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RHEINBRAUN - Consulting GmbH 
Stuttgenweg 2 
D-5000 Koeln 41 
West Germany 

September, 1979 

Alberta Department of the Environment 
Oxbridge Place 
9820 - 106th Street 
Edmonton, Alberta 
T5K 2J6 

Dear Mr. Thiessen; 

TECHMAN Ltd. 
320 - 7th Avenue S.W. 
P.O. Box 2840 
Calgary, Alberta 
T2P 2M7 

Techman Ltd. and Rheinbraun-Consulting GmbH are pleased to provide the 

Alberta Department of the Environment with two-hundred copies of the re

port entitled: Oil Sand Reclamation - A Study Integrating Mining, 

Tailings Dispo_~~nd ~eclamati_on. The report consists of three volumes: 

Volume I - Text 

Volume II - Drawings 

Volume III - Yearly Cost Summaries 

We have appreciated the highly co-operative and supportive role of Mr. 

Lang and yourself in administering the project as well as the role of the 

Steering Committee in providing periodic technical review to the project. 

It was a pleasure to work with such a large number of professionals hav

ing a wide variety of experience in oil sands mining and reclamation. 

The emphasis in the study is directed towards suggesting technically fea

sible solutions to improving the overall reclaimability of oil sands 

mines as well as estimating the cost of revegetating reclaimable land 

surfaces. Consequently the scope of the report is rather broad, encom

passing many aspects of mining, tailings disposal and revegetation. Dur

ing the course of the study, Techman Ltd. and Rheinbraun-Consulting GmbH 

prepared twelve mine plans for three actual ore bodies in the Athabasca 
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oil sand deposit. Design and cost data are presented in considerable 

detail throughout the report in order to allow the reader to understand 

the conclusions of the report. 

Techman Ltd. and Rheinbraun-Consulting GmbH jointly express their 

appreciation for the opportunity to prepare the report and hope that in 

the near future some of the recommendations for further investigations 

contained in the report will be followed-up. 

