders ¢~ : 7 1bs food
16'23252253 Catostomus catostomus Amphipods, midge and caddis | Ubiquitous Down to "considerable" Brackish river mouths After ice melting Inlet streams, also outlets and a5, 9 6-7 25" Frozen fillets marketed in Great Lakes
larvae, sphaeriids ' depths shallows of lakes. Adhesive eggs. 7 1bs area. Good bait for trout and pike
1 L3 - i ' .
7 Trogt perch Percopsis omiscomaycus Aq. insects, small Quiet backwaters 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
18.Burbot
urbo Lota lota Fish in general Crustaceans, caddis larvae Voracious carnivore. Large rivers and small At least to 100 m depths, Late winter, under the |Spawns in streams and shallow 1’000’000/2 4 £t Used for dog and mink food. Winter
ice lakes., Eggs adhesive, no nest ) 75 1bs fish palatable flavor
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Popular Name Species Name Preferred Diet Occasional or Feeding Habits PREFERRED HABITAT Tolerated, Alternative Fecundity Max Rec. [Maximum Commercial or
Alternative Diet H;bitat Spawning Period Data on Spawning Years to Growth Rate Age(yrs) Size Game Value Forage Value
f Rivers Lakes Maturity
19.Brook Culaea inconstans Insect larvae, ostracods, - | Stickelback eggs Carnivorous. Bottom Slow streams. Weed beds Shallow lakes and bays. Summer Territorial, c’builds nest, guards 40 - 80 eggs/g Not known 2.5" Valuable, pike and
stickelback small crustaceans and feeders Weed beds. eggs. Eggs adhesive 1 yr, farther walleye
molluscs south
20.S1limy sculpin |Cottus cognatus Aq. insects, crustaceans, Cool, running water, rocky! Less frequent. .Over rocky Eggs attached to undersides of Not known Not known 4.7"
fish fry, algae or sandy bottom bottoms, with some current Early summer stones, guarded by oF
21.Spoonhead Cottus ricedi Not known Large, muddy rivers, Down to 200 m or more Tide pools Not known 4.2" Eaten by lake trout and
sculpin possibly cormon at depth . burbot
22.American Perca 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 40,000/ | Slow 20" Delicious eating. $1.5 million market
yellow perch |flavescens Insect larva, crustaceans | areas summer in stems of w. plants 2 - 3 yrs 4 1bs in Canada in 1962. Also good angling
- molluscs fish -
23.Yellow Stizostedion vitreum Fish Mayfly nymphs, aq. insects} Piscivorous Present Depths of <5 m - Spring, at ice-break Sandy or rocky lake shoals or Up to 600,000/ Slow in northern 30" Prized food fish. Market value, Canada,
walleye . - vitreum amphipods : gravel shallows of streams. Eggs 6, 5 (in waters 11 1bs 1962: $5,000,000. Attractive to
: abandoned northern anglers




TABLE 7 LIMIT BIOASSAY RESULTS OF ATHABASCA TAR SAND

Sample received:

Test fish:

Mean fish weight:
Test volume:

Test temperature:
bilution water:

Dissolved oxygen content:

September 12, 1972

Juvenile coho salmon (Oncorhynchus kisutch)

10 fish/test solution

3.1 ¢g

20 liters

15°C (60°F)

Vancouver City dechlorinated tap water

>9 mg/liter

Static 96 hr bicassay without exchange

Conductance Total
Test pH . ¢ Organic Carbon %4 Survival
N (micromhos/cm) 14
Sample Concentration (mg/liter)
” % wit/vol
(g/100 ml) Before After Before After Before After _ _ _ _

Stirring {Stirring {Stirving |Stirring | Stirring | Stirring 6-hr | 24-hr | 48-hr | 36-hr
Athabasca »
tar sand * 10 6.5 6.9 25 37 1 138 100 100 100 100
Athabasca
tar sand *% 10 6.5 7.6 25 138 1 532 0 0 0 0
Control '
{dechlorinated
tap water) - 6.5 - 25 - 1 - 100 100 100 100
# Sample stirred vigorously 30 min prior to addition of test fish
**% Sample stirred vigorously for 16 hr prior to additlion of test fish’

e

(N
(N

¢vs o8eq
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ATHABASCA TAR SANDS STUDY
THE ENVIRONMENTAL IMPACT OF
IN SITU TECHNOLOGY

A report prepared for

Intercontinental Engineering of Alberta Ltd.

by
M. A. Carrigy, P. Geol.
and
[. J. Mclaws, P. Geol.

Research Council of Alberta
January, 1973
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FOREWORD ‘

The Athabasca 0il Sands have been estimated to contain more than
600 billion 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 delimited, 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). 1t is thus 204 miles long and 120 miles wide.
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ﬂ ALBERTA U

RESEARCH COUNCIL OF ALBERTA

87TH AVENUE AND 114TH STREET
EDMONTON, ALBERTA, CANADA

EARTH SCIENCES BRANCH T6G 2C2 our Rer: MAC/1JM/bb

January 15, 1973

Mr. Harold V. Page

Project Director

Athabasca Tar Sands Study

Intercontinental Engineering of Alberta Ltd.
11055 - 107 Street

EDMONTON, Alberta

Dear Mr. Page:

We have the pleasure to transmit herewith our report, '"The
Environmental Impact of In situ Technology,' for the Athabasca

"Tar Sands Study as requested in your letter of August 15, 1972.

Yours sincerely,

ang o b .
M Q- bawy,

M. A. Carrigy, P. Geotl.

o
J

i. J. Mclaws, P. Geol.
Geclogy Division

Research Council of Alberta



Telephone: (403) 424~0311

Interconting
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" INTRODUCT I ON

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 1.3 million barrels per day* of bitumen by in situ methods of extraction,
in sttu extraction implying the recovery of bitumen from the pores without
disturbing the reservoir rock. This process usually involves the drilling
of many injection and production wells into the reservoir in a closely spaced
pattern, and the collection and delivery of the bitumen to a field plant for
upgrading to a synthetic oil.

Most of the in situ methods require the application 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 tha Athabasca deposit buried to depths of more than 500 feet
in the Bituminous Sands Area. This im situ area comprises about 3,700 square
miles and is about 6h4 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, lies outside the Bituminous Sands Area and ‘is
not considered in this report. In addition, that portfon 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 im situ technology and extensive literature on
secondary recovery of petroleum have been reviewed. It is clear that much
of this technology cannot bé transferred to the Athabasca deposit without
considerable modification.

OQr prédictionsy at this time, of the environmental effects of large
scale in gitu prod&ction aré szjéct to some significant limitations. Firstly,
there is no commercial prod@ction from in situ operations in the Bituminous
Sands Aréa$ and although some expérimenta} work has been carried out by two

oil companies. with two of the most promising methods, factual data is scarce.

5

% ft is assumed that 1.3 million barrels of bitumen will yield 1.0 mittion
barrels of ‘synthetic' oil.



Page 558

Secondly, the area has until very recently been largely inaccessible and little
factual data exist on the meteorology, hydrology, soils, vegetation, and
wildlife 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 Zn situ production
begin.

Shell Canada Limited and Muskeg 0il Company applied to the Energy
Resources Conservation Board for permission to go into commerial or semi-
commercial production, but both applications 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 0il

Company submission was concerned only with the production of the raw

bitumen by a modified underground combustion method and did not include
details of the bitumen upgrading phase; thus, it is considered to be a
semicommercial venture. Because of these differences, it is difficult to
make meaningful comparisons between the two systems. For example, in the
Muskeg 0il Company application, 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 application, no field gas analyses are given because they enter
the primary processing plant along with the steam and bitumen emulsion.
Similarly, saline water produced along with the bitumen emulsion in the

Muskeg Gil Company method has to be concentrated and disposed of before the

o

itumen is delivered to a distant processing plant, whereas in the Shell

anada Limited system, the saline water in the emulsion is diluted by process

[

waters and ultimately discharged intc the surface drainage system.
From our examination of these two applications for commercial and semi-
commercial production by im sitwu methods, we believe the following major

environmental impacts can be anticipated.
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1. Air quality

a) Steam injection (field and primary upgrading facility)

In the Shell Canada Limited application, 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

xXii

to generate the steam for injection and the electricity for primary processing.

If this process were to be used for the production of 1 million barrels
of synthetic oil, without SOy abatement, 4.6 million long tons of sulphur
dioxide would be emitted annually from fewer 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 S0, emission would be produced by burning fuel to produce steam

for injection into wells.

b) COFCAW (field faciltities only)
Extrapolation of experimental data provided by Muskeg 0il Company
suggests that 0.5 miilicn tons of $0; a year would be produced by flaring
the gases coliected with the bituminous emulsion for each 1.3 million barrels

of raw bitumen produced.

2. Land clearing {(field facilities only)

To accommodate driltling sites, roads, pipelines, etc., required by
in gitu extraction, large tracts of land have to be occupied for periods of

vears. For example, a well field producing 130,000 barrels of bitumen

4

up to
a day would have about 1,600 operational wells spaced less than 300 feet apart
over an areca of 5.0 to 6.0 square miles at all times. [If the clearing is
confined to pipeline 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 any one time

would be betwsen 25 and 30 square miles in fewer than 10 well fields.

* Ad hoe panel on Control of sulfur oxide from Stationary Combustion
Sources: National Academy of Engineering, Washington, B.c. 1970.
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3. Water consumption

a) Steam injection (field and primary and secondary upgrading facilities)

A fully integrated steam-injection system capable of producing 100,000
barrels of synthetic oil would 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 total of 1.0 million barrels of synthetic oil would require

an amount of water equivalent to a flow of 555 cubic feet per second.

b) Steam’injection (field facilities only)

The water requirement for production of 1.3 million barrels a day of
raw bitumen by steam injection is estimated to be about 260 cubic feet per

second.

c) COFCAW (field facilities 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.

i, Groundwater contamination

Although no estimate of the magnitude of the groundwater'contamination
problem can be given at this time, we can anticipate that, during im situ
extraction, chemicals will be injected into the reservoir for a variety of
reasons, for example, to initiate combustion, stimulate production, seal
of f 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 im 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 contemination of the groundwater supplies which may

be needed for domestic or industrial purposes.