Yours truly, 

TECHMAN LTD. 

~~~:~~~~_l~~~=~~_~ ___ _ 
D.M. Morgan, P. Eng. 

President, 

TECH~~AN LTD. 
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COMMENTS FROM Mn1BERS OF THE STEERING COMMITTEE RESPECTING THE FINAL 

REPORT 

The Consultants are pleased to be able to publish the poins of view of 

the Project Steering Committee concerning the report entitled: Oil 

Sands Reclamation - A Study Integrating Mining, Tailings Disposal and 

Reclamation. It was deemed appropriate to include the opinions of the 

Project Steering Committee members since a diversity of view points ex

ists as a result of the report's comprehensive nature. This report con

tains an interpretation of information obtained from a variety of sour

ces including literature, experience of operators in oil sands and other 

mines, as well as the in-house experience of the Consultants. The com

ments of the Project Steering Committee follow: 

ALBERTA ENVIRONMENT - MR. H.W. THIESSEN 

The report entitled Oil Sands Reclamation - A Study Integrating Mining, 

Tailings Disposal and Reclamation was prepared for Alberta Environment 

by Techman Ltd. and Rheinbraun-Consulting GmbH, and has been reviewed by 

the Project Steering Committee chaired by Mr. H.W. Thiessen of Alberta 

Environment. The content of this report does not necessarily reflect 

the views of Alberta Environment or any of the members of the Steering 

Committee. Any mention of Trade names for commercial products does not 

constitute an endorsement or recommendation for use. 

Alberta Environment wishes to express the view that the Consultants have 

presented a final report of superior quality. The Department hopes the 

information in this report will be disseminated among and be given thor

ough examination by all concerned sectors of industry and government, in 

order to provide an improved understanding of the problems related to 

the reclamation of mined oil sands lands. 

SYNCRUDE CANADA LTD. - MR. G.L. LESKO 

The authors are commended for their effort in conduct ing an extremely 

complex and comprehensive study in the development and reclamation of 
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oil sand resources. However, Syncrude Canada Ltd. is not necessarily in 

full agreement with all the assumptions, interpretations, conclusions 

and recommendations contained in this report. The wealth of provided 

information should be used with caution, because some of the conclusions 

and recommendations are based on untested assumptions and opinions 

rather than on experience of scientific results. 

GREAT CANADIAN OIL SANDS LIMITED - MR. W.L. CARY 

The Consultants have done a good job of highlighting the logistical com

plexity of oil sands developments. Their conclusion that the particular 

complexity of oil sands developments. Their conclusion that the parti

cular type of excavator selected does not affect the potential for 

reclamation is important for those outside the industry to comprehend. 

Care must be taken to use the cost figures presented by the study as 

rough comparison costs only. This is due to the extensive use of futur

istic unproven techniques, omission of many minor costs and the neces

sarily incomplete treatment of costs required to implement the Improved 

and Enhanced concepts. The manner of presentation also has a tendency 

to mask the real values involved. For example, the direct reclamation 

costs without including planting of trees varies between $4,800 and 

$25,000 per acre over the twelve cases analyzed. Also at GCOS we do not 

agree with the Consultants conclusion that one metre of prepared soil is 

required for self-sustaining forest cover. Examination of actual soil 

characteristics in the area and the reclamation efforts to date reveal 

that much less depth is more than adequate. In conclusion, we believe 

at GCOS that the study will provide a basic understanding of the oil 

sands mining and reclamation complexities to those who take the time to 

absorb all details of the report. 

SHELL CANADA RESOURCES LTD. - MR. J.E. DAGENAIS 

This study is comprehensive, and through the introduction of innovative 

concepts it can be viewed as a benchmark in its particular field of in

terest. Some points are raised that are controversial, and Alsands 

position on them is as follows: 
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1. Topsoil Thicknes - the thicknesc, selected is considered arbitrary 

and requires more testing before it can be quantified. 

2. Dry Tailings Disposal - This is considered unacceptable on a practi

cal, year-round basis in view of the lack of proven technology to 

achieve dry tailings in an oil sands plant. 

3. Dragline/Bucket Wheel Excavator Cost Comparison - The premise that 

there exists a threshold to the size of each machine is accepted. 

ENERGY RESOURCES CONSERVATION BOARD - MR. N.A. STROM 

The ERCB recognizes that the results and conclusions contained in the 

Oil Sands Development and Reclamation Model study are basically those of 

the consultant and do not and can not reflect diverse views of indivi

dual members of the Steering Committee. Indeed it may be worthy to note 

that the Steering Committee function was basically that of defining the 

broad scope of the study and establishing limits to certain areas of in

vestigation as the multi-facted study program proceeded. 

In the foregoing context it is believed that the results and conclusions 

of the study will provide a useful framework for examining the adequacy 

of forward planning for land reclamation programs of active surface 

mining bitumen resource operations (i.e. GCOS, Syncrude and the antici

pated Alsands operations). The additional lead time of a decade or so 

until implementation of land reclamation gets under way should provide 

valuable lead time needed for resolving many current uncertainties such 

as minimum soil reclamation depth and material hulk handling and trans

porting schedules. Factors which are determined by site-specific physi

cal conditions and also other factors (i.e. technology and economics) 

which may vary with time remain to be considerations of specific mine 

development proposals. 

ALBERTA OIL SANDS TECHNOLOGY AND RESEARCH AUTHORITY - MR. F.J. WERTH 

In the conclusions to the above study, it is stated that at oil sand 

mining rates equivalent to a synthetic crude production rate of greater 
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than 80,000 BPCD, the costs associated with a dragline mining operation 

are higher than those of a mining operation based on bucket whel exca

vators. This implies that the dragline operation is not the more econo

mical approach to mining for operations of 80,000 BPCD or greater. 

As you are undoubtedly aware, Syncrude Canada Ltd. is currently using a 

dragline mining operation in a project designed to produce in excess of 

125,000 BPCD, and the proposed 140,000 BPeD Alsands project is based on 

dragline mining. Thus, current commercial trend in oil sand mining does 

not support the conclusion reached in the study. Th is variance should 

be recognized and stated within the conclusions from the study. There 

may well be site specific factors that would lead to the choice of drag

lines over bucket wheel excavators. 

In all of the dragline case studies, the draglines are dumping mined oil 

sand directly into a hopper. As stated in the report, there are no ex

isting dragline/hopper operations in existence, of the magnitude re

quired for an oil sands project. There may be problems associated with 

dumping from large buckets directly into a hopper. Impact loadings on 

the hopper could result in a very specialized design and construction, 

resulting in high cost. The problem of accurately dumping from a large 

bucket into a hopper may slow down the cycle time and reduce its overall 

digging capacity. In addition, the use of a hopper would tie the dig

ging of oil sand directly to the conveying system. Problems with the 

conveying system would directly affect oil sand mining. 

As pointed out in the report, bitumen extraction processes resulting in 

the production of dry tailings have not passed the pilot plant stage. 

Whether or not these processes will become commercially viable opera

tions will not be known for several years. Thus, any conclusions made 

at this time, based on an operation producing dry tailings, are pre

mature. 

ALBERTA ENERGY AND NATURAL RESOURCES - MR. F.W. McDOUGALL 

The final draft of the final report has been reviewed by the appropriate 

Departmental personnel and it is felt that the report adequately 
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fulfills the objectives outlined tf1 !'Uherta Environment Contract \Jo. 

77-143. 

In regard to the objectives and requirements of the Department of Energy 

and Natural Resources, this is a valuable report in that it is the first 

stage in a Regional Development and Reclamation sequence. This will be 

particularly valuable in planninc:J energy development and land use op

tions. 

While the consultants made use of the best data available, it is under

stood that several major gaps still exist in our information on the 

tailings produced by the Clark hot water extraction process. 

1. Settling Rate of Tailings Sludge -

How long will the sludge require external support? 

2. Environmental Hazard of Tailings Sludge 

What impact would sludge release have on the Athabasca River, the 

Peace-Athabasca Delta and adjacent waters? 

3. Pond Water Balance 

Will the dormant tailings ponds tend to dry out or will they even

tually overflow? 

These questions reflect concerns of the Department regarding the long 

term maintenance of the Tailings Pond dykes, the responsibility for in

definite maintenance and the environmental consequences if dyke mainten

ance is neglected. 

At a more specific level, it has been pointed out that the costs of com

mercial and non-commercial forest planting are about $4,000 and $3,000 

per hectare respectively (p. 6-33). Our staff feels that these cost es

timates are exaggerated by about 400%. 



RHEINBFlAUN - Consulting Gmb H ---------------------------------------TECHMAN LTD. 

These additional comments, however, should not detract from what we con

sider an excellent report and framework for planning in the Fort 

McMurray Oil Sands. 
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FOREWORD 

The contract to conduct a reclamation study integrating mining, tailings 

disposal and reclamation was awarded jointly to Techman Ltd., Calgary, 

Canada and Rheinbraun - Consulting GmbH, Cologne, West Germany in July, 

1977. Negotiations of contract detai Is were completed by the end of 

1977 and the contract signed with the Alberta Department of the Environ

ment in January, 1978. The activities of both consultants were coor

dinated by Techman Ltd. from its Calgary office. 

The document provides a comprehensive review of the technical problems 

facing future oil sands developments and suggests options which will be 

helpful in formulating oil sands mining, tailings disposal and recla

mation plans. By providing in-depth cost analysis for many of the acti

vities occurring in an oil sands mining operation, the sensitivity of 

these activities with respect to reclamation and overall project econo

mics can be assessed. The report is very timely considering the renewed 

interest in expanding oil production from the Athabasca oil sand 

deposit. 

The project was under the general administration of Mr. Henry W. 

Thiessen, P.Ag., Assistant Deputy Minister of the Alberta Department of 

the Environment and Chairman, Land Conservation and Reclamation Council. 

Mr. Dennis D. Lang, P.Eng., was responsible for the operational details 

on behalf of the Alberta Department of the Environment. Overall review 

was provided by a Project Steering Committee with representation from 

the provincial government, industry and research agencies. Mr. Thiessen 

acted as Chairman for the Project Steering Committee. 

The following persons served as members of the Project Steering 

Committee: 

M.A. Carrigy, P.Geol., Vice Chairman, Alberta Oil Sands Technology 

and Research Authority, Alberta Department of Energy and Natural 

Resources. 
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\~oL, Cary, P>En~l" Mo.nager. Environmf~ntal Affairs Great Canadian 

Oil Sands Limited 

R. Goforth, Ph.D., Head Environmental Affairs, Syncrude Canada 

Limited. 

R.A Hursey, Ph.D., R.P.F., Research Manager, Land Systems, Alherta 

Oil Sands Environmental Research Program. 

F. McDougall, Deputy Minister, Renewable Resources, Alberta 

Department of Energy and Natural Resources. 

N. Strom, P.Eng., Manager of Oil Sands, Energy Resources 

Conservation Board. 

F. Wilkin, P.Eng., Manaqcr. Environmental Affairs, Alsands Project 

Group. 

The following persons served as replacements and additions to the origi

nal Project Steering Committee members: 
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CONCLUSIONS -----------

The following conclusions are highlighted: 

1. Reclamation of oi 1 sDnds mines can be considered to be composed of 

two elements: the creation of reclaimable surfaces and the revege-

tat ion of reclaimahle surfaces. The former component is by far the 

more expensive element of a reclamation plan; the revegetation com

ponent is relatively inexpensive by comparison. Often, in assess

ing costs of reclamation, efforts are concentrated on the cost of 

revegetation, whereas it is currently more important to devise oper

ating methods for oil sand mining operations that will maximize the 

creation of reclaimable land surfaces. The current emphasis in 

reclamation should be shifted from revegetation to the optimization 

of mining and tailings disposal schemes that maximize the creation 

of dry reclaimable land, and that optimize prepared soil manufac-

turing techniques. Revegetation efforts must complement the field 

conditions which are created by materials handling techniques avai

lable to the oil sands mining operation. 

2. The mine plans developed at each level of reclamation reflect the 

extent to which each mine can be reclaimed by integrating various 

tailings disposal concepts with various mining schemes. Thus, the 

mine plans at the Minimum Level of Reclamation represent the lowest 

achievement with respect to reclaimability, the Improved Level re

presents a greater reclaimability, and the Enhanced Level represents 

plans where the mine is totally reclaimable. 

3. The overall quality of reclamation at any given level is largely de-

termined by the prepared soil quality and depth. The quality and 

depth were selected for each level of reclamation to be progressive-

ly better and deeper, respectively. Consequently, the quality of 

reclamation parallels the implications of the qualitative adjectives 

"minimum", "improved" or "enhanced". Nonetheless, it is possible to 

have a very high quality surface treatment in a Minimum or Improved 
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It was decided not to include is ion in order to 

minimize the number of variations i mine plans that \!',Iould have to 

be this s 

4. The reclaimabi i y of sands mi and extraction p is 

most affected the ohoice cf tailings d and the ex-

tent of int ion of the tail disposal systems with the overall 

pit plan, In general 5 reclaimability levels are greatest with dry 

tailings and lowest with wet tail The concentration of tailings 

sludge achieved stor s In a s s represents 

the s greatest rOV8ment pos~;ible ith a wet tail disposal 

system. Tai d systems lA/here s is treated (dewater-

e possess a level of reolaimabil sl than those in 

which the wet tailings d systems sludge rehandle 

The three basic ies of tail concepts can 

be integrated with pi plans to various degrees on the 

shape of the ore the size of the ore the general mine 

1 9 and the schedule of the mine. 

5. The shape and size 0 the ore dictates the mine layout and dev-

elopment schedule and 9 to a extent, the feasible tailings dis-

ions. inal extended ore bodies (Ore No. 2 in posal 

this have advantages in that it kes can be more econo-

mical and convenient constructed" Small, lar or trian-

gular are bodies (Ore 80 No. 4 in this ) result in a 

high volume of out-o it tail C' 

" requirements and in a high 

volume of ke construction. Bo these factors lead to high 

tailings disposal costs are high tailings disposal costs" Genera 

for a small ore of neighbouring are 

bodies. Large uniform ore bodies also have h tailings disposal 

costs, but a greater ion of the cost is attributable to in-pit 

dyke construction. 8rge irregula}[' are bodies (Ore 80 No. 1 in 

this ample ty for the efficient disposal of 

wet tail Us the area of vvet surface remaining as a 

measure of unreclaimable surface area, the highest reclaimability is 

associated with the t irregularly ore , and the 

1001,lest with the smal but rather uni ore 
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6. It is desirable to store as much tailings, especially sludge, in-pit 

as is technica lly poss ib le and economically reasonable. Overburden 

and tailings sand can be placed out-of-pit with less risk and often 

with less overall cost. As well as reducing the risk of pollution by 

the failure of a containment structure containing wet tailings, this 

arrangement allows easier rehandle of wastes stored out-of-pit in the 

event that rehandle of waste becomes a future requirement. The re

moval of a tailings pond containing sludge and saturated sand appears 

to be the technically less desirable option. The option for rehand

ling of overburden, reject and tailings wastes has not been consider

ed for any of the twelve mine plans developed in this report. 

7. The overall efficiency of an out-of-pit tailings pond can be opti

mized by the proper selection of size, height, shape and location of 

the pond. However, the out-of-pit tailings pond can be properly de

signed only once the in-pit pond requirements have been determined 

and integrated into the overall detailed pit development scheme. In 

this manner, in-pit waste storage is maximized while the out-of-pit 

storage is minimized. The disposal of tailings at a considerable 

distance from the ore body outside of the suggested surface mineable 

limits was not considered for any of the twelve developed mine plans. 

Nonetheless, all the tailings ponds are sited on barren or currently 

very uneconomical oil sands as near to the pit and extraction plants 

as possible. 

8. Wet tailings disposal concepts can take many forms, especially when 

the site-specific requirements of an ore body are considered. In 

mines where the extraction plant produces wet tailings, the major im

provement with respect to reclaimability is achieved by concentra

ting sludge within one pond and sanding in all other ponds formed 

during the life of the operation. Sludge treatment, a dewatering 

procedure, will result in a small improvement in reclaimability but 

at a high cost of treatment and overburden dyke construction. For 

this study, the potential for sludge treatment was considered only 

for tailings produced by the Clark Hot Water Process. 
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9. The study indicates that the cost of reducing the sludge surface area 

to approximately 50% of the area required before dewatering will in

crease the per barrel cost of crude nea one dollar. Conse

quently, there is considerable incentive to investigate dry extrac

tion processes rather than ~; dewatering processes. Com

bining s treatment with bi lumen recovery from the sludge will 

improve the economics of ial s dewatering. 

10. The detoxificat or rehabilitation of tailings water and sludge, 

is important with respect to roving reclaimability. The intent 

must be to make waters satisfactory for release to existing natural 

watercourses or for recycle. The thickening of sludge and possibly 

even the detoxification of surfaces will be required before a 

sludge pond surface can be reclaimed. 

11. The likelihood of a tailings or a sludge fill with pre-

cipitation is unknown. If water does accumulate) dyke failure due to 

erosion is inevitable without perpetual maintenance. Reclamation ob

jectives must be directed to eliminating all such ponds. However j 

current extraction t appears to make the elimination of all 

sludge ponds ractical and consequent the solution towards such 

elimination must be approached on a more regional basis. Currently, 

the objective should be to min~~ize the areal extent of wet pond sur

faces. 

12. Mines utiliz tail disposal will achieve total reclaim-

ability at a cost equivalent to those using a wet tailings disposal. 

However j if the extraction capital and operating costs are 

higher than those of a hot water extraction plant generating the wet 

tailings, the overall costs per barrel produced will increase propor

tionally 0 

13. Certain characteristics were a:3sumed for the dry tailings in order 

to produce mine plans and estimate costs for oil sands mining pro

j eets with extraction plants producing dry tailings. Amongst the 

assumptions was that the tailings would be transportable by con

veyor and placeable spreaderso Consequently 9 the backfillif)g 
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of the pit would resemble the backfilling procedures used in most 

large mines where conveyors and spreaders are employed. By gener

ating dry tailings, the possibility exists to make the entire sur

face disturbance caused by the oil sands mining and extraction pro

cess reclaimable. The cost of the mining, tailings disposal and 

reclamation of such a mine are estimated to be equivalent to that of 

an operation where wet tailings are produced and sludge is concen

trated by rehandling into a single sludge pond. 

14. The addition of water to dry tailings to facilitate pumping is con

sidered unnecessary and operationally undesirable. The slurrying of 

dry tailings would likely create wet tailings disposal problems 

similar to those associated with the Clark Hot Water Extraction 

Process, mainly the formation of unreclaimable sludge ponds. Addi

tional costs of dyke construction and the slurrying itself make dir

ect conveying and dumping with spreaders a more feasible method of 

dry tailings disposal. 

15. It appears that dry tailings could be blended with overburden and 

reject to provide improved backfill slope stability and to allow for 

the selective placement of certain materials, for example a selected 

overburden layer on top of the sand or burial of materials detri

mental to surface reclamation. 

16. Mines with extraction plants producing dry tailings streams will 

minimize total surface disturbance since the amounts of waste stored 

in out-of-pit ponds and waste dumps will be greatly reduced. As 

well, the overall volume of dry tailings is less since little water 

would remain in the dry tailings. 

17. The backfilling of mines with dry tailings can begin as early as 2 

years after start of production. Mines with extraction plants pro

ducing wet tailings cannot begin backfilling with tailings until 10 

or 12 years after start of production. 

18. The examination of twelve mine plans indicates that certain trends 

are likely with respect to the application of draglines and bucket 

wheels as prime excavators. Most important, the particular type of 

excavator selected does not affect the potential for reclamation. 

However, principles of economy of scale with respect to equipment 

do affect the overall mining and tailings disposal costs. 
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19. Rather than utilizing \flindro~1s and bucket wheel reclaimers in the 

drag line schemes in 

avoid double handl 

th is large-s ized hoppers are used to 

of oil sands. The cost of mining is expected 

to be different if \"indrows and bucket wheel reclaimers are used to 

rehandle oil sands. 

20. The application of the inea appears more attractive at the 

smaller mine size y i.e. y approximately 80,000 BPeD or less. Costs 

for dragline systems increase rapidly for larger mines, primari 

due to the disadvantageous capital and operating costs of the entire 

materials handling system. At the 60,000 BPeD size, the dragline 

system is slightly more attractive than the bucket wheel system. At 

this mine size one bucket \'IIheel excavator and two draglines are 

capable of handling the entire excavating requirements. In the buc

ket wheel plan at the 60,000 BPeD size, three bucket wheel exca

vators are needed. The conveyor and spreader systems associated 

with both types of prime exavators are very similar in the 60,000 

BPeD mine size. At the 120,000 BPeD mine size the application of 

one bucket wheel excavator and four draglines as well as roughly 

fifty percent more conveyors in the dragline plan, compared to three 

bucket \'IIheels in the bucket wheel plan, results in an overall higher 

capital and operat cost for the dragline system. At the 240,000 

BPeD mine size, the costs are even more unfavourable toward a drag

line system due to the more extensive conveyor systems required. 

The optimal bucket wheel mine size appears to be in the neighbour

hood of 120,000 to 150,000 BPeD. 

21. There are distinct operational limits within \'IIhich a prime excavator 

should be applied. The height of the operating bench is the 

factor. Attempting to remove too thin a bench is as harmful to 

ductivity costs as trying to remove too thick a bench. In the 

bodies studied in this report, three benches are required in 

the bucket wheel and dragline mines. In all the plans, the 

burden is removed by bucket wheels. Single oil sands benches 

ractical for the ore bodies examined in this report. 
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22. Two distinct conveyor layouts are possible in an oil sands mine: 

parallel and slewing. Generally, parallel systems require more con

veyors than do slewing systems. Consequently, slewing systems are 

more economical to operate. The advantage of the parallel system, 

in some ore bodies, is that the mined-out pit can be utilized ear

lier for backfilling with tailings. Slewing systems are easily 

applied to most ore bodies but there are ore bodies where only para

llel systems could or should be used. 

23. In a multiple bench mining operation, the conveying of overburden, 

reject and oil sands is the most expensive single element of the 

mining operation, exceeding even the cost of excavation. Conse

quently, planning must give due consideration to this aspect of the 

development. 

24. The separation of centre reject from within the ore may be a re

quirement in order to maintain a specified plant feed grade oil 

sand. The calculation of mining quantities for all twelve mine 

plans in this study is based on the presence of only one large cen

tre reject band. The finer separation of centre reject possible 

with bucket wheels results in less dilution of the pay zone horizon 

but an overall lower total bitumen yield. The greater mining loss 

and dilution expected with the draglines results in larger plant 

feed volumes at a lower average grade but an overall higher bitumen 

yield. Dilution material is assumed to contain some bitumen. How

ever, the production of tailings will be higher for the dragline 

system due to both increase in plant feed quantity and higher fines 

content of the plant feed resulting in greater sludge quantities 

generated. The decision to select either type of excavator cannot 

be made on selectivity. Capital and operating costs are the major 

concerns in prime excavator selection. 

25. Working of bucket wheels near the pit floor is not a drawback to the 

application of the bucket wheel excavator. The excavator can be 

operated to remove pay zone below the crawler grade by deep cutting 

or deep cutting with ramping. Pockets of oil sand below the reach 
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of the machine can he removed 

dragline. In a mult Ie bench d 

the 10v4er ine may also 

to remove similar ets. 

other such as a small 

ine system9 the bench height for 

adjustment to allow the ine 

26. The spread of prepared soil on graded reclamation areas requires 

mobile equipment regardless of the overall mining method. It is ex

pected that medium-sized off-highway mi trucks will transport 

the prepared soil from the field depots to the reclamation site. 

This spread activity wil occur both in winter and summer 9 stop-

p only during spr thaw or rain. 

27. Three distinct prepared soil manufacturing methods were analyzed and 

costed. The prepared soil manufacturing methods were matched to the 

level of reclamation to reflect overall improvements with respect to 

revegetation ia L At the Minimum Level of Reclamation 9 the 

prepared soil manufacture consists of separately trucking muskeg and 

overburden onto the reclamation site. After thawing and sufficient 

dry the muskeg and overburden are spread dozer. Tailings 

sand is mixed with overburden and muskeg to form a total prepared 

soil thickness of 006 m. Rototilling is followed by planting of the 

appropriate revegetation ant species. At the roved Level 9 the 

prepared soil manufacture is enhanced by utilization of a layered 

blend pile. Alternate layers of selected overburden and muskeg are 

spread in thin layers. When required for reclamation, a dozer or 

scraper cutt across these layers further blends the material. 

The mixed muskeg and overburden is hauled to the reclamation site 

and spread to a thickness of approximately 1 m. The most uniform 

and highest quantity of prepared soil is expected at the Enhanced 

Level where muskeg is obtained from a raulic muskeg mine and 

suitable overburden diverted from the mine conveyor system via a 

stacker into blend piles. Prepared soil is removed from the blen

ding yard with a small bucket wheel reclaimer and associated convey

or to field depots. The prepared soil is trucked onto the recla

mation site as required for reclamation. 
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28. The direct costs for reclamation activities such as prepared soil 

manufacture, transport, spreading and basic revegetation vary from 

$0.025 to $0.056 per barrel of synthetic crude at the Minimum Level, 

from $0.121 to $0.185 at the Improved Level, and from $0.119 to 

$0.193 at the Enhanced Level. Economy of scale is realized with re

spect to prepared soil manufacture at the Enhanced Level as the mine 

size increases. The 240,000 BPeD mine has a cost of $0.12 per bar

rel of synth"etic crude for reclamation activities, while for the 

120,000 BPeD mine, the reclamation cost is $0.20 per barrel of 

crude. 

29. The additional cost of revegetating to commercial forest adds from 

$0.005 to $0.165 per barrel for the mine plans developed in this 

study. Revegetating to non-commercial forest adds $0.004 to $0.012 

per barrel. 

30. The muskeg to overburden ratio assumed in the manufacture of pre

pared soil in the study is 1:2 by volume. This is done in order to 

arrive at conservative prepared soil manufacturing costs. It is ex

pected that, in most situations, the quantity of muskeg should be 

less. 

31. Embankment slopes of both tailings dykes and waste dumps must be 

shallow enough to permit spreading of prepared soil by dozer. Over

all slopes of 4:1 and 3:1 between berms (roadways) are considered 

acceptable for the prepared soil spreading activities described in 

this report. 

32. In the Muskeg River area, good quality fine-textured overburden is 

exceedingly scarce. Bearing this in mind, great care should be 

taken to select the most suitable overburden during the stripping 

operation and to combine the overburden with muskeg and tailings 

sand to arrive at the best possible prepared soil mixture. Adequate 

mapping of muskeg and overburden deposits within the proposed mine 

boundaries is required before a reclamation plan can be prepared. 

The reclamation plan must reflect the availability of suitable mus

keg and overburden throughout the life of the mine. If suitable 

materials for prepared soil manufacture are not available in the 
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ity desired for the selected land use at any given time in the 

life of the mine, then the rec amation must be or the land 

use to a low reclamation to be carried out with lower 

ity and ities of materials. 

33. The quality of soi or root medium is of utmost imp or-

tance to minimize the risk of failure and the amount of main-

tenance required on an annual or longer basis. ll,s experience is 

gained with revegetation various overburden, muskeg and sand 

ratios over a var of sub-surfaces and over a range of depths, it 

wil be possible to balance maintenance cost the cost of im-

prov the prepared soil lay or increas • 0>-
ILS Such ex-

perience information St10U d be well documented and dissemi-

nated the industry, and research agencies involved 

with oil sands reclamation. 

34. The period of fertilization required before a self-susta 

tat ion can occur is not yet known. However, it is s 

vege

suspect-

ed that the il be s ficant reduced as the prepared 

soil thickness is increased from very shallow to 1 m in 

35. Examinat ion of f ieId experience to date of the oil sands industry 

and researchers s indicates that approximately one metre of 

prepared soi is required for self-susta forests, especial 

commercia lity forests. 

36. The final and use an must be based, first ,on the availabi ity 

of materials suitable for soil manufacture and, secondly, 

on a desired regional land use plan. Reclamation guidelines based 

on the available materials, the sub-surface to be reclaimed, and 

potential land uses should be to allow formulation of de-

cisive reclamation in oil sands mines. negotiation 

is ive ith respect to ing workable and sat is-

factory reclamation plans. 
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37. End-pits will be particularly significant for the maximization of 

reclaimable land surfaces. The final end pit from an earlier mine 

should be considered for use by a later mine for tailings disposal, 

thus greatly increasing regional reclaimability. End-pits may also 

prove to be effective as plant make-up water reservoirs or for the 

controlled disposal of saline mine water. 

38. The advantages of simul taneously operating extraction plants using 

the Clark Hot Water Process and a yet-to-be-developed dry process 

should be investigated with respect to sludge disposal. Sludge 

could be incorporated into the dry tailings stream or regional 

sludge containment structures could be built, in part, with dry 

tailings. The concentration of sludge, either for reprocessing in 

the future or for reducing the areas of unreclaimable surfaces, is 

required on a regional basis since no methods currently exist which 

would allow the reclamation of sludge ponds. 

39. The twelve mine plans developed for this study were simulated by use 

of computer programs. The programs were utilized to manipulate geo

logic data, to simulate mine operations, to provide information for 

tailings disposal, and to summarize costs. It appears unlikely that 

an adequate number of development options can be examined in suffi

cient detail without simulation aids in order to optimize the mine 

plan for a given ore body. The preparation of regional oil sands 

development concepts will undoubtedly require computerized planning 

aids. 

40. A regional mine development plan is required in order to maximize 

oil sand recovery and creation of reclaimable land surfaces, and to 

minimize detrimental interference between mines. The determination 

of realistic ore body boundaries and the determination of areal re

quirements of likely neighbouring mine developments should be com

pleted prior to extensive detailed mine planning on any given ore 

body. A greater emphasis should be paid to areas where ore bodies 

are clustered. 
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41, The cost of reclamation in an oil sands mining operation is the sum

mation of various operational costs that are likely to be affected 

by meeting a given reclamation objective. For this purpose five 

cost centres, of which field reclamation cost is only one, were de

fined in this study. Direct field reclamation costs accounted for 

2% to 12% of the total aperat costs estimated in this study, or 

for 0.5% to 3% of the total oil sands mine operating costs excluding 

taxes, royalties and interest. 

l~2. The overall cost summary by mine and cost centre (see following 

table) indicates that the costs of the mines at the Minimum and En

hanced Levels are similar but that the cost at the Improved Level is 

considerably higher. Next to overburden, reject and oil sands hand

ling, tailings disposal is the most expensive field operation. The 

establishment of ultimate land use resources, i,e. field reclamation 

activities, is the third highest field cost. Staff for muskeg re

moval, overburden stripping, oil sands mining, tailings disposal and 

reclamation are grouped into one cost centre. A table summarizing 

the cost centre follows. The reader is warned not to draw conclu

sions from this table without first reading Chapter 6.0 and Section 

10.7 of the report. 

43. Major gaps currently exist with respect to the capacity of the in

dustry and the goverment to solve problems related to mining, ex

traction, tailings disposal and reclamation of oil sands, This re

port has outlined some major items of research that are urgently 

needed in order to assess possible operating alternatives for the 

industry. These are summarized in Chapter 12.0 of this volume, 
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COST CENTRE SUMMARY BY MINE AND COST CENTRE ($/bbl) 

COST CENTRE* 

Dragline Scheme 

1- Minimum 

2. Improved 

3. Enhanced 

B.W.E. Scheme 

4. Minimum 

5. Improved 

6. Enhanced 

Dragline Scheme 

7. Minimum 

8. Improved 

B.W.E. Scheme 

9. Minimum 

10. Improved 

B.W.E. Scheme 

11. Minimum 

12. Enhanced 

* COST CENTRE 1: 
COST CENTRE 2: 
COST CENTRE 3: 
COST CENTRE 4: 
COST CENTRE 5: 
COST CENTRE 6: 

1 2 3 4 5 

ORE BODY NO.2 -.---.--------

0.0588 0.0475 1. 3396 0.4465 0.0501 

·0.0588 0.0455 1.3434 1.2945 0.1273 

0.0699 0.0455 1.3434 0.3072 0.1712 

0.0436 0.0464 0.9026 0.4468 0.0253 

0.0436 0.0464 0.9026 1-1110 0.1214 

0.0530 0.0405 0.9026 0.2210 0.1931 

ORE BODY NO. 4 

0.0681 0.0590 1.2645 0.4509 0.0412 

0.0685 0.0582 1.2682 1.0428 0.1799 

0.0656 0.0596 1.2683 0.4444 0.0429 

0.0657 0.0589 1.2807 1.0545 0.1846 

ORE BODY NO.1 

0.0455 0.0517 1.1145 0.4034 0.0556 

0.0580 0.0419 1.1145 0.3257 0.1194 

Civil Construction-Type Activities 
Removal of Organic Materials & Soils 
Overburden, Reject, Oil Sands Handling 
Tailings Disposal 

6 

0.1870 

0.1870 

0.1904 

0.1959 

0.1959 

0.1995 

0.3531 

0.3531 

0.3568 

0.3568 

0.1499 

0.1531 

Establishment of Ultimate Land Use Resources 
Supervision, Technical Services 

TOTAL 

2.1294 

3.0565 

2.1276 

1.6606 

2.4209 

1. 6097 

2.2369 

2.9709 

2.2377 

3.0012 

1.8207 

1. 8126 

NOTE: Only direct costs are shown. Consult Section 10.6 for further 
explanations of cost centres and Section 10.7 for detailed 
comparative analysis of costs. 
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GLOSSARY ------

Backcast: Waste material directly dumped onto the pit floor by the bot
tom bench dragline (see Figure 1.3.3-15) 

Backfill: Waste materials conveyed into the mined-out pit and deposited 
by spreaders. (see Figures 1.3.3-13 and 14) 

Beaching: Forming of tailings sand beach against a dyke by spigotting 
tailings slurry (see Figure 1.3.3-21) 

Bitumen: Hydrocarbon substance occupying the space between sand grains 
of oil sand (see Figure 5.1.4-1), and removed from oil sand by the 
extraction process. 

Blending Pile: A pile composed of alternate layers of muskeg and over
burden. Dozers or bucket wheel reclaimers mix the components into 
prepared soil. 

BPCD: Barrels per calendar day - rate at which synthetic crude is pro
duced by the process plant 

Bucket Wheel Excavator (BWE): Prime excavator digging by means of buc
kets attached to rotating wheel, and capable of excavating a con
tinuous stream of material (see Figures 1.3.3-5, 1.3.3-6, and 
5-5.1) 

Bucket Wheel Reclaimer (BWR): Simi lar to bucket wheel excavator but 
used for rehandled material only. When designed for the sme out
put, a BWR is lighter in structure than a BWE. (see Figure 
1.3.3-7) 

Capital Cost: Purchase cost of the initial units of equipment, buil
dings, parts, supplies, etc. Also includes replacement units of 
equipment such as trucks, doz~rs, scrapers, etc. 

Cation Exchange Capacity: The ability of soil particles to exchange 
the positive ion nutrient elements necessary for plant growth. 

Commercial Forest: Forest which has grown to a level of maturity suffi
cient to support a forestry harvesting operation, as opposed to 
non-commerical forest which, because of age, condition or site 
limitations, has not achieved a growth level sufficient to support 
a harvesting operation, and unproductive forest and brush land 
which, because of severe site limitations and tree type will not 
normally become commercial forest, although other uses are not pre
cluded (i.e. wildlife habitat). 

Commercial Forest Plantings: Plating of the species of tree that may 
eventually be profitably harvested. 
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Comercial Quality Timber: Mature forest consisting of the species and 
grade necessary for profitable harvesting. 

Conveyor: Steel cable reinforced rubber belt supported on rollers capa
ble of the continuo;Js movement of large volumes of mined materials 
as well as solid waste. (see Figure 1.3.3-11) 

Cost Centre: Several related activities grouped together for cost com
parison purposes (eg. Tailings disposal) 

Cost Sub-centre: A distinct operational activity separated from others 
for purpose of costing. 

Critical Habitat: A segment of habitat which has singular importance in 
the survival of one or more species. 

Distribution Point: 
to be deposited 
overburden onto 
1.3.3-12) 

Arrangement of conveyor termini allowing oil sand 
on conveyors going to the plant, and reject and 
conveyors going to the waste dump. (see Figure 

Dragline (D/l): Prime excavator digging by means of a large bucket sus
pended from boom. (see Figure 1.3.3-8 and 9) 

Dragline Hopper: large hopper enahling dragline to load onto belt con
veyor, and buffering the cyclic nature of dragline production into 
a continuous stream of material necessary for conveyor operation. 
(see Figure 1.3.3-11 and 5.5-2) 

Drive Station: A structure usually located at the front end of a belt 
conveyor segment, and whcih houses electric motors and the belt 
tensioning system. The drive station propels the conveyor belt and 
provides the required lift to dump materials onto tail end of the 
following conveyor. (:3e8 Figure 1.3.3-11 and 5.5-5) 

Dry Tailings: Dry sand and fines rroduced in the bitumen extraction 
plant by a dry process. Dry bitumen extraction and dry tailings 
are assumed at the Enhanced level of Reclamation. (see Figue 
1.3.3-16) 

ke Cell Construction: Tailings sand hydraulically-placed and compac
ted by dozers wi thin a cell of 1-2 m high dozed-up dykes. (see 
Figure 1.3.3-17 to 20) 

Emissions/Effluents: By-products of industrial activities which are re
leased into the environment (air, water, land), often with negative 
biological effects. 

End Land Use Objectives/Capability: 
lowing project completion, of an 
and its surroundings have both a 

The determination for lands, fol
appropriate use for which the land 
need and a capability. 
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End-pit Lake: Residual mined-out pit which cannot be backfilled without 
extensive rehandle of previously placed materials and which is 
filled with water as part of the reclamation scheme. 

Erosion Contrul: StaLJi lization of slope surface (dykes, pit walls, 
waste dumps) by revegetation or other means. 

Extraction Plant: The process facilities associated with the extraction 
of bitumen from the mined oil snnd. 

Feasibility - technical: Possible within the scope of current tech
nology. 

Feasibility - ecunomic: As above, but also currently profit~ble. 

Impact Mi tigation: An interaction between the natural environment and 
an activity of man, and a concurrent action or precaution taken to 
minimize or eliminate the effects of the action. 

In-pit Tailings Pond: Tailings pond located in the mined-out pit. See 
also definition of tailings pond. 

Leaching: Water infil trating and passing through soil, washing out 
nutrients. 

Level of Reclamation: A measure of reclaimabil ity defined in terms of 
tailings disposal and surface reclamation characteristics. The 
term is related to the sophistication of materials handling tech
niques employed in the mine. 

- Minimum: Used in the study associated with wet tailings. Tailings 
sludge mayor may not be rehandled into one pond, and prepared soil 
is mixed to a depth of 0.6 m at reclamation site and revegetated 
for grass, shrubs and/or non-commercial tree species. 

- Improved: Used in the study associated with wet tailings but with 
sludge treated (dewatered) and concentrated in one pond. Prepared 
soil is mixed at strategically placed mixing piles, spread 1.0 m 
thick onto reclamation sites and revegetated. Expected to be suit
able for reforestation. 

- Enhanced: Used in the study as~ociated with an extraction process 
producing dry tailings. All waste materials are solids and are 
dumped with spreaders and conveyors. The best quality prepared is 
soil centrally mixed and then spread to the depth of 1.0 m and re
vegetated. Expected to be suitable for establishment of commercial 
forest. 

Mining Bench: A step-like division of total mlmng depth. Its height 
is usually governed by the prime excavator's reach, mine schedu
ling, plant feed requirement, and geotechnical problems (slope sta
bility), etc. (see Figure 1.3.3-15) 
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~1ining Face: Sloping surface from which oil sands, overburden or reject 
are removed by prime excavators. 

Mining Scheme: Refers to choice of prime excavators used. In some 
cases in this study it is also associated with different tailings 
disposal schemes used (i.e. Ore Gody 2) 

- bucket wheel schemes: Only hq(:~ket wheel excavators are used 8S 

prime excavators. Three benches of approximately equal height are 
employed regardless of the position of the overburden - oil sand 
interface. (see Figure 1.5. 3-15) 

- dragline schemes: Bucket wheel excavator removes overburden only. 
The oil sand zone is mined out in two benches of approximately 
equal height by draglines. (see Figures 1.3.3-15) 

Moisture Holding Ability: The ability of soil or granular substances to 
absorb and hold water and make it available to plants. 

Muskeg Dewatering: Removal of water from muskeg by means of array of 
ditches. (see Figures 1.3.3-1 and 2) 

Muskeg Dewatering Plant: A facility used to remove excess water from 
muskeg slurry supplied by the muskeg mine for prepared soil manu
facture. Applicable to the Enhanced level plans only. 

Muskeg Dump: Temporary or permanent pile of muskeg removal from mine or 
plantsite. Approximately 4 m high. (see Figure 1.3.3-4) 

Muskeg Mine: Source of muskeg for prepared soil at the Enhanced Levels. 
Muskeg is hydraulically mined and piped as slurry to the dewatering 
plant. (see Figure 5.4.3-7) 

Muskeg/Peat: Organic material derived from bogs, swamps or other inun
dated areas of typical poor drainage. It is of fibrous organic 
texture. 

~1uskeg Rehandle: Trucking of muskeg from muskey dumps to reclamation 
sites (Minimum level) or to the prepared soil blending pile 
(Improved level). 

Oil Sand: Four-phase hydrocarbon solid consisting of a solid phase 
(predominantly sand), liquid phase (water), gaseous phase (pre
domininatly carbon dioxide, nitrogen, and methanol), and viscous 
hydrocarbon phase (bitumen) (see Figure 5.1.4-1) 

Operating Cost: Cost required to maintain and operate equipment, inclu
ding operators, fuel and oil, repair and overhaul labour and parts, 
tires, tracks, conveyor belt and idler replacement, etc. 
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Ore Body: Oil sands deposit with GRAMT and R-Factor above certain cut
off value? which may be slightly modified to suit mining or tail
ings disposal. Three ore bodies were used for detailed planning in 
this study. 

Ore Body l: Used in 240, ODD BPel) mine. It is composed of two 
parts mined concurrently_ 

Ore Body 2: Used in 120,000 BPeD mine. Delineation of the ore 
body for the dragline schemes is slightly different than that used 
for the bucket wheel schemes. 

Ore Body 4: Used in 60,000 BPeD mine. Delineation of the ore body 
is the same for both dragline and bucket wheel schemes. 

Overboarding: Similar to beaching. Term used for spigotting tailings 
slurry on top of beached sands in the sanding-in operation. (see 
Figure 1.3.3-21) 

Overburden: Any material (including top reject) that overlies the 
uppermost pay zone. 

I 
Overburden Dyke: A compacted earth structure built by trucks, scrapers, 

dozers and compactors. Sometimes it is possible to supply suitable 
overburden to the dyke location by conveyor and spreader. An over
burden dyke is used only when hydraulic tailings sand dyke building 
is not possible (primarily for dewatered sludge pond dykes). 

Overburden Face: Mining face from which overburden is being excavated. 
In all mining schemes a B.W.E. is involved. 

Overburden Rehandle: TruckirllJ of overburden from waste dumps to the 
reclamation site (Minimum Level) or to the prepared soil blending 
pile (Improved Level). 

Oversize Reject: Wet mixture of boulders, pebbles, pieces of shale and 
clay rejected from the wet process extraction plant (between tum
blers and primary separation tanks), and trucked to the disposal 
site. 

Out-of-pit: Designation used for tailings ponds or waste dumps con
structed on ground surfaces underlain by uneconomic oil sands, away 
from the mined-out pit. 

Outside: Sometimes used to describe out-of-pit ponds and dumps. The 
former term (out-of-pit) is preferred. 

Parallel Mining: Mine design in which the mlnlng faces remain parallel 
to each other. (eg. mine design of Ore Body 2 - Dragline scheme) 

Pay Zone: Oil sands of over 5% bitumen and 1.52 m thickness, including 
centre reject (less than 5% bitumen) less than 1.52 m thick. 
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Pit: Oil sands mine worked by surface excavation. 

Pi t \'1 a 11 : Side slope~3 of pit remaining afte[' overburden, reject and oil 
sands removal. 

Plcmt Feed: Oil snnds 
opeeat Lon i.nclud 
and centre reject 

~,llprlied to trw (;xLraction plant by the minlng 
mine dilut Lon from reject/pay zone interfaces 

too thin to be sq)uraLed by excavators. 

Plant Site: Area designoll~rl for I~xtrurt i_on plant, upgradin!] plant, 
plant flCCd surlJc pile system, and <3ynthet ie cl'ude storaqe, etc. 

Preparerl Soil: IVlixture of muskeg, overburden 13nd, where applicable, 
tailings sand, used as growth medium for reclamatton purposes. 

Present Value of Costs: The sum of yearly operating and capital costs 
discounted at a specific interest rate each year between the date 
of occurrence and the be(Jinninl] of the project. 

Reclamation: The act of brinqinq di~3t\Jrhed land back into biological 
production or some other ;lc(>~ptah le use (i. e. revegetat ion, cre
ation of lake, etc.) 

Reclamation Maintenance: Activities necessary to ensure that reclaimed 
sites do not reuress, ero(k~ or lose rroduction. 

Recycle Water: i'vater which separab)s from tai 1 ings slurry and forms a 
suff ic ient ly deep c luI' if ied l3yl~r on the tall inlJs pond surface that 
it can be pumped hack for r()use in the ext ract ion process. (see 
Fiyure 1.3.3-16) 

Reject: Low grade oi I ~;;mrh 01' harrc~n mah~rial thal--_ is not defined as 
orc_'. 

top reject: Luw (Jl'<1dp oi ;,;md (:,))~) Locntr;d ;jllnve the uppermost 
pay z()ne, and rCIn()vild a;, over!Jul·d(~!I. 

- centre reject: layer of Low qr8dll oil sands «')~6) or other waste 
material within the: pay 7011<:. III i~; 1 ayer i.s r"ITI(wed and conveyed 
to wusl:e dumps or lJ;wkca~>t Olltr) Ul(~ pi! 1'1001'. 

- bottom reject: low ,]lade oi J s<liHi!-3 «5~~) located below the lower
most pay zone, and left unmined. 

Rooting Depth/Soil Depth: The depth to which roots penetrate, either 
because of natural habit or soiJ ob~,-,truct ion, versus the total 
depth of material capable of Suppuf'ting vegetation, whether or not 
roots are present. 

Saline lA/ateI': Waters especially high in dissolved sodium, which is 
toxic to many animals and plants. Saline water is sometimes 
present in deep aquifers and must be safely removed and disposed of 
to allow mining and safeguard the environment. 
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Sanded-in: Term used in association with tailings ponds from which 
tailings sludge has been removed and tailings sand allowed to com
pletely fill the enclosure. 

Seepage: The slow percolation of water through permeable or semi- per
meable materials; often associated with tailings water moving 
through impounding dykes, or groundwater surfacing in a discharge 
zone. 

Shunting Head: Extendable termini of conveyor drive which allows selec
tive dumping onto several other conveyors. A shunting head is an 
essential part of a distribution point (see Figure 5.5-7) 

Slewing Mining: Mine design in which the mining faces rotate around a 
point (eg. mine designs of Ore Body 4) 

Sludge: Fluid mixture of wat\~r, clay and silt particles, bitumen, caus
tic soda and other chemicals, and overall, the most important fac
tor to consider in the reclamation of mines where wet tailings are 
present. 

Sludge Pond: The pond designed to contain all sludge. The sludge pond 
is preferably the deepest mined-out pit, to reduce impact on the 
environment. (see Figure 1.3.3-16) 

Sludge Teatment: Operation which removes approximately 50% of the water 
and most of the bitumen from sludge. 

Soil Quality: The characterization of a soil, based on chemical and 
physical parameters, which defines the end use to which that soil 
may be put. 

Spreader: Crawler-mounted structure with a long boom and belt for the 
dumping of materials into stable piles or backfill (see Figures 
1.3.3-13, 1.3.3-14, and 5.5-3). 

Stacker: Similar to spreader but usually smaller or stationary, or 
mounted on rails (see Figure 5.4.3-8). 

starter Dyke: Compacted overburden structure that must contain sludge 
and water remaining from hydraulic construction of the sand tail
ings pond dyke in the initial year or two of operation (see Figure 
1.3.3-16 and 23) 

Surficial Materials: Those materials found on the surface of the land, 
and which are placed by recent geologic phenomena such as glaciers, 
water or wind. Surficial materials are usually a relatively uncon
solidated overburden type. 

Synthetic Crude: Crude oil produced from extracted bitumen by the up
grading plant. 
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Tailings Slurry: Waste from primary separation of bitumen and froth 
treatment. Slurry separates into sand, sludge and recycle water in 
tailings pond. (see Figure 1.3.3-18) 

failings Pond or Out-of-pit Tail ings Pond: A structure for impoundment 
of tailings produced in Clark's Hot Watee uxtraction process. Usu
ally refers to pond located on ground surfaces underlain by uneco
nomic oil sands (see also definition of an in-pit tailings [Jond. 
(see Figure 1.3.3-24) 

Treated (dewatered) Sludge Pond: Pond (usually in-pit) used at the Im
proved Level of Reclamation which contains partially dewatered 
sludge, and which requires overburden dykes because run-off from 
hydraulic dyke construction would otherwise dilute treated sludge. 

Tripper Car: Crawler-mounted structure closely, coupled with spreader, 
which creates a loop in belt conveyor necessary for material re
moval from belt conveyor anywhere along its length (see Figures 
1.3.3-13, 1.3.3-14, and 5.5-4). 

Unit Cost: The specific 
$/ (m3xkm); etc.) used 

cost, opcrating 
in calculation of 

quantities, time, distance, etc. 

or capital (eg. 
costs for known 

$/m3 , 
yearly 

Upgrading Plant: The process facilities which convert extracted bitumen 
into synthetic crude. 

'/Jaste Dump: A pile of waste materials, such as overburden and centre 
reject, deposited by spreaders and conveyors. The waste dumps are 
constructed on ground surfaces underlain by uneconomic oil sands. 
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1. ° OVERVIEW 

1.1 PURPOSE AND SCOPE OF THE STUDY --------_._--_.- - . __ . __ ._._---

The impact of actions taken to r8duce undesirable environmental effects 

can be measured buth biophysically and economically. However, the de

termination of "added benefit" and "associated cost" is more complex, 

with many subjective elements. This study attempts to define not only 

the methods required to achieve various degrees of reclamation in the 

Athabasca oil sands, but also to show how the benefits and costs of such 

reclamation can be objectively measured. 

Objectives of the study are listed below: 

- To illustrate the application of recommendations respecting develop

ment and reclamation by designing "model operations" for three oil 

sands mines delineated by actual field drilling data, with process 

capacities of 60,000 BPCD*, 120,000 BPCD, and 240,000 BPCD, respec

tively, after extraction and upgrading losses. 

To examine mining and reclamation schemes in detail within the context 

of "minimum", "improved", and "enhanced" levels of reclamation; each 

representing operations using "wet", "dewatered", and "dry" tailings 

systems, respectively, in order of decreasing reclamation difficulty. 

- To determine the additional materials handling costs incurred in oil 

sands mines when select8d reclamation alternatives are implemented, 

and to perform a cost-benefit analysis using rational economic units 

such as dollars, hectares, cubic metres, etc. per barrel of synthetic 

crude oil produced. 

- To define the technical limitations of materials handling and overall 

mine planning with respect to creating or carrying out reclamation op

tions. 

* BPCD = barrels per calendar day. 
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- To suggest typical materials handling activities and their comparative 

merits in oil sands mine reclamation. 

To determine whether the ello icc of major mininq equipment substan

tially affEcts the ~3\ICCl;~;" of [',~(~I;Jlnalio(l c?fforb,. 

- To recommend the specific techniques that must be incorporated into an 

operator's mining methods to pnsur~ successful reclamation. 

To compare the ,ldv,mtmJe~} ami disarlvul1luges of oi 1 sands mines using 

the traditional "wet" tailings pond with thos(~ using conceptual "dewa

tered" or "dry" tail ings disposal sy;;lems. 

To develop an understandi!H) of the major factors that dictate the re

clamation potential of oil sands mines, and to describe the impact of 

these factors on oil sands development regionally. 

- To estimate the direct energy consumption of an oil sands mine that 

incorporates recommended reclamation objectives. 

To apply the comiJined (~XpCripI1C(-~S 01 Techman ltd. - Rheinbraun-Consul

Ling (~intJH, oil sands milll: uperators, and other concerned investiqa

taL'S, to the rroblem of ['('cluinliny oil sands mines in Alberta. 

- To prepare guidelines :ll~f in_tnl] lh(:: informat ion required in the prepar

ation of ,3\\ oil snnd~) mille lkvelopm(~nt and rl;clamation plan. 

This report presents tile results uf the study in the following manner: 

In Chapter 1.0, Overview, a summary of study objectives is followed by a 

brief discussion of report ing methods and special project consider

ations, and then by reviews of the oil sands mining operations of both 

Great Canadian Oil Sands ltd. and Sync rude Canada Ltd. 
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Chapter 2.0, Definition of Study Area, reviews basic drilling infor

mation, and discusses the criteria used in the selection and sizing of 

the oil sands ore bodies eventually considered in the study. 

Chapter 3.0, Review of Information Concerning Selected Mining Area, 

highlights prevailing biophysical conditions at the sites selected, and 

includes, as well, a review of experience to date on oil sands mine re

clamation. 

Chapter 4.0, Definition of Levels of Reclamation, identifies the fea

tures that define the three levels of reclamation (Minimum, Improved and 

Enhanced) used throughout the study. 

Chapter 5.0, Mine Development Criteria, reviews basic geologic and engi

neering criteria, and explains in detail the major design considerations 

for tailings disposal, reclamation techniques, and equipment that must 

be understood prior to detailed mine planning. 

Chapter 6.0, Costing Methods, explains the basis for all costing perfor

med in the study, and specifies all component activities considered in 

estimating the "net cost of reclamation". 

Chapters 7.0, 8.0 and 9.0, Concepts and Costs of Development and Recla

mation (of 120,000 BPCD, 60,000 BPCD, and 240,000 BPCD Oil Sands Mines, 

respectively), present an overall development concept for each scheme, 

as well as detailed mine plans, technical explanations, and cost details 

for each of the twelve options delineated for inclusion in the study 

(Figure 1.1-1). 

Chapter 10.0, Major Factors in the Development and Reclamation of Oil 

Sands Mines, draws both on the experiences of current operations as well 

as on oil sands mine modelling results, and summarizes the major factors 

influencing oil sands mine development and reclamation. 

Chapter 11. 0, Recommendations Towards Reclamation Guidelines, briefly 

sets forth recommendations for reclamation guideline development. 
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Chapter 12.0 9 Recommendations Towards F_urthcr Applied Investigation of 

Oil Sands Mine Development and Reclamation, recommends the study of 

several areas of concern, which the Consultants feel would generate 

information allowinlJ more efficit:nt development of the AthanaSC8 oil 

sands. 
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1.2 EXECUTION OF THE STUDY 

An in-depth literature search commenced early in September, 1977, and 

continued through June, 1978. The objective of the search was to obtain 

background data for use in the creation of mine development and reclama

tion plans for the study areas. Simultaneously, a geologic interpreta

tion of potential mine sites was conducted, as described in the first 

portion of Chapter 2.0. The ERC8 assisted in this regard by supplying 

data for interpretation by Techman Ltd. In March, 1978, the Project 

Steering Committee approved three mine sites for further detailed study. 

From March through June, 1978, detailed assessments of geologic and bio

physical data were made. The results of these assessments are detailed 

in Chapters 2.0, 3.0 and the first half of Chapter 5.0. The development 

of a set of computer programs designed to assist in the data planning 

efforts also occurred during this period. 

Detailed mine planning was started in July, 1978, and continued until 

the end of March, 1979. Mine plans utilizing draglines, bucket wheels 

or combinations of wheel and dragline were developed. During this per

iod the concepts of "minimum", "improved" and "enhanced" levels of re

clamation were further evolved. 

The final determination of the "net cost of reclamation" required that 

the costs of major component operations (resulting from the application 

of both the dragl ine ;md hucket wheel mining techniques at the three 

levels of reclamation) be detailed and then compared. The initial list 

of component activities was progressively modified and finalized to in

clude 44 cost items. Costing hegan in July, 1978, and was completed in 

April, 1979. 

The complexity of the work required that the activities of the staff of 

Techman Ltd. and RHEINBRAUN-Consulting GmbH (hereinafter identified as 

the "Consul tants" or "Techman/RC") be integrated at all stages of the 

study. The contribution of technology during the course of the study 

was as follows: 
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Major activities of Techman Ltd. 

- literature search 

- interpretation of geologic data 

- development of mine simulation modeb; 

- tailings disposal techniques 

- dragline mine planning 

- mobile equipment applications 

- reclamation techniques 

- costing 

Major activities of RHEINBRAUN-Consulting GmbH 

bucket wheel mine planning, and equipment layout 

- applications of bucketwheels, spreaders, reclaimers, conveyors 

- mobile equipment applications 

- reclamation techniques 

- costing 

The sheer volume of data needed for reliahle mine planning, and the fact 

that using average rates of production, yields, etc. leads to erroneous 

schedu11ng of mining 8110 tail ings disposal activities, necessitates the 

use of mine simulation programs. Once a mining sequence has been 

conceptualized, the scheme can be tested to prove its workability and 

the results used to calculate the costs of operating the mine. 

The production of overburden, oil sands, reject, tailings sands, and 

tailings sludge are summarized by computer, and the feasibility and 

schedule of in-pit tailings disposal and backfilling are determined. 

The viability of any given mining and reclamation concept is dependent 

on the ability of the designer to accurately schedule mass movements oc

curring during the life of the mine. 

The meanings of the reclamation terms "minimum", "improved", and "enhan

cedi', as defined in this report, reflect general types of materials han

dling concepts analogous to three distinct types of tailings disposal: 

wet, dewatered, and dry. 
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The term "minimum" is associated with a mining operation generating a 

wet tailings product, such as is produced by Great Canadian Oil Sands 

Ltd. and Syncrude Canada Ltd. The associated reclamation effort speci

fied for the Minimum Level of Reclamation in this study results in the 

least enduring revegetation and the most inflexible land use. 

The term "improved" is used in conjunction with an operational practice 

in which tailings sludge is processed to remove bitumen, and the sludge 

is partially dewatered prior to disposal. 8y reducing the total tail

ings quantity and thickening the sludge, a much greater potential for 

ultimate reclamation of the sludge disposal site is created. 

The "enhanced" level of reclamation is associated with an operation 

whose tailings products are dry, i.e. transportable by belt conveyor. 

Since this is the most futuristic operating option examined in this 

study, reclamat ion techniques offering the hest chance of long-term 

revegetation success are used in conjunction with it. 

The terms as defined may appear to indicate a certain quality of recla

mation. This is not the intent, since any number of attributes such as 

the cost of reclamation, the economics of post-mining land use, the dur

ability of vegetation, the aesthetics of the final landform, the thick

ness of replaced soils, the final land use possibilities, the extent of 

surface disturbance, and many other factors might be stressed. In this 

study, it is clearly shown that the method of tailings disposal controls 

the overall mining and reclamation plan, and that the quality of recla

mation done on dry land areas remains independent of most other activi

ties involved in the mining of oil sands. 

The practical application of the three types of tailings disposal tech

niques is discussed in Section 5.3. The reclamation techniques, explai

ned in Section 5.4, were evolved to be compatible with the mining and 

tailings disposal concepts demonstrated in the twelve detailed mine 

plans generated for this study. 
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The detailed mining and reclamation plans generated in this study uti-

1 ize various mining methods. Some of the plans utE ize techniques cur

rently in use at the two operating oil sands mines. Since field condi

tions prevailing at the study sites differ from those at current oper

ations, some plans are based on operating techniques that have not been 

employed to date. In other instances, alternative operating techniques 

are required by the reclamation objectives set in the study. In the 

following sub-section, an overview is provided of the two operating oil 

sands mines in Alberta, followed by a short review of the major oper

ating techniques employed at these mines and in the mine plans presented 

in this report. 
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1.3 TECHNICAL OVERVIEW OF OIL SANDS MINING 

1.3.1 TECHNICAL OVERVIEW OF THE GREAT CANADIAN OIL SANDS LTD. 

OPERATION1 ,2,3,4,5 

Introduction 

The oil sands mining operations of Great Canadian Oil Sands Ltd. 

(G.C.O.S.) are located on Bituminous Sands Lease No. 86, which covers an 

area of about 1,830 hectares and is situated on the west bank of the 

Athabasca River about 34 km north of Fort McMurray, Alberta. An addi

tional 618 hectares of land has been sub-leased by agreement with Syn

crude Canada Ltd. (Lease 17A). 

The G.C.O.S. operation was the first major scheme to produce a synthetic 

crude oil from the Athabasca oil sands on a commercial scale. The level 

of production initially approved by the Oil and Gas Conservation Board 

was 31,500 BPCD; this was subsequently raised to 45,000 BPCD. Following 

government approval of the project in 1964, construction was begun, and 

the operat ion was commiss ioned in September, 1967. After several years 

of operation, improvements in equipment reliability and operating effi

ciencies allowed G.C.O.S. to make application to increase production to 

65,000 BPCD, and the Board gave its approval in December, 1973. 

Economic Geology 

The overburden is ~:;oil and muskeg at the surface, underlain by glacial 

drift consisting of boulder sands, sands and boulder clays, followed by 

grey to green glauconitic sands and shales of the Clearwater Formation, 

and top reject (oil sands with less than 8 % bitumen) resting on the ore 

zone. Within the present pit limits, which enclose about 90 % of Lease 

No. 86, the overburden averages 16 m but varies in thickness from ° to 

46 m. 
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The ore body consists of a basal fluvial sand overlain by lagoonal depo

sits which have been channelled into and refilled with silty beds. The 

amount of bitumen in the sand is not homogeneous, but varies from zero 

to 18 % by weight. In add iLion, there are numerous thin beds of clay 

which contain no bitumen. There is a noticeable increase in the coarse

ness of the sediments and hitumen content towards the base of the depo

sit. The thickness of economic oil sands averages 40 m and ranges from 0 

to 72 m. The bitumen content of the economic oil sands zone averages 

11.5 to 12 % (weight percent on a dry basis). The fines content (weight 

percent of fines in the mineral fraction) of the oil sands varies from 

about 5 to 45 % and averages about 16 %. 

The are zone rests on Devonian-age formations of limestone, shale, salt, 

dolomite and anhydrite. 

Muskeg Removal 

Muskeg overlying the ore body must be drained before removal is poss

ible. This is achieved by digging an extensive network of ditches and 

allowing the muskeg to drain naturally for about 2 years. The muskeg is 

excavated and transported durLng the winter months with a fleet of Mara

thon - Letourneau 11 m3 front-end loaders and Wabco 150 B trucks. The 

muskeg is stored in specially-constructed impoundment structures. Only a 

small part of the muskeg is to be used For the land reclamation program. 

The height of muskeg waste dumps is limited to 30 m. 

Overburden Strippinq 

Approximately 80 % of the overburden is used to build dykes inside the 

pit to contain future extraction plant tail ings. At present, approx

imately 9.94 million m3 of overburden are removed per year. The fleet 

of 11 m3 front-end loaders and 136-tonne trucks is used for overburden 

excavation and hauling for about eight months of the year. This operat

ion is supplemented by two bucket wheel excavators (BWE) loading into 

trucks. A Bucyrus-Erie BWE with a rated output of 3,630 tonnes/hr. has 

been used since 1970 to load part of the truck fleet during the summer 
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months. Recently, a new Orenstein and Koppel BWE with a rated output of 

4,900 tonnes/hr. has been used during summer and winter operations to 

load overburden into the truck fleet. 

Mining Operation 

The G.C.O.S. mining operation utilizes bucket wheel excavators for min

ing, and belt conveyors for transporting oil sands plant feed to the ex

traction plant. The main mining units are two Orenstein and Koppel LMG 

bucket wheel excavators with a rated output of 3,990 tonnes/hr. each 

operating on parallel benches; one bench leading the other. The average 

thickness of the ore body is about 40 m. The lead bench is usually 23 m 

high and the trailing bench varies in height. At an ore grade of 12 %, 

approximately 104,300 tonnes of oil sands must be mined in one day to 

produce 45,000 BPCD of synthetic crude oil. The mineable oil sands are 

preblasted to facilitate BWE excavation, and slopes are cut to an angle 

of 40° to 45°. The G.C.O.S. pit is essentially dry with no water prob

lems caused by high pressure aquifers at the base of the McMurray For

mation, as encountered in other areas of the Athabasca oil sands. 

The oil sands excavated by the BWE are deposited on a face conveyor via 

the conveyor system installed on the BWE and a connecting belt wagon. 

These 1,524 mm wide conveyors run parallel to the mining face and are 

about 1,525 m long. Each BWE makes two passes of 1,220 m to 1,525 m long 

and 43 to 46 m wide, taking two to three weeks for each pass. The face 

conveyors must be moved every three months to keep up with the mine ad

vance. The two face conveyors feed onto two trunk conveyor systems, 

which carry the mined oil sands to feed bins at the extraction plant. 

One trunk conveyor extension must be made for every two face-conveyor 

moves. 

Bitumen Extraction and Upgrading 

Crude bitumen is extracted from the oil sands plant feed using the Clark 

Hot Water Extraction process and dilution centrifuging. The bitumen pro

duced is not suitable for market as a refinery feed stock, and must be 
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upgraded before it can be shipped in a conventional pipeline. The raw 

bitumen is subjected to a delayed coking operation following diluent re

covery. Vapors from the coking drums are fractionated into gas, naphtha, 

kerosene and gas-oil components. After further processing, the latter 

three products are blended to form a synthetic crude oil, which is 

trans-shipped to Edmonton through a 42R-km pipeline for eventual ship

ment to eastern Canadian and U.S. refineries. 

Tailings Disposal 

Initially, extraction plant tailings were disposed in a tailings pond 

constructed immediately adjacent the Athahasca River. A starter dyke was 

constructed along an island in the river (Tar Island) and across a small 

channel. The dyke was subsequently raised with the coarse fraction of 

the tailings stream to form a structure that would contain sludge and 

fines. This pond was designed to store tailings until sufficient space 

became available in the mined-out area to allow for in-pit disposal; at 

present, its dyke reaches 8 height of over 82 m. 

Recently, G.e.o.s. hm3 commenced disposal of tailings in the pit. A 

large dyke composed of overburden material was constructed across the 

pit to form the first in-pit pond. Continued in-pit disposal will be 

accomplished by construction of a s~ries of overburden dykes as mining 

progresses to the northwest. Current G.C.O.S. plans propose the develop

ment of various tailings Ilunds, some topped with sand and others filled 

with sludge, and a final pit which will not be backfilled. 

Approximately 1 1 500 lUres per second (LIS) of tailings in the form of 

water (50 %)5 bitumen, sand, Silt1 and clay are pumped by multistage 

centrifugal pumps to the disposal area. Clarified water is recycled to 

the extraction plant for use as make-up water in the process. Unsettled 

clays are present in this recycle water so the quality must be carefully 

regulated. 
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L 3.2 TECHNICAL OVERV lEW OF THE SYNCRUDE CANADA LTD. OPERA TrON1 , 5,6 

Introduction 

Syncrude Canada Ltd., through its participants, controls mining rights 

on Bituminous Sands Leases 17 and 22, in the Mildred Lake area north of 

Fort McMurray, Alberta. These leases cover an area of about 39,593 hec

tares and the lease ownership is as follows: 

Imperial Oil Limited 31.25 ()I 
,0 

Canada-Cities Service Ltd. 22.00 0' ,0 

Gulf Oil Canada Limited 16.75 ()I 
,0 

Government of Canada 15.00 ()I 
,0 

Government of Alberta 10.00 0' 
10 

PanCanadian Petroleum Ltd. 5.00 ()I 
,0 

The Syncrude project is the second major commercial oil sands mining 

scheme in the Fort MacMurray area. The Syncrude project began in the 

late 1950's. Syncrude Canada Ltd. first applied to the Alberta Oil and 

Gas Conservation Board in 1962 for permission to build a synthetic crude 

oil facility capable of producing 100,000 BPCD. This was refused because 

of Alberta government policy, which was designed to assure conventional 

oil supplies a sufficiently large market. The
l 
second application in 1968 

was again delayed due to possihle uncertainties related to the Prudhoe 

Bay, Alaska discoveries. In 1969, Syncrude received permission to pro

ceed with plans for a plant, and in 1971, authorization was given for 

this plant to produce 125,000 BPCD of synthetic crude oil by 1984. 

Economic Geology 

The prime mining area is located immediately adjacent G.C.O.S Lease No. 

86, and the overall economic geology of the Syncrude deposit is similar 

to that of the previously discussed G.C.D.S. ore body. The overburden is 

soil and muskeg underlain by glacial drift (Pleistocene material), sands 

and shales of the Clearwater Formation, and uneconomic oil sands with 
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less than 6 % bitumen (top reject). Within the prime mining area, the 

overburden averages about 23 m, but varies from 1.5 to 43 m. 

The cutoffs used by Syncrude for extraction plant feed are 6 weight per

cent of bitumen and, in gem,r8.1, 8. minimum 1.5 m zone thickness. Low

grade oil sands and non-hydrocarbon bearing materials occurring in the 

are body in beds thinner than 1.5 m are included in the plant feed. If 

thicker than 1.5 m, they are classed as "centre reject" material and 

handled as waste. 

The cumulative thickness of the economic oil sands averages about 40 m, 

but ranges from 6 to 55 m. fhe average in situ bitumen saturation is 

about 11.6 % and the average fines content of the oil sands is about 

15 %. 

tvluskeg Removal 

ivlusk8g exposed by site clearing is drained by a systematic array of 

ditches approximately 1.5 m wide and 1.5 m deep. In the absence of ac

tual measurements, the muskeg is estimated to average 1 m in thickness. 

Actual thicknesses range from zero to in excess of 4.5 m. After drain

age, the muskeg is removed by 3 truck and loader operation similar to 

that of G.e.o.s. This work is generally carried out during the winter 

months, when the muskeg is frozen and trHfficability is improved. Muskeg 

is stored in piles located around the site for use in reclaiming land 

disturbed by construction and mining activities. 

Mining Operation 

The Syncrude operation uses draglines for mining, bucket wheel reclai

mers for loading, and helt conveyors for transporting mined oil sands to 

the extraction plant. For about the first five years of operation, the 

overburden and the oi t sands wi t 1 be excavated with four-61 m3 drag

lines (2-Marion model 8750 and 2-Bucyrus Erie model 2570 W). Techman/RC 

estimates that each machine is capable of producing about 14, 000, 000 

bank m3 (based on 230,000 m3 per year per m3 of bucket capacity) 
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annually. The dragl ines will operate from a prepared working bench 

along each side of the initial opening boxcut. The present mine design 

requires the draglines to 'chop cut' overburden above the working bench. 

The draglines mine 24 m wide strips in 8 north-south direction outward 

from the opening cut. The feed-gl'ade oil sands excavated from below the. 

working bench are placed in windrows parallel to the pit wall, and the 

waste material is cast directly onto the pit floor of the mined-out 

area. The highwall is designed to he excavated at an overall angle of 

500 from toe to crest. Water sands, which underlie the oil sands 

throughout much of the mining area, contain saline aquifers that are un

der considerable piezometric preSSUl'e. Hydrological studies have shown 

that it is necessary to depressurize the basal aquifers well in advance 

of mining. Depressurization wells have been installed around the peri

meter of the mining area. At an are grade of 11. 5 %, approximately 

235,800 tonnes of oil sands must be mined daily to produce 130,000 BPCD 

of synthetic crude oil. 

The oiL sands placed in windrows hy each dragline, are reclaimed by the 

bucket wheel reclaimer that is paired with the dragline. The four re

claimers, with a rated output of 4,990 tonnes/hr. each, were manufactur

ed ill l;r~ernany hy Or{~nstein and Koppel LMG. They discharge, via a bridge 

conveyor, onto a conveyor system that consists of four-l,829 mm wide 

shiftable face conveyors running parallel to the pit; and four-l,829 mm 

wide collecting conveyors that transfer the plant feed to a radial stac

ker arrangement immediately adjacent the extraction plant. The face con

veyors are about 4,270 m long, and are skid-mounted so that they can be 

shifted in conjuilction with the mining advances. 

Bitumen Extraction and Upqradi~ 

Syncrude Canada Ltd. utilizes the Clark Hot Water Extraction process and 

dilution centrifuging to separate bitumen from the plant feed. The ma

terials handling and process unit operations contained in the extraction 

plant are similar to those utilized by G.C.O.S., except that the Syn

crude extraction operation was designed to process approximately twice 

the tonnage of oil sands. 
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The upgrading plants receive diluted bitumen from the extraction plant 

and upgrade it to a mineral-free crude oil with reduced nitrogen and 

sulfur content. Upgrading is accomplished using a fluid coking process 

to produce gas 9 butanes 9 naphtha, gas-oil and coke. The naphtha and 

gas-oil is hydrotreated and blended to form a synthetic crude oil which 

is suitable as a conventional refinery feed stock. A 559 mm diameter 

oil pipeline links the plant with facilities in Edmonton. 

Tailings Disposal 

A large area within the Beaver Creek valley north of the plant site was 

selected for a tailings disposal area. The site covers an area of 

approximately 2,800 hectares and has a volume sufficient to contain at 

least eight years of tailings. Three starter dykes were constructed in 

the pre-production phase across the valley. The main dykes will be 

raised by the upstream !step-over! method to an ultimate maximum crest 

height of 80 m with sand tailings. When sufficient space becomes avail

able in the pit tailings will be diverted to the mined-out area. Sludge 

and water from the in- pit disposal area will be pumped to the main 

tailings pond in the Beaver Creek valley. Prior to in-pit disposal of 

tailings, a portion of the mined-out p it will be used to store over

burden. At this time, it is not clear' whether the out-of-pit tailings 

pond will remain or if it will, in due time, be removed to allow mining 

of oil sands covered by the pond. 

At full production, the Syncrudc {~xtract ion plant will generate approxi

mately 103 million m3 of tailings pee year of which approximately 48 

million m3 is water to be recycled through the extraction plant. 

1.3.3 GENERAL DESCRIPTION OF CURRENT AND 

PROPOSED MINING METHODS 

A brief overview (Figure 1.3.3-1 to Figure 1.3.3-24) of basic operating 

techniques utilized at current operating mines and proposed for future 

operations follows. 
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Figure 1.3.3-1 

Prior to the start of mining, surface drainage is established by cutting 

ditches through the muskeg using small draglines or large backhoes. A 

dewatering period of three to five years ~rior to overburden removal may 

be required. Trees are cleared during the winter. Ditching may be done 

both in winter and in summer, depending on local field conditions. 

Figure 1. 3.3-2 

A network of ditches drains the surface water. Spacing depends on the 

characteristics of the local material as well as its depth. Overburden 

dewatering is done by means of wells. 

Figure 1~.3-~ 

Muskeg is excavated using rubber-tired front-end loaders, and is trans

ported to the storag~ sites with off-highway mining trucks. This opera

tion is done durin~ the winter to take advantage of the improved traf

ficability of the frozen terrain. The muskeg removed is not completely 

frozen and may vary in depth locally. 

Muskeg is transported by trucks to storage sites: permanent, if not 

needed for reclamation, or temporary, if needed later for reclamation. 

Figure 1.3.3-5 

The G.C.O.S. operation employs two BWE's to load overburden and oil 

sands. The overburden BWE dumps directly into large off-highway trucks, 

which transport the material either to overburden dumps or to construc

tion sites (earth-filled dykes). The two oil sands BWE's load directly 

into belt wagons, which in turn load the oil sands onto conveyors. 
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The h if;:Jh cut is the t ypic8l mode of operat ing a BWE, The excavating 

wheel rotates Un a clockwise rlirection in the photograph) while the 

boom of the machine slews 810nq the face at the selected height for 

about ninety degrees. With each swing a thin slice of material is re

moved. The machine and its conveyor bridge move a short distance forward 

and slew in the reverse direction. After a series of these moves the 

boom is lowered 9 and the series of slewing cuts is repeated. Material 

can be excavated below the level of the crawlers by lowering the boom 

and cutting an arc-shaped trench in front of the excavator. The machine 

then moves forward as before. A deep cut can also be achieved by re

versing the buckets and chanqing the direction of rotation of the wheel. 

Either a bridge (as shown in the photograph) or a belt wagon (as shown 

in Figure 1.3.3-5) is used to transfer the material onto conveyor belts, 

The bridge and belt wagon allow for variation in distance between the 

excavator and the conveyor. Bucket wheel reclaimers (BWR) used at Syn

crude Canada Ltd. operate in the same fashion. 

Figure 1. 3,3-7 

Draglines may be employed to excavate oil sands. The photograph shows a 

dragline at the Syncrude mine in position to dig oil sands and stack the 

material in a windrow alongside the excavation. A BWR loads the material 

from the windrow via a conveyor bridge onto a conveyor paralleling the 

excavation. 

Figure 1. 3,3-8 

A dragline digs material from below the base of the machine by dragging 

the bucket upward along a sloping working face. Once the bucket is 

full, the bucket is hoisted upward and the dragline begins to rotate. 

F iqure 1. 3,3-9 

When the machine has rotated so that the bucket has reached a specified 

dumping point, the open end of the bucket is lowered, and the material 
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flows out of the bucket. The photograph shows the dragline rotating to

wards the windrow. The windrow serves as a surge storage between the 

mine and the oil sands extraction plant. 

Figure 1.3.3-10 

As well as being placed into a windrow for later removal, the oil sands 

may be loaded directly onto a belt conveyor via an adequately-designed 

mobile hopper. This would eliminate double handling of the mined mater

ial. The photograph shows a hopper being used to load coal onto a belt 

conveyor. In an oil sands mining operation, such a hopper would not 

only be much larger, but also be designed to operate somewhat different

ly. The size would be such that a free-flowing face could always be 

maintained. If oversized material were expected, a grizzly would be 

moved into position. A combination of apron feeder and conveyor belt 

would be used to move the material between the hopper and the belt con

veyor transporting the material to the extraction plant. 

Figure 1.3.3-11 

Conveyors situated on various mining benches transfer the oil sands and 

overburden to major trunk conveyors leading to the extraction plant and 

to the overburden dump. The material from one conveyor is dropped onto 

the next conveyor. Such transfer points are also needed whenever a 

change in direction of the conveyor is required or when the conveyor 

length has reached its prClctical operating limit. The electric motors 

that drive the conveyor coming from the mining bench can be seen in this 

photograph. 

Figure 1.3.3-12 

In a multiple-bench mining operation, various types of material may be 

excavated on each bench. This material must be directed to various loca

tions. The re-directing of the various materials is made at a conveyor 

distribution point. Conveyors are arranged so that the adjustable end 

of the conveyor bringing the material can cross over the conveyors re

ceiving the material. A controller selects the conveyor onto which the 
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incoming material is to be dumped by lengthening or shortening the in

coming conveyor. 

Figure 1.3.3-13 and 1.3.~-1~ 

In an oil sands mine various types of material may be conveyed: over

burden (DB), low grade oil sands from above the pay zone (TR), plant 

feed-grade oil sands Cpr), or oil sands with an unacceptably low grade 

from within the pay zone (CR). All material other than the plant feed 

is directed to waste disposal areas located either in-pit or out-of-pit. 

Material is placed into these dumps by means of a spreader. Spreaders 

may stack materials below the base of the machine (low dump) or above 

the base of the machine (high dump). 

Figure 1.3.3-13 shows a spreader operating in the low dump mode. Figure 

1.3.3-14 is an example of a spreader operating in the high dump mode. 

In the future it may be possible to design oil sands extraction plants 

to produce dry tailings. Tailings ponds would become unnecessary, and 

the tailings sand would be placed by means of spreaders as shown. 

Figure 1.3.3-15 

The type and arrangement of prime movers (the major digging machines) 

will vary between oil sanrls mines. The choices of GCOS and Syncrude have 

already been described. Thl~ :,i~18ct ion of prim~ excavators as employed in 

the mine plans sturlied in thi~ rerl)~t is shown for both the dragline and 

the bucket wheel mines. 

In the dragline mines, overburden is dug by BWE and removed via convey

or. The oil sands are mined in two benches by draglines, which dig the 

oil sands from in front of and below the elevation of the base of the 

machine. The oil sands are dropped into a hopper which feeds onto a 

conveyor. In the bottom bench only, waste (material not suitable for 

plant feed) is dropped onto the pit floor by back-casting with the drag

line. 
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In the bucket wheel mines, both the overburden and the oil sands are re

moved by BWE. When the pit bottom is weak or wet the BWE removes the 

lowest portion of the payzone by deep cutting (excavating at an eleva

tion below the crawler level of the excavator). The remainder of the oil 

sands is dug by means of a high cut, as shown, by the BWE on the 1st and 

2nd benches. 

Figure 1.3.3-16 

Three types of material must be returned to the void created by the re

moval of overburden and the excavation of oil sands: overburden, tail

ings (either wet or dry), centre reject, and oversize reject. At the 

Minimum and Improved Levels of Reclamation, wet tailings are returned to 

the pit by pipeline and stored as sand, sludge, and water. A portion of 

the tailings sand is also used to construct containment dykes. Placement 

of overburden and reject is done by spreader. At the Enhanced level of 

Reclamation the tailings are conveyable, and are placed along with the 

overburden and reject by spreader. 

Unless a completely enclosed voirl such as a mined-out pit is available, 

some containment structures are required. Those structures, known as 

dykes, can be canst ructed from overburden or from tailings sand. The 

availability of these materials will determine the relative quantities 

of each material used. Dyke construction using the sand portion of the 

tailings stream is uchieved by allowing the sand to settle within a set

tling cell, and allowing the sludge and water to overflow from the cell. 

Dozers form low perimeter dykes by pushing sand into a continuous encir

cling pile. The tailings line is then directed into the cell from one 

end, and the fluid portion is removed at the other end of the longitu-

dinal cell. The sand which settles in the cells is compacted by the 

dozers. 
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Figure 1.3.3-19 and 1.3.3-20 

The mined-out portion of an oil sands mine can be used to store tail

ings. If desired, portions of void can be filled with sand, while other 

portions can be filled with sludge. Figure 1.3.3-19 shows a mined-out 

area being completely filled with settled tailings sand. Figure 1.3.3-20 

is from the opposite side of the same pond, and shows a dyke being con

structed both of tailings sand and overburden. To the left side of the 

photograph can be seen a dyke constructed only from overburden. 

Figure 1. 3.3-21 

Dyke construction can only occur during that portion of the year when 

freezing will not hinder the separation of sand, sludge and water. 

During the remainder of the year the tailings are spigot ted into the 

pond from the end of a tailings line. Separation of sand, sludge and 

water occurs as the sand drifts below the liquid portion of the pond. 

The slope of such beached sands is very shallow. 

Figure 1.3.3-22 

Roughly two-thirds of the material handled in an oil sands mine is sent 

to the extraction plant for the removal of bitumen, and ninety per cent 

of this material is returned as tailings sand and clay. In addition, 

large volumes of water have been added if a hot water process is used. 

Hot tailings are transported from the extraction plant via pipelines to 

the tailings pond. The number of lines as well as the diameter will vary 

with mine size. The mines designed in this study use 5 to 7 lines from 

500 mm to 610 mm in diameter. The photograph shows some of the tailings 

lines in use at the GCOS operation. 
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Usually the cunstruction of a dyke using tailings sand cannot begin un

less a starter dyke is built. This dyke is constructed from selected 

overburden, and for'm~3 the lJ8~;(~ IJpnn whir:h th(~ ~;and port ion of the dyke 

is constructed. 

Figure 1.3.3-24 

Dykes can be constructed to considerable height. The GeOS dyke shown is 

nearly 100 m high. Such ponds could eventually be completely filled with 

tailings sand if ,mother area of the mine is utilized to store only 

sludges. 
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(G C.O.S - Photo L.T) 

Figure 1.3.3-1 Dewatering ditch in muskeg. 

(Syncrude - Photo J H ) 

Figure 1.3.3-2 An array of muskeg dewatering ditches. 
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(G .C.D.S. - Photo H.N.) 

Excavating muskeg during the winter 
with front-end loader and hauling with 
off-highway truck. 

(Syncrude - Photo J, H ) 

Surface of a muskeg dump. 
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(Photo G.C.O.S.) 

Figure 1.3.3-5 Bucket wheel excavators (BWE), belt wagons, and plant feed conveyors 
at the G.C.O.S. mine. t-' 
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Figure 1.3.3-6 Bucket wheel excavators digging at working faces. 
(Photo R,C_ Nr 18G513) 
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Figure 1.3.3-7 
(Syncrude - Photo J.H.) 

A single bench dragline mInIng and bucket wheel reclaimer loading 
belt conveyor at the Syncrude mine. 
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Figure 1.3.3-9 
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(Syncrude - Photo W.V.) 

A dragline bucket being filled with 
oil sands by dragging along the 
working face. 

(Syncrude - Photo W.V.) 

A dragline swinging into position to 
drop oil sands from bucket into a 
windrow. 
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(Photo R.C.) 

Figure 1.3.3-11 A conveyor transfer point with conveyor 
drive station. 
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(Photo R.C.) 

Figure 1.3.3-13 Spreader operating in low dump mode. 

(Photo R.C.) 

Figure 1.3.3-14 Spreader operating in high 
dump mode. 
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(Photo G.C.O.S.) 

Figure 1.3.3-17 Dozers constructing tailings dyke 
cells. 

(Photo G.C.O.S.) 

Figure 1.3.3-18 Tailings being dumped into cells from 
one of the tailings pipelines. 
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(Photo G.G.O.S.) 

Figure 1.3.3-19 View of in-pit cell construction at the 
G.C.O.S. mine. 

(G.G.O.S. - Photo J.H.) 

Figure 1.3.3-20 In-pit dyke construction at the G.C.O.S. 
mine will allow tailings to be back
filled into the empty pits. 
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(Photo G.C.O.S.) 

Figure 1.3.3-21 Tailings pond beach (in foreground); 
spigotting of slurry into pond (in 
background) 

(Syncrude - Photo J.H.) 

Figure 1.3.3-22 Tailings pipelines alongside a cell 
being constructed at the base of the 
tailings pond dyke. 
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(Syncrude - Photo J.H.) 

Figure 1.3.3-23 The earth-filled starter dam of an 
out-of-pit tailings pond. 

(G.G.c ,S. - Photo J.H.) 

1-40 

Figure 1.3.3-24 An out-of-pit tailings pond approaching 
ultimate operational height. 
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2.0 DEFINITION OF STUDY AREA 

2.1 INTRODUCTION 

The oil sands of Alberta are found in four major deposits: the Athabas

ca deposit, which is the largest and only deposit workable by surface 

mining methods, the Cold Lake deposit, the Wabasca deposit, and the 

Peace River deposit. The area chosen for this study is illustrated in 

Drawing No. B22910-01-00, lOre Body Locations Within Regional Mining 

Area', and covers 2,300 sq. km (25 townships from Township 94 to 98 

between Ranges 7 and 11 west of the Fourth Meridian) in the Athabasca 

region north of Fort McMurray, Alberta. An appendix to section 2.0 

defines the terms, factors and equations used in this section. 

2.2 DRILLING INFORMATION 

In connection with this study, Techman/RC obtained access to relevant 

oil sands drilling information on file at the Energy Resources Conser

vation Board (ERCB) offices in Calgary. These drill hole data were in 

the public domain as of November, 1977. Techman/RC was also granted 

access to confidential geophysical well log interpretations made by EReB 

oil sands geologists from 1,862 drill holes in the study area (0.80 

holes per sq. km). These log interpretations were in the form of drill 

hole data sheets, from which Techman/RC extracted the following borehole 

information: 

- surveyed burehole location 

- borehole collar elevation 

- overburden thickness 

- top reject thickness 

- centre reject thickness 

- plant feed thicknesses (+5% bitumen content) 

- average bitumen saturation 

- surface mineability factor 

It should be noted that the log interpretations were based on a five 

weight percent minimum bitumen saturation cutoff. 
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TECH~1AN/RC ISOPACH MAPS 

Data from the ERCB log interpretations were plotted by computer, and a 

set of 1:50,000 scale isopach maps of the study area was generated which 

showed various formation thicknesses and oil sands quality factors. 

These isopach maps illustrated such factors as: 

a. Overburden Thickness: total thickness of Pleistocene material, 

sands and clays of the Clearwater Formation and low-grade oil 

sands (top reject) above the upp~rmost pay zone. 

b. Net Pay Zone Thickness: tolal t-hickne:3:; of +5?:' oil scmds and as

sociated centre reject material that would he mined ns plant 

feed. F or the purpo:3e:, of thh, study, a 59~ mi nimum bi tumen sat-

uration has heen userl. The Enell consirk:r,; thi:, to ht; 8 minimum 

economic cutoff ba~)ed on prc:,ent-rlay econulllil~:3 <l::d exist in£) tech-

nology. 

c. Mining Depth: total thicknens of all plant fcen (JI'(lIie and waste 

mater] dIs from ground surface to the top of' the IYJt tom reject 

zone. 

d. GRAMT: a Techman/RC oil sands qua 1 it y designation of average oil 

sands grade (GRA) mult iplied by net pay zone thickness in metres 

(MT) . 

e. Surface Mineability Factor 1 (S.H.F .): elf) [RCll oil :)(Jnd~; 

quality relationship calculab;d from the 1'011 owin~l equat!():): 

where 

s . t1.F. = s 
T-; -0-:-9(T~lf~Y 

S = averwJt; bitumen saturat ion in weight percent 

Tw = total waste thickness 

To = tota 1 plant feed thi ckne~>s (net pay zone thickness) 
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Where the S.M.F. is less than a value of 5 for an oil sands depo

sit, the ERCB currently considers the deposit to be uneconomic, 

recognizing however, that the economic conditions will change 

with time and improving technology. 

f. R-Factor Syncrude Canada Ltd. economic factor2 for oil 

sands recoverable by surface mining: 

R-Factor = Volume of bitumen in J2Jant feed (barrels) 
Volume of total material moved (cu.yds.) 

where: 

d = 
0 = 

= d x q x 9.53 
o 

thickness of oil 

total depth from 

sands (net 

surface to 

formation (mining depth) 

pay zone thickness) 

bottom of oil sands 

9 = oil sands grade in weight percent 

9.53 = weight of one cubic yard of oil sands 
weight of one barrel of bitumen 

The following descriptive terms pertaining to mineability were 

applied to the calculated ranges for this oil sands quality 

factor3: 

Above 1.0 choice mineability 

0.75 good mineability 

0.50 fair mineability 

0.25 marginal mineability 

Below 0.25 . . . . . unattractive mineability 

Published geostatistical studies4 of oil sands deposits within 

Bituminous Sands Lease 13 indicate that the drill hole sampling done to 

date on Lease 13 is sufficient for locating all major ore bodies and for 

accurate estimation of bitumen reserves. The statistical data 
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show that variogram ranges (radii of influence) of net pay zone 

thickness and 0 il sands grade are 1,200 to 1, 500 m. This is to say 

that, for adequate ore body location And definition, drill hole spacing 

should be less than 1,500 m. 

A visual inspection of dri 11 hole locations and spacings within the 

study area indicates that the drill hole density is probably adequate 

for major ore body location on the following Bitumino\Js Sands Leases: 

Lease No. 

13 

18 (South half only) 

24 (North haif only) 

30 

34, 95 and 96 

36 

87 (North half only) 

88 

98 

Lessee 

Shell Canada Resources limited/Shell Explorer 

L imi ted 

Hudson's Bay Oil and Cas Co. Ltd. 

BP Exploration Canada Limited 

Home Oil Company Limited 

Petrofina Canada Ltri. 

~10b i I Oi 1 r:anadA U d. 

CDC Oil & Gas Limited/Tenneco Oil of Canada ltd. 

Amprada Minerals Corporation of Canada ltd. 

Sun Oil Company Limited 

Unfortunate ly, these lea:31~s only cover ilbout 40% of the study area and 

it might be argued that the Techman/RC isopach maps do not reflect the 

true economic geology within the study area. However, given the obser

ved continuity of the t·lcMurray oil-bearing formation over the entire 

Athabasca region, Techman/Re belit'v(' that the location and density of 

drill holes made available by the ERCB are adequate to delineate large 

areas of economically recoverable oil sands within the study area. 

2.4 ORE BODY DELINEATION 

Techman/RC assessed the relative merits of each of the six isopach maps 

with respect to its suitability for are body delineation. It was de

cided that the two most useful isopach maps for this purpose were those 

showing "GRAMT" and "R-Factoril, since a combination of these two maps 

took into account: 
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- overburden thickness 

- net pay zone thickness 

- centre reject thickness 

- mining depth 

- bitumen saluration 

- tonnes of bitumen per cubic metre of total material moved 

Techman/RC considered that the combination of the geologic criteria 

GRAMT and R-Factor adequately defined mineable oil sands areas for the 

purposes of this study. Th is combination provided an optimization of 

bitumen grade, pay zone, and waste material with GRAMT tending to favour 

bitumen content, and R-Factor providing an indication of mining 

economics. 

Table 2.4-1 is a summHry of nineteen ore bodies resulting from an appli-

cation of 40() GRAMT and 0.60 R-Factor cutoff. Overall GRAMT and 

R-Factor were correlated with GRAMT and R-Factors calculated from oil 

sands quality information in the public domain pertaining to the 

C.C.O.S. operations on Lease [164 , the Syncrude project on Lease 175, 

and the proposed Shell project on Lease 136 ,7 (prior to the forma-

t ion of the Alsanrls Project Group). The average GRAMT was 456 and 

R-Factor 0.76. Specific ore body quality was based on information not 

allowing for dilution at reject/plant feed interfaces and for extra 

overburden removed at pit walls. 

down depending on the mining plan. 

Actual pit mining R-Factors will go 

The relative mining economics of all three oil sands projects were as

sessed, and Techman/RC decided to select a quality limit that would de

lineate mineable ore bodies similar to those presently considered viable 

by the operators under present-day economics and existing technology. 

In general, for the purposes of this study, Techman/RC used a minimum 

economic cutoff of GRAMT greater than or equal to 400 and R-Factor 

greater than or equal to 0.600, and potential ore bodies would have to 

satisfy both conditions. The three ore bodies subjected to detailed de

sign in this study averaged GRAMT=567 and R-Factor=0.74. Since this 

study was not restricted by Bi tuminous Sands Lease boundaries, it was 
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possible to follow the economic geology to predict the most logical 

mining areas based upon the quality of the ore bodies. 

The isopach maps of GRAMI and R-Factor for the study area were overlain 

and the boundaries of the ore bodies were traced. In this manner, a to

tal of 19 ore bodies were delineated ranging in size from about 140 to 

4,160 hectares. As well, the 0.3 R-Factor limit was shown to help 

assess the relative positioning of the ore bodies within the generally 

surface mineable region. 

Orilling information from boreholes within each ore body was compiled 

and analyzed to determine overall average thicknesses and quantities of 

ore and waste, oil sands quality and in-place bitumen reserves. The 

Techman/RC mapping procedure did not lake into account the topographic 

low of the Athabasca River valley. For example, ore bodies appear to be 

continuous across the valley, when in fact, the McMurray Formation has 

been eroded by the river. In effect, then, the mapping assumes a flat, 

pre-erosional landform. 

A detailed breakdown of in-place bitumen reserves for each of the 

nineteen ore bodies mentioned in Section 2.4 is given in Table 2.4-1. 

The ultimate life expectancy for each ore body (based on GRAMT greater 

than or equal to 400 and R-Factor greater than or equal to 0.6) was 

calculated for the 60,000, 120,000 and 240,000 BPCD synthetic crude oil 

production cases. 

SITE SELECTION CRITERIA 

Major and minor considerations for ore body selection, not necessarily 

in order of importance, are listed as follows: 

Major Considerations 

a. Each ore body should have an optimum combination of thin overburden, 

thick pay zone, high bitumen saturation, and low fines content. 



IN PLACE BITUMEN RESERVE SUMMARY 
TABLE 2.4-1 

~IES I 2 3A JB 3t 30 • 5 6 7 8 
PARAMETERS 

AREA (HECTARES) 4,1SI 1,967 242 221 393 217 ',:J02 1,103 3,307 727 412 

DRill HOLES 10 29 5 5 5 3 19 13 167 36 36 

DENSITY (HEClARES/HOLE) 10B sa " 44 79 72 79 " 20 20 II 

OVERBURDEN THICKNESS (ItETRES) 21.03 1126 13.72 15.12 8.96 11 27 19.Hi 12.35 9.03 21.08 21.02 

+ 5 TARSAHO PAYlOHE THICKNESS (METRES) 53.09 4687 57.00 52.18 52.32 56.80 48.64 53.62 50. ~O 52.96 49.96 

CENTRE REJECT THICKNESS (IETRES) 10.15 11.95 13.16 11.34 3.94 28.53 9.43 11151 8.20 956 8.30 

TOTAt IASTE THt CKNESS (IETRES) 31.18 20.21 26.88 2S.46 12.9!) ~9. 80 29.21 22.8& 11.23 3064 30.12 

lUNING DEPTH (.ETRES) 84,27 61.08 83.88 19.24 6!i.22 96.60 11.85 76.48 SB.03 8360 80.08 

81 TUMEN SATURATION (l,.) 12.22 11.99 9.84 11.15 10.60 11.58 11.88 12.04 11.79 12.05 11 98 

FINES CONTENT (.:) 11.12 12.04 20.64 15 ..... 17.60 13.68 1248 11.84 1284 1180 1208 

WASTE;1JRE RATIO 0.59 0.43 0.47 0.50 0.25 070 (1.60 0.43 o 34 058 0.60 

GRAIT (GRAOE·IETHES) 649 562 5S1 588 555 '58 578 SA6 599 63B 599 
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CENTRE REJECT VOLlIIE'<IILlt~ IETRES3) 422.3 176.0 31.8 25.1 15.5 Gl9 141.6 115.9 271.2 69.S 34.2 

IN SHU BlTUM£H RES£RVE (llllllOH TONNES) 540.5 221.3 27.2 26.0 43.6 28.6 173.8 142.6 396.6 92.9 49.4 
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6.9 

<- CALCULATED ON THE BASIS OF: 
liNING RECOVERY" ,tO$ 
UTRACTIOH tJLANT RECOVERY" 90.21 
SYNTHETIC CRlWE/BHUtltN uno" 0.868 
PROOUCTIOM flAll = no" CAPACITY 

9A 9B 9C lOA 

SSG 291 140 90. 

10 2 2 II 

67 146 70 ,- 82 

1231 760 14.50 12.01 

57.67 4115 39.05 51.53 

21.40 15.25 20.95 5.96 

33.71 22.85 35.45 11.91 

91.38 6400 74.50 69.50 

12.09 12.13 12.34 10.61 

11.54 11.48 1064 "" 
058 0.56 091 n.35 

S97 499 <B2 547 

0.73 0.74 062 0.15 

792 809 6.79 8.08 

82.0 22.1 20.3 108.6 

384.1 119.7 54.6 465.8 
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b. Adequate bitumen reserves should be contained within each ore body 

to support a synthetic crude oil facility for an approximate life 

span of at least 25 years. 

c. The ore body should have a suitable plant site and tailings disposal 

area in close proximity. Potential tailings disposal sites should 

be located on barren or uneconomic oil sands areas, ie. thick over

burden, high waste/ore ratio, etc. 

d. The ultimate layout for the mine, plant, and the tailings disposal 

areas should not necessarily follow present day Bituminous Sands 

Lease boundaries. 

e. The overall average maximum fines content of the plant feed should 

not exceed 15%. Extraction plant recovery efficiency is reduced as 

fines content of the plant feed increases. 

f. Each ore body should be amenable to conventional dragline and bucket 

wheel excavator mining. 

g. The density and distribution of drill holes within the ore bodies 

should be adequate and reasonable. 

Minor Considerations 

a. Because the site for the third oil sands plant in the Fort McMurray 

area very likely is to be located on the east side of the Athabasca 

River, Techman/RC determined that the study should be centred in oil 

sands deposits in that area. 

b. Oil sands development should not take place too close to the 

McClelland Lake - Fort Hills area, since the area immediately west 

of McClelland Lake has some townsite development potential. 

c. Oil sands development should be at least one mile away from the Ath

abasca River escarpment (environment corridor). 
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d. Techman/RC decided that the Great Canadian Oil Sands Ltd. (Lease 86) 

and Syncrude Canada Ltd. (Leases 17 and 22) project areas would be 

unsuitable for the purposes of this study, since little would be 

gained by commenting on or redes igning these existing oil sands 

operations. 

e. Within Lease 13 of Shell Canada Resources Limited, two oil sands de

posits designated by the Alsands Project Group as Shell No. 1 & No. 

2 are thought to be prime development areas for the third oil sands 

plant in the Fort McMurray area. Techman/RC decided, therefore, 

that these deposits should be considered for the purposes of this 

study only if more suitable ore bodies could not be found. 

f. Oil sands development should not take place on or in proximity to 

the Fort MacKay settlement or the Fort MacKay Indian Reservation No. 

174. 

2.6 PRELIMINARY ORE BODY EVALUATIONS 

Each of the 19 major ore bodies del ineated by Techman/RC was assessed 

and evaluated with respect to the major and minor site selection cri

teria discussed previously. Massive ore bodies were considered by them

sel ves, while smaller ore bodies (in clusters) were grouped together to 

be serviced by a centroidally-located plant facility. The optimized ore 

body groupings, evaluations and the comments of Techman/HC are presented 

in Table 2.6-1. 

On March 15, 1978, a meeting was held in Edmonton between Techman/RC 

and the Project Steering Committee. At that time, two choices were 

available to Techman/HC with respect to site selection. Techman/RC pro

posed development of mining, tailin~Js disposal, and reclamation plans on 

three separate ore bodies for the three synthetic crude oil production 

cases as follows: 

a. 60,000 BPCD case on Ore Body No.4 or 5. 



Ore Bodies 

1 

2 

3A, 3B, 
3C & 3D 

4 

5 

6 

7 

8 

9A, 9B 
& 9C 

IDA, lOB 
& IDe 

llA & 11B 

Optimized 
Life Expectancy 

(Years) 

30.1 at 240,000 BPCD 

24.7 at 120,000 BPeD 

28.0 at 60,000 BPeD 

38.8 at 60,000 BPeD 

31.8 at 60,000 BPCD 

22.1 at 240,000 BPeD 

20.7 at 60,000 BPCD 

30.2 at 60,000 BPCD 

32.9 at 60,000 BPCD 

TABLE 2.6-1 

-.----~. --l 
TECHMAN/RC ORE BODY EVALUATION 

Comments 

under prime consideration for the 60,000, 120,000 and 240,000 BPeD 
production cases. 
this are body is of sufficient size to support all three plant sizes. 
aquifer depressurization problems could be expected. 

under prime consideration for the 120,000 BPeD case. 
aquifer depressurization problems might be expected. 

these 4 are bodies could be mined in one development with a 
centroidally-located plant site. 
high fines content and low bitumen grade in 3A, 3B and 3C make this an 
unattractive proposition 
No. 3D could be added to the reserves of Ore Body No.1; 
however, the wlo ratio is fairly high. 

under active consideration for the 60,000 BPeD case. 

under prime consideration for the 60,000 BPCD case. 
Ore Body No. 5 has higher grade and lower wlo ratio than No.4. 

this are body would be considered for this study only as a last resort, 
as explained earlier. 
this are body encompasses the "Shell No. 1 and No.2" tarsand 
ore bodies as well as the "Fina Daphne No.3" are body. 

too small to be mined on its own. 
could be mined in conjunction with Ore Body No.6. 

not sufficient size to be mined by itself. 
located too close to the Athabasca River. 

these 3 are bodies could be mined in one development; however, 9B and 
ge are located too close to the Athabasca River. 
insufficient reserves to support 60,000 BPCD operation. 

could be mined in one development; however, a large quantity of 
reserves is located too close to the Athabasca River. 

reserves not sufficient to support minimum production case. 
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b. 120,000 BPCD case on Ore Body No.2. 

c. 240,000 BPCD case on Ore Bo(~ No.1. 

AJ ternat ively, Techman/HC was prepared to Formulate mining, tail ings 

disposal, and reclamation plans For all three production cases on Ore 

Body No. 1 alone, since it was large enough to support the three dif

ferent plant sizes. 

The merits of conducting the study on three ore bodies of different size 

were explained to the Steering Committee. Bearing in mind that the 

purpose of this study was to explore the interrelationship between oil 

sands mining activities and reclamation, Techman/RC favoured the option 

vdth three distinct ore bodies, since it was deemed to be the most 

cost-effective choice. 

The Project Steering Committee, in response to the proposals and 

recommendations of Tecilman/RC, informl)d the Consultants by letter dated 

April 4, 1978 th8t the followiny nrc hodies would be appropriate for 

further study: 

a. No. 1 at a rate of 240,000 nrCD for 25 years. 

b. No. 2 at 8 rate of 120,000 HPCD for 25 years. 

c. No. 4 at a rate of 60,000 BPCD for 25 years. 

In the C8se of Ore f30dy No.4, the initial size was too large (by about 

50?O to be considered as a whole for the ()O,OOO BPCD case. It was 

therefore necessary to discount Fringe areas of the ore body in order to 

ultimately define an area of mineahle oil sand reserves that could be 

exploited over a 25-year period. 

2.7 FINAL ORE BODY SIZING PROCESS 

Techman/RC determined that the Final sizes of Ore Bodies No.1, 2 and 4 

were directly related to: 

;1. thning recovery based on the mining method chosen. Techman/Re esti-
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mated the expected mining recovery for the three surface oil sands 

mining methods shown below: 

(i) A one-bench dragline mining scheme; 

(ii) A two-bench dragline mining scheme; 

(iii) A three-bench bucket wheel excavator mining scheme. 

b. Estimated extraction plant recovery based in part on the estimated 

plant feed grade and fines content. Techman/RC est imated the aver

age extraction plant recovery to be 90.2%. 

c. Bi tumen upg rading recovery, i.e., conversion factor from volume of 

plant-recovered bitumen to volume of synthetic crude oil produced. 

h;chman/RC estimated the average upgrading recovery to be 86.8%. 

d. Derated mining and extraction plant production capacity extending 

from one to two years after start-up. It is doubtful that rated 

mine and plant capacity could be achieved immediately after commen

cement of synthetic crude production. Start-up problems have been 

anticipated and were taken into account with respect to final ore

body sizing. 

In the course of final ore body definition, it was necessary for Techman 

IRC to confirm and, in certain cases, to reevaluate the geophysical logs 

within or near the are bodies. As a result of this reevaluation, 

changes were made to the ore body configurations originally presented to 

the Project Steering Committee on March 15, 1978. 

A set of east-west-trending geological cross sections were prepared at 

three kilometre intervals through each ore body. These cross sections 

show the position and continuity of overburden, pay zone, and reject. 

As well, some indication of formations forming the pit floor are pro

vided. These simplified cross-sections provide an overall impression of 

the geologic character of the ore bodies selected for detailed assess

ment in this study. 
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The final sizing of the ore body was done with the aid of specially pre-

pared computer programs. For detailed reserve calculation and mine 

planning purposes, a 100 metre x 100 metre grid system was superimposed 

on each ore body and the surrounding low-grade areas immediately adja

cent. This divided Ore Bodies No.1, 2 and 4 into a number of conti

guous blocks each one hectare in area. Values for thickness of glacial 

till, top reject, pay zone and centre reject, the average elevation of 

the topographic surface, and the top and bottom of the pay zone, as well 

as bitumen saturation, were determined for each hectare in the gridded 

areas. The effect of this digitizing process was to assign a set of 

these values to an imaginary dri llhole at the centre of each hectare. 

With this digitized ore body data retained in a computer file, it was 

possible to evaluate ore body characteristics on an individual hectare 

basis. 

Special attention was given to Ore Body No.4. With an ore body quality 

cutoff of GRAMT = 400 and R-Factor = 0.6, the optimized life expectancy 

was estimated to be about 38.8 years at a synthetic crude oil production 

rate of 60,000 BPCD. Since this was larger than the 25 year reserve 

life specified for this study, Techman/RC found it necessary to reduce 

the size of Ore Body No. 4 by about 36%. This was accomplished by an 

iterative process whereby the cutoffs for GRAMT and R-Factor for each 

hectare block were increased while taking into account the derated plant 

start-up capacity and the estimated mining, extraction, and upgrading 

recovery efficiencies. With a cutoff of GRAMT = 500 and R-Factor = 0.6, 

it was found that sufficient bitumen reserves were contained in Ore Body 

No.4 to support a 60,000 BPCD synthetic crude oil facility for at least 

25 years. 

The oil sands quality cutoffs used for Ore Bodies No. 1 and 2 were GRAMT 

= 400 and R-Factor = 0.6. These cutoffs were the same as those used in 

the original ore body delineation. 

Ore body maps showing progressively less desirable ore were used to de

termine the direction in which changes to ore body limits should be 

made (see Ore Bodies No. I and No. 2 Under Changing Mining Cut-off, 
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Drawing No. F22910-02-00, and Ore Body No. 4 Under Changing Mining 

Cut-off, Drawing No. E22910-03-00). It was found desirable to expand 

a mine boundary in the direction of sharply-dropping ore grades in order 

to reduce the loss of narrow strips of ore. It was also found desirable 

to adjust the boundaries to minimize the abandonment of ore strips dur

ing the mine life, since they would be expensive, if not impossible, to 

recover later. The possibility of ultimately expanding the mine into 

present- day submarginal ore was provided for, since such ore would 

likely become economically recoverable in the future. The final mine

able ore bodies specified by the adjusted cutoff parameters of GRAMT and 

R-Fador were smoothed to produce the mine outlines displayed in Chap

ters 7.0, 8.0 and 9.0. 

The ore body cut-off maps were also functional in determining the poten

tial areas to serve as out-of-pit tailings pond sites. 

Reserve calculations and pertinent mine planning data for Ore Bodies No. 

l(Part A&B), 2 and 4, respectively, are summarized in Table 2.7-1, Ore 

Body No. lA at GRAMT 400.00 and R-Factor 0.600; Table 2.7-2, Ore Body 

No. IB at GRi\MT 400.00 and R-Factor at 0.600; Table 2.7-3, Ore Body No. 

2 at GRAMT 400.00 and R-Factor 0.600; and Table 2.7-4, Ore Body No.4 at 

GRAMT 500.00 and R-Factor 0.600. 

2.8 GENERAL COMMENTS REGARDING ORE BODY DELINEATION 

Mineable oil sands reserves for each ore body were calculated on the 

assumption that intended mining operations are to be carried out in such 

a manner as to facilitate the recovery of all economic oil sands within 

a general area designated for mining. Consequently, the ore body limits 

may include islands of ore with a cut-off lower than that selected for 

the ore body. Since ore bodies are zoned in the vertical direction with 

alternating layers of ore grade and reject materials, the increase in 

incremental ratio in the vertical direction must also be considered. 

Based on economics alone, bands of are grade oil sands may remain un

mined because of excess centre reject overlying these bands. Incremen

tal ratios could also be applied to bottom reject, reflecting the in

crease in extraction costs due to falling overall bitumen grades and in-
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Table 2.7-1 

ORE BODY NO. lA (SOUTHERN SECTOR) AT GRAMT ~ 400.00 AND R-FACTOR ~ 0.600 

Overburden - Bank Cubic Metres 379,360,000.00 
Pe/CW Material - Bank Cubic 211,987,920.00 
Top Reject - Bank Cubic Metres 167,372,094.00 
Centre Reject - Bank Cubic Metres 126,257,929.00 
Pay Zone - Bank Cubic Metres ...........•••..•.••.•...•• l,024,733,712.00 
Mean Grade - Weight Percent 11.66 
Grade Standard Deviation - Weight Percent 0.90 
Corresponding Area - .~ctares 1,795.00 
Mean Fines Content - Weight Percent 13.36 
Fines Content Standard Deviation - Weight Percent ••••......•..•••.• 3.60 
Corresponding Area - Hectares 
Ore Body Area - Hectares 
Mean Overburden Thickness - Metres 
Overburden Standard Deviation - Metres 

1,795.00 
1,795.00 

21.13 
7.99 

Corresponding Area - Hectares ..........•.........•.•••.•..•.... l,795.00 
Maximum Overburden Thickness - Metres 40.00 
Minimum Overburden Thickness - Metres 3.00 
Mean Pe/CW Material Thickness - Metres 11.81 
Pe/CW Material Standard Deviation - Metres 7.84 
Corresponding Area - Hectares ...........•••••••..•.••.•••.•.••. l,795.00 
Maximum Pe/CW Material Thickness - Metres 37.00 
Minimum Pe/CW Material Thickness - Metres 1.00 
Mean Top Reject Thickness - Metres 9.56 
Top Reject Standard Deviation - ~letres 6.83 
Corresponding Area - Hectares ......•...•......•••.••.••.....•.• l,750.00 
Maximum Top Reject Thickness - Metres 31.39 
Minimum Top Reject Thickness - Metres 0.00 
Mean Centre Reject Thickness - Metres 9.12 
Centre Reject Standard Deviation - Metres 5.05 
Corresponding Area - Hectares •.•.......•.......••.•....•.••..•• l,384.00 
Maximum Centre Reject Thickness - Metres 31.70 
Minimum Centre Reject Thickness - Metres 0.00 
Mean Pay Zone Thickness - Metres S7.09 
Pay Zone Standard Deviation - Metres 8.31 
Corresponding Area - Hectares ..............•.......••....•.•... l,79S.00 
Maximum Pay Zone Thickness - Metres 75.00 
Minimum Pay Zone Thickness - Metres 31.55 
Mean Mining Depth - Metres 85.26 
Mining Depth Standard Deviation - Metres 10.94 
Corresponding Area - Hectares •...••••••••••••••••••••••.••••••• l,795.00 
Maximum Mining Depth - Metres 11S.00 
Minimum Mining Depth - Metres 55.00 
Average GRAMT 662.14 
Average R-Factor 0.75 
Waste-to-Ore Ratio .••.•••...•..••••••.•••••••••••••••••••••.•.••.•• 0.49 
Synthetic Crude Yield at 90.2% Extraction and 
86.8% Upgrading - Billion Barrels 
Basic Mine Life at 120,000 BPCD - Years 

1.17 
26.68 

NOTE: The data above are based on geology only, and do not include di
lution, mining loss and extra overburden removed at pit walls. 
For data influenced by mining procedures see Table 10.6-1. 
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Table 2.7-2 

ORE BODY NO. IB (NORTHERN SECTOR) AT GRAMT ~ 400.00 AND R-FACTOR ~ 0.600 

Overburden - Bank Cubic Metres 422,430,000.00 
Pe/CW Material - Bank Cubic 345,602,288.00 
Top Reject - Bank Cubic Metres 76,827,753.00 
Centre Reject - Bank Cubic Metres 181,170,006.00 
Pay Zone - Bank Cubic Metres .........•.•••.•••••.•.•••.•. 926,599,952.00 
Mean Grade - Weight Percent 11.48 
Grade Standard Deviation - Weight Percent 0.91 
Corresponding Area - Hectares 1,834.00 
Mean Fines Content - Weight Percent 14.09 
Fines Content Standard Deviation - Weight Percent ..•.•.•.•.•.•••.•. 3.66 
Corresponding Area - Hectares 1,834.00 
Ore Body Area - Hectares 1,834.00 
Mean Overburden Thickness - Metres 23.03 
Overburden Standard Deviation - Metres 8.62 
Corresponding Area - Hectares .......................•.••....... l,834.00 
Maximum Overburden Thickness - Metres 64.00 
Minimum Overburden Thickness - Metres 14.00 
Mean Pe/CW Material Thickness - Metres 18.84 
Pe/CW Material Standard Deviation - Metres 7.93 
Corresponding Area - Hectares ........•.....•.••....•••••••••••• l,834.00 
Maximum Pe/CW Material Thickness - Metres 51.09 
Hinimum Pe/CW Haterial Thickness - Metres 9.28 
Mean Top Reject Thickness - Metres 5.20 
Top Reject Standard Deviation - Metres 3.74 
Corresponding Area - Hectares ......•...•.••.•.......•.••.•..... l,477.00 
Maximum Top Reject Thickness - Metres 17.77 
Minimum Top Reject Thickness - Metres 0.00 
Mean Centre Reject Thickness - Metres 10.40 
Centre Reject Standard Deviation - Metres 5.12 
Corresponding Area - Hectares ..............•..........•.•....•. l,742.00 
Maximum Centre Reject Thickness - Metres 34.90 
Minimum Centre Reject Thickness - Metres 0.00 
Mean Pay Zone Thickness - Metres 50.52 
Pay Zone Standard Deviation - Metres 7.58 
Corresponding Area - Hectares ...........•.•..••.......•.•••...• l,834.00 
t-1aximum Pay Zone Thickness - ~1etres 67.00 
Minimum Pay Zone Thickness - Metres 30.05 
Mean Mining Depth - Metres 83.44 
Mining Depth Standard Deviation - Metres 10.99 
Corresponding Area - Hectares ••....•••••••..•••...•••.•.••••••• l,834.00 
Maximum Mining Depth - Metres 135.00 
Minimum Mining Depth - Metres 62.00 
Average GRAMT 581.87 
Average R-Factor 0.66 
Waste-to-Ore Ratio ........••.•..•...............•••••••••..•.•••••• 0.65 
Synthetic Crude Yield at 90.2% Extraction and 
86.8% Upgrading - Billion Barrels 
Basic Mine Life at 120,000 BPCD - Years 

1,04 
23.74 

NOTE: The data above are based on geology only, and do not include di
lution, mining loss and extra overburden removed at pit walls. 
For data influenced by mining procedures see Table 10.6-1. 
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Table 2.7-3 

ORE BODY NO.2 GRAMT l 400.00 AND R-FACTOR lO.600 

Overburden - Bank Cubic Metres 240,710,000.00 
Pe/CW Material - Bank Cubic 181,139,696.00 
Top Reject - Bank Cubic Metres 59,570,236.00 
Centre Reject - Bank Cubic Metres 198,335,506.00 
Pay Zone - Bank Cubic Metres .....•.... -................... 951,999,528.00 
Mean Grade - Weight Percent 11.63 
Grade Standard Deviation - Weight Percent 1.30 
Corresponding Area - Hectares 2,132.00 
Mean Fines Content - Weight Percent 13.49 
Fines Content Standard Deviation - Weight Percent ••..••...•........ 5.21 
Corresponding Area - Hectares 2,132.00 
Ore Body Area - Hectares 2,132.00 
Mean Overburden Thickness - Metres 11.35 
Overburden Standard Deviation - Metres 7.0S 
Corresponding Area - Hectares ...........................•...... 2,121.00 
Maximum Overburden Thickness - Metres 36.00 
Minimum Overburden Thickness - Metres 0.00 
Mean Pe/CW Material Thickness - Metres 8.54 
Pe/CW Material Standard Deviation - Metres 7.0S 
Corresponding Area - Hectares .......................•••.•••...• 2,121.00 
Maximum Pe/CW Material Thickness - Metres 36.00 
t'1inimum Pe/Cvl Material Thickness - Metres 0.00 
Mean Top Reject Thickness - Metres 3.41 
Top Reject Standard Deviation - Metres 2.66 
Corresponding Area - Hectares ..........••.............•.......• l,747.00 
Maximum Top Reject Thickness - Metres 17.85 
Minimum Top Reject Thickness - Metres 0.00 
Mean Centre Reject Thickness - Metres 10.70 
Centre Reject Standard Deviation - Metres 6.17 
Corresponding Area - Hectares ..................•.............•. l,S53.00 
Maximum Centre Reject Thickness - Metres 37.61 
Minimum Centre Reject Thickness - Metres 0.00 
Mean Pay Zone Thickness - Metres 44.65 
Pay Zone Standard Deviation - Metres 8.40 
Corresponding Area - Hectares .................................. 2,132.00 
Maximum Pay Zone Thickness - Metres 69.50 
Minimum Pay Zone Thickness - Metres 19.00 
Mean Mining Depth - Metres 65.25 
Mining Depth Standard Deviation - Metres 12.60 
Corresponding Area - Hectares ..........•••..•.•••••....•.•••••. 2,132.00 
Maximum Mining Depth - Metres 92.00 
Minimum Mining Depth - Metres 27.00 
Average GRAMT 51S.23 
Average R-Factor 0.77 
Waste-to-Ore Ratio ....••...........•..•....•..•..••••.•••••.••••••• 0.46 
Synthetic Crude Yield at 90.2% Extraction and 
S6.8% Upgrading - Billion Barrels 
Basic Mine Life at 120,000 BPCD - Years 

LOS 
24.72 

NOTE: The data above are based on geology only, and do not include di
lution, mining loss and extra overburden removed at pit walls. 
For data influenced by mining procedures see Table 10.6-1. 
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Table 2.7-4 

ORE BODY NO. 4 GRAMT ~ 500.00 AND R-FACTOR > 0.600 

Overburden - Bank Cubic Metres 181,889,000.00 
Pe/CW Material - Bank Cubic 136,926,830.00 
Top Reject - Bank Cubic Metres 44,953,171.00 
Centre Reject - Bank Cubic Metres 65,973,347.00 
Pay Zone - Bank Cubic Metres •.•..•..•.••....••.••..•..••• 461,576,648.00 
Mean Grade - Weight Percent 12.02 
Grade Standard Deviation - Weight Percent 0.66 
Corresponding Area - Hectares 989.00 
Mean Fines Content - Weight Percent 11.91 
Fines Content Standard Deviation - Weight Percent ••...•••••..••..•• 2.65 
Corresponding Area - Hectares 989.00 
Ore Body Area - Hectares 989.00 
Mean Overburden Thickness - Metres 18.39 
Overburden Standard Deviation - Metres 7.10 
Corresponding Area - Hectares •.....•••.•...•.•.•••....•..•.•.••.. 989.00 
Maximum Overburden Thickness - Metres 33.00 
Minimum Overburden Thickness - Metres 4.00 
Mean Pe/CW Material Thickness - Metres 13.84 
Pe/CW Material Standard Deviation - Metres 7.27 
Corresponding Area - Hectares ........•••..••..........•.•...••••. 989.00 
Maximum Pe/CW Material Thickness - Metres 29.99 
Minimum Pe/CW Material Thickness - Metres 1.00 
Mean Top Reject Thickness - Metres 5.02 
Top Reject Standard Deviation - Metres 3.85 
Corresponding Area - Hectares •............•.•.•••...•.•..•.••••.. 896.00 
Maximum Top Reject Thickness - Metres 18.03 
Minimum Top Reject Thickness - Metres 0.00 
Mean Centre neject Thickness - Metres 8.13 
Centre Reject Standard Deviation - Metres 4.91 
Corresponding Area - Hectares ...............•............•.•.•..• 811.00 
Maximum Centre Reject Thickness - Metres 29.09 
Minimum Centre Reject Thickness - Metres 0.00 
Mean Pay Zone Thickness - Metres 46.67 
Pay Zone Standard Deviation - Metres 4.55 
Corresponding Area - Hectares .................•...••..•..••••.•.• 989.00 
Maximum Pay Zone Thickness - Metres 59.00 
Minimum Pay Zone Thickness - Metres 29.20 
Mean Mining Depth - Metres 71.73 
Mining Depth Standard Deviation - Metres 7.02 
Corresponding Area - Hectares .....•.••.•......••...••••••••.•••.. 989.00 
Maximum Mining Depth - Metres 92.00 
Minimum Mining Depth - Metres 47.00 
Average GRAMT 560.84 
Average R-Factor 0.75 
Waste-to-Ore Ratio ...........•.........•.•.•••..•.....•.... ~ ••.•••• 0.54 
Synthetic Crude Yield at 90.2% Extraction and 
86.8% Upgrading - Billion Barrels 
Basic Mine Life at 120,000 BPCD - Years 

0.54 
24.78 

NOTE: The data above are based on geology only, and do not include di
lution, mining loss and extra overburden removed at pit walls. 
For data influenced by mining procedures see Table 10.6-1. 



RHEINBRAUN - Consulting Gmb H -------------------------------------TECHMAN LTD. 

2-19 

creasing fines contents. If an ore body were defined using incremental 

criteria alone, significant oil sands reserves would remain in place and 

would likely be rendered unrecoverable. 

The use of cut-off criteria provides a means of delineation which can 

serve as the first approximation in defining pit boundaries. On a re

gional map the factor used would represent a characteristic of the 

materials vertically underlying a specific point. Parameters establish

ed on this basis would be helpful in optimizing the ore bodies. Ore 

bodies in this study were delineated using primarily R-Factor and GRAMT. 

The average geologic R-Factors (indicators of mining cost) for Ore 

Bodies lA, 18, 2 and 4 are 0.75, 0.66, 0.77 and 0.75 respectively. The 

mining R-Factor which reflects the influences of the pit slope, pit per

imeter and overburden depths of Ore Bodies No.1, 2 and 4 are 0.60, 

0.69, and 0.69 respectively. For Ore Body No.2, only the ratio for the 

dragline mine plan is supplied, the dragline plan having been based on 

updated geology. The average geologic R-Factor for the three Ore Bodies 

is 10% higher than the mining R-Factor calculated after mine planning. 

The validity of regional indicators in accurately delineating mining 

areas should be clearly understood by the user before these tools are 

used for ore body definition and regional planning. For example, use of 

GRAMT may not necessarily delineate the most desirable ore body for a 

single bench dragline operation. GRAMT is influenced by oil sand grade 

as well as pay zone thickness, and an ore body with high GRAMT may in

clude areas of oil sands too deep to be mined by a single bench dragline 

operation. 

When an ore body is delineated using an economic cutoff, ore along the 

boundaries may be rendered unrecoverable, especially if the mine is com

pletely backfilled. To fairly treat this loss, a method of accounting 

must be developed that penalizes the value of the delineated ore. Such 

appraisals can be done effectively only by using a regional development 

planning approach designed to optimize the total or overall recovery of 

the Athabasca oil sands deposit. 
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Appendix to Section 2.0 

Ie GEOLOGICAL CROSS SECTIONS 

The geological cross sections (under separate cover in Volume II) were 

drawn on a horizontal scale of 1:10,000 and a vertical scale of 1:1,000. 

The geological interpretation was based upon the following information: 

aerial photographic mosaic complete with 5 m contour interval topogra

phy, scale 1:25,000, compiled by Northwest Survey Corporation (Yukon) 

Ltd. and Surveys and Property Branch, Alberta Transportation, 1976. 

- ERCB drill hole data interpreted by Techman/RC. 

The geological interpretation was carried out on a straight-line basis. 

On the geological cross-sections the following abbreviations were used 

for the geological formations of the study area: 

Geological Formation 

Pleistocene Material 

Clearwater Formation 

Top Reject Zone 

Pay Zone 

Centre Reject Zone 

Bottom Reject Zone 

Water Sands (Aquifer) 

Devonian Limestone 

Abbreviation 

Pe 

Cltl 

TR 

PZ 

CR 

BR 

WS 

Dn 

The drill hole numbers were shown at the bottom of the drill holes: the 

first two digits indicate the L.S.D. of a Section and the last two di

gits the Section of a Township. 
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II. DEFINITIONS OF TECHNICAL TERMS 

1. Overburden (DB) - Pleistocene material (Pe), sands and clays of the 

Clearwater Formation (CW), and low-grade oil sands (top reject) 

above the uppermost pay zone. 

2. Oil Sands Cut-off Grade - 5% bitumen saturation by weight. 

3. ~zone (pI) - all oil sands zones defined as follows: 

(a) > 5% bitumen and > 5 feet zone thickness 

(b) < 5% bitumen and < 5 feet zone thickness, 

provided that condition (a) prevails both 

above and below this zone. 

4. Net Pay Zone Thickness - accumulated thickness of pay zones. 

5. Reject - all oil sands zones defined as follows: 

(a) < 5% hitumen and> 5 feet zone thickness 

(b) > 5% bitumen and < 5 feet zone thickness, 

provided that condition (a) prevails both 

above and helow this zone. 

6. Top Reject OR) - lean oil sands «5% bitumen) above the uppermost 

pay zone. 

7. Centre Reject (CR) - lean oil sands «5% bitumen) 5 feet or more in 

thickness between two pay zones. 

8. Bottom Reject (BR) - lean oil sands «5% bitumen) below the lower

most pay zone. 

9. Mining Depth - total thickness of all ore grade and waste materials 

from ground surface to the top of the bottom reject zone. 
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10. GRAMT - an oil sands quality designation of average oil sands grade 

multiplied by the oil sands thickness, i.e. average bitumen satura

tion of pay zone in weight % (GRA) x pay zone thickness in meters 

(MT). 

11. Surface Mineability Factor (S.M.F.) - an ERCB oil sands quality 

relationship calculated from the following equation: 

S.M.F. = S 
------~~~~~ 
1 + 0.9 (Tw/To) 

where S = bitumen saturation in weight % 

Tw = total waste thickness 

To = total plant feed thickness (net pay zone thickness) 

The ERCB suggests that S.M.F. relationship may be used to 

characterize the relat ive quality of potentially surface mineable 

oil sands deposits. 

Techman/RC Surface Mineability Factor (T.S.M.F.) 

T.S.M.F. = S 
I + o.i (OB + CR) 

PZ 

12. R-Factor - A Syncrude-developed criterion for oil sands recoverable 

by mining: 

R-Factor = Volume of Bitumen in Plant Feed (bbls) 
Volume of Total Material Moved (cuhic yards) 

= d x g x 9.55 
D 

where d = thickness of oil sands 

g = oil sands grade in weight % 

D = mining depth 

9.55 = weight of cubic yard of oil sands = 
weight of one barrel of bitumen 

1.5309 tonnes 
0.1603 tonnes 
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R-Factor quality scale*: 

Above 1.0 - choice mineability 

0.75 - gaud mineability 

0.50 - fair mineability 

0.25 - marginal mineability 

Below 0.25 - unattractive mineability 

i~ taken from lilndustrial Development Study for Northeast 

Alberta Regional Plan il
1 Hydrocarb Consultants Ltd., 

February, 1975. 

13. Waste-Ore Ratio -

Waste-Ore Ratio = 

Volume Overburden (incl. Top Reject) + Volume Centre Reject 
Volume of Pay Zone 
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III. GENERAL MATERIAL CHARACTERISTICS 

1. In situ Bulk Densities 

- Pleistocene material (sands, gravels, silts, tills), 

Clearwater Formation (shales, mudstones, siltstones, sandstones), 

Oil Sands*: 1251bs./b.c.f. 

125 Ibs./b.c.f. = 3,375 Ibs./b.c.y. - 1.6875 short tons/b.c.y. 

= 1.5309 tonnes/b.c.y. = 2.0023 tonnes/b.m 3 

* Application to the Alberta Oil and Gas Conservation Board by 

Atlantic Richfield Company, Cities Service Athabasca, Inc., 

Imperial Oil Company, Limited, and Royalite Oil Company, Limited, 

May 1968. 

- Crude Bitumen: 1,008 kg/b.m3 

The density of crude bitumen is variable with typical values in 

the range of 986 kg/b.m3 (12° A.P.I.) to 1,030 kg/b.m3 (6° 

A.P.I.). The mean density of 1,008 kg/b.m 3 is generally accept

ed by the oil sands industry: 

1 barrel = 42 U.S. gallons = 5.6146 b.c.f. = 0.1590 b.m3 

= 160.272 kg = 353.3 lbs. = 0.1767 short tons = 0.1603 tonnes 

- Synthetic Crude Oil: 300 lbs./bbl. at 33.6° A.P.I.*** 

1 barrel = 42 U.S. gallons = 5.6146 b.c.f. = 0.1590 b.m3 

= 136 kg = 300 lbs. = 0.150 short tons = 0.1361 tonnes 

*** T echman/RC 
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2. Swell and Load factor**** 

- Overburden (mostly Pleistocene) 

Oil Sands in stockpiles, centre reject 

- Oil Sands on conveyors, in buckets 

**** Techman/RC 

3. Bulk Densities of Excavated Materials 

- Overburden: 103.75 1bs./l.c.f. 

Swell 

20% 

39% 

Load factor 

0.83 

0.80 

0.72 

103.75 Ibs./l.c.f. = 2,801 Ibs./l.c.y. = 1,400.5 short tons/l.c.y. 

= 1,270.5 tonnes/l.c.y. = 1.6618 tonnes/l.m3 

- Stockpiled Oil Sands: toO Ibs./l.c. f. 

100 Ibs./l.c.f. - 2,700 Ibs./1.c.y. = 1,350 short tons/l.c.y. 

= 1,225 tonnes/l.c.y. = 1.6022 tonnes/l.m3 

90 Ibs./l.c.f. = 2,430 Ibs./l.c.y. = 1.215 short tons/l.c.y. 

= 1.102 tonnes/l.c.y. = 1.4413 tonnes/l.m3 

4. Composition of In situ Oil Sands 

The oil sands of the Athabasca region of Alberta have been described 

as a four-phase hydrocarbon solid composed of crude bitumen, water, 

solids (mineral component) and gas (uaually methane). A typical 

weight percent analysis of in situ sands would be as follows: 

bitumen: 12% 

water: 4·% 

solids: 84% 
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The fines are defined as the solid material in the oil sands which 

will pass a 325 mesh sieve (-44 microns). Syncrude Canada Limited 

defines the "fines content" as the weight percent of -325 mesh 

material in the mineral component. For the purposes of this study 

the relationship between fines content and bitumen saturation for in 

situ oil sands is as follows: 

fines content = (-4 x oil sands grade) + 60% 

Example: for oil sands with an 11% grade, the fines content should 

be: (-4 x 11%) + 60% = 16% 
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IV. SAMPLE OF SIMPLIFIED RESERVE CALCULATION (BASED ON ORE BODY NO.2) 

For calculation purposes, the abbreviations DB, CR and PZ designate 

total formation thickn!~,,!» 

1. Area: 19,667,803 m2 = 1967 Hectares 

2. Drill Hole Density: 1967 Hectares = 68 Hectares/hole 
29 Holes 

3. Total Waste Thickness: DB + CR = 11.26 + 8.95 = 20.21 m 

4. Mining Depth (MD): DB + PZ + CR = 11.26 + 46.87 + 8.95 = 67.08 m 

5. Fines Content: (-4 x Grade) + 60% = 
(-4 x 11.99%) + 60% = 12.04% 

6. Waste - Ore Ratio: DB + CR = 11.26 m + 8.95 m = 0.43 
------~-- --------------

PZ 46.87 m 

7. GRAMT: Grade x PZ = 11.99 x 46.87 = 561.97 

8. R-Factor: PZ x Grade x 9.55 = 46.87 x 0.1199 x 9.55 = 0.80 bb1s./b.c.y. 
MD 67.08 

9. T.S.M.F.: Grade = 11.99 = 11.99 = 8.64 ---
1 + 0.9 ~~_",=-__ ~13_1 I + 0.9 x 0.43 1.39 

PZ 

10. Overburden Volume: Area x OB = 
19,667,803 m2 x 11.26 m = 221.5 x 106 bm3 

11. +5% Oil Sands Volume: Area x PZ = 
19,667,803 m2 x 46.87 m = 921.8 x 106 bm3 
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12. Oil Sands Weight: Volume x 2.0023 tonnes/m3 

921.8 x 106 bm3 x 2.0023 = 1,845.8 x 106 tonnes 

13. Center Reject Volume: Area x CR = 
19,667,803 m2 x 8.95 m = 176.0 x 106 bm3 

14. In situ Bitumen Reserve: Oil Sand Weight x Grade 

1845.8 x 106 tonnes x 11.99% 

= 221.3 x 106 tonnes 

15. Orebody Life at 60,000 BPCD 

As sump t ions: 

• Mining Recovery = 100%, i.e. no mining losses or dilution 

· Extraction Plant Recovery = 90.2% 

Synthetic crude/Bitumen ratio = 0.868 

· Plant Production = 100% capacity 

221.3 x 106 tonnes x 0.902 x 0.868 = 49.4 years 
60,000 BPCD x 0.1603 Tonnes/bbL x 365 c. days/year 

16. Ore Body Life at 120,000 BPCD = 49.35 = 24.7 years 
2 

17. Ore Body Life at 240,000 BPeD = 24.68 = 12.3 years 
2 



RHEINBRAUN - Consulting Gmb H -------------------------------------TECHMAN LTD. 

3-1 

3.0 REVIEW OF INFORMATION CONCERNING SELECTED MINING AREA ---------

j.l GEOMORPHOLOGy1 ,2 

The sequence of glacial events which has occurred within the Athabasca 

oil sands region is represented (Table 3.1.1-1) by a series of glacial 

advances and retreats resulting in the deposition of the various strati

graphic units. The glaciers advanced and retreated an unknown number of 

times to deposit the undifferentiated till and stratified sediments 

which precede the deposition of an unnamed till. Subsequent glacial ad

vances, probably from the east or east-north-east, deposited the unnamed 

till. A further advance from the northeast deposited the Firebag till 

and left the large kames present in the study area. The Fort Hills till 

was deposited by yet another subsequent advance of ice from the north. 

As the ice in the Clearwater River system melted, the glacial lakes for

med by ice blockage receded and extensive outwash deposits were built up 

by streams flowing southward from the Fort Hills ice sheet over the 

glaciolacustrine sediments. A series of meltwater channels draining 

northward formed along the Athabasca Valley. Recent deposition and ero

sion following deglaciation resulted in further modification to the land 

surface. 

3.1.2 GLACIAL STRATIGRAPHY 

The stratigraphic units within the region consist of preglacial gravels 

and sands, tills, stratified deposits and recent sediments (see Table 

3.1.1-1) 

Little evidence of preglacial sediments is found in the study area. The 

presence of sand and gravel cappings on Muskeg Mountain is possible but 

uncertain due to lack of reliable drilling. The existence of undiffer

entiated till and stratified sediments is also uncertain; however, they 
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are inferred to be present in areas of thick glacial driFt on the slopes 

of Muskeg Mountain. 

An unnamed till has been identified in surface exposures and drill holes 

to the south and west of the study area. The till is a silty to sandy 

loam and the coarse sand fraction is high in crystalline grains and low 

in carbonates. The till is dark grey when wet and unoxidized, and con

tains a moderate percentage of clasts. 

The F i rebag till outcrops extensively along the F i rebag Ri ver to the 

northeast of the study area. It forms the surface till over most of the 

area south of the Fort Hills. The Firebag till is overlain by strati

fied sediments interpreted to be younger than the Fort Hills till; their 

texture is loam to sandy loam. The coarse sand fraction is relatively 

low in crystalline grains, high in quartz and contains appreciable car

bonate grains, primarily dolostone. The till is dark grey to dark grey

brown when wet and unoxidized, and contains a relatively high percentage 

of clasts 0 It is commonly sandier when it directly overlies the 

McHurray Formation and becomes quite bituminous near the contact with 

oil sands. 

The presence of lower stratified sediments between the Firebag and Fort 

Hills tills has not been clearly demonstrated. The kames east of the 

Fort Hills were deposited by the Firebag Glacier. 

The Fort Hills till occurs to the north of the study area and may also 

occur south of the Fort Hills. This till is absent at higher elevations 

indicating that the suggested re-advance of the Fort Hills Glacier may 

have only been local. The till is dark grey or pinkish grey when wet 

and unoxidized, and commonly contains a relatively low percentage of 

clasts. Thin lenses of lacustrine silts and clays or glaciofluv ial 

sands are common in the unit. The coarse-sand fraction of this till is 

lower in quartz grains and higher in carbonate grains than older tills; 

it is commonly less crystalline than the unnamed till. 
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TABLE 3.1.1-1 

GLACIAL STRATIGRAPHY IN VICINITY OF STUDY AREA 

ERA 

= ....... 
= :z: 
UJ 
~ 

PERIOD 

Guate rna ry 

? 

Tertiary 

Cretaceous 

DESCRIPTION OF UNITS 

Recent sediments: includes lacustrine, alluvial and 
aeol ian deposits and muskeg. 

Mel·twater channel possibly early Athabasca River 
sediments alluvium. 

Upper strati fied outwash deposi ts 
sediments glaciolacustrine deposits 

Fort Hills till 

Lower stratified 
sediments (n 

F i rebag till 

Unnamed till 

Fort Hi I Is kame moraine deposits 

mi xed gl aci 0 I acust r i ne deposi ts 

gl aci 0 I acust r i ne deposi ts 
g I a c i 0 fI u v i a I d ep 0 sit s 

Undi fferentiated ti II and strati fied sediments 

Saskatchewan gravels 
and sands 

P regl aci al gravel s 
and sands 

primarily quartzite with minor 
chert, ironstone, coal 

fragments and clay lumps 

Sandstones, si I tstones and shal es. 

1 
After McPherson and Kathol 

Prepared for Alberta Department of The Environment 
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Upper stratified sediments are ussociated with the melting of the Fort 

Hills ice sheet and include the Fort Hills kame moraine complex to the 

north east of the study area, mixed glaciolacustrine sediments and out

wash sand. The kame moraine marks an ice frontal position of the Fort 

Hills ice advance. The defJo<Ji La comprise stratified si its and fine-

grained silty sands. Rock fragments coarser than sand are present but 

uncommon. Lenses and layers of pink-grey glaciolacustrine sediments are 

present below, within and above the kame. The matrix of the mixed 

glaciolacustrine sediments ranges from a heavy clay to a loam sand. The 

mixed sed im:~nts contain a high percentage of till-like materials and 

frequently show well-developed stratification. The outwash deposits 

which consist primari ly of fine- to medium-grained sand overlie the 

glaciolacustrine sediments over much of the region. Sand and gravel 

occur Iv i Ul in the ouhvHsh dapos i ts as d i.scontinuous bars and channels. 

Lense~; of p ink-fJrey (JIae i IJ laelJ~;t ri ne sed iments and t ill fragments are 

also found in the outwash. Between the Fort Hills and the Firebag 

River, the Otltwash t;xc{;t;d~; 45 m jn thickness. 

HeHwater channel s(;dimellLs typjcally occur along the sides of the 

Athabasca Ri ver va ll(~y below an (; levation of 312 m. 

3.1.3 SURFICIAL GEOLOGY ----------- -----

The study area forms part of a dissected highland or tableland underlain 

by nearly flat-ly ing shales, sandstones and 1 imestones. Bedrock expo

sures are scarce due to the widespread cover of glacial and postglacial 

deposits. The glacial dr i ft is generally of low relief, except where 

kame deposits occur. 

The surficial materials within the study area are of glacial, glacioflu

vial, glaciolacustrine, aeolian, lacustrine, alluvial, and organic ori

gin. The location and areal extent of these deposits within the study 

area is illustrated on Drawing No. F22910-04-00, 'Surficial Geology, 

Hydrology and Topography, Ore 80dies No. 1 and 2' and Drawing No. 

022910-05-00, 'Surficial Geology, Hydrology and Topography, Ore Body No. 

4' . 
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a. Glacial Deposits: 

Glacial deposits, in the form of till, are exposed predominantly on the 

flanks of major bedrock uplands, but are known to underlie most of the 

area. The tills consist of a heterogeneous mixture of silt, clay, sand, 

gravel and boulders; however, the till matrix « 2 mm) is generally loam 

to sandy loam. The surface till has a local relief of less than 6 m. 

In the study area, the till forms a level to gently undulating plain on 

the flanks of the Muskeg Mountain Upland, and is characterized by small 

knobs and kettles with a few small till ridges, aligned knobs and flut

ing. Thickness of surficial materials on the slopes of Muskeg Mountain 

commonly ranges from 15 to 45 m, with a maximum depth of 140 m. There 

is evidence that the surface of the till has been modified by a glacial 

lake (or lakes). 

b. Glaciofluvial Deposits: 

Glaciofluvial deposits include sediments deposited by glacial meltwater 

strewns. They are present in the study area as kames or kame moraines, 

and outwash sands. 

Kames and Kame Moraines: The kames and kame moraines are mound-like 

hills of stratified ice-contact drift. The three kame deposits with-

in or immediately adjacent to the study area are: a kame moraine 

ridge situated along the northern lobe of Ore Body No.2; a kame com

plex, which is partially eroded, to the south and west of Ore Body 

No.4; and a major kame complex (the Fort Hills) to the northwest of 

the study area. The distribution of material comprising these kame 

deposits is not well known but appears to consist primarily of sand, 

silt and till. The tills associated with these deposits are commonly 

sandy. Lenses and layers of clay and gravel can also be expected in 

these glaciofluv ial deposits. Commonly, a layer of sand and silt 

overlies till layers of variable thickness and extent. The till lay

ers are often separated by layers of sand. It is uncertain whether 

the kame sediments extend only to the uppermost till or whether much 

of the till occurs as lenses and pockets within the kames. 
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The kame moraine near Kearl Lake covers an area of approximately 6.4 

km 2 and has an elevation of up to 350 m or 20 m above adjacent ter

rain. The moraine once marked the shoreline of a glacial lake as 

evidenced by beaches developed along the northwest side of the ridge. 

The kame moraine comprises variable amounts of sand and till. 

The Fort Hills kame deposit northwest of Ore Body No. 4 is up to 70 m 

thick and the top of kame moraine near Kearl Lake is up to 120 m 

thick. 

Outwash Sand: Outwash sand is the most common surface sediment in 

the study area and is deposited in the vicinity of the proposed tail

ings pond area for Ore Body No.2, across the southern lobe of Ore 

Body No. 2 and north of Ore Body No.4. The original depositional 

surface was flat with local relief generally less than 4.6 m result

ing from bars, discontinuous terraces, complex "braided stream" pat

terns, possible buried ice blocks (which subsequently melted) and oc

casional sinkholes. The depositional surface has been further modi

fied by the presence of discontinuous aeolian and muskeg deposits, 

and postglacial erosion. The outwash sand is generally very fine- to 

fine-grained, with coarser sand, gravel, till fragments, silt and 

clay being present in minor amounts. The sand also commonly contains 

re-worked bitumen. The thickness of the outwash sand is quite vari

able, but in this region ranges between 6 and 9 m. 

c. Glaciolacustrine Deposits: 

The glaciolacustrine deposits, which are fairly extensive in the study 

area, are classified as mixed deposits. The lithology of these deposits 

is quite variable, but they generally consist of stratified sand, silt, 

clay, and till or till-like material. These deposits are situated near 

Kearl Lake (overlying portion of Ore Bodies No. 1 and 2), and on the 

north-west flanks of Muskeg Mountain (extending partially across the 

southeast portion of Ore Body No.1). The local relief is flat to 
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gently undulating (generally less than 3 m or 10 ft.). The original 

surface of deposition is masked in some areas by a discontinuous cover 

of muskeg or recent lacustrine or aeolian deposits. The individual lay

ers pinch out both horizontally and vertically over relatively short 

distances. Slump and flow structures are also common. 

Glacial Shorelines: Shoreline features representing remnants of gla

cial lakeshores are present on the flanks of Muskeg Mountain and the 

kame northeast of Kearl Lake. The beach ridges are commonly 30 m 

wide and range in length from 100 m to over 16 km. These features 

consist mainly of sand. 

d. Recent Deposits and Features: 

Recent deposits and features, formed subsequent to deglaciation of the 

region, are common in the study area. The deposits have formed as a re

sult of subaerial geologic and climatic processes and are classified as 

aeolian, lacustrine and organic deposits. Erosional features are pre

dominantly colluvial or alluvial in origin. 

Aeolian Deposits: Aeolian deposits occur where glaciofluvial sand 

constitutes the main surface material. These deposits form a discon

tinuous cover in dune and/or sheet form. Within the study area, they 

are most prevalent to the northeast of Ore Body No. 2 (in the vicin

ity of the proposed tailing pond). The deposit consists of well

sorted, fine- to medium-grained sand (mainly quartz). 

Lacustrine Deposits: Within the study area, recent lacustrine depo

sits are most prevalent around Kearl Lake, although smaller local de

pressions contain minor quantities of lacustrine sands, silts, and 

clays. The lacustrine deposits have a high organic content, and may 

contain muck and marl. 
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Alluv ial deposits within the study area consist 

of silt and clay deposited along recent streams to depths of less 

than 3 m. Minor lenses of sand and gravel within the silt and clay 

are common. Within the study area, these deposits are present in the 

lower reaches of the minor drainages originating on the flanks of 

Muskeg Mountain, and in the stream channels of the Muskeg River, the 

Firebag River, and Hartley Creek. 

Organic Deposits: Organic deposits or bogs (muskeg) are widespread 

and cover at least half the study area. Muskeg forms a fairly contin

uous cover in areas east and south of Kearl Lake (partially covering 

Ore Body No.1), and in a wide band adjacent to the Muskeg River. 

Smaller areas of continuous "muskeg occur adjacent to Hartley Creek, 

near the southern limit of Ore Body No.2, and within and adjacent to 

Ore Body No.4. Discontinuous but extensive muskeg areas overlying 

outwash sand and glaciolacustrine sediments are present throughout the 

study area. The muskegs are generally less than 3 m thick, and may 

extend to a depth of 9 m. The areal extent of a muskeg deposit does 

not necessarily reflect the depth of the deposit. Muskeg has been 

observed to be frozen at depth in late summer. 

Erosional Features: Eroded slopes, gullies, and stream valleys are 

present on the flanks of Muskeg Mountain. Slope materials include 

surficial or bedrock deposits over lain by a discontinuous cover of 

colluvium. 
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The lowest stratigraphic sequence within the study area consists of met

asedimentary and granitic rocks of Precambrian age (figure 3.2-1), 

Approximately 150 m of Devonian carbonates and evaporites over lie the 

Precambrian basement. The Cretaceous oil-bearing McMurray Formation un

conformably overlies the Devonian sequence. At the surface, a thin lay

er of glacial and younger materials overlies the Cretaceous rocks. 

Oil sands of economic value are contained within the Cretaceous McMurray 

Formation. In the Athabasca region north of Fort McMurray, the McMurray 

Formation occurs ve~y close to the surface, and over much of the study 

area sub crops directly below the Pleistocene surficial materials. The 

proximity of the oil sands to the ground surface makes these deposits 

amenable to extraction by mining methods. However, only a small fraction 

of the total oil sands reserves are surface mineable. 

3.2.1 PRECAMBRIAN -------

The Precambr tan rocks, consisting of granit ic plutonic rocks with some 

granite gneiss and metasedimentary rocks, form the impermeable basement 

within the study area. The Precambrian surface has considerable local 

re lief, and a southwesterly regional slope of approximately 5.7 m per 

km, as shown in Figure"). 2 .1-1. 

3.2.2 PALEOZOIC 

The Paleozoic stratigraphic section is represented by a carbonate-shale

evaporite sequence of Middle and Upper Devonian age. The Paleozoic 

rocks form a southwest-dipping monoclinal structure with a north-north

west strike. Superimposed upon the monoclinal structure are local anti

clines, synclines, terraces, and some faulting related to basement fea

tures or to later events. 
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Middle Devonian 

The Middle Devonian rocks within the study area are contained within the 

Elk Point Group, consisting of the LaLoche, McLean River, Methy, and 

Prairie Evaporite Formations. 

The LaLoche Formation is equivalent to a "granite wash" and consists 

mainly of feldspathic and gritty sandstones which unconformably overlie 

the Precambrian surface. Its thickness varies from zero to 40 m. 

The McLean River Formation is predominantly a dolomitic sandstone with 

interbeds of silty and sandy shale, mudstone, and thin beds of anhydrite 

and gypsum. Its thickness varies from 18 to 49 m. 

The Methy Formation is composed mainly of dolomites and exhibits bio

thermal reef buildups to as much as 82 m in thickness. 

The Prairie Evaporite Formation is predominantly halite, but significant 

amounts of anhydrite, gypsum, and silty shale are also present. The 

formation varies in thickness (within the region) from zero in the east

ern portion of the Athabasca oil sands to approximately 245 m in the 

western portion. Formation thinning in the east is a result of both de

posi tional thinning and post-depositional dissolution of the salt by 

groundwater (mainly from within the underlying Methy Formation). Col

lapse of overlying units has resulted where dissolution and removal of 

salts have occurred. Continued subsidence and generation of highly 

saline groundwater present significant geotechnical problems to poten

tial oil sands operations. 

Upper Devonian 

The Upper Devonian rock units consist of the Waterways Formation (Bea

verhill Lake Group) and the underlying Slave Point Formation. 

The Slave Point Formation is relatively thin (less than 15 m) and con

sists of limestone and dolomitic limestone. 
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The Waterways Formation, which consists primarily of shale and shaley 

limestone, is subdivided into five members (in ascending order: the 

Firebag, Calumet, Christina, Moberly and Mildred Members). Its thickness 

varies from zero (along its eastern sub crop edge near the C~'lnadian 

Shield) to 215 m (in the west). This formation underlies the entire 

study area and forms the bedrock surface along the Athabasca lowland, 

south of Fort MacKay and to the south and north of the study area. The 

formation crops out locally along the lower reaches of the Muskeg and 

Firebag Rivers. 

The Firebag Member consists of approximately 52 m of shales and 

argillaceous limestone which paraconformably overlie the Slave Point 

Formation and conformably underlie the Calumet Member. 

The Calumet Member is about 30 m of resistant, fine-grained and clastic 

limestone, sharply bounded above and below by shales. 

The Christina Member is rJef ined as approximately 27 m of argillaceous 

limestone and shale lying above the Calumet Member. In one locality in 

the Athabasca oil sands, the Calumet Member is unconformably overlain by 

the McMurray Formation. 

The Moberly Member is dominantly clastic limestone approximately 60 m 

thick. Outcrops of this member are numerous along the Athabasca River 

and along lower reaches of the Muskeg and MacKay Rivers. The member be

comes more shaley towards the top, which represents an erosion surface 

throughout most of the Clearwater-Athabasca River area. It is uncon

formably overlain by the McMurray Formation, with progressively younger 

beds overlapped from east to west. 

The Mildred Member is about 43 m thick and consists of greenish-grey 

calcareous shale, argillaceous limestone, and some pale-brown clastic 

limestone. This member does not outcrop within or adjacent the study 

area. 
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The Waterways (Devonian) surface exhibits classic karst topography with 

blind valleys, internal drainage sinks, pinnacles and sharp ridges. The 

complex configuration of the Waterways surface had a strong influence on 

the deposition of the overlying McMurray Formation. The lower contact of 

the oil sands is highly irregular, and requires extensive drilling to 

closely define the oil sands reserves. 

3.2.3 MESOZOIC 

The Mesozoic rocks in the study area are represented by the McMurray and 

Clearwater Formations (and Grand Rapids Formation outside of ore body 

limits) of Cretaceous age which unconformably overlie the Waterways For-

mation. The profound influence of the pre-Cretaceous topography on 

Mesozoic sedimentation is lessened, since the landscape was buried, and 

the influence is not readily noticeable in the strata - above the over

lying Middle Clearwater Formation. 

The McMurray Formation, consisting of bitumen-impregnated sand, subcrops 

under all of the study area except the lower slopes of Muskeg Mountain 

to the southeast. The McMurray Formation has been divided into four in

formal stratigraphic units: pre-McMurray beds, lower, middle, and upper 

units. The McMurray Formation is believed by some authorities to be of 

deltaic origin with beds of the middle unit being primarily foreset beds 

and beds of the upper unit large topset beds. 

The pre-McMurray beds represent remnants of a coarse-grained quartzose 

sandstone, cemented by silica and goethite which appear to unconformably 

underlie the McMurray Formation. 

The lower unit of the McMurray Formation is comprised of lenticular beds 
\ 

of trough cross-stratified conglomerates, sand, shale, and silt which 

occupy the deeper depressions on the pre-Cretaceous erosion surface. 

Basal strata consist of residual clays derived from weathering of the 

Waterways limestone. 

The clays (mineral portion of these strata) consist of illite, kaolin-

ite, vermiculite, and mixed-layer clays. The clays, which have been 



RHEINBRAUN - Consulting Gmt> H -------------------------------------TECHMAN LTD. 

3-15 

noted in thicknesses up to 30 m, are overlain by conglomerate, sand, and 

some shale and silt. The coarse-grained sands often contain large wood 

fragments, well-rounded quartz grains, numerous feldspar cleavage 

fragments and minor amounts of mica. In some places, the sand contains 

only fresh water (basal water sands); elsewhere it is impregnated with 

bitumen (oil sands). 

The middle unit of the McMurray formation generally lies between 229 and 

286 m above mean sea level. The unit consists mainly of oil-impregna-

ted, fine-grained, well-sorted quartz sand. Lenticular beds of silts, 

shales and clays are interbedded within the sands. Cross-stratification 

of sand beds (decimetres to metres thick) dips at 8 to 120 on the aver

age, but angles approaching 400 have been observed. 

The upper unit of the McMurray formation consists of generally horizon

tally-bedded fine-grained sands, sandy silts, silts and intraformational 

sil ty clay beds. Kaol inite and illite are the primary clay minerals. 

Large shallow channels or scours filled with silts and siderite-cemented 

siltstones are also present. 

The McMurray surface is quite high in the southeast half of the study 

area and exceeds elevation 335 m east and southeast of the study area. 

The surface drops off irregularly to form a trough-shaped low along the 

Athabasca River to the west. The highs in the McMurray surface are 

coincident with highs in the under ly ing Waterways surface. The slopes 

of the McMurray surface overall are generally quite low, being consider

ably less steep than most slopes on the underlying Waterways surface. 

In general, the overburden (all sediments overlying the McMurray forma

tion) is thick where the formation is overlain by both younger Creta

ceous sediments and surficial deposits. On Muskeg Mountain, southeast 

of the study area, the overburden, inc Iud ing the Clearwater and Grand 

Rapids formations, attains a thickness of up to 200 m. The overburden 

is generally the thinnest in the vicinity of the ore bodies, where the 

McMurray Formation subcrops directly below the surficial materials. The 

overburden is thick where large kame moraines occur, such as immediately 

west of Kearl Lake between Ore Bodies No.1 and 2. 
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The Clearwater Formation, which overlies the McMurray Formation, is 

dominantly grey to grey-black shale, and commonly contains varying 

amounts of sand, silt, indurated siltstone, ironstone layers, and gypsum 

crystals. The Wabiskaw Member, found at the base of the Clearwater 

Formation, consists of a thin bed of glauconitic sandstone of fine to 

medium grain size, and contains varying proportions of silt and clay. 

In some localities, the Wabiskaw Member is oil-bearing. The edge of the 

Clearwater subcrop trends northeasterly-southwesterly, intersecting the 

southeastern edge of Ore Body No.1. Erosional remnants of the 

Clearwater Formation may be present elsewhere in the study area. 

In the study area, the Grand Rapids Formation is present only on the 

flanks of Muskeg Mountain. The dominant lithology is a "salt and pep

per" sandstone; however, siltstone and shale layers are common. This 

unit is of little or no concern to this study. 
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HYDROGEOLOGy2 ,4,5,6,7,8 

The following section of the report presents a hydrogeologic model of 

the regional groundwater system vdthin the Athabasca Oil Sands region. 

Each stratigraphic unit from the Precambrian up to and including the 

surficial deposits is discussed relative to its hydrogeological signifi

cance~ with special reference to the study area. Detailed geological 

descriptions of the stratigraphic units have been presented in Section 

3.2. The subject of mine dewatering as it affects the development and 

subsequent reclamation of an oil sands mine is discussed in Section 5.3, 

Tailings Disposal Techniques. 

3.3.1 PRECAMBRIAN 

The Precambrian rocks are assumed to form an impermeable basement 

throughout the study area, and are not of immediate concern to this 

study. 

3.3.2 PALEOZOIC 

The Paleozoic rocks are generally divided into two hydrostratigraphic 

units: the Middle Devonian represented by the Prairie Evaporite, Methy, 

McLean River and LaLoche Formations (as shown in Figure 3.3.2-1); and 

the Upper Devonian, which includes the Beaverhill Lake Group (Waterways 

Formation) and the Slave Point Formation. 

Middle Devonian Hydrostratiqraphic Unit 

The LaLoche Formation is known to be permeable and porous, and con

tains salt in at least one location in the Athabasca Oil Sands. The 

formation is considered to be an aquifer of sporadic distribution and 

is not of direct concern to this study since it is located far below 

any zone of influence important to surface mining operations. 

The McLean River Formation is relatively impermeable and acts as a 

cap rock or confining bed for any groundwater movement in the under

lying LaLoche Formation. 
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The Methy Formation is very porous and permeable where reefal build

ups are present. The formation waters are usually highly saline and 

under high hydraulic head. The reefal facies appear to be more pre

valent toward the eastern portion of the Athabasca Oil Sands deposit 

(i.e. the vicinity of the study area). Although not likely, there is 

a possibility that the highly saline waters could flow upward into 

higher porous units and eventually reach surface oil-sands mining 

operations (Figure 3.3.2-1). Limited deep-well waste disposal might 

be considered in this unit because of its high porosity and permea

bility. However, the likelihood of a hydrogeological connection with 

overlying units should be determined in advance. It is possible that 

the Methy Formation subcrops beneath beds of the Lower McMurray water 

sands in the study area, or possibly on the slopes of Muskeg Moun

tain. Farther east, the Methy Formation may subcrop directly below 

the surficial glacial deposits. To the east of the study area, the 

Methy Formation may be recharged directly from the surface. Informa

tion in the vicinity of the study area (east of the Athabasca River) 

indicates that piezometric heads in the McMurray Formation are only 

20 m higher than those in the Methy Formation. Dewatering of the 

McMurray Formation and subsequent surface mine development would re

duce McMurray heads below those in the Methy Formation. Thus stres

ses set up by the removal of water in the overlying McMurray Forma

tion could result in floor heave in the pit bottom and may cause a 

subsequent breakthrough. The thinning of the protective overburden 

over the high-pressure reefal Methy Formation in the study area fur

ther increases the likelihood that uplift pressures from groundwater 

in the Methy reefs could be strong enough to cause development of 

fractures and subsequent release of saline water into mine openings 

and hence to the surface. 

The Prairie Evaporite Formation is significant to the regional move

ment of groundwater, as major collapse structures resulting from dis

solution of salt beds have affected the stratigraphy and structure of 

the overlying beds. Salt dissolution within the Prairie Evaporite 

Formation is believed to have commenced during Devonian times and 

continued to the present day. Within the study area, the Prairie 



RHEINBRAUN - Consulting Gmb H -------------------------------------------TECHMAN LTD. 

3-20 

Evaporite Formation has thinned partly as a result of salt 

dissolution, but also because of a depositional 

eastern portion of the Athabasca oil sands region. 

thinning in the 

The salt beds of 

the Prairie Evaporite Formation surround the porous and permeable 

dolomi tes of the Methy Formation which contain water under high 

pressure; when undisturbed the salt formations act as confining beds. 

In cases where the salt has been removed by dissolution, disturbance 

of the overlying beds could result in a hydraulic connection between 

upper and lower aquifers, allowing release of highly saline water 

upwards from the Methy Formation. 

The hydrogeological regime of the Middle Devonian hydrostatic unit is 

different on the west and east sides of the Athabasca River. To the 

west, this unit is characterized by confined aquifers, hydrostatic 

heads at or above ground level, and total dissolved solids concentra

tions of 200, 000 to 300,000 mg/l. In the study area east of the 

Athabasca River, the absence of a thick Prairie Evaporite Formation 

results in a different hydrogeological regime. Here the conditions 

are characterized by much lower expected dissolved solids concentra

tions (50,000 to 100,000 rng/l) and westward lateral flows. In the 

study area, flows within these hydrostatic units are expected to be 

small because of the low hydraulic conductivity (10-5 to 10-8 

cm/sec); hydraulic heads are just above 245 m elevation. 

Upper Devonian Hydrostratigraphic Unit 

The Upper Devonian hydrostratigraphic unit consists of all Devonian 

strata above the evaporite deposits. The Slave Point Formation is 

the lowest stratigraphic unit of the Upper Devonian. It is not gen

erally porous or permeable in the vicinity of the study area, but 

thin porous water-bearing beds have been noted west of the Athabasca 

River. This formation could possess a high porosity and permeabil

itYr and it may contain a significant aquifer under artesian press

sures. Where the Slave Point Formation is not permeable or disturb

ed, it forms part of the protective cover over the Methy Formation. 

Correlation of this unit in the study area is difficult. 
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The Beaverhill Lake Group (Waterways Formation) which overlies the 

Slave Point Formation, is considered to represent one hydrostrati

graphic unit, as the lithologic characteristics of the members are 

similar and all members are generally low in permeability (hydraulic 

conductivities of 10-5 to 10-7 cm/sec). The thickness of this 

unit approaches zero to the east of the study area. The Beaverhill 

Lake Group forms part of the protective cover that confines the 

waters of the Methy Formation, where salt dissolution has not affect

ed its permeability. 

The Upper Devonian hydrostratigraphic unit is characterized by domin

antly horizontal direction of flow, an impermeable basement formed by 

the evaporite rocks (more prevalent west of the Athabasca River), and 

low hydraulic heads along the Sewatakun Fault (which intersects the 

Athabasca River at Fort McMurray and Fort MacKay and parallels the 

river 10 km west of Tar Island). The rocks in this unit act as a low 

potential drain under most of Alberta because of widespread and high-

1 Y permeable reef complexes. The unit is not reef-bearing in the 

study area, however. The relationship of primary hydraulic conduc

tivity to topography is not adequate to account for the extensive 

lowering of fluid potentials in this unit. It is hypothesized that 

the low heads are caused by a major fault (Sewatakun Fault), and by 

collapsed areas resulting from dissolution of salt. Groundwater 

flows upward along this fault, enhancing the dissolution of salt and 

the subsequent collapse of the Beaverhill Lake Group. Collapse in

creases the macroscopic permeability of the overlying units in the 

vicinity of the Athabasca River. This increased overall permeability 

has contributed to the spread of low fluid-potential zones in the 

Upper Devonian hydrostratigraphic unit. The hydraulic head of the 

Upper Devonian hydrostratigraphic unit in the vicinity of the three 

ore bodies is near 290 m elevation. 

3.3.3 MESOZOIC AND CENOZOIC 

The Mesozoic and Cenozoic rocks in the study area are of Cretaceous, 

Pleistocene and Recent ages. 
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Cretaceous Hydrostratiqraphic Unit 

The Cretaceous hydrostratigraphic unit consists of the unconsolidated 

surficial deposits (Pleistocene and Recent), and all Cretaceous rock 

units including the McMurray, Clearwater, and Grand Rapids Forma

tions. 

The McMurray Formation contains at least two types of aquifers: the 

lower basal water sands, and intra-ore body aquifers. 

hydrogeological significance to the study. 

Both are of 

The lower basal water sands (assorted layers of sands, silts, and 

clays) have transmissibilities of 87,000 to 225,000 Lpd/m in the 

Athabasca Oil Sands area. Holes to the immediate north of Ore Body 

No. 4 indicate the lower ~1cMurray water sand is separated from an 

overlying water-bearing bed by a thick shale-siltstone zone. Pumping 

tests indicate that the water sands are confined, and that there is a 

lack of vertical hydraul ic continuity in this area. In some local 

areas, lateral continuity is good, but this is variable. Continuity 

is strongly affected by the configuration of the Devonian surface and 

the effects of collapse features. Thick sections of the Lower 

McMurray basal water sands probably have good lateral continuity. In 

areas where underlying salt dissolution has caused collapse of 

overlying units, direct vertical communication with highly saline 

Devonian waters is possible. 

The regional structure of the Paleozoic (Devonian) rocks is of a 

southwesterly-dipping monocline with a north-northwest strike. Dur

ing the hiatus between deposition of the Devonian rocks and the over

lying Cretaceous strata, the Devonian rocks were probably subjected 

to several periods of subaerial erosion which resulted in a complex 

configuration of its surface. Pre-Cretaceous tilting of the Devonian 

rocks is believed to have resulted in a regional slope of 2.8 m per 

km. Post-Cretaceous tilting resulted in an additional 1.5 to 2.1 m 

per km of dip of the Cretaceous rocks. Subsidence of the entire area 

has resulted from gradual dissolution of the under ly ing salt beds 

(Prairie Evaporite Formation). The resultant Devonian surface has 
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considerable relief with some slopes as steep as 68 m per km. Many of 

the ridges trend north-northwest and correspond to the strike of the 

erosion-resistant carbonates. 

The Devonian (Waterways) surface is high to the northeast, east and 

southeast of the study area with elevations generally exceeding 275 to 
\ 

290 m above mean sea level. From these topographic highs the surface 

drops off in an irregular trough shape into the Athabasca River valley 

where elevations are generally less than 236 m above mean sea level. 

The irregular Waterways surface is characterized by numerous elongated 

ridges and channels which trend in various directions, and often end 

abruptly and irregularly in circular topographic highs and lows of var

ious sizes. These features could be a result of subaerial erosion or of 

structural flexures caused by subsidence. A conspicuous broad topo-

graphic low in the Devonian surface, encompassing approximately 50 

km2 , occurs below the southwest portion of the Fort Hills adjacent to 

the study area. Numerous channels trend into this low, suggesting that 

an internal drainage system existed at one time. One of the best

developed channels trends northeast along the Muskeg River and then 

swings north to enter the broad low under the Fort Hills. As well, 

there are many smaller, irregularly-shaped basins that appear to have 

developed internal drainage systems. 

This detailed knowledge of the Devonian surface configuration is neces

sary for an understanding of groundwater movements. Individual sink 

holes could be acting as vertical conduits for groundwater (see Figure 

3.3.2-1). Many low features in the Devonian surface are coincident with 

thick zones of basal water sands. However, lows developed on the Devon

ian surface during post-McMurray time (a result of salt dissolution in 

the underlying Prairie Evaporite Formation) may not show the same thick

ening. Water-bearing sands with high hydraulic levels have been noted 

overlying highs in the Devonian surface. In addition, evidence indi-

cates that the weathered surface of the Devonian may form local aqui
fers. 

Intra-ore body aquifers are generally thin and of limited extent. Flow 

rates are generally low and total dissolved solids tend to increase with 

depth to about 12,000 ppm. These aquifers may be under pressure. 
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The Clearwater Formation is low in permeability and acts as an aquitard. 

The lower Wabiskaw Member, although permeable, is not an important 

aquifer. 

The Grand Rapids Formation is porous, permeable, and water-bearing, but 

does not appear to be present within the study area except on the upper 

slopes of Muskeg Mountain. 

Detailed information on aquifers within the glacial drift overlying bed

rock is sparse. It is believed that aquifers within the surficial 

materials may be of considerable importance from a mining standpoint. 

The study area is covered extensively by relatively coarse-grained glac

ial deposits including outwash sands and ice-contact deposits. These 

deposits can be quite permeable and may contain large amounts of water. 

Interlensing of finer-grained beds may result in locally-perched water 

tables. Meltwater channels containing sands and gravels are probably 

the most important source of groundwater in the surficial deposits with

in the study area. However, the location and extent of these features 

in the study area are not well known. Organic deposits, in the form of 

continuous or discontinuous muskeg cover, are prevalent through the stu

dy area. These muskegs are supersaturated and may present considerable 

handling problems during pre-stripping operations. 

It is apparent that very little practical information is available con

cerning the hydrogeology of the study area. Consequently the severity 

of mine dewatering problems and the environmental impact of disposing of 

groundwater cannot be estimated reliably. 

It is believed that mining of the Athabasca Oil Sands requires a region

al rather than site-specific approach in areal dewatering prior to the 

introduction of mining. Sufficient data, gathered by an appropriate 

government agency in cooperation with the oil sands industry, could lead 

to the development of an accurate picture of regional groundwater 

regimes before, during, and after mining. Current information is spotty 

and difficult to adapt to the regional scale at which dewatering prob

lems must be addressed. 
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3.4 METEOROLOGY AND CLIMATOLOGY 

3.4.1 STATISTICS CHARACTERIZING CLIMATE9 

Climatic parameters relevant to the identification of major impacts of 

oil sands mining, and to the development of reclamation plans are sum

marized below. 

a. January is the coldest month, with a mean daily temperature of 

-21.3°C; July is the warmest month, with a mean daily temperature of 

16.4°C (Fort McMurray Airport). 

b. Last spring frost normally occurs between June 1 and 15; first 

autumn frost usually occurs between September 1 and 15. The average 

frost-free period is between 80 and 100 days, depending on topogra

phic location. 

c. Number of degree days over 5. 6°C (approximate minimum for plant 

growth) ranges between 1800 and 2100. 

d. Mean annual precipitat ion ranges between 400 and 450 mm on the 

Clearwater Lowland, and between 450 and 500 mm on the Muskeg Moun

tain Upland and Firebag Plain. 

e. Of these totals, 230 and 280 mm falls as rain during the growing 

season. Between 1300 and 1500 mm of snow falls; upland areas typi

cally receive more snow. 

f. Precipitation is normally recorded on 120 to 130 days during the 

year. 

g. Maximum precipitation may be expected in the period July 16 - 31-

Precipitation during July ranges between 60 and 75 mm, whereas 50 to 

65 mm may be expected in June, and less than 40 mm will probably 

fall in May. 
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h. Most thunderstorms are expected during July (nearly 30 hours). June 

and August normally have about 10 and 15 hours of thunderstorms, 

respectively. 

i. The prediction of a maximum one day rainfall based on a 5 year re

turn is 40 to 50 mm; when based on a 25 year return, this total 

rises to 65 to 75 mm. 

j. Annual climatic variability is +35%. Variability during the growing 

season is about 30%. 

k. The area usually receives between 1800 and 1900 hours of sunshine 

per year. 

1. Average potential evapotranspiration is 450 to 500 mm. Actual eva

potranspiration ranges between 400 and 450 mm. 

m. Prevailing winds are from the west, with southwesterlies predominat

ing in summer and northwesterlies in the fall and winter. 

Four main areas of climatology that influence, or are influenced by, 

development of mines and associated facilities at the study Ore Bodies 

include: 

Dispersion of stack emissions from the plant; 

- Low-level emissions from various sources; 

Ice fog and low-temperature water fog from condensation of ai.r

borne moisture, 

Secondary effects of the interaction of fog and emissions. 

3.4.2 DISPERSION OF PLANT EMISSIONS 

A number of emissions emanate from the plant including SOZ, nitrogen 

oxides, HZS, CO, and particulates. Of these, only S02 (which com

bines to form H2S04) and particulates are of special importance. 

S02 (H2S04) may cause acid rain affecting soils, water systems, 
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and vegetation; particulates contribute to fog density, under certain 

conditions, by creating nuclei for fog formation. 

Although the problem is of both local and regional significance, proper 

pollution control can prevent deleterious effects. Ground fumigation in 

the vicinity of the mine from stack emissions is largely prevented by 

maximizing stack height. However, the probability of ground fumigation 

is greatly increased during inversion breakup in the winter; the tenden

cy toward ground fumigation is also increased because of the prevailing 

wester ly, southwesterly (summer) and northwesterly (fall) winds which 

drive air toward the Muskeg Mountain Upland (to the south and east of 

Ore Bodies No. 1 and 2). Ground fumigation along this upland could be 

more frequent; however, no major effects on soils or vegetation are 

expected. Little chance of fumigation is expected at Ore Body No.4, 

due to the relatively flat surrounding topography. The cumulative ef

fects of emissions from simultaneous operations in the areas of Ore 

Bodies No. 1 and No. 2 may cause S02 values to exceed current regula

tions. 

3.4.3 LOW-LEVEL EMISSIONS 

These emissions come from a variety of sources. Internal combustion 

engines are a major source of CO, C02, and water vapor, which under 

low-temperature conditions form a dense, sometimes noxious ice fog. 

Other sources of water vapor include flue gases, incinerators, human 

respiration and perspiration, and losses from buildings. Nuclei (for 

ice fog formation) are usually molecular-sized (gases) or slightly lar

ger and originate from combustion by-products, dust, and all sources of 

gaseous emissions. 

These emissions usually do not represent problems in themselves, but in 

combination with low temperatures and thermal inversions, surface fogs 

are created and intensified. These effects may be minimized by limiting 

the use of diesel/gasoline-powered equipment in favor of electrical 

types and by reducing water vapor emissions. Amounts of ground-level 

emission decrease proportionately with mine size (because less equipment 

is used) but likely remain nearly constant per cubic metre of overburden 

and oil sands removed. 
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3.4.4 ICE FOG AND lOW TEMPERATURE WATER FOG 

During periods of extreme low 

expected to form over hot 

temperature (-30DC), ice fog can be 

tailings discharge points and the 

immediately-adjacent open pond surface and over plant sites and active 

mining areas. Ice fog is the result of the condensation of water vapor 

(most of which is artificially generated since ambient relative humidity 

is extremely low) around molecular-sized nuclei (mostly art ificially 

generated from gaseous emissions). The presence of these airborne 

particles increases the temperature at which fogs form, thereby 

increasing their frequency and duration. Ice fogs also intensify 

ground-level pollution by taking up gaseous and particulate substances 

and holding them in a stagnant air mass characteristic of inversion 

conditions. Gravitational-drainage air flows may carry these fog 

incidents over pit areas during extended periods of extreme cold and no 

wind. Otherwise, westerly winds may carry fog offsite to the east. 

This is a significant local and regional problem, with the possibility 

of slowing or halting mining activities (due to poor visibility), and of 

contributing to offsite fog occurrences. The impediment or prevention 

of mining activities is only threatened during extended periods of ex

treme cold (otherwise fogs are quickly broken up and dissipated), and 

where mining is taking place in proximity to open wet ponds and plant 

sites where water vapor is emitted. local topography, prevailing wind 

direction, and mine site layout indicate that the probability of serious 

ice fog formation is greatest at the onset of pond storage of heated 

tailings, during dyke construction and in proximity to plant sites. The 

ratio of water in the high temperature tailings stream to cool water 

contained within the pond is critical when considering pond-originated 

fog. When the ratio is high, the hot water has relatively little effect 

on overall temperature and the pond remains frozen over. 

Mixing of ice fogs and stack emissions is not likely to occur since the 

inversion conditions that promote ice fog formation ensure that stack 

emissions are held aloft. Some degree of mixing may occur when inver

sions break up (but no implied danger), and when fogs and emissions en

counter topographic highs (Muskeg Mountain Upland) and turbulence re

sults (possibility of noxious fogs in this case). 
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Since the most important factors contributing to ice fog formation are 

the high temperature of the wet tailings stream, the size of the open 

portion of the active disposal area within the various tailings ponds 

and the amount of water vapor released at the plant site, mitigative 

measures may include limiting any or all of these. Water vapor over 

ponds may be reduced by artificially cooling tailings prior to deposi

tion (for which several methods are available) or better, by discharging 

in such a way as to retain a frozen pond surface, as is done now after 

the first stage of pond initiation. A problem with no ready solution is 

limitation of water vapor emission. Construction of in-pit dykes for 

tailings or sludge disposal between ponds and pits may help keep fog out 

of the pits. Some progress has also been made in fog dissipation tech

niques, though these are still generally unsatisfactory. 

3.4.5 EMISSION - FOG INTERACTIONS 

Industrial activities and their associated ground-level pollutants (com

bustion products, gaseous substances, etc.) greatly increase the number 

of suitably-sized nuclei available for ice-fog particle formation. An 

increase in the number of the nuclei, combined with the presence of 

large amounts of water vapor causes increased fog density. The presence 

of nuclei also results in fog formation at higher temperatures, thus in

creasing fog frequency and duration. Airborne ice particles and accom

panying stagnant air conditions act so as to trap ground-level pollu

tants, and cause air pollution indices to increase by a factor of 2 or 

3. These include 502, nitrogen oxides, CO, C02' and particulates. 

It is unlikely that stack emissions will mix with fogs in the mine site 

area; however, mixing Clnd resultant H2S04 formation may occur along 

the slope of the Muskeg Mountain Upland. 

The concentrating effect of ice fog on ground-level pollution sources 

will probably not contribute to health hazards unless stack emissions 

mix with ground-level fogs on the slope of the Muskeg Mountain Upland. 

Mitigative measures include maximizing stack height, minimizing ground 

fogs and reducing ground-level pollution sources. The Ore Body No. 1 

mine, plant, and tailings pond are located at the foot of the ridge for

ming the Muskeg Mountain Upland. Of the three ore bodies studied, this 

ore body is the most likely to be affected by emission-fog interactions. 
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3.5 HYDROLOGy10 

The study area is situated within the Muskeg Ri vel' watershed, which 

drains directly into the Athabasca River, and thence northward into the 

Mackenzie Ri vel'. The Muskeg Ri vel' <;;Ienerally flows from northeast to 

southwest. Upper portions of the basin lie in an area of relatively 

heavy timber. This area is known as Muskeg Mountain and is fairly well

drained. The central portion of the basin, adjacent the river itself, 

is a broad, flat, poorly-drained plain underlain by outwash sands. This 

area is almost entirely mantled by marshes and treed bogs (muskeg depo

sits). Hartley Creek, a major tributary of the Muskeg River, drains 

northward off l'1uskeg Mountain, and is reported to contain the best aqua

tic habitat of the study area (see Section 3.8, Aquatic Habitats). 

Kearl Lake, located approximately midway between Ore Bodies No.1 and 2, 

is the only major lake in this watershed. Together with the water laden 

bogs that surround it on three sides, Kearl Lake contributes a consider

able amount of water to the system. Other waters are contributed by 

runoff from the southern escarpment of the Fort Hills, to the north of 

the river. 

Major hydrologic features of the study areas are shown in figures 3.5-1 

and 3.5-2. 

Due to the types of surficial materials found over most of the Muskeg 

River watershed, much of the precipitation falling as heavy rain is 

stored as groundwater in surficial aquifers. The generally low drainage 

density of this basin (except for the slopes of Muskeg Mountain) is a 

result of this rapid percolation of precipitation into underlying surfi

cial outwash sand layers. Although much of the basin is flat and thus 

poorly drained, and covered with stunted bog or marsh type vegetation, 

the steeper areas along the southern, eastern, and northern portions of 

the basin are well-drained and vegetated with relatively heavy forest 

that acts to stabilize these slopes. Kearl lake and the numerous mar

shes, bogs, and ponds of the Muskeg River watershed act to control run

off and lower flood peaks. They also act to store large volumes of 

water, and drainage of these lakes and bogs may not only result in sig-
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nificantly higher average flows in the Muskeg River, but may also cause 

greater flow flur.tuation and hiqher flood peaks. 

t1ean dai.ly discharge of the Muskeg River (recorded at its mouth) is 

about 7 m3/sec. Peak flows for the lower part of the river reach 42 -

56 m3/sec during April and May; heavy August rains have been respons-

ible for flows of 56 m3/sec resulting in flooding of surrounding 

areas. Low flows arf_~ about 0.3 - 0.4 m3/sec during February and 

March. Annual rlJnoff for the entire basin is ahout 1524 m3/ha. For 

Hartley Creek, a major tributary, penk flows on lower portions are about 

11.3 m3/sec, while low winter flows nre 0-0.005 m3/sec. 
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3.6 SOILS 

The soils of the study area have only recently been studied in detail. 

Early exploratory survey worklJ. roughly described soils (in the 

areas overlying the three development models) as being in the following 

classes: 

Grey Wooded 

Minimal Podzol 

Acid Brown Wooded 

Organic 

Mostly developed directly on sandy glacial tills 

Developed on outwash and lacustrine sands and 

gr~vels mostly overlying glacial tills 

Developed on lacustrine sands 

Sedge and moss (muskeg) deposits over 30 cm deep 

overlying various materials. 

Surficial materials from which all mineral soils are derived are of a 

sandy nature. Even the glacial tills are sandy, since these result from 

sandstone bedrock. 

A more modern treatment of the soils in the AOSERP Study Area is in pro

gress, and an interim report with maps is availablel2 • This 

inventory uses the biophysical approach to land mapping. The area is 

divided into Sub-regions, each of which is further divided into 

Districts, and Systems. The land unit of significance in this study is 

the land System. It is similar in concept to the soil association, and 
, 

comprises certain defined proportions of var'ious soil types. Where the 

proportions of soil type vary substantially within a system, two 

different map unit designations are used (eg., MIL 1 and 'MIL 2). 

Combinations of mapping units are used where soil, landform or slope 

conditions are complex. Table 3,.6-1 provides descriptions of 

physiography, parent material and soH type of each land system and 

mapping unit in the three development areas considered in this study. 
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LAND SYSTEMS AND SOIL TYPES OF RELEVANCE TO DEVELOPMENT OF THE SELECTED OREBoDIES (EXCERPTED FROM TURCHENEK AND LINDSAY. 1978) 

Undulating ground moraine and 
ht..mmocky moraine with some 
glaciofluvial inclusions; 
elevation 450 - 500 m. 

Undulating ground moraine with 
some inclusions of glacio
fluvial and ice-contact depo
sits; elevation 350 - 650 m. 

Undulating and duned aeolian 
sand plains; elevation 400 -
500 m. 

Undulating glaciofluvial plains; 
mainly outwash deposits; includes 
eroded till and meltwater channels 
along Athabasca and Clearwater 
Rivers; elevation 250 - 350 m. 

Iiunmocky and rolling, highly 
dissected kame and kame moraine 
deposits with lome glacial till 
inclusions; elevation 300 - 350 m. 

SYSTEM COMPONENTS 
SYSTEM UNIT PARENT MATERIAL DOMINANT SOILS SIGNIFICANT SOILS MINOR INCLUSIONS 

Kenzie 

Kenzie 

Eaglesham 

Kinosis 

Steepbank 

Heart 

Mildred 

KNZ 1 Undecomposed to moderately well 
decomposed moss peat (Bog). 

KNZ 2 As above 

EGL 1 Undecomposed to moderately well 
decomposed sedge peat (Fen), 

KIN I 1'1oderately coarse to medil.J1l 
textured light brown to brown 
glacial till. 

STP I As above 

HRT I Coarse textured, light yellowish 
brown to grayish brown, well 
sorted and loose or poorly com
pacted aeolian deposits. 

MIL I Coarse textured, brown to grayish 
brown outwash deposits; generally 
thick; locally thin over till or 
bedrock 

MIL 2 As above 

Bitumount BMT 1 As above 

Firebag fIR I Mainly coarse textured, oftrn 
gravelly and bouldery brownish 
to grayish brown ice-contact 
materials. 

FIR 2 As above 

Typic Mesisol 

Terric Ijesisol 

Typic Ijesisol 

Orthic Gray Luvisol 

Peaty Gleysols 

Eluviated Eutric 
Brunisol 

Eluviated [utric 
Brunisol 

Eluviated Eutric 
Brunisol 

Peaty Gleysols 

Fluviated Eutric 
Brllnisol 

[Iuv iaten Eutric 
Brunisol 

Terric tjesisol 
Typic Fibrisol 

Typic t'lesisol 
Terric Fibrisol 

Terric tjesisol 

Gleyed Gray Luvisol 
Peaty Gleysols 

Gleyed Gray Luvisol 
Orthic Gray Luvisol 

Gleyed Eluviated 
Eutric Brunisol 
Peaty Gleysols 

Gleyed Eluviated 
Eutric Brunisols 
Eluviated Eutric 
Brunisol 

Cleyed Eluviated 
Eutric Brunisol 
Peaty GJeysols 

Sedge peat 
Peaty Gleysols 

Peaty Gleysols 
Sedge peat 

Moss peat 
Peaty Cleysols 

Organics 

Organics 

Gleyed Eluviated 
Eutric Brunisol 
Peaty Gleysols 

Gleyed Eluviated 
Eutric Brunisol 
Peaty Cleysols 

Organics 

Organics 

Cleyed rluviated 
Eutric flrunisol 
Peaty Gleysols 

Organics 

I.J.j 
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I.J.j 
V1 

:n 
:x: 
m 
z 
a:I 
:n 
~ 
c: 
Z 
I 
o 
o 
::::J 
!II 
C -:;' 

IC 

C') 

3 
CT 
:x: 

-t 
m 
o 
:x: 
i: 
~ 
z 
r 
-t 
o . 



RHEINBRAUN - Consulting Gmb H 

Site 1 

Based on generalized, 

--------------------------------------TECHMAN LTD. 

3-36 

exploratory soil survey and recent 

mapping12 , Ore Body No. 1 comprises a complex of units which in

clude Orthic Grey Luvisols, developed on glacial till deposits with Or

ganic bog soils (various mesisols and fibrisols) predominating in poorly 

drained locations. Typical profiles can be found in Turchenek and 

Lindsay12. Complete descriptions of mine facilities developed on 

the various soil units are provided in Table 3.6-2. 

The major portion of this ore body and the areas nearby is mantled by 

muskeg deposits. The depth of these deposits is not accurately known, 

and although regionally, deposits usually do not exceed about 1 m, local 

topography (fairly flat), drainage patterns, and current vegetation 

types indicate that here deposits may be fairly deep. The area retains 

large amounts of surface and subsurface water, and controls the local 

hydrological regime. 

Relatively good sources of the sandy textured till are available for re

clamation after mining. Abundant muskeg is also available. Sandy clay 

loam topsoils (Orthic Grey Luvisols) may also be worth salvaging for re

clamation purposes where they occur in conjunction with fine-textured 

surficial materials, or where salvage operations are technically possi

ble. 

Replacement of the inherent water storage capacity of the area presently 

dominated by muskeg may be very difficult, if not impossible. This 

water storage capacity is critical, however, to maintaining a comparable 

hydrological regime during and after mining; the maintenance of a delay

ed flood stage is in turn important from an aquatic fauna viewpoint (see 

Section 3.8, Aquatic Habitats). Re-establishment of this regime in rec

lamation schemes (possibly by an inter-connected holding pond system) 

should be given consideration. 

Site 2 

Part of the ore body is mantled by Eluviated Eutric Brunisols and peaty 

Gleysols, with sporadic but substa~tial muskeg development. These min

eral soils are developed on sandy clay loam till which is sometimes 

overlain by slope wash sands. Example profiles of the dominant soils 

are presented in Turchenek and Lindsay12. 
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For the most part~ these soils are to erfectly drained. 

The northern and eastern portions of the ore 9 together with the 

proposed tailings area oversize reject pile, overburden s and plant 

site, display soils deve on outwash sands and gravels. 

The surface soils are also Eluviated Eutric Brunisols, peaty Gleysols 

and, in depressional areas (such as the site and portions of the 

tailings 9 muskeg of undetermined (but likely shallow) depth. 

Although it is less certain than at Site ,it is probable that adequate 

amounts of finer-textured surficial materials and muskeg are available 

for reclamation. Salvage of mineral topsoils is not technical-

ly feasible for reclamation programs, however, because of their shallow 

depth and relatively sandy texture. 

Site 4 

The eastern half of this ore exhibits similar soil conditions to 

those in the Fort Hills District, which is typified coarse-textured, 

gravelly soils in well-drained sites. Soils are predominantly Eluviated 

Eutric Brunisols rap on tills. Although isolated 

pockets of muskeg occur, are , and very shallow 

deposits are most common. The \l'Jestern ion of the ore has a 

higher ion of erfect to poor -drained Gleysols in 

combination with the brunisols, on outwash sands. The tail-

ings and plant site areas are located on soils of similar character 

and origin (outwash sands and ). 

Muskeg deposits are sporadic and 

tend to be very coarse-textured. 

over the ore body, and soils 

Peaty Gleysols may prove to be the 

best reclamation material available 9 al localized finer-textured 

tills may also be usefuL Strict soils, till and muskeg salvage prac

tices must be employed when this ore , as reclamation mater

ials are limited. In the event that offsite borrowing of suitable 

materials is necessary, extensive muskegs are to be found in the area 

between the ore and the str , to the west of the mine and 

plant site. 
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TABLE 3.6-2 

MAPPING UNITS AND CDMPLEXES FOUND ON VARIOUS OREBODIES AND FACILITIES 

(BASED ON MAPPING BY TURCHENEK AND LINDSAY, 197B) 

UNIT OR 

COMPLEX 

KNZ 1 

KNZ 1 - EGL 1 

KNZ 1 - BMT 1 

KNZ 2 

KNZ 2 - STP 1 

KNZ 2 - HRT 1 

KNZ 2 - MIL 2 

KNZ 2 - BMT 1 

EGL 1 

EGL 1 - KNZ 1 

EGL 1 - BMT 1 

KIN 1 

KIN 1 - KNZ 2 

KIN 1 - MIL 2 

STP 1 - KNZ 2 

MIL 1 

MIL 1 - KNZ 2 

FIR 

fIR 2 

fIR 2 - KNZ 2 

SITE 1** 

Mine 

Mine 

Tailings Pond 

Mine 

Mine 

Tailings Pond 

P1antsite 

Mine (m) 

Mine (m) 

Tailings Pond 

Plantsite 

Mine 

Tailings Pond 

Ta i lings Pond 

Mine 

FACILITY* 

SITE 2 

Mine (m) 

Tailings Pond 

Mine 

O.B. Dump 

P1antsite (m) 

Mine (m) 

O.B. Dump 

P1antsite (m) 

Tailings Pond 

Tailings Pond 

Mine 

O.B. Dump 

Mine (m) 

Tailings Pond 

Mine (m) 

O.B. Dump (m) 

Plantsite 

Mine (m) 

Taili,ngs Pond 

Mine I 

(m) 

Oversize Reject Pile 

SITE 4 

Tailings Pond (m) 

Mine 

Plantsite (m) 

Tailings Pond (m) 

O.B. Dump 

Tailings Pond (m) 

O.B. Dump (m) 

Mine 

Tailings Pond (m) 

O.B. Dump (m) 

Mine 

Plantsite 

O.B. Dump (m) 

Tailings Pond 

Tailings Pond (m) 

Those facilities located on this 90il unit in the vicinity of the orebody 
development indicated. 

** Those units which are only minor «10%) contributors to the soils overlying a 
facility are suffixed by (m). 

Those units or components underlined are predominontly organic in nature (for 
details see Table 3.6-1). 

3-38 
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General Remarks 

A few statements can be made concerning the general agricultural and 

forestry capability of soils in this region as compared to those encoun-

tered elsewhere in the province. Forest development on organic soils 

tends to be unproductive and stagnant conditions result in stunted 

stands of poor quality timber. Attempts are being made, however, to im

prove forest productivity through improvements in local drainage 

regimes. The primary commercial uses of organic soils in Canada are as 

soil amendments, as support for special agricultural crops (blueberries, 

wild rice, etc.) and for limited supplementary grazing13• Although 

organic soils occur throughout the province, their occurrence is much 

more extensive in the cooler northern parts of Alberta. 

The Eluviated Eutric Brunisols belong to the Brunisolic order of soils, 

and are usually developed on basic or calcareous parent materials of 

medium to coarse texture (glaciofluv ial outwash, morrainal, and aeo

lian). These soils underlie much productive forestland in Canada, but 

are infrequently cultivated; this is related to the geographic and cli

matic regions in which they are found (usually alpine or sub-arctic). 

Where they support nonproductive forests, limitations usually result 

from climatic severity, rough or steep topography, shallowness, and 

stoniness. Rapid drainage caused by coarse texture may result in local 

moisture deficiency problems. 

The peaty Gleysols are members of the Gleysolic order. Although these 

have not been differentiated on soils mapping of the study area, three 

sub-groups are represented, namely Orthic Luvic Gleysols, Orthic Gley

sols, and Rego Gleysols, all with surface organic layers (up to about 40 

cm thickness). These intergrade in appearance with Terric Mesisols with 

which they are associated. These soils generally support wet forests, 

shrub-marshes, and grass-sedge meadows. Forests developed on gleysols 

are generally unproductive due to poor drainage, which results from fac

tors related to typical climate and geography (short growing season, 

cool climate). When drained, productivity may increase substantially. 

Deep tilling of the overlying peat into the general profile might also 
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increase productivity. Wi thout proper management these soils rarely 

support commercial forests or cultivation. 

Orthic Grey Luvisols belong to the Luvisolic order. In northern 

Alberta, these soils often support productive commercial-quality for

ests, but under more favorable climatic conditions, they are frequently 

cultivated or used for grazing. In addition to climatic restrictions, 

agriculture on these soils is limited by low organic matter, poor phys

ical structure and low initial fertility. Addition of significant quan

tities of nitrogen, phosphorus, and sulphur is usually necessary. 

Soils in Alberta with fair to good agricultural capability and produc

tivity range from those of the Solonetzic to the Chernozemic orders. 

These are associated with the open prairie and aspen parkland regions of 

the province. Solonetzic soils are characterized by problems of sodium 

accumulation, and require intensive land management in order to obtain 

and sustain satisfactory crop yields. Chernozemic soils are the most 

fertile soils in Alberta, and require only a moderate amount of 

management. 
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3.7 VEGETATION 

A typical hydrological distribution of forest stands at the three study 

sites is: 

Dry Conditions: (upland; often sandy or gravelly; often southerly fac

ing; typically little organic matter accumulation; Podzols, Dystric 

Brunisol soils predominate) Jack Pine (Pinus banksiana) and Aspen Poplar 

(Populus tremuloides) stands. 

Mesic Conditions: (imperfectly drained; flat to slightly undulating; 

soil types include Organic, Grey Luv isols and medium textured types) 

White Spruce (Picea glauca), White Birch (Betula papyrifera) and Balsam 

Poplar (Populus balsamifera) stands. 

Wet Conditions: (poor drainage; depressional area, sometimes with stan-

ding water; mostly Organic soils, sometimes Gleysols) Bl ack Sp ruce 

(Picea mariana), Tamarack (Larix laricina) and sedge or shrub marshes. 

3.7.1 VEGETATION CLASSIFICATION 

A number of vegetation classification systems have been devised for the 

oil sands region, based both on field studies and photo interpretation. 

The various systems have been developed to suit individual purposes and 

are variously restricted in scope. Renewable Resources Consulting Ser

vices Ltd. 14 ,15 outlined a simple classification system based pri

marily on tree species composition. More recent surveys have concen

trated on collection of site information in developing floristic classi

fications. These have included Stringer16 , who sampled stands 

throughout the AOSERP Study Area, Peterson and Levinsonl7 , who con

centrated their efforts on the Syncrude Lease 17, and R.M. Hardy and 

Associates Ltd. 18 , who surveyed the G.C.O.S. Lease 86. Airphoto

based mapping projects that incorporated these floristic data to a 

greater or lesser extent include Shell Canada Limited19 , Turchenek 

and Lindsay12, Thompson et a120 , and Alsands Project 

Group21. 
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The following descriptions and discussions are based on 

et a120 habitat mapping project for the ,4.0SERP Study Area. 

Thompson 

This 

system seems to incorporate the results of detailed floristic analysis 

(Stringer3ul6) with FCm photograph interpretive characteristics. It 

also has incorporated edaphic and wildlife components in a comprehensive 

'way. 

a. Wetland Communities 

These are of four major types, plus an undifferentiated, complex unit 

which is difficult to map on a large scale. 

(i) Fen 

Poorly drained, on level to slightly sloping sites; often part 

of slow-moving surface or near surface drainage systems. 

Development corresponds with areas where drainage or flow of 

water occurs. 

Found on organic soils of decomposing sedges (mesisols). 

Composed of sedges (Carex ~) and a near-continuous low 

shrub community, often swamp birch (Betula pumBa); willow 

(Salix ~) and alder (Alnus~) sometimes also occur. 

(ii) Black Spruce Bog 

Poorly drained, on level to depressional sites; generally high 

water tables. 

Drainage and internal circulation of water is poor, resulting 

in stagnant conditions. 
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Generally found on organic soils developed from Sphagnum or 

peat moss fibrisols. 

Sites dominated by dense stand of black spruce (Picea mariana) 

(up to 10 m height). 

Tamarack (Larix laricina) are sometimes present; low shrub 

layer is usually of Labrador tea (Ledum groenlandicum), blue

berry (Vaccinium ~) and cranberry (Rubus ~ and Oxycoccus 

~); grasses and sedges (Carex brunnescens) are sometimes 

present. 

(iii) Semi-open Black Spruce Bog 

Similar in hydrology and soils to (ii), but slightly more 

moist. 

Soils are dominantly fibrisols. 

Black spruce stands are less dense than (ii) and tend to in

clude more shrubs such as bog birch (Betula glandulosa), and 

willows; tamarack is more often present; groundcover is also 

similar to (ii), but often with a more diverse herb flora. 

(iv) Lightly Forested Tamarack and Open Muskeg 

Drainage is poor; sites are wetter than both (ii) and (iii). 

Soils are typically acidic fibrisols. 

As with other bog forests, the nutrient status is low. 

Tree growth is sparse and of low height (often below 2 m); 

shrub cover is extensive and similar to (iii); understory is 

also similar to (iii). 
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b. Bottomland and Riparian Communities 

(i) Deciduous Shrub 

Occupies a zone between rivers and streams, and riparian for

esL 

Also found on river bars and along minor drainage courses 

throughout the area. 

Depending on local drainage characteristics, soils comprise 

coarse-textured fluvial types with mesisols. 

Shrubs dominate, notably willow, alder (5 - 8 m), white birch 

(Betula papyrifera) and immature poplar (Populus spp.); dog

wood (Cornus stolonifera) may also be present in a lower 

layer. 

Trees are essentially absent and the herb layer is sparse. 

(ii) Bottomland and Riparian Forest 

Found on floodplains of major rivers and tributaries. 

Soils are often of alluvial origin; nutrient status is good. 

Mature forests of balsam poplar (Populus balsamifera) and/or 

white spruce (Picea glauca); stands may be pure or mixed, (up 

to 30 m). 

Aspen poplar (Populus tremuloides) and white birch may also be 

presenL 

A dense tall shrub layer of willow and alder is usually pres

ent, and is accompanied by less dense low shrubs and herb lay

ers. 
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c. Upland Communities 

(i) White Spruce - Aspen Forest 

Usually occurs on well- to moderately well-drained sites, but 

is sometimes found on wetter sites depending on soil type and 

nutrient status. 

Soils are variable. 

Aspen poplar and white spruce are usually the dominant trees, 

but significant occurrences of white birch, jack pine (Pinus 

banksiana), balsam fir (Abies balsamea), balsam poplar and 

black spruce may sometimes be found. 

Differences in relative abundance of the principal trees is a 

reflection of site-specific successional patterns and stages. 

Understories are generally diverse, particularly in deciduous

dominated stands; pure stands of white spruce have less abun

dant shrub and herb floras. 

(ii) Mixed Coniferous 

Variable drainage, depending on site conditions and dominant 

conifer present. 

Most often medium to poor drainage on level or slightly slop

ing ground with a discontinuous veneer of peat. 

Forest cover is dominated most frequently by black spruce, but 

jack pine and white spruce may also be present; stands are 

dense and usually tall (over 6 m). 

Understory is relatively diverse, particularly the low shrub 

and herb layers (including feather mosses). 
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(iii) Jack Pine 

Dry, sandy sites often on aeolian deposits. 

Jack Pine is the only species of tall trees in this upland 

community (up to 15 m), but aspen and black spruce may also 

occur, especially if the landform pattern comprises sandy 

hills interspersed with poorly drained upland sites. 

Understory tends to be very sparse due to dryness; no tailor 

medium height shrub layer; low shrubs include blueberry 

(Vaccinium myrtilloides), and bearberry (Arctostaphylos uva

ursi); herb layer includes grasses and fruticose lichens. 

(iv) Upland Open 

Open grassy meadows occur as openings in the aspen forest; 

soils and hydrology the same as the surrounding forest (usual

ly pure aspen stands). 

d. Miscellaneous Communities 

These include recent burns, highly disturbed sites, non-vegetated sites 

(often as a result of recent sl ides or slumps), and aquatic communi

ties. 

3.7.2 VEGETATION CLASSIFICATION OF SrUDY SITES 

A reasonable amount of variability exists within these vegetative types, 

and intergrading and seral stages are common. With this in mind, only 

an approximate vegetative characterization is possible. Vegetation hab

itat mapping is available from AOSERp20. Timber management plans 

and data on Timber Quota holders is available from the Alberta Forestry 

Service, 
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Site 1 

Throughout the organic soil zone to the east and south of Kearl Lake, 

and adjacent to the lake outflow, the Wetland Communities and the Deci

duous Shrub unit of the Bottomland and Riparian Communities predominate, 

depending on the height of the local water table. Inundation and stag

nation of surface water tend to keep most of this area in a low product

ivity class with no potential for commercial (forestry) use under pre

sent conditions. Under these conditions, very deep muskeg deposits can 

sometimes be expected, and at least locally, permafrost may be encoun

tered (at 50-90 cm). 

To the south and east of the organic soil zone, the land slopes upward 

onto the Muskeg Mountain Upland, and glacial till deposits underlie Grey 

Luvisols. Mature Upland Communities are bisected by Deciduous Shrub de

velopment along channels draining the Upland. Because soils are char

acteristically fairly coarse-textured and drainage is considerably im

proved, site productivity is good. Stands of commercial quality timber 

are present. 

The proposed tailing area and plant site are located in this well-drain

ed, productive forest zone. Timber harvesting and salvage will be nec

essary. The development of the mine at this location, together with its 

associated tailings area and plant site, will also have major visible 

impacts, but these will be of relatively minor importance. The major 

direct impact will be the loss of several square miles of commercial 

timber of moderate value. Reclamation to vegetation of equivalent or 

greater value (regionally) is possible, especially at the Improved and 

Enhanced Levels. 

Site 2 

The majority of this are body is covered in immature poplar- and white 

spruce-dominated Upland Communities, with sporadic occurrences of Wet

land and Deciduous Shrub Communities, where local drainage conditions 

warrant. These minor vegetation types are most clearly developed in the 



RHEiNBRAUN-ConSIlHing GmbH -------, --------- TECHIlliAN LTD. 

3-48 

southwestern muskeg portion of this ore body. The predominantly slope 

wash and glaciofluvial outwash sand parent material of the soils over 

this ore body indicates that muskeg deposits underlying Wetland Commu

nities are probably fairly shallow, except for occasional deep deposits 

, in some depressional areas. 

The tailings pond and plant site are partly located on similar Wetland 

Community types, but because of the proximity of the tailings pond to 

the Muskeg River, peat deposits are expected to be somewhat deeper. Al

though no commercial quality timber is known to be located over the ore 

body or any of the associated facilities, the ridge which runs southwest 

to northeast along the length of the ore body is moderately productive 

and offers good wildlife habitat potential. Impacts to vegetation re

sources are considered of moderately 10\1\1 importance. 

Site 4 

This is a considerably drier site than those previously discussed, and 

for the most part, has proportionately more productive vegetation 

communities (since they are not limited by stress associated with 

flooding) . Communities developed include Mixed Coniferous (mine area) 

and White Spruce-Aspen Forest. Some stands located on the tailings pond 

site are considered to be of commercial value. The central part of the 

ore body has some muskeg development, but this probably reflects only 

shallow peat deposits. 

Site productivity indicates that moderate wildlife habitat potential ex

ists, and that development of the tailings pond would involve the loss 

of possible commercial timber stands. 

As at Site I, prior timber harvesting and salvage will be necessary. 

Impacts to vegetation are considered minor compared to those in other 

resource areas. 
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3.7.3 GENERAL REMARKS 

Generally, regional vegetation is of low productivity due to adverse 

climate (short growing season, etc.), poor soil conditions (excessive 

sandiness or organic matter content), and prolonged inundation by sur

face water tables. This implies three things: 

1. Properly planned and conducted reclamation operations can improve 

both the productivity and the utilization potential of vegetative 

communities. 

2. Although absolute values of vegetation resources are low compared to 

province-wide norms (and so, too, therefore are absolute impacts), 

the rarity of commercial grade timber regionally implies somewhat 

higher relative impact values. 

3. The loss of fairly productive wildlife habitat is also a notable im

pact from a regional point of view. 
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AQUATIC HABITS 

The following represents a consideration of aquatic habitats for major 

streams in the study area, together with a list of recommendations for 

mine design and environmental protection. 

Muskeg River 

The lower Muskeg River is considered to be moderately important as fish 

habitat and has slight limitations for sport fish produc

tion22 ,23,24. Mature Arctic grayling (Thymallus arcticus), north

ern pike (Esox lucius), and yellow walleye (SU:zostedion vitreum) have 

been collected in this area, and large numbers of longnose sucker 

(Catostomus catostomus) and white suckers (Catostomus commersoni) are 

known to use the lower reaches for spawning. The ability of the river 

to overwinter sport fish is presently unknown. 

The middle sections of the Muskeg River have less importance as fish 

habitat. A low gradient is characteristic of this zone, and extensive 

areas of laminar flow have been identified. Some high-quality pools 

associated with riffle areas have been noted. Fish species collected in 

this section include northern pike and Arctic grayling. 

The upper sections of the Muskeg River are considered to have poor fish 

habitat24 because of restricted channel size, low gradient, and low 

winter flows. Numerous beaver dams also restrict fish movement from the 

lower Muskeg River. The upper reaches of the Muskeg River have no meas

urable winter discharge25• 

Hartley Creek 

Hartley Creek is the main tributary of the Muskeg River, and has rela

tively good water quality, high sustained flows, and good spawning habi

tat for salmonid fishes19• Arctic grayling is the dominant species 

in the upper section of Hartley Creek22 , while a few mountain 

whitefish are also present. Excellent spawning habitat has been ob-
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Lower sections are generally inferior to 

All three sites examined during the present study involve the Muskeg 

River. The synergistic effects of developing these sites in combination 

with the Shell development must be considered when evaluating potential 

impacts. An example of this relates to disposal of saline water. The 

summer discharge of the Muskeg River may be sufficient for surface dis-

posal of saline water from one site but not for 2 or more. Alternate 

methods of saline water disposal are required for sites in the Muskeg 

watershed. 

Firebaq River 

The Firebag River provides some of the best fish habitat in the north

east region of Alberta24 . This stream supports substantial popu

lations of yellow walleye, northern pike, and Arctic grayling. Sections 

of the stream adjacent to Site 4 are characterized by moderate gradients 

and pool-riffle ratios of 1:1. Large deep pools often 300 m or more in 

length provide potentially excellent habitat for northern pike and yel

low walleye. These pools could also be utilized as wintering areas for 

resident fish populations. 

The regional importance of the Firebag River as fish habitat requires 

that no effluent or runoff from disturbed sites should enter this 

stream. The total watershed area disturbed must be kept to a minimum. 

With regard to impact on aquatic habitats, the following general recom

mendations apply: 

a. Protective measures should be sufficient to maintain water quality 

in downstream areas. 

b. Because of the relative importance of Hartley Creek as fish habitat 

in the Muskeg drainage, diversions to Hartley Creek should be 

avoided. 
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c. Highway routing should avoid proximity to or paralleling of streams. 

Crossings should be made as far upstream from the mouths of tribu

taries as possible. 

d. low winter flows in the Muskeg drainage are not sufficient for ade

quate dilution of saline water. Summer flows will not support sa

line water disposal by more than one plant. Alternate disposal me

thods should be considered (i.e., tailings pond or deep well injec

t ion) • 

e. An undisturbed zone adjacent to all major streams should be incorp

orated in mine plans. Plant and tailings ponds should not be within 

flood zones. 

f. Plant and tailings ponds should be located in such a way as to 

prevent formation of narrow corridors along the Muskeg River. 

g. Muskeg River crossings should be kept to a minimum. All crossings 

should be designed to allow fish movement. 

h. No gravel should be removed from the Muskeg River or its tributar

ies. 

i. Reclamation of disturbed areas of the lower Muskeg River and Hartley 

Creek should include the replacement of suitable spawning and pver

wintering areas. 

j. Streamside vegetation is a critical factor for maintaining suitable 

water quality and providing protective cover. Reclamation planning 

should include the immediate development of suitable soils and 

streamside vegetation along all diversions, major or permanent 

drainage systems, and along disturbed streams. 

k. Whenever possible the same corridor should ,be used for roads and 

utilities. 
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1. Stream channel reclamation should include measures for increasing 

habitat diversity through the use of drop structures, rock islands, 

and wing deflectors. 

m. Construction activities near streams should be scheduled before and 

after spawning or migration periods. 

n. Stripping of large areas of muskeg, stream diversions, and stream 

channelization will cause reduced upstream stages and increased peak 

flows in downstream areas. Settling ponds and storage areas are re

quired to reduce potential flooding in downstream areas. 

Characteristics of aquatic habitats and potential impacts of development 

at each site are presented in the following tables: 

Table 3.8-1 Site 1 - Characteristics 

Table 3.8-2 Site 1 - Impacts 

Table 3.8-3 Site 2 - Characteristics 

Table 3.8-4 Site 2 - Impacts 

Table 3.8-5 Site 4 - Characteristics 

Table 3.8-6 Site 4 - Impacts 



Aquatic Habitats 

Genera 1 

Upper l'luskeg Ri ver 
Tributaries 

ltKearl Creek tr 

Kearl Lake 

Table 3.8-1 

SITE 1- CHARACTERISTICS 

Characteri st ics 

Development of Site 1 involves the headl'laters of f!uskeg 
River, Kearl Lake, a large area of mUSkeg, and portions 
of an upland groundwater discharge area. Approximately 
9 percent of the total I~uskeg River drainage ,lill be 
affected by develgPll13nt of Site 1 (runoff of approx
imately 19.7 x 10 m per year). 

No information on fish populations. Low stream gradient 
in muskeg areas, si lty bottom, Dec 1 us; on by macrophytes 
and low habitat diversity reduce fish habitat potential. 
Headwater areas along slopes of fluskeg 110untain have 
higher gradient and more diversity but are not expected 
to have fish populations. The upland area may be a 
groundwater discharge area for aquifers in the Grand 
Rapids formation. 

No information on fish populations. The relatively large 
drainage area probably has a fairly consistent discharge 
a-r'fd may provide some overwintering areas in lower reaches. 
Seasonal use by "'uskeg River populations is also 
possible. Upper reaches have numerous beaver dams which 
probably 1 imit fish access to Kearl Lake area. 

Kearl Lake is a shallow lake
2
with a maximum depth of 1.8 m 

and a surface area of 5.4 km. Its shallow depth and 
heavy macrophyte populations limit fish habitat potential. 
No fish populations are

2
known in the area. The lake 

drains an area of 67 km (26 mi 2 ) and forms part of a 
significant surface water storage area. 

Sca 1 e of Importance 

Significant impact on the 
entire drainage. 

Considered to be of low 
importance as fish 
habitat. 

Considered to have low 
fish habitat potential. 

LOI' fish habitat potential. 
Important surface water 
storage area. 

Recommenda t ; DnS 

Protective p'easures should be 
sufficient to If'Qintain water 
qual ity in do',;nstream areas. 
11ethods for cantrall ing runoff 
must be incorpcrated in mine 
design. 

Possible effects Site 1 develop
ment may have on surface runoff 
require settling ponds and 
storage facilities to delay 
runoff . 
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Act i vi ty 

Oi vers i on Channe 1 s 

Road Construction 

Surface Drainage 

Sub Surface Drainage 
(using wells) 

Saline Water Disposal 

Vegetation Removal 

Overburden Remova 1 

Pit Excavation 

Tail ings Deposits 

Tailings Pond 

Water Requirements 

Table 3,8·2 

S lTE 1 • IMPACTS 26 

Probable Effects on Aquat ic Systems in Area 

Protection of the mine site wi 11 requ; re streams draining 
the upland areas of Muskeg Mountain to be diverted. 
Diversion to the north will be to the upper l~uske9 River. 
Diversions to the south-west will be to Hartley Creek. 
The fish habitat of Hartley Creek should be protected if 
possible. 

Road construction will result in surface erosion and 
higher sediment loads in I~uskeg River. 

Kearl lake and a large area of muskeg will require 
drainage. Discharge in receiving tributaries and Muskeg 
River will be increased and result in increased erosion, 
untable channels, and higher sediment loads. 

Dewatering operations wlll draw down watertable and 
affect groundwater flow in area. lower hydrostatic 
pressures may allow saline groundwater to enter 
freshwater aquifers. Some local subsidence possible. 
Wa ter wi 11 probably be of poor qua 1 i ty. 

large mining area may result in the need to dispose of 
large volume of saline water. Disposal in Surface waters 
may cause serious damage to downstream fish habitat. 
Winter flows are not sufficient to allow surface disposal 
year-round. 

lower retention capability of area will result in earlier 
response. faster rates of runoff, higher volumes, and 
higher peak flows. Combined effect would be unstable 
channels, increased soil erosion, and high sediment loads 
in Muskeg River. large area of disturbed land at Site 1 
may result in higher frequency of flooding in downstream 
areas of Muskeg River. 

large area (approximately 93 km2) will be involved in 
overburden removal. Infiltration of water will be lower, 
result i ng in more surface runoff. hi gh sediment loads. etc. 

Pit water will probably be of poor quality (containing 
bitumen, etc.) and require disposal in a pond. 

Source of supply for contaminants (sodium hydroxide. 
bitumen, etc.) which by infiltration or erosion could reach 
surface runoff. 

Contamination of surface and groundwaters may resul t from 
percolation, seepage or local failures. Hydrostatic head 
of pond will create man-made recharge area. 

~;~~: t ~~~u( ;p~~o~~~:~~)y w~ ~~r m~;!!c ~~ r~~~~ r:~ 1 rO;e~~~~~ 
collection, transport and storage facilities. Utility 
corridor will probably be different from road access. 

Scale of Effect 

Major diversions. 

local. 

Affects full length of 
Muskeg River and some 
tributaries. 

local. 

Could have significant 
effect on entire Muskeg 
River. 

Significant effect on 
entire drainage. 

Significant effect on 
Muskeg River. 

Significant effect on 
Muskeg River. 

local but important. 

Loca 1 but important. 

Util ity corridors may 
affect large part of 
Muskeg Bas in. 

Recorrmendat ions 

Diversions to Hartley Creek 
should be avo1ded. 

Highway routing should avoid 
close proximity or parallel ;ng 
along stream. 

Water should be disposed of 
in tail ;ngs pond. 

Sal ine water should not tle 
rel eased to streams during 
winter months. Alternate 
disposal methods should be 
considered (i.e .• tailings 
pond or deep well injection). 

Settl ing ponds and storage 
facil ities to delay runoff 
are requi red. 

Settl ing ponds and storage 
facilities to delay runoff 
are required. 

Pit water shoul d be di sposed 
of in tailings pond. 

Requires erosion protection 
and methods for returning 
contaminated surface runoff. 

Probability of percolation, 
seepage and failure must be 
minimized. 

Wherever possible the same 
corridor should be used for 
road and util ities. 
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Aquatic Habitats 

General 

l'luskeg River 
(Middle) 

Muskeg River 
(Lower) 

Lower IIKearl Creek." 

She 11 Tri butary "E" 

Hartley Creek 

Table 3.8-3 

SITE 2 - CHARACTERISTICS 

Characteri s tics 

Development of Site 2 involves the middle and 100Ier sections 
of the Muskeg River and two major tributaries: lIartley 
Creek, tlShell tributary [II t and an unnamed tributary draining 
Kearl Lake (referred to hereafter as "Kearl Creek"). Local 
flooding is known to occur along the Muskeg River. Parts 
of Site 2 plant and ponds may be within a flood zone. 

Muskeg River, upstream from Hartley Creek, is a low 
gradient stream with extensive areas of laminer flow. 
Riffle areas are sometimes associated with high qual ity 
pools. Mature northern pike and Arctic grayl ing have been 
collected in this area. The proposed Shell project would 
require diversion of a section of the stream near the 
confluence with Hartley Creek. 

In general the lower reaches of the 11uskeg River (do;m
stream from Hartl ey Creek) present no severe habitat 
limitations for most fish species and are considered 
to have good fi sh habitat. 

No infonnation on fish populations. The relatively 
large drainage area probably has a fairly consistent dis
charge and may provide some overwintering areas in the 
lower reaches. Seasonal use by 11uskeg River populations 
is also possible. This stream bisects the tailings 
pond area and water quality will be difficult to main-
ta i nonce development proceeds. 

No infonnation on fish populations. Lower section may be 
used seasonally by Muskeg River populations. Development 
of Site 2 plant area may el iminate portions of this 
stream. 

The water quality of Hartley Creek, its relatively high 
sustained flows and the presence of good spawning areas 
make this the best fish habitat in the Muskeg drainage. 
Upper sect ions are generally superior to lower sect ions, 
Arctic grayling is the dominant species. 

Sea 1 e of Importance 

COilS i dered to be of 
moderate to low 
importance as fish 
habitat. 

Cons i dered to be of 
moderate to low 
importance in avera 11 
Athabasca dra i nage. 

Cons i dered to have low 
fish habitat potential. 

Small drainage area makes 
thi s stream of low 
importance. 

Excellent fish habitat. 

Recommenda t i cns 

An undi sturbed zone adjacent to 
all major streams should be 
i ncorpora ted in mi ne plans. 
PI ant and pond shaul d not be 
within flood zone. 

Plant and tailings pond must be 
located to prevent formation of 
narrow corridor between Shell 
mine and Site 2 development. 

Upstream sites affect this region 
Protective measures should be 
sufficient to maintain overall 
water qual ity in downstream 
areas. Combined effects of 2 
Or more plants should be 
considered. 

Protective measures should be 
sufficient to maintain overall 
water qual ity in downstream 
areas. 

Undisturbed areas adjacent to 
Hartley Creek are required. 
No diversions into this stream 
should be allowed. 
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Activites 

Diversion Channels 

Road Construction 

Surface Drainage 

Sub Surface Drainage 
(using wells) 

Saline Water Disposal 

Vegetation Removal 

Overburden Removal 

Pit Excavation 

Tail ings Deposits 

Tailings Ponds 

Table 3,8"4 

SITE 2 - IMPACTS 26 

Probable Effects on Aquatic Systems in Area 

Major diversion may be required for uKearl Creek II in mining 
area. Stream flow will be reduced or eliminated in lower 
sections of Kearl Creek. Waters diverted south to Hartley 
Creek could have major impact on fish habitat with increased 
discharge. resulting in lateral or vertical instability. 
and higher sediment loads in Hartley Creek. Large lake may 
form if diversion dams are required. The level of Kearl 
Lake may be raised. 

Extension of roads from Shell area will produce only minor 
impacts on aquatic habitats. Road construction will result 
in some additional surface erosion and higher sediment load. 

Extensive areas of muskeg will require drainage in the plant 
and tailings pond areas. Will result in increased discharge 
in Muskeg River with some reduction in water quality. Lag 
time between preci pi tat i on events and subsequent high runoff 
would be shortened. High sediment loads are expected in 
receiving streams. 

Dewatering operations in mine area will draw down watertable 
and affect small waterbodies in area. I~ater will probably 
be of poor qua 1 ; ty. 

Surface disposal of saline water will result in degredation of 
r'!uskeg River water quality. Combined effects of two or more 
plants could result in serious damage to downstream fish 
habitat. Winter flows in Muskeg River are not sufficient 
to al low surface disposal year-round. 

Lower retention capabil ity of area will result in earl ier 
response, faster rates of runoff~ higher volumes. and higher 
pea k f1 ows . Combined effect wou 1 d be uns tab 1 e channe 1 s, 
increased soil erosion, and high sediment loads in Muskeg 
River. 

Infiltration amounts would be lower. resulting 1n more 
surface runoff, higher sediment loads, etc. 

Pit water will probably be of poor quality (containing 
bitumen, etc.) and require disposal in a pond. 

Source of supply for contaminants (sodium hydroxide, bitumen, 
etc.) which by infiltration or erosion could reach surface 
runoff. 

Close proximity of Site 2 pond with Hartley Creek. Muskeg 
River. and Kearl Creek may result in contamination through 
percolation t seepage 01" local failures. Hydrostatic head 
of pond will create man-made recharge area. 

Sca Ie of Effect 

local effect to "Kearl 
Creek" may have signifi
cant impact on Hartley 
Creek. 

110dera te to low. 

Wi 11 have cons; derab le 
local effects in 
receiving streams. 

Local. 

Significant effect on 
lower half of Muskeg 
River. 

Significant effect on 
lower half of Muskeg 
River. 

Significant effect on 
lower half of Muskeg 
River. 

Local. 

local but important. 

Local but important. 

Recorrmenda t ions 

Diversion of Kearl Creek should 
avo i d Hart 1 ey Creek (perhaps 
by diverting north-west 
directly to Muskeg River). 

Mus~eg River crossings should 
be kept to a minif':"um. All cross
ings should be designed to allow 
fish movement. Roads paralleling 
Hartley Creek should be avoided. 

Surface drainage waters should 
avoid Hartley Creek. Settling 
ponds and storage facil Hies to 
delay runoff are required. 

Water should be disposed of in 
tail ings pond. 

Sal ine water should not be 
re leased dur; ng wi nter months. 
Consideration must be given to 
sal ine water disposal by other 
possible plants in area. 

Settl ing ponds and storage 
faell ities to delay runoff 
are required. 

Sett11ng ponds and storage 
facil ities to delay runoff are 
requi red. 

Pit water should be disposed of 
in a tail ings pond. 

Requi res eros ion protec t i on 
and methods for return i ng 
contaminated surface runoff. 
Deposits should be kept some 
distance from Muskeg River and 
Hartley Creek and outside of 
flood zone. 

Extensive muskeg areas must 
to removed to insure dyke 
footing, P,robabil ity of 
percolation. seepage, and 
failure must be minimized. 
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Aquatic Habitats 

Genera 1 

F i rebag River 

Upper ftuskeg Ri ver 

Lo>!er I·iuskeg River 

Table 3.8-5 

SITE 4 - CHARACTERISTICS 

Characteri s tics 

Site 4 involves two major drainage s./s~ems: The Firebi'lg 
ar,d Il;uskeg Rivers. Environmental prctection (maintenance 
of water quality, prevention of siltation, n:onitoring, 
etc.) is made much more complicated by involving both 
sys tei.15. 

The section of the Firebag River adjacent to Site 4 has 
been identified as one of the higher quality stream in 
N.E Alberta. Watershed management in the Firebag 
bas n is essential in order to ensure long-term fish 
hab tat qual ity and avoid any impact which may reduce 
hab tat ;:,tGtential. 

~jo lrfGr:~.ation exists on fish distribution although 
restdcted channel size, high gradient, and low flow 
lir·,i~ possible use by fish. iiur.1erous beaver dams are 
lecated in the stream adjacent to Site 4. 

In general the lower reaches of the Ituskeg River present 
no severe habitat limitations for most fish species and 
are considered to have good fish habitat. 

Sea 1 e of Importance 

Significant impact, since 
Site 4 can affect two major 
drainage systems. 

One of the most important 
streams in the oil sands 
area. 

Low fish habitat potential. 

Cons i dered of modera te 
to low importance in 
overall Athabasca 
drainage. 

Recommenda t ions 

Attempts shoul d be made to 
restrict the impact to one 
draina'j€ or to prevent any 
effl uent from entering the 
Firebag Drinage system. 

NO effl uent or runoff from 
di sturbed sites shoul d enter 
this stream. Total area 
disturbed must be kept to 
minimum to protect watershed. 

Environmental protection 
measures should be sufficient 
to maintain overall water 
quality which would protect 
fish habitats in downstream 
areas. 

Synergistic effects of several 
plants must be considered in 
developing mine plan. 
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{'II, tivi ties 

Di vers ion Channe 1 s 

Road Cons true t i on 

Surface Drainage 

Sub Surfa<:e Drainage 
(uSin9 w'?lls) 

Saline Water ~isposal 

Vegetation Refl'cval 

O'J<: rburden Remova 1 

Pit Excavation 

Tailings Deposits 

Tai 1 ings Ponds 

Table 3.C-6 

~1I1PACT226 

rrooublc [[fcets on Aquatic Systcms in I\r(>a 

No major diversions are expected. 1':;l1or diversi')n may 
produce higher sediment loads but I'Iil1 not have direct 
effect on other water lluality parameters. rIo fish 
hilbitilts will be affected by the required divcrsio'1. 

Assuming access is a continuation frr:r.1 the Sheel least.:! 
area the acr:ess road will parallel I·\o,;sl'eg River" f(lr rrr:st 
of its 1en9th. Construr;tion will result in incr(>ll')wJ 
surface erosion and higher sediment lcads in 1·\usk r.'') Piv"!r 
and iributaries crossed by road. Removal of strear.'i gravel 
my seriously damage spawning habitat. 

Areas of n:uskeg at mjne site ~;ill require drainage. 
Upper reaches of "'Jskeg Piver and its tributaries will 
receive additional flo~ls. Plant and tailings pond may 
require some surface drainage. 

De~latering ope>"atis".s ·".ill draw dCl'ln watertable and affect 
small waterbodies in area. Hater will probably be of poor 
qual; ty. 

Surface disposal of salire 'r/ater" \oJill result in degradation 
of Muskeg River ~/ater C!:.Jality. Ccr'oined effects of Site 4 
and other plants disposing of saline \oJater cc:uH result in 
serious damage to dmmstrea<:' fish habitat. ~intel" flows in 
f'\uskeg River are not sufficient to allow surface disposal 
year-round. 

lower retention capability of areas will result in earlier 
response, faster rates of runoff, hifJher volUMes of runoff 
and higher peak flows. Combined effect would be unstable 
channels, increased soil erosion, and high sediment loads 
in watercourses. Both Muskeg and Firebag watersheds may 
be involved. 

Infiltration amounts would be lO~ler, resulting in more 
surface runoff. hi!)h sediment loads. etc. 

Pit water will probably be of pOOr (containing bitumen, 
etc.) quality and require disposal. 

Source of supply for contaminants (sodium hydroxide, bitumen, 
etc.) which by infiltration or erosion could reach surface 
runoff. 

Close proximity of Site 4 pond to Firebag River may result 
in contamination through percolation. seepage or local 
fa 11 ureS. Hydras ta t; c head of pond wi 11 c rea te man -made 
recharge area. 

Scale of Effect 

local 

Affects full length 
of /'\uskeg River. 

local 

Local 

Affects full length 
of Muskeg River. 

Affects full length 
of r'::"sKeg River and 
part of Firebag River. 

Full length of Muskeg 
River and part of 
F i rebag Ri ver. 

Local 

local 

local but important. 

ReCOllll1cnda ti ons 

Hig;,way routir,g should avoid 
close proxir:!ity or paral1elir.g 
of r<luslte'J River. Cros~.i'~, 
should be nade as far upstrea-, 
from the ~outh of tri~utaries 
as pcssiole. No 'Jravel should 
be rer'rOved frc;,:" t'le :~,uskeg 
River or tribul;aries. 

Wherever possible svrfase 
dra i rlage wa ters sr.QU 1 d be 
directed to tfJe ~),~skeg River. 

Water should be disposed of in 
a tail ings pond. 

Saline ... ater si-Jould not :'e 
released during \'iinter fT'Olltns. 
Consideration must be give'! to 
saline water disposal by other 
plants in area. 

Sett11ng ponds and storage 
faci 1; ties to delay runoff are 
required. ~:I"oere possible, 
surface runoff to Firebag Piver 
should be prevented or treated 
(in settling ponds, etc.). 

(Precautions similar to vege
tation removal above). 

Pit water should be disposed 
of in a tailings pond and be 
used as plant process water. 

Requires erosion protection and 
methods for returning contami
nated surface runoff. 

Percolation, seepage. and 
failure probability IT'ust be 
mi nim; zed" Perr:'eabi 1 ity of 
pond area r.ust be determined 
and the poss i bil Hy of sink 
holes in the area must be 
elirninated. 
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3.9 TERRESTRIAL FAUNA 

The following list outlines those species or groups of species which 

occur in the study region, their relative abundance and distributions, 

and their regional importance. 

subsequently. 

Moose 

Site-specific information is discussed 

The oil sands region is only moderately productive for ungulates, moose 

(Alces alces) being clearly the most important of these. Canada land 

Inventory (ClI) rates most of the area as classes 4 and 5 for moose, but 

specific critical ranges of considerably greater value for production 

and wintering exist. Although seasonal habitat preferences vary, tall 

shrub and deciduous habitats are preferentially occupied, and coniferous 

and disturbed habitats are avoided. River valleys appear to be 

favoured, particularly for wintering. In fact, the area immediately 

adjacent to the Firebag River is rated class 3W, and supports wintering 

populations from nearby areas (probably including our study areas). A 

1972 survey27 showed similar densities of moose in the present 

64,750 ha study area as in the overall oil sands area (0.19 per km 2). 

other UngUlates 

Deer (Odocoileus hemionus and ~ ~irginianus), woodland caribou (Ranqi

fe~ caribou) and buffalo (Bison bison) may occur on the study area from 

time to time, but regionally, their occurrence is uncommon. No special 

comments regarding habitat or distribution seem warranted. 

Beavers 

Regionally, beavers (Castor canadensis) are both abundant and economic

ally important. They are strongly associated with small streams border

ed by aspen or balsam poplars. Willows are also common habitat compon

ents. Beavers are the most important fur species in this region, and 

provincially. However, the~r~overall abundance and their under-utiliza

tion by trappers28 indicat~s that minor reductions in numbers will 
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not be regionally important. Economic impacts to specific trappers may 

be significant~ however. 

Other Furbearers 

Other furbearers which make important contributions to trapper income 

(as opposed to absolute numbers trapped) include lynx (lynx canadensis), 

muskrat (Ondatra zibethica) and mink (~1~stela vison). The lynx tends to 

be associated with snowshoe hares which frequent tall willow and spruce

willow areas. Muskrats are found only around fairly shallow lakes, and 

are only rarely trapped on traplines which cross the study area. Mink 

are associated with muskrats, and with riparian stream habitats. 

Waterfowl 

Generally, the oil sands area is only moderately productive of waterfowl 

(ell classes 5 and 6); however, a fe"'l waterbodies are quite important 

regionally since the oil sands (and the nearby Peace-Athabasca Delta) 

are located on four migratory flyway::,. McClelland lake is especially 

important as a fall staging lake but it also supports a reasonable num

ber of breeding pairs in summer29. Kearl Lake is less important 

for fall staging, but supports a somewhat higher density of breeders 

than does McClelland lake. The string bog southeast of McClelland lake 

also supports some fall staging waterfowl, but its nlain importance is 

the high breeding density it shows, and its value for spring migrants. 

Presumably, its shallowness en,;Ul'es that it is one of the first aquatic 

areas in the region with open water in spring, thus attracting large 

numbers of early arrivals. 

The most common species utilizing the area are lesser scaup (Aythya 

affinis)~ mallard (Abas platyrhynchos), American widgeon (Mareca 

americana), blue-winged teal (Anas discors), common goldeneye (Bucephala 

clangula) and white-winged scoter (Melanitta deglandi). 

Factors limiting the quality of aquatic habitat for waterfowl include 

low soil and water fertility, and sparse vegetation growth (and thus 

poor availability of food, nesting cover and brood cover). 
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Site 1 

Ungulate habitat, particularly for moose, is very limited. Beavers, and 

possibly mink, utilize various of the streams transecting the ore body, 

tailings disposal area, and plant site. Waterfowl use Kearl Lake for 

breeding and for fall staging. 

The mining and tailings disposal ~cheme will have little effect on big 

game populations, but beavers and waterfowl will be completely eliminat

ed through stream diversion and the draining of Kearl Lake. Waterfowl 

are likely to be attracted to the large tailings pond, especially during 

fall migration. Tailings ponds which remain partially open in winter 

are attractive to spring migrators as well, since little open water is 

available at that time of year. Waterfowl must be deterred from landing 

on bitumen-contaminated ponds, particularly in early spring. 

Site 2 

This area is somewhat better for ungulates (moose) than Site 1. The 

poplar forests provide better food and cover, and the habitat adjacent 

to the Muskeg River and Hartley Creek may be used by moose in winter. 

The area is very good for beaver, and may also support mink and musk

rats. Most of the tributaries to the Muskeg River are used by beaver. 

Waterfowl use is restricted to Kearl Lake, which probably will not be 

drained, and to the area around the confluence of the Kearl Lake outflow 

and the Muskeg River. The same comments regarding tailings pond hazards 

to waterfowl apply here. Offsite habitat mitigation for wildlife should 

not be necessary. 

Site 4 

Although the ore body has only moderate ungulate habitat capability, the 

Firebag River provides good moose wintering habitat. This riverside 

habitat should be protected from disturbance, as it may also serve as a 

movement corridor for local populations. The area is not important for 

furbearers. Waterfowl apparently use the string bog (adjacent to the 
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western mine limit) for spring staging and breeding. This area should 

be protected from disturbance. Waterfowl deterrent devices must be uti

lized, particularly because of the proximity of tailings areas to the 

string bog and the Firebag River. 

With respect to impacts on wildlife, the following should be consider

ed: 

a. Since waterfowl, especially during migration, are both the most im

portant and the most sensitive wildlife resource, strict protective 

measures must be utilized. Reduction of the total surface area of 

tailings ponds, coupled with elimination of any hydrocarbon slick, 

are key priorities. The area of open water must be reduced during 

the time of spring (April-May) and fall (September-October) migra

tion, and deterrent devices should be used. Natural and manmade 

reservoirs used for fresh water, etc., must either be kept complete

ly free of bitumen and toxic chemicals, or be equipped with deter

rent devices. 

b. Reclamation plans should give high priority to the creation of suit

able staging and breeding ponds. 

c. Contingency planning must be undertaken to prevent pipeline (and 

other sources) spills from entering tributaries to the Athabasca 

River, thereby being transported into the Peace-Athabasca waterfowl 

breeding areas. 

d. Beaver, the mainstay of the local trapping industry, should be pro

tected where possible by minimizing stream diversions, by preventing 

extreme peak flows, and by conserving natural aspen and willow habi

tat near strea~s. 

e. Reclamation should encourage the reestablishment of beaver popula

tions by re-introductions, as well as tree species selection. 
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f. Critical moose habitat (Firebag River valley), and preferred habitat 

(Muskeg River, Hartley Creek) should be conserved where possible. 

Habitat adjacent the Firebag River is considered to have especially 

high regional value. 

g. Reclamation plans should encourage moose re-invasion by maximizing 

small forest openings, by planting to favoured deciduous tree and 

shrub species, and by creating more diverse terrain conditions. 

h. Resource impacts to other furbearers, other ungulates, and, smaller 

mammal species are considered low to moderate, and no special miti

gation is recommended. 

i. It is not thought that mining will threaten rare or endangered spec

ies, but where raptors are encountered, special protective measures 

should be utilized. 

j. Relative impact to upland birds is considered fairly low. No spec

ial measures are recommended. 

k. Access and hunting should be strictly controlled to minimize human 

predation. 

1. Human waste disposal areas (primarily garbage dumps) should be loca

ted far from working or living areas to minimize bear-human interac

tions. 



RHEINIBRAUN - Consulting Gmt> H ----------------------- TECHMAN lTD. 

3-65 

LAND USE 

Land use capabilities are considered high in the areas of recreation 

(water-related activities predominantly), wildlife utilization (water

fowl hunting, viewing), and fur trapping. Capabilities for forestry are 

presently low to moderate, although appropriate permits for harvesting 

are in place. Capabilities for energy resource utilization (synthetic 

oil production) rank highest of all. Fishing, big game hunting, urban 

development, industrial development (except synthetic oil), and 

agriculture rank low. 

Local resources are generally underutilized, Only about 10% of the ex

ploitable increment of furbearers is harvested annually28. No ac

tive lumbering operations harvest existing commercial' timber, There is, 

however, a Timber Quota A7-Q3) in existence, granting Swanson Lumber Co. 

Ltd. 9,5 Mfbm annual allowable cut on 120 year rotation, A fuelwood 

permit also allows 160 Mfbm annual cut in the Fort McKay area, outside 

of the study area, Limited populations and access account for the non

existence of the recreation industry. Hunting and fishing activity is 

also very low. 

The process of assigning future land uses prior to reclamation planning 

must take into consideration land use capabilities and utilization 

(briefly listed above), but it must also project into the future what 

manner of demand and utilization can be anticipated. Since utilization 

of all resources is presently low, there are few demand statistics to 

provide indications. For these reasons, the following suggestions must 

be considered somewhat speculative. 

It can be supposed that any new community located in the oil sands area 

(possibly located in the Fort Hills) and intended to serve the oil sands 

industry will display most of the sociological characteristics of the 

existing town of Fort McMurray. Its citizens can be expected to show 

fairly standard patterns of demand for recreation that are typical of 

other predominantly resource extraction-based communi ties. 

clude: 

These 1n-
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moderate to high demand for consumptive recreation such as hunting 

and fishing; 

high demand for motorized forms of recreation such as snowmobiling 

and use of all-terrain vehicles, 4-wheel drive trucks, and power 

boats; 

low demand for nature study, hiking, wilderness camping, cross-coun

try skiing, and other non-consumptive wilderness activities; 

moderate to high demand for formal facilities such as campsites, boat 

launches, cabins, and roadways. 

Since it will be mostly local residents using recreation facilities cre

ated through reclamation, planning should attempt to satisfy the predic

ted type of demand. The construction of access roads, formal campsites, 

and water-oriented recreation facilities presents certain resource use 

conflicts, however, particularly with regard to protection of sensitive 

wildlife areas. 

Bearing in mind the type of recreation demand anticipated, management of 

reclaimed land for consumable (i.e., hunted or fished) wildlife species 

is also of high priority. Creation or enhancement of moose and water

fowl habitats is particularly important. 

Although furtrapping is presently a major land use, its underutilization 

tends to indicate that sufficient demand is not present to give this 

land use high priority. However, furbearers are essential ecological 

components, and contribute significantly to aesthetic appreciation. 

Beavers, particularly, are critical to the maintenance of certain hydro

logical r~gimes that in turn make other land uses possible (wetlands for 

waterfowl, ungulates, and other furbearers). Furbearer habitat should 

be maintained for this reason. 

Commercial forestry is a very high priority, since it may be a key in 

the future to providing for a balanced, diverse, and stable regional 

economy. It is doubtful, however, whether the creation of small commer

cial forests would be of value. It will probably be necessary, when 
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considering creation of commercial-grade timber stands, to attempt man~ 

agement of large tracts of land. 

land use recommendations for reclamation of each of the three develop

ment sites being considered in this study follow: 

Site I 

replacement of a water storage area is highly recommended because the 

loss of Kearl Lake and the often deep muskeg deposits near it will 

significantly alter regional hydrology. A large post-mining lake 

formed by the last mined-out pit would be attractive. 

the slope of Muskeg Mountain (including the site of the proposed 

tailings pond) has sufficient grade to ensure its future superior 

drainage characteristics, and replacement of this area to commercial 

forest stands (Pinus sp. or Picea glauca) seems reasonable. The idea 

has good credibility since it would replace existing commercial 

stands on the site and would become part of a fairly contiguous com

mercial timber area (Muskeg Mountain), thus making harvest more eco

nomically attractive. 

since recreation demand for hunting and fishing will be high, water

based recreation associated with newly-created wetlands will be pos

sible. 

Site 2 

forestry use is only ruled out where local soils, materials handling 

problems or other technical considerations render it technically im

practicable. 

the creation of clear water ponds is a part of all plans. The reduc

tion of slopes and creation of suitable lake margins around clear 

water ponds will assist regional waterfowl popUlations. 
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local topography favors establishment of upland wildlife habitats. 

The proximity of the ore body and the tailings pond (which in some 

schemes is backfilled) to the Muskeg River valley and other good 

wildlife habitats tends to improve opportunities for regional wild

life habitat improvement. Species to be encouraged would be moose 

(which already use the Muskeg River valley), beaver, muskrat, and 

later snowshoe hare, lynx, and mink. Native trapping opportunities 

would be enhanced, as would consumptive recreation (Le., big game 

hunting). 

the proximity of this site to streams with some sport-fishing capabi

lity (.e.g, Hartley Creek), indicates that recreation facilities such 

as campsites, boat launching and rentals, cabins, and the like would 

be favoured by recreationists. This area seems the best of those 

being examined in the study area for a recreation "node". 

Site 4 

Site 4 contains small amounts of commercial-grade timber, is in proxi

mity to ungulate wintering aress and movement corridors (Firebag and 

Muskeg River valleys) and is near waterfowl Citaging and breeding areas 

(McClelland Lake and the String Bog to its southeast). These facts sug

gest the following: 

commercial forest planting is an acceptable land use for the Improved 

and Enhanced Levels, when adequate soil and land surfaces are 

available. 

the area will be frequented by both ungulates (mostly moose) and mi

grating and breeding waterfowl. To further enhance the amount of 

habitat available to these species will probably result in good util

ization ~nd increased regional populations. 

the establishment of wildlife resources would improve the recreation 

capability of the area, especially since it is situated alongside the 

already rather attractive ungulate wintering area, namely the Firebag 

River valley. 
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RECLAMATION EXPERIENCES TO DATE 

Practical reclamation experience in the Athabasca oil sands includes 

revegetation at the Great Canadian Oil Sands mine, and involves 

primarily tailings dyke stabilization by revegetation. In addition, 

some reclamation of associated disturbances (diversion channels, 

power!. 1e rights-of-way, )orrow pits, etc.) has been ,carried out by 

both G.C.O.S. Ltd. and Syncrude Canada Ltd.; these attempts are mostly 

experimental, but comprise primarily surface stabilization measures and 

experimentation. The greater bulk of oil sands reclamation experiences 

comprise growth chamber and field plot experiments; observations from 

these ave been used by T 0chman/RC to suggest the success of various 

reclamation options. 

The following consideration attempts first to outline the key problems 

complicqting efforts to revegetate tailings sands and, to a lesser ex

tent, lerburden. This is accompanied by a discussion of experimental 

and analytical work aimed at solving these problems. Finally, concerns 

specific to reclamation materials and revegetation rractices are outlin

ed. 

A list )f factors limiting or complicating reclamation success includes 

the following30 ,31: 

a. Adverse climate: 

Short growing SeaEJn; 

- little precipitation; 

- Irregular distribution of summer precipitation. 

b. Adverse chemical and physical properties of tailings sands: 

- Initially high soluble sodium values (toxic) which are soon re

duced to non-toxic levels by leaching; 

- Unfavorable physical characteristics including low available 

moisture-holding capacity (although opinions differ depending 
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on definition and sampling particulars), extremely low cation

exchange capacity (CEC), high erosion potential, and high bulk 

density; 

- Absence of microbiological activity; 

- Absence of organic matter; 

- Deficient or low values of calcium, potassium, nitrogen, avail-

able phosphorus, and zinc; marginally adequate amounts of cop

per, manganese, and sulphur. 

c. Adverse chemical and physical properties of randomly selected (but 

presumably sandy) overburden materials: 

- Bitumen present resulting in toxicity; 

- Sometimes high salinity and alkalinity; 

- Unfavorable physical properties attributed to spent tailings 

sands apply here to a varying, but lesser extent due to better 

moisture retention ability and the presence of minor quantities 

of clay and plant nutrients; 

- Very low organic matter; 

- Low nutrient levels. 

d. Limited availability of potential soil supplements over some parts of 

the region, particularly clay and silt sources. 

e. General inadequacy of currently used application and tillage equip

ment for certain reclamation activities. 

In combatting the effects of adverse climate, an approach is often taken 

to select species genetically suited to local climatic conditions. 

This practice has many merits and should always comprise part of a 

reclamation program. Climate is not usually a problem in itself 

however, but lack of precipitation over much of the summer period acts 

to intensify the effects of inherently low moisture-holding capacity 

(tailings sands) resulting in drought. Tailings sand in its pure stat~ 

contains about 1% available moisture30 , or enough to support a 

grass/legume crop for 3 or 4 days. Results of tests at Syncrude 

indicate that increasing available moisture to 4% may extend the period 
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to drought to a.s much as 15 days. To achieve this, 10 cm of 50% clay 

till, and an unspecified amount of peat is added to the 25 cm tailings 

sand layer being ameliorated30 . This requires an estimated 1000 

cubic metres of 50% clay till per hectare. This results in an amelio

rated or 1iprepared soil Ii layer about O.ll- m thick. 

Efforts to overcome other problems associated with the poor physical and 

chemical properties of tailings sands have taken the same approach: 

amend the qualities of tailings sands ito an "acceptable" level through 

addition of minimum necessary amounts of peat (muskeg) and an overburden 

material (clay till when available). Although tailings sands are defic

ient or low in most major nutrients, the problem is more that the cat

ion-exchange capacity is low, and many of the nutrients added are quick

ly leached beyond the rooting zone. Addition of high clay-content over

burden and/or peat are effective in increasing CEC. The.CEC of peat 

ranges from less than 100 meq/IOO g to about 200 meq/IOO g. Overburden 

has generally lower values, and these closely follow the clay content of 

the material. The CEC of till on the 5yncrude lease ranges from 3 to 40 

meq/lOO g, with clay contents of between 10 and 60%. A 1:1 mixture of 

50% clay till and ta~lings sands results in a material with a CEC of 10 

meq/lOO g. The CEC can be quickly although possibly temporarily increa-

sed further by modest additions of peat. For example, 19 kg of peat . 
added to 1 cubic metre of tailings sands results in a mixture with a CEC 

of 3 meq/IOO g (assuming an average CEC of peat is 150 meq/lOO g), and 

an organic matter content of 2%. 

Peat is able to add organic matter, increase cation-exchange capacity 

and available moisture-holding ability, lower bulk density, and maintain 

pH near neutral. Clay till is apparently the most desirable mineral 

amendment. It can increase caition-exchange capacity and available 

moisture-holding ability, reduce free drainage, and improve certain 

nutrient deficiencies (Ca, K, In, Cu, Mn and 504-5). Nitrogen and 

available phosphorus are still inadequate for plant growth and soil 

materials require fertilization. Considerable variability exists be

tween the chemical and physical qualities of the various till types, and 
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between these and other overburden materials. Details are presented in 

Table 3.11-1. 

The following statements and conclusions from an address to the Canadian 

Land Reclamation Association31 , although specific to a single set 

of experiments, represent a good summary of research findings over the 

last 5 years. 

- Properties of low moisture retention, low available plant nu

trients, and high erosion potential make the tailings sand a 

very poor surface to revegetate directly without amendment; 

Al though overburden materials are also sandy in nature, the 

presence of some clay makes them less erodable than tailings 

sand. In comparison to tailings material, overburdens are very 

well buffered around their neutral to mildly alkaline pH; 

- Peats are generally low in available plant nutrients, especial

ly nitrogen and phosphorus, although levels do vary with the 

source of the peat; 

- Results showed that, as long as optimum moisture and nutrient 

conditions could be maintained, tailings sand, peat, overbur

den, lean tar sands and various mixes could all support plant 

growth; 

The main advantages of peats in reclamation are high water 

holding characteristics and good cation exchange capability; 

The inoculation of the revegetation surface with micro-organ

isms from the peat probably represents one of the more impor

tant long term effects of soil surface amendments to the tail

ings and slope; 

- The results indicated that although large increases in plant 

productivity could be induced through addition of nutrients, 
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the area could not be considered self-sustaining if fertiliza

tion were discontinued; 

- Frequent small addit ions of fert ilizer were more beneficial 

than larger yearly or biennial applications; 

- Electrical conductivity was highest where overburden was added 

in addition to peat; 

- This inability to get roots to penetrate significantly into the 

tailings sand layers below was considered a serious defic

iency; 

- Although erosion on test plots was more severe in the overbur

den-amended plots, in no CAse could the effect be considered 

serious where a plant COVRr had been produced; 

- All the different surfaces involved (i.e. tailings sand, peat, 

overburden, and their mixes) have high water infiltration char

acteristics (21. 6 to 30.5 cm/hr). As a consequence of this 

high absbrptive capacity only between 0.79% and 2.5% of the in

tercepted ra infall was collected as runoff. The amounts of 

nutrients lost (in this way) were also small; 

- Leaching losses were greater than runoff losses. Between 15.7% 

and 28.9% of the intercppted rainfall leached below the 30 cm 

depth (of soil amendmenl). Nutrient losses were consistently 

higher in the overburden-amended treatments. 

Summaries of results of other revegetation studies follow: 

a. Greenhouse experiments indicated that growth of barley on media 

comprised of tailings sands, overburden and peat, was primarily 

governed by fertilizer addition but peat and overburden addition 

to tailings sands also resulted in growth increase33 • 



Table 3.11-1 

SUMMARY Of SELECTED CHEMICAL AND PHYSICAL PROPERTIES Of SOILS 

ANO OTHER RELATEO MATERIALS fROM SYNCRUOE ANO G.C.O.S. LEASES 

DATA INOICATE RANGES Of VALUES OBTAINED fROM A LITERATURE REVIEW31, 32 

Condo + ~ Org. Organic CaC03 Total Sulfate ~art~cle.size", %. moisture .at 
rrrnho NH4 N03 C Matter Na Ca equiv. N S Exchange complex. me/lao 9 ~~t!2~ fleld capacHy 

Materials pH per em ppm ppm % % ppm ppm ppm ppm % 'l ppm eEe K Ca Na 119 Sand Silt Clay (1/3 bar.) 

Tailin9s Sands 6.1-9.7 0.55 1.06 0.5-1.3 0.20 1.3-3.5 4.0-12.5 75 75 0.005 11.4 2.9 0.26 0.25 0.43 0.48 96.6 1.0 2.4 14 
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Pea t (Syncrude) 4.1-6.3 3.5 0.6 
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b. Growth chamber tests compared the early development of twenty

five species of grasses and legumes on five different soil types 

(organic peat, clay-loam, sand, oil sands and tailings sands). 

Clear interpretations of study results were not provided. How

ever, considerable variation in plant growth showed the import

ance of plant selection for revegetation34. 

c. Growth chamber experiments compared plant growth on overburden 

mater ials, tail ings sands, peat and heavy and lean oil sands 

materials collected from the Syncrude and G.C.O.S. leases32 . 

The following conclusions were provided: 

d. 

- as compared with a good agricultural soil (Malmo), growth of 

plants on the oil sand-bearing materials was poor. 

- dry matter yields on tailings sands:overburden (1:1) mixes 

and tailings sands:peat:overburden (2:1:1) mixes were 

generally better than on tailings sands alone and tailings 

sands:peat (1:1) mixes for various levels of nutrient 

application. 

- growth on thoroughly mixed tailings sands and peat appeared 

to be better than growth where the peat was placed on the 

tailings without being mixed. 

In recent revegetation 

slopes3l , the amounts of 

experiments on tailings sands 

fertilizer added in the first year 

varied between 80 kg-N, 35 kg-P, 75 kg-K, and 20 kg-S per 

hectare, and 300 kg-N, 80 kg-P, 300 kg-K, and 40 kg-S per 

hectare. Preliminary results lindicate that amounts added should 

be at a minimum 80 kg-N, 20 kg-P and 80 kg-K per hectare per year 

to produce adequate results. 

e. A recent study35 examined revegetation on borrow areas deve

loped for the extraction of granular materials and disposal areas 

created for discarding earthen spoils material. These enabled a 

comparison of growth capability of "clay" and "gravel" tills, as 

well as peat, although study areas were· generally heterogenous 

'soil' mixes. Heavy applications of fertilizer were provided. 
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Plant cover and standing crop were highest on level peat areas 

and poorest on gravel slopes. Plant productivity was superior on 

level clay sites compared to steep clay slopes. 

The following conclusions regarding soil reclamation have been drawn by 

the Consultants, and are reflected in the reclamation plans developed by 

this study: 

- All materials available in the Muskeg River area that might be 

used as components of prepared soil have some major physical and 

chemical qualities that would act as limitations to good plant 

growth. The objective, which could only be definitively met at 

the operational level, is to combine the materials in the most 

advantageous proportions. 

Tailings sands as described in this study have no qualities that 

would act to improve either the physical or the chemical charac

teristics of the future growth medium. Only where amendments are 

dense and impermeable could tailings sands act to improve tex

ture. Simply stated, tailings sand would appear to dilute the 

positive qualities of whatever other soil amendments were used. 

- Present experience shows that a re lat ively thin layer of muskeg 

(15 cm) with intensive fertilization and maintenance appears ade

quate for short-term erosion control. Long-term erosion control 

providing greater choice in plant species for revegetation will 

require the addition of suitable overburden materials. 

- The fact that the majority of rooting stops at the tailings sand 

and amended tailings sand interface indicates that only shallow 

rooting plants can be grown on such a thin soil veneer. Deeper

rooting grasses !Cmd trees must be provided with deeper soil (pre

pared soil) to achieve optimum growth and long term stability. 

Specific depths of soil to be used must ultimatey depend on site 
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specific criteria for end land use, physical and chemical proper

ties, productivity and erosion control expectations and cost; 

- A relatively deep prepared soil is necessary to prevent leaching 

of water and nutrients below the amended layer and thus below the 

depth of root penetration. 

A number of additional reclamation problems with lesser relevance to the 

cost generation objective of this project have not been addressed in 

this review: 

- Predation by rodents (mostly microtines) on tree seedlings, par

ticularly in areas previously seeded to grasses (for erosion con

trol) i 

- Seepage from tailings dykes largely caused by high phreatic sur

faces that causes both erosion on the dykes and increased area 

salinity; 

- Low survival of tree and shrub seedlings due to competition from 

dense grass mats, a consequence of inconsistent reclamation ob

jectives; 

- Definition of a period in time when fertilization is no longer 

required to sustain vegetation. It is worth emphasizing that it 

has not yet been demonstrated that maintenance of oil sands 

reclamation (particularly dyke slopes) can be discontinu~d with

out loss of the erosion control mat, at least localized dyke 

failure (sloughing) and/or severe loss of productivity. The 

problem is complex, however, and much detailed work is presently 

underway. 

These conclusions, and suggestions made in subsequent chapters, have 

been made by Techman Ltd. and Rheinbraun Consulting - GmbH staff after 

careful consideration of operational problems and limited experimental 

results available at the time of writing. 
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4.0 DEFINITION OF LEVELS OF RECLAMATION 

4.1 GENERAL OBJECTIVES OF OIL SANDS RECLAMATION 

The reclamation of the mined-out areas of the Athabasca oil sands region 

challenges present and potential mine operators because of a combination 

of adverse climatological and meteorological conditions, limited natural 

soil depths, and the complexity, overall, of the mining and tailings 

disposal operations (See: Section 3.1, Meteorology and CI imatology; 

Section 3.6, Soils; Section 3.11, Reclamation Experiences to Date; Sec

tion 5.3, Tailings Disposal Techniques; Section 5.4, Reclamation Tech

niques, as well as mine plans described in Sections 7.1, 8.1 and 9.1, 

General Design Concepts). 

Mining of oil sands deposits for the production of synthetic crude oil 

involves a large-scale disturbance of the landscape. Immediate and pro

gressive reclamation of the disturbed area avoids both the long-term de

struction of the typical landscape and the high cost of reclaiming an 

area years after its distu:::bance. Therefore, one objective of mine 

planning as well as reclamation planning should be to minimize the out

of-pit area disturbance, and to maximize the use of in-pit areas for the 

deposition of overburden and tdilings. Mining and reclamation activi

ties should be carried out simultaneously in separate areas of the mine, 

coordinated by a predetermined schedule of development activities. 

It is believed that the costs incurred by the mine in achieving selected 

standards of reclamation may be much greater than the actual va,lue of 

the restored landscape. Nonetheless, successful and permanent recla

mation of the mined-out areas should be highly valued since it will de

termine the course of longterm development of the McMurray region. 

There are many possible degrees of reclamation of an oil sands mine or 

region. The terms of reference of the present study required that the 

possibilities be ranked "minimum", "improved" al)d "enhanced". The de

tailed definition of each of the three levels of reclamation is deter-

mined by the following set of influencing factors: time, overburden, 
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tailings pond, landform, land use, and tailings characteristics. As a 

result of detailed investigations regarding mine and reclamation 

planning of three potential oil sands mining sites, the relative signif

icance of these factors became progressively more evident; consequent

ly, the definition of the levels of reclamation was evolved rather than 

arbitrarily predetermined. The pract ical elements of materials hand

ling in terms of reclamation potentials are given prime consideration. 

The terms "minimum", "improved" and "enhanced" are not to be confused 

with the absolute quality or desirability of the applied reclamation 

activity. Rather, the terms generally reflect advances in tailings dis

posal and mine operating techniques as well as extraction technology 

which will lead to a progressive improvement in reclamation potential of 

any given mine site. The advantages realized by this classification re

sult from sophistication in the applied materials handling schemes, or 

are the direct result of improvements made feasible by advanced extrac

tion technology. Table 4.1-1, Definition of Levels of Reclamation, pro

vides a concise summary of the attributes of each level of reclamation. 

MINIMUM LEVEL OF RECLAMATION 

The Minimum Level of Reclamation is defined as follows: 

Time The time schedule of the reclamation activities is de

termined by the site--specific conditions found at the 

mine site. The development of an efficient mine plan 

is paramount, the type of reclamation generally being 

the result of the requirements of the mine plan rather 

than a major objective. 

Prepared Soil - A prepared soil (muskeg-overburden mixture) of 0.4 m 

thickness is spread over !idry" reclaimable surfaces. 

The actual depth ultimately relates to the quality of 

the soil, the quality being sufficient for the minimal 

vegetation demands featured at this level. A prepared 

soil layer is created on the reclamation site by truck

ing and spreading 0.2 m muskeg previously removed from 
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TIME ELEMENT 

MUSKEG 

OVERBURDEN 

PREPARED SOIL 

PONDS 

DRAINAGE 

STABILIZATION 

LANDFORM 

LAND USE 

TAILINGS 

Table 4.1-1 

DEFINITION OF LEVELS OF RECLAMATION 

MINIMUM ---

Reclamation work done 
at rates which make 
overall mining most 
economical. 

Muskeg for prepared 
soil will be selected 
from the routine muskeg 
stripping operation. 

Selected with minimal 
effort as material 
becomes available in 
the course of over
burden removal. 

Availability a by
product of mining, 
least selective, 
uniformity of minimal 
importance, 0.6 m 
average depth. 

Ponds reduced to 
minimum area by 
physical dimensioning. 

Minimum drainage for 
environmental 
protecti on. 

All slopes geotech
nically stable and 
erosion control cover 
only. 

No attempt at making 
compatible landform. 
Erosion control 
considerations only. 

Will provide environ
mental protection to 
surrounding areas. 

Wet 

IMPROVED 

Reclamation work will 
have direct influence 
on mine design and 
operating costs. 

Muskeg for prepared 
soil is obtained by 
selection from the 
routine muskeg 
stripping operation. 

Selective salvage of 
greater quantities of 
overburden. Larger 
quantities may result 
in some rescheduling of 
overburden stripping 
operation. 

Selected with consi
deration to economics 
of selection, coarsely 
blended, 1.0 m average 
depth. 

Ponds reduced to mini
mum area by physical 
dimensioning as well as 
treatment of sludge. 

Ortimal drainage for 
partial land use. 

All slopes reduced to 
assist revegetation. 

Solutions compatible 
with planned land use 
otherwise erosion 
control only. 

Most economical 
designated land use. 

Modified (dewatered) 

ENHANCED 

The reclamation objectives 
are domi nan tin mi ne des i gn 
and determi na ti on of 
operating cost. 

Muskeg for prepared soil 
is obtained from especially 
selected sources known as 
"muskeg mines". 

Selected to produce optimal 
soils by blending. Selection 
capability highest and least 
disruptive to general over
burden removal. 

Carefully selected for final 
land use and uniformly 
blended, 1.0 m average depth. 

No ponds remaining. 

Drainage for optimal 
regional land use. 

All slopes biologically 
stable for all planned 
land use. 

Final landscape largely 
determined by land use. 

Create maximum diversity, 
desirable recreation and 
economic land uses, may 
improve surrounding 
envi ronment. 

Dry 
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the mining area and stored alongside the pits, and 

0.2 m overburden also purposely stockpiled near the 

pits or in controlled areas of waste dumps. Following 

spreading and mixing by dozer, the mixture is cultiva

ted to a depth of 0.6 m to incorporate an additional 

0.2 m of tailings sand. The final ratio of muskeg to 

overburden and sand should be 1:2. This should permit 

the establishment of noncommercial forest. On waste 

dumps, the 0.2 m sand layer is replaced by 0.2 mover

burden for a total of 0.4 m overburden. Therefore pre

pared soil on waste dumps' requires only trucking of 

muskeg. 

The sizes and shapes of the tailings ponds depend both 

on the tailings disposal technology employed, and on 

the materials handling schedule of the mine. Rehand

ling of sludge from pond to pond to reduce final wet 

surface area is desirable. Reclamation of dyke slopes 

and near-level sanded-in ponds is done as material be

comes available from the mine's overburden stripping 

operation. 

- The final landform reflects thE necessity of efficient 

materials handling in the mine. Slope stability and 

controlled surface drainage are achieved. The final 

remaining pit is rapidly filled with water (pumping 

from the Athabasca River, if necessary) to minimize the 

deleterious effects of groundwater seepage on water 

quality of the remaining lake. 

- To adapt the reclaimed area to the existing land use, 

mainly noncommercial forestry, reclamation is deemed 

desirable. Grass-legume covering of the area is per

missible only in areas where it is necessary to avoid 

erosion where forest reclamation is not possible for 

various reasons, or where wildlife-browsing areas are 
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Tailings 

desired. Even though the grass-legume planting of the 

area is not used as standard for the Minimum Level, it 

could be used over a considerable area where it forms 

part of the land use plan. 

- Wet tailings limit reclamation to the slopes and sand

ed-in areas of the taUings ponds. Areally large and 

currently unreclaimable wet pond surfaces remain, al

though the ponds are dimensioned so as to cover a mini-

mum area. 

, 
4.3 IMPROVED LEVEL Of RECLAMATION 

The Improved level of Reclamation is defined as follows: 

Time - The requirements for a more demanding type of reclama

tion compared to that at the Minimum Level are consi

dered during mine planning. The availability of suffi

cient reclamation soil (overburden and muskeg) may af

fect the materials handling schedule of the mine. 

Prepared Soil - Prepared soil meets the requirements of self-sustaining 

noncommercial forestry reclamation, combined with a 

versatile choice of trees. The thickness of the sur

face layer is I m and in some cases more, depending on 

the composition of the soil and the underlying mater

ials. Blending considerations are important and, com

bined with quantity requirements, begin to affect the 

equipment selection and mining method. Initial blend

ing of suitable overburden material and muskeg is 

achieved by building strategically-located layered 

stockpiles. Such stockpiles are layered with 1 m mus

keg followed by 2: m overburden. A dozer operating 

technique employing ripping, cross-cutting, and blading 

further mixes the soil prior to loading with front-end 

loaders onto trucks. The materials placed into these 

stockpiles are somewhat selected, 1. e.,. consideration 
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to quality is given. The stockpiles are constructed 

during the winter months, overburden being acquired 

either at the face or at the spreader, and muskeg being 

selected from the prestripping operation. The 

stockpiles are mined as reclamation material is 

required. A muskeg-to-overburden ratio of 1:2 is 

achieved. Transporting to the reclamation site is done 

using large off-highway trucks. Spreading and mixing 

is done by dozer, followed by cultivation with deep 

penetrating plowing wherever possible. 

The sizes and shapes of the tail ings ponds depend on 

the site-specific condit ions at 'the ore body, tailings 

disposal technology employed, and mining method. A 

further reduction of wet tailings pond surface area is 

made by dewatering of sludge in conjunction with bitu

men recovery. The opportunity to chemically treat all 

or partial quantities of sludge is afforded, creating a 

potential for reclamation of the final sludge pond. 

- Disturbed surfaces are shaped to form a variety of gen

tly graded areas. A gently sloping surface is achieved 

on the sanded-in ponds. Drainage is sufficient to al

low for dry-ground tree species, and surface runoff is 

controlled to even out the water retention capabilities 

as well as contribute to runoff clarification. The 

final remaining pit is rapidly filled with surface 

water (pumping from the Athabasca River, if necessary) 

to minimize the deleterious effects of groundwater 

seepage on the water quality of the remaining lake. 

- In order to adapt the resulting landscape to its pre

sent surroundings, mainly forest reclamation is requir

ed. Many different types of trees are planted. Areas 

that are not suitable for deep-rooting trees because of 

the insufficient thickness and quality of the prepared 
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Tailings 

soil are planted with a grass-legume erosion control 

mat and shrubs. 

- Tailings sludge pumped from the ponds to the bitumen

recovery plant is partially dewatered by chemical and 

mechanical processes. This simultaneously reduces the 

overall disturbed area and increases the dry areas 

available for reclamation purposes. 

4.4 ENHANCED LEVEL OF RECLAMATION 

The Enhanced level of Reclamation is defined as follows: 

Time - When a dry tailings product is generated, the dump ing 

conditions are similar to those of mines where granular 

overburden is handled. At this level, there is maximum 

potential for the beneficial placement of dry tailings. 

Reclamation may be a key consideration for the mine. 

In this case, the equipment is more advantageously and 

efficiently employed to produce an optimum landform and 

so maximize prepared soil utilization, as compared with 

the two previous reclamation levels. In addition, the 

requirement for only limited containment structures al

lows greater flexibility in mine scheduling. 

Prepared Soil - Thickness and quality of the surface layer of soil is 

varied according to the potential utilization of the 

reclaimed area. As a rule, improving the quality makes 

a difference to the ut.ilization potential of the re

claimed areas. The target depth of prepared soil is 1 

m with a ratio of I part muskeg to 2 parts overburden. 

The source of muskeg is either in the area of future 

mining development or off the mine site itself. Hy

draulically-mined muskeg is dewatered and blended with 

carefully selected overburden from the mine. A stacker 

forms alternating layers of muskeg and overburden. The 

components are mixed into prepared soil by the buckets 
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of a small bucket wheel reclaimer and transported annu

ally via conveyor to predetermined temporary field 

storage sites. From these sites, trucks transport the 

material to the reclamation site for spreading. Addi

tional field blending and deep cultivation are required 

only where special conditions exist that have resulted 

in segregation, over-compaction, or similar difficul

ties. 

Tailings Pond - Tailings disposal resembles normal outside and inside 

dumps, which are readily made compatible with the land

scape. Few, if any, ponds are needed. 

Landform 

Land Use 

Tailings 

The relief of the areas used for mining purposes (out

side dumps, inside dumps, and a minimum of tailings 

ponds) is modelled according to the surrounding land

scape. Transitions from the natural to the artificial 

landscape are gradual. The final remaining pit is ra

pidly filled with surface water (pumped from the Atha

basca River, if necessary) to minimize the deleterious 

effects of groundwater seepage on the water quality of 

the remaining lake. 

- The proportion of good forestry soils is increased com

pared to the original natural conditions. Forestry re

clamation results in the creation of a forest with com-

mercial capability. Recreational land uses are also 

incorporated where desirable. 

- The dry tailings provide the opportunity for reclaiming 

the entire mining area. Special treatment of the tail

ings area does not appear to be necessary, as long as 

sufficient capping of overburden and prepared soil is 

provided. 
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5.0 MINE DEVELOPMENT CRITERIA 

5.1 GEOLOGICAL AND ENGINEERING CRITERIA FOR MINE DESIGN 

5.1.1 MINING GEOLOGY 

The regional geology of the Athabasca oil sands area has been discussed 

in Section 3.2, Regional Geology. In the course of this study, a set of 

east-west trending geological cross sections was prepared at 3 - km in

tervals through Ore Bodies No. 1 and 2. A single cross section was 

drawn through Ore Body No.4. The cross-sections are presented under 

separate cover (Volume II - Drawings) and are numbered as follows: 

Ore Body No. 1, Cross Section Bl - Bl', Dwg. No. BR 22915-06-00 

Cl - Cl' , Dwg. No. BR 22915-07-00 

01 - 01', Dwg. No. BR 22915-08-00 

El - E I' , Dwg. No. BR 22915-09-00 

Ore Body No. 2, Cross Section B2 - B2 r, Dwg. No. BR 22915-10-00 

C2 - C2', Dwg. No. BR 22915-11-00 

D2 - D2 r , Dwg. No. BR 22915-12-00 

E2 - E2' , Dwg. No. BR 22915-13-00 

Ore Body No. 4, Cross Section B4 - B4' , Dwg. No. BR 22915-14-00 

For the location of these cross sections, consult Drawing No. 

B2290-01-00, Ore Body Locations Within Regional Mining Area. 

The cross sections show the position and continuity of overburden, pay 

zone, and reject. As well, some indication of formations forming the 

pit floor are provided. These simplified cross sections provide an 

overall impression of the geologic character of the are bodies selected 

for this study. 

The characteristics of Ore Body No.1 are as follows (for reference, see 

Table 2.8-1, Ore Body No. lA at GRAHT > 400.00 and R-Factor ~ 0.600), 

and Table 2.8-2, Ore Body No. IB at GRAHT > 400.00 and R-Factor > 
0.600): 
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a. The overburden consists of glacial drift of Pleistocene age, silts 

and clays of the Clearwater Formation, and low-grade oil sands (top 

reject) above the uppermost pay zone. The overburden thickness for 

Orebody No. lA averages about 21.1 m, but ranges from 3 to 40 m. 

For Ore Body No. IB, average overburden thickness is about 23.0 m, 

and ranges from 14 to 64 m. 

b. The mean thickness of economic oil sands (net pay zone thickness) is 

about 57.1 m for Ore Body No. lA, but ranges from 31.6 to 75 m. 

For Ore Body No. IB, the mean thickness is about 50.5 m and ranges 

from 30.1 to 67 m. 

c. For Ore Body No. lA, the in situ bitumen grade averages 11.66% 

(11.48% for Ore Body No. IB). The oil impregnation within the pay 

zones is not homogeneous, but varies in grade from 9.86% to about 

13.46% (9.66% to 13.30% for No. IB). The fines content of the pay 

zone averages about 13.36% (14.09% for IB), but varies from about 

6.16% to about 20.56% (6.77 to 21.41% for No. IB). 

d. In Orebody No. IB, a predominant band of centre reject is apparent. 

On the average, at least one band of centre reject may be expected 

on any particular mining f3ce. Top reject thickens to the southeast 

and bottom reject material is intermittent or discontinuous. 

e. The Devonian paleotopographic surface shows undulations. A water-

bearing aquifer sand underlies the entire are body with thickening 

in the paleotopographic lows. 

The characteristics of Ore Body No. 2 are as follows (see Table 2.8-3, 

Ore Body No.2 at GRAMl > 400.00 and R-Factor ~ 0.600): 

a. The overburden material which overlies Ore Body No. 2 is similar to 

that described for No. 1. The mean overburden thickness is about 

11.3 m, but ranges from 0 to 36 m. 

b. The net pay zone thickness (+5% oil sands) averages about 44.6 m, 

but varies from 19.0 to 69.5 m. 
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c. The in situ bitumen saturation for Ore Body No. 2 averages 11.62%. 

The oil impregnation within the economic zones is not homogeneous, 

and varies in grade from 9.02% to about 14.22%. The mean fines con

tent of the pay zone is 13.52%, but ranges from about 3.12% to 

23.92%. 

d. On the north end of the ore body, there is usually one continuous 

band of centre reject present. Statistically, at least one band of 

centre reject may be expected on a mining face. 

e. The paleotopographic surface of the Devonian limestone formation is 

undulating. A thick water-bearing aquifer sand underlies the entire 

ore body. 

The characteristics of Ore Body No. 4 are as follows (see Table 2.8-4, 

Ore Body No.4 at GRAMT > 500.00 and R-Factor > 0.600): 

a. The overburden material which overlies the +5% oil sands of Ore Body 

No.4 is similar to that desc~ibed for Ore Body No.1. The average 

thickness of overburden is about 18.4 m, hut varies from 4 to 33 m. 

The overburden thickens to the east. 

b. The net pay zone thickness (+5% oil sands) averages about 46.7 m, 

but ranges from 29.2 to 59 m. 

c. The average in situ bitumen grade for Ore Body No. 4 is 12.02%. 

The hydrocarbon impregnation within the pay zone is not homogeneous, 

and varies in grade from 10.70% to about 13.34%. The fines content 

of the pay zones averages 11.91%, but varies from about 6.61% to 

about 17.21%. 

d. Intermittent bands of centre reject appear between pay zones of 

Ore BOQY No.4. Statistically, at least one band of centre reject 

may be expected on any particular mining face. Top reject is 
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intermittent. Bottom reject is apparent under the eastern half of 

the are body~ but disappears towards the west. 

e. The paleotopographic surface of the Devonian Waterways Formation is 

fairly flat. A very thick~ massive aquifer sand underlies the en

t ire are body. 

5.1.2 STATISTICAL ANALYSIS OF CENTRE REJECT 

The quantity and grade of mineable oil sands have been estimated by 

Techman/RC for Ore Bodies No.1, 2 and 4 using selective mining cri

teria based on a cutoff grade of 5,% bitumen content by weight. Material 

with 5% bitumen or more (+5% material) would be mined and transported to 

the extraction plant, while material containing less than 5% bitumen 

would generally be rejected. The criteria applied are: 

Ore: 

All oil sands zones ~ 5% bitumen and ~ 1. 52 m zone thickness (+5% 

material and < 5% bitumen and < 1.52 m zone thickness (-5% material) 

Reject: 

All oil sands zones < 5% bitumen and ~ 1. 52 m zone thickness (-5% 

material) and> 5% bitumen and < 1.52 m zone thickness (+5% material) 

The ERCB uses these criteria to delineate mineable oil sands reserves. 

In general, the -5% material above the mineable oil sands feed section 

of the McMurray Formation (top reject) would be rejected with the over

burden, while the -5% material below the feed secUon (bottom reject) 

would be left in place. ERCB geologists are of the opinion that lean 

oil sands contained within the plant feed section could be rejected by 

selective mining whenever this lean zone is 1.52 m or more in thickness. 

Lean oil sands less than 1.52 m in thickness would be included in the 

plant feed. 
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The mining methods examined by Techman/RC in this study required that 

consideration be given to the selective digging capability of the prime 

excavators, especially with respect to the handling of centre reject. 

The draglines are not able to achieve the 1.52 m cut-off used in the re

serve calculation. Instead, a 3.66 m cut-off was assumed to be attain

able, and the quantities of plant fee8 and waste were adjusted accor

dingly. Such adjustments required a statistical analysis on centre re

ject data to: 

predict the number of occurrences of centre reject that may be 

expected in each ore body. 

determine a thickness frequency disbribution of centre reject 

that may be encountered during mining operations. 

determine the overall average thickness of centre reject for each 

ore body. 

The 3.66 m cut-off is considered to be the minimum practical thickness 

that can be excavated, based on the geometry of the slope being exca

vated, the average position of the zone, the size of bucket, and the 

filling characteristics of the buckets likely to be employed in oil 

sands mining generations. Separation of thinner zones would be very 

difficult without a great reduction in dragline productivity. 

The method used by Techman/RC for the centre reject analysis was as 

follows: 

a. Centre reject information was gathered from drill holes within each 

ore body or in proximity to the edge (less than 250 m). It was as

sumed that with the ore body selection and definition based on 

R-Factor > 0.600 and GRAMT ~ 400.00, the I edge effects' would be 

minimized. A visual inspection of the geological cross sections 

through each ore body showed that limiting the gathering of centre 

reject data to drill holes within the delineated ore bodies was a 

valid approach. 

The information extracted from ERCB log interpretations showed: 
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i. number of occurrences of centre reject for each drill hole 

(ranging from 0 to 3). 

ii. thickness of each occurrence. 

iii. total centre rejer.t thickness for each drill hole. 

b. For Ore Bodies No.1, 2 and 4, the drill hole density was assumed to 

be adequate (less than 1,524 m between drill holes) and the drill 

hole distribution was even. As a result, the ore bodies were 

treated as one large polygon, withuut the benefit of weighting each 

drill hole by its area of influence. 

c. Frequency distribution and mean centre reject thickness were calcu

lated for Ore Body No. 2 as follows: 

Frequency* No. of % of Cumulative 
Distribution Occurrences Total ()I 

to ._--

5 - 9.99 ft. 4 17.39 17.39 

10 - 14.99 ft. 4 17.39 34.78 

15 - 19.99 ft. 1 4.35 39.13 

20 - 24.99 ft. 3 13.04 52.17 

25 - 29.99 ft. 5 21. 74 73.91 

30 - 34.99 ft. 1 4.35 78.26 

35 - 39.99 ft. 1 4.35 82.61 

40 - 44.99 ft. 1 4.35 86.96 

45 - 49.99 ft. 1 4.35 91.31 

50 - 54.99 ft. Z 8.69 100.00 

* Data collected from non-metric drilling information. 

Average CR thickness for Ore Body No. 2 = 9.07 m 

(averaging thicknesses for drill holes inside the are body) 

Average number of CR occurrences per drill hole = 1.15 
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The above results compare favourably with those calculated using the 

digitized data base that was later used for mine design and mass 

scheduling. An average CR thickness for Ore Body No. 2 of 10.63 m 

was obtained by analysis of the data base. 

d. Frequency distribution and mean centre reject thickness were deter

mined for Ore Body No. 4 as follows: 

Frequency* No. of 01 of Cumulative 10 

Distribution Occurrences Total IY 
to -----

5 - 9.99 ft. 5 33.33 33.33 

10 14.99 ft. 5 33.33 66.66 

15 - 19.99 ft. 1 6.67 73.33 

20 - 24.99 ft. 1 6.67 80.00 

25 - 29.99 ft. 0 0 80.00 

30 - 34.99 ft. 0 0 80.00 

35 - 39.99 ft. 0 0 80.00 

40 - 44.99 ft. 0 0 80.00 

45 - 49.99 ft. 1 6.67 86.67 

50 - 54.99 ft. 1 6.67 93.34 

55 - 59.99 ft. 0 0 93.34 

60 - 64.99 ft. 0 0 93.34 

65 - 69.99 ft. 0 0 93.34 

70 - 74.99 ft. 1 6.66 100.00 

* Data collected from non-metric drilling information. 

Average CR thickness for Ore Body No.4 = 9.67 m 

(averaging thicknesses for drill holes inside the ore body) 

Average number of CR occurrences per drill hole = 1.67 

Average CR thickness using the computerized data base was calculated 

to be 8.13 m. As before, good agreement ~xists between the methods 

of calculation, confirming the ability. of the computerized mine 

model to assess the overall characteristics of prevail ing centre 

reject. 
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It should be noted that geophysical log data were not complete for a 

large number of drill holes within Ore Body No. 1. About 50% of the 

holes showed only the total centre reject thickness with no indication 

given of the number of occurrences or their individual thicknesses. 

Because an analysis of the remaining 50% of the drill holes could prove 

misleading, Techman/RC decided that the results of the statistical 

analysis for are Body No. 2 could be used for Ore Body No.1, since the 

two ore bodies are joined at a point south of Kearl Lake, and 

indications are that the mining and economic geology of these ore bodies 

are similar. 

The following interpretation has been made: 

a. The statistical data suggest that the number of CR occurrences in 

Ore Body No. 2 ranges from 0 to 3, but the average is 1.15. A 

visual inspection of geological cross sections through are Bodies 

No. 1 and No. 2 indicates that only one CR occurrence is present 

within the McMurray Formation. It is concluded that during mining 

operations in Ore Bodies No. 1 and 2, at least one band of centre 

reject may be expected on any particular mining face. 

b. The thickness of one particular band of centre reject for Ore Bodies 

No. 1 and 2 ranges from 1.5 to 16.8 m. The mean total CR thickness 

is 9.12 m for Ore Body No.1, 10.40 m for Ore Body No.1 B, and 9.07 

m for Ore Body No.2. A comparison of similar data derived by 

digitizing shows fairly close agreement. 

c. Approximately 35% of the occurrences of centre reject in Ore Body 

No, 2 are between 1.5 and 4.6 m thick. For purposes of mine plan

ning for large-size draglines in the one-bench dragline scheme, it 

has been assumed that occurrences of centre reject less than 3.66 m 

in thickness would be mined as ore-grade material. Efforts to se

lectively mine these bands of lean oil sands would be time-consuming 

and non-productive. An estimate has been made of the proportion of 
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centre reject less than 3.66 m thick for Ore Body No.2, based on 

the following calculation: 

Percentage of CR less than 12 ft. thick is equal to percentage of 

CR between 5 and 9.9 ft. thick plus percentage of CR between 10 

and 12 ft. thick,* or 

17.39% + 2 ft.* x 17.39% , i.e. 24.36% 
4.99 ft. 

Say 24% for Ore Bodies No. 1 and 2. 

The effect of including these lean oil sands with pay zone material 

in the one-bench dragline scheme is discussed in detail in Subsec

tion 5.1.3, which deals with the effects of selective mining. 

d. The statistical data show that the number of centre reject occur

rences in anyone drill hole in Ore Body No. 4 ranges from 0 to 3, 

and the average is 1.67. The geological cross section through Ore 

Body No. 4 shows minor, discontinuous bands of centre reject within 

the oil-bearing formation. It is concluded that one and possibly 

two bands of CR may be expected on any particular mining face during 

rlragline mining operations. 

e. The thickness of a particular band of centre reject from a drill 

hole in Ore Body No. 4 ranges from 1.5 to 22.9 m. A total average 

CR thickness of about 10 m is expected. 

f. For Ore Body No.4, approximately 67% of the occurrences of centre 

reject are between 1.5 and 4.6 m thick. This is substa~tially more 

than that predicted for Ore Bodies No. 1 and 2, and would mean that 

much more lean oil sands would be mined as are. Techman/RC has 

estimated the proportion of centre reject in the one-bench dragline 

scheme to be less than 3.66 m thick by the following calculation: 

Percentage of CR less than 12 ft. thick is equal to 
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33033% + 2 fto* x 33033% , ioeo 46.69% 
4.99 ft. 

Say 47% for Ore Gody No. 4 

*Calculation based un non-metric drilling information. 

5.1.3 EFFECTS OF SELECTIVE MINING 

With higher-production mining equipment such as draglines and bucket 

wheel excavators, the mining recovery seldom approaches one hundred per

cent. Deductions are usually made from in-place mineable reserves to 

take into account factors such as mining loss and mining dilutiono 

Additional adjustments must be made to reflect the overall ability of 

the prime excavator to work within the range of constraints imposed by 

the minimum and maximum ore thickness and general variability of ore 

found within the mine. This section discusses the eFfects of selective 

mining for three different oil sands mining schemes: one and two-bench 

dragline schemes, and a bucket wheel excavator scheme. 

For a dragline mining operation, the separation of reject material from 

+5% oil sands is primarily dependent on the ability of the dragline op

erator to see the bucket while digging, Bnd on the operator's ability to 

distinguish the reject material from the pay zone on the basis of color 

or perhaps diggabilityo A considerable amount of training and skill are 

required before operators can make this distinction with precision. 

Under less than ideal conditions, such as digging at depth and. during 

night operation when the boom lights create shadows, it is questionable 

whether the visual distinction between +5% grade oil sands and reject 

material is possible. To maximize oil sands recovery, a non-selective 

mode of operation might be necessary during periods of marginal visibil

ity. 

In a bucket wheel excavator mining operation, the operator is much clos

er to the mining face, and has B much greater opportunity to distinguish 

between are and waste. As a result, mining selectivity and plant feed 

quality should be improved over those attainable in a dragline mining 

operationo Selective mining with any equipment, it must be remembered, 
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has a negative effect on overall productivity, and this effect must be 

balanced against any possible benefits. 

Each pay zone/reject interface where selective mining is to be practic

ed is a potential source of dilution and mining loss. These interfaces 

are present at: 

a. The base of the top reject; 

b. The top and bottom of centre reject zones; 

c. The top of the bottom reject. 

The effects of selective mining for three different oil sands mining 

schemes for Ore Bodies No.1, 2 and 4 are discussed as follows: 

CASE I: Techman/RC One-Bench Dragline Scheme 

Assumptions 

a. Mining to full depth with large-size draglines, as illustrated in 

Figure 5.1.3-1, Oil Sands Mining Schemes. 

b. Overburden stripping done with bucket wheel excavator to the base of 

the top-reject zone or top of the ore zone. 

c. Centre reject less than 3.66 m in thickness mined as ore. A 

percentage of the total CR is added to the pay zone material as per 

the statistical analysis in Subsection 5.1.2. All reject material 

is assumed to have a bitumen grade of 3.33%. 

d. Mining loss comes from the TR/TOP PZ and CR/BOTTOM PZ contacts. Di

lution comes from the TOP PZ/CR and BOTTOM PZ/BR contacts. 

e. The mean PZ thickness for Ore Bodies No.1, 2 and 4 is about 49 m. 

Therefore mining loss and dilution may be calculated as follows: 

Mining Loss = 0.5 m + 1.0 m x 100 = 3.06% 

49 m 
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Dilution = 1.0 m + 1.5 m x 100 = 5.10% 
49 m 

Taking into account nighttime visibility and other negative operat

ing factors, mining loss and dilution are increased to 6% and 10%, 

respectively. 

CASE II: Techman/RC Two-Bench Dragline Scheme 

Assumptions: 

a. Mining to full depth with large-size draglines on two benches. Each 

machine mines approximately half of the plant feed section, i.e., 

1/2(Net PI thickness + CR thickness) as illustrated in Figure 

5.1. 3-1. 

b. Overburden stripping done with bucket wheel excavators to the top of 

Pl. 

c. Every attempt is made to selectively reject lean oil sands material 

between pay zones. 

d. Mining loss comes from the TR/TOP PZ and CR/BOTTOM PZ contacts. Di

lution comes from the TOP PZ/CR and BOTTOM PZ/BR contacts. 

e. The mean PZ thickness for Ore Bodies No.1, 2 and 4 is about 49 m. 

Therefore mining loss and dilution may be calculated as follows: 

Mining loss = 0.5 m + 0.5. m x 100 = 2.04% 

49 m 
Dilution = 1.0 m + 1.0 m x 100 = 4.08% 

49 m 

Taking into account nighttime visibility and other negative operating 

factors, mining loss and dilution are increased to 4% and 8%, 

respectively. 
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CASE III: Techman/RC Three-Bench Bucket Wheel Excavator Scheme 

Assumptions: 

a. Bucket wheel excavators mine the total depth in three benches of ap

proximately equal height, as shown in Figure 5.1.3-1. 

b. Every attempt is made to selectively reject lean oil sands mater

ial. 

c. It is assumed that as a result of the digging characteristics of the 

BWE, interfaces may be separated within 0.5 m of the contact because 

of the proximity of the operator's cab to the ,working face, provided 

the contact could be identified by color or other physical charac

teristics at all. In the case of routine blasting, a certain amount 

of mixing occurs in the immediate vicinity of the blasthole. Talus 

may obscure the working faces prior to removal and for short periods 

of time during operations, as materials slough off the face. 

d. Dilution and mining loss would be expected to occur simultaneously 

at each interface, and are calculated as follows: 

Mining Loss = 0.5 m + 0.5 m + 0.5 m + 0.5 m x 100 = 4.08% 
49 m 

Dilution = 0.5 m + 0.5 m + 0.5 m + 0.5 m x 100 = 4.08% 
49 m 

Effects of nighttime visibility and other negative operating factors are 

negligible due to adequate lighting and the proximity of the operator to 

the working face. 

Through the action of mining, the original pay zone is diluted with lean 

oil sands. A portion of the pay zone is also lost as a mining loss. 

The net effect of this is that the volume of plant feed to be processed 

is usually substantially higher than the originally-calculated in situ 

pay zone reserve volume. Simultaneously, the plant feed bitumen grade 

is decreased from that calculated for the in-pit pay zone. The extent 
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of such trends depends on the grade of the reject material adjaceent to 

the ore. 

With respect to net bitumen yield, the trends favour the single-bench 

dragline operation. The highest bitumen yield is achieved from a given 

are body, but at the cost of increased fines content, lower bitumen 

grade and higher quantity of total plant feed. The bucket wheel scheme 

results in the lowest net bitumen yield, as well as the lowest fines 

content, highest bitumen grade, and smallest plant feed quantities. The 

two-bench dragline scheme is between the above two schemes in net bitu

men yield and plant feed throughput. The above mentioned fines content 

variations will have only minor influence on the selection of the major 

excavating machinery in an oil sands mine. The major factors will be to 

the overall geology and the capital and operating cost of the equipment. 

An are body with one or at most a few thick intervals of centre reject 

can likely be mined with equal effectiveness using anyone of the three 

mining cases described. The trends will be as described above. At the 

other extreme, an ore body with many intervals of centre reject can be 

mined with or without much attention to selective excavation of mater

ials. When selective excavating procedures are employed, the dragline 

mine will produce the greater quantity of plantfeed, with the highest 

total bitumen content and, provided that the fines content is not ex

cessive, also the highest net bitumen yield in the plant. The bucket 

wheel mine will produce SUbstantially less plant feed, but at a much 

higher overall gradS and much lower fines content. Alternately, the ore 

body with many reject intervals could be mined without special attention 

being paid to reject separation. In this case the plant feed from both 

types of mining methods would be very similar. Ore bodies with geologic 

characteristics between the two extremes mentioned are more likely to be 

encountered. In this situation the decision to incorporate selective 

practices as routine operating procedures will have to be based on local 

analysis of the face and an assessment of the excavating capabilities of 

the prime mover in the given situation. Depending on the frequency of 

centre reject occurrence, thickness of intervals between cen 
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tre reject, thickness of reject bands, and thickness of ore grade oil 

sand, the optimum solution may be either to operate selectively or non-

selectively in order to optimize bitumen recovery. Nonetheless, the 

higher fines contents and greater plant throughput associated with the 

ore and two-bench dragline schemes may result in a higher capital and 

operating cost for the extraction plant and tailings disposal facili

ties. From an environmental perspective, the decision regarding selec

tivity must tend to minimize pit size per barrel and reduce the volumes 

of sludge produced. 

The mining loss and dilution analysis presented in this section is only 

one of many possible approaches. If drilling data is more comprehen-

sive, more detail may be included, and more flexibility as to the manner 

of treatment prevails. In the case of this study, Techman/RC are of the 

opinion that the treatment is as re liable a~ possible considering the 

level of detail in the data used. The Consultants believe that the con

clusions would not differ significantly even if other approaches were 

taken to analysing the problem of prime mover mining selectivity. The 

mine simulation programs, developed later in the study, use the selec

tivity criteria described in this subsection as well as other adjust

ments reflecting plant recovery 3S fines and ore grades change. 

Plant feed and waste material data are presented for Ore Bodies No.1, 2 

and 4 in the following tabulations: 

Table 5.1.3-1, Ore Body No. lA after Mining Loss and Dilution 

Table 5.1.3-2, Ore Body No. IB ofter Mining Loss and Dilution 

Table 5.1.3-3, Ore Body No. 2 after Mining Loss and Dilution 

Table 5.1. 3-4, Ore Body No. 4 after Mining Loss and Dilution 

The impact of mining method on bitumen yield, fines content, sludge pro

duction, and plant throughput can be seen. in the following tables, which 