5. Ligquid efflents

a) Steam injection (upgrading facilities only)

Little data arve 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) COFCAW (field facilities 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 supplied by Muskeg 0il Company suggest that up to 600,000 barrels
a day of salt water will be collected during the production of 1.3 million

barrels of raw bitumen.
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CONCLUSIONS AND RECOMMENDATIONS

With regard to Environmental Protection

If the full oil-producing potential of the Athabasca 0il Sands is to
be realized, a viable method or methods of in situ extraction must be
available, At the present time, no applications are pending to produce
commercial quantities of bitumen by im 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 inm situ methods
developed to date are discussed in this report in some detail.

Because of the lead time available before commercfal in situ develop-
ment begins in the Bituminous Sands Area, there is time, if work is begun
immediately, to establish 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 establish these environmental criteria

1 R 2 ~ 3
the following actions and tim

B

table for their initiation or completion are

(i

recommended:

1) Effective immediately, require that all holders of leases in the in situ
area begin collecting ecological baseline data, so that adequate
environmental impact statements can be provided to the Department
of the Environment when applications for commercial development

are made.

2) Effective immediately, prohibit withdrawal of water from all lakes
and streams in the im situ area until a survey has been made of all
possible sources and the volumes available. Priorities of water use

can then be established.

3) Effective immediately, begin drafting regulations requiring the minimum
of Tand clearing around wells, pipelines and other temporary field

facilities.

XV
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L) As soon as possible, establish a network of recording stations in the
in 8itu area tc measure the following parameters at appropriate
intervals for a period of at least 10 vyears:

a) precipitation, b) evaporation, c) air temperature, d) stream flows,
e) lake levels, f) water tables, g) water temperatures, h) water
gquality, 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.

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 commwerical im 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 all suitable dam sites on
streams crossing the im gitu area so that water storage sites and

catchment areas may be protected.

g) Before 1978, make an inventory of all renewable resources such as
Jumber, fish, wildfowl, fur-bearing animals and big game in the

in situ area.

10) Before 1978, make a survey of the in situ area to establish the
presence of any unigue animals, plants, nesting sites, spawning
grounds, ecosystems, etc., with a view to making satisfactory

£~

arrangements for their protection.

11} Consider eurly assessment of impact of commercial development on

native people and establish lines of communication.

12) Before commercial im 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 Policy

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 any one time, and that these leases shall be distributed throughout
the area in some sort of checkerboard pattern.¥*#*

In addition to the 50 per cent restriction on leased acreage within
the in gitu 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
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 meihods of
extraction are allowed to share common lease boundaries. 1t will also simplify
administrative procedures if, in the future, different regulations are to apply

to the mining and in situ leases.

With regard to Research Policy

We believe the problems of <m situ technology in the Athabasca deposit
to be sufficiently different from conventional '‘secondary recovery'' methods
used in the petroleum industry to require unique solutions which can only be
tested and evalusted in the area of development. Therefore, the Alberta
Government should encourage cooperation among lease holders for the testing

of new and novel methods of im sifu extraction by initiating and supervising

research and development programs.

N
35

“ [t is estimated that 3.7 million acres or 73 per cent of the Athabasca
deposit is overlein by more than 500 feet of overburden.

st
sk
3
ot

in the Bituminous Sands Area 39 leases comprising a total of 1.7 million

acres are located in the im situ area. This represents 53 per cent of
the land in the Bituminous Sands Area with more than 500 feet of overburden.

1

ease boundaries to be adjusted to ore body dimensions
i

#%% This will allow lec €
5 g neighbouring lease holders and prevent the establishment

i
without disturbin
of monopolies.
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1.1. Topography and drainage

The Bituminous Sands Area is located in northeastern Alberta on the
Interior Plain, adjascent 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 scuth, 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 slqpes
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 shallow lakes are located in the area, the largest and most
numerous of which are located on the top of Birch Mountains and form an
interconnected chain of takes 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.

[.2. Climate

The climate of the Bituminous Sands Area is subarctic and is similer
in many respects to that experienced in Edmonton. Fort McMurray, at an
elevation of 800 feet, has a mean annual temperature Qf 29.8 degrees
Fehrenheit and on an average remains frost free for approximately 67 days
each year. HMean annual precipitation is approximately 18 inches over the
region, although there is good reason to believe that there is an orographic

effect on precipitation distribution.
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"1.3, Surficial Deposits

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 cver the whole area
are the result of the retreat of the continental glacier which covered
the area until 10,000 vears ago.

Aeoclian 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 Athabasce River and silt and clay along some smaller streams.
Stumping of soft Cretaceous bedrock occurs on the steep slopes in many parts

of the area.

[.4. Soils

A1l mineral soils developed in the Bituminous Sands Area fall in the
Grey Wooded soil group; however, at least 60 per cent of the area is covered
by organic soil, 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 Wocded-Podzol soils develop where there is better drainage and a
continuous tree cover. The so?%yproffle typically has a few inches of leaf
litter beneath which there is a grey zone where the scil is leached of any
plant nutrients {Photo 1). These soils have a low natural fertility 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

f poor soil and lack of drainage makes this

[y
o
in

or agricultural development (Lindsay et al. 1957,
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l.5. Vegetation

The Bituminous Sands Area lies 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 white spruce are scattered throughout the
area.

There is a very close relationship between topography, soils, and
vegetation in the area. The inorganic grey wooded soils have a mixed
cover of trembling 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 improves, black spruce and labrador tea appears.

Tamarack is also present but is not common.

|.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 waterfow! but it is not believed 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 pelican. Among the
many birds found in the area are the lesser vellowlegs and solitary
sandpiper, the myrtle warbler, the vellow warbler, spruce grouse, ptarmigan,
and ruffed grouse.

:

found in lakes and rivers of the Bituminous Sands Area are

oy

Common fis

the waileve, northern pike, goldeve, lake trout, and Arctic grayling.
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{.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 disconformably by
carbenate and evaporite strata of Middle to Late Devonian ages, which are
inferred to underlie 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
limestone, salt, shale interbedded with gypsum, and possibly anhydrite
units of unknown thicknesses. The Upper Devonian Waterways Formation
comprises a succession of interbedded limestone and argillaceous limestone,
exposed mainly along the Athabasca, Muskeg, and MacKay River valleys in
the central part of the map area.

Strata of Early Cretaceous age underlie 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 Mountain). 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 Formetion. The voungest bedrock strata
are the dark marine shales of the Shaftesbury and Labiche Formations, which
cap the upper sleopes of the Birch Mountains. MNone of the Cretaceocus 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 cdnsists 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

i are variously known as the Athabasca Tar Sands,
a s, or Athabasca 01l Sands. . The Mines and Minerals

Act refers to the oil sands within the designated study area as Bituminous
d is terminology is used throughout this report.
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FIGURE 2
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- age detérmination have been obtained from the McMuFray Formation, but the
current opinion is that it is of early Cretaceous age. The overlying
Clearwater Formation carries a well developed marine macro- and microfauna
of Cretaceous Middle Albian age (Mellon 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 feldspar and mica. In the nonopaque heavy mineral fraction the
most abundant minerals are tourmaline, chloritoid, zircon, and staurolite

(Mellon, 1956). The clay-size material is composed of illite, kaolinite,

chlorite, and quartz.

i,

I

- 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 2 of the bituminous sands

are mainly due to topography on the limestone surface.

TABLE 1
BULK PROPERTIES OF THE ATHABASCA TAR SANDS

Birmen Content

Property (per cent Range Average
of dey weight) of values
>10 1.75-2.09 1.90
unknown 1.86-2.36 1.972
Bulk Density unknown 1.98-2.08%
unknown 2.10-2.19**
> 10 34-46 40.7
Porosity unknown 17.6-43.3 314
(per cent) unknown 40%
UnKnown 34%%
> 10
Saturation Ol 4498
{per cent) Waler  [-39
Total 61-97
Adr >10 G-215 50
Permeabitity 4-10 G-600 160

{m arcys) <4 0-35 10

v 200 fect below surf:
% 1000 feet below sur

t After Carrigy, 1967
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" 1.8. Groundwater

Few data exist on the hydrogeclogy of the Bituminous Sands Area.

A theoretical pattern of the probable flow of fresh water and saline
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 im situ operations. It is also important

in locating supplies of potable water for urban development and satellite
industry. ,

One geclogical feature dominates the groundwater flow pattern in the
Bituminous Sands Area. This is the thick bed of Elk Point salt which
underiies the Waterways limestone. This salt bed is being dissolved by
the fresh-water flow and discharged into the Athabasca River at saline
springs. This process, which has been in operation for possibly 100 million
vears or more, has resuited 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

o
D

here are many hundreds of small {less than 100-foot diameter) circular

{

holes in the limestone filled with rubble known as ''sinkholes.' Most of
these sinkholes were formed and filled 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.

13



‘ FIGURE 4
SCHEMATIC DIAGRAM OF REGIONAL GROUNDWATER FLOW
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PART 11 IN S{TU AREA
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It.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 outline four categories of development within the Bituminous
Sands Area (Map 4) and to assign to each a most likely method of extraction

as follows:

[ 2 3 L
Surface
Mining Unassigned= in situ None##*
Depth of '
@pt‘ © 0 to 200 200 to 500 greater than not
overburden - ©
(feet) 500 applicable

Per cent of '
Bituminous 7.3 11.4 33.3 48

Sands Area

"Per cent of
oil-saturated
portion of
the Athabasca 14 22 64 0
deposit within

the Bituminous

Sands Area

. o]
Location cv o o
Lt d
© <L =
O O S
(1] < (2] 4
[ o 4t T3 U U
19N m n O o O ©
o [ON 4] _— W @ @
<o) 8] o W ool wali W
1 T o= £~ O <
o O Y D L owon s e
[ [ [ B S} QO+ n
@ e L2 3 = Q O e - T
Ol oW %) £ »n o o
[ [ < o Q O ©
R i LY T v 2 £ w
T U0 [ C oo PR
M v 4 Q T G @ 2 Low
i T < L g ) i
@Y L0 Ue PN T e L2 O
o O [0 <ow [ I
ool ot Naller [ O NS S~ (@ e
[ R [ — %O — g £
— 4 @ o £ + s o5
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G o O (S B G o
e ~NOE m e o = @

and too shallow for im situ methods.