present plant feed and waste material d3ta for Ore Bodies No.1, 2 and 

4. For the purposes of comparing mining methods only, the entire ore 

body was assumed to have one large centre reject band. 



Table 5.1.3-1 ::a 
:J: 
!!! 
Z 

ORE BODY NO. lA AfTER MINING LOSS AND DILUTION til 
::a 
)0 
c: 

Volume of Waste Volume of Waste Z 

Oil Sands Oil Sands Bitumen Oil Sands fines With Reclamation With No Reclamation 
I 

0 
Volume Weight Weight Grade Content Potential Potential g 

VI 

(bank m3 x 1061 (tonnes x 106) (tonnes x 106) % % Waste Material (bank m3 x 106) (bank m3 x 106) c 
---

:;' 
CC 

TWO-BENCH DRAGLINE SCHEME: TWO-BENCH DRAGLINE SCHEME: C> 

Pay Zone 1,024.73 2,051.82 239.24 11.66 13.36 Pe/CW 211.99 3 
CT 

Less 4% (ML) -40.99 -82.07 -9.57 11.66 13.36 TR 167.37 :J: 

Subtotal 983.74 1,969.75 229.67 11.66 13.36 76~ of CR = 95.96 

Plus 8% (DLN) +81.98 +164.15 +5.47 3.33 46.68 Less 1/2 DLN = -40.99 

Subtotal 1,065.72 2,133.90 235.14 11.02 15.92 CR= 54.97 54.97 

Plus 24% of CR +30.30 +60.67 +2.02 3.33 46.68 ML 40.99 

Plant feed 1,096.02 2,194.57 237.16 10.81 16.76 Totals 211.99 263.33 

ONE-BENCH DRAGLINE SCHEME: ONE-BENCH DRAGLINE SCHEME: 

Pay Zone 1,024.73 2,051.82 239.24 11.66 13.36 Pe/CW 211.99 

Less 6% (ML) -61.48 -123.11 -14.35 11.66 13.36 TR 167.37 

Subtotal 963.25 1,928.71 224.89 11.66 13.36 76% of CR = 95.96 

Plus 10% (DLN) +102.47 +205.18 +6.83 3.33 46.68 Less 40% DLN -40.99 

Subtotal 1,065.72 2,133.89 231. 72 10.86 16.56 CR 54.97 54.97 

Plus 24% of CR +30.30 +60.67 +2.02 3.33 46.68 ML 61.48 

Plant feed 1,096.02 2,194.56 233.74 10.65 17.39 Totals 211.99 283.82 

THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: 

Pay Zone 1,024.73 2,051.82 239.24 11.66 13.36 Pe/CW 211. 99 

Less 4% (ML) -40.99 -82.07 -9.57 11.66 13.36 TR (less 1/4 DLN) 157.12 

Subtotal 983.74 1,969.75 229.67 11.66 13.36 Total CR = 126.26 -f 
m 

Plus 4% (DLN) +40.99 +82.07 +2.73 3.33 46.68 Less 1/2 DLN -20.50 0 
:J: 

Plant feed 1,024.73 2,051.82 232.40 11.33 14.68 CR = 105.76 105.76 ~ 
)0 

\J1 Z ML 40.99 I 
I-' r-Totals 211.99 303.87 ~ -f 

0 . 



Table 5.1.3-2 :ID 
:z:: 
m 
z 

ORE BODY NO. IB AFTER MINING LOSS AND DILUTION CD 
:ID ,. 
c: 

VolLme of Waste VolLme of Waste Z 
I 

Oil Sands Oil Sands BitLmen Oil Sands Fines With Reclamation With No Reclamation 0 
VolLme Weight Weight Grade Content Potential Potential. g 

!It 

(bank m3 x 106) (tonnes x 106) (tonnes x 106) % -_%_- Waste Material (bank m3 x 106) (bank m3 x 106) 
c 

:i" 
10 

TWO-BENCH DRAGLINE SCHEME: TWO-BENCH DRAGLINE SCHEME: G') 

Pay Zone 926.60 1,855.33 212.99 11.48 14.09 Pe/CW 345.60 3 
c,-

Less 4% (ML) -37.06 -74.21 -8.52 11.48 14.09 TR 76.83 :z:: 

Subtotal 889.54 1,781.12 204.47 11.48 14.09 76% of CR = 137.69 

Plus 8% (DLN) +74.13 +148.43 +4.94 3.33 46.68 Less 1/2 DLN -37.06 

Subtotal 963.67 1,929.55 209.41 10.85 16.60 CR 100.63 100.63 

Plus 24% of CR +43.48 +87.06 +2.87 3.33 46.68 ML 37.06 

Plant Feed 1,007.15 2,016.61 212.28 10.53 17.89 Totals 345.60 214.52 

ONE-BENCH DRAGLINE SCHEME: ONE-BENCH DRAGLINE SCHEME: 

Pay Zone 926.60 1,855.33 212.99 11.48 14.09 Pe CW 345.60 

Less 6% (ML) -55.60 -111.33 -12.78 11.48 14.09 TR 76.83 

Subtotal 871.00 1,744.00 200.21 11.48 14.09 76% CR 137.69 

Plus 10% (DLN) -92.66 +185.53 +6.18 3.33 46.68 Less 40% DLN -37.06 

Subtotal 963.66 1,929.53 206.39 10.70 17 .20 CR = 100.63 100.63 

Plus 24% of CR +43.48 +87.06 +2.87 3.33 46.68 ML 55.60 

Plant Feed 1,007.14 2,016.59 209.26 10.38 18.48 Totals 345.60 233.06 

THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: 

Pay Zone 926.60 1,855.33 212.99 11.48 14.09 Pe/CW 345.60 

Less 4% (ML) -37.06 -74.21 -8.52 11.48 14.09 TR (less 1/4 DLN) 67.57 

Subtotal 889.54 1,781.12 204.47 11.48 14.09 Total CR = 181.17 
~ 
m 

Plus 4% (DLN) Less 1/2 DLN 
0 

+37.06 +74.21 +2.47 3.33 46.68 -18.53 :z:: 
Plant Feed 926.60 1,855.33 206.94 11.15 15.40 CR = 162.64 162.64 VI 

i: ,. 
I Z 

ML 37.06 f-' 
CO r Totals 345.60 267.27 ~ 

0 . 



Table 5.1. 3-3 
::u 
::E: 
!!! 
Z 

ORE BODY NO. 2 AFTER MINING LOSS AND DILUTION 01 ::u ,.. 
c: 

VolLllle of Waste Volume of Waste 
Z 
I 

Oil Sands Oil Sands Bitunen Oil Sands Fines With Reclamation With No Reclamation (") 

Volume Weight Weight Grade Content Potential Potential g 
(It 
c: 

(bank m3 x 106) (tonnes x 106) (tonnes x 106 ) % % Waste Material (bank m3 x 106) (bank m3 x 106) 
3' 

cg 

TWO-BENCH DRAGLINE SCHEME: TWO-BENCH DRAGLINE SCHEME: " 3 
Pay Zone 952.00 1,906.19 221. 69 11.63 13.48 Pe/CW 181.14 0-

Less 4% (ML) -38.08 -76.25 -8.87 11.63 13.48 TR 
::E: 

59.57 

Subtotal 913.92 1,829.94 212.82 11.63 13.48 76% of CR = 150.74 

Plus 8% (DLN) +76.16 +152.50 +5.08 3.33 46.68 Less 1/2 DLN = -38.08 

Subtotal 990.08 1,982.44 217.90 10.99 16.04 CR = 112.66 112.66 

Plus 24% of CR +47.60 +95.31 +3.17 3.33 46.68 ML 38.08 

Plant Feed 1,037.6B 2,077.75 221. 07 10.64 17.44 Totals IB1.14 210.31 

ONE-BENCH DRAGLINE SCHEME: ONE-BENCH DRAGLINE SCHEME: 

Pay Zone 952.00 1,906.19 221.69 11.63 13.48 Pe/CW 181.14 

Less 6% (ML) -57.12 -114.37 -13.30 11.63 13.48 TR 59.57 

Subtotal 894.88 1,791.82 208.39 11.63 13.48 76% of CR = 150.74 

Plus 10% (DLN) +95.20 +190.62 +6.35 3.33 46.68 Less 40% DLN -38.0B 

Subtotal 990.08 1,982.44 214.74 10.83 16.68 CR 112.66 112.66 

Plus 24% CR +47.60 +95.31 +3.17 3.33 46.68 ML 57.12 

Plant Feed 1,037.68 2,077.75 217.91 10.49 18.04 Totals 1B1.14 229.35 

THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: 

Pay Zone 952.00 1,906.19 221.69 11.63 13.48 Pe/CW 181.14 

Less 4% (ML) -38.08 -76.25 -8.87 11.63 13.48 TR (less 1/4 DLN) 50.05 --- --- ~ 
Subtotal 913.92 1,829.94 212.82 11.63 13.48 Total CR 19B.34 m 

(") 

Plus 4% (DLN) +38.0B +76.25 +2.54 3.33 46.68 Less 1/2 DLN = -19.04 ::E: 
iJ: 

Plant Feed 952.00 1,906.19 215.36 11.30 14.80 CR = 179.30 179.30 
V1 

,.. 
Z 

ML 38.08 I ..... r-
Totals 181.14 267.43 \0 ~ 

0 . 



Table 5.1.3-4 ::u 
:x: 
!!! 
z ORE BODY NO. 4 AFTER MINING LOSS AND DILUTION IJI 
::u 
)I> 
c: 

Volume of Waste Volume of Waste Z 
Oil Sands Oil Sands Bitumen Oil Sands Fines With Reclamation With No Reclamation I 

0 Volume Weight Weight Grade Content Potential Potential g 
CII 

(bank m3 x 106) (tonnes x 106) (tonnes x 106 ) % -_%_- Waste Material (bank m3 x 106) (bank m3 x 1062.. c: .. 
:i" 

CO 

TWO-BENCH DRAGLINE SCHEME: TWO-BENCH DRAGLINE SCHEME: C> 
Pay Zone 461.58 924.22 111.09 12.02 11.91 Pe/CW 136.93 3 

17 
Less 4% (ML) -18.46 -36.96 -4.44 12.02 !J.9l TR 44.95 :x: 
Subtotal 443.12 887.76 106.65 12.02 11.91 53% of CR = 34.96 
Plus 8% (DLN) +36.93 +73.94 +2.46 3.33 46.68 Less 1/2 DLN -18.46 
Subtotal 480.05 961.20 109.11 11.35 14.60 CR = 16.50 16.50 
Plus 47% of CR +31.00 +62.07 +2.07 3.33 46.68 ML 18.46 
Plant Feed 511.05 1,023.27 111.18 10.86 16.56 Totals 136.93 79.91 

ONE-BENCH DRAGLINE SCHEME: ONE-BENCH DRAGLINE SCHEME: 
Pay Zone 461.58 924.22 111.09 12.02 11.91 Pe/CW 136.93 
Less 6% (ML) -27.69 -55.44 -6.66 12.02 11.91 TR 44.95 
Subtotal 433.89 868.78 104.43 12.02 11.91 53% of CR = 34.96 
Plus 10% (DLN) +46.16 +92.43 +3.08 3.33 46.69 Less 40% DLN = -18.46 
Subtotal 480.05 961.21 107.51 11.18 15.28 CR = 16.50 16.50 
Plus 47% of CR +31.00 +62.07 +2.07 3.33 46.68 ML 27.69 
Plant Feed 511.05 1,023.28 109.58 10.71 17.16 Totals 136.93 89.14 

THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: THREE-BENCH BUCKET WHEEL EXCAVATOR SCHEME: 
Pay Zone 461.58 924.22 111.09 12.02 11.91 Pe/CW 136.93 
Less 4% (ML) -18.46 -36.97 -4.44 12.02 11.91 TR (less 1/4 DLN) 40.34 
Subtotal 443.12 887.25 106.65 12.02 11.91 Total CR = 65.97 -I 

m 
Plus 4% (DLN) +18.46 +36.97 +1.23 3.33 46.68 Less 1/2 DLN = -9.23 0 

:x: 
Plant Feed 461.58 924.22 107.88 11.67 13.32 CR = 56.74 56.74 3: 

\J'1 )I> 

Ml 18.46 I Z 
N 

Totals 136.93 115.54 0 r-
-I 
0 . 
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5.1.4 MINING GEOTECHNICSl ,2,3,4,5 

Introduction_ 

The stability of mining slopes in oil sands depends on mAny parameters, 

all of which can be grouped into three categories: geolo~ical, geotech

nical, and design. The geological parameters which are of significance 

to slope performance include lithology, stratigraphy, and structure of 

the oil sands deposit. General information on these aspects of the oil 

sAnds is available in the current literature. The regional geological 

parameters are discussed in Sect ions 3.1, 3.2, 3.3 and 5.1.1. ' Site

specific information pertinent to Ore Bodies No.1, 2, and 4 was insuf

ficient to allow for a detailed geological evaluation. 

The significant geotechnical parameters include such factors as bulk 

density, Young's ModullJs, Poisson'a Ratio, shear strength, compressibil

ity factors, permeability, and porosity. Again, site specific informa

tion for these parameters is not available but sufficient experience has 

been gained by operators in this field to allow reasonable understanding 

of the geotechnical parameters of typical pit slopes. 

The practical application of geological and geotechnical parameters is 

only realized during the consideration of design parameters such as 

slope configuration (height, slope angle, bench widths, etc.), rate of 

excavation, set-back distance of excavating equipment, bench loading by 

equipment, ground dewatering method, blasting method, and surface water 

control. These parameters are developed through an evaluation of the 

geological and geotechnical characteristics of the oil sands, and the' 

performance of slopes in other oil sands mining operations. Only the 

design parameters can be varied, as both geotechnical and geological 

properties are factual for any given situa~ion. A clear understanding 

of the first two types of parameters allows a reasonable assessm'ent of 
i 

the latter. The following review of geological, geotechnical, and de-

sign parameters is intended to assess the influence of these parameters 

on reclamation. 
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Physical Characteristics of the O!~Sands 

Oil sand is a four-phase hydrocarbon solid (Figure 5.1.4-1) consisting 

of a solid phase (predominantly sana), liquid phase (water), gaseous 

phase (predominantly carbon dioxide, nitrogen and methane), and viscous 

hydrocarbon phase (black and dense bitumen, about 8° API). A typical 

analysis (by weight) of the in situ oil sand is 84% solids, 4% water and 

12% bitumen. 

The solid phase consists predominantly of fine- to medium-grained angu

lar to sub-angular quartz sand with small quantities (generally less 

than 20%) of silt and clay-sized material. The clay minerals are usual

ly kaolinite and illite, although some smectites are present. The 

quartz grains are at least 99% water-wet. The other minerals are hydro

philic and are concentrated in the water layer. Bitumen and gases occu

py the remaining pore spaces in the oil sands material. In addition, 

appreciable volumes of gases are dissolved in the bitumen and water 

phases (at depth, liquid saturation is probably 100%). The mean bitumen 

content varies in the are bodies, with the average grade varying from 11 

to 14% in the mineable zones (+5% bitumen cutoff). The overall bitumen 

content varies from 0 to 28% through the Athabasca oil sands deposit. 

Typically, the bitumen content varies inversely with the clay content. 

The sum of the bitumen and water contents is roughly constant at 16 - 18 

percent by weight. 

Geotechnical Properties of the Oil Sands 

Oil sands in situ are relatively dense compared to other granular mater

ials, having a bulk density of approximately 2.20 to 2.25. The struc

ture of the oil sands is inter-penetrative or iilocked" , with the grain

to-grain contacts mainly of the long and concavo-convex type. This 

locked structure has resulted from the process of dissolution and 

redeposition of quartz at the grain boundaries. This process has been 

active in the oil sands under applied loads over geological time. The 

locked structure is responsible for the dense nature of the oil sands. 
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QUARTZ SAND GRAINS 

Oil SANDS STRUCTURE AS A 
FOUR-PHASE HYDROCARBON SOLID 

FIG U R E 5.1.4. - 1 
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Undisturbed oil sands have an apparent high' strength, as evidenced by 

the steep natural slopes exposed along major drainages within the Atha

basca region. This high strength has resulted from the highly inter

penetrative structure of the oil sands. The oil sands exhibit a Mohr

Coulomb failure envelope (which can be approximated by a power law). At 

low effective stresses, the material is cohesionless and has high angles 

of internal friction (56° - 61°). At higher stresses, the angle of 

internal friction is reduced to approximately 30°. The process of shear 

invariably shows high dilatancy (increase in volume) at low confining 

pressures, but dilatancy decreases as the confining stress is increased. 

At low normal stresses, the high dilatancy is a result of grains riding 

up over each other, requiring high levels of energy, and resulting in 

high angles of internal friction. At high normal stress, dilatancy is 

restricted and grain shearing occurs, resulting in a lower angle of 

internal friction and the development of an apparent cohesion value. 

Pit Slope Behavior in Oil Sands 

High in situ horizontal stresses are known to exist within the Athabasca 

oil sands region. Excavation within the oil sands results in a rotation 

of the principal stress field such that the maximum principal stress 

(horizontal in situ stress) Lends to parallel the slope face. The re

sult is a high concentration of stresses near the toe of the slope, and 

the creation of tensile minimum principal stresses at the slope crest 

and at the top of the slope face. This modification in the in situ 

stress pattern can cause the development of tension cracks back from the 

crest of the slope. Progressive failure of the pit slope can begin from 

the toe of the slope. When shear stresses exceed shear strength, con

tinued redistribution of stresses results as fracturing propagates. 

Finite element analysis carried out by Dusseault has shown that stress 

ratios on circular failure arcs within an excavated oil sands slope are 

greatest close to the slope face, and are generally less stable, there

fore reducing the possibility of a deepseated rotational failure. Block 

slide failures evaluated using plane shear total stress analysis indi

cate that the factor of safety of oil sands is generally high. Low fac

tors of safety occur when deep, water-filled cracks occur close to the 
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crest. Dusseault's analysis did not take into account progressive fail

ure caused by unequal stress distribution on structural disturbance at 

or near the face (including pit bottom heave from excess water pressure 

below the floor); however, the failure criterion used in that analysis 

is considered conservative because the in situ strengths can be much 

higher than those indicated in the laboratory test results. 

The three major types of failure modes (Figure 5.1.4-2) which can be ex

pected to occur within excavated slopes are: 

a. Slabbing and slope ravelling as a result of exfoliation jointing 

caused by stress relief during excavation. 

b. Block slide failure along dipping cross-stratification and bed

ding planes, often combined with tension cracks opening up at 

the surface, or other structural defects such as faults result

ing from differenlial compact ion or solution collapse. 

c. Shallow rotational slides caused when the modified shear stres

ses in the outer part of the slope face exceed the shear 

strength of the oil sands material. 

The most prevalent mode of faiLIJre may be the slabbing phenomenon which 

resul ts in development of a compound slope (lower talus at 34° - 40° 

slope angle, with the upper half of the slope steepened to 70°). This 

slabbing phenonenon is sensitive to mining rate, depth of cut, and am

bient temperature. The stability of 8 potential failure wedge within 

the slope can be reduced by water infi11 ing the tension cracks and 

exerting a further driving force in the form of a hydrostatic head. 

Sliding can occur on weak clay seams dipping at relatively shallow 

angles (4° - 6°) into the pit. 

Pit Slope Behavior in Overburden 

A physical description of the overburden encountered at all three mine 

sites is provided in Section 3.1, Geomorphology; and Section 3.2, Re

gional Geology. The geotechnical characteristics of the clays, silts, 

sands, and gravels are similar to those described in the literature and 

are not discussed further. 
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STRESS RELIEF FRACTURES 
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POSSIBLE IN OIL SAND SLOPES 

FIGURE 5. 1. 4. - 2 
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Materials having high clay and silt contents are of concern to mine 

operations. Construction of tailings dykes in areas containing clays 

and silts may require that consideration be given to the rate of dyke 

construction and lower l~mbankment slope angles. The occurrence of 

troublesome horizons mHy reqlJire detailed work, but some indications can 

already be gained from recent work by the Research Council of Alberta, 

which provides extensive surficial geology mapping. As a result of this 

information, discussions with informed geotechnical consultants, and 

in-house experience, it was decided to utilize dyke slopes of 4h:lv in 

all cases for out-of-pit dykes. 

Pit Floor Behavior 

Mining removes the overburden and oil sands, and creates a pit floor at 

the bottom of the oil sands. This floor is lean oil sands or unconsoli

dated sands and clays. These formations are no longer under stress from 

the overlying material, and may heave from the unrestrained horizontal 

stresses and/or residual water pore presnure. If it heaves it may pro

duce a surface with poor trafficability and low compressive strength. 

When in-pit dykes are constructed, a compression load may develop under 

the dykes. Too rapid a build-up of this stress may lead to shear fail

ure or pore pressure build-up, and finally dyke failure. Constructing 

the lower portion of the dyke as soon as possible after removal of the 

lowest oil sand bench is advantageous, since this limits the possibility 

of floor heave in the dyke area. 

No practical experience exists as a basis for predicting the behavior of 

the pit floor during the construction of in-pit tailings dykes. 

Consequently, a conservative dyke slope angle of 6h:lv was adopted 

except in cases where a considerable depth of lean sands remained below 

the pit floor. In the latter situation, a 5h:lv dyke slope was adopted. 

Construction of the in-pit dykes should occur as soon as possible after 

removal of the lowest oil sands bench. Dewatering of the groundwater 

aquifers must be continued during and after the const~uction of the 

dyke, i. e., until the next adjacent pond is partially filled or the 

adjacent pit is backfilled with overburden against the dyke. 
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A number of years in advance of' mining, groundwater aquifer depressur

ization must be started. Dewatering wheels are located to draw the 

water table down to below the pit bottom. The water table is allowed to 

recharge the area gradually, after backfilling is completed and the in

pit tailings dykes established. 

The scale of the depressurization procedures depends more on the shape 

of the mine, overall mine layout, and the schedule of pit backfilling 

than any other factors. Whether draglines or bucket wheels are employed 

is insignificant. However, the manner in which these excavators are em

ployed influences the locotion and density of dewatering wells required. 

A single bench drag line operation wi thout a separate overburden bench 

allows the most distant ,>\/ell to be located closer to the toe of the oil

sands mining bench that is possible with a multiple bench dragline or 

bucket wheel system. The mean distance between the crest of the over

burden bench and the toe of the lowest oil sands bench is greater than 

the mean crest to toe distance in a single bench operation. The array 

of dewatering wells mU~jt be designed to match the progress of back

filling operations and in-pit dyke construction sequence at the Minium 

and Improved Levels ~ and the general backfilling of overburden and dry 

tailings sand at the Enhanced level. The greater the interval of time 

between the in-pit dyke construction, the longer the depressurization 

wells must be operated. The shape of the ore body has a direct influ

ence on the design and arrangement of depressurizatin wells to be in

stalled and required to be operational at any given time. The influx of 

groundwater is greater as the pit perimeter increases for a given size 

of mine, since both exposed pit wall and pit floor areas are increased. 

Local dewatering of perched water tables is also required. 

required to collect local run-off water. 

Sumps are 

Insufficient information exists to adequately estimate the capital and 

operating costs of the dewatering systems. Initial design and cost es

timates indicate that the dewatering costs per barrel of bitumen are 

essentially the same in each of the twelve mine plans developed. 
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On the basis of field observations at the G.C.D.S. Ltd. and Syncrude 

Canada Ltd. operations, the Shell test pit (Bituminous Sands Lease 13), 

numerous outcrop locations along rivers in the Fort McMurray area, and 

discussion with knowledgeable professionals, the following geotechnical 

design criteria have been developed for u~e in this study. 

Slope Angles of Working Faces: 

- Glaciofluvial outwash material such as sands and gravels have been ob

served to stand at a 2h:lv slope (27°) over a long term. For short 

term stability of pit slopes, the slope angle could be as much as 35°, 

provided that (perched) groundwater is drained well in advance of ex

cavation. 

- The Clearwater Formation is exposed in a number of locations along ri

vers in the Athabasca oil sands area. An analysis of these outcrops 

has shown that for clays and silts, such as those found in the Clear

water Formation, the following would apply: 

Bank ~eiqht (metres) 

5 

10 

15 

20 or more 

Angle of Stable Slope 

62° 

45° 

38° 

35° 

In numerous river exposures, compound slopes of glaciofluvial sands 

and gravels, glacial till, Clearwater Formation, Wabiskaw Member, and 

lean oil sands of the McMurray Formation have been observed to stand 

at angles as steep as 45°. 

- Field observations at G.C.D.S. operations and the Shell test pit indi

cate that excavations in rich oil sands will stand at slope angles 

ranging from 45 to 70°, depending on the bitumen saturation and dis

tribution of centre reject. 
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_ Digging angles based on the foregoing and a reasonable factor of 

safety have been employed in mine design criteria for this study. 

Safe digging angles for overburden and plant feed grade oil sands are 

35° and 45°, respectively. 

Bearing Pressures: 

- range from 0 to L 5 kg/cm2 (20 psi) for overburden silts and clays 

(Le., Clearwater Formation) depending on the moisture content; the 

lowest being for water-saturated silts and clays, and the highest for 

dry material. 

- have been observed to be less than about 3.5 kg/cm2 (50 psi) for un

disturbed oil sands of the McMurray Formation. 

Trafficability: 

In general, freshly-exposed oil sands and Clearwater materials provide a 

reasonable working surface for rubber-tired and crawler-mounted mobile 

equipment. However, if exposed to rainfall or runoff, the clays become 

slippery, and travel is difficult. Glacial tills rich in clay pose sim

ilar problems. In the case of wet oil sands, repeated passage of rub

ber-tired equipment causes the surface layers to become churned up and 

impassable. Traction under this loosened oil sand is not adequate and 

it may be necessary to spread a pad of gravel to improve trafficability. 

Crawler equipment is expected to have minimal difficulties except possi

bly in areas with highly bitumen-saturated oil sands. Roadways intended 

to be used for a period of months by rubber-tired equipment require 

additional surfacing. 

Tailings Dyke Slopes: 

out-of-pit dyke slopes of 4h:lv are conservative 

in-pit dyke slopes of 6h:lv or at maximum 5h:lv may be considered 

to be necessary until further field experience is gained by the 

industry 
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rate of dyke construction has been assumed for the purposes of 

this study to be adequately compensated for by the selection of 

reasonable slope angles. 

The effect of slope design criteria is noticed as a slight change to the 

average stripping ratio of the mine, and in dramatic changes to the 

incremental stl.' ipping ratio a long the pit wall. In terms of impact on 

reclamation potential and costs, the effect of reducing pit slope angles 

is noticed in the following areas: 

increased volumes of overburden are removed as slope angles are 

decreased. 

significantly increaSf~d areal extent of surface disturbance as 

the slope anLJ1 (~S are decreased. 

increase in tail ings sands and sludge quantities produced at a 

lJiven plant size since proportionally larger quantities of poor

grade material must be mined to achieve a given tonnage (assumes 

that the hiqhcr-yrade and lower-fines-content oil sands are found 

in th\~ lov[(~r hal f of the mined oil sands zone). 

Economics di.ctate that the maximum allowable slope angle and, there

fore, the most environmentally desirable slope angle be chosen. On the 

other hand, erosion control aspects necessitate a reduction in the indi

vidual bench slope angles thus minimizing in-pit erosion. 

The final pit remaining after mining has ceased is filled with water, 

possibly pumped from the Athabasca River. The effect of the rising 

water level on the pit wall stability of the rising water level has not 

been determined. If a permanent lake is to be created it is necessary 

to mine to an overall shallower pit slope angle, which would remain 

stable during and after the filling of the pit with water. This leads 

to a greater areal disturbance compared to a pit which would be filled 

with solid wastes such as tailings or overburden. 
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Because the various working benches in an oil sands mining operation are 

staggered by a few hundred metres in the direction of mining, slope 

angles of working faces do not necessarily affect the reclamation poten

tial directly. However, the number of benches and the distance allowed 

for each bench may, at times, be the limiting factor in permitting a 

rapid change from out-of-pit tailings disposal to in-pit disposal. This 

effect may continue by limiting the rate at which additional in-pit 

dykes can be established, leaving the mine with a continual shortage of 

in-pit storage capacity. As well, the volume of 'waste that must be 

stored in an out-of-pit waste dump increases with increased bench 

widths. In this study, the bench widths are chosen to permit efficient 

use of prime excavators, and to maximize flexibility in the location and 

method of tailings disposal. 

It should be noted that the construction of tailings impoundment struc-

tures near the pit perimeter is assumed to be possible. However, the 

strength of underlying geological formations such as the Clearwater For

mat ion must be determined. A decrease in the overall pit-wall slope 

angle may be necessary when the McMurray Formation contains weak zones. 

Total area disturbance increases with shallower pit slope angles. Site

specific conditions dictate the location of tailings ponds. 

Ground beuring pressure affects the type and size of excavator employed. 

This results in a plant feed that reflects the mining ability of the 

prime excavator (discussed earlier in this Chapter). In this study, it 

is assumed that the ground bearing pressure is adequate for the oper

ation of draglines and bucket wheel excavators. No direct link exists 

between the prime excavator selected and the potential to reclaim. This 

is further explained in Subsection 5.4. 

Trafficability within the pit is more of a local and seasonal problem. 

As with ground pressure 9 the parameter of trafficability does not 

require specific consideration. Oil sands orerators have demonstrated 

that machinery selected for the mine plans developed in this study can, 

in fact, be operated successfully. 
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In contrast, trafficability and ground bearing pressures in muskeg areas 

have an impact on reclamation potential and cost. Trafficability is the 

limiting factor in the process of acquiring muskeg for prepared soil, 

and consequently has a profound influence on the methods of prepared 

soil manufacture available to the operator. 

Trafficability in areas to be reclaimed is also significant, being the 

most probbmatic during the spring and summer: Much of the hauling of 

prepared soil may have to be done in the fall and winter when the 

surface to be reclaimed is either drier of frozen. 
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PLANT PROCESS CONSIDERATIONS 

This section of the report describes briefly the production and charac

teristics of wet oil sands tailings. While only the 120,000 BPCD opera

tion is discussed in detail in this section, comments made apply equally 

to the other two plant sizes discussed in this study; however, the 

yield of tailings products varies with changes in the average character

istics of plant feed available from the three distinct ore bodies. 

Bitumen recovery from the tailings sludgp is a possibility, and a plant 

constructed to recover bitumen could serve a dual purpose, making the 

thickening of tailings slimes more practical. 

5.2.1 HOT WATER PROCESSES 

A. General 

Currently, oil sands operators use the ~lark Hot Water process for ex-

traction of bitumen. In this process, mined oil sands are processed 

continuously in the peirnary extraction operation as follows: 

(i) Conditioning - hot water (S2°C), caustic soda (sodium hydroxide) 

and steam are mixed with oil sands to liberate bitumen. 

(ii) Settling - after screening, the hot pulp is allowed to settle. 

Aerated bitumen is skimmed from the surface as a froth. 

(iii) Froth flotation - bitumen in middlings from the settling opera

tion is recovered as a froth by froth flotation, and combined 

with the froth from step (ii). 

Primary extraction tailings are the residue from settling and froth flo

tation steps. Oversize reject is produced from the screening of condi

tioned pulp. Bitumen froth from the primary extraction operation is di

luted with naphtha and centrifuged in the froth treatment plant, produ

cing tailings containing most of the remaining water and mineral in the 

froth, as well as some naphtha. A generalized process flow schematic 
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and flow rates for a typical* 120,000 BPeD operation are given in Figure 

5.2.1-1. 

Tailings typically produced from these operations have the following 

characteristics: 

(i) Primary Extraction Tailings 

kg/kg oil sands 

kg/dm3 

?~ Water 

% Bitumen 

% Hineral 

Temperature 

pH 

(ii) Froth Treatment Tailings 

kg/kg oil sands 

kg/dm3 

% Water 

% Bitumen 

% Hineral 

% Naphtha 

Temperature 

pH 

Feed 

Normal 

1.55 

1.45 

49.5 

0.5 

50.0 

+65°e 

8.0-9.0 

Normal 

0.069 

1.13 

77.0 

3.0 

18.0 

2.0 

+75°e 

+8.0 

Qualit}:: 

Worst 

1.72 

1.39 

54.5 

0.5 

45.0 

+60 o e 

8.0-9.0 

Worst ---
0.125 

1.07 

87.3 

1.6 

10.0 

1.1 

+70 o e 

+8.0 

* The balances shown will vary slightly with plant feed variations 

caused by changing geological conditions and mining methods. 
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(iii) Oversize Reject 

Feed Qualit~ 

Normal Worst ---- ---

kg/kg oil sands 0.069 0.10 

kg/dm3 2.21 2.21 
01 Water 10.0 10.0 10 

Q/ Bitumen 2.0 2.0 III 

Q/ I~ineral 88.0 88.0 III 

Temperature +82°C +821.JC 

pH +8.5 +8.5 

C. Tailings Deposition Method 

Oversize reject is normally trucked to land fill disposal sites for 

dumping and compacting. Because of the temperature and clay content of 

this stream, bin storage or transfer via open conveyor is not advisable, 

particularly in winter. It may be crushed and diluted for dumping, but 

this has the undesirable effect of aelding more clay to the tailings 

pond. 

Primary extraction tailings are transferred to the tailings pond by 

multistage centrifugal pump trains. This operation is a subsystem of 

the main plant, incorporating distributor, sumps, pumps, pumphouse, and 

pipelines. Typically, four to six pump trains are employed, each with 3 

or more pumps in series. The selection of pump and pipe size, the num

ber of trains, and the number of pumps per train depends upon such fac

tors as availability requirements, slurry critical velocity, and pres

sure rating of pump castings. The latter limitation can be alleviated 

by locating booster pump stations along the pipeline, but this should be 

avoided if possible to minimize cost. 

Froth treatment tailings are pumped into the tailings pond in the same 

manner as primary extraction tailings, although the required capacity 

is much smaller. These tailings are pumped separately from primary 

tailings because of the naphtha content, which necessitates explosion

p roof equipment. 



Figure 5.2.1-1 
EXTRACTION PROCESS MATERIAL BALANCE 

ORE BODY NO.2 - 120,000 BPCD 

Feed 9,223 t/calendar hr. Feed CD ... Extraction 
11,000 t/scheduled hr. Plant Product 

92.0% Rec Water 

Reject 
Plant Tai1ings 

QD Line Tailings 
5 Operating Lines 
1 Spare Line 

1. 2. 3. 4. 5. 
1

6
. -

PLANT . LINE 
FEED PRODUCT WATER REJECT TAILINGS I TAILINGS 

Total Flow kg/s 3,055.5 503.2 2,367.5 175.0 4,744.8 948.9 
Density kg/dm3 1.6 1. 03 1.0 -- 1. 42 1. 42 
Flow L/s -- 489.6 2,367.5 -- 3,341.4 668.2 
Bit. kg/s 339.1 312.0 -- 3.5 23.6 4.7 
Water kg/s 149.7 151.0 2,367.5 17.5 2,348.7 469.7 
Solids kg/s 2,566.6 40.2 -- 154.0 2,372.4 474.4 
Naphtha kg/s -- -- -- -- -- --
% Bit. 11.1 62.0 -- 2.0 .5 .5 
% Water 4.9 30.0 100.0 10.0 49.5 49.5 
% Solids 84.0 8.0 -- 88.0 50.0 50.0 

% Naphtha -- -- -- -- -- --

Froth 
Treatment 

8 98.0% Rec 

7. 8. 

NAPHTHA WATER 

187.7 35.0 
-- --
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D. Tailings Pond Operation 

Process Considerations 

Pond dykes are constructed mainly from primary extraction tailings sand. 

The residual water, bitumen, and mineral enter the pond, and settling 

commences immediately. A significant amount of low-solids water sepa

rates from the tailings, and is recycled to the plant as process water. 

A "stabilized" pond consists of the following: 

(i) An upper layer of clarified water (2.5% clay), maintained at a 

depth of approximately 3 m. 

(ii) A bottom layer containing 5 to 10% clay, and 5 to 40% silt and 

fine sand, depending on pond age and depth. 

The bottom layer, or sludge, is continually growing as tailings enter 

the system. As well as containing most of the clay and silt, this pool 

contains the majority of the bitumen and naphtha lost to the plant tail

ings. 

The rate of sludge accumulation depends upon the clay content of the oil 

sands feed to the extraction operation. A generalized model of tailings 

pond accumulation rates is outlined in Table 5.2.1-1. 

E. Sludge Dewatering 

The major technical difficulty in sludge dewatering relates to clays, 

which exhibit extensive swelling upon disper,sion in water (eg. mont

morillonite)~ The extraction process functions under conditions which 

promote clay dispersion. Use of pond recycle water in the process pre

vents the use of flocculants in the pond without consideration of the 

extraction operation. Reclamation of the tailings pond is further com

plicated by the presence of bitumen and naphtha in the sludge. 
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Improved reclamation necessitates some level of sludge treatment, with 

the following general objectives: 

(0 to maximize bitumen recovery; 

(ii) to maximize water recycle; 

(iii) to enhance the final condition of the main tailings pond; 

(iv) to satisfactorily impound any sludge treatment residue. 

A variety of physical and chemical techniques have been proposed for 

sludge treatment. Most have been tested to a degree sufficient to show 

some technical promise, but at high cost. 

Some candidates for consideration are filtration, flocculation, freeze

thaw, electrophoresis, and combinations of these and other techniques. 

Problems exist for all techniques, and it is not the purpose of this 

study to either rank them or dismiss them from consideration. Test work 

is continuing in this field, and it is expected that an acceptable pro

cess will eventually be developed, incorporating both physico-chemical 

and mechanical teChniques. As well, it is probable that a practical 

process will be a compromise between cost and "reasonable" reclamation 

capability. 

The sludge treatment facility utilized for this study is not proposed as 

the lisolution". Some potential has, however, been demonstrated for the 

techniques suggested. The use of the suggested concept permits develop

ment of a model for capital and operating costs, but practical applica-

tion must be confirmed in pilot-scale tests. The conceptual design 

material balance is as outlined in Figure 5.2.1-2, and involves the fol

lowing operations: 

(i) a floating barge is stationed on the pond surface, from which 

submersible pumps are suspended in the pond at a depth suitable 

to transfer somewhat compacted sludge to the surface. Pumps 

within the barge transfer the sludge via a floating pipeline to 

and over the dyke to the sludge treatment plant. 
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Table 5.2.1-1 

PREDICTED TAILINGS ACCUMULATION* 

OIL SANDS JMINERAL PARTICLE SIZE CLAY/ VOLU~lE COMPOSITION DISTRIBUTION TOTAL 

NA~lE 
f.--

m3/t TONNE/TONNE or OIL SAND WATER REMARKS 
---. RATIO OIL SANDS i 

BIT. WATER ~lIN. SAND SILT CLAY ! 
.. -

Oil Sands .111 .049 .840 .709 .098 .033 l.000 .4994 Fines 15.6% ! 
Oversize .001 .006 .050 .022 .021 .007 .057 .0259 Clay/Fines .25 

Subtota 1 .110 .043 .790 .687 .077 .026 .943 Oversize 20% of' 

Clay 

Process Water -- .637 --

Separation 
Process Feed .110 .680 .790 .687 .077 .026 1.580 .036 @ 50% Solids 

Extraction I 
Product .101 .049 .013 -- .006 .007 .163 

I 
I 

Extraction I 
Tail ings .009 .631 .777 .687 .071 .019 1.417 

I 
Dilution Water .137 

\ , 
PU~lped I 

Extr' n Tailings .009 .768 .777 .687 .071 .019 1.554 .025 @ 50% Solids i 

I Froth Product .100 .007 .001 -- -- .108 
I 

Froth Ta il i ngs .001 .042 .012 -- .006 .006 .055 

Dilution Water .012 .012 

Pumped 
Froth Tailings .001 .054 .012 -- .006 .006 .067 

-- --.-~ I--

Sand to Dyke .687 .687 -- -- .687 

Contents of 

Void Volume I .238 .028 .022 .006 .266 

Dyke Material .0 .238 .715 .687 .022 
I 

.006 .953 .025 .5082 

Runoff 

to Pool .0lD .584 .074 .0 .055 .019 .668 

Sludge .010 .158 .074 .0 .055 .019 .242 .12 .1967 

Clear Water .426 .426 .4260 

* @ 11.1% bitumen and 15.6% fines. 



Name 

Total Flow kg/s 
Density kg/dm3 

Flow L/s 
Bit. kg/s 
Water kg/s 
Solids kg/s 

% Bitumen 
% Water 
% Solids 

1. 
Feed to 
Bitumen 
Recovery 

701.97 
1. 20 

585.0 
25.61 

486.77 
189.58 

3.6 
69.4 
27.0 

Figure 5.2.1-2 
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1.00 1.16 

165.44 714.6 
10.24 

165.44 634.92 
183.82 

1.2 

100.0 76.6 
22.2 

RECYCLE HATER 

TO EXTRACTION 

"'(8 

7. 
Cl arifi ed 
Effl uent 

498.10 
1.02 

488.3 
.82 

478.90 
18.38 

0.2 
96.1 

3.7 

8. 
Refuse 

330.88 
1.45 

228.2 
9.42 

156.02 
165.44 

2.8 
47.2 
50.0 

V1 
I 

+0-
I-' 

:0 
:x: 
!:!} 
z 
W 
:0 
~ 
c: 
Z 
I 

(') 

g 
U> 
t: 

:::! 
(Q 

C) 

3 
cr 
:x: 

-I 
I'T1 
(') 
:x: 
i: 
> 
Z 

r 
-I 
0 . 



RHEINBRAUN - Consulting Gmb H ----------------------------------------TECHMAN LTD. 

5-42 

(ii) the sludge treatment plant aerates and floats as much bitumen as 

possible prior to dewatering. The bitumen is de-aerated and 

heated with live steam, then pumped to the extraction plant. 

(iii) the sludge is conditioned to adjust pH and/or contact flocculant 

as required. It is then centrifuged in deep-pool scroll centri

fuges, with further flocculant addition. The refuse is a sloppy 

material of 50-60% solids, which is pumped or otherwise transfer

red to an impoundment area. 

The centrate (water effluent) from this operation has a clay content 

more or less equivalent to pond recycle water. Total removal of this 

clay is extremely expensive and probably not necessary. Al though the 

centrate may be unacceptable for direct re-use in extraction (due to pH 

and trace polyelectrolyte content), it can probably be reintroduced to 

the tailings without harm. Dilution with surface pondwater would prob

ably buffer any possible negative process effects. Care should be taken 

in the design of the re-injection facilities to ensure that physical 

re-entrainment of sludge will not occur. 

The water content of centrifuged sludge is difficult to predict. It may 

be possible to dewater to the point where the sludge can be handled as a 

solid, but the costs (as in completely demineralizing the effluent) are 

probably prohibitive. A basic problem in the physical chemistry of the 

clay must be overcome in producing a high solids refuse, i.e., the clay

to-water (c/w) ratio must be forced higher than experience predicts is 

feasible. Figure 5.2.1-3 indicates the theoretical degree of increase 

of c/w ratio required for refuse of various % solids. Years of settling 

in the pond have been shown to produce c/w ratios no higher than 0.15. 

Increasing solids content from 50% to 65% requires increasing the c/w 

ratio from about 0.3 to 0.6; in practical terms this mayor may not be 

possible, but the cost is certain to be very high. 

For this study, a refuse solids content of 50% is assumed. This mater

ial still requires impoundment, but is considerably more amenable to 

reclamation than the original pond sludge. Addition of a stabilizing 
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agent might enhance the reclamation potential. No cost was included for 

this approach as considerable developmental work is required to confirm 

this approach as viable. 

F. Tailings System Design - Ore Body No. ~_L12~00 BPCD) 

Four major factors affect the design and subsequent operating costs of a 

tailings system: 

Throughput required; (i) 

( ii) 

(iii) 

(iv) 

Physical characteristics of the tailings slurry; 

Line length and associated line heads; 

Pump operating limits. 

The design capacity of the tailings pump house for the 120,000 BPCD plant 

is estimated to be 3,340 lis (litres per second) of 50% solids-by-weight 

slurry. The maximum estimated flow is 3,800 Lis at 45% solids. This 

quantity is handled by '"ive 500 mm tailings lines in order to meet the 

operating stream veloc i ty criteria. One spare line is built into the 

pumphouse in csse of failure or scheduled repair of an operatinq line. 

The character istic that influences the overall design is the particle 

size distribution of the solids. If particle sizes are plotted, and a 

50% passing size of 160 microns is indicated, the top size of the solid 

particles should be about 6.5 mm. In order to prevent settling- out of 

particles during transport along the pipeline, it is important that the 

proper line velocity be maintained for the material being transported. 

The design selected uses a 3.72 mls transport velocity in a 500 mm line. 

This appears to be about 35% higher than the critical velocity as esti

mated from existing designs. 

The location of the tailings disposal sites varies throughout the life 

of the mine. This results in varying line lengths ~nd substantial var-

iations in pipe replacement costs. 

maximum only when pumping to a 

Furthermore, since the head is a 

distant out-of-pit tailings pond, 



28-8-1. 

"0 
~ 

(D 

"0 
II> ... 
(D 
0. 

-0 ... 
:s> 
0-
ct ... ... 
II> 

0 
ct 

" I» 0 ... ... 
3 t-
It « ::I ~ ... 
0 3 .... 
~ 
'7 .... 
It U 

"' -
::J ~ 
< w .. t-o 

~ ::I 
:I 
! • 

8 
I 

>-« 
....I 

U 

0.9 

0.7 

O.S 

0.3 

1/ 
0.1 

10 

i 

/ 

V 
/ 

V 

20 

/ 
CLAY V 
ONLY '7 

V 
/ 

V 
/ 

V / 
V 

V 
V" 

./ 

V ~ 

V 
30 40 50 

% SOLIDS 

CLAY - TO - WATER RATIO 

FIGURE 5.2.1. - 3 

7 
I 

7 
1/ 

J 10-- SLUDGE I REFUSj 

ASSUMING: 

V SILT @ 90% I SOLIDS 
NO CLAY IN EFFLUENT 

/ FIG. 5.2.1.-2 MAT'L 
BALANCE 

60 70 80 

VS. % SOLIDS 

V1 
I 

.po 

.po 

:XJ 
:J: 
m 
Z 
III 
:XJ » 
c: 
:z 
I 

(") 
o 
::I 
(j) 

C ... 
~. 

C) 

:I 
0-
:J: 

-I 
m 
(") 
:J: 
i: 
» 
:z 
r-
~ 
0 



RHEINBRAUN-Consulting Gmb H ---------------------------------------------------------TECHMAN LTD. 

5-45 

pumping horsepower and, consequently, replacement capital and operating 

costs vary over the life of the mine. Considering the extremely large 

volumes transported, even small rlecreases in unit costs (as the mine 

progressively advances from out-of-pit tailings storage through to var

ious in-pit storage sites made available as the oil sands are mined) 

result in many millions of dollars reduction in capital and operating 

costs annually. The detailed concepts presented in various later chap

ters describe such sequences. 

The static head of the system is fixed by the dam height. A maximum 

height of 60 m has been used for tailings pond dykes in this study. 

Additional head is taken up by line loss due to pipe wall friction (dy

namic head). A friction factor of C = 120, plus 10 percent for slurry 

correction, yields an estimated dynamic loss of 2.66 m per 100 m for the 

system. 

Slurry pumps of conventional design can withstand pressures up to 2758 

kPa (400 psi). Due to this pressure limitation and other operating dif

ficulties, it was decided that no more than five pumps are to be opera

ted in series. This provides a pumping capacity of 760 Lis per line at 

about 183 m of head. 

G. Tailings Systems Operating Considerations - General 

In a 120,000 BPCD plant, tailings are fed to the pumphouse through four 

parallel lines from the extraction plant. Under normal operation all 

four of these lines are functional. The lines feed into a central dis

tributor in the tailings pump house from which the tailings are fed into 

the pump sumps through dart valves. If the plant is operating at design 

capacity, five of the six tailings sumps are in operation. Recycled 

pond water is used to make up any variation from the design capacity in 

order that a constant volume of material is available for the pumps to 

take away. 

The rubber-lined pump appears to be the most suitable type of pump for 

tailings slurry pump ing applications. The main limitation of rubber-
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1 ined pumps is that part icles 6.5 mm or greater in size tend to tear 

pieces off the liners and greatly reduce liner life. However, oil sands 

tailings are likely to contain very lHtle plus 6. ') mm material, and 

that which does appear is likely to he in the form of well-rounded 

particles. That particle size is not likely to be B problem is demon

strated by the fact that both G.C.O.S. Ltd. and Syncrude Canada Ltd. 

have installed rubber-lined pumps in their tailings systems, and the 

G.C.O.S. experience to date is that such pumps perform satisfactorily in 

tailings pumping service. 

,iY;, typical tail ings line require~> five pumps in series, each driven by 

an 800 HP motor. The first four pumps in series run at a fixed speed of 

about 540 rpm. The last pump in the series is driven through a variable 

speed hydraulic coupling, which is controlled by a signal from a 

magnetic flowmeter on the discharge line and allows the pump speed to be 

varied from 300 rpm to 540 rrm, as required, to maintain a specified 

minimum flow r<J.h~ within the line. For oil sands tailings of the size 

distribution and density descrtbed ~reviously, the magnetic flowmeter is 

set to demand a minimum flow rate of 669 Lis, or 18% above critical flow 

rate. 

'when pumping to the exterior pond, the pumphouse installations include 

the following line lengths and pumps: 

Tailings Number of Pumps Number of Pumps Total 
Line length* Main Pump House* Booster Station* Horsepower ------------

1-10900 m 5 5 8000 

2- 8400 m 5 3 6400 

3- 5900 m 5 0 4000 

4- 5900 m 5 0 4000 

5- 8400 m 5 3 6400 

6-10900 m 5 5 8000 

30 Pumps 16 Pumps 36800 

* Applicable to Concept 5 of 120,000 BPCD dragline mine discussed in 

Section 5.3.2. 
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Shorter line lengths and lower heads are required (in the 120,000 BPCD 

case) when in-pit storage is utilized. To accommodate the associated 

decrease in required pump ing power, pumps are simply removed from each 

line. Otherwise the pumphouse facility remains unchanged. 

H. Capital and Operating Costs 

The capital and operating costs for plants and lines required in the 

handling of tailings, sludge and recycle water for Ore Body No. 2 

(120,000 BPCD) are summarized in Section 7.4, Comparative Analysis. The 

costs for the 60,000 and 240,000 BPCD mine sizes appear in Sections 8.4 

and 9.3, respectively. 

Chapter 6.0 

A. General 

Additional costing details are provided in 

Bitumen extraction by dry process has not passed the pilot stage of de-

velopment. Nonetheless, it is viewed quite favourably because of its 

potential for higher recovery efficiency and lower environmental impact 

than the Clark Hot Water process. Typically the process is anticipated 

to involve flashing of bitumen from the oil sands at high temperatures 

in a retort, either stationary or rotating. Heat conservation is main

tained by recirculating hot clean sand, while effluent sand is cooled to 

facilitate disposal. 

Alternatively, a process involving anhydrous solvent extraction of bitu

men might be commercially successful. The tailings are probably cooler 

than from the retort method but otherwise similar in handling character

istics. A possible problem created by a solvent scheme is that traces 

of solvent might be present in the tailings, which would complicate re

clamation techniques. This study assumes that no such material is pre

sent in the tailings from a dry process. 
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It is anticipated that ~;ome mechanism for lump and rock separation is to 

be incorporated into the "dryll extraction plAnt, but that clean sand And 

oversize are to be recombined at discharg8. No grinding is anticipated, 

as the cost is probably prohibitive. The resulting size distribution is 

anticipated to be as shown in Figure 5.2.2-1. 

The sand is essentially free of hydrocarbon, as any residue is in the 

form of dry coke. Dusting is probably a serious prohlem with this mate

rial, and conveyor transfer points requir8 shrouding. As well, surface 

sprays of polymer to cake the sand surface are necessary along discharge 

conveyors. 

For calculation purposes, the sand is nsslned to have 5% moisture, but 

this may be lower. Temperature control is essential to avoid damage to 

conveyor belting, and sprayed water is likely to be IJtilized here. 

Design characteristics are therefore as follows: 

kg/kg oil sands 

kg/m3 

90 Bitumen 

9~ Mineral 

?~ Water 

Temperature 

pH 

fe~c!_Jluality 

Normal ---

0.84 

1,600 

0 

95 

5 

54°C 

Worst 

0.84 

1,600 

0 

95 

5 

66°C 
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C. Tailings Disposition 

Tailings from the dry process are conveyed by belt conveyor to disposal. 

Care is required to control dusting due to wind entrainment, or at 

transfer points. Covered conveyors may be required, or at least polymer 

sprays at strategic locations. 

D. Capital and Operating Costs 

The capital and operating cost summaries for handling dry tailings for 

the three mine sizes appear in Sections 7.4, 8.4 and 9.3. Additional 

costing details are provided in Chapter 6.0. 
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TAILINGS DISPOSAL TECHNIQUES 

5.3.1 GENERAL DESCRIPTION OF TAILINGS DISPOSAL METHODS 

Tailings generated during the extraction of bitumen from oil snnds can 

be mechanically or physically separated into three main constituents: 

sand, sludge, and water. Minor amounts of process solvents and unex

tracted hydrocarbons may also be present,)but are not of direct concern 
\ 

in this study. Depending on the methods of bitumen extraction, tailings 

disposal methods, and secondary mechanical treatment, the tailings will 

have different physical attributes. This study evaluates three indivi

dually distinct types of tailings classified as wet tailings, dewatered 

tailings, and dry tailings. The wet tailings are similar to those pro

duced presently at commercial oil sands plants utilizing the Clark Hot 

Water Process. Dewater:;d tailings are generated by treatment of the 

sludge portion of the ~et tailings to reduce water content and recover 

residual bitumen. The dry tailings are the waste product of still-to-be 

developed commercial extraction processes. 

Wet Tailings Disposal 

The primary purpose of a tailings disposal facility is to store the 

tailings sand in such a manner as to permanently impound the components 

of the plant process waste. Many mine-milling processes, including pre

sent commercial bitumen extraction techniques, require addition of large 

volumes of water to the plant feed. Consequently, the tailings products 

from such processes contain considerable amounts of water. Thus, in ad

dition to the solid waste stored, a tailings disposal facility must im

pound the process water. However, large volumes of process water are 

usually only temporarily impounded because, once clarified by settling, 

the water may be recycled to the plant for re-use. Because of its tox

icity, no tailings water is released to natural drainages. 

Dewatered Tailings Disposal 

The dewatered tailings concept is a modification of the wet tailings 

disposal scheme incorporating a facility to treat (in a manner as yet 
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unproven in commercial practice) the sludge which forms in the tailings 

pond. 

Typical wet tailings discarded by the extraction plant are pumped via 

pipelines to an active tailings pond, from which, after some time, 

settled fines (sludge) are pumped via a floating barge and pipeline to 

the sludge treatment plant. There, a portion of the residual bitumen is 

separated and pumped back to the extraction plant. The recovered sludge 

is treated with flocculant and centrifuged, and the thickened refuse is 

pumped to the treated-sludge pond for permanent impoundment. A more 

detailed description of the sludge treatment process has been provided 

in Section 5.2.1. 

The main advantage of this scheme over the "wet tailings disposal" is 

that the sludge volume to be stored is reduced by approximately fifty 

percent. Another, and possibly even more beneficial advantage, is that 

the sludge pond may be reclaimable because the much more viscous treated 

sludge may allow surface layer solidification and subsequent re-surfac

ing with prepared soil or muskeg. Poldering techniques, such as those 

employed by Rheinbraun in reclamation of German lignite mines, might, 

with modifiCAtion, be applicable. It must be noted that both the pro

cess of treating sludge and the techniques for its eventual reclamation 

are still hypothetical. The technology may soon be available, but 

initially the economics of applying that technology may prove 

prohibitive. 

Dry Tailings Disposal 

The dry tailings considered in this study are produced as waste in an 

extraction process which does not require the vast amounts of water 

needed in the Clark Process. No viable commercial process of this type 

yet exists, but it has been assumed to involve either high temperature 

bitumen extraction or bitumen extraction by solvents. The t'ailings con

sist of bitumen-free fine sand with essentially no traces of harmful 

chemicals. Oversize reject, also a dry product, is included in the 

tailings stream. The tailings disposal system· in most cases incor-

porates transfer and disposal of centre reject from the mine. 
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A relatively small out-of-pit waste dump is required at the beginning of 

the mining operation, This out-of-pit waste dump contains centre reject 

and oversize reject, in addition to the dry tailings produced while the 

mine is expanded far enough that backfill operations can begin. Except 

for the initial out-of-pit waste dump, all of the waste material (over

burden, centre reject, tailings sand, and oversize) is backfilled into 

the mined-out pit, 

All waste materials are transferred on belt conveyors and placed by a 

spreader. Deep troughing belt conveyors and the introduction of over

burden and centre reject into the tailings sand stream will minimize the 

need for wetting, except at transfer points. Operational experience may 

show that transfer point covers with several lengths of conveyor covers 

adjacent to a transfer point may eliminate the need for wetting, Com

plete covering of all conveyors is probably operationally impractical 

and uneconomic. 

While the need for dust control wetting during conveying may not mater

ialize, it may be necessary to incorporate some water into the tailings 

sand to control the placement (flow) of spreader-dumped wastes during 

the backfilling of the mined-out pits. Erosion and dust control can be 

achieved by overburden blanketing of embankment slopes which are to re

main exposed for periods of time or, to a limited extent, by sprinkling. 

Di fferential placement of materials, 1. e., keeping overburden separate 

from reject and tailings sand during certain phases of embankment con

struction, may also be necessary. 

General Site Selection Criteria for Out-of-Pit Tailings Pond 

In evaluating an economically feasible tailings disposal facility 9 a 

large number of factors including annual tonnage, site acreage, physical 

properties of tailings, type of embankment, method of waste disposal, 

availability of construction materials, climate, terrain, hydrology, 

geology, and nature of the foundation must be considered. During the 

initial selection of potential tailings disposal areas for this study 

the following criteria were developed: 
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1. Tailings disposal areas should be located over non-mineable oil 

sands; 

2. Tailings disposal areas should be located as close as possible to 

the plf:lnt site, to minimize pumping costs; 

3. Tailings disposal areas should be located so as to minimize the 

area affected; 

4. Tailings disposal areas should be located outside major active 

drainages; 

5. Tailings dykes should be located over foundation materials pos

sessing adequate strength, with attention given the local ground

water regime; 

6. Tailings pond should be compact in shape (long, narrow designs 

should be avoided). 

Potential plant site locations were evaluated simultaneously with tail

ings disposal areas because of the interrelationship between the two 

facilities, i.e., the two should be located as close as possible to each 

other to minimize pumping costs. Plant site selection was based on sim

ilar criteria to those employed in selection of tailings disposal areas, 

except that the concern of placing facilities over marginally economic 

oil sands was relaxed basically because the plant is considered to be a 

temporary structure, which becomes obsolete and eventually is disman

tled, after which time the underlying oil sands may be extracted. The 

operation of the extraction plant results in the formation of ice fog 

and consequently affects the plant site selction, whereas ice fog from 

the operation of the out-of-pit tailings pond is considered to be minor 

and does not influence pond site selection. 

STARTER DYKES 

Typically, starter dykes for out-of-pit tailing ponds are constructed 

during the preproduction phase to allow sufficient storage capacity'in 

the beginning of operations when the pond area is small and pond rise is 

rapid. Present operations have recommended that the minimum dyke height 

at the beginning of a construction season be approximately 2 metres 
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higher than the planned pond elevation at the end of that season. This 

criterion significantly reduces the risk of overtopping should dyke 

building difficulties be experienced in the early years of operation. 

Materials used for starter dyke construction may be obtained from pre

production overburden removal at the opening of the mine unless a more 

economical alternative is available, such as opening a borrow pit within 

the limits of the tailings pond floor. The advantages of the borrow pit 

alternative include reduced starter dyke volume due to an increased 

capacity of the pond, and minimization of material haulage distances. 

DYKE CONSTRUCTION METHODS6 ,7,8 

Where dykes are constructed predominantly of the coarse sand fraction of 

the tailings slurry three basic construction methods may be used: the 

downstream method, the centreline method and the upstream method (Figure 

5.3.1-1). The final dyke configuration and the construction method can 

be modified depending on the utilization during dyke building of other 

materials, such as borrow materials, mine pre-stripped overburden, mine 

waste rock, coarse tailings, or any combination of the above. 

In the downstream dyke construction method, the centreline of the dyke 

moves outward from the pond as the dyke is ['aised (see Figure 5.3.1-1). 

This method requires a relatively impervious starter dyke at the up

stream toe of the embankment to ensure retention of water in the pond. 

Cycloning may be required to separate the coarse tailings out for the 

dyke construction material. Drainage blankets are placed downstream 

from the toe of the starter dam to control seepage in the dyke. 

The centreline method is a modification of the downstream method (see 

Figure 5.3.1-1). Dyke construction is accomplished by cycloning the 

tailings, placing the coarse material on the dyke above the starter 

dyke, and mechanically pushing the material down the downstream f?ce. 

The increase in additional material required in the dyke as the crest 

height increases is less than for the downstream method. 
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Both the centreline and downstream methods of construction are best 

suited to small operations, and are too difficult to apply to oil sands 

tailings disposal facilities due to the large volumes of material which 

must be handled during dyke construction. 

The upstream method of dyke construction (see Figure 5.3.1-1) yields the 

the most common dyke configuration. Dykes built by this method are con

structed by placing successive lifts on the starter dyke in an upstream 

direction (towards the pond). The starter dykes forming the downstream 

toe of the dyke are either more pervious than the rest of the dyke, or 

contain filters to prevent the phreatic surface within the dyke from 

intersecting the downstream face. This method requires the least amount 

of dyke material, can easily employ tailings sand for dyke construction, 

and is the simplest configuration to construct. The stability of the 

final dyke is dependent on the shear strength characteristics of the 

tailings deposited upstream of the dyke, which are governed, in turn, by 

the gradation and the density of the solids, the consistency of the 

slurry, and the distribution of pore water pressures within the deposit 

after sedimentation. The design of dykes constructed by the upstream 

method must be based on conservative assumptions regarding the rate of 

pore pressure dissipation within the tailings. For a given set of 

design parameters, a dyke constructed by the upstream construction 

method will have a lower factor of safety than a dyke constructed by the 

downstream or centreline methods. If the stability of the structure is 

dependent on the shear strength of the tailings that remain loose and 

saturated, the embankment may be subject to failure by liquefaction. 

Present oil sands operations employ a modified upstream stepover dyke 

construction method. The tailings dykes are constructed from a hydrau

lically-placed coarse sand fraction, which is separated from the sludge 

in shallow sedimentation cells continuously being constructed on the top 

of the dyke. Each dyke lift consists of a number of cells formed by 

dozing up small sand berms. Tailings are discharged from a pipe located 

at one end of the cell. As the tailings slurry flows down the cell, the 

coarse sand fraction settles out of suspension while fines (silt-and 

clay-size material) and water flow by gravity into a sluice box at the 
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other end of the cell and subsequently out into the tailings pond via a 

pipe. Dyke sand is compacted by mechanical methods to yield a geotech

nically stable structure. Dyke building is generally carried out only 

in the summer months, mainly because of the limited visibility created 

in winter months resulting from a combination of the hot tailings dis-

charged and low ambient air temperatures. Other reasons for avoiding 

winter cell construction include poor compaction of the freezing sand, 

and possible freeze-up of compacting equipment (dozers). 

The tailings pond dyke shown in Drawing No.BR22933-15-00 is an illustra

tion of the modified upstream stepover method, which Techman/Re consid

ers to represent the most effective utilization of a compacted material 

in the construction of a structurally sound and stable dyke. This meth

od is suitable for the large volumes of tailings material produced in an 

oil sands operation. The main advantage of this method is that the fac

tor of safety of the dyke is increased by compacting each subsequent 

lift. The full base of the dyke is compacted, i.e., there is no uncom

pacted sand underneath a compacted portion of dyke as is the case in the 

regular upstream method. The inclusion of sludge pockets near the face 

of the dyke ;nay result in surface failures requiring repair of the slope 

surface. No pumping of water and sludge is required from the cells as 

they are constructed in such a manner that gravity moves the fluids into 

the pond. Also no major rehandling of sand is required. Above water 

beach slopes of 30:1 to 20:1 can be eXfJected. Below water level the 

slopes are steeper, being in the range of 20:1 to 10:1. Depending on 

pond shape, ground surface topography, and volumes of tailings, various 

compound slopes are possible. The tailings pond designs in this study 

are based on 10:1 beach slopes since the rate of dyke building is always 

the minimum allowable, thus maximizing the submerged portion of the 

beach, The main disadvantage of the suggested modified stepover method 

is the large volume of material required initially to construct the wide 

base of the dyke. As beach slopes become more shallow, the height and 

volume of the starter dyke must be increased. 
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OUT-OF-PIT TAILINGS DYKE CONSTRUCTION --_._ .. _---------_._-

Schedulinq of dyke c()n~;Lruct.ion for a tailings di~)posal facility is of 

prime iJflfj(1l'lcmce t.'J t.lle pond d.!~;iqn. Sufficierlt sand must be available 

during the sunmer montlls to corwtruct enough dyke to cont.ain the annual 

volume of sludge plus the sand that is overboarded during the winter. 

This problem is particlJlarly critical in the initial years when the pond 

area is usually small and pond surface rise is rapid. 

Scheduling diff iClil t. ies may persist. throughout the I ife of the mine if 

detailed and accurate mass balance calculations have not been made and 

completely documented. Out-of-pit and in-pit tailings disposal require

ments must be calclllat.ed for the entire life of the mine to ensure that 

the size of the initial out-of-pit ponds is adequate, and that in-pit 

dykes are built il) the mont suitable location on time. Scheduling in 

the orir;Jinal plan 1n11~>1 <li!;o consjdf~r changes in t.he lonr]-term require

mt~nt.s for tailings disll()"itioll. 

Out-oF-pit tailings dykes locat.ed on the stronger Foundation materials 

can have an overall outboard slope anf]le of 3h:lv. However, if poorer 

Foundation conditions are encountered, the outboard slopes of the dykes 

mu~,L :w reduced accoedingly. For p larminf) purposes an outboard slope of 

4h:lv is used For out-oF-pit dyke::; except where Clearwater shales are 

definitely known to exist within 10 m of the ground surface. Muskeg re

moval is considered unnecessary, provided that the dyke slope does not 

exceed 4h:lv. 

IN-PIT TAILINGS DISPOSAL 

To minimize out-oF-pit storage requirements, tailings disposal is diver

ted to the mined-out pit as soon as sufficient space is available. In 

most mine plans, diversion of tailings to the pit is not possible until 

approximately 10 to 13 years after start-up, depending on the shape of 

the mine. At this time, sufficient space should be available in the pit 

to allow disposit ion of tailings throughout the remaining life of the 

operation. Successive tailings dykes are constructed in the pit as the 

mining advances. 



RHEINBRAUN - Consulting Gmt> H -------------------------------------TECHMAN LTD. 

5-60 

Usually it is possible to construct in-pit dykes with tailings sand. In 

some cases, overburden may be required to supplement the available sand. 

In-pit sludge pond dykes at the Minimum level may also be constructed 

from tailings sand. However, the dykes for thickened sludge (Improved 

level) ponds must be constructed from overburden since the introduction 

of tailings water into the the thickened sludge pond would dilute the 

sludge. 

Depending on foundation conditions, in-pit tailings dyke slopes of 6h:lv 

and 5hdv were used for mine planning. The effects of foundation re

loading rate (i.e. rate of dyke construction), and the length of time 

between oil sands removal and dyke construction (Le. 9 amount of pit 

bottom heave and pore pressure reduction during that time) are unknown. 

Consequently, a shallow dyke slope angle of 6h:lv has been employed to 

ensure dyke stability on weak pit floors. The risk of liquefaction 

within the dyke itself, caused by an excessively rapid buildup of load 

compared to pore pressure dissipation must also be considered. 

Present oil sands operations plan to reclaim the sludge from such in-pit 

impoundments, and either return it to the main surface storage area, or 

centralize sludge storage in one area of the pit. The latter plan fa

cilitates reclamation of the out-of-pit tailings disposal areas, as 

ponds containing only sand tailings present less of a problem. 

SANDING-IN TECHNIQUES 

The liquid pond surface of conventional tailings ponds can be eliminated 

by a sanding-in beaching procedure. A gently sloping sand beach exists 

between the tailings pond dyke and fluid reservoir. This beach can be 

extended by gradually spigotting tailings further into the pond. Even

tually, the entire water and sludge volume can be displaced by the spig

otted sand. The possibility exists that gradual local variations can be 

made in the surface topography of the sanded-in pond to assist in the 

control of surface runoff. Overall~ either a shallow dish-shaped sur

face or a rise can be formed. Dish-shaped surfaces would collect water 
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in the lowest portion of the sanded-in surface. As the reservoir volume 

is reduced by displacement with the sand, difficulties may develop with 

clarification of water. The flow of recycle water may need to be inter

rupted once insufficient clarification occurs. If another tailings pond 

or an undewatered-sludge pond is already in operation, the recycle water 

can be pumped to this pond. If no other pond is available, then alter

nate disposal schemes must be considered. The difficulty of disposing 

of residual water exists with all wet tailings disposal schemes. It is 

not clear whether there would be a net regional accumulation of tailings 

water that cannot be recycled with the successive closing of oil sands 

mines. 

In some mines it may not be possible to deposit tailings against pit 

walls. In this case, sanding-in can be achieved by the successive con

struction of narrow strip-like ponds9 • A large portion of the sand 

volume in such a pond is used to construct the dyke. Sludge and water 

is pumped from behind the dyke to another containment facility and the 

void filled with spigot ted sand. 

5.3.2 TAILINGS DISPOSAL AT THE MINIMUM LEVEL OF RECLAMATION 

A large number of mine plans and associated reclamation schemes are pos

sible at each of the levels of reclamation in this study. These, of 

course, vary in cost and design and provide for somewhat different final 

landscapes and land uses. It should be remembered that the main purpose 

of Chapter 5 and, in particular, the following sections, is to demon

strate the impact of selected tailings disposal schemes on the Levels of 

Reclamation. In this chapter, the 120,000 BPCD mine (1 bucket wheel ex

cavator and 4 draglines) serves as illustration, leaving the discussion 

of the application of similar schemes to both smaller and larger mines 

for Chapters 8 and 9. 

A number of criteria have been selected for the development of reclama

tion plans at the Minimum Level. These criteria, along with those esta

blished for the Improved and Enhanced Levels can be found in Table 

4.1-1. 
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Five conceptual tailings disposal schemes have been outlined for the 

~1inimum Level of Reclamation. The five concepts pertain to wet tail

ings, Le., combinations of sand, sludge, and water. Concept No. 1 is 

the simplest disposal scheme presented, and is included only as a base 

case against which comparisons can be made. The concepts are illustra

ted graphically in the Figures 5.3.2-1 to 5.3.2.-5 "120,000 BPCD - Tail

ings Disposal and Reclamation Ivlinimum Level, Concepts I to 5." A sum

mary and comparison of the main features of the five concepts are tabu

lated at the end of this section. 

Concept No.1 (Base Case) 

In this scheme, mining proceeds from south to northeast with tailings 

initially directed to the out-of-pit tailings pond, and later pumped to 

in-pit ponds dyked off from active mining operations. The final remain

ing pit is filled with water. No special attempt is made to separate or 

concentrate the various tailings components (sand, sludge, and water). 

As the volume of tailings generated is greater than the available dis

posal volume in the pit, the out-of-pit pond must be designed to contain 

the excess volume through the initial years of operation, while mining 

proceeds to the point where the first in-pit dyke can be constructed. 

(See Figure 5.3.2-1.) 

For economic reasons, and for foundation stability, dykes are construct

ed at the narrowest locations of the pit. The dykes are constructed 

from the hydraulically-placed tailings sand, which is subsequently com

pacted. Water sands and basal clays underlying the bottom reject are 

considerations in the overall in-pit dyke stability. In addition to the 

reduction of in-pit dyke slopes~ other measures such as dewatering of 

underlying water sands may be necessary to prevent dyke foundation fail

ure. Dewatering may help in relieving possible pore pressure buildup in 

the basal clays. It should be remembered that these consolidated or 

overconsolidated basal clays are deeply buried until the overlying over-

urden and oil sands are removed. Since in-pit dyke construction fol

ows the mining face quite closely, the amount of rebound in the basal 

lays may be minimized and subsequent reloading by the weight of the 
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NOTES 

- NO REVEGETATION OF ANY AREA 
- 8~ YEARS TAILINGS TO TAILINGS POND (2400 rn x 5000 m) 

- TAILINGS POND STARTER DYKE USES BORROW MATERIAL FROM 
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NOTES 

- TAILINGS DISPOSAL SCHEME SAME AS IN CONCEPT NO. 
(MINIMUM LEVEL) 

- PILES AND EXPOSED PIT SLOPES STABILIZED AT 3:1 
- CAP OVERSIZE REJECT PILE WITH NON-OIL SAND-BEARING 

OVERBURDEN PRIOR TO RE-SOILING 
- PLANT SITE SALVAGED AND COVERED WITH SUITABLE 

OVERBURDEN 
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NOTES 

- TAILINGS POND (2400 m x 7000 m) MUST CONTAIN 25 
YEARS OF SLUDGE, 3 m OF WATER AND 2m FREE BOARD 

- TAILINGS POND COVERS SOME ORE AT THE NORTH END 
- TAILINGS POND DYKES AND BEACH TAKE 8~ YEARS OF 

TAILINGS SAND 
- TAILINGS POND STARTER DYKE USES BORROW MATERIAL FROM 

TAILINGS POND CENTRE. 
- OVERSIZE REJECT TRUCKED FROM PLANT TO PITS AFTER 

FIRST IN-PIT DYKE CONSTRUCTION STARTED (8~ YEARS) 
- CENTRE REJECT FROM LOWER BENCH IS BACKCAST ONTO 

THE P IT FLOOR 
- SLUDGE FROM PITS PUMPED TO TAILINGS POND 
- PITS CONTAIN BACKFILLED OVERBURDEN, CENTRE REJECT 

AND TAILINGS SAND 
- RECLAMATION AND VEGETATION ESTABLISHMENT SAME AS 

IN MINIMUM LEVEL - CONCEPT NO. 2 
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FIGURE 5.3.2-3 
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dyke will return the vertical stress state of the basal clays underneath 

the dykes to approximately the level existing before mining. 

A detailed geotechnical investigation is required to determine a suit

able rate of basal-clay reloading. In this study, it was assumed that 

the rate of in-pit dyke construction is primarily governed by the mater

ial balance and the mining schedule (i.e., in Concepts No.1 and 2, some 

in-pit dykes must be built quite rapidly: for example, the Pit 4 dyke in 

two summers and the Pit 5 dyke in one-and-a-half summers). Unless shown 

to be geotechnically sound, dykes are not built on backcast centre re

ject. The conveyor systems are designed to allow centre reject to be 

taken to overburden piles from both mining benches. The bottom bench 

centre reject is backcast onto the pit floor whenever the placement of 

reject does not interfere with dyke building. 

The in-pit storage capacity is reduced by the volume of bottom-bench 

centre reject that is backcast onto the pit floor, and amounts to an 

average 6 m thick layer. Additional volumetric capacity for in-pit wet 

tailings storage results from the sloping topography. Since the surface 

of the wet tailings pond is horizontal, the amount of stored tailings is 

governed by the lowest edge of a pit. To offset this to some degree, 

dykes are constructed for the 120,000 BPCD mine along the western edges 

of the pits. 

The out-of-pit tailings pond in this scheme is 2,400 m wide, 5,000 m 

long and up to 60 m high. Its starter dyke requires 22,600,000 m3 of 

selected overburden material. The starter dyke ranges in height from 

15 m along the west side to zero along the east side. A large starter 

dyke is necessary so that sufficent amounts of tailings sand are avail

able for beaching in the initial year. The dyke is protected on the in

side by beached sand, which pushes sludge away from the toe of the dyke 

and prevents it being deposited there. The out-of-pit tailings pond has 

dykes constructed with an outside slope at 4h:lv to allow for the pre

sence of shallow discontinuous muskeg on which the major part of the 

dyke is built. 
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In this and all subsequent concepts, artesian groundwater conditions 

further complicate stabilizing measures by being a source of recharge in 

areas filled with in-pit tailings, even though intensity of inflow is 

greatly reduced by having placed relatively impermeable centre reject 

materials on the pit floor. Inflow from aquifers within the ore zone 

into or through the mined out areas may also occur, The minimization of 

this effect requires the placement of a vertically impermeable barrier 

zone, possibly formed by overburden or reject oil sands. Solutions to 

this potential problem require much more detailed knowledge of the geol

ogy and groundwater characterist ics than is currently available. More 

importantly, the solution to groundwater inflow problems is different 

for each mine, a cluster of mines, or for a regionally-developed mine. 

The problem of groundwater recharge cannot be adequately addressed in 

this study because comprehensive hydrogeological information for the re

gion is not available, the range of practical experience is limited, and 

the overall regional development plan is undefined, 

At the conclusion of mining, the site would be abandoned and left for 

natural plant invasion to revegetate. In this and all subsequent con

cepts, artesian groundwater conditions could further complicate stabil

izing measures by being a source of recharge in areas filled with in-pit 

tailings. 

Concept No, 2 

For this option, mining and tailings disposal are as in Concept No.1; 

however, revegetation after abandonment is attempted. As dykes and 

waste dumps are completed, they are covered with a 0.4 m layer of mus

keg-overburden mixture, which is then cultivated to a depth of 0.6 m 

using agricultural implements. Roughly equal amounts (0.2 m) of the two 

materials are spread, The surface is seeded with grasses and legumes 

(for erosion control), and later planted with shrubs and trees (see 

Figure 5.3.2-2). 
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Overburden dumps must be constructed so that lean oil sands are not ex

posed on outer surfaces. Dump slopes are expected to be geotechnically 

stable at about 3h:lv. Exposed pit walls must be recontoured to shal

lower overall slope angles. Any exposed oil sands must be covered with 

overburden prior to the application of the muskeg. The oversize plant 

reject pile is to be capped with 1.0 m of oil-free sandy overburden ma

terial prior to the spreading of prepared soil. The minimum recommended 

thickness of prepared soil is again 0.4 m. All roads, pipelines, trans

mission lines, and construction sites are to be graded. Stream diver

sions are to be left in place and adequate surficial drainage channels 

are to be constructed to control water erosion and ensure mine- site 

drainage. 

Concept No.3 

At the init iation of mining, nIl tail ings are pumped to the out-of-pit 

tailinfJs pond. When sufficient space is available in the mine the tail

ings are disposed ur in the pit (see figure 5.3.2-3). As mining pro

gresses and success ive in-p it ponds are constructed, sludge and water 

are pumped out of these ponds and back into the out-of-pit tailings pond 

to allow complete backf i llinlJ of the pits with tailings sand, overbur

den, and centre ~eject. Concept No. 3 has the largest out-of-pit tail

ings pond of all the concepts because the pond must have the capacity to 

store 25 years p~oduction of sludge. The extra volume stored out-of-pit 

allows more than ha! f the overburden and centre reject from- the upper 

bench to be backfilled into the mined- out pits rather than in outside 

waste dumps. Dykes are constructed along the lower pit boundary at the 

southern and central parts of the mine to increase tailings storage ca

pacity in the pit. Backfilling starts while the first in-pit dyke is 

being constructed, and the backfill material is placed between the dyke 

and the mining face. The disposal sequence (based on averages) results 

in the following: 

Out-of-Pit Tailings Pond accommodates: 

- 8 1/2 years coarse sand tailings 

- 25 years of sludge 

29,590,000 m3 of suitable material is required for the starter dyke 
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Outside Overburden Dump is composed of: 

- 9 1/2 years of overburden and upper-bench centre reject 

P it No.1: 

- contains 10 years of tail ingu sRnd 

- all sludge and water pumped to out-oF-pit tailings pond 

- pit completely filled with sand 

- Pit I dyke constructed of hydraulically-placed and compacted 

tailings sand. 

Pit No.2: 

- contains 2 1/2 years of tailingu sand 

- contains 4 1/2 years of overburden and upper-bench centre reject 

- overburden forms Pit 2 dyke 

- all sludge and water are pumped to out-of-pit tailings pond 

- pit completely filled with tai 1 lngs sand and overburden/centre 

reject. 

Pit No.3: 

- contains 2 years of lailings sand 

- contains 7 years of overhurdt~n and upper-hench r:entre reject 

- Pit 3 dyke: constructed of hydrmll lcally-placed and compacted 

tailings sHnd 

- all sludge and watel:' are pumped to tailings pond 

- pit completely filled with tailings sand and overburden/centre 

reject 

Pit No.4: 

- contains 2 years of tailings sand 

- contains 3 years of overburden and 5 years of upper-bench centre 

reject 

- overburden forms Pit 4 dyke 

- all sludge and water are pumped to tailings pond 

- pit completely filled with tailings sand and overburden/centre 

reject. 
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Pit ;-.Jo. 5: 

- initially empty, filled wilh water (possibly from Athabasca River) 

Centre reject froll) the bottom bench is backcast onto the pit floor as in 

all other concepts. It forms u layer 6 m thick. Oversize reject is 

redirected from the surface dump into the mined-out pits after the first 

in-pit dyk~ is started (in year 8 1/2). 

Recontouring, soil placement and revegetation are as outlined in Concept 

No.2. 

Additional costs are incurred in this scheme through pumping of sludge 

and water from in-pit ponds to the out-of-pit pond. However, the sur

face area of wet tailings is reduced to less than half that of Concept 

No.2, and about half of the outside overburden pile is eliminated be

cause overburden can now be backfilled into the pit. Present oil sands 

mines tend to be relatively shallow, and when they are subsequently used 

for taLlings disposal, tend to store material in such a way that large 

amounts of tailings pond surface areas remain. On the other hand, deep

er mines (probably higher stripping ratios) are more desirable for in

pit tailings disposal, since the net pond surface area is reduced. In 

Concept 3, only one final sludge pond remains as an out-of-pit tailings 

pond, while most of tailings sand and overburden are impounded in the 

mined-out pits. In such a system, the sludge-to-water ratio is maximiz

ed, and more water can be recycled. However, the out-of-pit pond is 

considerably above the adjacent ground surface, and in the context of 

geological time, may eventually fail. 

An interesting variation of Concept No. 3 is to construct additional el

evated sludge ponds on top of backfilled overburden and reject. This 

may, in fact, be necessary when the outside tailings pond cannot be eco

nomically built large enough to contain all the sludge. The risks asso

c iated with the groundwater flow through the 1 iqu id portion of in-p it 

tailings ponds (the formation of springs) are then considerably reduc

ed. 
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Concept No.4 

In this concept, the out-of-pit pond is used initially to store all 

tailings. Subsequently, Pits 1 and 2 are completely backfilled with 

sand, as sludge and water from these pits is pumped directly into the 

out-of-pit pond and Pit 3, respectively. Eventually all sludge and 

water is concentrated in Pits 3 and 4. To allow sufficient storage 

capacity in Pits 3 and 4 for all the sludge and water, no backfilling of 

overburden or centre reject (from upper bench) is possible in these 

p its. No fresh water lake is left in the pit for this option. The 

drained dish-shaped out-of-pit pond is eventually resurfaced with a pre

pared soiL 

In Pits 1 and 2, sand is backfilled to a considerably greater depth than 

in other concepts, to ensure that there is sufficient volumetric capa

city (with only minor dyking) in Pits 3 and 4 for retention of all the 

sludge. 

Pit 3 is dyked off from the active mining face at Year 18, at which time 

sludge pumping begins. Pit 3 is full of sludge at the end of Year 25. 

After Year 25, sludge and water from the out-of-pit tailings pond is 

pumped into Pit 4. The disposal sequence (based on averages) results in 

the following: 

Out-of-pit Tailings Pond: 

- initially contains 8 1/2 years of tailings 

- after 8 1/2 years, receives 9 1/2 years of sludge from Pit I 

(sludge rehandle) 

- sludge is pumped to Pit 3 between Year 19 and 25 

- remainder of sludge and water is pumped to Pit 4 (after Year 25). 

Pit No.1: 

- active tailings disposal starts at B 1/2 years and ends at 19.7 

years 

- contains 11~2 years of tailings sand 

- sludge is pumped to out-of-pit tailings pond (until end of Year 

18) 
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remainder of sludge is reclaimed and pumped to Pit 3 

- dyke constructed of hydraulically-placed sand 

- pit completely filled with ~3and 

Pit No.2: 

- active tailings disposal starts at 19.7 years and ends at Year 25 

- contains 5.3 years of tailings sand 

- sludge is reclaimed and pumped to Pit No. 3 

- dyke constructed of hydraulically-placed sand 

- pit completely filled with sand 

Pit No.3: 

- receives sludge from Pit No. 1 and 2 and out-of-pit pond from Year 

19 to 25 

- contains no tailings sand 

- dyke constructed of overburden 

- partial perimeter dyking around pit 

Pit No.4: 

- after termination of mining receives the remainder of 

sludge plus water from the outside tailings pond 

- contains no tailings sand 

- partial perimeter dyking around pit 

This option involves high tailings handling costs because some sludge is 

pumped twice: first, from the in-pit active pond to the out-of-pit pond 

while sanding-in Pits No. land 2, then back to the Pits 3 and 4. 

Sludge from Pit 2 is pumped directly to Pit 3. The benefit derived from 

such a scheme is that all water and sludge are stored below the natural 

ground surface. Some measures need to be taken, however, to ensure that 

the emptied out-of-pit pond does not accumulate water from precipitation 

and runoff sources. The dyke structure may have to be opened in at 

least one location if accumulation of surface runoff water is to be pre

vented. The runoff water may contain dissolved or partially dissolved 

pollutants from the or iginal tailings, and presents an environmental 

hazard. 
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Some difficulty in reclamation of the internal pond slopes may be en

countered due to the "weeping" of sludge from between layers of over

boarded tailings sand. 

Concept No. 5 

In this option, the out-of-pit tail ings pond is filled with tailings 

sand, sludge, and water while the initial pit is being opened. When 

this initial pit is large enough to accommodate the total volume of 

sludge generated during 25 years of mining, a dyke is constructed. 

Sludge is then recovered from the out-of-pit pond and pumped into the 

in-pit sludge pond. Active tailings disposal continues in the out-of

pit pond as sludge is removed, until eventually this pond is completely 

filled with tailings sand. The yearly rate of sludge pump ing from the 

out- of-pit tailings pond to the sludge pond is 2 1/2 times higher than 

the average yearly sludge production. When the entire out-of-pit pond 

is filled with tailings sand, active tailings disposal is diverted into 

the pit. Sludge is transferred from these in-pit ponds to the initial 

in-pit sludge pond, and tailings sand is accumulated as backfill. As in 

all the previous cases, except Concept No.4, the final empty pit remain

ing is a consequence of logistics rather than intentional design. This 

pit is filled with water (see Figure 5.3.2-5). 

The out-of-pit tailings pond (2,400 m x 5,400 m) in Concept No. 5 is 

somewhat larger than that in Concepts No. 1 and 2, because tailings dis

posal in the pit is delayed by 6 years as result of the utilization of 

the first mined-out pit as a sludge pond. The out-of-pit pond contains 

6 1/2 years of tailings sand, in addition to the total tailings (i.e., 

sand, sludge, and 3 m of tailings water) for the initial 8 1/2 years. 

In this option, in-pit dykes need not be built as fast as in the first 

two concepts because volumetric capacity for all 25 years I sludge is 

made available prior to in-pit tailings disposal, thereby reducing sub

sequent pond storage requirements. As a result, possible pore pressure 

buildup in the basal clays may not be as critical during in-pit dyke 

construction. Dykes are not built on backcast centre reject as this may 

jeopardize foundation stability. 
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The larger out-of-pit tailings pond and the higher perimeter dykes for 

in-pit tailings sand storage (Pits 2 and 3) result in some pit space 

being left for overburden and centre reject backfill during the final 

years of mining. The overburden back filling is advantageous to the 

reclamation scheme, as it reduces out-of-pit waste dump requirements. 

Calculations indicate that approximately the last 5 years of overburden 

and 6 years of centre reject mined on the upper bench can be backfilled 

into the mined-out pit. When the bottom bench clears Pit No. 3 (after 

17.7 years), these materials form an in-pit backfill that, with proper 

compaction and suitable material selection, functions as the Pit 3 

dyke. 

The out-of-pit tailings pond receives 14.6 years of sand. The sludge 

pond (Pit 1) receives 25 years of sludge, and Pits 2 and 3 each contain 

approximately five years of tailings sand production. In addition, each 

pit contains an average 6 m layer of centre reject backcast onto the pit 

floor by the lower-bench draglines. Tailings water is recycled back in

to the plant from each pond (including the sludge pond) as soon as it is 

clarified to about 3 m deep. There are interruptions in water recycling 

each time a new pit is opened, as sufficient water must be accumulated 

before pumping can begin. Interruptions last for about 3/4 year. Such 

interruptions will occur in all tailings disposal systems where a series 

of ponds are utilized. Water is recycled from the out-of-pit tailings 

pond after about 1 1/4 years. After Year 10, it is possible to pump 

some water from the sludge pond as additional consolidation takes place. 

In addition to water from rehandled sludge, the sludge pond also 

contains water from the hydraulic construction of the sludge pond dyke 

(tailings sand is used as dyke material). For a summary of the detailed 

mass balance calculations refer to Section 7.2 of this report. 

The tailings pond and mine are recontoured, covered with prepared soil, 

and revegetated as outlined in Concept No.2. 

Added costs over Concepts No. 1 and 2 result from sludge transfer from 

both the out-of-pit pond and the in-pit ponds to the sludge pond, as 

backfilling with tailings sand proceeds. The benefits in this scheme 
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are that the sludge is placed at, or near the natural ground surface 

level, the exterior pond is completely backfilled with tailings sands, 

(thus improving reclamation prospects and eliminating future drainage 

problems as is Concept No.4), and all wet toxic materials are concen

trated in one relatively small pond. An option to balance the hydraulic 

head in the sludge pond against the regional hydrostatic head of ground

water can be achieved by modifying quantities of backfill placed into 

the pit serving as the sludge pond. Another improvement over Concepts 

No.1, 2, and 4 is the reduction of the volume of the north waste dump. 

Comparison of Concepts at the Minimum Level of Reclamation 

The five tailings disposal concepts for the Minimum Level of Reclamation 

presented in this chapter are summarized in Table 5.3.2-1 and illus

trated in Figures 5.3.2-1 to 5. The quantitative comparison of the 

five concepts presented in Table 5.3.2-2 aids in the selection of an 

overall "best concepti! at the Minimum Level of Reclamation. 

A reduction of wet tailings surface area results in a reclamation plan 

that is more environmentally acceptable. The solid waste disposal areas 

can be reclaimed with the least effort, i.e., waste dumps may be topped 

with a certain amount of prepared soil and grassed or treed. Similar 

treatment, although considerably more costly, may be applied to sand 

dykes and beaches. However, no practical method exists to reclaim the 

wet portion of the tailings ponds. Therefore, at the Minimum Level of 

Reclamation, systems were described which have the smallest possible 

surface area of wet tailings, i.e., tailings water and sludge. 

From Table 5.3.2-2 it can be seen that the total area disturbed by min

ing, bitumen processing, and tailings disposal is approximately the same 

for each of the five concepts. The surface area of wet tailings is 

minimized in Concept No.5, while Concepts No. 1 and 2 have the great

est wet tailings surface area. A quantitative assessment of wet tail

ings surfaces for each concept is presented in Table 5.3.2-3. Environ

mentally speaking, over the long term it is preferable to have the 
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Table 5.3.2-1 

TAILINGS DISPOSAL AND RECLAMATION FOR MINIMUM LEVEL CONCEPTS (120,000 BPCD) 

Mi nimum Level 
Concept No. 

1 

2 

3 

4 

5 

SUMMARY TABLE 

Ma in Features 

Tailings into out-of-pit tailings pond and mined-out pits 
as mining progresses; tailings sand forms beaches; sludge 
is topped by tail i ngs water; very 1 arge surface area of 
wet tailings; no reclamation; unacceptable. 
Figure 5.3.2-1. 

Same tailings disposal scheme as Concept No.1, except 
minimum reclamation undertaken; all areas of disturbance 
covered with 0.3 m (1.0 ft.) muskeg-overburden mixture; 
grass seeded; acceptable by present standards. 
Fi gure 5.3.2-2. 

All sludge stored in out-of-pit tailings pond; pits back
filled with overburden, centre reject and tailings with 
water and sludge pumped out to out-of-pit tailings pond; 
large outside tailings pond, but surface area of wet 
tailings reduced; soil and revegetation as in Concept No.2. 
Figure 5.3.2-3. 

Out-of-pit tailings pond stores sludge and water only 
temporarily; as Pit 1 sand backfills, sludge is pumped to 
out-of-pit tailings pond; as Pit 2 sand backfills, sludge 
is pumped to Pit 3; at the end of mining the out-of-pit 
tailings pond is emptied into Pit 4; surface area of wet 
tailings is approximately the same as in Concept No.3 
but more stable storage space achieved below surrounding 
ground surface; soil and revegetation as in Concept No.2. 
Figure 5.3.2-4. 

All sludge concentrated at in-pit sludge pond; out-of-pit 
tailings pond and remaining pits filled with sand as sludge 
is pumped to sludge pond and water is recycled. Due to 
sludge separation and large depth of the sludge pond (Pit 1) 
this concept yields smallest surface area of wet tailings; 
soil and revegetation as in Concept No.2; considered the 
most desirable of the five minimum level concepts. 
Figure 5.3.2-5. 
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Table 5.3.2-2 

TAILINGS DISPOSAL AND RECLAMATION FOR MINIMUM LEVEL CONCEPTS (120,000 BPCD) 

SURFACE AREA DISTURBANCE 

Minimum Level - Concept No. 

Total Area Disturbed* 

Area Disturbed Out-of-Pit* 

Total Surface Area of Sludge/Water 
a) In-Pit 
b) Tailings Pond 

Total Surface Area of Tailings Sand 
a) In-Pit 
b) Tailings Pond 

Total Surface Area of Overburden 
and Centre Reject 
a) In-Pi t 
b) Outside Piles 

Surface Area of Oversize Reject 
in Outs ide Pil e 

Area of Empty Fi na 1 Pit 
(Filled with Water) 

Plant Site 

1 

50.55 

25.33 

27.65 
20.53 

7.10 

7.52 
2.62 

4.90 

8.65 
0 
8.65 

1.68 

2.05 

3.00 

2 3 4 

50.55 49.87 51.75 

25.33 24.65 26.53 

27.65 10.42 12.40 
20.55 0 12.40 

7.10 10.42 0 

7.52 21.06 26.02 
2.62 14.68 12.82 
4.90 6.38 13.20 

8.65 11.07 8.65 
0 6.79 0 
8.65 4.28 8.65 

1.68 0.57 1.68 

2.05 3.75 0 

3.00 3.00 3.00 

(All areas in 106 x m2) 

* Excludes Out-of-Pit Conveyors, Roads, Muskeg Dumps, etc. 
Surface Area = Horizontal Projection 
Surface areas of final configurations shown. 

5 

49.32 

24.10 

7.84 
7.84 
0 

22.98 
10.02 
12.96 

8.85 
1.85 
7.00 

1.14 

5.51 

3.00 



Table 5.3.2-3 

TAILINGS DISPOSAL AND RECLAMATION FOR MINIMUM LEVEL CONCEPTS (120,000 SPCD) 

WET TAILINGS COMPARISON TABLE 

FINAL CONFIGURATION: 

Area of Wet Tailings (106 x m2) 

Location of Wet Tailings 

Out-of-Pit Pond (above ground) 
In-Pit (below ground) 

Wet Tailings Surface Area as percentage of 
Total Area Disturbed 

DURING-MINE-LIFE CONFIGURATION: 

Area of Wet Tailings x Duration of the Disturbance 
(hectare - years) 

1 

27.65 

YES 
YES 

54.70% 

33,406 

MINIMUM LEVEL - CONCEPT NO. 

2 3 4 

27.65 10.42 12.40 

YES YES NO 
YES NO YES 

54.70% 20.89% 23.96% 

33,406 29,879 26,040 

5 

7.84 

NO 
YES 

15.90% 

20,041 
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semi-fluid portions of the tailings stored below the elevation of sur

rounding surface. Such an arrangement is more likely to remain stable 

indefinitely than sludge and water stored in an elevated tailings pond. 

In areas where artesian conditions prevail, groundwater may flow into 

the semi-fluid portion of the pond. Such springs may result in the 

overflow of tailings water and sludge. In such cases this groundwater 

problem may be solved (if not completely, then at least partially) by 

controlled placement of overburden backfill, and the establishment of a 

final pond surface above the expected artesian groundwater heads. This 

is demonstrated by the slewing BWE mine plan discussed in Chapter 7. 

The solution of this dilemma requires a detailed assessment of field 

geology and hydrology as well as a risk analysis. 

Oil sands developments not only have final impacts environmentally, but 

also a "dynamic" impact during operating years. Consequently, a new 

measure gauging the combined effects of area and time was adopted. This 

parameter equals the arithmetic sum of the products of wet tailings area 

of each pond (in hectares) multiplied by the existence period of these 

wet ponds during the mine life (in years). The parameter is tabulated 

in Table 5.3.2-3 under "During-Mine-L i fe" configuration in terms of 

hectare-years for each concept. It may be concluded from this table 

that the No. 5 Concept is overall the most desirable system of tailings 

disposal under the specified criteria. It has the smallest surface area 

of wet tail ings, the wet tail ings are located below the surrounding 

topography, and during-mine-life wet disturbance is minimum. 

It should be remembered that the more favourable parameters of Concept 

No. 5 are the resul t of materials rehandling: namely, rehandling of 

sludge from an active tailings pond into one deep mined-out pit. The 

sludge rehandle also results in reduction of impounded tailings water. 

This is illustrated when comparing Concept No.2, where each individual 

pond is covered with water, and Concept No.5, where all the water is 

recycled and eventually only one pond (sludge pond) remains with a layer 

of water. 
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The tailings disposal schemes in Concepts No. 1 and No. 2 are identical, 

as both result in a series of shallow wet tailings ponds remaining at 

completion of mining. The available volumetric capacity to store wet 

tailings (sludge and water) in each pit is reduced by tailings sand, 

which is beached from the pit perimeter. Over half of the surface area 

disturbed is wet. The hectare-years index of wet tailings is the larg

est of all the schemes examined. 

Concept No. 3 is superior to Nos. 1 and 2, but is not as desirable as 

No.5. The concept uses the same idea of rehandling and concentration 

of sludge as Concept No.5, but results in a larger wet tailings surface 

area and a more hazardous above-ground location. Concept No. 3 yields 

additional mined-out pit volume for overburden and reject backfill. 

However, it is usually more desirable to have environmentally hazardous 

wet tailings in the mined-out pits, and the overburden and reject in 

outside waste dumps. 

Concept No. 4 is similar to No. 3 in rehandling of wet tailings, but in 

this concept, wet tailings are permanently impounded in the final pits, 

rather than above surface. Some double rehandling of sludge is re

quired, however. During-mine-life wet tailings disturbance is greater 

than in No.5, but less than in the other concepts. The environmental 

significance of the number of hectare-years of wet tailings should not 

be underestimated. An active tailings pond with warm tailings discharge 

is one of the first major water bodies in the area to be ice-free in 

spring; this feature may prove hazardously attractive to large numbers 

of migrating waterfowl. 

5.3.3 TAILINGS DISPOSAL AT THE IMPROVED LEVEL OF RECLAMATION 

The Improved Level of Reclamation differs from the Minimum Level in a 

number of ways (see Table 5.3.2-1), the most important of which is that 

a "sludge treating" process is utilized to lower the water and bitumen 

content of tailings sludge, thus reducing the wet-pond size further, and 

creating a potential for resurfacing and reclamation. In comparison to 

the t-1inimum Level, substantially greater amounts of prepared soil are 
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replaced. Al though the total area disturbed is not reduced at this 

level, it may be possible for all disturbances to be reclaimed if a 

satisfactory technology can be developed to resurface the remaining 

(thicker) sludge pond. 

In this scheme, the out-of-pit tailings pond is the same size as that 

used in the Minimum Level - Concept No.5 (see Figure 5.3.3-1); that is, 

it receives tailings for 13.8 years, by which time the pond is full of 

tailings sand. The difference is that the sludge that is being pumped 

out is treated in the sludge treatment plant, where some water and most 

of the remaining bitumen are removed. To avoid unnecessary overdesign 

of the sludge treatment plant, sludge intake should be kept constant. 

The use of a sludge treatment process reduces the amount of makeup water 

required by the extraction plant, and at the cessation of mining a 

comparatively small volume of fluid waste product remains. This 

remaining water might be disposed of by injecting it into the 

sand-filled pits. 

As in the previous concepts, an out-of-pit tailings pond is constructed. 

A 24,000,000 m3 starter dyke is constructed out of overburden during 

the preproduction period. Its outside dimensions are 2,400 m x 5,400 m. 

During summer, tailings are pumped to the tailings pond, where they are 

hydraul ically placed and compacted to form the dykes. During winter, 

sands are deposited on the inside of the dykes to form a protective 

beach. For a detailed material balance on tailings pond dyke construc

t ion, see subsection 7.2.2. Af terS years, the mining has progressed 

far enough that the bottom bench has cleared the area where the first 

in-pit dyke must be constructed. This overburden dyke stores the entire 

25 years' production of thickened (treated) sludge. 

Between Years 5.0 and 13.8 the sludge treatment plant operates at the 

rate of 24.0 x 106 m3 of wet sludge per year. During this period 

sludge is removed from the out-of-pit tailings pond and treated, while 

the pond is backfilled with tailings sand. When the out-of-pit tailings 

pond is full of sand (Year 13.8), the tailings disposal is diverted to 

the mined-out pits (Pit Ib and 2). By Year 16.0 t a sufficient layer of 
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sludge develops in the active tailings pond (Pit Ib and 2 at that time), 

to allow the sludge treatment operation to start again, but this time a 

lower rate of 21. 3 x 106 m3 of wet sludge per year is required to 

handle all sludge from in-pit tailings disposal. The sludge treatment 

plant must be designed for the higher rate (Le., 24.0 x 106 m3 wet 

sludge per year) to avoid the necessity of double-handling wet sludge 

and the construction of a temporary in-pit dyke Thus, while the in

crease in the sludge plant capacity is 17.6%, the benefits are that no 

overburden/tailings sand dyke is required between Pit Ib and Pit 2, and 

no double pumping of a total of 102.0 x 106 m3 of wet sludge between 

the consecutive pits is required. 

The out-of-pit tailings pond is backfilled with tailings sand as in the 

Minimum level - Concept No.5, but the reduction of the sludge pond size 

at this level of reclamation permits the remainder of the tailings sand 

to be stored in Pits Ib and 2, with the top-of-sand elevation in Pit 2 

having to be raised from 290 m to 320 m. As a result, Pit 3 is avail

able for backfill with overburden, upper bench centre reject, and over

size reject, reducing the size of the out-of-pit waste dump (waste dump 

next to the plant site) considerably. The slightly larger lake formed 

by the end pit (Pit 5) is the result of scheduling of mass movement 

rather than the intent of the design. For more details on mining and 

tailings disposal for this mine, see Subsection 7.2.2. and 7.3.2. 

With regard to soil replacement and revegetation, Techman/RC maintain 

that adequate soil material must be made available if a permanent, self

sustaining vegetative cover is to be established. Although the precise 

thickness of this new rooting zone depends on a number of site-specific 

criteria (slope, infiltration, nature of prepared soil, type of vegeta

tion to be established, etc.), 1 m of prepared soil is considered to be 

the average application depth. On level or gently sloping areas, the 

prepared soil is transported with trucks and placed by end dumping. On 

steeply sloping surfaces, additional dozer spreading is required. The 

prepared soil consists of a 1:1 mixture of muskeg and a high clay con

tent surficial material that has been mechanically mixed prior to place

ment. The Improved Level of Reclamation requires considerably larger 
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quantities of prepared soil for resurfacing the disturbances (tailings 

pond, backfilled mine, waste dumps, plant site, etc.) to allow revegeta

tion. To provide a layer of prepared soil of 1.0 m average thickness 

requires some 16,200,000 m3 of muskeg. Details respectinq the manu

facture of prepared soil at this level of reclamation are provided in 

Section 5.4 and Subsection 7.2.2. 

The benefits of this system as compared to Concept No. 5 of the Minimum 

Level include reduction of the sludge pond surface area by one-half, and 

an increased viscosity of thickened sludge. The thickened sludge may 

lend itself to further (or even complete) reclamation by the possible 

solidification of a top layer able to support soil and plant growth. 

Costs incurred in this plan in excess of those encountered at the Mini

mum Level of Reclamation arise mostly from the operation of t~e sludge 

treabnent facility. This cost is offset by the value of the recovered 

bitumen. No estimates were prepared for the additional capital and 

operating costs required for a bitumen recovery unit in the detailed 

plans in Chapter 7.0 and 8.0 utilizing the Improved Level sludge treat

ment technique. 

5.3.4 TAILINGS DISPOSAL AT THE ENHANCED LEVEL OF RECLAMATION 

At the Enhanced Level of Reclamation, a dry tailings system is utilized. 

Si nce no practical technology appl icable on a large scale ex ists to 

date, certain assumptions as to tailings characteristics and environ

mental effects must be made. As discussed in Section 5.2.2, Dry Proces

ses, a high temperature bitumen extraction process is assumed, yielding 

a non-toxic, dry-sand product. An environmental concern (and a problem 

not necessarily difficult to manage) is the stabilization and revege

tation of tailings sands before wind erosion (duning) and water erosion 

become chronic conditions. 

As soon as sufficient space is developed in the initial pit (about 1.5 

years in parallel mining), benches can be established, from which con

tinuous selective backfilling with tailings sands, overburden, centre 
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reject (from the upper bench), and oversize reject (from the plant) may 

begin. Preproduction overburden stripping, plus 1.5 years of production 

overburden stripping, and tailings sands, including oversize and centre 

reject, must be stockpiled south of Pit 1. Selective placement of 

material allows the construction of a stable pile. Sufficient mixing of 

sand and overburden on the outside of the pile minimizes wind and water 

erosion prior to the placement of a prepared soil. 

The final landscape is comprised of an out-of-pit waste dump and back

filled pits, which although somewhat elevated are nonetheless compati

ble with the general topography of the area. At the north end of the 

mine, a small final empty pit remains. To avoid costly rehandling of 

backfill material, it is considered acceptable to let this pit become a 

small fresh water lake (much smaller than the lake described in the con

cepts of the Minimum and Improved Levels of Reclamation). 

Centre reject from the lower bench drag lines is backcast onto the pit 

floor exactly the same way as in the previous examples except, at this 

level, no consideration must be given to in-pit dykes, as semi-fluid 

tailings are not produced by the extraction process. When only bucket 

wheel excavators are used, the centre reject from this lower bench is 

transported by conveyor to the dump area, and is incorporated into the 

tailings sands. 

The area disturbed at this level is the smallest of all the schemes con

sidered. Prepared soil placement is as outlined at the Improved Level, 

although the preparation of the manufactured soil is different (see Sec

t ion 5.4). 
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At the outset of thls project, the Consultants realized that novel 

methods of oil sarlds reclamation needed to be introduced to this study. 

However, Techman/RC also were aware that reasonable cost effectiveness 

of any plans or ideas was of ultimate importance. Therefore, during the 

course of developing mine plans and selecting equipment and materials 

handling techniques, the Consultants selected the options that seemed to 

optimize the greatest number of technical and economic factors. It is 

the expectation of the Consultants that the type of reclamation 

described for the Improved and Enhanced Levels, if implemented, would 

result in a standard of reclamation practices approximating those 

routinely accomplished in western Europe, though it is recognized that 

many physical, climatic, and operational differences exist. 

5.4.1 MUSKEG REMOVAL ALTERNATIVES 

Much of the area to be mined during the life of an oil sands mine is 

covered by muskeg ranging in depth from a very shallow veneer to possi

bly 10 m at the extreme. This material must be removed before overbur

den can be excavated. A number of prospective muskeg removal systems 

were examined. The first system (the only one proven to date) utilizes 

a conventional front-end loader and truck operation in which all mater

ials are removed during the winter months. A long face is opened, and 

the operation takes advantage of freezing conditions to overcome diffi

cuI ties respecting equipment mobility, muskeg drainage, and material 

selection and separation. The disadvantage of this system is that the 

end product contains very large blocks of muskeg which, when stored, 

take up considerable surface area and present difficulties in rehandling 

as a result of differential thawing. Unless technologically advanced 

methods of rehandling the frozen muskeg can be found, this material will 

be difficult to incorporate into the reclamation scheme at all levels of 

reclamation. 



RHEINBRAUN - Consulting Gmb H ----------------------------------------------TECHMAN lTD. 

5-90 

Alternative systems of muskeg removal that maximize the special capabil

ities of bucket wheel excavators and belt conveyors were also consider

ed. Two concepts were visualized for muskeg removal with bucket wheel 

excavators. In both cases, the objectives were to use the bucket wheel 

excavators to selectively dig muskeg, mechanically incorporate it with 

overburden materials suitable for reclamation during the removal pro

cess, and then transport the mixture, via belt conveyors, to or close to 

the active reclamation sites. 

In the first concept (Figure 5.4.1-1), the uppermost layer of overburden 

is removed, together with the thin overlying layer of muskeg. This 

mixed material is stacked on top of spoil by the spreader, and later re

moved to intermediate stockpile sites or to the final reclamation sites 

using front-end loaders and trucks. This scheme has a number of poten

tial drawbacks including: 

Somewhat oversized excavating equipment resulting from increased 

volume of production and lower operational efficiency of the ex

cavator; 

A requirement for substantially improved (and more expensive) 

drainage of all muskeg to be removed by bucket wheel excavators, 

in order to reduce the risk of pit slope failures during excava

tion, and to minimize operating difficulties (mainly freezing and 

mud build-up) on excavators and belt conveyors; 

Substantial problems of scheduling that allow summer muskeg sal

vage only, and force acceptance of all underlying overburden for 

reclamation; 

Potential blockage of the bucket wheel excavator and conveyor 

transfer points by tree trunks, branches, and roots, unless a 

thorough prehandling procedure removes these obstacles. 
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In the second bucket wheel excavator concept, also illustrated in Figure 

5.4.1-1, the muskeg is prehandled in winter and piled in appropriate 

locations for later removal in summer. This approach to concentrating 

muskeg in strategically-located surface hollows or piles (if overburden 

is shallow) relieves some of the scheduling problems of the bucket wheel 

excavator and the belt conveyors, thus making the operation more manage

able. A disadvantage of this concept is that the muskeg and overburden 

cannot be mixed as effectively at the digging face because of incomplete 

thawing. However, once loaded on conveyors this is not a serious draw

back since further rehandling, spreading, and mixing by mobile equipment 

occurs. A minor disadvantage is that a selective prestripping operation 

to stockpile muskeg is required. Since muskeg is removed in any case, 

this does not add sUbstantially to the gross costs of the prestripping 

operation. 

Although several of the above-mentioned drawbacks are serious, the Con

sultants believe (based on knowledge and experience) that it is techni

cally possible to overcome the difficulties of selectively removing and 

blending muskeg with overburden for all the levels of reclamation. Soil 

manufacturing alternatives for the reclamation requirements at the Mini

mum, Improved, and Enhanced Levels are described in later subsections. 

5.4.2 GENERAL REMARKS REGARDING MUSKEG AND OVERBURDEN STORAGE 

Although muskeg storage for later use as reclamation material is prac

ticed to some degree at existing oil sands operations, observations and 

evaluations by Techman/RC identified a number of major problems: 

Frozen muskeg, when stockpiled to greater depths than the average 

depth of frost penetration (0.6 to 1.0 m) remains permanently 

frozen or at least frozen for many years. Storage at lesser 

depths requires substantial acreage. Mechanical breaking of fro

zen blocks is extremely expensive, if not effectively impossi

ble. 
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Muskeg not stored in a frozen state quickly loses its moisture 

and becomes powdery in texture, actually repell ing water rather 

than retaining it; this condition is considered permanent. The 

Rheinische Braunkohlenwerke AG experienced similar difficulties 

with peaty soils in their Rhineland mines some years ago. After 

a period of storage, the moistening properties of the peat could 

not be restored, primarily because of the waxy layer on the dead 

plants of which it is comprised. 

Changes that may also take place in terms of microbiology, nutri

ent content, etc. are unknown, but this kind of degradation pro

bably results in reduced organic content and some loss of nutri

ents. 

As a result of these observations, Techman/RC have set the following as 

general suggested objectives: 

Every effort must he made to use a "direct transferH system to 

bring newly-removed muskeg directly to active reclamation sites. 

Since direct transfer is not always feasible, storage facilities 

for muskeg must be str ictly controlled to minimize biological de

gradation. 

If at all possible, muskeg should be mechanically shredded prior 

to deposition at reclamation sites, in order to improve both 

handling (uniform mixing) and growth characteristics. This may 

be accomplished either in a separate operation, or as a result of 

the operating characteristics of the reloading machine. 

Wherever possible, muskeg should be mechanically mixed with over

burden materials prior to deposition. Mixing with overburden 

prior to storage is also recommended so that physical changes 

which take place during storage do not affect mixing ability. 

Overburden materials considered suitable for reclamation should 

be stored separately from wasted overburden, or stored in zoned 
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overburden dumps when it is not possible to mix them with muskeg at 

the time of removal. 

5.4.3 MUSKEG AND OVERBURDEN HANDLING FOR RECLAMATION 

The Consultants determined that a muskeg/overburden removal and mixing 

operation completely integrated with the general overburden removal plan 

can be justifiably assumed to be feasible for all levels of reclamation. 

Nevertheless, systems must be designed to ensure that large amounts of 

prepared soil can be processed. Adequate technology is already avail

able for developing a mixed tailings sands/overburden/muskeg layer to 

meet the requirement of 0.6 m soil depth at the Minimum Level of Recla

mation. Therefore, Techman/RC additionally identified the major objec

tives in constructing a prepared soil at the Improved and Enhanced 

Levels of Reclamation. 

The objectives are: 

to remove muskeg from the pits economically, possibly in winter 

when handling and drainage problems are minimal; 

to utilize a system that generates thawed muskeg amenable to both 

breaking and spreading; 

to utilize a system that makes it possible to thoroughly mix mus

keg with other overburden materials, preferably prior to applica

tion on reclamation sites; 

to minimize or avoid scheduling problems that affect either the 

mining operation or the reclamation operation; 

to minimize capital equipment expenditures and operating costs; 

and 

to provide a "prepared soil" with superior characteristics as a 

growth medium. 
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The mixture of muskeg and overburden that is to serve as the soil for 

reclamation purposes has been identified by the term "prepared soil H. 

At all three levels of reclamation a prepared soil is manufactured, but 

the method employed varies considerably. The depth of material varies 

from 0.6 m added at the Minimum level, to 1.0 m at the Improved and En

hanced levels of Reclamation (consult Chapter 4.0 "Definition of levels 

of Reclamation"). The details of the manufacture of prepared soil are 

discussed in the following sections. A schematic summary of the compo

nent activities during the course of manufacture of prepared soil is 

given in Figures 5.4.3-1, -2 and -3, "Prepared Soil Manufacture at the 

Minimum, Improved and Enhanced levels of Reclamation," respectively. 

Prepared Soil Manufacture at the Minimum level of Reclamation 

The basic concept to be instituted at the Minimum level of Reclamation 

requires that suitable muskeg and overburden be excavated, transported, 

and placed separately. All blending of the three components (0.2 m mus

keg, 0.2 m overburden, and 0.2 m tailings sand) is done in the field. 

CuI tivation is to a depth of 0.6 m. Figure') .4.3-1, "Prepared Soil Man

ufacture at the Minimum level of Reclamation", shcws some of the possi

ble routes whereby the objectives of the Minimum level of Reclamation 

can be achieved. 

In the suggested prepared soil manufacturing scheme, overburden is se

lectively excavated by the BWE and transported by conveyor to the 

spreader. The spreader is simultaneously manoeuvered into position to 

place this overburden into an isolated intermediate stockpile. Depend

ing on the plan and schedule of activities, these intermediate stock

piles may be in the pit or in the dump. If in the pit, the material 

must be removed to a stockpile outside and alongside the pit. 

All muskeg is normally removed from the pit areas by a prestripping op

eration carried out during the winter, using front-end loaders and 

trucks. Muskeg is either placed permanently into muskeg waste dumps, or 

temporarily into muskeg stockpiles alongside the pit. 
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As required by reclamation schedules, materials are removed from the 

muskeg and overburden stockpiles by front-end loaders, and transported 

to the reclamation sites by off-highway trucks. Since the removed mus

keg is largely semi-frozen, it is placed in windrows on the reclamation 

sites. The intent is that if muskeg is dumped in shallow piles not ex

ceeding the average depth of frost penetration in muskeg (0.6 to 1.0 m), 

the piles will thaw and be ready for breaking and spreading later in the 

summer. During the summer or early fall, the thawed muskeg is spread 

with a dozer and graders to an average depth of 0.2 m. Subsequently, 

selected overburden is dumped on top, and is also spread to a depth of 

0.2 m. The layers are then rototilled or plowed to a depth of 0.6 m 

and seeded. Figure 5.4.3-4, "Reclamation on Flat Surfaces - Minimum 

Level", illustrates this procedure. The major disadvantage of this 

handling scheme is that muskeg dries out and uniform mixing becomes dif

ficult to achieve. 

At the Minimum Level as well as at the Improved, portions of the 

sanded-in ponds may remain too wet for the construction of roads and 

spreading of prepared soil. This is especially true for the last areas 

to be sanded-in. It may take a number of years to drain and dry these 

localized, highly saturagted areas sufficiently. 

On slopes (dykes, overburden and reject dumps) the system is somewhat 

modified as shown in Figure 5.4.3-5, "Soil Placement and Seeding on 

Slopes - Minimum Level". Materials are placed at the edge of the road

way, instead of in windrows, for thawing and later spreading. 

Again, it must be emphasized that direct mixing at the mining face with 

the bucket wheel excavator, if possible, is preferred over the above 

spreading technique. Blended overburden and muskeg are deposited at 

convenient locations alongside the overburden conveyor by the spreader. 

This material is either moved onto the reclamation site, or into inter

mediate storage piles for later transport to the reclamation sites. 

The BWE must be scheduled so that it is in position to move during the 

summer and fall. The likelihood of this occurring is unknown, since 

suitability and the local mineability cannot be predicted without de

tailed field data. Consequently, this option, if possible at all, can 

only be incorporated into detailed operational plans. 
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Prepared Soil Manufacture at the Improved Level of Reclamation 

At the Improved Level of Reclamation a total thickness of 1.0 m of pre

pared soil, consisting of an average of 0.33 m muskeg and 0.66 m over

burden, is placed. Layered blending stockpiles alongside the pit allow 

an initial mixing of muskeg and overburden to occur. Additional mixing 

occurs during the field spreading operation. Details of the component 

operation are shown schematically in Figure 5.4.3-2, "Prepared Soil Man

ufacture at the Improved Level of Reclamation". 

Selective overburden and muskeg salvage occurs as at the Minimum Level 

of Reclamation. However, instead of stockpiling the products separate

ly, layered stockpiles are created alongside the pit. Layering is in 

the ratio of 0.33 m of muskeg to 0.66 m of overburden. This would be 

primarily a winter operation, although overburden could be added to the 

pile during the summer months. Materials are removed from these stock

piles as required by the reclamation schedule. Very large dozers (Cat

erpillar D 10-class, for example) will doze material down a sloped work

ing surface designed to pass alternately across layers of overburden and 

muskeg. Soft areas will require a smaller, light weight dozer. Loading 

is done by large front-end loaders and hauling by off-highway trucks 

(see Figure 5.4.3-6 "Prepared Soil From Layered Blend Pile at the Im

proved Level of Reclamation"). Spreading in the field is done by smal

ler dozers (D 7 or D 8-class). Finally, the prepared soil is cultivated 

by deep plowing to a predetermined depth, thus providing additional 

blending. The depth is dependent on the uniformity of the 1 m layer af

ter placement, the characteristics of the underlying materials, and the 

tree, brush, or grass species to be planted. 

It may be possible to vary the prepared soil texture locally by spread

ing thinner or thicker, and incorporating various amounts of underlying 

tailings sand. To reduce hauling costs, the mixture transported to 

waste dumps may be richer in muskeg and subsequently diluted to the 1:2 

ratio of muskeg to overburden by blending-in underlying overburden. Al

though hauling costs may be reduced, it may still be more economical 

overall to haul blended materials, since the blending of the underlying 

overburden by tillage requires considerable cultivation effort. This is 

in contrast to blending-in the tailings sand, which, due to its loose 
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granular texture, mixes more readily. Flexibility in adjusting soil 

mixtures and depth should be used in order to achieve a desired soil 

permeability and water retention capacity, and thus accommodate a 

broader range of plant species. 

The methods of spreading are similar for both flat and sloping surfaces. 

After the material is dumped from the trucks, dozers push the material 

into final position. Soft areas are progressively covered, possibly re

quiring thicker layers of prepared soiL Final grading by dozer is 

likely to be adequate. Where excessive compaction has occurred, such as 

along haulage routes, ripping may be required. 

The essence of this reclamation scheme is the ability to excavate, after 

years of storage, the layered muskeg and overburden materials contained 

within the stockpile. Only operational experience can determine whether 

the method of preference is to construct a frozen or a semi- frozen 

stockpile. Furthermore, the overall shape of the stockpile, the 

embankment slope angles, and the orientation of the stockpile faces to 

the sunlight need to be ascertained by experimentation. The Consultants 

suggest that the scheme, if operated in a controlled fashion, would 

result in an adequately-blended prepared soil. 

As at the Minimum Level of Reclamation, the option of blending with the 

bucket wheel excavator remains. Operational comments made earlier for 

the Minimum Level apply as well at the Improved level of Reclamation. 

Prepared Soil Manufacture at the Enhanced level of Reclamation 

Compared to the prepared soil manufacturing schemes adopted at the Mini

mum and Improved levels of Reclamation, the scheme recommended at the 

Enhanced Level is rather complex. Because of the effort to achieve a 

superior quality of prepared soil, the capital investments and operating 

costs are correspondingly higher. The thickness of the prepared soil 

layer, however, remains at 1.0 m as was the case at the Improved Level 

of Reclamation. Figure 5.4.3-3, "Prepared Soil Manufacture at the 

Enhanced Level of Reclamation", gives a detailed schematic summary of 

the component operations. 
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Potentially, three sources of muskeg exist: in situ muskeg from the 

mine blended with selected overburden by the overburden BWE, muskeg from 

the front-end loader and truck prestripping operations, and muskeg from 

an on-pit and off-pit hydraul ic muskeg mining operation. A brief dis

cussion of the technically most viable option, hydraulic muskeg mining, 

follows. The option for utilizing muskeg from the prestripping opera

tion requires a special pre-blending thawing process. The thawing pro

cess is also briefly described. 

Hydraulic muskeg mining is a seasonal operation starting in May and 

lasting into October. Muskeg deposits, either within the mine site or 

outside of it, are developed into muskeg mines. Large floating barges 

equipped with shredders and pumps produce a muskeg slurry which is tran

sported via a 500 mm diameter steel pipeline to a dewatering plant. 

After entering the plant, the slurry is initially dewatered on screens. 

Belt presses remove enough water to produce a stiff pulp which is con

veyed to the stacker. The major mechanical components and operational 

features are depicted in Figure 5.4.3-7, "Schematic of Muskeg Mining and 

Dewatering for the Enhanced Level of Reclamation". 

Muskeg slurry from tile hydraulic muskeg mine and also from the thawing 

trench scheme is fed by slurry pipeline to the dewatering plant, from 

which the product is next transported by conveyor to a stockpile area 

where a stacker blends the muskeg with suitable overburden supplied by 

the BWE from the mine. Prior to severe freezing of the stockpile, the 

annual production is removed from the stockpile area with a small track

mounted reclaimer feeding a low capacity distribution conveyor. A 

radial stacker is used to form field stockpiles. Distribution to the 

reclamation sites occurs as required, using front-end loaders and 

off-highway trucks. The spreading procedures are the same as those of 

the Improved Level of Reclamation, Le. using medium-sized dozers. 

In one season, a track-mounted stacker places almost 400,000 m3 of . 
muskeg and over 700,000 m3 of overburden into stockpiles approximately 

1,000 m in length. The storage capacity is 350,000 m3 . The stacking 

process serves as the initial phase of mixing. Mixed muskeg and over-
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burden are removed from these stockpiles by a small crawler-mountp-d re

claimer loading onto a 1,000 mm wide belt with a capacity of 1,000 

m3 /hour. Removal is on a two shift per day basis and lasts from Ma y 

to November. A range diagram for the stacker and reclaimer are seen in 

Figure 5.4.3-8, "Layout - Blending and Storage Yard". 

The conveyor terminates at predetermined field stockpile sites. As the 

mining progresses, these sites change, being located as close as possi

ble to the areas onto which the prepared soil is to be spread. A small 

radial stacker at the end of the conveyor forms stockpiles. The prepar

ed soil transport system is detailed in Figure 5.4.3-9, iUSketch of Blen

ding and Storage Yard/Distribution Be lt Conveyor Sy stem". Some time 

later, say, five or more years, front-end loaders and off-highway trucks 

distribute the prepared soil. This distribution occurs generally from 

the month of May to the month of February, inclusive. Depending on the 

spring weather, it may be possible to begin the summer hauling season 

somewhat earlier in some reclamation areas. Adequate traction on the 

reclamation areas, and thawing and dry in9 of the blend piles are the 

major considerations governing the length of the hauling period. 

Another option, considered to be less feasible than the previously des

cribed hydraul ic mining scheme, uti! izes a thawing trench. A muskeg 

thawing trench is constructed near the extract ion plant. A sufficient 

quantity of muskeg must be stockpiled adjacent the "thawing trench" dur

ing the winter removal season to provide for one year of production. A 

dozer pushes the frozen blocks towards and into the pond. The operation 

of the thawing trench would likely be seasonal. Since, at the Enhanced 

Level, no wet tail ings are generated, closed-circuit hot water lines 

provide the heat to thaw the frozen blocks. A hydraulic dredge shreds 

and pumps this "muskeg slurry'! to a dewatering plant. If the Enhanced 

Level type of prepared soil is desired at the Improved Level, tailings 

lines running through the thawing trench could be a potential source of 

heat. 

Although the Consultants feel that the above system overcomes or mini

mizes many problems (such as scheduling, availability, environmental im

pact and other important factors), the system introduces all the diffi-
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culties of operating a trench to process large volumes of muskeg. Main

taining adequate heat transfer, servicing of the heating pipes, and re

moval of silt and oversize materials could be particularly troublesome. 

The major advantage of this system is that muskeg from within the mine, 

rather than from an outside "muskeg mine", would be used for prepared 

soil manufacture. 

5.4.4 RECLAMATION OF TAILINGS DYKES AND DYKE ROADWAYS 

A variety of slope angles and bench/roadway systems can be expected, de

pending on foundation conditions, on materials utilized in the construc

tion of the dykes, and pond operating philosophy. Figures 5.4.4-1 and 

5.4.4-2 show overall slopes of 3h:lv incorporating 4 and 3 roadways, 

respectively. The 4-roadway system has indiv idual slopes of 5h: 3v or 

31°, a rather steep soil angle and consequently highly unfavourable for 

the establishment of vegetation. The 4-roadways system with individual 

slopes of 2h:lv or 26.5° is much more favourable, but still near the 

marginal in this regard. 

Figures 5.4.4-3 and 5.4.4-4 depict an overall slope of 4h:lv including 4 

and 3 roadways, respectively. Both systems have individual slope angles 

sufficiently shallow as to present few problems in reclamation. The 4-

roadways system has individual slopes of Sh:3v or 20.5°. The 3-roadways 

systems has individual slopes of 3h:lv or IS.5°. 

Figure 5.4.4-5, "Details of 20 m Wide Roadway", includes two cross sec

tions of a typical roadway mentioned above; they outline reclamation 

procedures by showing the situations before and after reclamation. Con

sideration must be given to ensure that dykes drain effectively. fil

ters must remain exposed and protected with suitably-graded rip-rap. 

Drainage from filters must be channelled off the dyke surface to col

lecting basins. Improper handling of this aspect may endanger the stab

ility of the dyke. 
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From a reclamation viewpoint, the 4:1 overall slopes are preferred since 

there is less likelihood of erosion either degrading the prepared-soil 

surface or displacing seed, and there are few restrictions on equipment 

u til izat ion, allow ing more versat il it y in so il preparat ion, seed ing, and 

vegetation maintenance. A bench width of 20 metres will allow the con

struction of sufficiently wide roads and simplify the construction of 

turn-around points for small and mid-sized off-highway trucks. Small 

dozers would be used to push the materials down the slopes. However, it 

is also important to restrict the length of slopes between benches to 

minimize erosion. With respect to on-dyke roadways, the bench width 

necessary for placement of reclamation materials is kept within reason

able working limits (determined by operating characteristics of the 

haulage and spreading equipment), 

During the operational life to the pond, culverts will be employed to 

pass runoff and seepage water under roads. Culverts are degradable as 

well as requiring annual inspection and possibly the removal of debris. 

Consequently, culverts cannot be considered for long-term runoff control 

without a commitment to maintenance after the cessation of operations. 

Surface runoff can be established between benches by preplanned longi

tudinal grading of benches and gentle inter-connecting ramps. This type 

of runoff management is feasible when the prepared soil depth is at 

least 1 m. The risk of damage to the slope goes up as less prepared 

soil is utilized and is the highest when seeding is done directly on 

tailings sand or only slightly amended sand. In the latter case inter

nal drainage may require the employment of expensive internal drains but 

erosion by surface runoff will, nonetheless, continue to be a serious 

risk. 

The recycle of large quantities of seepage water is greatly minimized or 

may not be required at all with sanded-in ponds. The mixing of runoff 

water with seepage water is, in most cases, sufficient dilution to avoid 

damage to vegetation. In those cases where seepage water toxicities are 

1 ikely to be problematic, tolerant plant species should be selected. 

Perpetual maintenance of a seepage collection system is operationally 

unreliable and should be avoided. 



R
H

E
IN

B
R

A
U

N
-C

o
n

s
u

ltin
g

 
G

m
b

 H
 

IE 

o -0
 

I 

II! 

o .,., 
II! 

o ..... E
 

E
 

o ... 
IE 

o ..... 
IE 

2 

P
re

p
a

re
d

 
fo

r A
lb

e
rta

 
D

e
p

a
rtm

e
n

t 
o

f T
h

e
 
E

n
v
iro

n
m

e
n

t 

o 

e 
o 

-.. E
 

o 
-
~
 

~
 

V
l 

w
 

a.. 
0 .... V

l 

S ®
 

V
l 

l-LL. 

.... .... <
{ 

::) 
0 :; 
0 Z

 

u.. 
0 W

 
a

: 
::) 
0 w

 
U

 
0 a

: 
a.. 

T
E

C
H

M
A

N
 
L

T
D

.
-
-
"
"
 

5
-1

1
2

 

C> 
E

 
Z

 
0 

0 ::::> 
~
 

" 
I 

E
 

--' 
~
 

u 
U

 
-.::i 
or) 

w
 

a.. 
0 .... V

l 

Z
 

W
 

0
:: 

W
 

:::> 
.... 

0 

.. 
<

{ 
LA

-
U

 
W

 
~
 

N
 

V
l 

Q
. 

0 --' 
.... <

{ 
C

.I) 

Z
 

u.. 

--M
 

--' 
--' 
« 0:::: 
W

 

>
 0 



R
H

E
IN

B
R

A
U

N
-C

o
n

s
u

ltin
g

 
G

m
b

 H
 

E
 

E
 

E
 

E
 

E
 

E
 

0 
0 

0 
0 

0 
~
 

-0
 

'" 
~
 

M
 

N
 

\\ \ \ \ 
E

 

E
 

\ 
~
 

\ 
0

-0 
\ 

...) 

V
I 

\ 
.... 

\ 

<
'l 

\ \ 

\ \ 

G
O

 
"-co 

:!! 

P
re

p
a

re
d

 
fo

r 
A

lb
e

rta
 
D

e
p

a
rtm

e
n

t 
o

f 
T

h
e

 
E

n
v
iro

n
m

e
n

t 

0 

E
 

0 
-
c
c
 

In
 

E
 

W
 

CL. 
0 

0 
-'" 

-
' 

In
 

~
 

®
 

In
 

l-!!: 
-
' 

-
' 
~
 

::::> 
E

 
0 

0 
:;: 

-
0

 
0 Z

 

u
. 

0 w
 

c.: 
::::> 
0 W

 
U

 
0 c.: 
CL. 

::..: 
U

 
e 

~
 

C
D

 
0 '" 

CL. 
W

 
I
-

In
 

~
 

\ \ \ 

0 

E
 

0 II 

E
 

u 

W
 

W
 

CL. 
-
' 

0 
~
 

-
' 

In
 

U
 

In
 

.. 
N

 

-
' 
~
 

Z
 

U
. 

0 l-0 w
 

N
 

0 0 

T
E

C
H

M
A

N
 

L
T

D
.
-
-
-
-
.
 

5-11.3 

V
') 

>-« ~
 

0 « 0 ~ 

C> 
Z

 
0 

N
 

::> 
I 

""" 
..... 

..:j 

U
 

I4i 

Z
 

w
 

0<: 

:::> 

" u.. 
W

 
a
. 

0 ..... 
V

') 

"
.
-

M
 

-
J
 

-
J
 

« ~ W
 

>
 

0 



"tI 
~ 

C'O 
'0 
I» 
i; 
a. 

~ 
:x-
0" 
C'O 
~ 

I» 

o 
C'O 
'0 
I» 
~ -3 
C'O 

~ 

S. 
-I 
:T 
C'O 

'" :J 
< 
(3 
:J 
3 

~ 

15 - 8 - 78 

-- -;-£. 

ft. 

0 ! 50 m 

OVERALL 4: 1 

s\.O~E. -.-0:; ~ 
..........- _____ M--

b.1..1 «\ -----
~\.OVE. __ 

15 m 
t 

1. . \ .--;. 
r~ . 

-~ I.-~ -I· .1 

100m 150111 200 111 240 m 

STEP - BACK PROCEDURE OF INDIVIDUAL LIFTS @ 1 1/2: 1 SLOPES, 

DOZED TO FI NAL 2 2/3 : 1 SLOPE. 

S CA LE 1 em = 15 m 

SLOPE INCLUDING 4 ROADWAYS 

FIGURE 5.4.4-3 

-60 m 

50111 

40111 

30111 

20111 

10 m 

0 

V' 
I 

c_ 

r--
.p. 

:Il 
J: 
m 
Z 
til 
:Il 
:x
c:: 
z 
I 

(") 
o 
:J 

'" c: -~. 
G'> 
3 
0" 
J: 

-I 
m 
(") 

::t 
:!: 
:x-
z 
r 
-I 
0 



" ... 
~ 

" QI 

;; 
a. 

o ... 
l> 
tT 
~ 

III 

'"' ,'1) 

c.. 
QI ... -3 
~ 

~ 

So 
-oj 
':r 
~ 

m 
:= 
< 

o 
::J 
3 
~ 

14-8-78 

o 

c. \.O~£ 
A'·' ~ 

...------ ---.--: ---
I 

100 
I 

150 
I 

200 

",- 60 m 

I 
240 

- 50 m 

- 401\1 

- 30 m 

- 20 m 

- 10 .. 

-0 

L 50 

STEP - SAC K PROC EDURE OF INDIVIDUAL LIFTS @ 1 1/2 : 1 SLOPES I 

DOZED TO FINAL 3:1 SLOPE. 

SCALE 1 em = 15 m 

OVERALL 4 : 1 SLOPE INCLUDING 3 ROADWAYS 

FIGURE 5.4.4-4 

V' 
I 

1-
....... 
V1 

:Il 
J: 
m 
Z 
!XI 
:Il 
l> 
c: 
Z 
I 
() 
o 
::l 
II> 
C -~. 
" 3 
tT 
J: 

-oj 
m 
() 
J: 
s:: 
l> 
Z 

r 
..; 
o 



RHEINBRAUN-Consulting Gmb H 

1 m THICK ROADBED 

O~~ e;,\; 

ROADBED DITCH 

1+---- 15 m ----14-5 m 

BEFORE RECLAMATION 

SC ALE : 1 e m = 4 m 

REMOVED REMAINING DITCH 
ROADBED ROADBED 

7.5 m 5 m 

~::i4----0.6 m THICK PREPARED SOIL 

AFTER RECLAMATION 

SCALE 1 em = 4 m 

TECHMAN L TD.--'" 

5-116 

FILTER 
;"i,":. :"::-:;'<""";:''-'~,>.-.:.;''';'.:;';: 1 m I 

RIP· RAP 

I 

REFER TO FIGURE 5.4.4 -4 FOR OVERALL SLOPE 

DETAILS OF 20 m WIDE ROADWAY 
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5.4.5 RECLAMATION OF TAILINGS POND BEACHES 

Since beaches form at a slope approaching 6h:lv, no equipment limita

t ions are anticipated, with the possible exception of trafficability 

where the beached sands may support less weight than dyked sands and/or 

roadways. Beaches to be reclaimed include interior beaches off the 

tailings pond dyke, and beaches formed at the edges of in-pit ponds. 

Spreading prepared soil during the winter while the beach sands are fro

zen is likely to eliminate considerable road construction effort. 

5.4.6 RECLAMATION OF DISTURBANCES RELATED TO ANCILLARY FACILITIES 

Reclamation of disturbances related to ancillary facilities includes: 

breaking up and scarifying all roadbeds. In certain cases the 

addition of small amounts of prepared soil may be appropriate. 

salvage and removal of all temporary or permanent structures such 

as extraction and treatment plants, pipelines, transmission 

lines, tankfarms, washhouses, warehouses, sewage plant, mainten

ance sheds, mess halls, and bunkhouses. Resurfacing with pre

pared soil is required for refuse dumps and abandoned plant site 

areas. 

backfilling all small ponds associated with the plant site, ex

cept possibly large freshwater makeup ponds. 

salvaging or safe disposal of all chemical by-products such as 

coke and sulphur. 

construction of permanent mine site drainage courses to protect 

reclaimed areas and to preserve local watercourse quality. 

None of the costs of the above items except for resurfacing of the plant 

site area are examined and casted in this report. A further explanation 

as to the approach taken here is provided in Chapter 6, Costing Meth

ods. 
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Tailings systems such as those presently used by G.C.O.S. Ltd. and Syn

crude Canada Ltd. produce not only large quantit ies of waste that is 

normally stored considerably above the natural ground surface, but also 

volumes of associated poor-quality water bearing the following problem 

contaminants: clay and silt fines, bitumen, caustic soda, naphtha, 

heavy metals, and phenols. Various methods of purifying or clarifying 

these waters to make them capable of supporting a~uatic life and render

ing them non-toxic to waterfowl and other wildlife are under investi

gation. These methods have been listed7 . 

An alternative emphasis is to minimize the areal extent of fluid waste 

disposal areas. This may be done either by containing these liquids in 

small, but very deep ponds, or by treating the tailings to remove addi

tional water (see details in Section 5.2, Plant Process Considerations, 

and Chapters 7.0, 8.0 and 9.0, Concepts and Costs of Development and Re

clamation of 120,000, 60,000 and 240,000 BPCD Oil Sands Mines, respec

tively). 

In those cases where fLuid sludge can be dewatered and concentrated into 

a fairly small area, the Consultants have encouraging evidence to indi

cate that these ponds can eventually be resurfaced and vegetated. The 

development of ilreclamation concepts" at the Improved Level and the de

tailed reclamation plans provided do not seriously address the reclama

tion of sludge ponds. However, it is encouraging to note that consider

able research in other industries faced with toxic tailings pond pro

blems is approaching the point of satisfactory breakthroughS. 

The approach for complete reclama,tion of treated sludge ponds from oil 

sands extraction processes probably involves a systematic consolidation 

or solidification of the surface layer of thickened sludge (probably by 

chemical means), and the subsequent beaching or poldering of a light 

soil (especially prepared fine sand, coke, flyash, or peat) into the 

pond. The surface should then be solid enough to support light-weight 

agricul tural equipment. The costs for such reclamation appear high. 
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The blending of sludge into the dry tailings stream from an extraction 

plant producing dry tailings appears to be technically practical and 

achievable at considerably less cost than the reclaiming of a sludge 

pond surface. Since the dry tailings stream may need the addition of 

water to ensure dump stability and help control dust, the injection of 

sludge at transfer points is of interest. A detrimental side-effect may 

be the increase of dry tailings toxicity, but this can be countered by 

the selective dumping techniques achievable with a spreader. Non-toxic 

materials, if available, can be placed as the uppermost layer. Until 

dry extraction processes are commercially developed, intensive research 

into reclaiming sludge ponds should be conducted. 
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TECHNICAL REVIEW Of MAJOR MATERIALS HANDLING EQUIPMENT 

The major earth moving equipment was selected to suit the materials 

handling requirements of each mine plan. BWEis, spreaders, draglines, 

dragline hoppers, and conveyors are the main types of machinery uti

lized. In addition, mobile machinery such as trucks, loaders, dozers, 

pipelayers, etc. are employed. These types of units are available in 

many size ranges from a large number of manufacturers. No specifica

tions are provided for small mobile machinery since these are off-the

shelf units, and are not custom-built for the mine operator. This sec

tion provides typical technical data for the main materials handling 

equipment for the 12 developed mine plans by means of sketches and 

tables outlining the main machine specifications. 

No manufacturer is inferred by any given machine specifications. During 

the course of the Consultants' customary activities, equipment is asses

sed, specifications are prepared, and design changes recommended to cli

ents. However, neither Techman ltd. nor Rheinbraun-Consulting GmbH 

manufacture or sell equipment, nor are the Consultants representatives 

or agents for any manufacturer or supplier of equipment. 

figure 5.5-1 shows 8 sketch of one of the three bucket wheel excavators 

employed in the 120,000 BPeD mine (are Body 2 - bucket wheel scheme). 

Figure 5.5.-2 shows a sketch of a dragline dumping material into a hop

per. This is a typical arrangement used in Ore Body 2 and 4-dragUne 

schemes. 

figure 5.5-3 shows a sketch of a spreader, which is used for dump ing 

waste material into piles. The dimensions indicated apply to all the 

spreaders used in the 12 mine plans, however, each plan requires a 

spreader with certain capacity. As the spreader's capacity changes, so 

does the installed power, weight and the capital and operating costs. 

figure 5.5-4 shows a sketch of the tripper car removing waste material 

from a conveyor belt onto a short boom which in turn dumps it onto re

ceiving boom of a spreader (shown in dashed lines). 
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Figure 5.5-5 shows a sketch of a conveyor drive station. The drive 

station houses electric motors propelling the belt via head and drive 

pullies, as well as belt tensioning devices and associated pullies. The 

structure rests on two pedestals, but at time of conveyor shifting, a 

transport crawler (see Figure 5.5-8) lifts and moves the drive station 

into the new position. 

Figure 5.5-6 shows a section, plan and side view of a typical belt con

veyor. The conveyors used in the study employ high tension conveyor 

belts reinforced with steel cables and covered with a low temperature, 

oil-resistant rubber compound. The belt moves on prelubricated 

Garland-type idlers; return idlers have rubber discs to reduce material 

build-up on idlers. The belt surface is sprayed with diesel fuel to 

prevent oil sand from sticking to the belt surface. An oil sand build

up on the belt is detrimental to proper operation of pullies and return 

idlers, and if left uncontrolled, would damage the belt, pullies, idlers 

or other parts of the system. 

Figure 5.5-7 shows a schematic uf a belt conveyor shunting head. It is 

supported and moved as described for the rlrive station, however much 

less frequent shifting is required of the distribution point, which a 

shunting head is part of. The idea of a shunting head is, that without 

changing the actual length of the belt, the conveyor can extend and dump 

different materials on different conveyors (three shown). The two 

uppermost pullies are attached to a frame (shown in dashed line) which 

slides back and forth allowing accurate positioning. The distribution 

point is a very effect ive and simple tool for selective handling of 

mined materials without loss of mine production. 

Figure 5.5-8 shows a section and plan of the transport crawler. The 

main function of this support equi.pment is to move the drive stations of 

the face conveyors. Other drive stations and possibly shunting heads 

will require use of the transport crawler much less frequent. 
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Table 5.5-1 indicates the main design parameters of BWEu s , draglines and 

hoppers used in the study. For capital costs, see Table. 6.1-3. 

Table 5.5-2 indicates the main design parameters of spreaders and trip

per cars used in the study. 

Table 5.5-3 indicates the main design parameters of belt conveyors used 

in the study. 
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FIGURE 5.5-8 

TRANSPORT CRAWLER 

Prepared for Alberta Department of The Env ironment 



TABLE 5.5-1 

Specifications: Materials Handling Equipment 

Bucket Wheel Excavators. Drag1 i nes, and Drag]; ne ~ 

Ore Body No.2 (120.000 BPCO) Ore Body No.4 (60,000 BPeO) 

BWE/OL System aWE System BWE/Dl System aWE System 

Ore Body No.1 (240,000 BPCO) 

aWE System 

Description Units Min!Impr Enhanced Min/Impr Enhanced Min/lmpr Min/lmpr Minimum Enhanced 

Bucket Wheel Excavators 

Number of aWE per m; ne 

Average Hourly Capacity bank. m3jh 

flam; nal buck.et capacity m3 

Bucket wheel di ameter 

Number of buckets 

Wheel rotary speed RPM 

Cutt; ng he; ght 

Selective digging height 

Boom 1 ength 

Bridge length 

Oi scharge boom 1 ength 

Maximum Ground Slope 
-during digging h:v 
-during deadheading h:v 

Installed Power 10:101 

Serv; ce Wei ght 

Oraglines 

Number of OIL per m; ne 

Average Hourly Capacity bank m3 /h 

Average swi ng angle deg 

Nominal buck.et capacity m3 

Maximum allowable load kg 

Boom 1 ength 

Dumping radius 

Maximum dumping height 

Oi ggi ng depth 

Hoist motors, eight 

Drag motors. six 

Swi ng motors. four 

Propel motors. four 

AC drtving motors 

Weight 

kW 

kW 

kW 

kW 

kW 

kg 

2,900 

2.0 

14.0 

14 

3.57 

32.0 

24.0 

36 

85 

15 

20: 1 
18: 1 

3,000 

2,800 

2,800 

45-50 

75 

195,000 

92 

B3 

40 

45 

6,300 

4,700 

3,200 

2,000 

7,700 

4,650,000 

2,900 4,000 

2.0 4.5 

14.0 14.0 

14 10 

3.57 3.85 

32.0 32.0 

24.0 22.5 

36 36 

25 85 

15 15 

20: 1 20: 1 
18: 1 18: 1 

3,000 6,000 

2,800 4,750 

2,800 

45-50 

75 

195,000 

92 

83 

40 

45 

6,300 

4,700 

3,200 

2,000 

7,700 

4,650,000 

4,000 1,780 2,300 4,500 4,500 

4.5 1.4 2.3 4.5 4.5 

14.0 11. 5 12.25 17.5 17.5 

10 10 11 11 

3.85 5.28 4.33 3.93 3.93 

32.0 20.0 30.0 30.0 30.0 

22.5 11.5 22.0 17.75 17.75 

36 36 36 36 36 

85 85 85 85 85 9 

15 15 15 15 15 

20: 1 20: 1 20: 1 20: 1 20: 
18: 1 18: 1 18: 1 18: 1 18: 

6,000 1,950 4,000 6,100 6,200 

4,750 2,400 3,050 5,150 5,150 

2,500 

45-50 

70 

180,000 

92 

83 

40 

45 

6,000 

4,600 

3,000 

2,000 

7,500 

4,630,000 
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TABLE 5.5·1 (Continued) 

Specifications: Materials Handling Equipment 

Bucket Wheel Excavators. Dra9lines. and Dra91ine Hoppers 

Ore Body No. (120,000 B~COl Ore Body No.4 (60,000 BPCO) 

BWE/Ol System aWE Sy stem BWE/DL System BWE System 

are Body No. 1 ~BPCO) 

BWE System 

Description Units Min/lmpr Enhanced Min/lmpr Enhanced Min/lmpr Min/lmpr Minimum Enhanced 

DraSiline Hoppers 

Number of D/L Hoppers per mi ne 

Maximum throughput bank m3/h 6,000 6, 000 5,600 

Hopper top openi ng 1 B,18 18,18 18,18 

Hopper he; ght 11.5 17.5 17.5 

Hopper volume m3 I, 000 I, 000 I, 000 

Apron feeder wi dth 3.05 3.05 3.05 

Apron feeder speed 
rna x; mum mImi n 22 22 20 
average r:I/r' n 14 14 12 

Empty wei ght k9 1,905,000 1,905,000 1,905,000 

Ha x. Payload k9 2,504,000 2,504,000 2,504,000 

Installed Power kW 1,900 1,900 1,900 
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TABLE 5,5-2 

Specifications: Materials Handling Equipment 

Spreaders & Tripper Cars 

Ore Body No, 2 (120,000 BPeO) Ore Body No, 4 (60,000 BPeO) Ore Body No, 1 (240,000 BPeO) 

BWE/oL System BWE System BWE/OL System BWE System BWE System 

Oeser; pt i on Units Hi nl Impr Enhanced Mi n/Impr Enhanced Hi n/~ Hi nl Impr Mi ni mum Enhanced 

Spreaders 

Number of spreaders per mi ne 

Theoretical capacity loose m3 /h 

Length of di scharge boom 

Height of discharge boom 

01 scharge boom rotat; on deg 

Length of receiving boom 

Conveyor belt width mm 

Maximum Ground Slope 
during dumping h:v 

- duri n9 deadhead; ng h: v 

l~stalled power kW 

Servi ce Wei ght 

Tripper Cars 

Number of tripper cars per mi oe 

length to di scharge pull ey 

Boom 1 ength 

Boom he; ght 
maximum 

- minimum 

Installed power 
(bench belt drive 
not i nel uded) 

Service Weight 

m 

kW 

16,060 16,060 16,060 

60 60 60 

20 20 20 

210 210 210 

39 39 39 

2,600 2,600 2,600 

20,1 20,1 20,1 
18,1 18,1 18,1 

3,000 3,000 3,000 

2,000 2,000 2,000 

47 47 47 

14 14 14 

650 650 650 

640 640 640 

16,060 7,200 10,520 12,430 16,060 

60 60 60 60 60 

20 20 20 20 20 

210 210 210 210 210 

39 39 39 39 39 

2,600 1,800 2,200 2,400 2,600 

20,1 20,1 20,1 20,1 20,1 

18,1 1 B, 1 18,1 18,1 18,1 

3,000 2,000 2,600 2, B50 3,000 

2,000 1,370 1,700 1,850 2,000 

47 47 47 47 47 

14 14 14 14 14 

650 450 500 600 650 

640 400 450 600 640 
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:u 
TABLE 5.5-3 % 

!!! 
S~ecif;cat;ons: Mater; al 5 Hand];"9 Egui [!ment Z 

Belt Conveyor Systems 
til :u 

Ore Body No.2 (120,000 BPCO) Ore Body No.4 (60,000 BPeO) Ore Body No.1 (240,000 BPCO) 
,. 
c: 

BWE/OL System BWE System BWE/Dl System BWE System SWE System Z 
I 

DescriQtion Units Min/lmQr Enhanced Mi n/lmQr Enhanced Hi n/ImQr Hi nII m[!r H1 nimum Enhanced 0 

Bel t Conveyor Systems 
g 
III 

1. TOQ Bench Conveyors: c: ... 
loose m3/h Th roughput 6.747 6,747 10,380 10,380 4,000 5,970 11,6BO 11,680 S· 

t/h 11,212 11,212 17,250 17,250 6,650 8,600 16,B20 16,820 CO 

Belt width mm 1,800 1,800 2,200 2,200 1,600 1,800 2,400 2,400 

" Trough; "9 deg 45 45 45 45 45 45 45 45 3 
Belt Speed m/s 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 c:r 

% 
2. M; ddl e & Bottom Bench 

Conveyors: 

Throughput loose m3jh 5,641(2 ) 5,641(2 ) 10,380 10,380 3,560 5, 970 11,6BO 11,6BO 
t/h B ,123 8,123 14,950 14,950 5,130 8,600 16,B20 16,B20 

Belt width 1,800 1,800 2,200 2,200 1,600 1,800 2,400 2,400 

Trough; n9 deg 45 45 45 45 45 45 45 45 

Belt speed m/s 5.2 5.2 5.2 5.2 4.0 5.2 5.2 5.2 

3. Plant Feed Convelors: 

Throughput loose rn 3 jh 11,282 11,2B2 10,3BO 10,380 3,560 5,970 11,680 11,680 
~ t I h 16,246 16,246 14,950 14,950 5,130 B ,600 16,B20 16,B20 

Belt width 2,200 2,200 2,200 2,200 1,600 I, BOO 2,400 2,400 

Trough; n9 deg 45 45 45 45 45 45 45 45 

Belt speed m/s 5.2 5.2 5.2 5.2 4.0 5.2 5.2 5.2 

4. Dr,:l Tat1ings Conveyors: 

Throughput loose m3 jh 5,200 4,620 9,100 
t/h B ,320 7,400 14,560 

Belt width mm 1,800 2,600 2,400 

Troughing deg 45 45 45 

Belt speed m/s 5.2 5.2 5.2 

5. Waste Dume: Convexors: 

Theoretical capacity loose m3 jh 16,060 16,060 16,060 16,060 7,200 10,520 12,430 16,060 
t/h 24,620* 24,620· 25,120* 25,120· 11.260· 16,290* 20,130· 25,360* 

Belt width mm 2,600 2,600 2,600 2,600 I, BOO 2,200 2,400 2,600 

Troughi ng deg 45 45 45 45 45 45 45 45 

Belt Speed m/s 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 ~ 
m 
0 
% 
s: 
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Oescri pt i on 

6. 9verburden for Prepared 
Soi 1 Conveyor: 

Uni t s 

Throughput loose m3 /h 
t/h 

Belt width 

Tr-oughi (\g deg 

Be 1 t speed m/s 

7. Prepared Soi 1 Conveyor 

Th roughput loose m3 jh 
t/h 

Be 1 t Wl dth 

Trough j ng deg 

Be 1 t speed n/s 

(2) Indicates two systems ;:ler bench. 

TABLl-._~,22l (Continued) 

~~~1'!~!"ials Handling Equipment 

Belt C.onveyor Systems 

Q.>:L~ No.2 (120 ,000 BPeO) ~~ 4 (60,000 BPCD) 

BWE/Ol System aWE System BWE/DL System BWE System 

Ore Body No.1 (240,000 BPCD) 

BWE System 

Min/lmpr Enhanced ~~ Enhanced Min/~~~ Minimum Enhanced 

6,747 
11,212 

1,800 

45 

5,2 

420 
530 

1, 000 

30 

2.0 

8,960 
14,900 

2,200 

45 

5.1 

440 
560 

:, 000 

30 

1.0 

10,080 
16,750 

1,400 

45 

5.2 

660 
840 

1,000 

30 

:;.0 

Note: tonnage will vary with ratio of OB:CR:DRY TAILI~lGS (where applicable) 
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6.0 COSTING METHODS 

6.1 COSTING OBJECTIVES OF STUDY 

a. General Costing Criteria 

Operating costs and capital costs were determined for two mining methods 

(dragline and bucket wheel excavator mining), three associated levels of 

reclamation (Minimum, Improved, and Enhanced), and three mine sizes 

(60,000 BPCD, 120,000 BPCD, and 240,000 BPCD). By following costing 

guidelines rigorously, it was possible to compare mining and associated 

reclamation costs for the three synthetic crude-oil production cases. 

A prime objective of the study was to determine which major categories 

of operations would be significantly affected by changes in mining me

thod and choice of reclamation level, and so warrant detailed costing. 

Techman/RC determined that only three major operations would be signifi

cantly affected: mining, equipment maintenance, and planning oper-
, 

ations. The above-mentioned categories are shown in Drawing No. BR 

22900-16-00, Typical Departmental Chart. The Consultants considered the 

categories of "administration", "general services" and "ancillary ser

v ices" not to have significant bearing on the net cost of mining and 

reclamation activities of the three synthetic crude oil production 

cases. Furthermore, although the capital and operating costs of the ex

traction plant vary as the quality and quantity of plant feed varies 

from mine to mine due to variations in geology, and somewhat due to var

iations caused by the selected mining method, no attempt is made to 

specify the added cost of bitumen extraction. The added cost of asso

ciated facilities such as the power plant is also excluded. 

IlEquipment maintenance" and "planning operations" must be matched with 

the requirements of "mine operations". Typical organization charts for 

"mine ll
, IImaintenance" and "planning" operations are illustrated in Draw

ing Nos. BR22900-17-00, BR22900-18-00 and BR22900-l9-00. 

The three major designated categories are each divided into six main 

cost centres, which are further subdivided into cost sub-centres. The 
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main cost centres which determine the total cost of "mine operations" 

and the associated categories of Hequipment maintenance" and "planning" 

are as follows: 

1. Civil Construction Activities 

2. Removal of Organic Materials and Soils 

3. Overburden, Reject, and Oil Sands Handling 

4. Tailings Disposal 

5. Establishment of Ultimate Land Use Resources 

6. Supervision and Technical Services 

The division of each main cost centre into cost sub-centres is explained 

in detail in Section 6.2, Typical Oil Sands Mine Unit Costs. Each cost 

sub-centre described consists of an operating and a capital cost ele

ment. 

A maj or concern in report ing costs is that the reported costs change 

with time. Consequently, tables summarizing unit capital and labour 

costs are included, and may be used to derive an index whereby the costs 

provided in the cost centres and the cost sub-centres can be updated. 

Hourly equipment operating rates are not published in this report since 

these are proprietary information. 

b. Operating Costs 

The determination of the costs of conducting mining, tailings disposal, 

and reclamation activities requires that hourly, monthly, or annual 

rates for activities be developed. The operating cost of any given 

activity consists of rates for the following prime accounts: 

i operating salaries 

ii operating labour 

iii- equipment operating costs 

iv operating supplies and materials 

v - subcontracts 
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These accounts are further discussed below: 

i. Operating salaries 

The salary schedule for all staff personnel is listed in Table 6.1-1, 

Staff Salary Schedule. The listed annual salaries exclude the payroll 

burden for staff personnel, which is assumed to be 18% of the direct 

salary costs, and includes unemployment insurance, Canada Pension Plan, 

company pension plan, Worker's Compensation, health care, life insur

ance, and statutory holidays. Staff employees may receive other special 

benefits reflecting working conditions, relocation costs, etc. An aver

age mean adjustment to the payroll burden for this type of cost is dif

ficult to estimate and, therefore, was not included. 

ii. Operating labour 

The hourly labour rates are listed in Table 6.1-2, Hourly Labour Sched

ule. An analysis was made of the wage rate structure of G.C.O.S. Ltd. 

which has a union agreement with the Fort McMurray Independent Oil Wor

kers (M.LO.W.). Syncrude Canada Ltd. does not work under a union 

agreement, but the labour rates are similar to the rates of G.C.O.S. 

Ltd. In 1978, a new labour agreement was being negotiated between 

G. C.O. S. management and the union; consequently, the Consultants used 

the 1977 base rates as the labour benchmark. 

The wage rate structure of G.C.O.S. Ltd., consisting of 15 different 

hourly base rates, was narrowed down to 4 hourly base rates (Group I to 

Group IV). In order to arrive at the 1978 base rates, the 1977 base 

rates were escalated by 6%. The escalation assumed is strictly for stu

dy purposes (all without prejudice). 

The fringe benefits were assumed to be 24% of the hourly 1978 base 

rates, including unemployment insurance, Canada Pension Plan, company 

pension plan, vacation pay, statutory holidays, Worker I s Compensation, 

medical plan, and life insurance. The following additional benefits 

were applied to the 1978 base rates: shift differential at 3.7% (4% for 

afternoon shift, 7% for night shift), overtime premium at 25% (time

and-three-quarters for Saturdays and Sundays), and dental plan at 1.3%. 

The total amount of benefits and burdens amounts to 54% of the 1978 base 

rates. 
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iii. Equipment operating cost 

The equipment operating cost is a composite of the following items: 

overhaul labour, overhaul parts and overhaul major components, repair 

labour and repair parts, F.O.G. (fuel, oil, grease, belt wetting kero

sene), and power. ilOverhaul labour" and "overhaul parts" form a reserve 

fund for future major overhaul costs. "Overhaul major components" is a 

reserve fund for current replacement and repair costs such as tires 

(large trucks), undercarriages (tractors), buckets and ropes (drag

lines), and major components of bucket wheel excavators. Labour costs 

are included in overhaul labour. iiRepair labour and repair parts" form 

a reserve fund for current running repair costs. lhe hourly or monthly 

rate of F.O.G. and power is meant to create a reserve fund for current 

fuel, oil, grease, and power expenses. 

iv. Operating supplies and materials 

Operating supplies and material include consumable materials such as: 

- road building: culverts and pipes; 

- road maintenance: sand, gravel, and calcium chloride; 

- tailings dams: culverts, pipes, ties and welding supplies; 

- equipment maintenance: mechanical tools, welding supplies, 

anti-freeze, bolts and plate. 

v. Subcontracts 

Subcontracts include rental and lease of buildings and equipment, and 

any work carried out by subcontractors. In this study, it was suffi

cient to provide a total sum for operating labour, equipment operating 

costs, and materials of the subcontract. 

lhe rates of operating labour are based on those of G.C.O.S. and Syn

crude Canada ltd. The rates of overhaul labour and parts, overhaul 

major components, repair labour and parts, F.O.G., and power are based 

on the experience of lechman/RC. The F.O.G. rates are based on a price 

of $0.70/gallon for gasoline and $0.60/gallon for diesel fuel. Power 

cost is $0.015/ per kWh, with appropriate penalties for peak power de

mands of the large draglines. 
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Table 6.1-1 

STAFF SALARY SCHEDULE 

General Manager Mining 

Department Managers (Mine, Equipment Maint., Planning) 

Superintendents 

Senior Engineers 

Senior Biologist (Specialist) 

Engineering Supervisors 

Dewatering Supervisor 

Geological/Geotechnical Supervisors 

Environmental Supervisor 

Reclamation Supervisor 

Specialist Engineers (for Maintenance Section) 

Engineers (Cost Program, Mine, Reclamation) 

Geologists 

Biologists (Terrestrial, Aquatic) 

Pedologist 

Forest Ecologist 

Shift General Foremen 

Training Coordinator 

Shift Foremen 

Training Foremen 

Scheduling Supervisors 

Survey Supervisor 

Drafting Supervisor 

Schedulers 

Instrumentmen 

Draftsmen 

Technologists (for Planning Section) 

Technicians (for Maintenance Section) 

Ore Samplers 

Rodmen 

Clerks (Typists, Stenos, Receptionists) 

N.B. Payroll burdens of 18% to be applied. 

6-5 

$ 55,000 

45,000 

40,000 

40,000 

40,000 

36,000 

36,000 

36,000 

36,000 

36,000 

33,000 

30,000 

30,000 

30,000 

30,000 

30,000 

30,000 

28,000 

25,000 

25,000 

25,000 

22,000 

22,000 

20,000 

19,000 

19,000 

19,000 

19,000 

19,000 

16,000 

12,000 



Table 6.1-2 
::0 
x 

HOURLY LABOUR SCHEDULE !!! 
z 
!XI 

Hourly Hourly Hourly 
::0 
~ 
c 

Base Rate Base Rate Fringe Shift Overtime Total Labour Rate z 
Group Classification 1977 1978 Benefits Diff. Premium Burden Calc. Use 

I 
(') 
0 
::J 

'" 6% 25.3% 3.7% 25% 54.0% c: .. 
:i" 
co 

I Labourer 7.60 8.06 2.03 0.30 2.02 4.35 12.41 12.40 
C> 
3 

II Apprentice 0-
x 

Trade Helper 8.64 9.16 2.32 0.34 2.29 4.95 14.11 14.10 
Serviceman 
Equipment Operator* 

III Tradesman** 
Mine Control Operator 
Dragline Operator 
B.W.E. Operator 
Bridge Tender 
Hopper Operator 9.82 10.41 2.635 0.385 2.60 5.62 16.03 16.00 
Tripper Operator 
Stacker Operator 
Crane Operator 
Drill Operator 
Blaster 

IV Lead Hand 10.41 11. 03 2.79 0.41 2.76 5.96 16.99 17.00 

* Equipment Operator: operator of mining equipment and support equipment other than described in Group III. 
** Tradesman: mechanic, welder, electrician,millwright. -I 

m 
0'\ (') 

I X 
0'\ 3: 

~ 
z 
r-
-I 
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c. Capital Costs 

The initial capital costs are the purchase costs of the original units 

necessary for a specific mining, tailings disposal, or reclamation 

requirement. 

The replacement capital costs are the purchase costs of the units 

replacing the original units as described above. The equipment life in 

years was determined by comparing the estimated operating hours per year 

versus the estimated life in hours of the particular unit. The 

estimated equipment life in hours is based on experience data of 

Techman/RC. Capital costs are determined by either introducing an 

initial capital cost and subsequent replacement costs, or by 

establishing a sinking fund. In the latter approach, the total capital 

cost is proportional to the total quantity of work carried out and the 

estimated average yearly depreciation of each item of machinery 

utilized, thus resulting in capital cost per cubic metre, per kilometre, 

per hectare, etc. as appropriate. 

Quotations for mining and support equipment manufactured in North 

America were obtained by Techman Ltd.; quotations for the bucket wheel 

excavators and associated equipment were obtained by Rheinbraun 

Consul ting GmbH. Quotations include basic cost, option cost, freight 

cost, and erection cost. 

Provincial Sales Tax is not applicable in the Province of Alberta. Fed

eral Sales Tax was applied to such equipment items as pick-up trucks, 

crew cabs and vans. In this study, these vehicles have F.S.T. included 

in the purchasing price. Any applicable duty is also included in the 

price. 