% Currently too deep for surface mining,
% Land under which there is litrtle or no oil saturation or the formation
has been removed by erosion.
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BITUMINOUS SANDS
LOW GRADE OR ABSENT

4

> 500" OVERBURDEN

200-500" OVERBURDEN

<<200' OVERBURDEN

g

Development Method Unknown

(Underground mining or in-situ)

Surface Mining

In-Situ Recovery Method

MAP 4. CATEGORIES OF DEVELOPMENT BASED ON DEPTH OF OVERBURDEN
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It should be noted that only 5Z per cent of the Bituminous Sands Area
is underlain by oil-saturated sands of the Athabasca deposit, and 6L per

cent of this is categorized as suitable for im sittu development.

i{.2. Bitumen Reserves
Because the in sgitu portion of the Athabasca deposit is very large
and the overall density of drilling 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 b

itlion barrels of bitumen, in place,

o

in that portion of fhe Athabasca deposit with more than 500 feet of over-
burden. This amounts to 6% per cent of the total in-place reserves of the
Athabasca depesit. These reserves were classified as éri}ied, L5.3 billion
barrels, and undrilled, 371.2 billion barrels. The drilled reserves are
based on wells less than 1 mile apart and, by analogy with classification

of coal reserves, can be described as ''indicated.!' The undrilled estimate

~h

of reserves is based on wells more than | mile apart and can be described
inferred.” HNo estimate of the in-place reserves of the in situ portion

of the Bituminous Sands Arez was available to us for this report.

Preliminary terrain analysis of the im situ area (Map 5) clearly shows
s

-1

difference between the highland areas and the high plain. in the Birch

o

and Stony Mountain areas rolling and gently rolling terrain (Photo 4)

i

predominates and streams have eroded well~defin

[0

d narrow valleys. ©On the

~h

intervening high plains flat to undulating land and bog {muskeg) (Photo 5)

el
Bt
o]
.
e
3

nates and most streams meander across the surface in extremely shallow

8]

f the Athabasca River which has cut a deep

i

th the excention

narrow gorge 300 feet deep through the high plain in the southwestern part
a

i1k, Frozen Ground

Studies of frozen ground conditions in northern Alberta are reported

.

. Their results show that ice is only
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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 0dynsky 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 vear.

f1.5. Surface Water Supply

<

Estimates of the amount of water available within the confines of the

in 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.

Soc far as we are able to determine, no reliable rainfall, evapotran@?ration,
or stream flow measurements exist for this area; however, 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 discharg

]

of the streams crossing the in situ area based

{1
g
s

~his 2
W ie

ven in t

1
tn
(o]
m

on the ltower fTigur

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.

I1.6. inhabitants

f the in situ area are two bands of native
people who depend on the lakes and rivers within the ares for fishing,

k]

he Fort McMurray Band, which numbers 101 peopie, is

T

settlied on three reserves located on the shores of Gregoire Lake. The

Fort Mackay Band uses the two reserves located on the shores of Hamur and

7

M

srdine skes on the top of the Birch Mountains.
Gardiner L
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ILITTLE
FISHERY

MAP 6. DRAINAGE BASINS OF THE IN SITU AREA
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Table 2. Estimated average discharges from in situ catchment areas

Minimum average

Catchment discharge
Drainage area (cu ft/sec)
basin (sq mi} (area x 0.37)
W1 (unnamed 28.80 10.65
stream)

Eymundson 8.16 3.02.
Asphalt 38.40 14,21
Pierre 24,80 9.18
Tar 63.36 23. 44
Joslyn 69.12 25.57
Ells 882.60 326.56
Dover 147.20 Sh L6
Dover, W2 37.44 13.85
MacKay 1,502.72 556.00
Algar 127.00 L46.99
Horse 382.88 - 1h1.66
Horse, S1 268.48 99.34
Horse, S2 24 .80 9.17
Hangingstone 171.52 ' 63.46
Hangingstone, S3 Lg 12 16.69
Hangingstone, Sk 27.68 10.24
Conn 11.68 k.32
Little Fishery 10.72 3.97
Surmount Ck.- g2 .48 3k.21
Gregoire Lake
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I1.7. Renewable Resources
ti.7.(i) Lumbering

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 miliion at an estimated
average price of $100 per thousand board feet.
The 7n situ area is included in forestry management units A-3, A-lk,
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.,

it.7.(i1) Fishing

There is no commercial Tishing in the lakes and streams of the in sttu
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.

ft.7.(i11) Trapping

Fur-bearing animals are abundant in the Bituminous Sands Area and many
traplines cross the im situ part. Trapping is a very important part of the
native economy, and many of the indigenous people suppliement their income
from this source. It has been estimated that 70 persons are employed in

o

this activity in the in situ area.
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“{ii.1. General 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 mobility of the bitumen so that it will flow
throughkthe pores of the reservoir sand and be produced from a well. All
of the schemes devised for reducing the viscosity of the bitumen inveolve
the injection of liquid or gaseous soivents, heat, and/or emulsifying
chemicals into the reservoir, and the production of the mobile hydrocarbon
solutions or mixtures through another well or welis.

Secondary recovery methods widely used in the petroleum industry to
stimulate additional production from partially depleted reservoirs containing
high gravity cils are fundamentally different from the in situ technigues
required to produce bitumen from the Athabasca deposit. To be successful,
secondary recovery technicues require that the reservoir have good permeability
and be filled with oil mobile encugh 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 permeability to introduced fluids is close to zero. Also, the

viscosity of the bitumen, at the low formation temperatures (32-60°F) pre-

——

vailing in this near-surface deposit, is so great that it has to be considered

%

immobile even IT considerable external pressure is applied 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 aree of
contact between the viscosity reducing medium and the bitumen must be made
as large as possible, l.e., the reservoir must be fractured. The most
desirable fractures are basal horizontal planes which, while increasing the
injected fiuld to bitumen contact area, provide the shortest pathway from
the injection well to the producing welis for the cycling of the solvents,
gases, heat, and chemicals. Once such a permeable pathway has been established,
ng fluids, gases, etc. will g?aduaE}y eat away the bitumen and
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 fluid to bitumen becomes excessive.
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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 applications to the Energy Resources Conservation Board for
permission to produce oil commercially Trom the Bituminous Sands Area.
Another im sitwu method using nuclear detonations as a source of heat has
been proposed by Richfield 0il Corporation of California. A method of
heating bituminous sands by injection of radiocactive salts such as the

waste from atomic power plants has also been patented (U.S. Pat. 3,233,669).

(1.2, Steam Injection
ttr.2.(i) Definition

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.

t11.2.(i1}) Descrintion

Before production can begin a series of injection and production wells
are dritled on a closely spaced five-spot or nine-spot pattern (Fig. 6).
A permeable path is established betwsen the injection and production wells

by hydraulic 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 1 year, and declines quickly after 3 vears (Fig. 7). Production

el

«

ceases when the ratic of water to oil in the emulsion becomes excessive.

This usually cccurs when 50 to 70 per cent of the bitumen in place has

.

62, Shell Canada Li

=
p—
L0
T

mited applied to the Energy Resources

000 barrels per vear
f

rom leases 26, L2,
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FIGURE 6

PRODUCTION UNIT WELL PATTERNS
FOR  IN=SITU METHODS
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L5 and 53 (Fig. 8). The method of recovery was described as a thermal

technigue which invelves the injection of steam and/or hot alkaline 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 cutcrop. The application
ervation Board in 1962 and a decision

on the approval was deferred until 1968 if the company reapplied. Shell did

not reapply and the proposal was dropped. The idealized behavior of a single

production unit in the Shell process is iliustrated in figure 9.

111.3. Underground Combustion
f11.3.(1) befinition

In situ combusticon 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 sufficientiy for displacement to

o

producing wells, ther names fTor this process are fire~flood, underground

combustion, subsurface combustion, underground burning, and underground

n zone is in front of

ot
sy
0]

el
-
O
.
£«
O
i

in the forward combusticn process o]
the burning zone, and in the reverse combustion technique the heated liguids
pass through the burning zone and are produced from the burned-out part of

the formation.

11 b AT Tas 3 . e oo 4 £y i PNy M £ e b3 H -~
wells is commoniy less than 300 teet. Communication between wells in an

reservoir, such as the Athasbasca deposit, is established by
U

strata {by applying hydraulic pressur
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.

the fractures until a permanent permeable path between the injection and
production wells is confirmed by continuous circulation of water or gas.

The bitumen in the vicinity of the injection well is then ignited, and a

gas conteining 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 combhustion products and formation water. Production
of oil 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.
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The amount of oil produced will depend on the thickness of the reservoir,
the bitumen saturation, and the porosity and permeability of the sand. The

5

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.

[11.3.(i71) General Anplication

Over the past 20 years im situ combustion has been tested in at least
77 projects in the U.S.A., but only three of these have been commercial
Successes (Simms9 1872). Most of this expefience has been from stimulation
of depleted reservoirs and is probably not too relevant to the Bituminous
Sands Area.

[t seems unlikely that a pure im situ combustion process will be
suitable Tor the Athabasca deposit because the low permeability of the
thickly saturated sand layers prevents the efficient distribution of heat

throughout the formation (Table 3).

TABLE 3

PHYSICAL CONSTANTS

1. Athabasca Ter Sand
Specific hear of formaziont (1600 fect below surface) 0.298
caligm*C
Spec heat of tar sand? (17.1% Bitumen, 0.9% water)
0.218ca Vem/*C
Tiermal cuzz’uamfx of tar saxd? cali{seciem2)em/°C) at
45°C

Undisturbed sample, 17,1 % bitumen, 0.9° water 0.0035
Remoulded sam ,,Ls(!7.i‘;’0£ itumen) 0.0027-0.0032
(1.7 " )OCJ i
€ 8.6% s 300024
( 3.0% . ) 0.0017

2. Aihabasca Bfmmm

‘7<\,xﬁc hea

Y ion 60’) 000 el QKQ" at 59~ F
St unt focation 6-%,000 poise at 5¢°F
Ca iorm:. value? [7,9006 BYU/Ib.

7.
3. ‘:\did and Clarkiz
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P11.4. COFCAY Process

fn October 1968, Muskeg 0i1 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

o

t the rate of 8,000 barrels a day. The method of production proposed is

(23

b}

patented process designed to incorporate the best features of forward

combustion and steam flood and is called & combination forward combustion

i~

and water flood (COFCAW). The concept is

itlustrated diagramatically in

figure 11. The site of this semicommercial operation was toc be the Gregoire

Lake Indian Reserve No. 176. This company alsc holds two other leases in
the area surrounding Gregoire Lake (Fig. 12}.