All quotations in German marks and American dollars were converted into 

Canadian dollars using commercial exchange rates as of July 1, 1978. 

Descriptions of mining equipment and support equipment, quotations, and 

quotation dates are listed in Table 6.1-3, Typical Equipment Costs. 
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Table 6.1-3 

TYPICAL EQUIPMENT COSTS 

Purchase Quotation 

Description Price 

Cat D6C 

Cat D8K 

Cat D8K 

Cat D9H 

Cat D9H 

Cat 16 G 

Cat 988 

Cat 992 C 

Cat 245 

Cat 594 H 

Tractor w/dozer and winch $ 121,075 

Tractor w/dozer and winch 215,880 

Tractor w/dozer and ripper 219,950 

Tractor w/dozer and winch 284,270 

Tractor w/dozer and ripper 297,250 

Grader w/ripper and front push plate 244,980 

F.E.L. w/pallet fork 283,790 

F.E.L. w/l0 c.y rock bucket 604,685 

Excavator (backhoe) w/3 c.y. bucket 398,400 

Pipelayer 316,235 

Cat 825 B Compactor w/blade 

Cat 777 End Dump Truck, 85 Ton 

Cat 657 B Push - Pull Scraper, 44 c.y. 

Letourneau L-800 F.E.L. w/15 c.y. rock bucket 

Wabco 170 C End Dump Truck, Haulpak 170 Ton 

Ford Pick-up 3/4 Ton 4 x 2 

Ford 

Vermeer 

Vermeer 

Pick-up 3/4 Ton 4 x 4 

TS-44A Tree Spade w/serrated blades 
mounted on 

M-485 Tractor w/front-end bucket 

I.H. 986 Tractor w/three point hitch 

Maletti Rotary Tiller, 96" wide 

M.F. 1805 Tractor w/three point hitch 

SDP 18-24 Kello-Bilt Deep Plow, 30" wide 

219,990 

506,120 

530,455 

585,825 

858,255 

7,000 

8,500 

12,000 

34,000 

30,000 

4,150 

40,000 

6,500 

Date 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

1/6/78 

2/6/78 

5/6/78 

2/6/78 

2/6/78 

2/6/78 

Nov./78 

Nov./78 

Nov./78 

Nov./78 

Nov./78 

Nov./78 

/ 
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Table 6.1-3 (Continued) 

TYPICAL EQUIPMENT COSTS 

Description 

Bucket Wheel Excavators 

For Overburden Only: 

1780 bank m3/hr capacity 

2900 bank m3/hr capacity 

For Overburden and Oil Sand: 

2300 bank m3/hr capacity 

4000 bank m3/hr capacity 

4500 bank m3/hr capacity 

Draglines and Dragline Hopper 

75 m3 Bucket Dragline 

70 m3 Bucket Dragline 

1000 m3 Dragline Hopper 

Spreaders with Tripper Cars 

7,200 loose m3/hr capacity 

10,520 loose m3/hr capacity 

12,430 loose m3/hr capacity 

16,060 loose m3/hr capacity 

Price* 

$ 18,055,000 

20,124,000 

22,773,000 

35,423,000 

38,143,000 

32,821,000 

32,070,000 

10,006,000 

11,488,000 

13,980,000 

15,435,000 

16,530,000 

6-9 

* Estimated capital costs in 1978 dollars, including freight and 

erection. 
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In order to determine the net cost of reclamation as a function of major 

prime excavator employed, size of the mine and level of reclamation, 

costs must be determined for all the activities that will ultimately in

fluence the cost of reclamation in an oil sands mine. Techman/RC have 

determined which activities are likely to influence reclamation costs, 

and have grouped these under six cost centres. Operating and capital 

costs were developed for each of these activities and are referred to as 

cost sub-centres. 

Many of the costs developed remain constant regardless of prime excava

tors, mine size, or level of reclamation selected. Other costs vary, as 

different equipment is employed, leading, for example, to a reduction in 

unit operating cost because of economy of scale, or to an increase in 

unit operating cost because transport schedule requirements may result 

in excessive handling requirements over short peak periods. Such dif

ferences will be evident in the "comparative analysis" subsections of 

Chapters 7, 8 and 9 and sub-section 10.7. 

The costs developed in this report consist of a summation of all operat

ing and capital costs derived, as explained in the previous subsection 

6.1. Operating costs are most often determined by multiply ing calcu

lated or estimated quantities by the appropriate unit operating costs 

and thus arriving at a total operating cost. For example, to obtain an 

operating cost for "Soil Spreading", applicable labour rates and equip

ment operating costs in units of dollars per cubic metre are multiplied 

by the volume (in cubic metres) of soil spread. The capital costs are 

sometimes determined using essentially the same approach. However, when 

the time and amount of a large capital purchase are known, this figure 

is introduced as a lump sum. Subsequent replacement costs are then also 

included as lump sums. Contract costs may be either calculated as a 

production price multiplied by quantity, or as an annual constant or 

variable lump sum. A brief explanation of each cost sub-centre as ap

plied to all the mining options to be examined by this study follows in 

this subsection. Table 6.2-1, Listing of Developed Costs, specifies 

which cost sub-centres are costed, according to mining scheme, mine 

size, and level of reclamation. 
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COST CENTRE 1: Civil Construction-type Activities 

Cost Sub-centre 1.1: Mine - Power Distribution and Control 

The cost of power distribution is included, since a comparison of costs 

from mine to mine reveals added costs due to equipment used, size of 

mine, or level of reclamation. Power cables to the BWE v s, draglines, 

spreaders, and conveyor drives are attached to the undercarriages of the 

conveyors. The construction of a supply line to the main substation is 

not included in this study. The power consumption is determined by the 

electrical requirements of the mining equipment, and is part of the 

operating costs of this equipment. The cost of the communication sys

tems to control the operation of the mine is also included in this cost 

sub-centre. 

Cost Sub-centre 1.2: Buildin~ 

Di fferences in mining and reclamation methods will result in varying 

numbers of staff personnel required. The cost of providing office faci

lities per staff member decreases with a relative increase in mine size. 

Warehouse space may also show a decrease as lower unit inventories be

come acceptable with the increase in numbers of machines employed. 

Total maintenance floor area increases directly with increasing mine 

size, but varies only slightly between the dragline and bucket wheel ex

cavator concepts. The variation is primarily determined by the size of 

the mobile equipment fleet. The increase or decrease in size of ware

house and maintenance buildings is assumed directly proportional to mine 

size and therefore is not costed. Only office space for staff personnel 

is costed in this sub-centre. 

COST CENTRE 2: REMOVAL OF ORGANIC MATERIALS AND SOILS 

Cost Sub-centre 2.1: Clearing 

Brush and tree clearing, and burning or burial are necessary before mus

keg removal or overburden removal begins. Clearing is also required on 
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Table 6.2 ... 1 
LISTING Of DEVELOPED COSTS 

~ 
60,000 BPeD 120,000 BPeD 240,000 speD 

Min. Imp. Enh Min. Imp. Enh. Min. Imp. Enh. 
Cost Centres 

O/LBWE OIL BWE O/lBWE O/L!BWE 01 L BWE O/LBW OIL BWE OIL BWE OIL BWE 

Cost Centre 1: I 
I I 

I 
I 

Civil Construction-Type Activities I 

i 
1.1 Mine-Power Distribution I 

I I 
& Control X X X X X X X X X X X X 

1.2 Buildings X X X X X i X X X X X X X 

Cost Centre 2: i 
Removal of Organic Materials 
II Soils 

2.1 Clearing X X X X X X X X X X X X 

2.2 Muskeg Dewatering X X X X X X X X X X X X 

2.3 Muskeg Loading X X X X X X X X X X X X 

2.4 Muskeg Hauling (incl. 
Road Maintenance) X X X X X I X X X X X X X 

2.5 Muskeg Placement X X X X X X X X X X X X 

2.6 Muskeg Road Construction X X X X X X X X X X X X 

Cost Centre 3: 

Overburden. Reject. Oil Sands 
Handling 

3.1 Overburden BWE X X X X X 

3.2 Oil Sands Drag1ines & Hoppers X X X X X 

3.3 BWE (Overburden & Oil Sands) X X X X X X X 

3.4 Transport (All Conveyors) X X X X X X X X X X X X 

3.5 P1 acement (Spreader) X X X X X X X X X X X X 

3.6 Miscellaneous Equipment X X X X X X X X X X X X 

Cost Centre 4: 

Tailings Disposal 

4.1 Area Ora i nage X X X X X X X X X X X X 

4.2 Clearing X X X X X X X X X X X X 

Prepared for Alberta Department of the Environment 
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Table 6.2-1 
LISTING OF DEVELOPED COSTS 

~ 
60,000 BPeD 120,000 BPeD 240,000 BPeD 

Min. Imp. Enh. Min. Imp. Enh Min. Imp. Enh. 
Cost Centres 

OIL BWE OIL BWE OIL BWE OlLjBWE OIL BWE O/lBW OIL BWE OIL BWE OIL BWE 

X I 

I 
4.3 Construction of Starter Dams i 

& Overburden Dams X X X X X X X X I 
I 
I 

4.4 Piping of Wet Tailings or i 
Conveying of Dry Tailings X X X X X X X X X X X X , 

" 
I 

I I 4.5 Tailings Sand Placement 
! X X X X X X X X X into Dyke 
! 

4.6 Tailings Overboarding & 
i Sanding or Placement of Dry X X X X X X X X X X , X X 

Tail ings 
I 

4.7 Recycling of Tailings Water X X X X X X X X I 
X ! I 

4.8 Rehandling of Tailings Sludge X X X X 

4.9 Sludge Treatment X X X X 

4.10 Power Distribution X X X X X X X X X 

4.11 Oversize Reject Disposal X X X X X X X X I X 

4.12 Oversize Reject Disposal 
Road Construction X X X X X X X X X 

Cost Centre 5: 

Establishment of Ultimate Land 
Use Resources 

5.1 Muskeg Rehandle Loading X X X X X X X X X 

5.2 Muskeg Rehandle Hauling 
(incl. Road Maintenance) X X X X X X X X X 

5.3 Muskeg Rehandle Placement X X X X X X X X X 

5.4 ~skeg Rehandle Road 
Construction X X X X X X X X X 

5.5 Overburden Rehandle Loading X X X X X X X X X 

5.6 Overburden Rehandle Hauling 
(incl. Road Maintenance) X X X X X X X X X 

5.7 Overburden Reha~dle Placement X X X X X X X I X X 

Prepared for Alberta Department of the Environment 
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Table 6.2-1 

LISTING OF DEVELOPED COSTS 

~ 
60,000 speD 120,000 speD 240,000 speD 

Min. Imp. Enh. Min. Imp. Enh. Min. Imp. Enh. 
Cost Centres 

O/L~WE O/lBWE O/LBWE O/lBWE O/lBWE O/lBW OIL BWE OIL BWE OIL BWE 

5.8 Overburden Rehandle Road 
Construction X X X X X 

I 
X X X X 

5.9 Muskeg Mining. Slurry I 

Transport & Dewatering 
I 

X X X 

5.10 Prepared Soil Manufacture X X X X X 
! 

X X X X X X X 

5.11 Prepared Soil Loading. i 
I 

X X I X X X X X F. E. L. & TrucKs I 

5.12 Prepared Soil Transport, 
Trucks (incl. Road X X X X X X X 
Maintenance) 

5.13 Prepared Soil Placement, 
Trucks X X X X X X X 

5.14 Prepared Soil Road 
Construction X X X X X X X 

5.15 Seed Bed Preparation, 
Maintenance X X X X X ,X X X X X X X 

5.16 Specialized Land Use Require-
ments 

Cost Centre 6: -

Supervision, Technical Servi ces 

6.1 Equipment Maintenance X X X X X X X X X X X X 

6.2 Pl anning X X X X X X X X X X X X 

6.3 Mining X X X X X X X X X X X X 

I 

Prepared for Alberta Department of the Environment 
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areas without muskeg cover. D-9 dozers and operators, miscellaneous 

labour, and support vehicles such as personnel vehicles are included. 

Costs and revenues of timber harvesting and sale have not been esti

mated. 

Cost Sub-centre 2.2: Muskeg Dewatering 

Dewatering of muskeg for removal at the mine and plant site is costed 

here. Dewatering of muskeg at the out-of-pit tailings pond is casted 

elsewhere. Muskeg dewatering is achieved by establishing an array of 

drainage ditches. In continuous muskeg, an average ditch depth of 2 m 

and a ditch spacing of 100 metres is assumed. In discontinuous muskeg, 

an average ditch depth of 0.5 m and an average spacing of 30 m is 

assumed. Large backhoes or small drag lines are used although ditches 

may be blasted in some situations. 

Cost Sub-centre 2.3: Muskeg Loading 

Digging and loading of muskeg at mine and plant site is costed here. In 

general, muskeg loading is done during the winter months using a large 

front-end loader assisted by a dozer. Whenever the materials handling 

schedule permits, the muskeg may be removed with a bucket wheel exca

vator as described in Subsection 5.4. The cost shown in the summary is 

based on the assumption that all muskeg is to be handled by F.E.L. and 

trucks. 

Cost Sub-centre 2.4: Muskeg Hauling (incl. Road Maintenance) 

Muskeg removed during the winter is hauled to reclamation or disposal 

sites using large off-highway end-dump mining trucks. Road maintenance 

is included on a per unit hauled basis. Whenever scheduling permits, 

muskeg removed during the summer by bucket wheel excavator is trans

ported via the overburden belt conveyor system. The cost shown in the 

summary is based on the assumption that all muskeg is to b~ handled by 

front-end loader and trucks. 
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Cost Sub-centre 2.5: Muskeg Placement 

Placement of muskeg into 4 m high muskeg dumps is costed here. It in

cludes part of a truck cycle and dozers. 

Cost Sub-centre 2.6: Muskeg Road Construction 

Roads are required between the muskeg removal site and the final storage 

location or reclamation site in the case when direct muskeg transport is 

practical. The major trunk roads are constructed during the previous 

summer using overburden from the mine. An average road cross section of 

15 m wide by 1 m deep is assumed for roads in muskeg removal areas, on 

tailings dykes, and on reclamation areas. Road construction materials 

are taken from borrow pits in the pit dumps or alongside the pits. 

COST CENTRE 3: Overburden, Reject and Oil Sands Handling 

The handling of major mass quantities such as overburden, top reject, 

centre reject, and oil sands is done with an integrated materials hand

ling system consisting of machinery for excavation (draglines or bucket 

wheel excavators), machinery to transport (face conveyors, trunk con

veyors, and transfer points), and machinery for placing materials (trip

per cars and spreaders). For each material handled, various machinery 

is utilized, some for greater and some for lesser periods of time. Con

sequently, the handling cost of each type of material consists of a pro

portion of the capital costs and hourly operating costs of the compo

nents of the system being employed. The mine plan and manner of oper

ation vary not only with the size of mine, but also according to the 

level of reclamation to be schieved. When the major materials hsndling 

costs have been determined, it is possible to estimate the costs attri

butable to reclamation demands by applying unit costs proportional to a 

planned materials handling scheme. Furthermore, it is possible to 

determine if the costs of reclamation activities vary with the scale of 

the oil sands mining operation. 
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Two basic equipment configurations are examined: 

a. Three-bench mine utilizing both a bucket wheel excavator and drag

lines (referred to subsequently as the dragline mine plan): 

Upper bench: BWE removes overburden, top reject, and occasionally 

pay zone 

Middle bench: Dragline removes pay zone and centre reject 

Lower bench: Dragline removes pay zone and centre reject 

The middle and lower benches are approximately equal in height. In some 

cases, the height might be varied to allow the dragline on the middle 

bench to remove some top reject or even overburden in order to avoid 

under-utilization. Similarly, the overburden excavator may assist the 

draglines in meeting the designated crude oil production rate by remov

ing some oil sands. The capacity of the two draglines is matched to the 

plant feed requirements; similarly, the BWE's capacity is matched to the 

overburden removal requirements. 

b. Three-bench mine utilizing bucket wheel excavators only (referred 

to subsequently as BWE mine plan): 

Upper bench: BWE removes overburden, top reject, and some pay zone 

Middle bench: BWE removes pay zone, centre reject, and occasionally 

top reject or overburden 

Lower bench: 8WE removes pay zone and centre reject 

In this case, the three excavators could have equal theoretical capa

cities and mine three benches of approximately equal height. Both the 

bench heights and the production required from each bench may be varied 

in order to achieve the designated crude bitumen production level. Al

ternately, the excavators may be sized as described for the dragline 

mine above where the upper bench BWE removes primarily overburden and 

top reject. Local troughs of oil sands in the pit floor that cannot be 

excavated by the BWE operating in the deep-cut mode would be excavated 

by a small dragline. 
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Defining the capital and operating cost of belt conveyors over the life 

of a mine is a rather complex p·roblem. The capita 1 and operating costs 

are dependent on many variables such as: belt width, belt length, 

amount and type of material moved, the height differential between head 

and tail pulleys, temperature, belt speed, requirements for belt wetting 

flu id, frequency of conveyo r shifts and increases or reductions in 

length, etc. The mine conveyor system is composed of a number of belt 

conveyors of various lengths, belt widths and throughputs. For example 

in the 120,000 BPeD dragline scheme, there are 37 conveyors in year 23, 

but their length and number changes yearly. 

Consequently, conveying costs for all materials are treated as a lump 

cost, and are derived by detailing costs at critical phases in the mine 

and extrapolating between these phases, keeping in mind the progressive 

change in conveyor layout during each year of operation. 

An average system availability of 5000 hours was estimated. Further de

tails on equipment capacities are tabulated in Subsection 5.5, and on 

system sizing for each mine plan in Chapter 7, 8 and 9. Further des

cription of the defined cost sub-centres follows: 

Cost Sub-centre 3.1: Overburden BWE 

Overburden material is, in all cases, removed by a BWE. Clearing, mus

keg dewatering, and muskeg removal will have occurred two or more years 

prior to overburden removal. (An exception may occur in areas where a 

muskeg layer has purposely been left behind to blend with under ly ing 

overburden; this cannot be planned without very detailed knowledge of 

field conditions and knowledge of actual progress of the excavators, and 

consequently, has not been deemed a standard operating alternative to be 

considered in the long term planning conducted in this study.) 

Overburden and top reject drilling and blasting is not costed, since it 

does not vary significantly on a unit basis with size of the mine, or 

over the three suggested levels of reclamation. It is assumed to be 
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either necessary or unnecessary, as the case may be, for both the drag

line and the BWE mining schemes. 

Included in the costs of overburden removal are the capital costs and 

the hourly operating costs of the RWE excavator. These costs vary at a 

given mine size, depending on whether the application is for a dragline 

mine or a bucket wheel mine, and also whether the BWE removes either 

overburden and top reject, or else overburden, top reject, and oil 

sands. The dragline mine~3 usu811y employ a considerably smaller BWE. 

Overburden removal in the bucket whee 1 mining schemes is included in 

Cost Centre 3.3 together with other BWE's, since the type of material to 

be mined by the top BWE (i.e. usually includes some oil sands) is deter

mined by the total mining depth. The capital and operating costs of the 

BWE are determined on the basis described in Section 6.1. 

Cost Sub-centre ?~~~_Oil Sands Draglines and Hoppers 

Draglines are used in conjunct ion with suitable conveyor-loading hop

pers. Hoppers are required in a multiple-bench dragline mine, since the 

utilization of an oil sands windrow to be rehandled by a bucket wheel 

reclaimer creates congestion and other operational difficulties in all 

but the most regularly-shaped ore bodies. The merits of such windrowing 

procedures do not appear decisive, since the same effect can be achieved 

by building extra capacity and flexibility into the dragline's conveyor 

system. 

Since no dragline/hopper operation of the scale required by oil sands 

mines exists, the Consultants estimated costs of such a hopper based on 

preliminary in-house mechanical designs. 

The dragline removes both oil sands and centre reject. In the case of 

the middle bench, the centre reject is cast into the hopper and trans

ported to the disposal site via belt conveyors. Centre reject from the 

lower bench is backcast onto the pit floor except where dykes must be 

constructed. 
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It is assumed that 1 in the multiple bench mine, the blasting of oil 

sands will be standard procedure in the dragline and bucket wheel 

schemes. This is in contrast to a single bench dragline mining oper

ation where the constraints imposed on the dragline by the high bench 

and the resultant slope stability problems completely rule out the 

blasting option. 

The capital and operating costs of the draglines and hoppers are deter

mined on the basis described in Section 6.1. 

Cost Sub-centre 3.3: BWE (Overburden and Oil Sands) 

Mine plans featuring only BWE I S may employ BWE I s which are of equal 

sizes, and are thus interchangeable between all benches; or which may be 

sized as in the case of the dragline plans described above. The choice 

depends on the relative advantage of a mine operating identical excava

tors, thus utilizing one conveyor size throughout, as compared to a plan 

having one smaller overburden BWE and two larger oil sands BWE's and 

thus at least two major conveyor sizes. The reach of the BWE (Le., 

digging height) is also significant, since it has a direct bearing on 

the weight and cost of the excavator. The choice with respect to sizing 

requires rather detailed simulation and scheduling of the are body under 

consideration. In this study the BWE's are identically sized for a par

ticular mine size, but the scheduled production for each unit is varied 

to achieve a designated combined production target. 

Cost Sub-centre 3.4: Transport (All Conveyors) 

A detailed analysis was made of capital and operating costs of conveyors 

at critical points in the life of each mine. Costs between these criti

cal points were estimated in terms of the annual materials transport re

quirements over the life of the mine. As was the case with the exca

vators, unit costs were developed which could be applied proportionally 

to the annual quantities of materials moved. Annual variation in capi

tal cost (additions and replacements) were given consideration. Convey

or requirements are detailed in the sequential drawings included in 

Chapters 7, 8 and 9. An estimate of the relative unit cost of trans-
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porting overburden, top reject, centre reject, pay zone, and dry tail

ings can be obtained by comparing quantities of materials moved and the 

percentages of material moved over specified conveyor lengths at the 

critical years. 

At the Enhanced Level of Reclamation, dry tailings sand is transported 

by conveyors. The costs of the conveyors and shunting heads located at 

the plant that are required to load dry tailings sand onto the two con

veyors leading to the spreaders are not included, nor is the cost of an 

emergency tailings and dumping system that may be required in the event 

of the shut-down of both main conveyors. The associated reclaim system 

would likely consist of front-end loaders loading trucks or loading dir

ectly onto the conveyor. The estimating of the capacities and costs of 

such an emergency system is dependent on the surge capacity built into 

the extraction plant. 

Cost Sub-centre 3.5: Placement (Spreader) 

Overburden reject materials and dry tailings may be deposited within the 

mined-out pits or into waste dumps outside of the pits. In some BWE 

plans, most of the overburden, top reject, and centre reject are placed 

within the pits by a spreader, and later covered with tailings. In 

other plans, the overburden is initially placed outside of the pit as an 

outside dump. When additional room for in-pit tailings ponds is no 

longer needed, the remaining overburden is placed inside the mined-out 

pits. 

In the dragline mine plans, centre reject from the lower bench is back

cast into the mine, thus avoiding transfer via conveyor to the spreader. 

The remaining overburden waste is placed into outside dumps until fur

ther room for in-pit tailings ponds is not required. 

At the Minimum and Improved Levels of Reclamation, the spreader can be 

used to selectively bury undesirable materials, to build embankments to 

serve as in-pit tailings dykes, and to temporarily stockpile overburden 

for use in the manufacturing of prepared soil. Where the spreader dumps 
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overburden onto the pit floor prior to the construction of in-pit tail

ings ponds, the cost of transporting selected overburden from inside the 

pit to a temporary outside stockpile is included in this cost sub

centre. Costs for the spreader are determined in the same manner as for 

excavators. 

At the Enhanced Level of Reclamation, the spreader will place the dry 

tailings sand as well as overburden materials. 

It is likely that the costs of mine dewatering will be the greatest at 

the Enhanced Level since recharge into the high backfill embankments may 

cause instability at the toes of slopes. However, since the extent of 

this problem cannot be adequately described at this time, the additional 

dewatering costs have not been estimated. It should be noted that a 

somewhat similar recharge problem could develop whenever a sand dyke or 

overburden dyke is constructed, or overburden is backfilled into the 

pit. 

Cost Sub-centre 3.6: Miscellaneous Equipment 

In addition to the basic bucket wheel excavators, draglines, and convey

ors, smaller mobile equipment is needed to assist in or perform special

ized functions. Such equipment includes dozers, pipelayers for conveyor 

shifting, special crawler units for shifting drive stations, front-end 

loaders with specially-fitted forks for cleaning under conveyors, belt 

wetting equipment, etc. The number of units to be applied depends on 

the volume transported by conveyor, the frequency and rate of conveyor 

shifting, and the length of installed conveyor. The construction cost 

of in-pit service roadways and ramps is absorbed in this cost sub-centre 

as part of the operating cost of miscellaneous equipment. 
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COST CENTRE 4: Tailings Disposal 

Cost Sub-centre 4.1: Area Drai~age 

Major ditching for lowering of the surface water table prior to con

structing the starter dams is costed. All other types of surface water 

control are site.-specific and unavoidable in the course of developing a 

mine. The cost of such surface water control is not included, since a 

comparison of these costs from mine to mine would not reveal added cost 

of reclamation due to equipment used, size of the mine or level of 

reclamation. 

Cost Sub-Centre 4.2: Clearing 

Brush and tree clearing, and burning or burial are necessary ahead of 

tailings pond dyke construction and the tailings pond operating level. 

Clearing is estimated on a per hectare basis. 

Cost Sub-centre 4.3: Construction of Starter Dams and Overburden Dams 

Starter dykes and overburden dams both consist of overburden material. 

Starter dykes are required for out-of-pit and in-pit dykes, and are con-

structed by conventional earth moving equipment. Overburden dams are 

in-pit structures built by spreaders, dozers, scrapers, and compactors. 

The overburden material from a spreader is rehandled by scrapers and 

compactors in lifts. In some cases overburden is trucked from a pre

v iously consructed outside waste dump. The overburden dams are some

times constructed in lieu of the conventional tailings sand dykes. A 

typical composite cost, which includes the cost of excavation, drains, 

filters, placement, compaction, slope protection, etc., is used for this 

type of earth construction project. 

Cost Sub-centre 4.4: Piping of Wet Tailings 

The cost of pumping a tailings slurry varies according to quantity of 

tailings, length of line, and hydraulic head maintained in pumping to 

each disposal pond. Pipeline construction, rotation, and maintenance 
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costs were determined as a cost per metre length per cubic metre of 

tailings transported. The capital and operating costs for the pumping 

and booster stations were determined for each tailings pond for all the 

mine plans. Slurry pipelines were sized to meet the various pumping 

requirements, and to minimize the use of booster pumps. The length of 

the tailings pipelines in use varies throughout the life of the 

operation, and can be determined from piping-layout sketches. In this 

way, unit costs were developed for each typical pumping situation 

throughout the life of the operation. 

Cost Sub-centre 4.5: Tailings Sand Placement into Dyke 

The placement of sand into dykes involves activities in which the sand 

is allowed to settle in the specially-constructed cells, while the 

sludge separates and flows into the pond. Tailings pipes are periodic

ally relocated as cells are progressively constructed to raise the 

elevation of the dyke. Mobile equipment is used to relocate pipe, to 

construct cells, to compact the dyke, to haul in filter and drain ma

terials and to construct operational roadways. The costs were estimated 

based on graduant sand filters, but the use of coke may be feasible in 

some situations. The cost sub-centre includes the cost of assembling 

and disassembling the pipelines. 

Cost Sub-centre 4.6: Tailings Overboardinq and Sanding-in 

When tailings sand is not needed to construct sand dykes, or when a pond 

is to be "sanded-in" 8S part of the reclamation scheme, the slurry is 

spigotted or "overboarded" into the pond and allowed to form a sand 

beach. The sludge separates from the sand and moves into the liquid 

portion of the pond. Tail ings pipes are strategically positioned to 

allow a controlled format ion of beach behind the dyke. The cost sub

centre includes the relocating, assembling, and disassembling the pipe

lines. 

Cost Sub-centre 4.7: Recycling of Tailings Water 

This cost is determined solely because a comparison between the wet j de-
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operating costs for various situations encountered over the life of the 

mines. An additional barge and pipeline for sludge pond water recycle 

is also included (not applicable to Improved and Enhanced Level 

schemes) . 

Cost Sub-centre 4.8: Rehandling of Tailings Sludge 

In some operating concepts the tailings sludge is pumped from one pond 

to another to reduce final pond surface area or to relocate the wet 

pond. The capital and operating costs of the pump barge and pipelines 

for the various operating situations were determined for each typical 

situation throughout the life of the mines. 

Cost Sub-centre 4.9: Sludge Treatment 

For the Improved Level of Reclamation, the sludge is removed from the 

operating pond and sent to a sludge treatment plant for recovery of 

bitumen and further dewatering of sludge, thus reducing the ultimate 

sludge volume. Barge-mounted pumps are used to recover sludge from the 

active tailings pond. 

Cost Sub-centre 4.10: Power Distribution 

Power lines must be constructed along roadways between the power source 

and the pump barges located in the tailings ponds. The cost of provid

ing this utility will vary with the number of ponds employed and with 

the location of the ponds. In the dry tailings method this cost is en-

t irely eliminated. Power consump tion is costed as part of equipment 

operating costs as explained earlier. 

Cost Sub-centre 4.11: Oversize Reject Disposal 

Oversize reject is produced by plants using a wet-process technique. In 

future plants utilizing a dry-process technique, no separate reject 

stream will result or, at worst, very little since it will likely be 

possible to dispose of the reject on conveyors along with the dry tail

ings. When a plant produces wet tailings, the oversize reject is trans-
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ported by off-highway truck to a disposal site. The size of the truck 

fleet was determined by yearly oversize reject quantities. The fleet 

may have to be increased if daily or hourly surges exceed its capacity. 

Cost Sub-centre 4.12: Oversize Reject Dispos~LRoad Construction 

The haul distance to the reject pile remains constant when the reject is 

disposed of in an out-of-pit dump. If trucked into the pit as backfill, 

the distance varies with the progress of the mine. 

COST CENTRE 5: Establishment of Ultimate Land Use Resources 

Only the major activities related to reclamation have been estimated in 

this cost centre. Many minor activities could be identified but these 

are generally too site specific for use in a meaningful comparative cost 

analysis. Also, a distinction is made between land reclamation activi

ties and pollution control activities. The operation of sedimentation 

ponds, temporary ditching, pond seepage recycle, pest control, wildlife 

protection, maintenance of service access for pollution control activi

ties, monitoring for compliance with regulatory standards and many simi

lar activities are not reclamation costs and therefore are not included 

in Cost Centre 5. Research costs may, in a sense, be classified as a 

reclamation cost but in this study are considered as an overhead item. 

The cost of long-term maintenance required he yond the five years allowed 

to prepared the mine for abandonment is also not included. 

Cost Sub-centre 5.1: Muske~~~handle Loading 

At the Minimum Level of Reclamation, a portion of the muskeg removed in 

the mine is ultimately used for reclamation. Such muskeg is stored in 

strategically located dumps and rehandled as required. The materials 

not required for reclamation are placed into permanent waste dumps along 

the perimeter of the mine. Some earth work (cut or fills) may be re

quired to facilitate both the temporary and permanent storage procedure. 
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At the Improved Level of Reclamation, twice the quantity of muskeg is 

needed for reclamation. Layered dumps (one part muskeg to two parts 

overburden) are strategically located and constructed during the winter 

months. A dozer working on this dump helps to assure that the layering 

is maintained sufficiently thin. Some mixing is accomplished by blading 

the materials after dumping. Muskeg not required for reclamation is 

placed into permanent waste dumps along the perimeter of the mine. 

Cost Sub-centre 5.2: Muskeg Rehandle Hauling (incl. Road Maintenance) 

The large end-dump trucks transport muskeg from the muskeg storage areas 

to the reclamation sites. Road maintenance is included on a per cubic 

metre hauled basis. 

Cost Sub-centre 5.3: Muskeg Rehandle Placement 

After transport the muskeg is dumped and dozers are employed to spread 

the dumped material. 

haul cycles. 

The cost includes the dumping portion of truck 

Cost Sub-centre 5.4: Muskeg Rehandle Road Construction 

Off-highway-type roads are constructed between the muskeg storage areas 

and the reclamation sites. A branched network of roads allows for an 

even distribution of the muskeg on the reclamation sites and is schema

tically illustrated in Figure 6.2-1 and 6.2-2. 

Cost Sub-centre 5.5: Overburden Rehandle Loading 

Stockpiled overburden from an outside dump or a temporary out-of-pit 

stockpile is reloaded with a front-end loader into large end-dump mining 

trucks in the Minimum and Improved Levels of Reclamation. In the En

hanced Levels, this sub-centre shows the cost of front-end loaders load

ing overburden onto a conveyor belt after the overburden bucket wheel 

excavator has fiished its stripping operation. 
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Cost Sub-centre 5.6: Overburden Rehandle Hauling (incl. Road 

Maintenance) 

The large end-dump trucks transport oVl'rburden from the overburden stor

age areas to the reclamation sites. Road maintenance is included on a 

per cubic metre hauled basis. 

Cost Sub-centre 5.7: Overburden Rehandle Placement 

After transport, the overburden is dumped and dozers are employed to 

spread the dumped material. 

Cost Sub-centre 5.8: Overburden Rehandle Road Construction 

Roads are constructed between the overburden storage areas and the 

reclamation sites. A branched network of roads costed in sub-centre 

5.4, also allows for an even distribut ion of the overburden on the 

reclamation sites. The system is i llust raled schemat ically in Figure 

6.2-1 and 6.2-2. 

At the Enhanced Level of Reclamation, muskeg is mined hydraulically and 

transported as a slurry to a centrally-located dewatering plant. De

watered muskeg is fed onto a feed belt supplying both muskeg and over

burden to a stacker used to form a layered stockpile of materials. Mus-

keg mining will occur from May to October. This cost sub-centre in-

eludes delivery of dewatered muskeg onto the stacker feed conveyor. 

Cost Sub-centre 5.10: Prepared Soil Manufacture 

The detailed procedures for obtaining prepared soil are described in 

Section 5.4. At the Minimum Level of Reclamation, muskeg and suitable 

overburden are roughly spread by dozer and then mixed with tailings sand 

by deep plowing to form a prepared soil layer of 0.6 m. At the Improved 

Level, the cost of manufacturing a prepared soil is accounted for by the 
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010 dozer used to blade the layered muskeg and overburden from the lay

ered stockpile. At the Enhanced level prepared soil is manufactured as 

a bucket wheel reclaimer operates at the prepared soil (layered) stock

pile. The entire cost of the stacker-bucket wheel reclaimer-conveyor 

operation is included. The cost of a conveyor delivering prepared soil 

to the reclamation site, and a small stacker stockpiling it, are also 

included in this sub-centre. 

Field costs related to prepared soil manufacture are not encountered for 

either the Improved or the Enhanced levels of Reclamation. Spreading in 

the field at all levels of reclamation is included under placement. 

Cost Sub-centre 5.11: Prepared Soil loading, F.E.l. and Trucks 

Prepared soil is loaded only at the Improved and the Enhanced levels of 

Reclamation. This is done by front-end loader in both cases, but the 

sources are different. At the Improved level, a DID-dozer prepared mix

ture of muskeg and overburden are loaded, while at the Enhanced level, 

prepared soil stacked at the terminus of the prepared soil conveyor is 

loaded. 

Cost Sub-centre 5.12: Prepared Soil Transport, Trucks 

Prepared soil is transported by off-highway trucks to reclamation sites 

in the Improved and Enhanced levels of Reclamation. 

Cost Sub-centre 5.13: Prepared Soil Placement, Trucks 

At the Improved and Enhanced levels of Reclamation, this sub-centre in

cludes the dumping of the soil by off-highway trucks, and short distance 

relocation and spreading of dumped loads by dozers or scrapers. 

Cost Sub-centre 5.14: Prepared Soil Road Construction 

At the Minimum level of Reclamation, muskeg and overburden, the compon

ents of prepared soil, are trucked along specially-constructed roads 



RHEINIBRAUN - Consulting Gmb H ----------------------------------------TECHMAN lTD. 

6-32 

from the stockpiles of muskeg and the stockpiles of overburden to their 

final position on the reclamation site as shown schematically in Figure 

6.2-1. These roads are casted in sub-centre 5.4 and 5.B. No transpor

tation of finished prepared soil takes place in the Minimum level. Some 

areas are reached by travelling on frozen ground or sand. At the Im

proved level of Reclamation, a network of roads is required between the 

layered stockpiles and the reclamation sites (see Figure 6.2-2), At the 

Enhanced level, a road distribution network exists to transport in-field 

stockpiled prepared soil from the terminus of the conveyor to the final 

reclamation sites. 

Cost Sub-centre 5.15: Seed Bed Preparation, Planting and Maintenance 

Rototilling of the prepared soil surface prior to planting is required 

at all levels of Reclamation. The blending of overburden, muskeg and 

sand is part of prepared soil manufacture and is included in Cost Sub

Centre 5.10. Seeding and fertilizing are carried out by helicopter, 

preferably in the spring. 

During the first year of reclamation, the seeding is followed up by 

another fertilization (also by helicopter) prior to tilling during the 

summer or after tilling in the fall. During the following years, two 

maintenance fertilizations are carried out annually. Since it is not 

known when fertilization can be stopped (in 10, 15, 25 or more years), 

the costs for fertilization are included as additional costs which are 

accumulated for each hectare to be reclaimed. Maintenance fertilization 

is casted only to Year 30, but must be continued for all, or at least 

part of the areas reclaimed. If all areas must continue to be ferti-

lized for a period extending beyond the years since the first hectare is 

reclaimed, fertilization would continue at the cost incurred in Year 30, 

as shown on the computer print-out. 

An allowance has been made for maintenance work required to repair dam

aged areas on a yearly basis. The cost includes transplanting of native 

shrubs and trees, as well as minor planting of seedlings on slopes to 

promote the stability of these slopes and serve as shelter belts. This 

basic type of revegetation is costed for all levels of Reclamation. 
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Cost Sub-centre 5.16: Specialized Land Use Requirements 

A variety of specialized land uses are possible for each mine plan. The 

amount of specialization determined on a per hectare basis or as a lump 

sum will vary and be greatly influenced by local differences existing 

with each mine or mine plan, and anticipated mine use. For example, the 

ratio of revegetation for erosion control, compared to noncommercial and 

to commercial forest is not determinable at the level of mine planning 

conducted in this study. Consequently, only typical per hectare costs 

representative of such land uses are suggested. Once an estimate of the 

relative ratios of land uses is made, the additional per barrel costs 

can be calculated by multiplying hectares by unit costs of each type of 

land use, and dividing the summation of costs by the total barrels for 

the given mine plan. At the Improved and Enhanced Levels of Recla

mation, the reclamation consists primarily of planting trees and shrubs, 

necessitating the construction of greenhouses and the operation of a 

tree nursery. The unit cost will vary with the species selected. An 

estimate of the cost can be obtained by multiplying the area reclaimed 

each year by the cost per hectare of planting and maintaining the selec

ted species. Typical costs for commercial and non-commercial forest 

planting are $4,000 and $3,000 per hectare respectively. This includes 

the costs of plants, labour, equipment and specialized sowing (on 

strips) for erosion control. 

Many other specialized land uses are possible but none of these are 

casted. The list of possibilities includes the development of recrea

tion area for camping, fishing, hunting, hiking, boating, etc. Although 

the filling of the mined-out end pit is assumed in all mine plans, the 

cost of pumping water into the lake as well as grading of beach areas is 

not included in any cost centre. 

COST CENTRE 6: Supervision and Technical Services 

Cost Sub-centre 6.1: Equipment Maintenance 

An average rate of remuneration of staff was determined according to 

mining method, level of reclamation and mine size. Variations in the 



RHEiNBRAUN - Consulting Gmt> H 

6-34 

---------------------------------------TECHMAN LTD. 

staff work force, primarily foremen, were estimated. With some adjust

ment, the same organizational chart (Drawing No. BR22900-l8-00) can be 

appl ied to all options considered in this study. Hour ly maintenance 

labour costs are included in the equipment unit operating costs, and 

consequently, no manning charts of hourly personnel were used in devel

oping maintenance costs. 

Cost Sub-centre 6.2: Planning 

"Planning operations" is conside['ed to be the least variable of the 

three majo[' operations considered. Nonetheless, the total number of 

staff required decreases at the 60,000 BPCD production rate, and in

creases at the 240,000 BPCD production rate, relative to those of the 

120,000 BPCD rate. No variation in staff with respect to level of 

reclamation can be justified. Average rates of remuneration and an es

timate of the staff labour force were used to determine costs. The or

ganizational chart (Drawing No. BR22900-l9-00) remains almost identical 

for all options considered by this study. 

Cost Sub-centre 6.3: Mining 

The "mine operations" chart (Drawing No. BR22900-l7-00) depicts both the 

supervisory staff and hourly labour force required. Again, the same is 

applicable for all three mine sizes, although the number of on-site in

dividuals required varies. Average rates of remunerat ion and an esti

mate of the staff labour force were used to determine costs. Foremen 

are considered as salaried personnel. The hourly labour costs are part 

of the unit operating costs of other cost sun-centres already described 

in this section. 

were developed. 

Consequently, no manning charts of hourly personnel 
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SANDS MINE 

7.1 OVERVIEW OF DEVELOPMENT PLANS 

7-1 

Six detailed mine plans have been developed for Ore Body No.2: a drag

line mine scheme and a bucket wheel excavator mine scheme for each of 

the three levels of reclamation. This chapter must be read in conjunc

tion with those 120,000 BPCD mine plans which are presented in Volume 

II. 

The efficiency of oil sands removal compared to that of tailings dispo

sal is the major factor influencing the layout of the mine. The rela

tionship ~etween oil sands transport costs and tailings disposal costs 

therefore has received special consideration in this study. 

A governing objective for tailings disposal is that the areal extent of 

out-of-pit disturbances such as the out-of-pit tailings ponds and waste 

dumps should be minimized. The proximity of neighbouring ore bodies to 

the southwest necessitates that the outside tailings pond be situated 

north of these ore bodies but not so far north that the pond would begin 

to interfere with ore bodies located northwest of Ore Body No. 2 (see 

chapter 2.0 and Drawing No. F 22910-02-00, Ore Bodies No. 1 and 2 Under 

Changing Economic Conditions). The presence of a large area of conti

nuous muskeg northwest of the ore body also influences siting of the 

pond. 

A further consideration has been given to the time-value of oil sands 

resources. Ideally, mining should begin in an area where the oil satur

ation percentages drop rapidly along the boundary of the ore body. A 

more efficient utilization of a finite oil sands reserve is obtained by 

scheduling the areas with gradually dropping saturation percentages for 

mining some time in the future, when currently uneconomic ore may become 

economically mineable. Adjoining the northern boundary of Ore Body No. 

2 are large areas which fall into this category. The greater the aver

age depth of mined-out pit the more desirable the pit becomes for in-pit 
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tailings disposal (especially the disposal of sludge) because the sur

face area of the pond is minimized. Accordingly, Ore Body No. 2 is 

opened at the south end and developed in a northwardly-advancing 

direction. The positioning of in-pit dykes is determined both by the 

shape of the mine and the mining schedule. 

dykes in the IInecksH of an ore body. 

It is advantageous to locate 

The number, as well as the 

spacing, of a series of in-pit dykes is also critical. Each time a dyke 

position and pond elevation are chosen, the mining and tailings mass 

balance must be examined for the entire life of the mine to determine if 

the new scheme is feasible. Small changes in the position of dykes, 

size of pond, and the ratio of in-pit storage to out-of-pit storage may 

have either detrimental or beneficial effects on the entire tailings 

disposal scheme. 

Tailings disposal must also be integrated with the rate of advance of 

the mine. This is particularly important when the development plan fea

tures a series of wet ponds. Oil sands removal from the bottom bench 

must be advanced beyond the point where the next dyke is to be located, 

and in the meantime, the newly-created void cannot be used for storage 

of tailings. The tailings generated from the oil sands mined in the 

current pit must be distributed amongst the previous ponds or contained 

entirely by the previous tailings pond. Ore Body No. 2 consists of a 

series of four relatively small pits, of which three at most may be used 

for disposal of wet tailings. It is not practical to further subdivide 

these pits into intermediate tailings ponds. This constraint is equally 

applicable if the plan involves an ore body group consisting of four 

completely unconnected ore bodies. 

A three bench mining system imposes more severe time constraints on the 

tailings disposal scheme than does a single bench mine. Since an in-pit 

tailings disposal scheduling is governed by the advance of th~ bottom 
0' 

bench, a three bench mine must store an extra volume of tailings in the 

out-of-pit tailings pond. This extra volume of tailings is produced 

from oil sands mined at the upper two benches, which are a certain dis

tance ahead of the bottom bench. 



RHEINBRAUN-Consulting GmbH ------------------- rECHMAN LTD • 

.. 7-3 

The drag line development scheme at the Minimum Level is based on a 

"Concept 5" tailings disposal scheme. A "Concept 2" tailings disposal 

scheme is used in the bucket wheel plans. The general characteristics 

of these concepts are described in Subsection 5.3.2., Tailings Disposal 

at the Minimum Level of Reclamation. 

At the Minimum Level of Reclamation, the dragline plans include an out

of-pit tailings pond that is operated in a conventional manner for nine 

years. Tailings are then diverted to the first mined-out pit for the 

purpose of constructing the first in-pit dyke. In the tenth year, 

sludge pumping from the out-of-pit pond to the in-pit sludge pond is 

started. The out-of- pit pond is sanded-in progressively. In the mean

time, the first mined-out area for tailings disposal becomes available 

(Pit 2). This pond is also progressively sanded-in and the sludge pump

ed to the sludge pond. Before the first in-pit tailings pond (Pit 2) is 

completely full, another mined-out area is available for tailings dispo

sal, and so the second in-pit tailings pond may be started (Pit 3). As 

has already been mentioned, the availability of suitable in-pit ponds is 

critically hinged to the time at which oil sands removal from the bottom 

bench has advanced beyond sites suitable for the location of dykes. 

The bucket wheel excavator mine at the Minimum Level requires nearly the 

same size of out-of-pit tailings pond, but differs substantially in-pit. 

Because of the slewing style of development, only two in-pit ponds are 

possible. The location of the first in-pit tailings pond coincides with 

the location of the sludge pond in the dragline plan. The lower por

tions of both in-pit dyk~s are constructed with overburden, and the up

per portions with tailings sand. With a slewing development plan, the 

oil sands mining machinery is spread over a much larger area of the mine 

at any given time; thus the opportunity for the development of in-pit 

ponds is greatly reduced. This is a drawback of the slewing system 

that occurs when the ore body consists of a series of connected pits. 

Such disadvantages must be weighed against the flexibility afforded the 

mining operation. Fewer conveyors and less reconstruction of conveyor 

systems are possible. 
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In the bucket wheel plan, almost all the overburden and centre reject 

are returned to the pit prior to the construction of in-pit ponds. This 

has the effect of elevating the surface of the pond and may, under cer

tain hydrological conditions, be very advantageous. Compared to the 

dragline plan where little or no backfill is placed under the ponds, 

considerably more dyke must be built around the perimeter of the mined

out pits. The more extensive dyke construction is avoided in the drag

line plans by designing much larger out-of-pit dumps, and when further 

in-pit tailings storage capacity is not needed, overburden is diverted 

into the mined-out pit. Once completely developed, the bucket wheel 

mine has three large wet tailings pond surfaces, compared to only one 

wet sludge pond surface in the drag line plan. This is largely by 

choice. It does not represent an advantage or disadvantage to either 

mining method, but rather, illustrates the advantages and disadvantages 

of two different tailings disposal concepts (see Subsection 5.3, 

Tailings Disposal Techniques). 

At the Improved level, the tailings disposal operation includes a sludge 

dewatering scheme. However, the schedule and rate of dewatering are 

substantially different in the dragline and the bucket wheel plans. The 

most significant difference is that the sludge pond of the drag line 

scheme is operational earlier in the life of the mine. In the dragline 

mine, a sludge dewatering period is planned, beginning in the sixth year 

of operation and continuing to just after shutdown of the mine, In con

trast, the sludge dewatering rate in the bucket wheel mine is at a high

er rate but the period is shorter, beginning in the seventeenth year. 

In the Improved level dragline plan, the first in~pit pond is formed by 

constructing a long earth-filled dyke across the widest portion of the 

first mined-out pit. This is certainly a disadvantage for sludge dis

posal, and illustrates the impact of mine configuration on the disposal 

of extraction plant tailings. A dyke constructed of tailings sand at 

this position is impossible, as water from the tailings slurry used for 

dyke construction would dilute dewatered sludge and defeat the very pur

pose of dewatering the sludge. The second in-pit dyke is located in the 

second neck of the ore body, No other in-pit tailings ponds are re-
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quired. The dyke is constructed from overburden, with only a small sand 

dyke at the toe of the dyke to provide time for the backfill system to 

be started in-pit and supply material for the overburden portion of the 

dyke. Pit 2 and half of Pit 1 are sanded-in full. The third pit 

is backfilled with overburden. The surface elevation of the in-pit pond 

is somewhat higher than that used at the Minimum Level. 

In the Improved Level dragline plan, the backfilling of the pit with 

overburden can begin much sooner than at the Minimum Level. This re-

suIts in considerably less out-of-pit overburden dump construction. 

Nonetheless, the final void remaining is still larger than that occur

ring in the dragline plan at the Minimum Level of Reclamation. 

Major differences between the bucket wheel plan at the Improved Level, 

as compared to that at the Minimum Level, also exist. The primary rea

son is that, in essence, a completely new tailings disposal scheme is 

employed: a modified "Concept 411 tailings disposal scheme. Rather than 

pumping all the tailings sludge from all the tailings ponds into the 

final mined-out pit, the sludge is thickened and pumped into a pit form

ed just prior to the final pit. 

The out-of-pit tailings pond remains in shape as at the Minimum Level. 

The first in-pit tailings pond is formed in the same location as the 

first in-pit pond at the Minimum Level, but with one major difference: 

all sludge is removed to the sludge pond (Pond B) and the void is grad

ually filled with tailings sand. The sludge pond is formed by construc

ting an overburden dyke at the second neck in the ore body and at the 

north and west edges of the second pit. Sludge from the out-of-pit 

tailings pond and from the in-pit tailings pond are pumped into the in

pit sludge pond. The bowl-shaped tailings pond is reclaimed, both in

side and outside. 

The final pit remaining in all schemes is to be developed as a lake. 

Should a multiple-mine development plan be possible, the remaining empty 

pits could be used for the tailings ponds, sludge ponds, or make-up 

water reservoirs for the adjoining mines. 
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The out-of-pit tailings pond is rectangular or somewhat oval in shape. 

A sand dyke is required around the entire perimeter of the pond, and in 

this respect the pond differs from the out-of-pit ponds proposed for Ore 

Bodies No. 1 and No.4. 

The dragline and bucket wheel mine plans for the Enhanced Level of Re

clamation are very similar to each other. Dry tailings sand, overbur

den, centre reject, and top reject are backfilled into the mined-out 

area of the pit by means of two spreaders. Overburden and oil sands re

moval remain as in the previous plans. 

All the backfilled materials, including tailings sand, are conveyed into 

the empty pits. The backfilling operation is started as soon as suffi

cient room exists in the pit to layout a suitable arrangement of con

veyors and spreaders. Prior to this time material is placed into out

side dumps. The backfilling of the mine in both the dragline and bucket 

wheel plans occurs as close to the toe of the lowest oil sands mining 

bench as is operationally allowable. The lake is created in the final 

mined-out void. Three choices for backfilling exist when the creation 

of a water body is not a desirable form of land use: 

1. The out-of-pit overburden dump created at the start of mining 

could be removed and backfilled at a unit cost similar to the 

previous overburden removal; 

2. A portion of the backfilled pit might be redistributed, low

ering the backfill elevation in a portion of the mine; or 

3. The final pit could be filled with material from a neighbour

ing mine. 

All the dragline mine plans utilize a parallel benching system, in which 

the working face of the overburden bench and both oil sands benches are 

parallel to each other, and are always directed from west to east. 

Since mining progresses from south to north, any oil sands to be mined 

north of any pit boundary requires a box cut. The ore body discussed in 

this section requires about 10 km of box cuts. The face conveyors 

must be shifted after every two dragline passes are completed (approxi-

L----_____ ~ 
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mately each 60 m). In the bucket wheel excavator scheme, face conveyors 

require somewhat less frequent shifting (approximately every 80 m), 

taking advantage of the conveyor bridge. Over a period of time the 

absolute distance between the excavators on each bench increases or 

decreases, depending primarily on the relative depth of material on each 

bench. The overall rate of advance is regulated by the combined 

production of plant feed oil sands from the two lower benches. The 

overburden BWE is not scheduled to remove oil sands on a regular basis. 

The bucket wheel mine plans utilize a slewing benching system. In Ore 

Body No.2, this system is considerably more efficient than the parallel 

system. In total, fewer conveyors are required, and less reconstruction 

of conveyor transfer and distribution points occurs. The total mining 

depth is divided into three benches of approximately equal height, with 

one BWE on each bench. This means that the top BWE removes overburden 

and mines some oil sands for most of the time. The middle bench and 

bottom bench BWE I S mine oil sand and centre rej ecL It is possible 

that, in certain parts of the mine, the middle bench BWE may dig some 

overburden where the overburden is deeper than one-third of the total 

mining depth. 

The short radius of the slewing system in Ore Body No. 2 is not amena

ble to dragline mining because the pass width of a dragline can only be 

varied to a limited extent; thus, the repeated operation of a dragline 

at the apex of the slewing system tends to make the overall scheme 

rather inefficient. 

In a slewing system the benches are rotated around pivot points. Wider 

passes and more frequent cuts at the face are made by the bucket wheel 

excavator at the extreme ends of the benches. Thinner and fewer cuts 

are made near the pivot points. The benches swing around the pivot 

points; hence the term "slewing". Once the conveyor on the uppermost 

bench (overburden bench) has swung to the boundary of the mine, the con

veyor is kinked at a suitable point along the belt to form a new centre 

of rotation. When the next lower bench is advanced to a position where 

it is parallel to the bench above, it too is kinked. The same procedure 



RHEINBRAUN-Consulling GmbH ----------------------- TECHMAN LTD. 

7-8 

is followed with the lowest bench. IH timately an array of pie-shaped 

areas with varying radii are combined to form a sequence of pits. 

The slewing technique is well i llu~ltrated in the 120,000 BPCD bucket 

wheel mine plans. Similar techniques arc used for the overburden back

filling operation at the Minimum and Improved Levels, and for backfill

ing the overburden and dry tailings at the Enhanced Level. 

Drawings showing mine layouts have been made at points in the develop

ment of the mine where the method of operation remains similar for some 

period of time. Other drawings, such as those depicting overall mater

ial distribution and reclamation, are applicable over the entire life of 

the mine. The time intervals between the stages selected for drawings 

have been studied to detect changes in quantities and costs. The 

arrangement of conveyors can be seen on each of the staged development 

drawings. The face conveyors (those seen crossing the ore body) also 

indicate the position of the working face on each bench. 

The major operational differences between the six mine plans can be seen 

on the six sets of drawings provided in Volume II. Mass balance sched

ules are provided for overall mining, tailings disposal, and reclamation 

in Subsections 7.2 and 7.3. Schedules for various other items are pro

vided in the computer-printed cost summaries. Cost estimates for selec

ted operating activities for a period of 35 years are provided and in

clude five years of preproduction and five years for deactivation. Sum

mary cost comparisons are made in Subsection 7.4 

The drawings indicate somewhat differing overall shapes for the dragline 

and bucket wheel mines. This is to be expected, because the dragline 

mine uses a parallel mode of operation, whereas the bucket wheel mine 

uses a slewing type of operation. Another cause for some of the differ

ence in the plans (for the 120,000 BPCD operations only) is that the 

mass balances in the dragline mine are based on somewhat updated data 

(the result of progressive development of mine simulation computer pro

grams). This does not introduce significant errors when comparing the 

costs of component activities if they are compared on a per unit basis. 
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7.2 MINE PLANS EMPLOYING DRAGLINES 

The three dragline mine plans have been developed using identical mining 

schedules. This means that the rate of removal of muskeg, overburden, 

top reject, and oil sands is identical for a mine operated at the Mini

mum, Improved, and Enhanced Levels of Reclamation. In fact, the posi

tions of the major excavating machinery are identical in all three 

cases. If oil sands production were to vary, the relative positions of 

the excavators would change. 

The face conveyors run in an east-west direction. At transfer points 

the excavated materials are dumped from the face conveyors onto trunk 

conveyors. The trunk conveyors lead to the conveyor distribution point. 

From here, overburden, top reject, and centre reject are directed either 

to outside waste dumps or into the mine as backfill. Plant feed grade 

oil sands are directed to the extraction plant. 

The direction that the material is moved is indicated by an arrowhead 

symbol. A solid arrow implies that only oil sands are moved. An arrow 

that is half-solid implies that overburden and reject as well as oil 

sands are transported. Clear arrows indicate that only overburden and 

reject are transported on the conveyor. When a change in conveyor dir

ection occurs, the conveyor must be terminated and another conveyor 

started. These transfer points are shown as clear dots. 

Two face conveyors are required for each bench. One runs the entire 

length of the face while the other runs only halfway. Two draglines per 

bench are required but each machine works only half the bench length. 

Each face conveyor leads into the distribution point, and two plant feed 

conveyors move oil sands from the conveyor distribution point to the ex

traction plant. The use of two conveyors improves the overall availa

bility of the system as compared to that of a system using only one. 

Each dragline loads oil sands into a large hopper positioned close to 

the face conveyor. The hopper, in turn, feeds onto the bench conveyor 

v ia a much smaller hopper located on the face conveyor. The hopper 
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and dragline move in unison alongside the conveyor. Whenever possible, 

centre reject from the lowest bench is cast onto the pit floor rather 

than removed by conveyor. The dragline on the second bench must be op

erated in such a way that the number of interrupt ions in plant feed 

stream is minimized. This is achieved by exposing as much centre reject 

surface as possible before switching from oil sands excavating to reject 

excavating. 

Overburden is dug on the upper bench using a AWE. A single face conveyor 

is required. If necessary, oil sands may also be excavated by this BWE 

when one of the draglines is inoperative for an extended period of time, 

or when the extraction plant is in peak operating condition, allowing a 

sustained period of above-average production. 

At the Minimum and Improved Levels one overburden conveyor leads from 

the distribution point. This conveyor is sized to transport overburden 

excavated by the BWE as well as the reject excavated by the draglines. 

Overburden for prepared soil manufacture is removed from the waste dump 

or backfill by trucks or scrapers. At the Enhanced Level two conveyors 

transport overburden, reject and dry tailings to two spreaders. Two dry 

tailings conveyors equipped with shunting heads feed onto the two dump

ing side conveyors. Overburden for prepared soil manufacture is handled 

by a short conveyor leading from the distribution point to the prepared 

soil blending yard. When the distribution point is too far from the 

prepared soil blending yard, one of the plant feed conveyors is used for 

about an hour per day (during summer) to transport the overburden re

quired for prepared soil. 

Since each dragline must have its own conveyor to allow it to selective

ly mine oil sands and centre reject independently of the other dragline 

on the same bench, a duplication of the conveyor systems between the 

draglines and the distribution point results. A considerably larger 

total length of the mine conveyor system is required for the two drag

lines per bench than would be required if only one prime excavator per 

bench were used. For example, compare this to the Ore Body 4 design 

(60,000 BPeD), which employs one dragline per bench. In the early 
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years, additional conveyors are required because the trunk conveyors 

must be back-tracked to the conveyor distribution point. In due course, 

the mining faces advance to a position north of the plant site, and at 

this time the backtracking is eliminated. 

The parallel system minimizes the total area that is in a state of 

active mining at any given time. The two oil sands faces can be much 

closer together, thus allowing the construction of in-pit dykes to occur 

sooner than is possible with a slewing system. 

The production schedules for the three mines are identical. Annual 

quantities for overburden, reject, oil sands, bitumen, and crude o~l are 

provided in Table 7.2-1. The sizing of the materials handling system is 

schematically illustrated in Figures 7.2-1 and 7.2-2. The production of 

the BWE, draglines, spreaders, and belts is based on 5,000 operating 

hours annually, out of a total of 8,760 calendar hours. Details regard

ing the mine layout, tailings disposal, and reclamation for each mine 

plan follow. 



TABLE 1.2,,1 
Ore Body No.2, 120,000 B.P.C.D., - Production Schedule, 1 Bucket Wheel Excavator and 4 Draglines 

Year 

2 

- 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

Total 

Waste 

bm
3 

x 106 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

12.750 

7.250 

7.250 

7.250 

2.188 

333.838 

Top Bench 
Feed 

bm
3

)( 106 

Total 

bm
3

)( 106 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

14.150 

12.750 

7.250 

7.250 

7.250 

2.188 

333.838 

Middle Bench 
Waste 

bm
3 

)( 106 

3.568 

2.031 

3.018 

4.685 

7.362 

7.319 

4.461 

2.239 

2.519 

4.840 

1.874 

1. 751 

7.405 

4.325 

3.158 

3.304 

2.958 

3.100 

2.227 

3.178 

2.730 

0.971 

0.532 

0.532 

80.087 

Feed 

bm
3

)( 106 

23.476 

18.646 

21.325 

20.452 

19.011 

18.904 

20.543 

21.097 

19.481 

18.608 

17.753 

18.301 

20.483 

20.047 

20.675 

23.998 

25.285 

17.605 

17.365 

20.445 

24.632 

23.888 

21.620 

16.726 

490.366 

Total 

bm
3 

)( 106 

27.044 

20.677 

24.343 

25.137 

26.373 

26.223 

25.004 

23.336 

22.000 

23.-+48 

19.627 

20.052 

27.888 

24.372 

23.833 

27.302 

28.243 

20.705 

19.592 

23.623 

27.362 

24.859 

22.152 

17.258 

570.453 

Bottom Bench 
Backcast 

Waste Feed 

bm3
)( 106 bm

3
)( 106 

1.895 7.894 

2.980 19.393 

3.251 22.023 

4.100 21.319 

6.464 19.872 

8.549 18.819 

7.619 19.325 

4.200 21. 505 

2.870 20.992 

~,.032 18.830 

5.502 18.493 

1.679 18.079 

4.166 19.424 

8.313 20.272 

4.429 20.273 

4.281 21.376 

3.902 25.155 

4.340 22.847 

3.188 16.942 

2.210 18.254 

4.119 22.068 

3.128 25.538 

1.024 24.191 

0.876 23.958 

0.339 6.313 

97.456 493.155 

Total 

bm3
)( 106 

9.789 

22.373 

25.274 

25.419 

26.336 

27.368 

26.944 

25.705 

23.862 

22.862 

23.995 

19.758 

23.590 

28.585 

24.702 

25.657 

29.05'; 

27.187 

20.130 

20.464 

26.187 

28.666 

25.215 

24.834 

6.652 

590.611 

Waste 

bm3 
)( 106 

14.150 

14.150 

19.613 

19.161 

20.419 

22.935 

27.976 

30.018 

26.230 

20.589 

19.539 

23.022 

21.526 

17.580 

25.721 

26.788 

21.737 

21.735 

21.010 

21.590 

19.565 

18.138 

14.099 

11.349 

8.806 

3.596 

0.339 

511.381 

Feed 

bm3
)( 106 

31.370 

38.039 

43.348 

41. 771 

38.883 

37.723 

39.868 

42.602 

40.473 

47.438 

36.246 

36.380 

39.907 

40.319 

40.948 

45.374 

50.440 

40.452 

34.307 

38.699 

46.700 

49.426 

45.811 

40.684 

6.313 

983.521 

Mine 
Total I Bitumen I Crude 

bm
3

){ 10
6 

tonnes x 106 barrels x 106 

14.150 

14.150 

50.983 6.272 

57.200 7.106 

63.767 9.115 

64.706 9.368 

66.859 9.109 

67.741 8.649 

66.098 9.090 

63.191 9.246 

60.012 8.815 

60.460 9.317 

57.772 8.896 

53.960 8.638 

65.628 9.098 

67.107 8.972 

62.685 8.940 

67.109 9.469 

71.450 9.698 

62.042 9.267 

53.872 9.095 

56.837 8.907 

60.799 9.574 

60.775 9.471 

54.617 9.092 

44.280 8.218 

6.652 1.221 

.494.902 214.643 

28.834 

36.726 

43.479-

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

43.800 

38.812 

5.478 

1,029.329 

-...J 
I ..... 
N 
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7.2.1 MINIMUM (WET) LEVEL OF RECLAMATION 

The major aspects of the development of the 120,000 BPCD mine at the 

Minimum Level are depicted by five drawings, accompanied by tailings 

disposal and reclamation schedules (See Tables 7.2.1-1 and 7.2.1-2). 

The mining schedule, which is common to the plans for all three levels 

of reclamation, has been illustrated previously in Table 7.2-1. A 

drawing-by-drawing discussion follows: 

Mining and Tailings Disposal - Year 3 

(Techman Drawing No. D22918-20-00) 

By Year 3 all the working faces of the mine are fully developed. Over

burden removal has advanced beyond the oil sands removal benches by over 

a kilometer. Overburden and reject are placed by spreader into outside 

dumps south of the mine. Muskeg is dewatered, excavated, and placed in

to muskeg dumps prior to overburden removal. The out-of-pit tailings 

pond is fully operational with water being recycled to the plant. An 

oversize reject dump has been started northeast of the plant site. 

Mining and Tailings Disposal - Year 15 

(Techman Drawing No. D22918-21-00) 

The 

The 

are 

the 

mining 

waste 

being 

plant 

faces have advanced to a position north of the plant site. 

dump south of the mine has been completed. Waste materials 

placed into the combined waste and reject dump northeast of 

site. The outside tailings pond has been sanded-in and the 

active tailings pond is now located in the second mined-out pit. Sludge 

from the out-of-pit tailings pond has been pumped into the sludge pond, 

and currently the sludge from the active pond is being pumped into the 

sludge pond. A sand dyke has been constructed in the first neck of the 

ore body to form the sludge pond. Another sand dyke is in the process 

of being constructed in the second neck of the ore body to form the 

first in-pit tailings pond. Reclamation of the outside tailings pond 

dyke slope commenced in Year 11. The southerly-located outside waste 

dump was reclaimed in Years 13 and 14. 
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Mining and Tailings Disposal - Year 22 

(Techman Drawing No.D22918-22-00) 

The mining face is now in the extreme north of the ore body. Muskeg re

moval has been completed and overburden removal is to be completed with

in the next year. A second in-pit tailings pond is in operation. low 

sand dykes have been constructed prior to Veal' 22 along the western mine 

boundary to contain sludge and tailings sand to the specified elevation. 

The waste dump northeast of the plant site is not required as overburden 

and reject can now be backfilled into the mine. The reclamation of the 

northerly waste dump was completed in Veal' 18 and 19, and sanded-in por

tions of the tailings pond in Year 15 - 17. The reclamation of the 

first in-pit tailings pond is underway. 

Material Distribution Plan 

(Techman Drawing No. 022918-23-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. The sludge pond surface is currently considered unreclaim

able. Waste dumps are surfaced with acceptable overburden materials by 

the spreader during the construction of the dumps and therefore require 

only the application of muskeg, whereas tailings sand surfaces require 

the application of both overburden and muskeg to form a prepared soil 

surface. Muskeg dumps require no surfacing. The end-pit is filled with 

water to form a fresh water lake. All exposed pit walls (primarily 

along the eastern pit boundaries) require application of prepared soil. 

Refer to Section 10.6, Table 10.6-1 for a mine-by-mine comparison of 

surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. 022980-24-00) 

The surfaces to be reclaimed as well as the time period during which 

reclamation occurred are shown. Only the sludge pond remains wet and 

unreclaimable. Plant species are selected according to the reclamation 

objectives for the Minimum level as described in Chapter 4.0. Table 

7.2.1-2 is a year-by-year summary of prepared soil manufacture and 

placement. 
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Ore Body No.2, 120,000 B.P.C.D.- 1 B. W. E. & 4 Draglines 

TAILINGS SCHEDULE 
FOR MINIMUM LEVEL OF RECLAMATION 

TABLE 7.2.1-1 
Outline of Tau lings Disposcal Scheme: 

- Yecars 1 -15 Tailings to out-of. Pit Pond, - Yecaf. 11- 20 Sludge Removed from First 

until Full of Scand. in-Pit Tcailings Pond to Sludge Pond. 
-Yean 10-15 Sludge Removed from out-of- - Years 21- 25 Tcailinga to Second in- Pit 

Pit Pond to in- Pit Sludge Pond (Pit 1). Tailings Pond (Pit 3). 
- Years 15'-20 Tailings to First in- Pit Tcailings - Years 23- 25 Sludge Removed from Second 

Pond (Pit 2). in-Pit Tailings Pond to Sludge Pond. 

Volume of Volume of Volume Volume Scand Scand Sludge 
CIII: Tcailings Recycle of of into into Rehcandle 
c( 

Produced Water Sludge Scand Dykes Becach Volume w 
>- [ m3 x 10

6 
] [ m3 x 10 6 

] [ m' x 10' ] [ m3 x 10
6 

] [ m'xl06
] [ m3 x 10' ] [m:B x 106 ] 

1 7L 037 26.759 12.35/' 31.922 15.000 16.922 0 

2 86.141 32.448 14.984 38.709 11. 500 27.209 0 

J 98.163 36.976 17.075 44. 111 11. 000 33.111 0 

4 94.590 35.631 16.454 42.506 7.700 34.806 0 

5 88.052 33.168 15.316 39.568 9.100 30.468 0 

6 85.424 32.178 14.859 38.387 6.200 32.187 0 

1 90.2i31 34.007 15.704 40.570 4.500 36.070 0 

8 96.471 36.339 16.781 43.351 2.800 40.551 0 

9 91.931 34. 523 16.223 41.185 4.820 36.365 0 

10 84.778 31. 935 14.747 38.097 14.590 23.507 39.747 

11 82.078 30.917 14.277 36.883 14.590 22.293 39.277 

12 82.382 31.032 14.330 37.U?0 0 37.020 39.330 

1 J 90.370 34.041 15.719 40.610 0 4().610 40:770 

14 91. 301 34.392 15.881 41. 028 0 41. 028 40.882 

i5 92.728 34.929 16.130 41. 669 8.710 32.959 24.1C5 

16 102.751 38.704 17.873 46.173 8.710 37.463 0 

11 114.221 43.025 19.868 51. 328 0 51. 328 24.155 

18 91. 603 34.505 15.934 41.164 0 41.164 22.610 

19 77.689 29.264 13.514 34.911 4.500 30.411 20.189 

20 87.633 33.010 15.243 39.380 2.500 36.880 21.919 

21 105.751 39.835 18.395 47.522 2.000 45.522 1.254 

22 l12.268 42.160 19.812 50.296 0 50.296 0 

23 103.739 39.077 18.045 46.617 0 46.617 27.804 

24 92.128 34.703 16.025 41. 400 0 41. 400 37.701 

25 14.296 5.385 2.487 6.42~ 0 6,424 8.339 

2, 227 .~06 838.943 388.033 1000.831 128.220 872 611 388.033 
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SCHEDULE FOR MINIMUM LEVEL OF RECLAMATION 
TABLE No.7. 2.1 - 2 

Soil Composit ion: Soil Manufacture: 
0.2011"1 Muskeg layer of muskeg and overburden 
0.2011"1 Overburden (where requir.d) are spread 
0.20 11"1 Sand (where applicable) onto area to b. reclaimed and 

plowed 0.6 m deep. 

Ana of Volume of Volume of 
Muskeg 

Volum@ of 
Overburd@n 

IIIiII: R ecla mat ion Prepared Soil Muskeg 
Transport 

Overbu rden 
Transport 

~ (by trucks) (by trucks) w [m2 x 103
] [m3 x 103

] [ m3 )( ld ] [ rJ x 103] >- [k m] [k m1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 1,480 888 296 4.9 296 2.2 

12 1,480 888 296 5.0 296 2.2 

1 3 2,138 1,283 428 3.9 856 -

14 2,138 1,283 428 3.9 856 -

15 3,333 2,000 667 1.0 667 5.6 

16 3,333 2,000 667 1.0 667 5.6 

17 3,333 2,000 667 1.0 667 5.6 

18 1,400 840 280 2.6 560 -

19 1,400 840 280 2.6 560 -

20 1,317 790 263 2.2 263 3.0 

21 1,317 790 263 2.2 263 3.0 

22 1,317 790 263 1.5 263 3.0 

23 1,317 790 263 1.5 263 3.0 

24 878 527 176 2.8 352 -
25 878 527 176 2.8 352 -

26 1, 547 928 309 2.2 569 0.8 
27 1,547 928 309 1.9 569 0.8 

28 1,547 928 309 1.9 569 0.8 

29 2,040 1,224 408 2.3 460 0.6 

30 3,000 1,800 600 2.3 600 1.2 

36,740 22,044 7,348 9,948 
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7.2.2 IMPROVED (DEWATERED) LEVEL OF RECLAMATION 

The major aspects of the development of the 120,000 BPCD mine at the Im

proved Level are depicted by three drawings accompanied by tailings dis

posal and reclamation schedules (See Table 7.2.2-1 and 7.2.2-2). The 

mining schedule, which is common to the plans for all three levels of 

reclamation, has been illustrated previously in Table 7.2-1. A drawing

by-drawing discussion follows: 

Mining and Tailings Disposal - Year 15 

(Techman Drawing No. D22918-25-00) 

The advance of the mining faces in the Improved Level is identical to 

that occurring at the Minimum Level, and consequently the Minimum Level 

drawings should be examined for this aspect of the development plan. 

The tailings disposal is noticeably different, and is illustrated in the 

drawing showing the status of development in Year 15. The operation of 

the sludge pond began in Year 6 when sludge was transferred into it from 

a sludge treatment plant designed to partially dewater the tailings pond 

sludge. A dyke constructed completely of overburden separates the 

sludge pond from the in-pit tailings pond. The in-pit tailings pond be

came operational in Year 14. The dyke located at the second neck in the 

ore body has been constructed from compacted tailings sand on the pond 

side (west side), and from spreader-backfilled overburden on the other 

side. The outside waste dumps were reclaimed in Years 11 to 15. 

Material Distribution Plan 

(Techman Drawing No. D22916-26-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. The sludge pond surface is currently considered unreclaim

able. Waste dumps are surfaced with acceptable overburden materials by 

the spreader during the construction of the dumps and therefore require 

only the application of muskeg, whereas tailings sand surfaces require 

the application of both overburden and muskeg to form a prepared soil 

surface. Muskeg dumps require no surfacing. The end-pit is filled with 
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water to form a fresh water lake. All exposed pit walls require appli

cation of prepared soil. Compared to the plan at the Minimum Level of 

Reclamation, the end-pit lake is larger, the volume of outside dumps 

less, and the total area unreclaimable 50 % less (sludge pond). Refer 

to Section 10-6, Table 10.6-1 for a mine-by-mine comparison of surfaces 

to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. 22980-27-00) 

The surfaces to be reclaimed as well as the time period during which 

reclamation occurred are shown. Only the sludge pond remains wet and 

unreclaimable. Plant species are selected according to the reclamation 

objectives for the Improved Level as described in Chapter 4.0. Table 

7.2.2-2 is a year-by-year summary of prepared soil manufacture and 

placement. 
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Ore Body No.2, 120,000 B.P.C.D. - 1 B.W.E. & 4 Draglines 
TAILINGS SCHEDULE 

FOR IMPROVED LEVEL OF RECLAMATION 
TABLE 1.2.2-1 

Outlin~ of Tailings Di8posal Sch~m~: 
-Y~al". 1 .. 14 Tailings to out-of. Pit Pond, until Full of Sand. 
- YearSi 6 -14 Sludge from out- of- Pit Pond, Treated (50·'. of Water and Most of 
R~maining Bitum~n R~mov~d). Treat~d Sludg~ to in-Pit Sludge Pond (South~l"n Half of Pit 1). 

- Y~ars 14- 25 Tailings to In- Pit Tailings Pond. 
-Y~an 11-25 Sludg~ from in-Pit Tailings Pond Tr~at~d. Tr~at~d Sludg~ to in-Pit Sludg~ Pond. 

Volum~ of Voh.un~ of Volum~ Volu~~ Sand Sand Sludg~ 
QII'; Tailings Recyd~ of of into into into « Produced Water Sludge Sand Dyke. Beach Treatment w 
>- [ m3 x 106 

] [ m'x 10 6 
] [ m'x 10'J [ m3 x 106 

] [ m3 x 106 
] [ m3 X)06 ] [m3X 1()6 ] 

1 17 .037 26.759 12.357 31. 922 15.000 16.922 0 

2 86.141 32.448 14.984 38.709 11. 500 27.209 0 

3 98.163 36.976 17.075 44.1ll 11. 000 33.ll1 0 

4 94.590 35.631 16.454 42.506 7.700 34.806 0 

5 88.052 33.168 15.316 39.568 9.100 30.468 0 

6 85.424 32.178 14.859 38.387 6.200 32.187 24.012 

7 90.281 34.007 15.704 40.570 4.500 36.070 24.012 

8 96.471 36.339 16. 781 43.351 2.800 40.551 24.012 

9 91. 931 34.523 16.223 41.185 0.700 40.485 24.012 

10 84.778 31. 935 14.747 38.097 0 38.097 24.012 

11 82.078 30.917 14.277 36.883 0 36.883 24.012 

12 82.382 31. 032 14.330 37.020 0 37.020 24.012 

13 90.370 34.041 15.719 40.610 0 40.610 24.012 

14 91. 301 34.392 15.881 41. 028 1.000 40.028 19.690 

15 92.728 34.929 16.130 41. 669 0 41. 669 0 

16 102.7G1 38.704 17.873 46.173 5.740 40.433 0 

11 ll4.221 43.025 19.868 51. 328 3.820 47.508 21. 312 

18 91. 603 34.505 15.934 41. 164 0 41.164 n.312 

19 77.689 29.264 13.514 34.911 0 34.911 21.312 

20 87.633 33.010 15.243 39.380 0 39.380 21.312 

21 105.751 39.835 18.395 47.522 0 47.522 21. 312 

22 ll2.268 42.160 19.812 50.296 0 50.296 21.312 

23 103.739 39.077 18.045 46.617 0 46.617 21.312 

24 92.128 34.703 16.025 41. 400 0 41. 400 21.312 

25 14.296 5.385 2.487 6.424 0 6.424 5.750 

2,173.806 838.943 388.033 1000.831 79.060 918.771 388.C3? 
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Ore Body No.2, 120,000 B.P.C.D.-1 
SCHEDULE FOR IMPROVED LEVEL OF RECLAMATION 

TABLE No.7. 2.2- 2 
Soil Composition: Soil Manufacture: 

0.33m Muskeg , Alternating layers of muskeg and 
0.66m Overburden overburden are scraped at a sloping 

face of pile by dozers. 

Area of VO lume of 
Prepared Soil 

Volume of 
Muskeg 

Volume of 
Overburden 

ag: Transport Transport Transport 
c( Reclamation Prepared Soil Muskeg Overburden 
w 

[ m2 
x 103

] [m3x 103
] 

(by trucks) (by trucks) 
[m3X 103 ] 

(by trucks) 
>- [ km J [m3X 103J [k m J [k m] 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 970 970 0.8 323 2.0 647 0.8 
---- -_ .. ----

12 970 970 0.8 323 2.0 647 0.8 
1 3 970 970 0.8 323 2.0 647 0.8 

- ---

14 865 865 0.7 288 1.0 577 0.5 
---- f----

15 865 865 0.7 288 1.0 577 0.5 
16 1,620 1,620 5.0 540 1.8 1,080 0.5 

-
17 1,620 1,620 5.0 540 1.8 1,080 0.5 

-~~~ -- -"._. -

18 1,620 1,620 5.0 540 1.8 1,080 0.5 
19 1,620 1,620 6.0 540 1.8 1,0~0 0.5 

20 1,620 1,620 6.0 540 1.8 1,080 0.5 
21 1,620 1,620 6.0 540 1.8 1,080 0.5 
22 1,620 1,620 7.0 540 1.8 1,080 0.5 . -_ .... _.- --- ---

23 1,620 1,620 7.0 540 1.8 1,080 0.5 
24 2,100 2,100 1.0 700 2.0 1,400 0.5 

- -

25 2,100 2,100 2.6 700 2.0 1,400 0.5 

26 2,200 2,200 (.0 740 3.0 1,480 2.8 
27 2,200 2,200 2.0 740 3.0 1,480 2.8 

28 2,200 2,200 3.0 740 3.0 1,480 2.8 

29 2,200 2,200 4.5 740 3.0 1,480 2.8 

30 3,000 3,000 1.0 1,000 3.1 2,000 3.0 

33,600 33,600 11,225 22,455 
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7.2.3 ENHANCED (DRY) LEVEL OF RECLAMATION 

The major aspects of the development of the 120,000 BPCD mine at the En

hanced Level are depicted by three drawings, accompanied by tailings 

disposal and reclamation schedules (See Table 7.2.3-1 and 7.2.3-2). The 

mining schedule, which is common to the plans at all three levels of 

reclamation, has been illustrated previously in Table 7.2-1. A drawing

by-drawing discussion follows: 

Mining and Tailings Disposal - Year 15 

(Techman Drawing No. D22918-28-00) 

At the Enhanced Level, the mining face advance is identical to that oc

curring at the Minimum and Improved Levels. Since the tailings stream 

is dry, the mine is backfilled with tailings sand, overburden, and re

ject by means of two spreaders operating on two benches. No out-of-pit 

tailings pond is required, but an outside waste dump is needed while the 

pit is opened and sufficient room for backfi lling is developed. This 

waste dump is reclaimed in Years 2 and 3. Reclamation progressively fol

lows the backfilling operation, and remains approximately 1 km from the 

upper face. By Year 15, about fifty percent of the muskeg required for 

prepared soil manufacture has been mined. The prepared soil blending 

yard is located north of the plant site. A 1,000 mm wide belt conveyor 

extends from the blending yard to the prepared soil field stockpile. 

This conveyor changes in length, depending on the progress of the back

filling operation. The muskeg stripped by the mining operation is 

placed into permanent disposal dumps. By Year 15, the muskeg stripping 

operation has advanced into the last quarter of the pit, just north of 

the overburden removal conveyor. 

Material Distribution Plan 

(Techman Drawing No. D22916-29-00) 

This plan shows the types of materials that must be surfaced with pre-

pared soil. The entire mine is reclaimable. In addition to a small, 

final end-pit lake, a residual lake is formed by the removal of muskeg 
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from the muskeg mine. Refer to Section 10.6, Table 10.6-1 for a mine

by-mine comparison of surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. D22980-30-00) 

The surfaces to be reclaimed as well as the time period during which 

reclamation occurs are shown. No unreclaimed areas remain. Plant spe

cies are selected according to the reclamation objectives for the En

hanced Level described in Chapter 4.0. 
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Ore Body No.2, 120,000 B. P.C.D.- 1 B. W. E. & 4 Draglines 

TAILINGS SCHEDULE 
FOR ENHANCED LEVEL OF RECLAMATION 

T AS l E 7 . 2 .3 -1 

Outline of TCililinGJs OlsposCilI Scheme: 

- Dry TCililinGJs Conveyed with Overburden CIInd Cent.r Reject for Fint 1. 2 5 
VeCllrs to out-oF-Pit WCllste Dump, then into Mined - out Pit. 

Volume of Dry TCili I inGJs 
VEAR Dry TCililings Conveying 

Produced OI.tCllnce 181 

[ m3 
)( 106 ] [ m ] 

1 33.001 9.6 

2 40.017 12.6 
3 45.602 13.3 
4 43.943 14.1 

---

5 40.905 15.4 
"-_. 

6 39.685 16.3 
7 41.941 11.8 
8 44.817 11. 7 
9 42.578 11.5 r-----
10 39.385 6.8 

r--
11 38.131 10.3 
12 38.272 11.1 f---- -

13 41. 982 13.7 
;--- -- - ._---- --~ - --

14 42.416 14.1 r--- ---- - - ~ .. ---

15 43.077 8.6 
1 6 47.733 9.5 
1 7 53.063 9.8 

------ --- -- --.-----~--

18 42.556 14.0 -- --- --- ---- _._,,- --- r---
19 36.091 15.9 

----~.-.--

20 40.711 16.7 

21 49. 128 17.1 

22 51. 996 19.6 - - - --e-
23 48.193 21.7 -- - - -

24 42.800 22.7 

25 6.641 23.9 

1,034.664 

I8INOTE: 

These are Total lenGJths of Two Conveyor 

Systems from Plant to Two Spreaders. At the SCilme 
Time Overburden is TrCllnsported ViCil These Conveyors. 
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B. W. E. & 4 Draglines "-
SCHEDULE FOR ENHANCED LEVEL OF RECLAMATION 

TABLE No. 7.2.3-2 
Soil Composition: Soil Manufacture: 

0.33m Muskeg Stacker deposits layers of muskeg 
0.66m Overburden and overburden into piles. 

Components are mixed bV bucket 
whe.1 reclaimer. 

of Volume of 
Pnapared Soil 

Volume of 
Muskeg 

Volume of 
Over burden 

Ana Transport Transport Transport IDI: 
Reclamation Prepared Soi I Muskeg Overburden ~ (by con- \ by (by pipeline) (by conveyors) w 

[ m2 )( 103
] [m3x ldJ [m3 x 103J [ rrf)( 1d] >- v.yon) trucks) 

[km] [kmJ [kmJ [km] 

1 0 " 0 0 0 0 0 0 v 

2 866 866 4.5 1.8 289 8.3 577 8.3 
3 866 866 4.5 1.8 289 8.3 577 8.2 

4 933 933 4.5 2.3 311 8.3 622 8.1 

5 933 933 4.5 2.3 311 8.3 622 7.1 

6 933 933 4.5 2.3 311 8.3 622 6.7 

7 933 933 4.5 2.3 311 8.3 622 7.0 

8 933 933 1.8 2.0 311 8.3 622 7.1 

9 933 933 1.8 2.0 311 8.3 622 6.5 

10 933 933 1.8 2.0 311 8.3 622 7.2 

11 933 933 1.8 2.0 311 8.3 622 7.7 

12 933 933 1.8 2.0 311 8.3 622 7.9 

1 3 1,197 1,197 0 2.0 399 8.3 798 8.5 

14 1,197 1,197 0 2.0 399 8.3 798 7.1 

15 1,197 1,197 0 2.0 399 8.3 798 7.4 

16 1,197 1, 197 0 2.0 399 8.3 798 7.7 

17 1,000 1,000 0 1.9 333 8.3 667 7.9 
------- ~-~~ ---_._- ----

18 1,000 1,000 0 1.9 333 8.3 667 12.1 
-

19 1,000 1,000 2.5 O.G 333 8.3 567 8.3 

20 1,000 1,000 2.5 0.8 333 8.3 667 9.3 

21 1,000 1,000 2.5 0.8 333 8.3 667 9.8 

22 955 955 2.5 2.3 318 8.3 637 10.4 
-

23 955 955 2.5 2.3 318 8.3 637 10.8 

24 1,377 1,377 4.5 1.5 459 8.3 918 2.1 
25 1,174 1,174 4.5 1.9 391 8.3 783 2.1 

26 1,174 1, 174 4.5 1.9 391 8.3 783 2.1 
27 1,000 1,000 3.0 0 333 8.3 667 2.1 
28 1,000 1,000 3.0 0 333 8.3 667 2.1 
29 1,000 1,000 3.0 0 333 8.3 667 2.1 

30 0 0 0 0 0 0 0 0 

28,552 28,552 9,514 19.038 
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7.3 MINE PLANS EMPLOYING BUCKET WHEEL EXCAVATORS 

The entire production of the mine is achieved with three BWE's operating 

on three benches of approximately equal height. The bucket wheel exca

vator on the first bench typically removes all the overburden, and also 

a certain quantity of oil sands, on a scheduled basis. The excavators 

on the second and third benches load oil sands and centre reject. The 

three excavators are identical in size, creating opportunities for in

terchanging the BWE's between benches, and for standardization. 

A slewing mining system allows the mine to be operated with only one 

complete reconstruction of the conveyor distribution point. The first 

distribution point is situated just west of the plant site. At the 

Minimum and Improved Levels, the relocated distribution point is con

structed near the southern end of the final mined-out void. At the 

Enhanced Level, the reconstructed distribution point is located north of 

and immediately adjacent the plant site. Th is distribution point is 

justified in that large volumes of tailings sand as well as overburden 

and reject are handled by conveyors, and backtracking large quantities 

of sand is not advisable. Overburden and reject are placed at the 

bottom of the pit to reduce the length of conveyors at the Minimum and 

Improved Levels. The same principle applies at the Enhanced Level ex

cept that backfill dump heights are much higher. 

A single spreader dumps the overburden onto the pit floor as backfill. 

As the backfill conveyor approaches the alignment of the in-pit dyke, 

the spreader separates material suitable for dyke construction by dump

ing overburden into a stockpile, using a high dump mode of operation. 

This material is carried into the dyke construction zone by trucks or 

scrapers, and is compacted. As the backfill conveyor passes over the 

dyke base, the spreader again places selected overburden in a temporary 

stockpile for rehandle into the dyke with trucks or scrapers. In this 

fashion the starter dyke is constructed to the required elevation. The 

remainder of the dyke is constructed with hydraulically-placed and com

pacted tailings sand. 
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At the Improved level the technique is similar, except that the second 

in-pit dyke (the sludge pond dyke) is constructed completely of over

burden. This dyke cannot be constructed of tailings sand since the ex

tra tailings water and untreated sludge would affect the limited storage 

capacity of the second pit for thickened sludge, as well as adding un

wanted tailings water to again dilute the treated sludge. 

The inboard side of the second dyke is riprapped for protection against 

erosion by waves. The slope of this dyke must be designed to assure 

overall stability of the dyke even when submerged and hence may have to 

be shallower than dyke slopes which are covered by tailings sand. Once 

the spreading operation has proceeded beyond the second dyke all the 

overburden and centre reject are dumped onto the pit floor. This por

tion of the backfilled material is suhmerged in the final lake. 

The backfilling operation at the Enhanced Level requires two spreaders, 

since the volume to be handled is more than at the Minimum and Improved 

levels. A short conveyor between the distribution point and the blend

ing yard is required for the transport of overburden needed in the manu

facture of prepared soil. This conveyor has the same capacity as the 

face conveyor being loaded by the BWE. When the distribution point is 

too far from the prepared soil hlending yard, one of the plant feed con

veyors is utilized as described in section 7.2. 

The spreader operating on the upper bench operates most of the time in 

the Ii low dump" mode and a minor portion of the time in the "high dump" 

mode. The spreader on the lower bench is shown as operating only in the 

H low dump" mode, but flexibility exists to vary the ratio of material 

placed in i!high dump" as compared to that placed in "low dump". The 

ratio need not be the same for both spreaders. It is preferable to use 

the low dump whenever possible, the limiting factor being the stability 

of the pile on which the spreader operates. Th is is in the order of 

about 40 m for this study. The characteristics of the dry tailings 

sand, the overburden, and the various sequences of material determine 

the long term dumping method. 
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The quantities and schedules of overburden, reject, oil sand, bitumen, 

and crude oil are identical for the three mine plans. Table 7.3-1 shows 

the mining mass balance applicable for the 120,000 BPeD bucket wheel op

tions. The sizing of the material handling system is schematically il

lustrated in Figures 7-3.1 and 7-3.2. The production of the BWE's, 

spreaders and conveyors is based on 5,000 operating hours annually out 

of a total of 8,760 calendar hours. Details regarding mine layout, 

tailings disposal and reclamation for each mine follow. 
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TABLE 1.3 - 1 
Ore Body No.2, 120,000 B.P.C.D., - Production Schedule, 3 Bucket Wheel Excavators Scheme-

Top Bench Middle Bench Bottom Bench Mine 

Year Waste Feed Total Waste Feed Total Waste \ Feed I Total Waste Feed Total Bitumen \ Crude 

bm
3 

x 106 bm
3

x10
6 

bm
3 

x 106 bm
3 

x 106 bm
3 

x 10
6 bm

3 
x 10

6 bm" x lOe bm' x 106 
I bmJ x 106 

bm
3 

x 10
6 bmJ x 10

6 
bm

J 
x 10

6 
tonnes x 106 barrels x 106 

-2 11. 100 - 11.100 - - - - - - 11. 100 - 11. 100 - -
---~-~- f---

-1 11. 600 - 11.600 - - - - - - 11.600 - 11. 600 - --

1 5.297 6.486 11.783 2.351 12.149 14.500 1.249 6.265 7.514 8.897 24.900 33.797 5.375 25.865 
~ ~ -----~-

2 12.000 - 12.000 2.594 15.294 17.888 3.806 15.906 19.712 18.400 31. 200 49.600 7.116 34.242 ----- -- ----,. 

3 9.000 5.000 14.000 3.899 16.101 20.000 4.2~L+_15~799 20.000 17.100 36.900 54.000 8.371 40.285 

4 10.000 6.200 16.200 4.053 15.947 20.000 3.547' 16.453 20.000 17.600 38.600 56.200 8.811 42.401 
---+~---. 

5 11. 000 6.900 17.900 4.580 15.420 20.000 4.020 15.980 20.000 19.600 38.300 57.900 8.367 40.263 --r- 1 ~-- .-.---~ ~-

6 10.000 11. 500 21. 500 5.996 14.004 20.000 7.004 I 12.996 20.000 23.000 38.500 61. 500 8.156 39.249 ---,----
7 7.000 12.200 19.200 5.576 14.424 20.000 9~2_LI-_JO"-47§_-t_..10. 000 22.100 37.100 59.200 8.075 38.859 

8 10.000 10.000 20.000 4.277 15.723 20.000 8. 0}3 --L-J 1~_97 .L+--20. 000 22.300 37.700 60.000 8.417 40.505 

9 11. 700 8.400 20.100 4.954 15.046 20.000 5.646 -i __ 14~354_+_ 20.000 22.300 37.800 60.100 8.553 I 41.158 

10 18.100 2.000 20.100 3.055 16.945 20.000 2.545~_17.455_+-- 20.000 23.700 36.400 60.100 8.345 40.160 

11 19.200 1. 100 20.300 1. 575 18.425 20.000 4.625. 15.375' 20.000 25.400 34.900 60.300 8.274 39.817 

12 11. 000 0.100 11. 100 2.859 17.141 20.000 
---r--- I 

20.000 16.600 34.500 51.100 8.476 40.790 2~ _7 4.4--}1. ... 2~-+ 
13 11. 000 1. 200 12.200 5.056 14.944 20.000 2.844 ~ 17.156 20.000 18.900 - -------r- ---- 33.300 52.200 8.208 39.499 

14 11. 000 6.200 17.200 4.243 15.757 20.000 8. 154--L-J.1. 843 20.000 23.400 33.800 57.200 8.087 38.920 

15 11. 000 4.400 15.400 2.580 17.420 20.000 _3 ___ Ei_20 I 16.380 20.000 17.200 38.200 55.400 8.689 41.815 

16 11. 000 9.100 20.100 3.049 16.951 20.000 3. 951_+_}6. 049 20.000 18.000 42.100 60.100 9.450 45.475 

17 7.000 11. 500 18.500 3.234 16.766 20.000 4 .. ~~6_+~34 20.000 14.500 44.000 58.500 10.132 48.757 

18 11. 000 9.300 20 300 3 000 17.000 20.000 4.200: 15.800 20.000 18.200 42.100 60.300 9.382 45.151 

19 14.000 2.600 16.600 3.002 16.998 20.000 _4"-;~02 20.000 21.300 35.300 56.600 7.379 45.511 

20 20.000 - 20.000 4.011 15.989 20.000 2---L~9 16.611 19.400 26.800 32.600 59.400 7.174 34.523 

21 15.000 4.300 19.300 3.189 16.811 20.000 4.811 15.189 20.000 23.000 36.300 59.300 8.947 43.058 

22 9.000 5.400 14.400 1.611 18.389 20.000 5.1?..L f--_ 14 . 811 20.000 15.800 38.600 54.400 9.553 45.972 

23 6.000 5.900 11. 900 2.051 17.949 20.000 3.949 16.051 20.000 12.000 39.900 51. 900 8.748 42.099 

24 2.000 4.900 6.900 1.889 18.111 20.000 3.111 16.889 20.000 7.000 39.900 46.900 8.261 39.754 
25 1.000 - 1.000 0.550 4.575 5.125 1. 650 13.725 15.375 3.200 18.300 21. 500 3.847 18.515 - ------- .-

Total 285.997 134.686 420.683 80.234 394.279 477.513 1~9. 766f72.235 482.001 478.997 901.200 1,380.197 204.193 982.643 

----~~ .. --- --. ..~~--.--
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7.3.1 MINIMUM (WET) LEVEL OF RECLAMATION 

The major aspects of development of the 120,000 BPCD mine at the Minimum 

Level are depicted by nine drawings accompanied by tailings disposal and 

reclamation schedules (see Table 7.3.1-1 and 7.3.1-2). The mining 

schedule, which is common to the plans for all three levels of reclama

tion, has been illustrated previously in Table 7.3-1. A drawing-by

drawing discussion follows: 

General Mine Layout 

(Techman Drawing No. D22910-31-00) 

The location and ultimate size of the pit, out-of-pit tailings pond, 

outside dumps, and plant site are shown for the plans at the Minimum, 

Improved, and Enhanced Levels of Reclamation. The pit remains identical 

in all cases, but the disturbance out-of-pit varies. 

Mine Opening ~ Year 1 

(Techman Drawing No. D22918-32-00) 

Oil sands mining begins in Year 1. Sufficient overburden has been re

moved to allow the progressive installation of two additional oil sands 

bench conveyors. The drawing shows only the overburden and oil sands 

conveyor just prior to the start of the first oil sands mining bench. 

An outside waste dump has been constructed just south of the out-of-pit 

tailings pond site. Some of the overburden may be used in the construc

tion of the starter dykes. 

Mining and Tailings Disposal - Year 7 

(Techman Drawing No. D22918-33-00) 

By Year 7, the backfilling of the mine with overburden and reject waste 

is well under way, and the outside waste dump has been reclaimed. The 

mining faces are fully developed and are followed closely by the back

filling operation. The first bench leads the lower two benches by a 

maximum of one-and-one-hal f kilometres. Overburden for prepared soil 



RHEINBRAUN - Consulting Gmb H -------------------------------------TECHMAN LTD. 

7-34 

manufacture is being selectively separated from the backfill by the 

spreader operating within the pit. The in-pit stockpiled materials must 

be hauled to the stockpiles located outside of the pit boundary for 

later use in reclamation activities. 

Mining ancLI~J ir~g~U2J__sl-!_9S(3_I_-:-_ }_ea~J,-~ 

(Techman Drawing No. D22918-34-00) 

By Year 12, the first in-pit starter dyke has been constructed and dyke 

building with compacted sand has begun. The out-of-pit tailings pond 

dyke has reached ultimate crest height and the pond has been filled to 

capacity. Tailings are now being pumped into the first in-pit tailings 

pond. The reclamation of the out-of-pit tailings pond dyke slopes has 

been completed and the reclamation of the sand beaches in the pond is 

under way. 

Mining and Tailings Disposal - Year 15 

(Techman Drawing No. D22918-35-00) 

In this drawing the mine is shown developing into the northern half of 

the mine. The uppermost bench is well advanced, while the lower bench 

is still operating within the first half of the mine. The middle bench 

is shown in a transitory phase in which it is finalizing removal of mid

dle bench oil sands in the southern half of the mine. When the bench 

slews to the pit boundary just north of the plant site, the conveyor 

system will be relocated to allow re-entry into the distribution point 

from the north. The reclamation of the out-of-pit tailings pond is 

completed in Year 15. 

Mining and Tailings Disposal - Year 19 

(Techman Drawing No. D22918-36-00) 

The mining faces have now advanced into the northern quarter of the 

mine. The conveyor distribution point is located in its final position, 

allowing the face conveyors to be simply slewed until completion of the 

mine. The in-pit tailings dyke has been constructed for the second in

pit tailings pond. Reclamation of the first in-pit pond has started. 
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Ore Body No.2, 120,000 B.P.C.D.- 3 Bucket Wheel E xcavato rs 
TAILINGS SCHEDULE 

FOR MINIMUM LEVEL OF RECLAMATION 
TABLE 7.3.1-1 

Outline of Tailings Disposal Scheme 

- Years 1 - 11 Tailings to Out - of - Pit Pond 
- Yean 12- 20 Tailings to Fint in-Pit- Pond 
- Years 21- 25 Tailings to Second in - Pit Pond 

Volume of Volume of Volume Volume Sand Sand 
QI!! Tailings Recycle of of into into 
~ Produced Water Sludge Sand Dyke. Beach w 
>- [ m3 x 106 

] [ m3 
x 10 6

] [m3x 10
6

] [m
3 

x 10
6 J [ m

3 
x 10

6
] [ m

3 
x 10

6 
] 

1 56.360 21. 230 9.800 25.330 12.660 12.670 

2 70.660 26.620 12.290 31.750 15.870 15.880 

3 83.650 31. 510 14.550 37.590 11. 280 26.310 

4 87.430 32.930 15.210 39.290 11. 780 27.510 

5 86.810 32.700 15.100 39.010 9.750 29.260 

6 87.280 32.880 15.180 39.220 8.240 30.980 

7 84.040 31. 660 14.620 37.760 7.170 30.590 

8 85.420 32.180 14.860 38.380 6.140 32.240 

9 85.640 32.260 14.900 38.480 4.230 34.250 

10 82.480 31. 070 14.350 37.060 2.220 34.840 

11 79.070 29.790 13. 750 35.530 0.710 34.820 

12 78.200 29.460 13.600 35.140 ll.900 23.240 

13 75.520 28.450 13.140 33.930 11. 370 22.560 

14 76.480 28.810 13.300 34.370 10.780 23.590 

15 86.600 32.620 15.060 38.920 3.060 35.860 

16 95.390 35.930 16.590 42.870 2.580 40.290 

17 99.530 37.490 17.310 44.730 2.080 42.650 

18 95.300 35.900 16.580 42.820 1. 410 41. 410 

19 80.020 30.140 13.920 35.960 0.840 35.120 

20 73.770 27.790 12.830 33.150 0.270 32.880 

21 82.200 30.960 14.300 36,940 11. 330 25.610 

22 87.340 32.900 15.190 39.250 10.120 29.110 

23 90.180 33.970 15.690 40.520 2.410 3g .110 

24 90.370 34.040 15.720 40.610 1.190 39.420 

25 41. 500 15.630 7.220 18.650 0 18.650 

2,041.240 768.920 355.060 917.260 159.390 757.870 
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Excavators 
SCHEDULE FOR MINIMUM LEVEL OF RECLAMATION 

TABLE No.7. 3.1 - 2 
Soil Composition: Soil Manufacture; 

0.20m Muskeg layer of muskeg and overburden 
0.20 m Over burden (where required) are spread 
0.20m Sand (where applicable) onto area to be reclaimed and 

plowed 0.6 m deep. 

Area of Volume of Volume of 
Muskeg 

Volume of 
Overburden 

0: Rec tamation Prepared Soil Muskeg 
Transport 

Overburden 
Transport 

~ (by trucks) (by tr uds) w 
[ m2 x 103

] [m
3 

x 10
3

] [ m3 x ld ] 3 
)0- r k m] [m3x 1O] [ k m] 

1 183 110 37 9.2 37 7.4 
2 183 110 37 8.7 37 7.4 

3 183 110 37 8.0 37 7.4 

4 183 110 37 11.5 37 7.4 
---

5 183 110 37 12.3 37 7.4 

6 183 110 37 12.3 37 7.4 

7 183 110 37 6.7 37 7.4 

6 183 110 37 6.3 37 7.4 

9 183 110 37 6.1 37 7.4 

10 183 110 37 6.2 37 7.4 

11 182 109 36 5.8 36 7.4 
---

12 070 522 174 6.0 174 7. j 
-

13 870 522 174 6.3 174 7.7 
14 870 522 174 10.7 17~ 7.7 

.- - - -t-

15 [370 522 174 8.4 174 7.7 
~- -~ --- ---- _. -

16 (' C 0 0 0 0 
- -

17 0 0 0 0 0 0 
._---

16 50 30 10 0.8 0 0 
-- - ---------- --

19 300 180 60 6.3 0 0 
20 50 30 10 1.5 0 0 

21 790 474 158 6.4 158 9.7 
. 

22 700 420 140 9.9 l Ll J 7.8 
------

23 700 420 140 6.7 140 5.7 
24 700 420 140 1.6 140 3.5 

- - ~-

25 700 420 140 1.8 140 2.8 
26 1,610 966 322 2.8 322 3.1 
27 1,610 966 322 3.3 322 11.8 

- - ----
26 1,800 1,080 360 1.2 360 11. b 
29 1,800 1, m;o 360 1.9 360 (\ ; 

j. '.-

30 0 0 C U 0 0 

16,302 3,703 3,2G4 3,184 
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Mining and Tailings Disposal - Year 23 

(Techman Drawing No. D22918-37-00) 
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Only two years of mining remain and consequently the benches have been 

slewed almost into final posit ion. All but the "wet" portion of the 

first in-pit tailings pond has been reclaimed. The second in-pit pond 

is still operational and will not be reclaimed until after completion of 

mining. 

Material Distribution Plan 

(Techman Drawing No. D22916-38-00) 

This plan shows the types of material that must be surfaced with pre-

pared soil. Wet tailings pond surfaces are currently considered un-

reclaimable. Waste dumps are surfaced with acceptable overburden mater

ials by the spreader during the construction of the dumps, and therefore 

require only the application of muskeg, whereas tailings sand beaches 

require the application of both overburden and muskeg to form a prepared 

soil surface. The in-pit waste dump in the northern half of the ore 

body will be submerged by the final end-pit lake. Refer to Section 

10.6, Table 10.6-1 for a mine-by-mine comparison of surfaces to be 

reclaimed. 

Reclamation Plan 

(Techman Drawing No. D22980-39-00) 

The extent of surface reclamation is shown in this drawing. Only the 

wet pond surfaces remain unreclaimed. A schedule for reclamation acti

vities on a year-by-year basis is provided in Table 7.3.1-2. Plant 

species are selected according to the reclamation objectives for the 

Minimum Level as described in Chapter 4.0. 
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The major aspects for the development of the 120,000 BPeD mine at the 

Improved Level are depicted by four drawings, accompanied by taj 1 ings 

disposal and reclamation schedul.es (See Tables 7.3.2-1 and 7.3.2-2). 

The mining schedule, which is common to the plans for all three levels 

of reclamation, has been illustrated previously in Table 7.3-1. A 

drawing-by-drawing discussion folLows: 

General Mi~e Layout 

(Techman Drawing No. D22910-31-00) 

The general layout of the mine at the Improved Level differs only with 

respect to the outside waste dump situated immediately south of the 

tailings pond. This waste dump is largely eliminated at the Minimum 

level. Although the pit boundary remains the same, the internal 

arrangement of tailings and sludge ponds differs with respect to the 

plan at the Minimum Level. 

Note: This drawing precedes the detailed plans for the Minimum Level of 

Reclamation - 3 BWE Mining Scheme. 

Mining and Tailings Disposal _-=-_'L~~_1~ 

(Techman Drawing No. D22918-40-00) 

The mining sequence has been previously illustrated in the plans pre

pared for the Minimum Level. At the Improved Level, one out-of-pit and 

one in-pit tailings pond are utilized. The second in-pit pond stores 

partially dewatered sludge. The sludge treatment plant became oper

ational in Year 17. Reclamation of the dyke slopes began as early as 

Year 4. By Year 19, the dyke slope (out-of-pit and in-pit) reclamation 

has been completed. Beach reclamation of the first in-pit pond began in 

Year 16. After the sludge has been removed from the out-of-pit tailings 

pond, reclamation of the inside beach slopes will be started in Year 21. 
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Ore Body No.2, 120,000 B.P.C.D.-3 Bucket Wheel Excavators 
TAILINGS SCHEDULE 

FOR IMPROVED LEVEL OF RECLAM ATIO N 
TABLE 7.3.2-1 

Outline of Tailings Disposal Scheme: 

- Years 1 - 11 Tailings to out-oF - Pit Tailings Pond. 

-Year. 12- 25 Tailings to First in - Pit Pond. 

- Years 17-25 Simultaneous Pumping of Sludge from out-oF-Pit Pond and First in .. Pit 
Pond to Treatment Plant (50-/. of Water and Most of Remaining Bitumen Removed) 

Treated Sludge to Second in- Pit Pond. 

Volume of Volume of Volume Volume Sand Sand Sludge 
Qg Tailings Recycle of of into Into into 
c( 

Produced Water Sludge Sand Dykes Beach Treatment w 
>- [ m3

)( 10' ] [ m3
)( 10' ] [ m3 )(106

] [ ",3)( 106 
] [ m3 )(106

] [ m3 
)( 106 ] [m 3 )(10' ] 

1 56.360 21. 230 9.800 25.330 12.660 12.670 0 

2 70.660 26.620 12.290 31. 750 15.870 15.880 0 

3 83.650 31.510 14.550 37.590 11. 280 26.310 0 

4 87.430 32.930 15.210 39.290 11.780 27.510 0 

5 86.810 32.700 15.100 39.010 9.750 29.260 0 

6 87.280 32.880 15.180 39.220 8.240 30.980 0 

7 84.040 31. 660 14.620 37.760 7.170 30.590 0 

8 85.420 32.180 14.860 38.380 6.140 32.240 0 

9 85.640 32.260 14.900 38.480 4.230 34.250 0 

10 82.480 31. 070 14.350 37.060 2.220 34.840 0 

11 79.070 29.790 13.750 35.530 0.710 34.820 0 

12 78.200 29.460 13.600 35.140 5.270 29.870 0 

13 75.520 28.450 13.140 33.930 11. 250 22.680 0 

14 76.480 28.810 13.300 34.370 7.460 26.910 0 

15 86.600 32.620 15.060 38.920 3.800 35.120 0 

16 95.390 35.930 16.590 42.870 0 42.870 0 

17 99.530 37.490 17.310 44.730 0 44.730 18.070 

18 95.300 35.900 16.580 42.820 0 42.820 45.174 

19 80.020 30.140 13.920 35.960 0 35.960 45.174 

20 73.770 27.790 12.830 33.150 0 33.150 45.174 

21 82.200 30.960 14.300 36.940 0 36.940 45.174 

22 87.340 32.900 15.190 39.250 0 39.250 45.174 

23 90.180 33.970 15.690 40.520 0 40.520 45.174 

24 90.370 3'+.040 15.720 40.610 0 40.610 45.174 

25 41.500 15.630 7.220 18.650 0 18.650 20.772 

2,041. 240 768.~)/.' 355.060 917.260 117.830 799.430 355.060 



120,000 
7-40 

Ore Body No.2, B. P.C. D.- 3 Bucket Wheel Excavators 
SCHEDULE FOR IMPROVED LEVEL OF RECLAMATION 

TABLE No. 7.3.2-2 
Soil Composition: Soil Manufacture: 

0.33m Muskeg Alternating layers of muskeg and 
0.66m Overburden overburden are scraped at a sloping 

face of pile by dozers. 

Area of VO lume of 
Prepared Soil 

Volume of 
Muskeg 

Volume of 
Overburden 

CIt Transport Transport Transport 
~ Reclamation Prepared Soil Muskeg Overburden 
w 

[ m2 x 10
3

] [ m3 x let] 
(by trucks) (by trucks) 

[m3x 103] 
(by trucks) 

>- [ km J [m3 x 103J [k m J [k mJ 

1 

2 

3 

4 325 325 6.7 108 0.9 217 1.0 

5 325 325 6.7 108 0.9 217 1.0 

6 325 325 6.7 108 0.9 217 1.0 

7 325 325 6. 7 108 0.9 217 1.0 
---f---- ~-

8 325 325 6.7 108 0.9 217 1.0 
----- .. ~ f- --- ---- f- ----

9 325 325 6.7 108 0.9 217 1.0 

10 325 325 6.7 108 0.9 217 1.0 
--~-..... - ---_._--

11 325 325 6.7 108 0.9 217 1.0 
--

12 605 605 6.7 202 0.9 403 1.0 
-- - - --

1 3 605 605 6.7 202 0.9 403 1.0 
- ---- --- '----

14 605 605 6.7 202 0.9 !~03 1.0 
- -----~ --- .~--

15 913 913 3.0 304 0.8 609 0.8 

16 1,115 1,115 3.0 372 0.8 ' 743 0.8 
--t-- ---- ---- --

17 1,115 1,115 3.0 372 0.8 743 0.8 
1------

18 1,115 1,115 3.0 372 0.8 743 0.8 
- -- -- ---

19 1, 115 1,115 3.0 372 0.8 743 0.8 

20 1,115 1,115 3.0 372 0.8 743 0.8 
~ 

2 1 1,319 1,319 4.5 440 0.9 879 0.9 

22 1,319 1,319 5.5 440 0.9 879 0.9 
---- .. _-- --

23 1,319 1,319 5.5 440 0.9 879 0.9 

24 1,319 1,319 5.5 440 0.9 879 0.9 

25 1,378 1,378 5.6 459 0.9 919 0.9 

26 1,378 1,378 5.6 459 0.9 919 0.9 

27 1,865 1,865 6.7 622 0.9 1,243 1.0 

28 1,865 1,865 5.4 622 0.8 1,243 1.0 

29 1,809 1,809 2.9 603 0.8 1,206 0.6 

30 1,809 1,809 2.7 603 0.8 1,206 0.6 

26,283 26,283 8,762 17,521 
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Material Distribution Plan 

(Techman Drawing No. D22916-21-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. The out-of-pit tailings pond consists primarily of sloped 

sand surfaces. Some rehandle of tailings sand within the pond may be 

required to cover surfaces that are soft or toxic. Much of this type of 

remedial work may be done during the winter when the surface is frozen. 

The lake formed in the final end-pit will submerge the in-pit dump. The 

sludge pond surface is considered unreclaimable. All exposed pitwalls 

require application of prepared soil. Refer to Section 10.6, Table 

10-6.1 for a mine-by-mine comparison of surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. D22980-42-00) 

The surfaces to be reclaimed as well as the time period during which 

reclamation occurred are shown. Only the sludge pond remains wet and 

unreclaimable. Plant species are selected according to the reclamation 

objectives for the Improved Level as described in Chapter 4.0. Table 

7.3.2-2 is a year-by-year summary of prepared soil manufacture and 

placement. 
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7.3.3 ENHANCED (DRY) LEVEL OF RECLAMATION 

The major aspects of the development of the 120,000 BPeD mine at the En

hanced Level are depicted by eight drawings, accompan ied by tail ings 

disposal and reclamation schedules (See Tables 7.3.3-1 and 7.3.3-2). 

The mining schedule, which is common to the plans for all three levels 

of reclamation, has been illustrated previously in Table 7.3-1. A 

drawing-by-drawing discussion follows: 

General Mine Layout 

(Techman Drawing No. D22910-31-00) 

The outside waste dump is situated in approximately the same location as 

the tailings pond for the Minimum and Improved Levels of Reclamation. 

The dump is located slightly more southward and a little closer to the 

pit. The pit outline remains as before, but the manner of development 

of the mining faces differs. 

Mine Opening - Year 1 

(Techman Drawing No. D22918-43-00) 

The mine has been opened by developing a preproduction overburden bench 

prior to Year 1, with a slewing conveyor system utilized to deposit the 

waste into the outside dump. By the start of Year 1, the pit is suffi

ciently developed to allow the installation of the belt conveyor on the 

middle bench. The muskeg mine has been started. 

Mining and Tailings Disposal - Year 7 

(Techman Drawing No. D22918-44-00) 

By Year 7, all the operating faces in the mine are fully developed. The 

outside dump is almost complete. Reclamation activities follow closely 

behind the spreader operating on the upper bench. Three bucket wheel 

excavators and two spreaders are in use. 
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Ore Body No.2, 120,000 B.P.C.D.-3 Bucket Wheel Excavators 

TAILINGS SCHEDULE 
FOR ENHANCED LEVEL OF RECLAMATION 

TABLE 7.3.3-1 

Outline of Tailings Disposal Scheme: 
- Dry Tailings Conveyed with Overburden and Center Reject for first 8 

Years to out-of-Pit Waste Dump, then into Mined - out Pit. 

Volume of Dry Tailings 
YEAR Dry Tailings Conveying 

Produced Distance .. 

[ m3 x 10 6 ] [ m ] 
1 26.186 4.9 

2 32.827 11. 9 
J 38.857 11. 7 
4 40.617 11.7 
5 40.329 11. 9 
6 40.549 11.9 
7 39.042 11. 9 
8 39.681 11.9 
9 39.782 7.4 

--~~ .. _--- -------- f--~.-~--

10 38.316 7.4 - ---
11 36.736 7.9 
12 36.333 7.9 -_. 

~- -

13 35.082 7.6 - .. ~. 

14 35.528 7.6 -- - - - --~ 

15 40.235 4. 7 
-

1 6 44.316 6.1 
1 7 46.240 6.1 -- --.-----~ 

18 44.270 7. 1 
-~~ -~ ~- .. _. - ----

19 ~37 .In 4.7 
---~---

20 34.269 7.9 
.... -

21 38.189 9.2 
22 40.580 10.7 

f----~ --- --~ ._----- ~- - ~~--~-- -~---

23 41. 896 11.1 
~ 

24 41. 986 11.9 

25 19.281 11.9 

948.300 

.. NOTE: 
These are Total lengths of Two Conveyor 

Systems from Plant to Two Spreaders. At the Same 
Time Overburden is Transported Via These Conveyors. 
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Excavators 

SCHEDULE FOR ENHANCED LEVEL OF RECLAMATION 
TABLE No. 7.3.3-2 

Soil Composition: Soil Manufacture: 
O.33m Muskeg Stacker deposits layers of Muskell 
O.66m Overburden and overburde n into piles. 

Components are mixed by bucket 
wheel reclaime ... 

Area of Volume of 
Prepared Soil 

Volume of 
Muskeg 

Volume of 
Overburden 

lilt: 
Reclamation Prepared Soi I 

Transport 
Muskeg 

Transport 
Overburden 

Transport 
~ (by con- I( by (by pipeline) (by conveyors) au 

[ m2 x 103
] [m3 x 1<1J [m3 x 103J [ rrfx 10'] >- veyon I trucks) 

[kmJ [kmJ [kmJ [km] 

1 1, 142 1, 142 4.5 2.0 381 8.3 761 4.6 
2 1,142 1, 142 4.5 1.8 381 8.3 761 5.2 

3 1, 142 1,142 4.5 1.6 381 8.3 761 5.2 

4 1, 142 1,142 4.5 1.1 381 8.3 761 5.2 

5 1, 142 1,142 4.5 1.1 381 8.3 761 5.1 

6 1, 142 1,142 4.5 G.9 381 8.3 761 4.9 

1 1, 142 1,142 4.5 0.9 3m 8.3 761 4.6 

e 1, 142 1,142 4.5 0.8 381 8.3 761 3.3 

9 1,142 1,142 4.5 0.8 381 8.3 761 2.6 

10 1, 142 1,142 4.5 1.1 381 8.3 761 2.6 

11 1,142 1, 142 4.5 1.2 381 8.3 761 3.3 

12 1, 142 1,142 4.5 1.4 381 8.3 761 3.') 

13 1,142 1,142 4.5 1.3 381 8.3 761 3.<:l 
---

14 1, 142 1,142 4.5 1.5 381 8.3 76~ 5.3 

15 1, 142 1, 142 1.5 0.9 381 8.3 761 3.3 

16 1, 142 1, 142 1.5 0.9 381 8.3 761 3.4 

11 1, 142 1, 142 1.5 0.8 381 8.3 761 J.J 

18 1, 142 1, 142 1.5 0.8 381 8.3 761 3.';' 

19 1,142 1,142 1.5 0.9 381 8.3 761 1 ') 
J...~ 

20 1, 142 1, 142 1.5 0.8 381 8.3 761 2.S 

21 1, 142 1,142 1.5 1.0 381 8.3 761 2 J;: .v 

22 1,142 1,142 3.0 0.4 381 8.3 761 3.4 

23 1,142 1, 142 3.0 0.4 381 8.3 761 3.9 
24 1, 142 1, 142 4.0 0.3 381 8.3 761 4.1 
25 1,142 1,142 4.0 2.2 381 8.3 761 1.(1 

26 1,140 1,140 4.0 2.2 380 8.3 760 1 i'. • r 

21 1,140 1,140 1.5 0.8 380 8.3 760 1.4 

28 1,140 1,140 1.5 1.2 380 8.3 760 1.4 

29 1,140 1,140 1.5 0.7 380 8.3 760 1.4 

30 0 0 0 0 0 0 0 0 

33,110 33,110 11 ,045 :22,065 
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Mining and Tailings Disposal - Year 12 

(Techman Drawing No. D22918-45-00) 

7-45 

By Year 12, the outside waste dump has been completed and backfilling of 

the pit has begun. Backfill ing has progressed sufficiently to allow 

about two years of reclamation activities to take place within the pit. 

The in-pit waste dump is slightly elevated above the surrounding 

landscape. 

Mining and Tailings Disposal - Year 15 

(Techman Drawing No. D22918-46-00) 

The advance of faces in the mine to Year 15 is identical to that in the 

plans for the Minimum and Improved Levels of Reclamation, except that 

all the backfill is dry. In this drawing it is easily seen that the 

overburden and tailings conveyors are common. A short set of linking 

conveyors provides the connection between these conveyors and the main 

conveyor distribution point. Reclamation is very current and the 

hydraulic muskeg mine is nearly fifty percent developed. 

Mining and Tailin~s Disposal ~ Year 21 

(Techman Drawing No. 22918-47-00) 

The conveyor distribution point has been relocated to a position north 

of the plant site. The connections between the main distribution point 

and the overburden tailings conveyors are similar to those used at the 

first distribution point. The northern half of the pit is being back

filled. A large trench-like trough is being created so that the face 

conveyors for the spreader can connect with the distribution point. The 

trench is filled with dry tailings sand and reject as the spreader 

retreats in the trench in the final years of mining. The backfilled 

trench is to be one of the last areas to be reclaimed. The trunk 

conveyors connecting the mining face conveyors with the distribution 

point are situated outside of the pit boundary. Reclamation is current 

and within a few hundred metres of the dumping faces. 



RHEiNBRAUN-Consulting GmbH ------------------- TECHMAN LTD. 

7-46 

Material Distribution Plan 

(Techman Drawing No. D2916-48-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil, which in this case is 8 blend of overburden, reject, and dry 

tailings sand. The burial of undesirable overburden, reject, and tail

ings products ensures that the amounts of prepared soil required for 

reclamation are minimized. All dump surfaces are mildly sloped to pro

vide drainage. The final end-pit and the muskeg mine are to be filled 

with water to form lakes. No unreclaimable areas exist in this plan. 

Refer to Section 10.6, Table 10.6-1 for a mine-by-mine comparison of 

surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No, 022980-49-00) 

The surfaces to be reclaimed as well as the period during which recla

mation occurred are shown. Table 7.3.3-2 is a year-by-year schedule of 

the manufacture and placement of prepared soil. Plant species are sel

ected according to the reclamation objectives for the Enhanced Level of 

Reclamation as described in Chapter 4.0. 
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7.4 COST SUMMARIES FOR 120,000 BPCD MINE PLANS 

Cost summaries are provided for each of the mine plans detailed in this 

chapter. Rather than following immediately behind the description of 

the mine plan, the summary tables are grouped at this point in the re

port for ease of reading and comparison. 

Six tables (Tables 7.4-1 to 7.4-6) summarize the quantities, unit costs 

and $/bbl costs of both capital and operating items. Further details 

for each cost summary are provided on an annual basis in Volume III. A 

comparison between the mine costed in this and other chapters of this 

report follows in Section 10.7. 
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COST ANALYSIS ($/bbl.), ORE BODY NO.2 (l20,OOO speD), B.W.E. SCHEME. IMPROVED LEVEL 
::J: 
m 

TABLE 7.4-5 Z 
IJI 

COST ITEH Quantity Quantity Unit Price Operating Additional Total Operating Quantity Unit Price Capital Additional Total Capital Subtotal ::0 

1 2 1 Cost (S/bbJ.) Cost (S/bbl.) Cost (S/bbl.) 3 2 Cost (S/bbl.) Cost (S/bbl.) Cost (S/bbl.) (S/bbl.) • C 

COST CENTRE 1: eiv\! Construction-Type Activities 
0.0436 

Z 
I 

1.1 Mine-Power Distribution & Control 0.OZ08 0.0208 0.01211 0.0128 0.0336 
0 
g 

1.2 Buildings 6,349.0 1,000.00 0.0065 0.0065 234.0 15,GOO.OO 0.0036 0.0036 0.0100 en 
persons S/person persons S{person =-

CaST CEHTRE 2: Removal of Organic ~terials & Soils 
0.0464 5 

Ul 

2.1 Clearing 3,897.8 1,266.82 0.0050 0.0050 3,897.8 196.85 0.0008 0.0008 0.0058 

hectares S/ha hectares S/ha C) 

2.2 Muskeg Dewatering 
1 ,000 ba~:8~~ $/1,000 

1 b:~~'~S 0.0015 0.0015 
I, 000 ba~~S~~ S/1,OOO b~~·~g 0.0002 0.0002 0.0017 3 

0" 

2.3 )tJskegLoading 
I ,000 

1 !~~~O ~~ S/1,OOO b~~~'!~ 0.0126 0.0126 
1 ,OOO,:~~~o~q Sf\ ,000 b~~: .~q 0.0031 0.0031 0.0156 ::J: 

2.4 Muskeg Kauling (Inc1ooing ROad Maintenance) 14,500.0 3.05 250.S0 0.0113 0.0113 
1,000 ba~! '~l;k~ 48.70 0.0022 0.0022 0.0135 

1,000 bank m3 "" Sf\ ,000 banI>: m3xkm S/ I ,000 bank m3Xkm 

2.5 I'\JskegPlacefll(!nt 
I ,oool:~~0~1 479.40 0.0071 0.0071 1,OOOl:~~0~g 34.60 0.0005 0.0005 0.0076 

S/l,ooo bank m3 S/:,ooo banI>: m3 

2.6 Muskeg Road Construction 51.9 33,825.11 0.0018 0.0018 51.9 6,915.90 0.0004 0.0004 0.0022 

"" S/km 'm S/I>:m 

COST CENTRE 3: Overburden, Reject, Oil Sands Handl ing 

3.10verburdenS.W.E. 
1,000 bank m3 $/1,000 bank m3 

3.2 Oi I Sands Orag1 ines & Hoppers 
1,000 bank m3 S/I ,000 ban~ m3 

3.3 8.W.E. (Overburden & Oil Sands) 
1 ,6b~~~~:7 ~g S/1,ooO b!~~ .!~ 0.2128 0.2128 0.1081 0.108\ 0.3209 

3.4 Transport (All Conveyors) 1,60~~~~~7~g 16,611.88 S/1 ,000 banI>: mg~~! 
0.2470 0.2470 25,570.0 4,563.59 

11m 
0.1188 0.1188 0.3658 

3.5 Placement (Spreaders) l,0067~~~~1 ~S S/I ,000 ba~~'~~ 0.0440 0.0440 0.0168 0.0168 0.0608 

3.6 Miscellaneous Equijll'lent 0.1263 0.1263 0.0288 0.0288 0.1551 

COSTCEHTRE4: Tail lngs Disposal 

4.1 Area Drainage 163.0 S/1,OOOlb~~~'~~ 0.0002 0.0002 163.0 300.95 0.00005 0.00005 0.0003 

1,000 bank m3 1,000 bank m3 $/1,000 bank m3 

4.2 Clearin9 1,404.9 1,266.82 0.0018 0.0018 ',404.9 196.85 0.0003 0.0003 0.0021 

hectares S/ha hectares S/ha 

4.3 Construction of Starter Dams & Overburden Dams 
1 ,OO06~~~~0~~ S/1,OOOlb~~~'~~ 0.0661 0.0661 

1 • 000 4g~~!0 ~g Sf\ ,000 b~~~·~j 0.0048 0.0048 0.0708 

4.4 Piping of Tailings or Conveying of Dry Tailings 2.0i~~6o~g 1!l.~g·~1 0.1384 0.1384 0.0323 0.0323 0.1707 

4.5 Tail ings Sand Placement into Dyke '~:Oo~'~g S/1,~E~';~ 0.0148 0.0148 0.0197 0.0197 0.0346 

~ 

4.6 Tailings OverboaNiing " Sanding or Placement of Dry Tailings 7i~~4~g l!l.~~·~ 0.0552 0.0552 0.0552 m 
0 

4.1 Recycling of Tailings Water 0.0222 0.0222 0.0072 0.0072 0.0294 ::J: 
~ 

4.8 Rehandling of Tailings Sludge " • 
I Z 

\J1 r-
HOTE: Refer to Chapter 6 for Cost Centre description. 

0\ 
~ 
0 . 
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8.0 CONCEPTS AND COSTS OF DEVELOPMENT ~~D REC~AMATION OF 60,000_BPCD~ 

SANDS MINE ------

Four mine plans have been developed for Ore Body No.4. The dragline 

and bucket wheel mines at the Minimum and Improved Levels have been de

s igned with similar slewing concepts. Consequently, the arrangements 

for out-of-pit tailings pond, outside dump, in-pit sludge pond, and in

pit backfill area are similar. No Enhanced Level plans have been deve

loped for the 60,000 BPCD mine size. This subsection should be read in 

conjunction with the 60,000 BPCD mine plans supplied in Volume II. 

Both the dragline and the bucket wheel plans utilize a BWE for overbur

den removal. The BW[ in the dragline scheme is sized to remove only 

overburden and top reject. The draglines mining the second and third 

benches excavate only oil sands and centre reject. In this respect, the 

operating scheme is similar to that used for the 120,000 BPCD dragline 

schemes where the BWE operates independently of the draglines. In the 

three BWE mining schemes, three identical bucket wheel excavators are 

utilized on three benches of approximately equal height. 

The dragline and bucket wheel mines both utilize a "Concept 5" tailings 

disposal scheme. The out-of-pit tailings pond initially stores both 

sand and sludge. Once the lowest oil sands mining bench is sufficiently 

advanced to allow the construction of an in-pit pond (about Year 13), 

the Flow of tail ings slurry is diverted to the in-pit sludge pond. A 

combination of tailings and overburden is used to construct the in-pit 

dyke, overburden being backfilled against the sand dyke. The length of 

the dyke is equal to the length of the mining bench, and in comparison 

to dykes in the other ore bodies studied, it is the largest dyke 

planned. The in-pit pond has sufficient capacity to store all the 

sludge generated during the life of the mine, as well as a few years of 

sand. Once the allowable sand has been placed into the sludge pond, the 

slurry is again routed to the out-of-pit tailings pond. As sludge is 

pumped from the out-of-pit tailings pond to the in-pit sludge pond, sand 
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from the incoming tailings slurry fills the void created in the tailings 

pond. 

The backfilling of the mine continues in a slewing fashion, from a posi

tion directly behind the in-pit dyke, until all the remaining overburden 

and reject is deposited. The dumping operation is performed in two 

lifts by a spreader operating from one bench. The reclaimed land suJ:'-

face elevations are close to the elevations prevailing prior to oil 

sands mining. 

The plans for the Improved Level use the same mine layout and operation

al concepts as the Minimum Level plans. Since the sludge is dewatered 

at the Improved Level, considerably less sludge storage capacity is 

needed. As in the Minimum Level, sludge storage is in-pit, but the 

sludge pond dyke must be constructed of overburden rather than tailings 

sand. The dyke is progressively constructed from rehandled overburden, 

starting once the lowest oil sands bench has swung away from the western 

pit boundary. Construction of the dyke is completed by Year IS. The 

advance of the lowest bench is too slow to permit a creation of an in

pit tailings pond. 

At the Improved Level, the volume of the outside dump is less because 

the in-pit sludge pond volume is smaller, and its dyke is constructed 

earlier in the life of the mine. Overburden which would otherwise have 

to be placed outside of the mine to create a sufficiently large void for 

the in-pit sludge pond can be backfilled into the pit much earlier. The 

requirement for a smaller in-pit dyke is intentional, and is the result 

of the sludge dewatering scheme used at the Improved Level. 

The final elevation of the overburden backfill is about ten metres lower 

than at the Minimum Level, allowing more flexibility for surface con

touring. Drainage of the backfill surface is achieved by creating pre

planned local elevational differences during the dumping operation. 

Consequently, the final lake area is about the same at both the Minimum 

and Improved Levels of Reclamation. 
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Rather than forming a lake, the void might be utilized as the tailings 

or sludge pond of an adjoining operation. In this respect the void 

might be of considerable value to a neighbouring operation. If it is 

known that the end pit may be utilized for tailings disposal from the 

next mine, the backfill operation can be modified to maximize the end 

pit volume. The end pit lake might also function as a make-up water 

reservoir for a neighboring operation. However, the optimal use of such 

a "resource" can be achieved only by a regional oil sands development 

plan. 

The out-of-pit tailings pond is located to the east of the mine against 

a relatively steep sloping hillside. Overall, the pond location is very 

attractive relative to the mine and the extraction plant. The out-of

pit pond is eventually sanded-in completely, thus minimizing its envir

onmental impact. The final sanded-in pond surface area is larger than 

if the pond had been constructed on level ground. The pond conforms 

nicely with the sur['ounding landscape. The eastern pit boundary is 

located at an area with a relatively rapid drop in mining cut-off. The 

west-facing dyke is situated just east of the pit boundary and thus over 

marginal oil sands. This is an excellent example of maximizing bitumen 

yields while minimizing mining and tailings disposal costs. 

The slewing layout for the application of draglines is rather attractive 

in Ore Body No.4. Al though some auxiliary mining might be necessary 

at the apex of the slewing system, this is not seen as a serious disad

vantage. The primary reason for a successful combination of draglines 

with a slewing conveyor system is that Ore Body No. 4 is uniform and 

that only one dragline per bench is required. When two draglines are 

employed on a bench in a slewing system, the extra conveyors may create 

interference at the pivot point of the system. 

The 60,000 BPCD mine plans are the only plans developed by the Consult

ants where an almost identical conveyor layout is possible with the ap

plication of either the dragline or the bucket wheel excavator as prime 

mover. In general, small pie-shaped or small rectangular-shaped mines 

have nearly identical conveyor layouts for the dragline and bucket wheel 
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plans. In larger mines, other operational limitations result in consi

derable differences in conveyor layout. 

The layout of the Ore Body No. 4 mine has two distinct drawbacks. The 

most serious is that currently submarginal ore situated at the north

eastern pit boundary may never be recoverable by surface mining. The 

complete or partial backfilling of this pit is likely to be a require

ment even if in situ or underground mining methods are used at some 

later date to mine this low grade ore. Another disadvantage is that a 

currently-economical island of ore remains to the west of the 

in-pit sludge pond. However, this island could be developed in the 

future as a small pit (say a 20,000 BPCD) feeding a central extraction 

plant. This may prove to be a practical solution, in that there are 

numerous small but potentially mineable ore bodies situated between Ore 

Body No. 4 and the more southerly-located Ore Bodies No. 1 and No.2. 

The major operational differences between the four mine plans can be 

seen in the four sets of drawings provided in Volume II. fv'iass balance 

schedules are provided for overall mining, tailings disposal, and recla

mation in subsection 8.2 and 8.3. Schedules for various other items are 

provided in the computer-printed cost summaries. Cost estimates for se

lected operating activities for a period of 35 years are provided, and 

include five years of preproduction and five years for deactivation of 

the mine. Summary cost comparisons are made in subsection 8.4. 
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8.2 MINING PLANS EMPLOYING DRAGLIN~~ 

Two dragline mine plans have been developed for Ore Body No.4. The 

layouts for the Minimum and Improved Level mines in Ore Body No. 4 are 

very similar. The only major difference occurs with respect to the time 

at which backfilling of the pit with overburden can be started. At the 

Minimum Level, backfilling starts in Year 13. 

The conveyor distribution point is located immediately north of the pit 

and south of the outside dump. The distribution point remains fixed in 

this location for the 1 ife of the mine. Three short conveyors with 

shunting heads connect the distribution point with the slewing face con

veyors in the pit: one overburden conveyor and two oil sands conveyors. 

The face conveyor systems consist of two conveyors, the lengths of 

which are occasionally adjusted to permit a smooth rotation of the 

mining faces in a counterclockwise direction around the distribution 

point. 

The overburden BWE is scheduled to remove only overburden, and so oper

ates independently of the dragline production schedule. In the initial 

years, the BWE leads the oil sands removal by a considerable distance. 

At the completion of the mine, the oil sands mining faces have caught up 

with the overburden face. This is due to shallow overburden at the west 

end of the ore body, and the rather thick overburden at the east end of 

the mine. 

The waste conveyor has been sized assuming full production of overburden 

plus full production of centre reject from one oil sands mining bench. 

Whenever possible, areas with high percentages of centre reject are 

scheduled to coincide with the scheduled shutdown of one or more extrac

tion plant circuits. Centre reject from the bottom bench is backcast 

directly onto the pit floor as was done in the 120,000 BPCD dragline 

mine. 

The outside dump is formed in two passes of the spreader by slewing a 

single length of conveyor first in a counterclockwise direction, and 
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then in a clockwise direction. At the Minimum Level the dump conveyor 

is longer than at the Improved Level, since the quantities to be stored 

are greater at the Minimum Level. As soon as possible, overburden is 

returned to the pit as backfill. Oversize reject is hauled by truck and 

buried with the overburden and in the in-pit tailings pond. 

At the Minimum Level, the dump conveyor is moved in-pit as soon as the 

lowest mining bench has passed the centreline of the in-pit dyke. Ini

tially the spreader sorts material suitable for starter dyke construc

tion from the general overburden being returned to the pit. Stockpiles 

of construction materials are formed alongside the conveyor. As re

quired, material is taken to the starter dyke construction area by 

trucks or scraper. Overburden not suitable or not needed for starter 

dyke construction is placed in the backfill dump being started to the 

east of the dyke centreline. 

west of the dyke centreline 

As the construction of the in-pit dyke 

progresses, the overburden backfill is 

simultaneously raised to form the back side of the in-pit dyke. Grad-

ually the backfill conveyor swing~ away from the dyke and the spreader 

begins a conventional backfilling operat ion. The bulk of the in-pit 

dyke is constructed from tailings sand. 

At the Improved Level, the backfill conveyor is laid into the pit as at 

the Minimum Level, but the conveyor does not extend completely to the 

southern pit wall. Instead, it is terminated just short of the in-pit 

dyke. The in-pit dyke is constructed entirely from overburden dumped by 

the spreader in the vicinity of the dyke. Trucks and scrapers transport 

the material from the dumping site to the construction site, and the 

dyke is progressively built with selected overburden. By the time the 

dyke is completed, the overburden conveyor is extended across the entire 

length of the pit. The backfill dumping procedure is as in the Minimum 

level except that the dump height is lower. Backfilling at the Improved 

Level begins in Year 5. 

The production schedules for both styles of mines are identical, and are 

detailed in Table 8.2-1. The materials handling system is described in 

Figure 8.2-1. Details for tailings disposal and reclamation appear in 

the following subsections. 



TABLE 8.2-1 

1 Ore Body No.4, 60,000 B.P.C.D., - Production Schedule, 1 Bucket Wheel Excavator and 2 Draglines 

Top Bench Middle Bench Bottom Bench Mine ! 

Backcast 

Year Waste Feed Total Waste Feed Total Waste Feed Total Waste Feed Total Bitumen Crude 
bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bm3 x 106 bmJ x 106 tonnesx106 barrels x 106 

-2 6.450 - 6.450 - - h.I1"i() 6.450 -- - - - - -
-1 8.900 - 8.900 - - - - - - 8.900 - 8.900 - -

1 8.900 - 8.900 1.327 7.953 9.280 0.560 2.960 3.520 10.787 10.913 21. 700 2.584 12.715 
2 8.900 - 8.900 2.268 9.622 11.890 2.075 9.782 11.857 13.243 19.404 32.647 4.390 21.273 
3 8.900 - 8.900 2.268 9.622 11.890 2.613 10.129 12.742 13.781 19.751 33.532 4.360 20.950 
4 8.900 - 8.900 2.145 10.209 12.354 2.568 10.164 12.732 13.613 20.373 33.986 4.492 21.584 
5 8.900 - 8.900 2.116 10.348 12.464 2.326 10.350 12.676 13.342 20.698 34.040 4.558 21.900 
6 8.900 - 8.900 2.116 10.348 12.464 2.326 10.350 12.676 13.342 20.698 34.040 4.558 21.900 
7 8.900 - 8.900 1.692 9. 311 11.003 2.181 10.006 12.187 12.773 19.317 32.090 4.495 21.900 
8 8.900 - 8.900 1.681 9.282 10.963 1.875 9.282 11.157 12.456 18.564 31.020 4.460 21.900 
9 8.900 - 8.900 1.490 9.248 10.738 1.875 9.282 11.157 12.265 18.530 30.795 4.459 21.900 

10 8.900 - 8.900 1.240 9.203 10.442 1. 513 9.242 10.755 11.653 18.445 30.098 4.456 21 .900 
.-. 

11 8.900 - 8.900 1.240 9.203 10.442 1. 411 9.231 10.642 11.551 18.434 29.985 4.456 21.900 
12 8.900 - 8.900 0.961 9.4 J6 10.437 1. 411 9.231 10.642 11. 272 18.707 29.9 79 4.469 21.900 
13 8.900 - 8.900 0.661 9.770 10.431 0.876 9.779 10.655 10.437 19.549 29.986 4.505 21.900 
14 8.900 - 8.900 0.632 9.758 10.390 0.760 9.898 10.658 10.292 19.656 29.948 4.509 21.900 
15 8.900 - 8.900 0.371 9.657 10.028 0.629 9.8'76 10.505 9.900 19.533 29.433 4.499 21.900 
16 8.900 - 8.900 0.371 9.657 10.028 0.438 9.845 10.283 9.709 19.502 29.211 4.497 21.900 

17 8.900 - 8.900 0.500 9.464 9.965 0.438 9.845 10.283 9.838 19.309 29.147 4.486 21.900 

18 8.900 - 8.900 0.561 9.373 9.934 0.676 9.487 10.163 10.137 18.860 28.997 4.460 21.900 
19 8.900 - 8.900 0.561 9.373 9.904 0.690 9.466 10.156 10.151 18.839 28.990 4.459 21.900 
20 8.900 - 8.900 0.595 9.180 9.776 0.699 9.426 10.125 10.194 18.606 28.800 4.451 21. 900 
21 8.900 - 8.900 0.598 9.165 9.763 0.742 9.223 9.965 10.240 18.388 28.628 4.444 21. 900 
22 8.900 - 8.900 0.697 9.163 9.860 0.742 9.223 9.965 10.339 18.386 28.725 4.444 21. 900 
23 8.900 - 8.900 0.992 9.158 10.150 0.943 9.202 10.145 10.835 18.360 29.195 4.444 21.900 

24 8.900 - 8.900 0.992 9.158 10.150 1.173 9.177 10.350 11 .065 18.335 29.400 4.444 21. 900 
25 0.965 .- 0.965 0.655 6.045 6.700 1.173 9.177 10.350 2.793 15.222 18.015 3.689 18.178 

Total 229.915 - 229.915 28.730 232.746 261.476 32.713 233.633 266.346 291.358 466.379 757.737 109.068 532.700 

-
00 

~-
~L _______ - 1..----_ .. 
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8.2.1 MINIMUM (WET) LEVEL OF RECLAMATION 

The major aspects of the developnent of the 60,000 BPeD mine at the 

Minimum Level are depicted by five drawings accompanied by tailings dis

posal and reclamation schedules (See Tables 8.2.1-1 and 8.2.1-2). The 

mining schedule, which is common to the plans for both levels of recla

mation, has been illustrated previously in Table 8.2-1. A drawing-by

drawing discussion follows; 

General Mine Layout 

(Techman Drawing No. D22910-50-00) 

The location and ultimate size of the pit, out-of-pit tailings pond, 

outside dump, and plant site are shown. The Muskeg River touches the 

southwest corner of the pit and must be diverted before mining is begun 

(the cost of such a diversion has not been determined). 

Mining and Tailings Disposal - Year 4 

(Techman Drawing No. D22918-51-00) 

By Year 4, all the working faces of the mine are fully developed. The 

overburden bench has advanced beyond the first oil sands bench to a max

imum distance of 600 m. The two oil sands mining benches will remain 

almost parallel throughout the life of the mine. The outside waste dump 

covers approximately half the area designated for this purpose. The 

tailings pond dyke has reached a crest elevation of 373 m, still 25 m 

below its ultimate crest height. Surface reclamation is scheduled to 

begin in Year 9 and consequently only very minimal reclamation (for the 

purposes of pollution control) has occurred. Muskeg for prepared soil 

manufacture is being placed in muskeg dumps. Overburden is being placed 

into predetermined locations in the outside waste dumps. 

Mining and Tailings Disposal - Year 13 

(Techman Drawing No. D22918-52-00) 

The mine has' developed sufficiently to allow the construction of the 

in-pit tailings dyke starter dam. The northern portion has been con-
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structed from selected overburden obtained from the outside waste dump. 

The overburden for the southern half of this starter dyke has been pro

vided by utilizing the selective dumping capability of the overburden 

spreader. The out-of-pit tailings pond dyke has reached its ultimate 

crest height. In the spring of Year 14, the tailings slurry lines are 

to be directed into the pits, and the sand portion of the tailings dyke 

is to be constructed. Sludge removal from the out-of-pit tailings pond 

is also to be started. By Year 13, four years of surface reclamation 

activities have occurred. Prepared soil has been placed on part of the 

outside waste dump and dyke slopes. 

Mining and Tailings Disposal -Year 22 

(Techman Drawing No. 022918-53-00) 

The in-pit tailings dyke has been constructed from compacted tailings 

sand to a crest elevation of 323 m by Year 16. Overburden backfill con

tinues from the downstream side of the in-pit tailings dyke to within 

about 100 m of the toe of the lowest oil sands mining bench. The out

of-pit tail ings pond has been sUbstantially sanded-in, and the sludge 

pond is approaching its ultimate elevation. The tailings stream has 

been diverted to the in-pit sludge pond for 5 1/2 years, after which 

time it was switched back to the out-of-pit pond, beginning in Year 19. 

Prepared soil has been placed on a portion of the sanded-in beach star

ting in Year 16, and on the in-pit dyke and backfilled overburden star

ting in Year 17. Reclamation of the outside waste dump was completed in 

Year 15. 

Material Distribution Plan 

(Techman Drawing No. D22916-54-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. The sludge pond surface is currently considered unreclaim

able. Waste dumps and backfill areas are surfaced with acceptable over

burden materials by the spreader during the construction of the dumps 

and therefore require only the application of muskeg, whereas tailings 

sand surfaces require the application of both overburden and muskeg to 
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Ore Body No.4, 60,000 B.P.C.D.-1 B. W. E. & 2 Draglines 
TAILINGS SCHEDULE 

FOR MINIMUM LEVEL OF RECLAM ATIO N 
TABLE 8.2.1-1 

Outline of Tailings Disposa I Scheme: 

- Years 1 -14 Tailings are Pumped to out-oF-Pit Tailings Pond. 
- Years 14 - 19 Tailings Diverted to in- Pit Pond to Build Sludge Pond Dyke and Accommodate 

Some Extra Beach Sand In Order to Reduce Size of out-of- Pit Tailings Pond. 
- Years 14 - 25 Sludge Removal from ouf-of- Pit Tailings Pond to in- Pit Sludge Pond. 
-Years 19-25 Tailings to out-of.Pit Pond to Fill it with Sand. 

Volume of Volume of Volume Volume Sand Sand Sludge 
ex Tailings Recycle of of into Into Rehandle 
4: Produced Water Sludge Sand Dyke. Beach Volume w 
>- [ m' x 10

6 
] [ m

3 
x 10

6 
] [ m3x l0'] [ m' x 106 

] [ m
3 

x 10' J [ m' x 106 ] [m 3x l0
6 ] 

1 24.766 9.636 3.889 11. 240 5.600 5.640 0 

2 44.035 17.134 6.916 19.986 3.600 16.386 0 

3 44.823 17.440 7.039 20.344 3.400 16.944 0 

4 46.234 17.989 7.261 20.984 3.600 17.384 0 

5 46.972 18.276 7.377 21. 319 3.300 18.019 0 

6 46.972 18.276 7.377 21. 319 3.100 18.219 0 

'1 43.838 17.057 6.885 19.897 2.300 17.597 0 

8 42.129 16.392 6.616 19.121 1.900 17.221 0 
9 42.052 16.362 6.604 19.086 1.500 17.586 0 

10 41. 859 16.287 6.574 18.998 1.300 17.698 0 

11 41. 834 16.277 6.570 18.987 1.200 17.787 0 

12 42.454 16.518 6.667 19.268 1.100 18.168 0 

13 44.365 17.262 6.967 20.135 0.500 19.635 0 

14 44.607 17.356 7.005 20.246 10 .129 10.117 8.239 

15 44.328 17.248 6.962 20.119 6.814 13.305 10.985 

16 44.258 17.220 6.951 20.087 5.967 14.120 10.985 
17 43.820 17.050 6.882 19.888 0 19.888 10.985 
18 42.801 16.653 6.722 19.426 0 19.426 10.985 

19 42.753 16.635 6.714 19.404 0 19.404 10.985 

20 42.224 16.429 6.631 19.164 0 19.164 10.985 

21 41.730 16.237 6.553 18.940 0 18.940 10.985 

22 41.725 16.235 6.553 18.938 0 18.938 10.985 

23 41. 666 16.212 6.544 18.911 0 18.911 10.985 

24 41. 609 16.190 6.535 18.885 0 18.885 10.985 

25 34.545 13.441 5.425 15.679 0 15.679 9.887 

1,058.399 411. 812 166.219 480.371 55.310 425.061 127.976 
,- --" .- "' 
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SCHEDULE FOR MINIMUM LEVEL OF RECLAMATION 
TABLE No. 8.2.1- 2 

Soil Composit ion: Soil Manufacture: 
0.20m Muskeg layer of muskeg and overburden 
0.20m Overburden (where required) are spread 
0.20m Sand (where applicable) onto area to be reclaimed and 

plowed 0.6 m deep. 

Area of Volume of Volume of Muskeg 
Volume of 

Overburden 
~ Rac lamation Prepared Soi I Muskeg Transport 

Overburden 
Transport « (by trucks) (by tr uc ks) w 

[m2 x 103 
] [m3 x 10

3
] [ m3 x ld] [rr?X103] >- [k m] [ k m] 

1 127 76 25 2.6 51 0 
2 127 76 25 2.6 51 0 
3 127 76 25 2.6 51 0 
4 127 76 25 2.6 51 0 
5 127 76 25 2.6 51 0 -_ .. 

6 127 76 25 2.6 51 0 
7 127 76 25 2.6 51 0 -- ------- .-~--

8 127 76 25 2.6 .:;1 0 
._-

9 374 224 75 3.8 100 5.0 
10 374 224 

._-------- 75 3.7 100 5.0 
11 374 224 75 3.6 100 5.0 .-- .. ---

12 670 402 l34 3.1 219 4.9 -_ .. _- ~ ._--_.-I---~ .. --- . 

1 3 670 402 134 3.0 219 4 c .U 
--~-~ ---------

14 543 326 109 3.2 168 4.7 c- -------- ---_ .. . _- t---
15 543 326 109 3.2 168 4.6 --

16 902 541 180 4.2 230 4.5 _ .. -
---~ --- .- --

17 958 575 192 4.0 242 4.1 -
.--~---

18 958 575 192 4.0 242 4.1 
-- .. ~-.-

19 898 539 180 3.7 229 4.5 
20 898 539 180 3.3 229 4.5 
21 898 539 180 3.3 229 4.5 -

22 898 539 180 3.3 229 4.5 ---- .. --~ ... 
-~ . ... _-. 

-~ 

23 1,049 629 210 2.7 259 4.1) 
24 1,049 629 210 2.7 259 4.5 ._-

.~-----

25 1,049 629 210 2. 7 259 4.5 
26 1,049 629 210 2.7 259 4.5 
27 1,049 629 210 1.9 239 4.5 
28 733 440 147 1.5 293 2.4 
29 733 440 147 1.5 293 2.4 
30 733 440 147 1.5 293 2.4 

lJ,418 11 ,048 3,686 5,286 
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form a prepared soil surface. Muskeg dumps require no surfacing. Refer 

to Section 10.6, Table 10.6-1 for a mine-by-mine comparison of surfaces 

to be reclaimed. The end-pit is filled with water to form a fresh water 

lake. All exposed pit walls require the application of prepared soil. 

Reclamation Plan 

(Techman Drawing No. 022980-55-00) 

The surfaces to be reclaimed as well as the time period during which 

reclamation occurred are shown. Only the sludge pond remains wet and 

unreclaimable. Plant species are selected according to the reclamation 

objectives for the Minimum Level as described in Chapter 4.0. Table 

8.2.1-2 is a year-by-year summary of prepared soil manufacture and 

placement. 
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The major aspects of the develorment of the mines at the Improved Level 

are depicted by six drawings, 8ccompanied by tai 1 ings disposal and 

reclamation schedules (See Table fl.2.2-1 and F1.2.2-2). The mining 

schedule~ which is common to both t!w plans at the Minimum and Improved 

Levels of Reclamation, has been illustrated previously in Table 8.2-1. 

A drawing-by- drawing discussion follows: 

General Mine L~out 

(Techman Drawing No. 22910-56-00) 

The mine boundaries and advance of the mining faces are identical to 

those for the plans at the Minimum Level. The major difference exists 

with respect to the size of tailings pond and outside waste dump, the 

former being considerably larger and the latter significantly smaller 

than in the Minimum Level. 

tHning and tailir~s Di~~~?L-=-__ r~~4_ 

(Techman Drawing No. D22918-57-00) 

All faces of the mine are fully developed by Year 4. The outside waste 

dump is nearing completion. Overburden materials suitable for prepared 

soil manufacture have been selectively separated by the single spreader 

and trucked into the prepared soi I blending pile located between the 

outside waste dump and the mines. The entire quantity of sludge and 

soil produced to date is stored in the out-of-pit tailings pond. 

~1ining and T airings Disposal - Year 13 

(Techman Drawing No. D22918-58-00) 

By the end of Year 13, full-face-length backfilling of the mined-out 

portion of the pit is under way. The construction of the overburden 

dyke required to form the in-pit sludge pond was started in Year 5 after 

the installation of a less-than-full-face-length overburden conveyor in 

the pit. Overburden suitable for the construction of the dyke has been 

made available by selective dumping by the spreader over a period of 5 

years. Beginning in Year 9, sludge has been pumped from the out-of-pit 
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TAILINGS SCHEDULE 
FOR IMPROVED LEVEL OF RECLAM ATIO N 

TABLE 8.2.2-1 

Outline of Tailings Disposal Scheme: 

- Tailings Slurry is Pumped to out-of- Pit Tailings Pond. Commencing With Year 9, 

Sludge is Pumped from out- of- Pit Tailings Pond to the Treatment Plant where about 
50 % of Water and Most of Remaining Bitumen are Removed. Treated Sludge is 

Disposed of to in- Pit Pond. Out - of - Pit Pond Completl)' Filled With Sand. 

Volume of Volume of Volume Volume Sand Sand Sludge 
CII: Tailings Recvcle of of into into into 
< Produced Water Sludge Sand Dykes Beach Treatment w 
>- [ m' x 106 

] [ m
3 

x 10 6 
] [ m3x l06

] [ m' x 106 
] [ m'x 106 

] [ m3 x 106 ] [m'x 106 ] 
1 24.766 9.636 3.889 11. 240 6.100 5.140 0 

2 44.035 17.134 6.916 19.986 4.400 15.586 0 

3 44.823 17.440 7.039 20.344 3.300 17.044 0 

4 46.234 17.989 7.261 20.984 3.100 17.884 0 

5 46.972 18.276 7.377 21.319 3.400 17.919 0 

6 46.972 18.276 7.377 21. 319 3.000 18.319 0 

7 43.838 17.057 6.885 19.897 3.200 16.697 0 

8 42.129 16.392 6.616 19.121 2.700 16.421 0 

9 42.052 16.362 6.604- 19.086 2.100 16.986 9.835 

10 41. 859 16.287 6.574 18.998 1.800 17.198 9.835 

11 41.834 16.277 6.570 18.987 1.600 17.387 9.835 

12 42.454 16.518 6.667 19.268 1.500 17.768 9.835 

13 44.365 17.262 6.967 20.135 1.300 18.835 9.835 

14 44.607 17.356 7.005 20.246 1.100 19.146 9.835 

15 44.328 17.248 6.962 20.119 1.100 19.019 9.835 
16 44.258 17.220 6.951 20.087 0.900 19.187 9.835 

17 43.820 17.050 6.882 19.888 0.300 19.588 9.835 

18 42.801 16.653 6.722 19.426 0 19.426 9.835 

19 42.753 16.635 6.714 19.404 0 19.404 9.835 

20 42.224 16.429 6.631 19.164 0 19.164 9.835 

21 41. 730 16.237 6.553 18.940 0 18.940 9.835 

22 41. 725 16.235 6.553 18.938 0 18.938 9.835 

23 41. 666 16.212 6.544 18.911 0 18.911 9.835 

24 41. 609 16.190 6.535 18.885 0 18.885 9.835 

25 34.545 13.441 5.425 15.679 0 15.679 8.859 

1,058.399 411.812 166.219 480.371 40.900 439.471 166.219 
-------- .. _- ------", - --------
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Ore Body No.4, 60,000 B.P.C.D.-1 B.W. E. & 2 Draglines 
SCHEDULE FOR IMPROVED LEVEL OF RECLAMATION 

TABLE No. 8.2.2- 2 
Soi I Composit ion: Soil Manufacture: 

0.33m Muskeg Alternating layers of muskeg and 
0.66m Overburden overburden are scraped at a sloping 

face of pile by dozers. 

Area of Vo lume of 
Prepared Soil 

Volume of 
Muskeg 

Volume of 
Overburden 

'" Rec lamation Prepared Soil Transport Muskeg Transport Overburden Transport 
~ 
w 

[ m2 x 103
] [ m3 x Id] 

(by trucks) (by trucks) 
[m3X l03

] 

(by trucks) 
>- [ km J [m3x 103J [k m J [k mJ 

1 229 229 1.7 76 0.7 153 0.5 

2 229 2~9 1.7 76 0.7 153 0.5 

3 229 229 1.7 76 0.7 153 0.5. 

4 229 229 1.7 76 0.7 153 0.5 

5 258 258 1.7 86 0.7 172 0.5 
~-----f-- -

6 258 258 1.7 86 0.7 172 0.5 
. _._---- -1----~----

7 0 0 0 0 0 0 0 
---~- ~-~~- - --~ ~~~ .. - c---~ -

8 0 0 0 0 0 0 0 
- ----

9 0 0 0 0 0 0 0 
- -~ 

1 0 0 0 ° 0 D 0 0 
._--- - --~.-~- - --_._----r---~ --_ ... _- -

11 561 561 3.5 187 0.6 374 1.6 
--~- --f----- r-------

12 :)61 561 3.5 187 0.6 374 1.6 
- - ---~- ---_. -- -~---- -

1 3 561 561 3.5 187 0.6 ,)'1 fI 

J/'f 1.6 
.. _._--- -

-.~ -

14 660 660 3.7 220 0.5 440 1.3 
---- - --~~---.~~~- --

15 660 660 3.7 220 0.5 440 1.3 
.-----.-~ ~- - I---

16 660 660 3.7 220 D.5 440 1.3 
----~- -- ~ -- ._-

17 660 660 3.7 220 0.5 440 1.3 
18 1,471 1,471 5.0 490 r'.5 981 J.9 

----

19 1,471 1,471 5.0 490 D.5 981 0.9 

20 1,471 1,471 5.0 490 0.5 981 0.9 
I--- t-

2 1 1,471 1,471 3.4 490 0.5 981 2.9 
--

22 1,471 1,471 3.4 490 0.5 981 2.9 
~--

23 1,630 1,630 2.7 543 0.5 1,087 3. (; 

24 1,630 1,630 2.7 543 0.5 1,087 3.0 
-- .. __ .. - -~ 

25 1,630 1,630 2.7 543 0.5 1,087 3.0 
26 1,630 1,630 2.7 543 0.5 1,087 3.0 
27 1,630 1,630 2.7 543 0.5 1,087 3.0 

----- ~-

28 733 733 1.5 244 1.0 489 0.7 
~ - -- -_. 

29 733 733 1.5 244 1.0 489 D.7 
-- -~----~- -

30 733 733 1.5 244 2.5 489 0.7 

23,459 23 459 7,814 15,645 
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tail ings pond to a treatment plant, and finally disposed of in the 

sludge pond. Additional prepared soil blending piles have been formed 

and reclamation of backfill and dyke slopes is under way. The recla

mation of the outside waste dump was started in Year 1, and completed in 

Year 6. Four years later, the reclamation of the out-of-pit dyke and 

backfill was started. 

Mining and Tailings Disposal - Year 22 

(Techman Drawing No. D22918-59-00) 

The out-of-pit tailings pond has been gradually sanded-in so that by 

Year 22 the area of wet pond surface is considerably reduced. The over

burden backfill has been placed to a mean elevation of 308 m by a single 

spreader operating in both the high and low dumping modes. Reclamation 

is current, with the placement of prepared soil progressing with the ad

vances of the backfill and the tailings sand beach. 

Material Distribution Plan 

(Techman Drawing No. D22916-60-00) 

This drawing shows that the main materials to be surfaced with prepared 

soil are dry tailings sand and overburden. During the course of mining, 

toxic materials are buried. In this "lan most of the muskeg stored in 

the muskeg dumps is consumed in the manufacture of prepared soil. The 

blended materials from the prepared soil stockpiles are distributed by 

trucks. After completion of overburden removal, loading of prepared 

soil may be done with a front-end loader. Refer to Section 10.6, Table 

10.6-1 for a mine-by-mine comparison of surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. D22980-61-00) 

The surface area to be reclaimed as well as the time period during 

which reclamation occurred are shown. A pie-shaped end-pit lake is 

formed. Run-off from the backfill and the tailings pond is channeled 

into this lake. Table 8.2.2-2 is a detailed schedule for the recla

mation activities on a year-by-year basis. Plant species are selected 

according to the reclamation objectives for the Improved Level of Recla

mation described in Chapter 4.0. 
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MINING PLANS EMPLOYING BUCKET WHEEL EXCAVATORS 

Two bucket wheel mine plans have been developed for Ore Body No.4. The 

basic layout for these mines is similar to that used in the dragline 

mine plans (see subsection 8.2, Mining Plans Employing Draglines). 

The amounts of materials handled in the bucket wheel mine differ from 

the amounts handled in the dragline mines. The volume of overburden to 

be moved is identical, 8.9 million bank cubic meters per year; however, 

the quantity of plant feed is less because dilution has been reduced. 

The production schedules for bucket wheel mines at the Minimum and Im

proved Levels are identical, and are detailed in Table 8.3-1. The 

materials handling system is illustrated in Figure 8.3-1. Details for 

tailings disposal and reclamation appear in the following subsections. 



TABLE 8.3 - 1 
Ore Body No.4, 60,000 B.P.C.D.; - Production Schedule, 3 Bucket Wheel Excavators -

Top Bench Middle Bench Bottom Bench Mine 

Year Waste Feed Total Waste Feed Total Waste Feed Total Waste Feed Total 

bm
3 

x 106 bm
3 

x 106 bm
3 

x 106 bm
3 

x 106 bm
3 

,{'106 bm
3 

x 106 bm
3 

x 10
6 

bm
3 

x 106 bm
3 

x 106 bm
3 

x 10
6 bm

3 
x 10

6 
bm

3 
x 10

6 

-2 6.450 - 6.450 - - - - - - 6.450 - 6.450 

-1 8.900 - 8.900 - - - - - - 8.900 - 8.900 

1 9.254 1.796 11.050 1. 314 6.661 7.975 0.491 2.534 3.025 11.059 10.991 22.050 
2 9.268 1. 796 11.050 2.405 9.115 11. 520 1. 881 8.569 10.450 13.554 19.455 33.009 
3 9.396 1.880 11. 246 2.354 8.922 11.276 2.354 8.922 11.276 14.105 19.724 33.829 

4 9.400 2.063 11. 445 2.166 9.279 11.445 2.332 9.113 11. 445 13.898 20.437 34.335 
5 9.376 2.078 11. 456 2.139 9.318 11.457 2.139 9.318 11. 457 13.655 20.714 34.369 

6 9.365 2.039 11. 403 2.112 9.291 11. 403 2.129 9.274 11. 403 13.607 20.602 34.209 

7 9.122 1. 032 10.145 1. 882 9.118 11.000 1. 981 9.019 11.000 12.985 19.160 32.145 

8 8.970 0.340 9.311 1. 882 9. ll8 11.000 1.882 9.118 11. 000 12.734 18.577 31.311 

9 8.900 - 8.900 1. 625 9.248 10.873 1. 917 9.288 11. 205 12.441 18.537 30.978 

10 8.900 - 8.900 1.444 9.223 10.667 1. 459 9.226 10.685 11. 803 18.449 30.252 

11 8.900 - 8.900 1. 444 9.223 10.667 1. 444 9.223 10.667 11. 788 18.447 30.235 

12 8.900 - 8.900 0.960 9.666 10.626 1.393 9.270 10.663 11.254 18.936 30.190 

13 8.900 - 8.900 0.777 9.834 10.611 0.777 9.834 10.611 10.454 19.668 30. 123 

14 8.900 - 8.900 0.657 9.804 10.461 0.777 9.834 10.611 10.334 19.638 29.972 

15 8.900 - 8.900 0.448 9.752 10.200 0.541 9.775 10.316 9.889 19.527 29.416 
16 8.900 - 8.900 0.448 9.752 10.200 0.448 9.752 10.200 9.795 19.504 29.299 

17 8.900 - 8.900 0.695 9.439 10.134 0.527 9.652 10.179 10.122 19.092 29.213 

18 8.900 - 8.900 0.707 9.425 10.132 0.707 9.425 10.132 10.313 18.849 29.163 

19 8.900 - 8.900 0.719 9.370 10.089 0.707 9.425 10.132 10.326 18.795 29.121 

20 8.900 - 8.900 0.759 9.199 9.958 0.738 9.291 10.029 10.397 18.490 28.887 
21 8.900 - 8.900 0.759 9.199 9.958 0.759 9.199 9.958 10.418 18.398 28.816 

22 8.900 - 8.900 l. 026 9.184 10.210 0.759 9.199 9.958 10.685 18.383 29.067 

23 8.900 - 8.900 1. 201 9.174 10.375 1. 180 9.175 10.355 11.281 18.349 29.630 

24 3.921 - 3.921 1. 201 9.174 10.375 1. 201 9.174 10.375 6.322 18.348 24.670 

25 0.297 2.272 2.569 1. 078 8.236 9.314 1. 375 10.508 11. 883 

Total 226.922 13.024 239.907 31. 421 223.760 255.181 31.601 224.845 256.446 289.944 461.577 751.521 

Bitumen 

tonnes x106 

-
-

3.020 

3.980 
4.351 

4.502 

4.558 

4.558 

4.558 

4.558 

4.558 

4.558 

4.456 

4.478 

4.510 

4.508 

4.498 

4.496 

4.473 

4.460 

4.458 

4.447 
4.444 

4.444 

4.444 

4.444 

2.545 

108.306 

Crude 

barrels x 10' 

-
-

14.852 

19.265 

20.904 

21.629 

21.900 

21.900 

21. 900 

21.900 

21.900 

21. 900 

21.900 

21.900 

21. 900 

21.900 

21.900 

21.900 

21.900 

21. 900 

21. 900 

21. 900 

21.900 

21. 900 
21.900 i 

21.900 

12.543 

527.:..l2..L 

o::J 
I 
i-' 
\Q 
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8.3.1 MINIMUM (WET) LEVEL OF RECLAMATION 

The major aspects of the development of the 60,000 BPCD mine at the 

Minimum Level are depicted by six drawings, accompanied by tailings dis

posal and reclamation schedules (see Table 8.3.1-1 and 8.3.1-2). The 

mining schedule, which is common to the plans at both levels of recla

mation described in Chapter 8.0, has been illustrated previously in 

Table 8.3-1. A drawing-by-drawing discussion follows: 

General Mine Layo~t 

(Techman Drawing No. 022910-62-00) 

The location and ultimate size of the pit, out-of-pit tailings pond, 

outside dump, and plant site are shown. Except that outside dump is 

slightly larger, the layout is identical to the layout of the dragline 

mine plan at the Minimum Level of Reclamation. The Muskeg River touches 

the southwest corner of the pit and must be diverted before mining com

mences (the cost of such a diversion has not been determined). 

Mining and Tailings D~osal - Year 4 

(Techman Drawing No. 022918-63-00) 

By Year 4, all the working faces of the mine are fully developed. The 

outside waste dump is larger than that in the dragline plan, since in 

the dragline plan, centre reject from the bottom bench is backcast onto 

the pit floor, while in the bucket wheel mine all reject for the first 

four years of operation is placed into the outside dump. Although mus

keg is being stockpiled for future use in the manufacture of prepared 

soil, no separate overburden stockpiles for prepared soil are being 

formed. Instead, overburden suitable for the manufacture of prepared 

soil is being placed temporarily into pre-determined positions within 

the outside waste dump. Beginning in Year 9, this material will be 

loaded and trucked to the reclamation site. 

Mining and Tailings Disposal - Year 13 

(Techman Drawing No. 022918-64-00) 

The mine has developed sufficiently to allow the construction of the 

in-pit tailings dyke starter dam. The northern portion has been con-



RHEINBRAUN-Consulting GmbH ------------------- TECHMAN LTD. 

8-22 

structed from selected overburden obtained from the outside waste dump. 

The southern portion has been supplied with overburden by the overburden 

conveyor used to backfill the pit. In Year 13, the out-of-pit tailings 

pond reaches its ultimate crest height. Beginning in Year 14, the tail

ings slurry lines will be redirected into the pit for 5 years. The up

stream portion of the in-pit dyke is to be buH t from tailings sand 

while the downstream portion will be constructed with backfill. By Year 

13 a large portion of the outside waste dump and out-of-pit tailings 

pond dyke have been reclaimed with prepared soil. 

Mining and Tailings Disposal - Year 22 

(Techman Drawing No. D229l8-65-00) 

The in-pit tailings dyke was completed to a crest elevation of 318 m in 

Year 16. Sludge transfer from the out-of-pit tailings pond began in 

Year 14 and continues into Year 25. In Year 19 the tailing slurry lines 

were redirected into the out-of-pit tailings pond to complete the 

sanding-in of the pond. Reclamation of the outside dump was completed 

in Year 15, with reclamation of the in-pit dyke in Year 17 and 18. The 

reclamation of the backfill was started in Year 19 and continues until 

Year 27. The out-of-pit tailings pond dyke was resurfaced with prepared 

soil between Years 9 and 15 and followed by progressive reclamation of 

the sanded-in beaches. Beach reclamation continues until Year 27. 

Material Distribution Plan 

(Techman Drawing No. D22916-66-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. The sludge pond surface is currently considered unre

claimable. Waste dumps and backfill areas are surfaced with acceptable 

overburden materials by spreader during construction of the dumps, and 

therefore require only the application of muskeg, whereas tailings sand 

surfaces require the application of both overburden and muskeg to form a 

prepared soil surface. Muskeg dumps require no surfacing. All exposed 

pit walls require the application of prepared soil. The end-pit is fil

led with water to form a fresh water lake. Refer to Section 10.6, Table 

10.6-1, for a mine-by-mine comparison of surfaces to be reclaimed. 
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TAILINGS SCHEDIJlE 
FOR MINIMUM LEVEL OF REClAMATIO N 

TABLE S.3.1-1 

Outline of Tailings Disposal Scheme: 

- Years 1 -14 Tailings are Pumped to out-oF-Pit Tailings Pond. 
- Years 14 -19 Tailings Diverted to in- Pit Pond to Build Sludge Pond Dyke and Accommodate 

Some Extra Beach Sand in Order to Reduce Size of out-of- Pit Tailings Pond, 
- Years 14 - 25 Sludge Removal from out-of- Pit Tailings Pond to in- Pit Sludge Pond. 
-Years 19-25 Tailings to out-oF·Pit Pond to Fill it with Sa nd. 

Volume of Volume of Volume Volume Sand Sand Sludge 
QI: Toilings Recycle of of into into Rehandle « Produced Water Sludge Sand Dyhs Beach Volume w 
>- [ m

3
'q06 ] [ m

3 
x 10

6 
] [ m3x l0

6
] [ m3 

x 10' ] [ m3x 1O' ] [ m
3 

x 10' ] [m3X H)6 ] 
1 24.943 9.705 3.917 11.321 5.600 5.721 0 

2 44.151 17.179 6.934 20.039 3.600 16.439 0 

3 44.761 17.416 7.030 20.316 3.400 16.916 0 

:4 46.379 18.046 7.284 21.050 3.600 17.450 0 

.5 47.009 18.290 7.383 21. 336 3.300 18.036 0 

6 46.755 18.192 7.343 21. 220 3.100 18.120 0 

'1 43.481 16.918 6.828 19. 734 2.300 17.434 0 

8 42.158 16.403 6.621 19.134 1.900 17.234 0 

9 42.067 16.368 6.606 19.093 1.500 17.593 0 

10 41. 868 16.290 6.575 19.003 1.300 17.703 0 

11 41. 864 16.289 6.574 19.000 1.200 17.800 0 

12 42.973 16. 720 6.749 19.504 1.100 18.404 0 

13 44.635 17.367 7.010 20.258 0.500 19.758 0 

14 44.567 17.340 6.999 20.227 10.129 10.098 8.135 

15 44.316 17.242 6.960 20.113 6.814 13.299 10.847 

16 44.263 17.222 6.951 20.089 5.967 14.122 10.847 
-

1'1 43.326 16.858 6.804 19.664 0 19.664 10.847 

18 42.776 16.644 6.718 19.415 0 19.415 10.847 

19 42.653 16.596 6.699 19.359 0 19.359 10.847 
-

20 41.962 16.327 6.590 19.045 0 19.045 10.847 

21 41.752 16.245 6.557 18.950 0 18.950 10.847 

22 41. 717 16.232 6.552 18.934 0 18.934 10.847 

23 41. 641 16.202 6.539 18.899 0 18.899 10.847 

24 41.640 16.201 6.539 18.898 0 18.898 10.847 

25 23.847 9.279 3.745 10.823 0 10.823 9.759 

1,047.502 407.572 164.506 475.424 55.310 420.114 126.364 
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Excavators 
SCHEDULE FOR MINIMUM LEVEL OF RECLAMATION 

TABLE No. 8.3.1- 2 
Soil Composition: Soil Manufacture: 

0.20m Muskeg layer of muskeg and overburden 
0.20 m Overburden {where required} are spread 
0.20m Sand (where applicable) onto area to be reclaimed and 

plowed 0.6 m deep. 

Area of Volume of Volume of 
Muskeg 

Volume of 
Overburden 

c: Rec lamation Pre pared Soi I Muskeg 
Transport 

Overburden 
Transport 

c( (by trucks) (by trucks) 
w 

[m2x l03
] [m3 

x 10
3

] [ m3 
x ld ] 3 

:>0- r k m] [m3x lO] [ k m] 

1 155 93 31 2.6 62 ° 2 155 93 31 2.6 62 ° 3 155 93 31 2.6 62 ° 4 155 93 31 2.6 62 ° .5 155 93 31 2.6 62 ° 6 155 93 31 2.6 62 ° 7 155 93 31 2.6 62 ° 8 155 93 31 2.6 62 ° 9 402 241 80 3.8 111 5.0 

10 4~J: 241 80 3.7 111 5.0 

11 402 241 80 3.6 111 5.0 
._---

12 764 458 153 3.1 256 4.9 

1 3 764 
I 

458 153 3.0 256 4.8 
-f-- -

14 609 365 122 3.2 194 4.7 
... 

15 609 365 122 3.2 194 4.6 

16 767 460 153 4.2 176 4.5 

17 823 494 165 4.0 187 4.1 
.----- ~~ - -" ... - -~ I-~----

18 823 494 165 4.0 187 4.1 --_. 

19 917 550 183 3.7 236 4.5 

20 917 550 183 3.3 236 4.5 

21 917 550 183 3.3 236 4.5 

22 917 550 183 3.3 236 4.5 
-"._.- ._._-

23 1,068 641 214 2.7 266 4.5 

24 1,068 641 214 2.7 266 4.S 
- - ----_._--

25 1,068 641 214 2.7 266 LI..5 

26 1,087 652 217 2.7 266 4.5 

27 1,049 629 210 1.9 266 4.5 

28 733 440 147 1.5 293 2.4 

29 733 440 147 1.5 293 2.4 

30 733 440 147 1.5 293 2.4 

18,812 11,28!i 3,763 5,432 
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Reclamation Plan 

(Techman Drawing No. D22980-67-00) 

The surfaces to be reclaimed as well as the time period during which re

clamation occurred are ~)hown. Only the sludge pond remains wet and un

reclaimable. Plant species are selected according to the reclamation 

objectives for the Minimum Level of Reclamation as described in Chapter 

4.0. Table 8.3-2 is a year-by-year summary of prepared soil manufacture 

and placement. 
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8.3.2 IMPROVED (DEWATERED) LEVEL OF RECLAMATION 

The major aspects of the development of the 60,000 BPCD mine at the Im

proved Level are depicted by six drawings, accompanied by tailings dis

posal and reclamation schedules (See Table 8.3.2-1 and 8.3.2-2). The 

mining schedule, which is common to the plans at both levels of recla

mation described in Chapter 8.0, has been illustrated previously in 

Table 8.3-2. A drawing-by-drawing discussion follows: 

General Mine Layout 

(Techman Drawing No. 022910-68-00) 

The location and ultimate size of the pit, out-of-pit tailings pond, 

outside dump, and plant site are shown. The out-oF-pit tailings pond is 

larger but the outside waste dump smaller, relative to the BWE plan at 

the Minimum Level. The in-pit sludge pond size and position allows the 

backfilling of the mine to begin earlier; therefore a reduced volume of 

material is stored in the outside dump. The sludge pond dyke is con

structed of overburden since construction of the dyke From tailings sand 

would result in the dilution of the sludge with tailings water. 

Mining and Tailings Disposal - Year 4 

(Techman Drawing No. D22918-69-00) 

By Year 4 all the working faces of the mine are Fully developed. Over-

burden and reject are being conveyed to the outside dump. Overburden 

suitable for reclamation is being removed from the outside dump and 

trucked to a prepared soil blending pile for placement into a layered 

stockpile. The out-oF-pit dyke crest height is at 369 metres, still 

more than 20 metres below its ultimate crest elevation. All tailings 

sand, sludge, and water is stored in the pond. Sludge treatment will 

not begin until Year 9, because the mining faces have not advanced Far 

enough to allow the construction of the in-pit sludge pond dyke. Some 

reclamation of the outside waste dump has occurred and continues until 

Year 6. 



Ore Body No.4, 60,000 B.P.C.D. 3 B.W.E. 
b--27 

TAILINGS SCHEDULE 
FOR IMPROVED lEVEL OF RECLAMATION 

TABLE 8.3.2-1 

Outline of Toilings Disposal Scheme: 

- Tailings Slurry is Pumped to out-of- Pit Tail ings Pond, Commencing With Year 9 

Sludge is Pumped from out- of- Pit Tailings Pond to the Treatment Plant where about 
50 '"I. of Water and Most of Remaining Bitumen are Removed. Treated Sludge is 

Disposed of to in- Pit Pond. Out-of -Pit Pond Completly Filled With Sand. 

Volume of Volume of Volume Volume Sand Sand Sludge 
CIII: Tailings Recycle of of into into into « Produced Water Sludge Sand Dykes Beach Treatment w 
>- [ m

3
)( 10

6 
] [ m3x 10

6 
] [ m3 )(10'] [ m

3 
x 10

6 
] [ m3 )(106

] [ m3 
)( 106 ] [m3 )(106 ] 

1 24.943 9.705 3.917 11.321 6.100 5.221 0 

2 44.151 17 .179 6.934 20.039 4.400 15.639 0 

3 44.761 17.416 7.030 20.316 3.300 17.016 0 

4 46.379 18.046 7.284 21. 050 3.100 17.950 0 

5 47.009 18.290 7.383 21. 336 3.400 17.936 0 

6 46.755 18.192 7.343 21. 220 3.000 18.220 0 

7 43.481 16.918 6.828 19.734 3.200 16.534 0 

8 42.158 16.403 6.621 19. 134 2.700 16.434 0 

9 42.067 16.368 6.606 19.093 2.100 16.993 9.734 

10 41. 868 16.290 6.575 19.003 1.800 17.203 9.734 

11 41. 864 16.289 6.754 19.000 1.600 17.400 9.734 

12 42.973 16.720 6.749 19.504 1.500 18.004 9.734 

13 44.635 17.367 7.010 20.258 1.300 18.958 9.734 

14 44.567 17.340 6.999 20.227 1.100 19.127 9.734 

15 44.316 17.242 6.960 20.113 1.100 19.013 9.734 

16 44.263 17.222 6.951 20.089 0.900 19.189 9.734 

17 43.326 16.858 6.804 19.664 0.300 19.364 9.734 

18 42.776 16.644 6.718 19.415 0 19.415 9.734 

19 42.653 16.596 6.699 19.359 0 19.359 9.734 

20 41. 962 16.327 6.590 19.045 0 19.045 9.734 

21 41.752 16.245 6.557 18.950 0 18.950 9.734 

22 41.717 16.232 6.552 18.934 0 18.934 9.734 

23 41. 641 16.202 6.539 18.899 0 18.899 9.734 

24 41.640 16.201 6.539 18.898 0 18.898 9.734 
25 23.847 9.279 3.745 10.823 0 10.823 8.762 

1,047.502 407.572 164.506 475.424 40.900 434.524 164.506 
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Ore Body No.4, 60,000 Bucket Wheel Excavators 
SCHEDULE FOR IMPROVED LEVEL OF RECLAMATION 

TABLE No.8. 3.2- 2 
Soil Composition: Soil Manufacture: 

0.33m Muskeg Alternating layers of muskeg and 
0.66m Overburden overburden are scraped at a sloping 

face of pile by dozers. 

Area of Volume of 
Prepared Soil 

Volume of 
Muskeg 

Volume of 
Overburden 

De 
Reclamation Prepared Soil 

Transport Muskeg Transport Overburden Transport 
~ 
w 

[ m
2 

x 103
] [ m3 x ld] 

(by trucks) (by trucks) 
[n.fx 103 

] 

(by trucks) 
)-

[ km J [m3 x 103J [k m ] [k m] 

1 283 283 1.7 94 0.7 189 0.5 
~ ~-- - - , .. ----~ -- --

2 283 283 1.7 94 0.7 189 0.5 
- ---~----~- --- - -_._- _ .. _--. __ .. . _--_ .. _--

3 283 i'tn 1.7 94 0.7 189 0.5 
-_._-- ._- -._- ~ ---_._--- - -~----

_._. 

4 283 283 1.7 94 0.7 189 0.5 
--- ----

5 318 318 1.7 106 0.7 212 0.5 

6 318 318 1.7 106 0.7 212 0.5 
--- ---------~- ~ -_._. 

7 0 0 0 0 0 0 0 
_. - - ~ r----~- .------

8 0 0 0 0 0 0 0 
-- ... ---

9 0 0 0 0 0 0 0 
.-.--

10 0 0 0 0 0 0 0 
--- ~----~---~- ---~- --. -- .. _-----_. 