Muskeg 011 Company withdrew its application before a decision was
reached by the Energy Resources Conservation Board; however, experimental

work has continued at the site.

111.5. Thermal Heat From Nuclear Detonations

O

in 1859 the Richfield 0i1 Corporation of California proposed an

D

experiment designed to test the feasibility of economic extraction of

deeply buried bituminous sands by the explosicn of small nuclear devices
bereath the Athabasca deposit. The Richfield proposal was to detonate a

9 kitoton bomb in the limestone beneath the bituminous sands at a depth

of 1,250 feet. The explosion would create a cavity into which the bituminous
sand would fail and be heated to temperatures at which the oil could be

recovered by conventional dri
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Recently (Paz-Castillo and Kruger, 1971), 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 im situ reccvery by steam-

1

injection, was examined. It was estimated that steam for injection couid be

L

produced by this method for about the same cost as steam generation from

.’)

fossil fuel.

A schematic diagram showing these nuclear detonations in relationship

4 °

to the geological situation in the Bituminocus Sands Area is shown in

o

Fi1.6. Heat From Decay of Radicactive [sotopes

A process to heat underground reserveirs, such as the Athabasca bituminous

nted in the United States (U.S. Pat. 3,2332,669). In this
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method an insolubie radicactive material is introduced into the formation by

ive elemant and reacting the
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form a radicactive insolute. One way to achieve this
f alkali hexametaphosphate (NagPg01g
d & salt, hydroxide, or oxide of a radiocactive element,
such as strontium 85, 89 or S0, barium 140, calcium &1 or 45, cerium 141 or
erect. The polyphosphate complexes formed, siowly
to insoluble orthophosphates which remain in the reservoir. A
quantity of 40 milligrams of strontium 90 per gallon of strontium 90
ation of 5§ grams of sodium hexa~
uries per gaileon., it is

sotution per square kilometer
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of a ten year period.
The inven believes that the sand grains will hold the radicactive

material so that the petroleum produced w
ieves that this method would be a way of economically disposing

issionable elements produced during nuclear power generation.
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ENVIRONMENTAL IMPACTS

V.
V.
AU
V.
v,
YR

N Ul W N

Land transformation

Water requirements

Groundwater contamination

Possible modification of groundwater flow pattern
Liquid effluent disposal

Air pollution

tv.6.(i) Field gases

IV.6.(ii) Sulphur emission from recovery and production
iv.6.(iv) Dust
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iV.1. Land Transformation

A1l 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 tb the preocessing
plant by one or more pipes carrving either injection or production fluids
(Fig. 1h4). Because of the temporary nature of most of these facilities, it

s presumed that they will be installed above ground and salvaged for re-use.

To facilitate access and servicing of this network of wells and piping, the
companies may feel that it is economically desirable to remove all of 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 million barrels of product oil a day. As the econonmic
productive 1ife of a well varies from 3 to 7 years, from 8 to 20 square

miles will have to be cleared of vegetation each vear until the reservoir

is depleted (Tabie k). An equal amount of land will be abandoned each
year and be available for reclamation.

The organic soils of the in situ area are composed of extremely com-
pressible material, usualiy 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 well 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).
It all-terrain vehicles are not used, service roads will need to be

constructed to ¢

associated with normatl drilling and servicing eguipment, especially during

the spring thaw. This will reguire the removal of the crganic soil layer

and the emplacement of an embankment to a level about 12 inches above the

surrounding ground pius 6 to 12 inches of gravel. |If this type of con-

struction is nec

o

{

=ssary, substantial gquantities of Till and gravel will be



FIGURE 14

THEORETICAL WELL PATTERN AND PIPING LAYOUT
FOR A COMMERCIAL IN-SITU DEVELOPMENT

(producing 80-]0_0,000 barrels of bifumen per day)
(5 spot, 4 acre spacing)
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Table L. Comparison of areas of land clearing associated with in situ and
mining methods for the production of 1.3 million barreis/day of
bitumen from the Bituminous Sands Area.

IN SiTU MINITNG*
COFCAY STEAM HOT WATER
Square Square Square
miles Acres miles Acres miles Acres
Area
cleared Max. 53.7 34,368 60.0 38,400 31.0 19,840
of all Min. 25.0 16,000 25.0 16,000 - -
vegetation
Amount of oy 7.67 4,908 | 20.0 12,800 .
land to be : ’ iad : ’ 3.4 2,176
reclaimad Min. 3.57 2,284 8.3 5,331
each year
interval .
before 7 years 3 years 6 vears
reclamation

te

* Note that land to be reclaimed in the mining development is underlain by
sterile sand and will reguire a great deal of preparation before it will
support & permanent growth of vegetation.

needed, and many pit
v b

9]

and quarries will have to be opened. To facilitate

)

D
b 4
[§Y

regrowth 1t m iecessary to remove these road construction materials

after production has ceased.

L)

As most im situ operations will be located in the upper reaches of the

drainage basins of tributary streams (Map 6) removal of the ground cover,

Falia

especially of muskeg, could result in increased runoff and cause severe
erosion in the immediate area. The resulting increased sediment loads

&

could have adverse effects on downstream processing plants and the aquatic

Jife in these stresms.
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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 may not be accessible to large mammals.

ft 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 vatuable 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 exampie, if the trees in forested areas are 50 feet high, a
corridor 100 feet wide cleared along the pipeline right-cf-way and around
wells may be sufficient to prevent windfell 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 mitlion barrels of oil would probably not exceed
25 square miles. it is assumed that these untouched strips of natural
vegetation would facilitate the regrowth of the natural vegetation into
the cleared areas as soon as the field production facilities are removed
(Photo 9).

{f the gathering and injection pipeiines are buried, narrower corridors
and hence lesser amounts of clearing might be possibie,*

[t should be noted here that the permanent clearing of land for
processing plants, product pipelines, highways, railways, and power trans-
mission are not inciuded in the shbove estimates.

To maintain the naturel vegetation growth in these wet and boggy areas,

drainage should be kept to & minimum. In the absence of a clear objective

~h

for improving the area for agricultural or recreational use, it is recommended

i

that the iand be returned fo i1is natural state. To facilitate the regrowth

of the natural vegetation the policy should be to:

.

1} remove as little vegetation as possible

Y

ines will disturb the soi
f lesser area of ¢!

1,

* Burial of pipel
the advantage o

le and this may offset

I prof
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2) disturb the soil and muskeg as little as possible
3) remove the imported gravel from all areas of construction and add

organic matter soc that these areas will revegetate naturally.

IV.2. Water Requirements

Commercial in situ systems proposed for extracting and processing
bitumen from the Athabasca deposit will require large quantifies of good
guality water. With the Shell 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 million barrels of crude bitumen. Complete
upgrading to produce 1 million 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 mitlion
barrels of crude bitumen a day up te 1.7 million barrels of water a day
(110 cu ft/sec) will be required for field operations. The additicnal
water required to upgrade this bitumen will have to be added to this figure
to get comperable water requirement Tigures Tor comparison with the steam-
injection method.

ft micht be useful to examine the water reguirements of the single

plant as proposed by Shell Canada Limited in its application to the Energy
Resources Conservation Board in 1962 to produce 130,000 barrels a day of
bitumen from leases 26, 42, k5 and 53 in the upper Ells River drainage
basin., In thelr application Shell sought permission to take water from
Mamur and Gardiner Lakes located on the top of Birch Mountains. The long

" term averacge In~flow from the catchment areas of both these lakes was

o
=

estimated Shell (Table 5} to be 200 cubic feet per second, and the water

and processing operations at the site were 33 cubic

(o

requirements for flel

o

e in-flow and possibly

o
7

feet per second, or about 17 per cent of the ¢

verag
50 per cent or more of the minimum in-Tlow. One plant, therefore, would use
a significant proportion of the surface water stored in these lakes. In

view of the possible desirability of reserving the water in these lakes for
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Table 5. Estimated vearly average flow

Namur Lake Gardiner Lakes
Outlet Qutlet Total

(cu fr/sec)* (cu ft/sec)* (cu ft/sec)
Long term average 56 14L 200
MiTd drought cccurring 28 66 gk
about once in 10 years
Moderate drought occurring 17.5 Lg - 62.5
about once in 50 vears
Severe drought occurring 15.5 39 5h

about once in 100 vyears

* After Shell Canada Limited (1962)

]

“future domestic use (INTES Progress Rept. Phase 11) and the necessity to

guarantee a base-flow to ms
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e, a careful study of alternative sources o e
before any water ted to industrial use.
A similar situation arises with respect to the water reguirements of
011 Company. fin their application to the Energy Resocurces Conservation
Board, Muskeg 011 Company proposed that sufficient water for their field
£

operations could initialily be drawn from shaliow wells, but that Gregoire

Lake would ultimately be needed as a reliable source of fresh water.
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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 will be required for large scale in situ development (Table 2).
in view of the compsting demands of industry, the peoplie, and the
environment, it will be necessary to undertake an extensive and lengthy
survey of the water resources available, and to evaluate the conseguences

of water withdrawal, and storage. Before permission .is granted to withdraw
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 wildlife or potential recreational use, and that
the gesthetic qualities of the area will not be reduced. The effect of
change on the cultural and economic livelihood (hunting, fishing, trapping)

of the native people also will have to be assessed.

IV.3. Groundwater Contaemination

In the petroleum industry all production, including secondary recovery,
is from reservoirs that have an efficient fluid trapping mechanism, usually
well below the zone of potabie groundwater, and extreme care is taken during
dritliing and production to protect these supplies of fresh water. However,

n the McHurray regicon the im situ operations will be conducted at shallow

oy

depths where injected fluids could contaminate potential domestic and

industrial supplies of groundwater (Fig. 15). It Is therefore important

.

to know the nature of all f}uids injected into the reservoir and the possible

° 5

reaction and degradation products which might remain in the formation after

in situ operations have ceased. For example, one patented method of

fgniting the hydrocarbons in an oil reserveir for recovery by in situ com-

bustion (U.S. Pat. 2,747,642) uses 1 pound of phosphorous in 200 cubic

1

u
centimeters of carbon disulphide. Another method (011 and Gas Journ., 1960,

p. 113) uses pellets of calcium phosphide which, when, contacted with water,

oxygen. The possible use of such chemical ?gﬁ?tEon procedures in the

Athabasca deposit in thousands of wells would pose the risk of seriocus
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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. 2,804,146 are phosphorous trichloride, phosphofous oxychloride,
chloride, chlorine hydrogen chloride, or chlorine derivativézof methane
such as tetrachloromethane, trichloromethane, and dichloromethane.

In all im situ processes liquids may be injected to seal off permeable
lavers. Some of the licuids which might be used for this purpose mentioned
in Can. Pat. 7h6,724 are carboxymethyl cellulose and calcium silicate.

In addition te the chemicals used for ignition and maintenance of

injection process calls for the addition of surfactants

-

'

s, such as sodium hydroxide, potassium hydroxide and/or

0
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Tithium hydroxide {(Can. Pat. 711,556) in concentrations varying between

h
0.0025 and 1.0 weight per cent. It is surmised that these hot alkaline

wn

clutions will dissolve some of the silicate minerals present in the
reservoir and could result in increased concentrations of silica and
netatlic fons in the effluent discharged into the surface waters. Also,
after production has ceased, unless a flushing period with steam 6r fresh
water is undertaken, these alkaline soiutions will remain in the formation.
The eventual discharge of these chemicals into the surface drainage system
is a long term possibility 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 enocugh 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.h. Possible Modification of Groundwater Flow Pattern

Falind .

Two other effects of the Znm situ operations which need to be examined
are the possibility that the high inlection pressures and the increased

porosity and permeability of the reservoir after the removal of the

jaN

bitumen will affect the groundwater flow rates and pattern well beyond

.y e e
i

sibility of

o

here is also the pos establishing con-

nection with deeper flow systems vig sinkholes in the underlying limestone,

12
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causing increased flow rates from saline springs present in the area.
With our present limited knowledge of the regional groundwater flow-pattern

there is no way of predicting the location or the magnitude of these effects.

fV.5. Liguid Effluent Disposal

Little data are available on the nature of the effluents that are
likely to be gensrated during im 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

e s

of oil was to be discharged into the Ells River along with 397,890 barrels

day of treated process water of unknown composition and temperature.

b

£

a
Simple extrepolation gives a figure of at least 100 barrels a day for oil
discharged into the Athabasca drainage system from the production of
I mitlion barrels of synthetic oil a day.

in the Muskeg 0il Company COFCAW process a quantity of saline formation
water ls produced along with the bitumen. The salts in this water are con-
‘centrated during primary Tield processing, and will need to be disposed of in
a satisfactory manner. A chemical analysis of the saline water produced by
the COFCAYW 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 would require disposal during the
- production of 1.3 million barrels of bitumen. The most environmentally
desirable method of disposing of this waste would be to drill a well and
inject it into the strata below the salt beds of the Middle Devonian £1k

v underiies the Bituminous Sands Area at depth (Fig. 16).

(&)
cr
o

1@ one hand, this would eliminate the risk, apart from accidents, of

salinization of th

[0

surface waters. But on the other hand, the exira pressure
exerted on the system by the injection procedure may increase the flow rate

at exi

0
-3
&
N

t azline springs which emerge in the Athabasca River valiey. The
ppiications by both Muskeg 011 Company and Shell Canada Limited state

a
that the waste water will be disposed of in a manner approved by the

{0
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Table 6. Produced water analysis*
(From Muskeg 0il Company application)

Major lon Analysis mg/ 1
Sod ium 2,884
Calcium 68
Magnesium T 63
Potassium ' 0
Chloride 4,220
Bicarbonate 561
Sulphate 280
Carbonate 0

Total 8,076

Total solids, mg/1 8,110

NaCl resistivity, mg/!l 7,586

Specific gravity at 72°F 1.006

pH 7.4

%  Produced during COFCAW experiments

The guestion of the location of processing plants for upgrading the
bitumen produced by im situ and mining operations needs careful examination
particularly with regard tc the possible discharge of large volumes of liguid
effluents into small tributary streams. At the present time no recommenda-

tions can be

nade because no reliable data exists on the flow characteristics
£

933

at
of most of these streams. HNevertheless, the empirical data on runoff and

drainage areas (Table 2} would suggest that the number of upgrading facilities

be kept to a minimum, and that they be located on streams with flow rates

U oo
SUT

et

ficient for adeguate dilution of the wastes.
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“iV.6. Air Pollution
IV.6.(i) Field Gases

In the COFCAW process, gases containing a mixture of oxygen and inert
gases will 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 field 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

I million barrels of synthetic oil by the COFCAW method are shown in table 7.

Table 7. Probable amount of field gas produced during the production
of 1.3 million barrels of bitumen/day by the COFCAW Process*

From Early Production From Late Production

Phase Wells Phase Yellis _ From All Wells
Ho 8.33%% 3.33 11056
€0y 20.52 33.55 5k.07
CG 0.64 .95 1.59
No 32.25 115.89 191.14
0o 0.00 0.04 0.04
HoS 3.26 0.25 3.51
Ccos 0.06 0.02 0.02
Hydrocarbon 54.19 13.54 67.73
Toi&ene _6.18 _0.02 0.20
TOTAL 119.37 210.58 329.96

oa
@<

Extrapolated from Table Fi Muskeg Cils Ltd.

£

*% Millions of cubic feet
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If flared the combusted gases will consist of Hy0, CO,y, NOy and $SOjp.
The environmentally significant pollutants in this list are S0y and NO,.
For 1.3.mitlion barrels a day production of bitumen we have estimated
that 1,260 long tons a day of 509 would be released into the atmosphere
in the field. |If vented the most toxic components will be hydrogen
suiphide and carbon monoxide. Venting of this quantity of gas will
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 corncentrations of various gasecus pollutants is discussed in the Phase 1!
INTEG report and need not be considered further here.

The gaseous emissions from the upgrading and utility plants will be
the same as those discussed previous?yf and whether these can be safely
dispersed cannot be known until the location of the plant has been decided
upcn. The meteorological study report in Phase 1! suggests location of

©

upgracing plants at higher elevations could be an advantage in dispersal
cof gaseous pollutants, espacially 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
Muskeg Cil Company, phenols, and ammonia, and Howard (1965, p. 102) reports
that ''even when hydrogen sulphide is not present the combustion gases have
a distinctive odor that is objectionable to most people. |If combustion

r

populated areas disposal of these gases will

o
i
-
Al
o
=
o]
D
93]

cperations are und
be a problem.'
Mo analyses of produced gas were included in the application for

nada Limited

2.

commercial development of the steam-injection process by Shell Lan
action liste

in 1962. However, one of the limitations of steam in i by

-

J
Simm (1972) is the release of frequently hazardous HyS with produced oil

o

and steam.

17
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IV.6.(i1) 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

o .,

bitumen by COFCAW or other combustion methods of im 8itu recovery. In
these underground burning methods the sulphur comes primarily from two
sources, the bitumen and the sulphide minerals such as pyrite (FeSp) in
the reservoir.

Because the Muskeg 0il Company's 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 parti*?iy dtsts!?ed product
expected to be recovered are available to make estima Les" 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 19562 is

.

39.38 per cent of the total sulphur in the bitumen. This would amount

.

to 4,086 long tons a day if a million barrels of synthetic oil were to be

/ o o 5
produced {Table 8). The remaining 60.62 per cent, or 6,290 tong tons a
day, would be released to the atmesphare when the bitumen and its by~

products are burned. As near as we can estimate, the QUantit?es of sulphur
that would be emitted to the atmosphere at various locations are given

in table 9.

Table 9. Sulphur emitted to atmosphere daily 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 synthetiéc oit 385.2 long tons

Total 6,290.0 long tons

* From production and consumption of 1 million barrels of synthetic ofl.
Extrapolated from data suppiled by Shell Canada Limited to Energy
Resources (onservation Board, 1962

% s of the hearing of Muskeg Gl

h iy Resources COP“frVuth? Board (1969},
the sulphur content of the bitumen produced during experiments was
szid to be 3.5 weight per cent.



Tabie §. Sulphur balance for steam-injection process®
(for production of 1 million barrels of
synthetic oil)
Sulphur

(Long tons/day)

Bituminous Sands Area

fnput:
Bi tumen 10,376
Cutput:
Distillate to Edmontoen L. 673
Fuel (pitch) L,372
HoS in fuel gas 1,331
Edmonton
fnput: )
Distillate from Bituminous Sands Area 4,673.0
Sutput:
Gasoline 11.6
Hydrotreated Naphtha/LGO 28.0
Hydrotreated HGO 3k6.0
incomplete conversion in suilphur plant 200.8
Elemental sulphur I;,086.0
* Extrapolated from data supplied by Shell Canada Limited
Energy Resources Conservation Board, 1962.

Page 624
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The total emissions of sulphur per year for the production of
] million barrels a day of synthetic oll by the steam-injection system,
without .abatement, would be equivalent to 4.6 million tons of SOZ? This
amount of S0y 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 1870. As most of this sulphur dioxide is produéed during the

residue as fusl on the extraction site, it will

[

£
I

plant sites. The
Timitations on these plants will have to be regulated
ully and will require extensive knowledge of air movements in the
whote Bituminous Sands Area if major pollution of the atmosphere, soils, and

water is tc be avoided. The only presently available method for reducing

SOy emissions Is the substitution of low-sulphur fuels.*

Little data are available on which to base an estimate of the solid

e
-3
2
o
prowe)
o]
—ty
O
-
.
=

waste dispossa situ operations in the Bituminous Sands Ares.

The only refarence to solid waste is contained in the 0il and Gas Conservation

Board Report on the Shell Canada Limited application, wherein it is stated

that about 180 tons & day of mineral matter produced along with the bitumen

emulsion would remain in the "pitch.’” Presumably this mineral matter will

be emitted as dust into the atmesphere with the flue gases when the fuel
apolating these date to the production of 1 million barrels
tic crude oil gives a figure of 1,800 tons a day of solids

mosphere from the upgrading plant associated with the

f the mineral content of the bitumen produced by the

the cuantities of dust to be

the atmosphere frow the burning of “pitch' or coke made from

o}
s process can be made. However, it is assumed that

£

Oxide from Stationary Combustion
sering, Washington, D.C., 1970.

20
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it will be equal to or greater than that produced by the steam-injection
method.

ft 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

envircnmental effects of dust emission can be made.

* In the transcript of the proceedings of the hearing by the Energy
Resources Conservation Board of the Muskeg 0il Company (1969)
application, the solids content of the bitumen was said to be
fess than 1 per cent.
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2,804,146 (1957): Recovery of petroleum oil from partially depleted
subterranean reservoirs.

2,813,583 (1957): Process for recovery of petroleum from sands and shale.

2,825,408 (1958): 0i1 recovery by subsurface thermal processing.

2,839,141 (1958): Methods of oil recovery with in situ combustion.

2,914,309 {1959): 0il and gas recovery from tar sands.

2,882,973 {1959} : Recovery of oil from tar sands.

2,924,276 (1860): Secondary recovery operation.

3,107,726 {1963): Recovery of oil from tar sands.

3,171,579 (1965): #Method of forward im situ combustion utilizing
air-water injection mixtures.

3,196,965 (1965):

3,233,669 (1966): Heating an underground reservoif by radiocactivity to
recover viscous and terry deposits therefrom.

3,346,048 (1967): Thermal recovery methods for oil sands.

3,384,172 (1
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Producing petroleum by forward combustion and cyclic
steam injection.

3,396,791 {(1968): Steam drive for incompetent tar sands.

3,459,265 {1969): Method of recovering viscous oil by steam drive.
3,460,621 (1969): Cyclic steam injection and gas drive.

3,490,532 (1970): Recovery of low-gravity viscous hydrocarbons.
3,620,303 {1971): Tar recovery method.

V.L. Government Reports

V. (1) Reports submitted to the Energy Resources Conservation Board in
support of applications to produce oil in commercial quantities.
by im situ methods.

G
Shell Canada Limited (1962): "for the approval of a scheme or operation for

the recovery of cil or & crude hydrocarbon product from oil sands.!

68): "for the approval of a scheme f

or the recovery of

cil or crude hvdrocarbon product from certein oil sands in the Province
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V.. (ii) Report to the Lieutenant Governor in Council by the Energy Resources
Conservation Board
1963 with respect to the applications of Cities Service Athabasca Inc.
and Shell Canada Limited under Part VI A of the 01l and Gas Conservation

Act, 258 pages.

V.4, (i11) Report to the Minister of Mines and Minerals

1959  Alberta Technical Committee report to the Minister of Mirnes and Minerals
and the 0il and Gas Conservation Board with respect to an experiment
proposed by Richfield 0il Corporation involving an underground nuclear
explosion benzath the McHMurray 0il Sands with the objective of determining
the Teasibility 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 BITUMEN 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 bbis/CD.

In ten to fifteen year's time there could be

barrels of synthetic crude produced daily. It is

about one million

necessary now to

give seriocus consideration to the possible effect on the enviromment.

This includes search for the least harmful processing steps consistent

with economic production. This 1s bound to be a 1

exercise,

=3
=
o
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=
©
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study. It describes a process developed at the Na

(NRC). Its main advantage is that bitumen in tar

engthy and difficult

eport 1s meant to be cne contribution towards this

tional Research Council

sand is converted

directly to a coker distillate, thus avoiding the need to use any water

separation. Both the advantages and disadvantages

7v111 be discussed below.
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Process Description

Commercial scale equipment would appear similar to that shown
in Fig. 1. It has been found that when a lump 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 continucusly into the fluidized still bed
held at 900 - 1000 F. Thermal cracking of the bitumen takes place. The
resultant coker distillate flashes from the'still and is recovered as a
clean dry oil. It will still require hydrogenation 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 "Cat Cracker'.

The burner bed is fluidized by air. Heat is generated by burning

7

the coke from the tar sand surface. The necessary remaining heat is supplied
by feeding some residual o¢il and coker gas as auxiliary 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
minimum of further processing is required. Yields in the range
84 - 86% by volume were obtained. Feed samples were from the Fort

rom Bitumount. Bitumen content in each

i

McMurray area (Abasand) and
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.0.S. operation, viz:

Hot water separation

{1} References {a) NRC Report Ottawa Sept. 1951
"The Fluidi

Solids Technique Applied To
] Problem' by: '

cuminous Sands!
by: S.M. Blair - to the Government of
' ‘ Alberta, December 1850

(b)
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Advantages and Disadvantages

Compared with other processes direct coking has certain attractions,

ut it also has disadvantages. These are listed below.

Advantages of Direct Coking

1. It is a dryﬁprocess 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.
5. A large amount of high temperature waste heat is available for other

plant operations and for power generation.

Disadvantages of Direct Coking

1. Modified "Cat-Cracker™ 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°F in the still. The solids would be
heated to about 1300°F in the burner. The total amounts of heat
involved are of the same order as those for present processes, but
much higher temperatures arc involved.

4, The coke and the residual oil that serves as fuel in the burner
contain at least 5% sulp

hur. There is no practical way of removing

~the sulfur from the coke. It will generate about 270 ton/Ch of 807
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Untreated residual oil would generate a similar amount if used.
Coker gas can be scrubbed before use,

A heat disposal problem could develop.
P
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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 enviromment,
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 operatiom.

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 water into the product, and without

faeds!

generating an effliuent problem. Two methods of attack are described below.

The first method involves sand rejection via bitumen agglomeration:
Dr. I.E. Puddington (2) NRC Ottawa has used his knowledge of
surface chemistry to agglomerate the bitumen in tar sand

che same time release most of the sand. Recovery of

the bitumen as agglomerate was almest complete.

Analysis of a tyvpical product was: Bitumen - 55%
Sand - 20%
Water - 25%

(2) Sparks, Meadus & Puddington - CIM Transactions LXXIV 168-74 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 : 1 was used.

This is unacceptably high.

Bickard, Bowman, Butler and Tiedje (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 0il recoveries.

3. Tolerance to clay and silt in feed and in recycle water,

4, Relatively dry oil ﬁhase {low heat demand in coker).

5. No soivent required.

The results were published in 1963 and therefore preceded the current emphasis
on a clean environment. The heat required to coke this product is low compared

)

with that required for unbeneficiated tar sand.

(3} DBickard, Bowman, Butler § Tiedge: VAL
1

s 1
tark edition Oct. 1963 ». 171-191



Page 641

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 major spill or washout exists.

Eng

The poséibiliiy 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 Varsol and added a small amount of water which 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
Yields

Yields are shown in Table III. 1In 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 would not be needed for coking agglomerated feed. VYields

compare satisfactorily with those of G.C.0.S. and Syncrude.

Energy Balances

The energy requirements for any of the presently known processes

are very high. Syncrude indicates 9100 MM B.T.U./hr. heat load

(when 1220 MM B.T.U./hr. available for power production from excess
residue included). Much of the G.C.0.S. and Syncrude reguirement

is low temperature heat. With tar sand feed, heat required just to
operate the direct coker (still plus burner) is about 9400 MM B.T.U./hr.
Because of its high temperatures a large percentage of this can be

P

recovered. This should be sufficient to supply heat requirements for
the rest of the plant. Effective heat recovery from the hot sand

reject would reguire considerable design development,

- ; o - o
The sources and amounts of heat avallable above 400°F are shown

as follows:

1. From coker still overhead 820 MM B.T.U./hr.
2. From burner flue gas 1920 MM B.T.U./hr.
3. From burner sand reject 2820 MM B.T.U./hr.

Total 5560 MM R.T.U. /hr.
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Some design considerations

Only one example will be given to illustrate the sizes and implied
difficulties that would be éncountered in using tar sand as direct
feed to a fluidized solids coking unit. Total burner stack gases
would amount to 1,500,000 c.f.m. measured at N.T.P. If one

assumes three burner beds, each would 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 1300°F one must conclude that the design
problems would become monumental. One answer is more burners, but

that multiplies the cost.

Effect of Agglomeration on Heat Requirements

hi

A fluidized solids coker does not need a clean oil or bitumen as
feed. Peterson and Gishler have successfully used wet separated
bitumen (>30% HZO and 5% solids) as feed. However high water content
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 0il Enter-

[edat

prises Ltd. show that type of bitumen concentration can be done.

One very important feature of agglomeration is that the extreme

fines stay with the bitumen "lumps'. Fines can be handled in the

coker. T

his is one way 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
where fluidized solids coking can be considered as an attractive

production process.



1.
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Conclusions

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 wmust be handled within a

confined space.

Direct coking becomes attractive if fifty percent or more of the
solids in the tar sand could first be rejected. The agglomeration
technigue 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.

A more detailed quantitative comparison of pollution hazards

between direct coking and present bitumen processing methods is in

order.
At some future date, capital cost of a direct coker should be
estimated, of enriched feed.
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TABLE 1T

PILOT PLANT OPERATING DATA

S5ource Abasand Bitumount
Run No. 12 11 16 17 13 9 10
).'. Cﬁd
i 10 10 6 6 6.6 10 10
2. 830 864 453 500 704 886 854
3. 17.0 16.4 16.4 16.4 13.5 13.5 14.5 .8
4, 0.3 0.3 0.5 0.3 .3 .5 nil
5. 83 36.4 75.5 83 107 8.6 85.4
(il Product : :
1. Vol., U.S. gal, 14.3 14.2 6,7 7.2 9.9 12.4 12.8
2. Yield, vol., % 84.0 83.°5 75.0 73.5 85.7 86.5 86.0
3. Sclids (settled oi1l), % 0.1 0.25 trace trace trace il trace
4, Water, % trace trace trace trace nil trace nil
Operation o
1. Still temp., F 925 977 1022 1067 932 950 977
2. Still dust, Ibé 9.5 15. 7.3 6.4 7.0 5.1 2.1
3, Burner temp., F 1303 1286 1373 1436 1220 1320 1265
4 Burner dust, 1b 19.3 21.1 18.0 22,0 7.2 13.0 10.3 7.0
5. Recycle ratio 2.9 4.4 3.8 5.0 4.4 4.7 - 3.9
* pote - Vol, still bed = 0.5 cu. ft.

849 o8eq



TABLE 11X

OIL INSPECTION

Feed Abasand Bitumount
Run NoO. 12 11 16 17 13 9 10 18
Reaction temp, Op 925 977 1022 1067 932 950 977 1022
Density, am./cc. . 954 . 962 . 959 . 950 . 961 . 954 .961 . 961
‘v"iSu}si"cy‘, kin. cstks, 100013 68.0 52.0 21.9 11.5 62.0 52.0 - 41.6
210°F 5.6 6.2 3.7 2.7 7.4 5.2 - 5.5

Distillation

O

679 o3

I.8.P., 7F 160 176 156 125 180 178 182 182
5% 280 338 245 215 308 426 412 412
10 - 460 325 284 435 500 482 472
20 | 585 575 487 417 540 580 558 448
30 615 630 569 525 609 - 600 600
40 6358 660 614 596 645 662 630 637
50 650 682 646 638 670 682 650 655
60 : 6672 700 660 668 692 710 662 680
70 672 715 670 686 708 720 " 672 701
50 » 670 730 . 682 707 . 714 728 670 720

4.0 e-- i — B —— 3.9 4.0

of

Sulphur, wt.,




Yields per 100 1bs. Bitumen to Plant

TABLE III

Bitumen to plant

Clean bitumen produced
Coker Dist.*

Coker Dist.*

Fuel Gas

Fuel or residual oil

Coke

1bs.

1bs.

vol.

ibs.

S

* or equivalent product.

loss in hydrogenator assumed to be minor.

G.C.0.S.

100
85
55

68

22

Page 650

Syncrude Direct Coker
100 160
93 -
71 72
84 75
8 5
16 10
- 10

For comparison purposes



Comparing

TABLE IV

Tar Sand and Agglome

~ oy A

ration
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Product (80% sand removed)

Analysis:

1b. sand/1b. bitumen fed
Heat required - B.T.U./1b.

Hot sand reject 1b/hr.

bitumen fed 2800

Tar Sand Agglomeration Product
11.8 36.0
4.2 12.8
84.0 51.2
7.1 1.42
1560
15.7 x 106 3.1 x 106
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Project‘No. 1505

February 19; 1973

Project Report

To: Wright Engineers Ltd.
1101 VWest Pender Street
Vancouver 1, B. C.
Attention Mr. 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 Akrea.

B. INTRODUCTION
In response to a request by the Alberta Department of the Environment,
the Alberta Forest Service initiated a program involving zerial
photography and ground checks of the Athabasca Tar Sands TForest
Study Area in the late summer of 1972. Following field checking,
air photo interpretation, mapping, and preparation of area stand
lists was carried out in Edmonton.

Through Mr. J. J. Lowe, Forester in charge of Inventory Surveys, 91
township-size area stand lists and forest type maps {scales 1:1980

with about 107% 1:1760), were delivered progressively as completed between
November, 1972 and mid-January, 1973.

The distribution by Management Unit of the maps of 91 individual
townships was as follows:

M.U. No. of Maps (Townships
A3 2
A5 b4
Ab 2
A7 . 42
All 1

TOTAL 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 shown in Appendix II
and a typical example of the maps, together with pertinent symbols,
is shown in Appendix III,

A summary of the cover type areas inside and outside the ATS (stripp-

able) area was received from Inventory Surveys, Alberta Forest Service
on February 5, 1973. ' ‘

DATA PROCESSING

The forest inventory records provided for each township 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, shown in Data Block 15, Appendix III.
These data were, therefore, simplified by using a minimum stand
area of 200 acres and, reducing the number of land and vegetation
categories to 12. These are described below.

1. Forested Types

These were designated as '"commercial' or "noncommercial' from
the forest inventory records using criteria defined by the Alberta
Forest Service as follows:

L = Commercial: Lumber; 2 600 cu ft per -acre gross

sawlog volume in white spruce, pine,
. >

R = Commercial: Roundwood; = 700 cu ft per acre gross
pulpwood volume in white spruce, black
spruce, pine.

H = High uncommercial: = 700 cu ft per acre gross pulpwood
volume~-all species.

U = Low incommercial: < 700 cu ft per acre gross volume--all
species.

N = Uncommercial: Not operable--productive forest without

operable potential either for local
physical reasons or because withdrawn
frem commercial use.

Stanls were designated as '"commercial' or "noncommercial' from the
area stand 1lists using the criteria defined above. Four forested
types weve defined as follows:
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Coniferous—~those without aspen "A" or birch "Bw" in the type
P yp

symbol.

Coniferous-deciduous—-those with aspen "A" or birch "Bw"
following the first symbol of the type.

Deciduous—coniferous——-those type symbols stanting with aspen "A"
or birch "Bv'" followed by conferous symbols.

Deciduous-~-those type sumbols
birch "Bw'.

Four types and two commercial

containing only aspen "A'" or

/

and noncommercial

categories yielded a total of eight forested types.

2. Nonproductive Land

Category

Codes in Appendix II Data Block 15

Potential productive

Nonproductive hardwood
sexub

Muskeg

Nonproductive softwood
scrub

20 - 23

30

34 and 35

37

PROCEDURES FOR THE MAP SUMMARIZING THE DISTRIBUTION OF FOREST TYPES

In each township the areas of at least 200 acres were selected and

their type number, area in acres,
symbol recorded on IBM cards. In

type symbol and commercialism
addition, each area was located

on the township map awnd its position recorded on a coordinate system
using - -fownship and range number and the quarter-section lines on the
map. The original township maps provided by the Forest Service

were drawn 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 with a Calcomp drum plotter to plot a scattergram of the
selected areas, with the appropriste type symbol being plotted at
each location. From this scattevgram, the outlines of each type were

mapped.
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The river systems were drawn on a separate sheet and the final map
produced from overlaying this and the type boundary maps.

RESULTS AND DISCUSSION

0f the 2,136,185 acres comprising the boundaries of forestry study
area, approximately 619,494 acres (29%) are within the mineable
area as outlined in the Progress Report on the Athabasca Tar Sands,
Auvgust, 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 minimum 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 two thirds of the area both inside and outside the mineable
area consist of the same four noncommercial cover types: deciduous
noncommercial, nonproductive softwood scrub, muskeg, and non-
productive scrub hardwood.

From the 20-acre minimum stand size computer summary of the cover
type areas inside and outside the ATS as supplied by the Alberta
Forest Service, it was possible to compare the percentage distri-
butions of the lumber, roundwood, the uncommercial categories; and
others, with 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 Z0- 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 hardwood and soft-
wood 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 giving an overview of the 91 townships comprising 3,338 sq
mi ATS Forest Study Areca.
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PERCENTAGE DISTRIBUTION OF COVER TYPES
INSIDE AND OUTSIDE THE MINEABLE AREA (200-ACRE MINIMUM)
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No. Cover Type Inside ATS Outside ATS
1. Coniferous commercial 7.1 7.4
2. Coniferous noncommerciai ' 7.1 10.3
3. Coniferous/deciduous commercial 5.0 5.1
4. Coniferous/deciduous noncommercial 1.0 0.9
5. Deciduous/coniferous commercial 1.2 1.8
6. Degiduous/coniferous ndncbmmercial 7.3 5.9
7. Deciduous commercial 1.0 0.5
8. Deciduous noncommercial 23.0 13.6
9. Potentisal proauctive O;l 0.1

10. Nonproductive scrub hardwood 10.0 14.3

11. Muskeg 12.0 17.2

12. VNonproductive softwood scrub 20.8 19.7

136 Other 4.4 3.2




Table 2

PERCENTAGE DISTRIBUTION OF FOREST TYPES

ACCORDING TO COMMERCIAL CATEGORY
INSIDE AND OUTSIDE THE MINEABLE AREA
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USING A 20-ACRE MINIMUM STAND SIZE AND A 200-ACRE MINIMUM STAND SIZE

INSIDE OUTSIDE
Category
20-Acre 200~Acre 20-Acre 200-Acre
Minimum Minimum Minimum Minimum
Lumber 6.9 —_ 7.5 -
Roundwood 5.3 - 7.9 e
Total lumber and
roundwood 16.2 14.3 15.4 14.8
High uncommercial 6.1 - 6.1 -
Uncommercial 22.0 — 33.0 - —
Total uncommercial 35.1 38.4 39.1 30.7
Muskeg 12.8 12.0 14.6 17.2
Nonproductive scrub
hardwood 8.5 . 10.0 12.8 14.3
Nonproductive softwood
scrub 20.3 20.8 16.5 19.7
Other 7.1 4.5 1.6 3.3
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EFFECT OF MINING ON WOQOD SUPPLY

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 known 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 937 of the ATS forest study area is comprised of Manage-
ment Units A5 and A7, each of which has two coniferous timber
quotas (AFS Management Units A5, A7, Coniferous Timber Quotas 1971-2).

For M.U. A5, the strippable area covers 15 and 8% of Quotas No. 1
and 2, respecitvely. The annual quota volumes allocated for cutting
on & sustained yield basis are 6.5 mm FBM and 0.5 mm FBM for a
combined total of 7.0 mm FRM.

The strippable area in M.U. A7 takes up approximately 457 of each of
Quotas 1 and 2. Respective annual volumes allocated for cutting ‘
are 2.0 mm FBM and 6.9 mm FBM for a combined total of 8.9 mm FBM.

The combined annual value of timber from M.U. A5, and A7 (15.9 mm FBM)
at $100 per m FBM is $1,590,000. .

Land clearing for eight properties producing 1 million barrels of
bitumen daily would remove ground cover from 22,000 acres, in the 10
years before a balance 1s reached between newly disturbed and
reclaimed areas. When this balance is reached, annual clearing will
be in the corder of 2,200 acres per year.

In the absence of specifiec future plant locations, it must be assumed
that the commercial lumber to be removed in land clearing will be the
same proportionally as it now exists in the total mineable area. On
this basis, the following table can be constructed:

Table 3

ESTIMATED AVAILABLE VOLUMES FROM TOTAL MINING OPERATION

% Adjust JU—— Cu £t 10-yr Total Yearly
Timber Type from table| for SPPro i MM cu ft cu ft Total
Acres Per Acre .
2 water M cu ft
Lumber 6.9 7.2 1,584 600+ 0.950 95.0
Roundwood 9.3 9.7 2,134 700+ 1.494 149.4
ligh uncommer— :
cial 6.1 6.3 1,386 700+ 0.970 97.0
Uncommercial 29.0 30.2 6,644 700~ 4.651 465.1
Othexr {(less 48.6 ~ 3.8
3.8% watexr) = 44,8 46.6 10,252 — — — =
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In the first 10 years, assuming a 1,000,000 BPCD bitumen production
approximately 0.95 million cu ft of lumber will be avaialble for
salvage during clearing operations. Using a board foot—cubic foot
conversion ratio of 5:5, 5:225 mm FBM at $100 m FBM would be valued
at $522,500. :

Management plans and cutting scheduled for Units A5 and A7 have been
prepared on the basis of sustained yield forestry. If the sitrippable
areas are removed in their entirety, M.U. A7 will be more seriously
affected (457 reduction). than M.U. A5 (8 - 15% reduction). In any
case, it is doubtful that present cutting schedules can be followed.

These figures show that the total annual volume likely to become
available from mining is less than that already cut under the present
guota 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 A5 and A7 will still be possible but the
. allowable cuts will be smaller because the growing stock will have
been reduced by mining operaticns. Using the proportion of A5 and

A7 in the mineable area, and the figures in Table 3, this total
reduction would be approximately 5 MM FBM per year.

1. Puleoodv

There are approximately 119,500 acres of roundwood outside the
ATS and 57,000 inside, supporting a gross volume of at least
700 cu ft 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 McMurray Pulp Development Area. (Forest
Statistics for the Slave Lake and McMurray Fulp Development Areas,
Timber Management Branch, Alberta Forest Sevrvice, September, 1972).
Taking this as a guide, the following estimates are possible. for
the mineable area.

A 137 deduction in gross volume can be assumed for losses from
cull, decay, fire, insects and disease; resulting in a net cu ft
volume of 34,713,000 for the study area inside the ATS. The solid
content of a stacked cord in the McMurray area is 85 cu ft and

the average weight of a green cord is 2.3 tons. This gives
408,388 net cords of pulpwood or 932,293 tons of green wood as

the total net quantity of available roundwood. Assuming a rotation
of 80 years for pulpwood, this is equivalent to an annual yield

of 11,741 tons of green cordwood. Two cords of this are required
to produce one ton of air dry pulp. There are about 320 operating
dayvs per year for a single pulp mill. On this hasis, the area
inside the ATS would produce about eight tons of air dry pulp per

h .
day.
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The McMurray Pulp Development Area includes a very extensive
area outside the entire tar sands study area, including Manage-
mant Units AL, AZ, A3, A5, A6, A7, A8, A9, A10, All, Al2, and

L3, A4, L5, A6. .The Alberta Forest Selv1ce (Forest Statistics
for the Slave Lake and McMurray 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 wood. The loss of
the roundwood on the mineable area to the total McMurray Pulp
Development Area would not affect the establishment of a pulp
mill. Table 3 indicates that, during mining operations,
approximately 1.5 million cu ft of roundwood could be salvaged
over each 1l0-year period.

EFFECT OF MINING ON NONCOMMERCIAL 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 years. These areas will never return to the same ecological
communities, and it is likely that all species of wildlife will not
find suitable habitats on reclaimed areas. Reclamation plans

should attempt to create wildlife habitats as well as productive forest.

RECOMMENDATIONS AND CONSTRAINTS-

1. Each new mining operagtion should be preceded by its own
environmental impact statement to include forestry data using
currently availsble detailed township maps and stand lists
under the direction of the Alberta Forest Sexrvice.

2. Well in advance of clearing operations, the Alberta Forest Service
should be consulted to provide the best cutting plan in relation
to salvage and coordination with other clearing operations.

3, Reclamation research should be directed in part, to determining
the possibility of restoring denuded areas to productive forest
in at least the same proportion as it now exists and to accommo-
date wildlife.

4, In the event of large-scale mining development, new management
plans should be developed for M.U. A5 and A7 compatible with
surface clearing rather than present sustained-yield objectives.

5, Time, budget constraints and absence of the specific location of
projected plants did not permit detailed evaluation of site
gquality rpability, of any ecological relationships or local

environmental impacts.

"
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Man. Unit Township Range Acres
AG3 89 09 23,449
89 10 23,449
AQ5 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
80 13 23,398
90 14 23,398
80 15 23,398
91 5 23,549
01 6 23,549
91 7 23,549
91 8 23,549
91 "9 23,549
91 10 23,549
91 11 23,549
91 12 23,549
91 13 23,549
o1 14 23,549
91 15 23,549
g2 5 23,499
92 6 23,499
g2 7 23,499
92 8 23,499
92 9 23,499
g2 10 23,499
92 11 23,499
g2 12 23,499
92 i3 23,499
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Man. Unit Township Range Acres
A0S 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 i2 23,449
93 : 13 23,449
83 4 23,449
93 15 23,449
AD6 97 6 23,449
98 6 23,398
CAQ7 94 7 23,398
94 8 23,398
94 9 23,398
94 10 23,398
84 11 ’ 23,398
94 iz 23,398
85 7 23,549
95 8 23,549
95 9 23,549
95 10 23,549
95 11 23,549
95 12 23,549
96 7 23,499
96 8 23,499
96 g 23,499
96 10 23,499
96 11 - 23,499
96 i2 _ 23,499
97 7 23,449
97 8 23,449
97 9 23,449
97 ' 10 23,449
97 . i1 23,449
97 iz 23,449
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Man. Unit ‘ Township Range Acres
AQ7 98 7 23,398
98 8 23,398
28 9 23,388
98 10 23,398
g8 11 : 23,398
88 N 12 23,398
7 23,549
99 8 23,549
99 -9 23,549
99 16 23,549
99 11 23,549
9% 12 23,549
100 7 23,499
100 8 23,499
100 9 23,499
100 10 23,499
100 11 23,499
100 - 12 ) 23,499
All 89 6 23,549
TOTAL - _ ' 2,136,185
= 3,338 sq mi
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APPERDIX II

CLASSES OF INFORMATION PROVIDLD ON THE ATS MAPS
AND AREA STAND LISTS--ALBERTA DEPARTMENT OF FORESTRY

Data R ' . Program
Block Code Description Conversion
11 0001 Type number (4 digits) req'd

Yorest types are numbered in areas
with detailed inventories.

12 0007 Area in Acres (4 digits) req'd
Acreage of sub-type--productive,
potentially productive or non-
productive land.

13 o Inventory 3
Crovn Density % (Stands > 20 ft)
A, Sparse = 6 ~ 30%
B, Low = 31 - 50%
C. Medium = 51 - 70%
D, Dense = 71 - 1007%

Coniferous Regen. Stock (Stands < 20 £1)

Unstocked = 6 - 20%
Inadequate 21 - 407
Adequate 41 - 607
Overstocked= 61% -+

il

T 0w

14 Inventory 3 req'd
Height Class

= 1 - 20 ft

= 21 - 40 ft

= 41 - 60 ft

61 ~ 80 ft

81 - 100 ft

= 101 f& +

it

U I o d O
i

15 Type Symbols
. Forested Tvpes
Sw White spruce
Sb Black spruce
Fb Balsam fir
P Pine (also Pj, P1
A Aspent (Aw on map)
Bw White birch
Lt Larch

Fd Douglas fir (pnot in Athabasca)

on map)

O~ O B0 DN

Note: If more than three species are coded

accept only the first 3. 1f symbel is reversed,
accept ag valid. AlL of above pust have density

and height. Ignore species in brackets.
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Data . Program
Block Code Description Conversion
15 Potential Productive Types
Inventory 3
ce. Clear cut (with date of origin and S.I. _
if known) 21
Burn Burn 20
W.F. Windfall 23
B Brush 22
Nonproductive Land
Symbol Land Category
Brushland Scrub hardwood 30
Water Water 31
Alienated Alienated--Clg 32
Cleared Cleared--Clg 33
Open Mskg Open Muskeg 34
Treed Mskg Treed Muskeg 35
Grassland Grassland, Hay meadow 36
Tree Line Soil barren, beyond ¥ 38
Stunted Stunted due to elevation 39
Rock Rock barren 40
Sand Sand 41
Cut banks Cut Banks 42
Indian Res. Indian Reserves—--I1.R. No. 43
Federal Pk Federal Parks 44
Prot.Zone Protection Forest 45
Prov.?Pk Provincial Parks 46
Serub Softwood 307 tree cover 37
16 Specific Symbol (Refers to Water) req'd
R River
L Lake
P Pond
17 Commercialism {(Inventory 3) req'd
L Lumber—-600+ gross sawleg C.F./acre
in 5w, P1, Fd.
R Roundwodgd-700+ Gross pulpwood
C.F./acre inSw, Pl, Fd, gb.
H High uncommercial-700+ Gross pulp-

wood C.F./acre~-all species
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Data
Block

Code

Description

Program
Conversion

17

18

22

N Mo <

EVV S

Low uncommercial--less than 700 C.F./acre
--all species

Not operable--productive forest without
operable potential either for local
physical reasons or because withdrawn from
commercial use.

Disturbance Factors (Inventory 3)

Various
Wind

Cut

Burn

Insect
Stagnant -
Terminating

Severity (Inventory 3)

1 - 257 loss
26 — 507 loss
51 - 757% loss
76 89% loss

§

Age (2 digit field)

Age is indicated by a two number code
called the 'Date of Origin''. Date is
determined by prefixing "1" and suffixing
0" to the code. Example: 95 - 1950.

Actual stand age as determined by a field

sample is indicated by a three-number code.
Example: 051 - 1951,

Date of Origin ‘ Age Classes

96 1~ 20
84 21 - 40
92 41 -~ 60
90 61 - 80
88 81 - 100
86 101 - 120
84 - 121 - 140
82 141 - 160

80 . 161+

req'd

req'd

req'd
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APPENDIX II -4 -
Data Code Description ’ Progra@
Block Conversion
23 Understory
U If record is understory, code "U" 2
24 Site (Inventory 3) Other Inventory req'd
G Good Code 1 Good 1
M Medium , 2 Mediun 2
F Fair 3 Fair 3
4 Poor 4
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This material is provided under educational reproduction permissions
included in Alberta Environment and Sustainable Resource
Development's Copyright and Disclosure Statement, see terms at
http://www.environment.alberta.ca/copyright.html. This Statement
requires the following identification:

"The source of the materials is Alberta Environment and Sustainable
Resource Development http://www.environment.gov.ab.ca/. The use
of these materials by the end user is done without any affiliation with
or endorsement by the Government of Alberta. Reliance upon the end
user's use of these materials is at the risk of the end user.
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