11 561 561 3.5 187 0.6 374 1.6 ----- --

12 561 561 3.5 187 0.6 374 1.6 
----- --

1 3 561 561 3.5 187 0.6 374 1.6 
-~ - 1----- --- e--- ~~-~- --

14 660 660 3.7 220 0.5 440 1.3 
~ I--- --- - --- - ._- ---

15 660 660 3.7 220 0.5 440 1.3 
----_._--- ---- -

16 660 660 3.7 220 0.5 440 1.3 
- - r---------~-~ -- -----~~ ~- -------

17 660 660 3.7 220 0.5 440 1.3 
~ r- --.~ 

18 1,471 1,471 5.0 490 0.5 981 0.9 
-~ -

19 1,471 1,471 5.0 490 0.5 981 0.9 

20 1,471 1,471 5.0 490 0.5 981 0.9 

2 1 1,471 1,471 3.4 490 0.5 981 2.9 
- ---

22 1,471 1,471 3.4 490 0.5 981 2.9 
---

23 1,630 1,630 2.7 543 0.5 1,087 3.0 

24 1,630 1,630 2.7 
~--~-

543 0.5 1,087 3.0 
25 1,630 1,630 2.7 543 0.5 1,087 3.0 

26 1,630 1,630 2.7 543 0.5 1,087 3.0 .-

27 1,630 1,630 2.7 543 0.5 1,087 3.0 
- -- - -- -

28 733 733 1.5 244 1.0 489 0.7 
------ f-- -

29 733 733 1.5 244 1.0 489 0.7 

30 733 733 1.5 244 2.5 489 0.7 

23,795 23,795 7,926 15.869 
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Mining and Tailings Disposal - Year 13 

(Techman Drawing No. D22918-70-00) 
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By Year 5 the mine was sufficiently advanced to allow the backfilling of 

the pit to begin. Overburden suitable for dyke construction was separ

ated by the spreader, trucked to the dyke, placed and compacted. In 

Year 9 the sludye treatment operation was started. Prepared soil blend

ing piles were progressively constructed outside of the pit limits from 

muskeg obtained from the muskeg stripping operation and overburden sel

ected from the backfilling operation. Reclamation of the backfill and 

tailings pond dyke slopes started in Year 11. In Year 16 the recla

mation of the beach commences. 

Mining and Tailings Disposal - Year 22 

(Techman Drawing No. D22918-71-00) 

The out-of-pit tailings pond has been gradually sanded-in, so that by 

Year 22 the area of the wet pond surface is considerably reduced and 

clarification of pond water may become slightly more difficult. How-

ever, at the Improved Level the return of water from the sludge treat

ment plant may aid in clarification of pond water. The overburden has 

been backfilled to a mean elevation of 308 m by a single spreader oper

ating in both the high and low dumping modes. Reclamation is current, 

with the placement of prepared soil progressing with the advances of the 

backfill and tailings sand beach. 

Material Distribution Plan 

(Techman Drawing No. D22916-72-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. The sludge pond surface is currently considered unreclaim

able. During the course of mining, toxic materials are buried. In this 

plan most of the muskeg stored in the muskeg dumps is consumed in the 

manufacture of prepared soil. The layered materials from the prepared 

soil blending pile are distributed by trucks. After completion of over

burden removal, loading of prepared soil is accomplished with front-end 

loaders. Refer to Section 10.6, Table 10.6-1 for a mine-by-mine com

parison of surfaces to be reclaimed. 
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Reclamation Plan 

(Techman Drawing No. D22980-73-00) 

The surfaces to be reclaimed as well BS the time period during which re

clamation occurred are shown. A pie-shaped end-pit lake is formed. 

Runoff from the backfill and tai 1 ings pond are channelled into this 

lake. Table 8.3.2-2 is a detailed schedule for the reclamation activi

ties on a year-by-year basis. Plant species are selected according to 

the reclamation objectives for the Improved level as described in 

Chapter 4.0. 
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8.4 eOST SUMMARIES FOR 60,000 BPeD MINE PLANS 

Cost summaries are provided for each of the mine plans detailed in this 

chapter. Rather than following immediately behind the description of 

the mine plan, the summary tables are grouped at this point in the re

port for ease of reading and comparison. 

Four tables (Tables 8.4-1 to 8.4-4) summarize the quantities, unit costs 

and $/bbl costs of both capital and operating items. Further details 

for each cost summary are provided on an annual basis in Volume III. A 

comparison between the mines costed in this and other chapters of this 

report follows in Section 10.7. 



:II 

COST ANALYSIS (S/bbl.), ORE BODY NO.4 (60,000 BPeo)' DRAGUNE SCHEHE, MINIMUM LEVEL 
::r 
m 

TABLE 8.4~1 Z 
OJ 
:II 

COST ITEH ~antity Quantity Unit Price Operating Additional Total Operating !Nantity Unit Price Capital Additional Total Capltal Subtotal ~ 
1 2 1 Cost (S/bbl.) Cost (S/bbl.) Cost (S/bbl.) 3 2 Cost (S/bbl.) Cost (S/bbl.) Cost (S/bbl.) (S/bbl.) c: 

Z 
COST CENTRE 1: Civil Construction~'Type Activities 0.0681 I 

(") 
1.1 Hine·Power Di$tri~ution & Control 0.0332 0.0332 0.016l3 0.0168 0.0501 g 

III 
1.2 Buildings 0.0116 228.0 0.0064 0.0064 0.0180 6,171.0 1,000.00 0.0116 15,000.00 c: 

perscns S/person persons $/person 

COST CENTRE 2: Removal of Organic Katerials &: Soils 0.0590 
:; 
to 

2.1 Clearing 2,766.1 1,266.82 0.0066 0.0066 2.766.1 196.85 0.0010 0.0010 0.0076 
C> hectar-es S/ha hectares S/ha 

2.2 Muskeg De'IIatering 
1 ,000 ba~~6 ~~ Sl1,OOO 

1 b:~~·~g 0.0024 0.0024 
1 ,000 ba~~6~~ $11,000 b~~~·~g 0.0004 0.0004 0.0028 3 

0-

2.3 Itlskeg Loading 
1 ,000 ~~~~5~~ 851.40 0.0158 0.0158 

1 ,000 ~~~~5~~ 207.00 0.0039 0.0039 0.0197 ::r 
$/1,000 bank 1113 SI1,OOO bank 1113 

2.4 ""skeg Hauling (Including Road Maintenance) 
1,000 ~:~~5;3 2.8 250.80 0.0130 0.0130 

1 ,000 ba~~' ;5;;; 48.70 0.0025 0.0025 0.0156 
km $/1,000 bank. m3Xk.m $/1,000 bank. m3xk.m 

2.5 Itlsk.egP1acf!ft!:nt 
1,000 ~:~!5~~ 479.40 0.0089 0.0089 

1,000 ~~~~5.J 34.60 0.0006 0.0006 0.0096 
$/1,000 bank. m3 Sl1,OOO bank. m3 

2.6 Itlskeg Road Construction 50.1 33,825.11 0.0032 0.0032 50.1 6,915.90 0.0006 0.0006 0.0038 
km S/km km S/km 

COST CENTRE 3; Overburden, Reject, Oil Sands Handlin9 1.2645 

3.1 Overburden B.W.E. 
1 ,oo32~~~~5~q Sl1,OOO b~~~'~ 0.0765 0.0765 0.0339 0.0339 0.1104 

3.2 Oil Sands Draglines .. Hop!)t!rs 
1 ,oo66~~~~9J S/I ,000 b~~~' ~~ 0.1846 0.1846 0.1580 0.1580 0.3426 

3.3 B.W.E. (Overburden" Oil Sands) 
1 ,000 bank m3 SI1 ,000 bank m3 

3.4 Tr.nsport (All Conveyors) J ,~2~~~~4~g 16,323.4: S/I,OOO bank mg;~; 0.3971 0.3977 17,970.0 2,941.29 0.0992 0.0992 0.4969 
I/m 

3.5 PlaCeMent (Spreaders) 
1 ,~5~~~:5~g 117.97 0.0573 0.0573 0.0216 0.0216 0.0788 

$11 ,000 bank m3 

3.6 Miscellaneous Equi~nt 0.1948 0.1948 0.0409 0.0409 0.2357 

COST CENTRE 4; Tail ings Oispos.l 0.4509 

4.1 kea Drainage 
1 , 000 ban~9;l S/1 ,000 

1 b~~~ .;~ 0.0002 0.0002 
1,000 ban:9~~ SI1,OOO b!~~'~~ 0.00005 0.00005 0.0003 

4.2 Clearing 1,228.1 1,266.82 0.0029 0.0029 1,228.1 196.85 0.0005 0.0005 0.0034 
hectares $/ha hectares S/ha 

4.3 Construction of Starter DalRS " Overburden Dams l,0002~~~~1~~ SI1,OOO 
1 b~~~' ~3 0.0471 0.0471 l,oool~~~!9~g S/1,OOO b!~~'~3 0.0074 0.0074 0.0546 

4.4 Piping of Ta11ings or Conveying of Ory Tailings 1.058.439.g 
1,000 m s/l,oM'!§ 

0.1274 0.1274 0.0232 0.0232 0.1506 

4.5 Tatl1ngs Sand Placelllent into Dyke 55 .31O.g S/1,~'~ 0.0128 0.0128 0.0318 0.01J8 0.0446 
1,000 11\ -i 

4.6 Tailings Overboardlng " Sanding or Placement of Dry Ta11 lngs 4i:~1;,g 1/l.oU·~ 0.0542 0.0542 0.0542 m 
(") 

4.7 Recycling of Tailings Water 0.0405 0.0405 0.0152 0.0152 0.0558 ::r 
3: 

4.8 Rehandling of Ta11ings Sludge lr~s~g 33.04 0.0079 0.0079 O.OOSO 0.0050 0.0129 CO ~ 
S/1,OOO ml I Z 

VJ 
N r-

HOTE: Refer to OIapter 6 for Cost Centre description. -i 
0 
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:ID 
COST ANAlYSIS (S/bbl.). ORE 800Y 1'10. 4 (60,OOO speD), DRAGLlItE SCHEME. IIflROVEO LEVEL :I: 

!!! 
TABLE 8.4-2 Z 

III 
COST ITEM 

:ID 
~antlty Quantity Unit Price Operating Additional Total·Operating Quantity Unit Price capital Additional Total Capital Subtotal ,. 

1 2 1 Cost (S/bbl.) Cost (S/bbl.) Cost (S/bbl.) 3 2 Cost U/bb1.) Cost (S/bbl.) Cost (S/bbl.) (S/bb1.) C 
Z 

COST CENTRE 1: Chi1 Construction-Type Activities 0.0685 I 

n 
1.1 Mlne-P<*er Distribution &, Control 0.0334 0.0334 0.0171 0.0171 0.0505 g 
1.2 Buildings 66.171.0 0.0116 0.0064 

lit 
1,000.00 0.0116 228.0 15,000.00 0.0064 O.OlSO c:: persons S/person persons S/person 

COST CENTRE 2: ReMOval of Or~nic l'aterials " Solls 0.0582 
5· 

CO 

2.1 Clearing 2,645.7 1.266.82 0.0059 0.0059 2,565.6 196.85 0.0009 0.0009 0.0068 C) hectares $/ha hectares S/ha 

2.2 ltiskeg Dewatering 
1,000 ba~~;,j $/110001b:~~'~ 0.0024 0.0024 

1 ,000 ba~6~~ $/1,000 b~'~ 0.0004 0.0004 O.OOZS 3 
r:r 

2.3 fIAIskeg loading 
1,000 ~~~!5J $/1 ,000 b~~~ .!~ 0.0158 0.0158 

1,000 ~~~~5~3 $11.000 b~~~'~ 0.0039 0.0039 0.0197 :I: 

2.4 fIAIskeg liauling (Including Road Maintenance) 
1.000 ~a~~5J 2." 

$11.000 bank 2~~~: 0.0130 0.0130 
1 • 000 ba~~'!3~ $11.000 bank :g~~ 0.0025 0.0025 0.0156 .. 

2.5 ~skeg PlaceEnt 
1 ,000 ~~~~5J $/1,000 b:~:·!g 0.0089 0.0089 

1,000 ~~~~5J $11,000 ba~':~ 0.0006 0.0006 0.0096 

2.6 ""skeg Road COnstruction 50.1 33.825.11 0.0032 0.0032 50.1 6,915.90 0.0006 0.0006 0.0038 .. 1/ .. .. S/'" 

COST CENTRE 3: Overburden, Reject, Oil Sands Handling 1.2682 

3.1 Over1:MJrden B.W.E. l,~2;~~~5J $11,000 b~~~';1 0.0765 0.0765 0..0339 0.0339 0.1104 

l.2 011 S<lInds Oragltnes " Hoppers 1,~~~!:9.;S $11,000 b!~~'!~ 0.18046 0.1846 0.1580 0.1580 0.3426 

3.l B.W.E. (Overburden' 011 Sai1ds) 
1,000 bank ,.l $11,000 bank III j 

3.4 Transport (All Conveyors) l,~2~~~;4j 16,564.17 $/1 .000 bank mg;~; 0.4021 0.4021 17,850.0 2,941.29 
S/. 

0.0986 0.0986 0.5006 

l.5 PllCeilent (Spreaders) 1.~5~~~5;g 117.97 0.0573 
$/1,000 bank 1113 

0.0573 0.0216 0.0216 0.0788 

3.6 Miscellaneous EquiPH""t 0.1948 0.1948 0 ..... 0 ..... 0.2357 

COST CENTRE 4: TailiftgS OisPOSil 1.04ZS 

4.1 Area OraiMge 
1,000 ban:6~3 $/l,OOO\;!~:·;g . 

O.OOOZ 0.0002 
1,000 boln:6~3 $11,000 b~~':j 0.00005 0.00005 0.0003 

4.2 Clearing 1,598.1 1,266.82 0.0038 0.0038 1,598.1 196.85 0.0005 0.0005 0.00« 
hectares 5/hol hectares $/ha 

4.3 Construction of Starter o.as , Overburden Dolas 
1,000 Z~~~~8;3 $11,000 \;~~~.~~ 0.0437 0.0437 1.ooo1~~:8~3 $11.000 b!~~':3 0.0069 0.0069 0.0506 

4.4 Piping of Tailings or Conveying of Dry Tallings '.0~~9~g S/l.~·!1 0.1338 0.1338 0.0241 0.0241 0.1579 

4.5 Ta11ings Sai1d P1ac..ent into Dyke ~~;3 $11.~';.3 0.0095 0.0095 0.0316 0.0318 0.0470 

4.6 Tailings Overboarding " Sanding or P1aCeIIIII!nt of Dry Tai11ngs 4i~~1~ S/l.~·!3 0.0560 0.0560 0.0560 -4 
m 

4.7 R:tcyel1ng of Ta11ings water 0.0387 0.0387 0.0090 0.0090 0.0417 n 
:I: 

4.8 RIftIndl1ng of ra11ings Sludge ~ 
1,000 .,.1 S/1.000 .; (Xl 

,. 
I Z 

Vol r-
.!!Q.ll.: Refer to Chapter 6 for Cost Centre description. ~ -4 

0 . 



::D 
COST AHAlYSIS (tl~b1.J. ORE aQOYNO. 4 (60,000 speD), ORAGLINE SCHEH(. IfoIPROVEO LEVEL (COntinued) 

:z: 
!!! 

~ (COntinued) Z 
CD 
::D 

COST ITEM ~antity Quantity Unit Price Operating Additional Total Operating Quantity Unit Price capital Add1tional Total capital Subtotal • 1 2 1 Cost (S/bb!.) Cost (S/bIll.) Cost (S/bbl.) 3 2 Cost (S/bbl.) COst (S/bb1.) Cost (S/bIl1.) ($/bbl. ) c:: 
Z 

4.9 Sludge TreatJlent 16,,218'l sA:~'~ 0.5625 0.5625 0.0449 0.0449 0.6074 I 
1,000 1\ 0 

4.10 Power Distribution 12.0 25,000.00 0.0006 0.0003 0.0008 0.0008 g 
'" $1'" 

1/1 
4.11 Oversize Reject Disposal 

1 ,000 ~~;~6 ~3 S/I,ooo t~~~~·~~ 0.0599 0.0599 
1 ,000 f~~;6~3 $/1,000 1~~;'~ 0.0103 0.0103 0.0701 C 

4.12 Oversize Reject Disposal Road Construction 7.3 33,825.11 0.0005 0.0005 7.3 6,915.90 0.0001 0.0001 0.0006 S' 
"" S/km '" S/km III 

COST CEtlTRE 5: EstablishMent of Ultilllate land Use Resources 0.1799 

" 
5.1 ~skeg Rehandle Loading 

1,000 ~~:l;~ 511,000 b~~~·!g 0.0091 0.00004 0.0091 
1,000 ~a=I~~ $11,000 b!~~'zg 0.0022 0.0022 0.0113 

3 
cr 

0.0004 0.0024 
:z: 

5.2 I'kIskeg Rehandle Hauling (incl. Road Maintenance) 
1,000 b~~l;~ 0.61 

511,000 bank 2~1~; 0.0020 0.0020 
1,000 ban:':l~ $11,000 bank !~;:.; 0.000< 

'" 
5.3 ttlskleg Rehandle Placeaent 

1,000 ~~~l~~ 511,000 b~~~'!! 0.0024 0.0024 
1,000 ba=I;~ 511.000 ba~~'~ 0.0004 0.000< 0.0028 

5.4 JItIskeg Rehandle Road Construction 7.' 33,825.11 0.0005 0.0005 7.' 6,915.90 0.0001 0.0001 0._ 

"" S/km '" "'" 5.5 Overburden Rehandle Loading l,oool~~~O;l 541.57 
511,000 bank m3 

0.0159 0.0159 
1 ,000 

1 ~a~:O ~~ 51,000 b~~~'~ 0.0039 0.0039 0.0198 

5.6 Overburden Rehandle Hauling (incl. Road Maintenance) I,oool~~~;~ }.93 178.56 0.0101 0.0101 
1,000 ba~'~~k! 511,000 bank ~1;~ 0.0019 0.00\9 0.0120 

'" 511 ,000 bank m3xkm 

5.7 Overburden Rehandle PIKesRent I,OOOI~~~O;~ 140.93 0.0041 0.0041 15,640.2 22.92 0.0007 0.0007 0.0048 
511,000 bank m3 1,000 bank ..,3 51,000 bank ,"3 

5.8 Overburden Rehandle Road Construction 9.' 33,625.11 0.0006 0.0006 9.' 6,915.90 0.0001 0.0001 0.0007 .. II'" '" 51 kill 

5.9 JItIskeg Mining, Slurry Transport and Dewatering 
1,000 ban; J1113 $11,000 ban;: m3 1,000 ban;: m3 $11,000 ban;: m3 

5.10 Prepared Soil Manufacture l,0002~a~:1~~ 211.57 
511,000 bank m3 

0.0093 0.0093 l,0002~a~~1~3 511,000 ba~~ '!3 0.0021 0.0021 0.0114 

5.11 Prepa;red Sol1 Loading, F.LL. " TrtH:ks 
1,000 2~~~:1;3 $/1,000 b:~~'!~ 0.0190 0.0190 l,0002~a~~'J $/1,000 b~~~ '~3 0.0051 0.0051 0.0240 

5.12 Prepa;re<l Soil Transport, Trucks (incl. Road Maintenance) l.oo/~a~~1~3 3.2 
$11,000 bank 2~~;:~ 0.0300 0.0300 

1,000 ba~~'~3!~ $/l,ooo bank l;~;~! 0.0186 0.0166 0.0486 .. 
5.13 Prepared Sofl Placellent, Trucks 

I ,000 2~~~:1 ~j 150.57 0.0066 0.0066 
1,000 2~a~:1;3 $/l.000 ba~:'~§ 0.0011 0.0011 0.0077 

511,000 bank m3 

5.14 Prepared Soil Road Construction 91.9 33,825.11 0.0056 0.0058 91.9 6,915.90 0.0012 0.0012 0.0070 

"" S/km '" $/kll1 

5.15 Seed Bed Preparation. Haintenance 2,347.8 768.05 0.0034 0.0233 0.0267 0.0267 
hectares $/ha hectares 5/ha 

COST CENTRE 6: SUpervision, Technical Services 0.3S31 

'.1 Equlj»ent Maintenance (Staff only) 2,263.0 29,970.00 0.1341 0.1341 
persons S/person 

6.2 Planning (Staff only) 1,989.0 30,090.00 0.1124 0.1124 
persons S/person 

6.3 Mining (Staff only) 1,891.0 30,065.00 0.1067 0.1067 -4 
persons S/person m 

0 
TOTAL COSTS 2.4135 0.5574 2.9709 :z: 

3l: • c:o Z 
HaTE: Refer to Chapter 6 for Cost Centre description. I 

\.N r 
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::rJ 
COST AMALYSIS (S/bbl.), OOE aODY NO.4 (60,000 speD). B.W.E. SCHEM£, MINI"'-lH LEVEL 

:z: 
~ 

TABLE 8.4-3 Z 
IJI 

caST ITEH Quantity !)Jantity Unit Price Additional \Mit Price capital Additional Total capital SUbtotAl 
::rJ 

Operating Total ~eratin9 Quantity )0 
1 , 1 Cost (S/bb1.) Cost (S/bbl.) Cost (S(bbl.) 3 , Cost (S/bbl.) Cost (S/bbl.) Cost (S/bb1.) (I/bbl.) C 

Z 
COST CENTRE 1; Civil Construction-Type Activities 0.0656 I 

0 
1.1 Kine-Power Ohtrtbution & Control 0.0315 0.0315 0,0160 0.0160 0.0474 g 
1.2 Buildings 6,171.0 1,000.00 0.0117 0.0117 228.0 15,000.00 0.0065 0.0065 0.0182 1/1 

persons S/person persons S/person =. 
COST C[HTRE 2: Removal of Organic Materials II Soils 0.0596 S· 

\0 

2.1 Clearing 2.766.1 1,266.82 0.0066 0,0066 2,766.1 196.85 0.0010 0.0010 0.0077 
c;) l)ectares $/ha hectares S/ha 

2.2 Huslr.eg Dewatering .... 5 
$/1,000 \;:~~.~~ 0.0024 0.0024 .... 5 

$/1,000 b~'~ 0.0004 0.0004 0.0028 3 
1,000 bank m3 1,000 bank m3 C" 

2.3 ItIskegloading 
1,000 ~~~~5~ $/1,000 b:~~'~ 0.0160 0.0160 

1,000 ~~~~5~~ $/1 ,000 b!~~ .~g 0.0039 0.0039 0.0199 :z: 

2.4 ItIsk.eg Hauling (Including Road Maintenance) 
1,000 ~~~~5~~ 2.8 

$/1,000 ban/~q~~ 0.0131 0.0131 
1,000 ba~~ '!3;k! $/1,000 bank. ~~~ 0.0025 0.0025 0.0157 

>m 

2.5 ItIskegPlacE!IIent 
1,000 ~~~~5~~ $/1,000 b:~~·!q 0.0090 0.0090 

1,000 ~~~~5;3 $/1,000 ba~:·:q 0.0007 0.0007 0.0097 

2.6 ItIskeg Road Construction 50.1 33,825.11 0.0032 0.0032 50.1 6,915.90 0.0007 0.0007 0.0039 

'" $/km "" 1/ .. 

COST CENTRE 3: Overburden, Reject, Oil Sands Handling 1.2683 

3.1 OYerburden B.W.E. 
1,000 ban; -.3 $/1,000 bank m3 

3.2 Oi 1 Sands Dra91 ines " Hoppers 
1,000 bank ~ $11,000 bank m3 

3.3 B.W.E. (Overburden" 011 Sands) l,~5~~~~2J 177 .64 0.2532 0.2532 0.1296 0.1296 0.3828 
$/1,000 bank m3 

3.4 Transport (All Conveyors) l,~5~~~~2~g 16,268.14 $/1,000 bank mg~~~ 0.4476 0.4476 17,B50.0 3,610.44 0.1222 0.1222 0.5699 
1/-

3.5 Place.ent (Spreaders) l,~8~~~:5~g $/1,000 b~~~';3 0.0667 0.0667 0.0265 0.0265 0.0932 

3.6 I'tIscel1aneous Equi~ent 0.1834 0.1834 0.0389 0.0389 0.2224 

COST CENTRE 4: Tailings Disposal 0 ..... 

4.1 Mea Drainage 
1,000 ban!9~~ $/1,000 

1 b~~~·;g 0.0002 0.0002 
1,000 ban~9~~ $11,000 b!~~'!~ 0.00005 0.00005 0.0003 

4.2 Clearing 1,228.1 1,266.82 0.0030 0.0030 1,288.1 196.85 0.0005 0.0005 0.0034 
hectares S/tia hecta~s $/ha 

4.3 Construction of Starter DulS " OYerburden DalllS 
1,000 1~~~!3~g $!l,OOOlb~~~·;j 0.0408 0.0408 l.OOO1~~~~O~g $11 ,000 b!~:·~g 0.0045 0.0045 0.0453 

4.4 Piping of Tailings or Conveying of Dry Tailings l,~~~2~g 64.79 0.1287 0.1281 0.0234 0.0234 0.1521 
$11.000 m3 

4.5 TI111n95 Sand PlaCeMent into Dyke i:~o~g l/l.~·~j 0.0130 0.0130 0.0321 0.0321 0.0451 

-I 
4.6 Tltl1ngs Overbo.lrdin9 " Sanding or Place.ent of Dry Tailings 4f~~4J l/l.~·~ 0.0541 0.0541 0.0541 m 

0 
4.1 Ree,yc::l1ng of Tailings Water 0.0410 0.0410 0.0154 0.0154 0.0563 :z: 

3: 
4.8 Rehandling of Tailings Sludge 'i~~4~! I/l.~·!~ 0.0080 0.0080 0.0050 0.0050 0.0130 CO )0 

I Z 
\N 

noTE: Refer to Qlapter 6 for Cost Centre description, '" r-
-I 
C 
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COST ANALYSIS It/bbl.), ORE BODY NO.4 \60,000 SpeD), a.W.E. SCHOE. MINII'UH LEVEL (Continued) !!! 
TABLE 8.4~3 (Continued) Z 

til 
::xl 

CDST ITEM Quantity Quantity Unit Price Operating Mditional Total Operating Quantity Unit Price capital Additional Total C<lpital Subtotal • 1 2 1 Cost (S/bbl.) Cost (S/bb1.) Cost (S/bbl.) 3 2 Cost ($/bb1.) Cost (S/bbl.) Cost (S/bbl.) (S/bbl.) C 
Z 

4.9 Sludge Treatment 
1,000 m3 $/1,000 m3 

, 
0 

4.10 Pl»ter Distribution 14.7 25,000.00 0.0007 0.0003 0.0010 0.0010 g 'm S/k.m 
til 

4.11 Oversize Reject Disposal 1,000 ~~;;4~g $/1,000 ~~::.~j 0.0629 0.0629 1, 000 ~!;;;4~g $/1,000 1 c!;;' ~j 0.0103 0.0103 0.0732 C 

4.12 Oversize Reject Disposal Road Construction 7.3 33,825.11 0.0005 0.0005 7.3 6,915.90 0.0001 0.0001 0.0006 j 
'm S/k.m km I/km \Q 

COST C[HIRE 5: Establ istment of Ultimate land Use Resources 0.0429 

" 5.1 Muskeg Rehandle loadin9 2,502.4 615.19 0.0029 0.0029 
1,000 ~~~~2~~ 149.00 0.0007 0.0007 0.00)6 

3 
I ,000 bank raJ S/1.0oo bank m3 S/1,OOO bank m3 a-

5.2 fiklskeg ~r.jle Kau1in9 (incl. Road li:Iintenance) 2.27 232.29 0.0025 0.0005 0.0005 0.0030 
:x: 

1,000 ~~~~2~~ 0.0025 
1, 000 ban~'~~~ $/1,000 bank !j~ 'm SIl,OOO bank m3xkm 

5.3 Muskeg Rehandle Placement 
1,000 ~~~~2~~ 163.24 0.0008 0.0008 

1. 000 ~~~~2~j 26.62 0.0001 0.0001 0.0009 
$11 ,000 bank m3 S/1,OOO bank m3 

5.4 Muskeg Rehandle Road Construction 30.1 33,825.11 0.0019 0.0019 30.1 6,915.90 0.0004 0.0004 0.0023 

'm S/km km I/km 

5.5 Overburden Rehandle Loading 
1.000 ~~~~6J 541.57 

Sl1,OOO bank m3 
0.0026 0.0026 

1,000 ~~~~6J Sl,ooo b!~~';~ 0.0006 0.0006 0.0032 

5.6 Overburden Rehandle Haul ing (incl. Road I'tIintenance) 
1,000 ~~~~6~~ 4.14 

Sl1,ooo bank.l~~~~~ 0.0035 0.0035 
1,000 ba~~'~~ SI1,OOO bank. ;1~: 0.0007 0.0007 0.0042 

'm 
5.7 Overburden Rehand1 e Pl aC6llent 

1,000 ~~~;6~~ Sl1,OOO b!~~·!j 0.0007 0.0007 
1,000 ~~~i6~~ $1,000 ba~~'!~ 0.0001 0.00(11 0.0008 

5.8 Overburden Rehandle Road Construction 3.5 33,825.11 0.0002 0.00C2 3.5 6,915.90 0.00005 0.00005 0.0003 
km S/k.m km I/km 

5.9 Muskeg Mining. Slurry Transport and Dellaterin9 
1,000 bank. m3 Sl1,ooo bank m3 1,000 bank m3 $11,000 bank m3 

5.10 Prepared Soil Manufacture l,OOOl~~~~7~j 27.85 0.0006 0.0006 l,OOOI~~~~7~~ 4.36 0.0001 0.0001 0.0007 
$/1,000 bank m3 S/I,ooo bank. m3 

5.11 Prepared Soil Loadi ng, F. Eo L & Trucks 
1,000 bank rn3 $11,000 bank m3 1,000 bank m3 S/l,ooo bank m3 

5.12 Prepared SOil Transport, Truck.s (incl. Road I'tIintenance) 
1,000 bank m3 $11,000 bank. m3xk~ 1,000 bank m3xk~ $11,000 bank m3xk; 'm 

5.13 Prepared SOil Placenent, TrUCkS 
1,000 bank m3 $11,000 bank m3 1,000 bank m3 Sl1,OOO bank m3 

5.14 Prepared SOil Road Construction 

'm S/km km I/Im 

5.15 Seed Be<! Preparation, Maintenance 1,881.2 768.05 0.0027 0.0211 0.0239 0.0239 
hectares S/ha hectares S/ha 

COST CENTRE 6: Supervision. Technical Services 0.3568 

6.1 Equi]Jllent Maintenance (Staff only) 2 .• 283.0 29,970.00 0.1355 0.1355 0.1355 
persons S/person 

6.2 Planning (Staff only) 1,989.0 30,090.00 0.1135 0.1135 0.1135 
persons S/person 

6.3 H1ning (Staff only) 1,891.0 30,065.00 0.1078 0.1078 0.1078 ~ 
persons S/person m 

0 
TOTAL COSTS 1.7932 0.4445 2.2377 :x: 

s:: 
(Xl • 

HOTE: Refer to Olapter6 for Cost Centre description. I Z 
\.N 

" r-
~ 
0 
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COST AKAlYSIS (S/bbl.). ORE BODY NO.4 (60 1000 BPcoL B.W.E. $CHEJoIf I IMPROVED LEVEL :x: 

m 
TABLE 8.4-4 --- Z 

IJl 

COST ITEM Quantity Quantity Unit Price Operating Mdltional Total Operating Quantity Unit Price Capital Additional Total Capital Subtotal ::II 

I 2 I Cost (S/bb1.) Cost (S/bbl.) Cost (t/bbl.) 3 2 Cost ($/bbl.) Cost (S/bbl.) Cost (S/bbl.) (S/bbl.) 
,.. 
C 

COST CEIiTRE 1: Civil COnstruction-Type Activities 
0.0657 Z 

I 

1.1 Kine-P(I'lIIE!r Distribution &. Control 0.0316 0.0316 0.0160 0,0160 0.0475 
(') 

g 
1.2 Buildings 6,171.0 1,000.00 0.0117 a.01l7 228.0 15,000.00 0.0065 0.0065 0.0182 !II 

persons S/person persons S/person C 

COST CEHTRE 2: Removal of Organic Materials" Soils 
0.0589 :;' 

CC 

2.1 Clearing 2,499.2 1,266.82 0,0060 0.0060 2,499.0 196.85 0.0009 0.0009 0.0069 

hectares $/ha hectares S/ha G') 

2.2 Jl'AJskeg Dewatering 686.5 
$11,000 

1 b:~~·~g 0.0024 0.0024 686.5 300.00 0.0004 0.0004 0.0028 3 
1,000 bank m3 1,000 bank m3 $/1 .000 bank m3 r:T 

2.3 Itlskeg loading 
1,000 :~~~5~~ 

851.40 0.0160 0.0160 
1,000 :~~~5~~ 207.00 0.0039 0.0039 0.0199 :x: 

$11,000 bank m3 111,000 bank m3 

2.~ )lJskeg Hauling (Includin9 Road ~intenaf)Ce) 
1,000 :~~!5;3 2.8 

$/1,000 bank2!g;~~ 0.0132 0.0132 
1 ,000 ba~~' ;~~~ $/1 ,000 bank !~;~~ 0.0025 0.0025 0.0157 

'" 
2.5 "'skeg P1acellent 

1,000 ~~~~5~3 $11.000 b:~~'!~ 0.0090 0.0090 
1,000 ~~~~ 5~3 $11,000 ba~:·~g 0.0007 0.0007 0.0097 

2.6 !tJskeg Road Construction 50.1 33,825.11 0.0032 0.0032 50.1 6.915.90 0.0007 0.0007 0.0039 

'" $/km .. II'" 

COST CENTRE 3; Over-burden, Reject, Oil Sands Handling 
1.2807 

3.1 Overburden B.W.E. 
1,000 bank m3 $/1,000 bank m3 

3.2 Oil SarKIs Draglines & Hoppers 
1,000 bank m3 $/1,000 bank. m3 

3.3 B.W.£. (Overburden & 011 Sands) 1.rx!o5~~~~2~g 177 .64 0.2532 0.2532 0.1296 0.1296 0.3828 
$/1,000 bank m3 

3.4 Transport (All Conveyors) l,~5~~~~2~g 16,506.6~ $11,000 bank J~~ 0.4540 0.4540 18,730.0 3,610.44 
II. 

0.1283 0.1283 0.5823 

3.5 PlaCelll!nt (Spreaders) I ,~8~~~:5 ~g 121.28 
$/1,000 bank m3 

0.0667 0.0667 0.0265 0.0265 0.0932 

3.6 Htscellaneous Equifaent 0.1834 0.1834 0.0389 0.0389 0.2224 

COST CENTRE 4: Taillngs Disposal 
1.0545 

4.1 Ina Drainage 
1,000 ban~6~3 $/1,000 

1 b!~~'!~ 0.0002 0.0002 
1,000 ban~6~3 $/1,000 b~~'!j 0.0001 0.0001 0.0003 

4.2 Clearing 1,598.1 1,266.82 0.0038 0.0038 1,598.1 196.85 0.0006 0.0006 0.0044 

hectares $/ha hectares $/ha 

4.3 Construct ion of Starter DaMS & Overburden DaRS l,0002~~~~8~g $/1.000 
1 b~~~'~~ 0.0442 0.0442 1,OOOl~~~8~g $/1,000 b!~~';~ 0.0070 0.0070 0.0512 

4.4 Piping of Tailings or Conveying of Dry Tailings 1.~:~g2J 1/l,':'~3 0.1355 0.1355 0.0243 0.0243 0.1598 

4.5 Tall1ngs sand Placeaent into Dyke j~~~g l/l,~·!g 0.0096 0.0096 0.0379 0.0379 0.0475 

4.6 Tail1ngs Overbo.lrding & Sanding or PlaCl!IIent of Ory Tailings 4~~4;2 l/l,~'!! 0.0560 0.0560 0.0560 ~ 
m 
(') 

4.7 Recycling of Tailings Water 0.0392 0.0392 0.0091 0.0091 0.0482 :x: 
~ 

4.8 Rehandling of Tailings Sludge 
1,000 '" $/1.000 m3 

,.. 
CO Z I 
\"N r-

!!Qli: Refer to Otapter 6 for Cost Centre description. 
CO 

~ 
0 
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COST ANALYSIS ilLb_~J!l. ORE BODY NO." \60 1000 SpeD), B.W.E. SCHEHE, IHPROVED LEVEL (Continued) m 
TABLE 8.4~4 (Continued) Z 

III 
::ID 

COST !TOt Quantity Quantity Unit Price Operating Additional Total Operating Quantity Unit Pl"ice Capital Additional Total Capital SUbtotal 
,.. 

1 , 1 Cost ($/bb1.) Cost ($/bb1.) Cost (S/bbl.) 3 , Cost (S/bb1.) Cost (S/bb1.) Cost (S/bb1.) ($/bb1.1 C 
Z 

4.9 Sludge Treatment If;~04~g $/l:~'~l 0.5683 0.5683 0.0454 0.0454 0.6137 I 

0 
4.10 Power Oistribution 12.0 25,000.00 0.0006 0.0002 O.OOOS 0.0008 g 

"" $1"" 
III 

4.11 OVersize Reject Disposal 1,000 ~!;:;4~~ $/1,000 i~~!':~ 0.0619 0.0619 1,000 ~!;:;4~~ $11,000 1~;~'~ 0.0103 0.0103 0.0721 C 

4.12 Oversize Reject Disposal Road Construction '.8 33,825.11 0.0003 0.0003 '.8 6,915.90 0.0001 0.0001 0.0004 :; 
"" $1"" k. $1'" 10 

COST CENTRE 5; Establisl'lnent of Ultimate Land Use ResolJrces 0.1846 G) 

3 
5.1 Muskeg Rehandle loading 

1,000 ~~~~3J $11.000 b~~~' ~ 0.0093 0.0093 
1,000 ~~~i3~~ $11,000 b~~~·~g 0.0022 0.0022 0.0115 CT 

::r 
5.2 Muskeg Rehandle HalJling (incl. Road Maintenance) 

1,000 ~~~~3~~ 0.67 
$/1 ,000 bank 2!!;~ 0.0021 0.0021 

1,000 ban~ '~3;k~ $/1,000 bank :~;:~ 0.0004 0.0004 0.0025 
km 

5.3 Muskeg Rehandle Plac~nt 
1,000 ~~~~3~~ $11,000 b~~~'~ 0.0029 0.0029 

1,000 ~~~~3~~ $11,000 ba~~'~ 0.0004 0.000. 0.0033 

5.4 Muskeg Rehandle Road Construction 7.6 33.825.11 0.0005 0.0005 7.6 6,915.90 0.0001 0.0001 0.0006 

'" S/ltm k.m $1'" 

5.5 OverblJrden Rehandle Loading 
1 ,000 

1 ~~~~4 ~~ 541.57 
$/1,000 bank m3 

0.0163 0.0163 l,oool~a~~4~~ $1 ,000 b~~~ .;~ 0.0040 0.0040 0.0203 

5.6 Overbun:len Rehandle tiauling (incl. Road Maintenance) 
I ,0001~~~4~j 1.91 

$/1 .000 bank 1 ~~;~~ 0.0102 0.0102 
1,000 ba~~'~~~k; 34.00 0.0020 0.0020 0.0122 

'" $11,000 bank m3xkm 

5.7 Overburden Rehandle PlacE!lnE!nt l,oool~~~~4~~ 140.93 0.0042 0.0042 l,oool~a~~4~~ 22.92 0.0007 0.0007 0.0049 
$11,000 bank m3 $1,000 bank m3 

5.8 Overburden Rehandle Road Construction 9.' 33,825.11 0.0006 0.0006 9.' 6,915.90 0.0001 0.0001 0.0007 
km S/km k. $/km 

5.9 "lIskeg Mining. Slurry Transport and Dewatering 
1,000 bank. 1ft3 $11,000 bank m3 1,000 bank. m3 S/I,ooo bank. m3 

5.10 Prepared Soi I Manufacture 1.0002~~~~7~~ $11,000 b~~~ .~~ 0.0096 0.0096 l,0002~~~~7~~ $/1 ,000 ba~~'~ 0.0021 0.0021 0.0117 

5.1: Prepared Soil loading, F.Ll. " Trucks 1,0002~~~~7~3 $11 ,000 b:~~'!5 0.0194 0.0194 l,0002~~~~7~3 $11,000 b~~~'~~ 0.0052 0.0052 0.0246 

5.12 Prepared Soil Transport, Trucks (incl. Road Maintenance) l,0002~a~~7~3 3.19 
$11,000 ban/!~;:~ 0.0306 0.0306 

1,000 ba~~'~3~k~ $/1,000 bankl~!;~~ 0.0189 0.0189 0.0495 

'" 
5.13 Prepared Soil PlaceMent, Trucks I,0002~~~~7~j 150.57 

$11,000 bank m3 
0.0068 0.0068 

1, 000 2~~~~ 7 ~j $11,000 ba~~'~§ 0.0011 0.0011 0.0019 

5.14 Prepared Soil Road Construction 91.9 33,825.11 0.0059 0.0059 91.9 6,915.90 0.0012 0.0012 0.0011 

"" $/km k. $/km 

5.15 Seed Bed Preparation, Hi1lintenance 2,381.6 768.05 0.0035 0,0243 0.0278 0.0278 
hectares $/ha hectares $/ha 

COST CENTRE 6: Supervision, Technical Seryices 0.3568 

6.1 Equipnent Haintenance (Staff only) 2,283.0 29,970.00 0.1355 0.1355 0.13SS 
persons $/person 

6.2 Planning (Staff only) 1,989.0 30,090.00 0.1135 0.1135 0.1135 
persons $/person 

0.1078 0.1018 
-I 6.3 Mining (Staff only) 1,891,0 30,065.00 0.1078 m persons $/person 
0 

2.4725 0.5288 3.0012 ::r TOTAl COSTS ;r: 
CO 

,.. 
Z 

NOTE: Refer to ~apter 6 for Cost Centre description. I 
VI 
\0 r 

-I 
0 
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9.0 CONCEPTS AND COSTS OF DEVELOPMENT AND RECLAMATION OF 240,000 BPCD OIL 

SANDS MINE 

9.1 OVERVIEW OF DEVELOPMENT PLANS 

This subsection is to be read in conjunction with the drawings supplied 

in Volume II for the 240,000 BPCD mine plan. 

Ore Body No. 1 lends itself best to a combination of slewing and paral

lel mining. The high level of production inherent in the 240,000 BPCD 

mine size dictates that a large surface area be involved. In Chapter 

2.0, it was shown that very few areas have the potential for this size 

of mine. Therefore, generally speaking, enough smaller areas must be 

grouped together to form one large mine. Such a grouping results in a 

much more irregularly shaped mine than would be the case if the mine 

were developed from a single ore body. 

The large areal extent of a 240,000 BPCD oil sands mine makes develop

ment of a mine with only one advancing face very impractical. For exam

ple, a bucket wheel mine would require six excavators on as many bench

es to achieve this level of production. Extremely low working faces 

would be created, which would lead to very inefficient digging and ex

cessive conveyor shifting. The practical solution is to develop Ore 

Body No.1 using two adjacent mines of about half the size, i.e., ap

proximately 120,000 BPCD each. A mine layout combining both slewing and 

parallel development was selected. 

Ore Body No. 1 does not lend itself to dragline mining because of high 

production requirements combined with a rather complicated shape. The 

requirement of eight draglines for oil sands removal plus 2 BWE's for 

overburden removal, combined with all the associated conveyors, makes 

the operation technically impractical and economically unattractive. 

The development of Ore Body No. 1 in the parallel fashion, as used in 

Ore Body No.2, is also not technically advisable since parallel drag

line systems are desirable only if the ore body is rectilinear in shape, 

or is formed by a combination of distinct rectilinear units. Conse

quently only bucket wheel mining plans have been developed for Ore Body 

No. 1. 
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The mine layout for the north half of the ore body (Part B) involves 

both slewing and parallel mining techniques. The pit is started in the 

northeast section of the mine with a slewing layout, then switched to a 

parallel layout in the northern section, then back to a slewing layout 

in the western sector, and finally, aqain to para lIe 1 in the southern 

sector. The centrally located island of low grade oil sands is not 

mined. The island serves both as conveyor distribution point and a dyke 

for in-pit tailings disposal ponds. If desired, the mine plan may be 

altered to allow the mining of a large portion of this island, but such 

a strategy ignores the are body selection criteria set early in the 

study. 

The south pit (Part A) is also developed with an alternating slewing and 

parallel mining scheme. The mine is developed from the west as a slew

ing operation, but is converted to a parallel system as the first pit 

opens up. As the neck in the mine is approached, a slewing operation is 

again used, and continues in use until the mining face has passed the 

neck. A parallel layout is used in the remainder of the mine. 

The described mining sequence is applicable for both the Minimum and the 

Enhanced Level plans. However, the disposition of overburden and tail

ings is quite different for the two plans. 

At the Minimum Level, a large out-of-pit pond is required. The location 

of the pond south of the are body avoids potentially mineable areas. 

Compared to the pond used for Ore Body No.2, less dyke volume for an 

equal storage capacity is needed but the total land surface area of the 

outside pond is substantially increased. This results in an increased 

length of tailings lines, and consequently, a general increase in the 

cost of tailings slurry transport. A large sanded-in pond with adequate 

drainage, which has been surfaced with prepared soil, is not in itself 

considered to have a detrimental impact on the environment of the re

gion. The area of the sanded-in pond could be reduced by raising the 

dyke height; however, a completely encircling dyke would be required, 

similar to that used for the 120,000 BPeD plans. This option has not 

been utilized in the 240,000 BPeD plan in order to keep the dyke within 
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the general range of dyke heights utilized in the other plans developed 

for this study; because a large surface area was available for the tail

ings pond in this plan, the most economical pond design has been 

employed. 

The north mine (Part B) is developed to include two in-pit tailings 

ponds. As well, a portion of the mine is used to backfill overburden. 

The remaining unfilled portion is developed as a lake. 

The south mine (Part A) includes a sludge pond which is sized to contain 

the sludge from the out-of-pit pond, as well as the sludge from the two 

in-pit ponds located in the north mine. As in the north mine, the void 

volume not required for backfilled overburden is developed into a lake. 

It is possible in most cases to convert a lake formed in an end-pit into 

a tailings pond for an adjacent mine. Complete dewatering prior to the 

introduction of tailings is likely unnecessary. The backfilling with 

dry tailings of the lake formed in the end-pit is more difficult since 

the lake would have to be completely dewatered. Pit slope failures may 

result when the lake is lowered. A period for drying out is likely re

quired, as is the reinstallation of peripheral pit dewatering wells. It 

may also be possible to use the end pit lake as a make-up water 

reservoir for a neighboring mine. 

The disposal sequence for wet tailings of such a large mine is relative

ly complicated. For eleven years all the tailings are pumped into the 

out-of-pit tailings pond. The out-of-pit pond is operated in the con

ventional manner until Year 11. 

In the summer months of Year 11, 50 % of the tailings stream is diverted 

to construct the first in-pit dyke. By Year 12, the entire flow of ex

traction plant tailings is diverted into the first in-pit pond. This 

pond is initially operated from Year 11.0 to Year 13.5. In Year 14, the 

second in-pit dyke is started. Initially the second in-pit pond is 

operated in a conventional manner from Year 13.5 to Year 17.4. Both of 

the in-pit dykes require one year for starter dyke construction with 
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overburden material, followed by two years of dyke construction with 

hydraul ically-placed and compacted ta il ings !3and. 

In Year 15, a portion of the tailings is diverted from the second pond 

for the purpose of constructing the sludge pond dyke in the south mine. 

Two seasons are requirerl to construct the sand port ion of the sludge 

pond dyke. In the mecmtime, most of the tail ings are deposited in the 

second in-pit pond. 

Upon completion of the dyke in the second pond, the entire flow of tail

ings is again directed into the out-of-pit tailings pond until it is 

sanded-in in Year 22.4. Then the first in-pit pond is sanded-in between 

Year 22.4 and 23.4, and the second in-pit pond between Year 23.4 and 

26.0. Sludge is pumped into the sludge pond beginning in Year 14.5; 

this continues until the completion of mining. 

The backfilling operation at the Minimum Level requires two spreaders 

for each pit, or four in totaL These machines are initially used to 

construct the three outside dumps located south, west, and east of the 

ore body. As room is developed in the pit between the last in-pit dyke 

and the toe of the lowest mining bench, the spreaders are moved into the 

pit one at a time. Initially the first relocated spreaders assist in 

constructing the last in-pit dykes. The second spreader is relocated 

when additional room is developed in each pit. As the north pit is de

veloped, the outside dump located west of the mine becomes inaccessible. 

At that time a small dump must be oper8ted east of the mine until back

filling into the pit can be started. 

The plan for backfilling with dry tailings at the Enhanced Level pro

ceeds in much the same pattern as the mining. In fact, backfilling 

follows the mining rather closely. Six spreaders are utilized. The toe 

of the backfilled tailings sand, overburden, and reject is an average of 

about 100 meters from the toe of the deep cut portion of the lowest 

mining bench. The backfilling operation changes alternately from 

slewing to parallel, or vice versa, as the case may be. The elevation 

of backfill is above the prevailing elevation of the landscape prior to 

mining because of the swell of the backfilled materials. The mine 
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cannot be completely backfilled without rehandling large volumes of 

material. Consequently, the plans show a residual void upon completion 

of mining. This void is smaller than that created when a wet tailings 

disposal system is used. 

The flexibility of the Enhanced Level, with respect to being able to 

"landscape" the backfill, is an order of magnitude greater than that of 

the Minimum or Improved Levels of Reclamation. The size of outside 

dumps can be reduced by blending into the backfilled areas. At the Min

imum Level the dumps are rather massive and, because they are restricted 

in height to about 75 meters, they cover considerable area. At the En

hanced Level this type of impact is greatly reduced. 

The layout of the outside waste dumps of the Ore Body No. I mine re

flects the interference from Ore Body No.2. As more mines are develop

ed, this type of interference may increase, having considerable 

influence on the economics of any particular mine. It should be noted 

that the Consultants did not take the liberty of developing an 

integrated, optimized development plan for Ore Bodies No. I and 2, 

although it appears that this would be possible. 

The major operational differences between the two mine plans can be seen 

in the two sets of drawings provided in Volume II. Mass balance sche

dules are provided for overall mining, tailings disposal, and reclama

tion in subsection 9.2. Schedules for various other items are provided 

in the computer-printed cost summaries. Cost estimates for selected 

operating activities for a period of 35 years are provided, and include 

five years of preproduction and five years of deactivation of the mine. 

Summary cost comparisons are made in subsection 9.3. 
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9.2 MINE PLANS EMPLOYING BUCKET WHEEL EXCAVATORS 

Two bucket wheel mine plans have been prepared for Ore Body No. 1. The 

mine layouts of plans for the Minimum and Enhanced Levels of Ore Body 

No.1 are very similar, the only major difference being the backfilling 

of the mine. At the Minimum I_evel the pit is used for disposal of tail

ings sand and sludge, as well as overburden and reject. At the Enhanced 

Level the backfill is a mixture of dry tailings sand, overburden, and 

reject for the entire life of the mine. 

The'size of Ore Body No. 1 has necessitated that the ore body be mined 

in two parts: in effect, as two mines. Consequently, two separate con

veying systems are required to provide plant feed to the extraction 

plant. As well, two separate waste disposal systems are utilized. 

The distribution point for the southern mine is located west of the 

plant at the most southerly extension of the future sludge pond. From 

this position, three mining faces are developed, starting in a slewing 

fashion and continuing later in a parallel fashion. Three trunk convey

ors are to be located on pitwall berms to transfer material in a south

westerly direction to the conveyor distribution point. 

For the plan at the Minimum level, two plant feed conveyors are uti

lized. Once the second distribution point is in operation to the north

east of the first, the in-pit dyke for the sludge pond can be construc

ted. Rather than continuing with the transport of overburden reject to 

the outside dump, the two waste conveyors and two spreaders are moved 

into position in the pit. The first spreader working in-pit separates 

overburden materials suitable for in-pit starter dyke construction dur

ing the course of general backfilling.. The first spreader is moved in 

Year 14, and the second early in Year 15. Prior to the relocation of the 

spreader, a waste dump is operated immediately south of the mine. 

At the Enhanced Level, no in-pit dyke is required. Therefore, once the 

three spreaders have been relocated in the pit from the outside dump, 

backfilling may continue through the neck in the mine without the 

scheduling constraints imposed by the construction of an in-pit dyke. 
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The large outside waste dumps are not required at the Enhanced Level, 

because backfill at the Enhanced Level is more extensive than at the 

Minimum Level. 

The layout of the excavating and conveying systems in the northern half 

of the mine is, in essence, very similar to that in the southern half. 

At the Minimum Level, three OWE I S operate on three mining faces. The 

distribution point directs waste to two overburden belts which lead to 

two spreaders placing the materials on an outside dump west of the mine. 

Plant feed is moved via two conveyors. 

By Year 11 the mining faces in the north mine have advanced into the 

western portion of the mine. At this time, the waste conveyors will be 

relocated to a small waste dump east of the mine. The second in-pit 

tailings dyke is started in Year 14 with overburden placed by the first 

spreader, which has been moved into the pit to begin backfill 

operations. Nine months later the second spreader is relocated into the 

pit, and starts depositing backfill on the lower backfill bench formed 

by the first spreader. All the above manoeuvres can be done by 

utilizing one centrally located distribution point. 

At the Enhanced Level the mine is operated in a similar fashion, in that 

the faces are three in number, and advance at the same rates as at the 

Minimum Level. However, the outside waste dump located east of the mine 

is much smaller, and no scheduling constraints are imposed, since no in

pit dykes are utilized. Again, the backfilling of the mine extends 

further into the mined-out pit than at the Minimum Level. 

At the Enhanced Level, both pits have two dry tailings sand conveyors 

returning th,e sand from the extraction plant. At the distribution 

point the flow of dry sand is distributed to two of the three waste con

veyors. The distribution point is designed in such a way that over

burden or centre reject is dumped on top of the dry tailings sand being 

carried by the conveyors. The two materials undergo mixing at the next 

drive station as they fall from one belt to another. The mixture of dry 

tailings sand 'and overburden/centre reject will handle better than dry 

tailings sand alone as far as dump stability and dusting are concerned. 
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The materials are distributed by shunting any of the three conveyors 

coming from the pit, so that they dump on a waste conveyor receiving a 

partial loading of dry tailings sand. The height of the backfilling op

eration can be varied regionally by appropriate benching of the three 

spreaders or locally by varying the hitJh dump thickness of the uppermost 

spreader to produce the desired relief. 

The production schedules for both types of mines are identical, and are 

detailed in Tables 9.2-1, 9.2-2 and 9.2-3. The materials handling sys

tems are described in Figures 9.2-1 and 9.2-2. Details for the tailings 

disposal and reclamation appear in the following subsections. 



Ore Body No.1, 240,000 B.P.C.D . .., Production Schedule-
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(Mine A and Mine B) 
TABLE 9.2-1 

Waste Feed Total Bitumen Crude 
Year 

3 6 3 6 3 6 6 6 
bm x 10 bm x 10 bm x 10 tonnes x 10 barrels x 10 

-2 22.076 - 22.076 - -

-1 37.323 - 37.323 - -

1 38.684 31.019 69.703 6.936 33.343 

2 53.429 73.479 126.908 16.954 82.457 

3 53.123 79.473 132.596 18.539 90.557 

4 51. 784 81. 804 133.588 18.863 91.95~ 

5 47.956 82.225 130.181 18.465 89.247 

6 48.701 82.628 131.329 18.385 88.620 

7 48.493 84.428 132.921 19.086 92.564 

8 47.066 83.711 130.777 19.038 92.559 

9 53.844 78.050 131.894 17.712 86.096 

10 55.169 76.800 131.969 17.371 84.367 

11 55.404 76.571 131.975 17.239 83.514 

12 54.114 77.862 131.976 17.132 82.244 

13 56.404. 75-547 131. 951 16.777 80.329 

14 52.755 79.195 131.950 17.769 84.694 

15 51. 683 80.336 132.019 18.134 86.557 

16 49.506 83.237 132.743 18.927 90.799 

17 53.978 79.211 133.189 18.067 87.461 

18 50.248 79.847 130.095 18.232 88.436 

19 45.949 85.754 131. 703 19.016 91. 530 

20 45.500 86.450 131.950 18.717 89.424 

21 45.430 86.521 131.951 18.609 88.620 

22 47. 157 84.797 131.954 18.600 89.163 

23 49.345 82.611 131. 956 18.683 90.077 

24 48.255 72.897 121. 152 16.623 80.046 

25 16.914 56.004 72.918 12.858 61. 782 

26 3.699 25.690 29.389 6.477 31. 665 

Total 1,283.989 1,966.147 3,250.136 443.209 2,138.103 
-



TABLE 9.2-2 
Ore Body No.1 , 240,000 B.P.C.D., Part A - Production Schedule, 6 Bucket Wheel Excavators Scheme 

Top Bench Middle Bench Bottom Bench Mine 

Year Waste Feed Total Waste Feed Total Waste Feed Total Waste Feed Total Bitumen Crude 

bm
3 

J( 106 bm
3

J( 106 bm
3 

l( 106 bm
3 

J( 106 bm
3 

J( 106 bm
3 

J( 106 
bm

3 
x 10

6 bm
3 

x 106 
bm

3 
x 10

6 
bm

3 
x 10

6 bm3 
J( 10

6 
bm

3
)( 10

6 
tonnes)( 106 barrels J( 106 

- 2 - - - - - - - - - - -
- 1 15.246 - 15.246 - - - - - - 15.246 - 15.246 

1 16.726 4.322 21.048 2.763 8.298 11 .061 0.561 1.702 2.263 20.050 14.322 "34. "372 3.458 16.990 

2 18.995 3.071 22.066 5.434 16.688 22.122 4.872 14.766 19.638 29.301 34.525 63.826 8.338 40.962 

3 19.247 2.967 22.214 3.414 18.708 22.122 4.606 17.516 22.122 29.267 39.191 66.458 9.400 46.063 

4 18.860 1.149 22.009 2.578 19.544 22.122 1.081 19.040 22.121 24.519 41. 711 66.252 9.714 A3.310 

5 17.826 1.980 21.806 1.818 20.105 22.123 2.011 20.111 22.122 21.655 44.196 66.051 9.912 47.848 

6 17.236 4.698 21.934 1.082 21.039 22.121 1.404 20.717 22.121 19.722 46.454 66.176 10.331 49.768 

7 17.304 5.675 22.979 1.338 20.780 22.118 1 .132 20.989 22.121 19.774 47.444 67.218 10.595 51.161 

8 15.311 5.524 20.8~5 1.485 20.631 22.116 1.485 20.617 22.122 18.281 46.792 65.071 10.522 20.954 

9 19.595 2.405 22.000 2.253 19.812 22.065 1.857 20.265 22.122 23.705 42.482 66.187 9.528 46.108 

10 19.395 2.604 21.999 2.745 19.395 22.140 2.485 19.637 22.122 24.625 41.636 66.261 9.324 45.102 

11 18.820 3.178 21.998 2.786 19.360 22.146 2.783 19.339 22.122 24.389 41 .877 66.266 9.424 45.619 

12 18.494 3.506 22.000 2.950 19.196 22.146 2.783 19.339 22.122 24.227 42.041 66.268 9.509 46.091 

11 17.492 4.509 22.001 6.077 16.046 22.123 4.652 17.470 22.122 28.221 38.025 66.246 9.069 44.125 

14 17.418 4.581 22.001 4.716 17.185 22.121 5.129 16.791 22.122 27.481 18.761 66.244 9.778 48.044 

15 17.541 4.458 22.001 3.25"1 18.869 22.122 4.654 17.468 22.122 25.420 . 40 795 66 245 10J05 50624 
16 17.756 4.244 22.000 2.220 19.902 22.122 1.989 20.132 22.121 21.965 44.278 66.243 10.948 53.672 

17 17.801 4.199 22.000 3.108 19.014 22.122 2.768 19.354 22.122 23.677 42.567 66.244 9.799 47.597 

18 18.140 3.860 22.000 2.570 19.552 22.122 3.108 19.014 22.122 21.818 42.426 66.244 9.528 A_6.046 

19 18.176 3.824 22.000 1.609 20.513 22.122 1.835 20.287 22.122 21.620 44.624 66.244 9.639 46.000 

20 18.601 3.400 22.001 1.280 20.843 22.123 1.609 20.513 22.122 21.490 44.756 66.246 9.638 45.959 
21 18.817 3.183 22.000 0.937 21 .185 22.122 0.950 21.172 22.122 20.704 45.540 66.244 9.825 46.871 

22 18.883 3.117 22.000 1.265 . 20.857 22.122 0.963 21.159 22.122 21.111 45.133 66.244 9.698 46.166 

23 20.407 1.593 22.000 1.530 20.593 22.123 1.530 20.593 22.123 23.467 42.779· 66.246 9.097 43.138 

24 20.407 1.593 22.000 2.009 20.113 22.122 1.575 20.547 22.122 23.991 42.253 66.244 8.943 42.329 
25 4.916 0.384 5.300 1.765 14.636 16.401 2.380 19.741 22.121 9.061 34.761 43.822 7.292 34.383 

26 - - - - - 0,598 4. ,96, 5, '561 0.598 4.963 5.561 1.037 4.882 
\0 
I 

trotal 459.412 _B8.02/i_ ~4I.438 63.005 473.264 536.269 63.000 473.264 536.264 585.417 1 034.554 h 619.971 234.671 134.0126 



TABLE 9.2-3 
Ore Body No.1 , 240,000 B.P.C.D., Part B - Production Schedule, 6 Bucket Wheel Excavators Scheme . 

Top Bench Middle Bench Bottom Bench Mine 

Year Waste Feed Total Waste Feed Total Waste Feed Total Waste Feed Total Bitumen Crude 

bm
3 

x 106 bm
3 

x 106 bm
3 

x 106 bm
3 

x 106 bm
3 

x 106 bm
3 

x 10
6 

bm
3 

x 10
6 

bm
3 

x 106 bm
3 

x 106 bm
3 

x 106 bm3 x 10
6 

bm
3 

x 10
6 

tonnesx106 barrels x 10
6 

- 2 22.076 - 22.076 - - - - - -- 22.076 - 22.076 - -
- 1 22.077 - 22.077 - - - - - - 22.077 - 22.077 - -

1 16.469 5.531 22.000 1.843 9.225 11.068 0.322 1.941 2.263 18.634 16.697 35.331 3.478 16.353 
2 18.846 3.154 22.000 2.529 19 :182 21.711 2.753 16.618 19.371 24.128 38.954 63.082 8.616 41.495 

3 20.005 2.427 22.432 3.064 18.789 21.853 2.787 19.066 21. 853 25.856 40.282 66.138 9.139 44.494 

4 21.002 2.628 23.630 3.147 18.706 21.853 3. 116 18.737 21.853 27.265 40.071 67.336 9.149 44.642 

5 18.275 2.149 20.424 4.455 17.398 21.853 3.571 18 282 21.853 26.301 37.829 64.130 8.533 41. 399 

6 19.902 2.143 21.445 4.797 17.057 21.854 4.880 16.974 21 .854 28.979 36.174 65.153 8.054 38.852 

7 19.844 2.154 21.998 4.342 17.510 21.852 4.533 17 . 32(\ 21.853 28.719 36.984 65.703 8.491 41.403 

8 19.808 2.191 21.999 4.635 17.218 21.853 4.342 17.510 21.852 28.785 36.919 65.704 8.516 41.605 

9 19.809 2.190 21.999 5.250 16.604 21.854 5.080 16.774 21.854 30.139 35.568 65.707 8.184 29.988 

10 19.796 2.204 22.000 5.484 16.370 21.854 5.264 16.590 21.854 30.544 35.164 65.708 8.047 39.265 

11 19.736 2.267 22.003 . 5.598 16.255 21.853 5.681 16.172 21.853 31.015 34.694 65.709 7.815 37.895 
-

12 19.691 2.309 22.000 4.954 16.900 21.854 5.242 16.612 21 .854 29.887 35.821 65.708 7.623 36. 153 

13 19.670 2.329 21.999 3.703 18.150 21.853 4.810 17.043 21.853 28. 183 37.522 65.705 7.708 36.004 

14 19.651 2.349 22.000 2.838 19.015 21.853 2.783 19.070 21.853 25.272 40.434 65.706 7.991 36.650 

15 19.700 2.300 22.000 3.388 18.466 21.854 3.145 18.775 21.920 26.233 39.541 65.774 7.829 35.933 

16 19.704 2.296 22.000 4.432 18.100 22.532 3.405 18.563 21.968 27.541 38.959 66.500 7.979 37.127 
--

17 19.706 2.293 21.999 5.470 17.736 23.206 5.125 16.615 21.740 30.301 36.644 66.945 8.268 39.864 

18 19.702 2.299 22.001 2.540 17.526 20.066 4.188 17.596 21.784 26.43C 37.421 63.851 8.704 42.390 

19 19.675 2.325 22.000 2.134 19.473 21.607 2.520 19.332 21.852 24.329 41.130 65.459 9.377 45.530 

20 19 .• 667 2.332 21.999 2.228 19.625 21.853 2.115 19.737 21.852 24.01C 41.694 65.704 9.079 <+3.465 

21 19.765 2.236 22.001 2.672 19.181 21.853 2.289 19.564 21.853 24.726 40.981 65.707 8.784 41.749 

22 19.847 2.156 22.003 3.111 18.743 21.854 3.088 ,18.765 21.853 26.046 39.664 65.710 8.902 42.997 

23 19.847 2.156 22.003 2.992 18.862 21.854 3.039 18.814 21.853 25.87E 39.832 65.710 9.586 46.939 

24 19.847 2.156 22.003 1.839 12.067 13.906 2.578 16.421 18.999 24.264 30.644 54.908 7.680 37.717 

25 4.752 0.516 5.268 1.548 10.345 11.893 1.553 10.382 11.935 7.85 21.243 29.096 5.566 27.399 

26 - - - 1.548 10. 345 11.893 1. 553 10.382 11.935 3.101 20.727 23.828 5.440 26.783 \() 
I 
I-' 

Tota 518.26 c 59.090 577 • 359 90.541 438.848 529.389 89.762 433.655 523.417 698.57 931.593 1630.165 208.538 ~/004.091 
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9.2.1 MINIMUM (WET) LEVEL OF RECLAMATION 

The major aspects of the development of the 240,000 BPCD mine at the 

Minimum Level are depicted by seven drawings, accompanied by tail ings 

disposal and reclamation schedules (See Tables 9.2.1-1 and 9.2.1-2 res

pectively). The mining schedule, which is common to the plans for both 

the Minimum and Improved Levels of Reclamation, has been previously 

illustrated in Table 9.2-1. A drawing-by-drawing discussion follows: 

General Mine Layout 

(Techman Drawing No. 022910-74-00) 

The mine consists of two portions which are operated independently with 

respect to mining oil sands but in combination with respect to tailings 

disposal. Mining area "Part A" contains the single sludge pond utilized 

in this plan. tvlining area "Part B" contains tailings sand deposited in 

two ponds. Both mining areas contain overburden and reject backfill 

produced within their respective boundaries, as well as a lake formed by 

combining the final end-pits. The two mining areas are operated simul

taneously in conjunction with the out-of-pit tailings pond. Mining area 

"Part A" utilizes one outside waste dump, while "Part B" requires both a 

major and a minor outside waste dump. No major river diversions are re

quired by this plan. Kearl Lake is to be drained during the course of 

mine development, but replaced at the completion of mining by the lake 

formed by the end-pits. 

Mining and Tailings Disposal - Year 1 

(Techman Drawing No. 022918-75-00) 

By the end of Year 1, all the mining faces are fully developed, and each 

mine area has 3 BWE's in operation. The waste dumps of each mine are 

being constructed utilizing two spreaders. After one year of operation, 

the tailings pond elevation is estimated to be at 339 m. The pond has 

required the construction of starter dykes in the two flanks of the dyke 

shown in this drawing. Compared to other plans presented in this re

port, the distribution points for this mine are located far from the 

plant site. 
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Mining and Tailings Disposal - Year 7 

(Techman Drawing No. D22918-76-00) 

By Year 7, the outside waste dumps are about fifty percent developed. 

No backfilling of the mine with tailings or overburden has occurred to 

date. The tailings pond will not reach its maximum crest elevation un

til another Four years have passed. Reclamation of the waste dumps is 

scheduled to begin in Year 8, with reclamation of tailings dyke slopes 

and beaches scheduled to start in Year 12. The muskeg stripping oper

ation has resulted in large muskeg dumps being formed north of the mine 

boundary. Direct deposition of muskeg to the waste dumps is possible, 

and is practiced in this mine. 

Mining and Tailings Disposal - Year 14 

(Techman Drawing No. D22918-77-00) 

The First in-pit tailings pond was started in Year 11. By Year 14, the 

second in-pit tailings pond is operational. The in-pit sludge pond dyke 

has been started. The second in-pit tailings pond remains operational 

until Year 18. In both mines, overburden is being placed into the pit 

as backfill. A portion of the overburden is selected for starter dyke 

construction. Prior to Year 14, the out-oF-pit waste dumping operation 

for the northern mining area was switched to a small dump east of the 

mine. The advance of the mining faces would otherwise interrupt the 

overburden conveyors. In the southern mining area, the conveyor distri

bution point has been relocated, but in the northern mine area, a single 

conveyor distribution point is maintained throughout the life of the 

mine. 

Mining and Tailings Disposal - Year 22 

(Techman Drawing No. D22918-78-00) 

The mining faces in both pits are advancing in the same direction, with 

the overburden backfilling faces being almost parallel to the mining 

faces. Sludge transfer from the out-of-pit pond was started in Year 15, 

and continues until Year 23. Sludge transfer from the first in-pit 
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Ore Body No.1, 240,000 B.P.C.D. S8.W.E. 9-in 

TAILINGS SCHEDULE 
FOR MINIMUM LEVEL OF RECLAM ATIO N 

TABLE 9.2.1-1 
Outline of Tailings Disposal Scheme: 

- Yfi'OfS 1- n Tailings to out-of- Pit Tailings Pond. - Years 23-26 Sludge from Second in-Pit Tailings Ponel to 

- Y@ars 11- 14 Tailings to First in- Pit Tailings Pond. Sludge Ponel. 

- Yfi'ari 14- HI Tailings to Second in- Pit Tailings Pond. - Years 18-23 Tailings to out-oF-Pit Pond. Fill ..... ith Sand. 

- '{@ars 15-23 Sludge from out-oF-Pit Pond to Sludge Pond. - Years 23-24 Tailings to First in-Pit Tailings Pond. Fill ..... ith Sand. 

-Years 22-24 Sludg@ from First in-Pit Tailings Pond - Years 24-26 Tailings to Second in-Pit Tailings Pond. 

to Sludge Pond. . Fill ..... ith Sand. 

Volunut of Volume of Volum. Volume Sand Sand Sludge 
ae Ta iii ng$ Rec:vd. of of into Into R.tu~ndl. « Produc.d Wat.1I' SII.IC:jg. Sand Dykes Beach Voh.lm. w 
>- [ m

3 
'c10

6 
] [ m3 )C 10 6 

] [ m3 )Cl0'] [ m$)C 106 
] r. ",!)C 10· ] [ ",3 )( 10' ] [ m3

)( 106 ] 
1 61. 991 f")'1 ..... £:1 

LJ •• ):J.l FJ. 783 27.857 10.100 17.757 LJ 

2 174.647 65.787 30.379 78.481 7.800 70.681 0 

J 178.428 67.211 31. 037 80.180 7.200 72.980 0 

4 183.837 69.248 31. 978 82.611 6.400 76.211 0 

5 187.028 70.450 32.533 84.045 4.700 79.345 0 

6 183.921 69.280 31. 992 82.649 3.700 78.949 0 

1 186.785 70.359 32.490 83.936 2.700 81. 236 0 

8 186.087 70.096 32.369 83.622 2.300 81. 322 0 

9 181. 540 68.383 31. 578 81. 579 1.600 79.979 0 

10 175.078 65.949 30.454 78.675 1.170 77.505 0 

11 168.507 63.474 29.311 75.722 18.023 57.699 0 

12 170.2.24 64.350 29. 716 76.768 24.132 52.636 0 

13 166.470 62. 706 28.957 74.807 0 74.807 0 

14 175.043 65.936 30.448 78.659 9.294 69.365 0 

15 177.284 66.780 30.838 79.666 20.988 58.678 33.829 

16 189.933 71.545 33.03(3 85.350 11.172 74.178 61. 658 

11 177.285 66.780 30.838 79.667 0 79.667 61.658 

18 180.844 68.121 31. 457 81. 266 0 81. 266 61. 658 

19 196.154 73.888 34.120 (38.146 0 88.146 61. 658 

20 198.506 74.774 34.529 89.203 0 89.203 61. 658 

21 199.855 75.282 34.764 89.809 0 89.809 61. 658 

22 196.648 74.074 34.206 88.368 0 88.368 87.686 

23 195.621 73.687 34.027 87.907 0 87.907 109.511 

24 184.714 69.579 32.120 83.005 0 83.005 83.005 

·25 126.821 47.771 22.060 56.990 0 56.990 57.684 

26 58.175 21.914 10.119 26.142 0 26.142 25.838 

4,462.036 1, 680.775 776.151 2,005.110 131.279 1.873.831 767.501 
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Excavators 
SCHEDULE FOR MINIMUM LEVEL OF RECLAMATION 

TAB LE No. 9.2. 1 - 2 
Soil Composit ion: Soil Manufacture: 

O.20m Muskeg Layer of muskeg and overburden 
O.20m Overburden (where required) are spread 
O.20m Sand (where applicable) onto area to be reclaimed and 

plowed 0.6 m deep. 

Area of Volume of Volume of 
Muskeg 

Volume of 
Overburden 

De 
Reclamation Pre pared Soi I Muskeg 

Transport 
Overburden 

Transport 
~ (by trucks) (by tr uc Its ) 
ILl [ m2 

x 10
3 

] [m3 
x 10

3
] [ m3 

x 1d ] 3 

>- [ k m] [m3x lO] [ It m1 

1 

2 

3 

4 
-- -~-.--- -

5 _. 

6 
--.. - .. - ---- .- r-----

7 
---r----

8 2,125 1, 275 4?5 4.40 850 n .. 

9 4,858 2,915 972 5.55 1,944 0 
10 1,619 972 324 6.01 648 0 

11 1,619 972 324 7.73 648 0 -.- ---- -_ ... -

12 3,259 1,955 652 7.69 976 1.40 
----- - -----. ._-- f-----

13 2,457 1,474 491 7.34 655 1. 20 
.- -

14 2,457 1,474 491 8.51 555 10.;::0 - -- ._- --- --- .- r'-
15 2,014 1,209 403 5.35 ~78 6.27 

~---- 1--- ._ .... _-- --

16 1,639 984 328 2.83 4[~3 0.90 
- . _._- .. - -- _._- -_ . 

17 1,718 1-,031 344 1. 37 541 0.85 ---" - -_. -_ .. _. 

18 2,618 1,571 524 1.87 901 1.60 
--. ._- -- - .-

19 2,640 1,584 528 3.08 728 2.70 
20 3,852 2,311 770 4.51 974 5.05 
21 3,633 2,180 727 6.78 886 7.75 

--
22 4,028 2,417 806 7.43 965 5.05 
23 4,028 2,417 806 6.88 965 5.08 

----

24 6,169 3,701 1,234 5.55 1,553 4.53 .-_. __ . 
25 6,169 3,701 1,234 4.97 1,553 4.24 
26 6,461 3,877 1,292 5. ~,1 1,452 4.73 
27 6,461 3,877 1,292 5.04 1,452 4.57 --- --. 

28 5,664 3,398 1,133 5.00 1,133 4.39 ._- -. 
29 6,111 3,666 1, ?22 3.95 1,222 4.35 

--f----- --

30 6,111 3,666 1,2('2 3.93 1,222 3.58 

87,710 52,626 17,542 22,844 
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tailings pond begins in Year 22 and continues until Year 24. Sludge 

transfer from the second in-pit pond will last from Year 23 to 26. 

During these periods, all three ponds are filled with sand to produce 

dry sanded-in surfaces. 

Material Distribution Plan 

(Techman Drawing No. D22916-79-00) 

This plan shows the types of materials that must be surfaced with pre

pared soil. Outside waste dumps, in-pit overburden reject backfill, and 

sanded-in tailings ponds form dry, reclaimable surfaces. However, the 

sludge pond is currently considered unreclaimable. The end-pit is re

claimed to a fresh water lake. Exposed pit walls require the appli-

cation of prepared soil. Muskeg dumps do not require surfacing with 

prepared soil. It should be noted that, during the course of activi-

ties, some of the muskeg stored in dumps is used for the manufacture of 

prepared soil. Refer to Section 10.6, Table 10.6-1 for a mine-by-mine 

comparison of surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. 022980-80-00) 

The surfaces to be reclaimed as well as the time periods during which 

reclamation occurred are shown. Only the sludge pond remains wet and 

unreclaimable. Plant species are selected according to the reclamation 

objectives for the Minimum Level as described in Chapter 4.0. 
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9.2.2 ENHANCED (DRY) LEVEL OF RECLAMATION 

The major aspects of the development of the 240,000 BPCD mine at the En

hanced Level are depicted by seven drawings, accompanied by tailings 

disposal and reclamation schedules (See Table 9.2.2-1 and 9.2.2-2). The 

mining schedule, which is common to the plans for both levels of recla

mation, has been illustrated previously in Table 9.2-1. A drawing-by

drawing discussion follows: 

General Layout 

(Techman Drawing No. D22910-81-00) 

The mine boundaries and the advance of the mining faces are identical to 

those for the plans at the Minimum Level. A difference exists with res

pect to the disposal of tailings, which in this case are dry and trans

ported by conveyors. A small outside dump is required for each half of 

the mine. 

Mining and Tailings Disposal - Year 1 

(Techman Drawing No. 022918-82-00) 

By the end of Year 1, the mining faces are fully developed. Three BWEv s 

and three spreaders are in operation in each half of the mine. 

Mining and Tailings Disposal - Year 7 

(Techman Drawing No. 022918-83-00) 

The outside dumps were completed in Year 3. The manufacture of prepared 

soil commenced in Year 4. The muskeg dewatering plant and blending yard 

are situated south of the neck in the southern mine. Muskeg is pumped 

as slurry to the dewatering plant. Overburden is obtained by means of a 

2,600 mm conveyor accepting suitable overburden from the southern mine 

distribution point. A stacker blends the overburden and muskeg into 

windrows. This material is loaded by a small bucket wheel reclaimer 

onto a belt conveyor leading to the field stockpile of prepared soil. 

The outside dump for the southern half of the mine was reclaimed in Year 

4 and 5, and the outside dump for the northern half in Year 6 and 7. 
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TAILINGS SCHEDULE 
FOR ENHANCED LEVEL OF RECLAMATION 

TABLE 9.2.2-1 

Outline of Tailings Disposal Scheme: 
- Dry Tailings Conveyed with Overburden and Center Reject for Fint 2.5 to 3.25 

Years to out-oF-Pit Waste Dump, then into Mined - out Pit. 

Volume of Dry Tail ings 
YEAR Dry Tailings Conveying 

Produced Dbtance .. 
[ m3 

)( 106 
] [ m ] 

1 32.632 40,400 
2 77.300 42 850 
3 83.606 37.850 
4 86.058 41.400 
5 86.501 43,850 
6 86.925 45,850 
7 88.818 50,100 
8 88.064 55,150 
9 82.109 61. 300 
10 80.794 62,500 
11 80.553 63,350 
12 81.911 63,100 
13 79.475 60,000 r---- --------- -----~ ..... - -

14 83.313 54,100 r------ f----------.----

15 84.513 53 950 
1 6 87.565 49,400 
17 

_.- 83.330 40,250 
18 83.999 38,700 - -----~---.. --

19 90.213 39,400 
20 90.945 42,550 
21 91.020 45,400 
22 89.206 50,50Q. 
23 86.907 52,350 r- ---_._--_ .. - - -

24 76.688 54,650 

25 58.916 56,000 
26 27.026 56,750 

2,068.387 

• NOTE: 
These are Total lengths of four Conveyor Systems from Plant to Distribution 

Points and Six Conveyor Systems from Distribution Points to Six Spreaders 
which also Handle Overburden and Centre Reject. 
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Ore Body No1, Bucket Excavators 

SCHEDULE FOR ENHANCED LEVEL OF RECLAMATION 
TABLE No. 9. 2. 2- 2 

Soil Composit i On: Soil ManufachJre: 
0.33m Muskeg Stacker deposits lay@r'S of MUKeg 
0.66 m Overburden and overburdt'Hl into piles. 

Components are miud by bucket 
wheel redaimer. 

of Volume of 
Pre pared Soil 

Volume of 
Muskeg 

Volume of 
Over burden 

Ana Transport Transport Transport - Ihclamation Prepared Soi I Muskeg Overburden ~ by con- I! by (by pipeiine) (by conveyors) w [ m2xld] [m3x ldJ y.yon I trucks) [ml X 103J [rJx ld] ,.. 
[km] [km] [km] [It m] 

1 a a a a a a a a 
2 a 0 a 0 0 a 0 0 

3 0 0 0 0 0 0 a 0 

4 1,310 1,310 1.8 1.5 437 14.6 873 6.7 

5 1,310 1,310 1.8 1.5 437 14.6 873 7.4 

6 1,480 1,480 6.2 1.8 493 14.6 987 7.9 

1 1,480 1,480 6.2 1.8 493 14.6 987 8.1 

8 1,800 1,800 4.9 1.0 600 14.6 1,200 6.9 

9 1,800 1,800 4.9 2.0 600 14.6 1,200 6.9 
H) 1,800 1,800 4.9 3.0 600 14.6 1,200 6.8 

11 1,800 1,800 4.3 
f---- ~ 

1.5 600 14.6 1,200 4.6 

12 1,800 1,800 4.3 2.0 600 14.6 1,200 5.6 
1 :3 1,800 1,800 4.3 3.0 600 14.6 1,200 5.3 

14 1,800 1,800 4.3 3.7 600 14.6 1,200 3.7 

15 1,800 1,800 4.3 4.2 600 14.6 1,200 3.6 

16 1,800 1,800 1.5 1.0 600 14.6 1,200 3.7 
11 1,800 1,800 1.5 1.3 600 14.6 1,200 4.0 

11 1,800 1,800 7.5 1.7 600 14.6 1,200 4.3 

19 1,800 1,800 7.5 1.5 600 14.6 1,200 4.5 

20 1,800 1,800 7.5 1.0 600 14.6 1,200 4.7 

21 1,800 1,800 7.5 0.5 600 14.6 1,200 4.9 

22 1,800 1,800 4.5 1.7 600 14.6 1,200 5.2 

23 1,800 1,800 4.5 0.6 600 14.6 1,200 5.4 
24 1,800 1,800 4.5 1.0 600 14.6 1,200 5.5 

-'"--

2S 1,800 1,800 4.5 1.5 600 14.6 1,200 5.5 
26 1,800 1,800 4.5 2.0 600 14.6 1,200 1.3 
21 1,790 1,790 4.5 3.0 597 14.6 1,193 1.3 
28 1,770 1,770 4.2 2.5 590 14.6 1,180 1.3 
29 1,770 1,770 4.2 2.0 590 14.6 1,180 1.3 
30 J ,770 1; 770 4.2 1.2 590 14.6 1,180 1.3 

46,880 46,880 15,627 31,253 



RHEINBRAUN-Consulting GmbH ------------------- TECHMAN LTD. 

Mining and Tailings Disposal - Year 14 

(Techman Drawing No. E22918-84-00) 
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The in-pit backfilling of the mine with dry tailings, overburden, and 

reject follows closely behind the mining face. The major part of the 

muskeg removal has been completed. The location of the field stockpile 

for prepared soil has been changed to a position just west of the mine 

and north of the southern-most outside dump. Reclamation of the western 

portion of the southern half of the mine and the eastern portion of the 

northern mine began in Year 8. 

Mining and Tailings Disposal - Year 22 

(Techman Drawing No. E22918-85-00) 

The conveyor distribution point for the southern half of the mine has 

been relocated. The prepared soil conveyor now passes to the west of 

this point enroute to the stockpile site. The current length of the 

conveyor is 4.5 km. From Year 18 to 21, the conveyor length was 7.5 km 

and so extended into the northern half of the mine. Compared to the 

plans at the Minimum Level of Reclamation, the surface area utilized for 

muskeg dumps is greater. At the Minimum Level a portion of the muskeg 

is used in prepared soil manufacture, much of it by direct transfer from 

source to final destinations on the reclamation areas, whereas at the 

Enhanced Level, the muskeg is obtained from a hydraul ic muskeg mine 

assumed to be located outside of the mine boundary. 

Material Distribution Plan 

(Techman Drawing No. E22916-86-00) 

This drawing shows that the main material to be surfaced with prepared 

soil is a mixture of dry tailings and overburden. During the course of 

mining, toxic materials are buried. Compared to the Year 22 position, 

the major difference in Year 26 is that the backfill is extended east

ward. A final C-shaped end-pit lake remains. 
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Reclamation activities are to continue for about another five years, and 

for this purpose, suitable overburden is selectively placed during the 

backfilling operation for retrieval. This is done by re-mining part of 

the backfill shown to the west of the blending yard. The plant site is 

to be resurfaced with a layer of prepared soil. There are no unreclaim

able surface areas remaining in this plan. Refer to Section 10.6, Table 

10.6-1 for a mine-by-mine comparison of surfaces to be reclaimed. 

Reclamation Plan 

(Techman Drawing No. [22980-87-00) 

The surface area to be reclaimed as well as the time period during which 

reclamation occurred are shown. The end-pit lake submerges the unmined 

peninsula jutting into the northern half of the mine. Table 9.2.2-2 is 

a detailed schedule of reclamation activities on a year-by-year basis. 

Plant species are selected according to the reclamation objectives for 

the Enhanced Level of Reclamation described in Chapter 4.0. 
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9.3 COST SUMMARIES FOR 240,000 BPCD MINE PLANS 

Cost summaries are provided for each of the mine plans detailed in this 

chapter. Rather than following immediately behind the description of 

the mine plan, the summary tables are grouped at this point in the re

port for ease of reading and comparison. 

Two tables (Tables 9.3-1 and 9.3-2) summarize the quantities, unit costs 

and $/bbl costs of both capital and operating items. Further details 

for each cost summary are provided on an annual basis in Volume III. A 

comparison between the mines costed in this and other chapters of this 

report follows in Section 10.7. 
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:J:I 
COST ANALYSIS (S/bbl.). ORE BOOY ItO. 1 (240,OOO apeD) B.W.E. SCHEME. MIHlltJH LEVEL (Continued) ::J: 

In 
TABLE 9.3-1 (Continued) Z 

aJ 
COST ITEM Quantity Quantity UnltPrice ~ratlng Additional Total Operating Quantity Unit Price Capital hldftional Total Capital SUbtotal 

:J:I 
lao 1 2 1 Cost (S/bbl.) Cost (S/bb1.) Cost (S/bbl.) 3 , Cost ($/bb1.) Cost (S/bbl.) Cost (S/bb1.) U/bbl.) c: 
Z 

4.9 Sludge Treatment 1.000 m3 $/1,000 m3 I 

0 
4.10 Power Distribution 21.1 0,0003 0.0003 25,000.00 0.0005 0,0005 g '" 1/'" 

4.11 Oversize Reject Disposal 1.0001~~~:O~~ $/1,000 l~;;'~~ 0.0574 0.0514 
1,000 l~~~~O~g 204.67 0.0107 0.0101 0.0682 

en 
$/1 .000 loose m3 :. 

4.12 Oversize Reject Dlsposal Road Construction 9,' 33,825.11 0.0001 0.0001 9,' 6,915.90 0.00003 0.00003 0.0002 :3' I<m S/km '" 1/'" tQ 

COST CENTRE 5: Establfsh:lent of UltiNte land Use Resources 0.0556 
C> 

5.1 I'lIskeg Rehandle Loading 
1,000 1~~~;0~~ S/',OQ{) b:~;·!j 0.0040 0.0040 I,OOOl~~~~O~~ $/1,000 b~~~'~ 0.0010 0.0010 0.0049 3 

C' 

5.2 Ji\Jskeg Rehandle Hauling (inc1. Road Maintenance) 
1,000 1~~~;0~3 4.99 224.53 0.0072 0.0072 

, ,000 ba~~ '~l~k! S/I,ooo bank :l;:'; 0.0014 0.0014 0.0086 ::J: 

'" Sl1,OOO bank m3xkm 

5.3 Ji\Jskeg Rehandle PlaCelllent l,OOOl~~~;O~~ SI1,OOO b!~;'~1 0.0011 0.0011 
1,000 1~~~;0~~ Sl1,OOO bd~~':l 0.0002 0.0002 0.0012 

5.4 Ji\Jskeg Rehdndle Ro.ld Construction 332.9 33,825.11 0.0053 0.0053 332.9 6,915.90 O.OOlt 0.0011 0.0063 

'" S/km I<m 1/'" 

5.5 Overburden Rehandle LOdding 1.0001~~~~2~! 541.57 0.0032 0.0032 I,OOO'~~~~2~j S',OOO b!~~ ';j 0.0008 0.0008 0.0040 
Sl1,OOO bank m3 

5.6 Overburden Rehdndle Hduling (incl. Road Maintendnce) 
1 ,000 

1 ~~~~2 ~j 4.47 178.56 0.0047 0.0047 
1,000 ba~~'!!!~ 34.00 0.0009 0.0009 0,0056 

"" 1/1,000 bank m3xkm $/1,000 bank mh:km 

5.7 Overburden Rehandle PlaceMent I,OOOI~~~~2~j 140.93 
S/I,OOO bank m3 

0.0008 0.0008 
1,000 1~~~~2~j 22.92 O.OO{1l 0.0001 0.0010 

Sl,OOO bank 1113 

5.8 Overburden Rehandle Road Construction 12.6 33,825.11 0.0002 0.0002 12.6 6,915.90 0.00004 0.00004 0.0002 

'" S/km "" 1/" 

5.9 Ji\Jske9 H'lning, Slurry Trdnsport dnd Dewatering 
1,000 ban; m3 S/I,OOO bdn; m3 1,000 bdnk m3 Sl1,OOO ba~k .3 

5.10 Prepared Soil Manufacture I,0005~~~~5~j $11,000 bd~~'~~ 0.0007 0.0007 I,0005~~~~5~j SI1,OOO ban:'!3 
0.0001 0.0001 0.0008 

5.11 P~pared Soil loading, F.E.L. a Trucks 
1,000 bank m3 Sl1,OOO ban; m3 1,000 bank m3 S/1 ,000 ba~k 1113 

5.12 Prepared So11 Transport, Trucks (incl. Road Maintenance) 
1,000 ban; m3 $11,000 bank m3xk; 1,000 bank m3xk; SJI,OOO bank m3xk; "" 

S.1l Prepared Soil Placement, Trucks 
1,000 ban; m3 S/I,OOO bank. m3 1,000 bank m3 SI1,OOO ba~k m3 

5.14 Prepared SolI Road Construction 

"" S/km km S/km 

5.15 Seed Bed Preparation, Maintenance 8,771.0 768.05 0.0032 0.0198 0.0230 0.0230 
hectares S/ha hectares S/ha 

COST CENTRE 6: SUpervision, Technical Services 0.1499 

6.1 Equipnent Maintenance (Staff only) 4,1l5.0 29,195.00 0.0562 0.0562 0.0562 
persons S/person 

6.2 Planning (Staff only) 3,388.0 28,025.00 0.0444 0.0444 0.0444 
persons S/person 

6.3 Mining (Staff only) 3,622.0 29,740.00 0.0493 0.0493 0.0493 ~ 
persons S/person In 

0 
TOTAL COSTS 1.4119 0.4088 1.8207 ::J: 

;c 
lao 

HOTE: Refer t~ Chapter 6 for Cost Centre description. 
\!) Z 
I 

N r 
C}\ ~ 

0 . 



R
H

E
IN

B
R

A
U

N
 -

C
on

su
ltin

g 
G

m
b H

 ----------------------------------------T
E

C
H

M
A

N
 

L
T

D
. 

g .; 

g .; 

j 

" .; " 

o 8 .; 

.
;
 

0 

.; 

9
-2

7
 

8 

.~ 
i 

G
 

,.; 
,.; 

~I 



:IJ 
::I: 

COST AltAlYSIS {Slbb1.l. ORE BOOY NO. 1 ~24g,000 BPCO}, B.W.E. SCHEMEl EHHAHCEO LEVEL (Continued) m 
TABLE 9.3-2 (Continued) Z 

a:J 
:IJ 

COST ITEM !),Iantity Quantity unft?rice Operating Additional Total Operating Quantity Unit?rice capital Additional Total Capital SUbtotal 
,. 

I 2 I Cost (S/bbl.) Cost (S/bbl.) Cost (S/bbl.) 3 2 COst (S/bbl.) Cost (S/bbl.) Cost (S/bbl.) (S/bbl.) c:: 
Z 

4.9 Sludge Treatment 
I 

1.000 m3 $11.000 m3 0 
4.10 Power Distribution g 

"" $/" VI 

4.11 Oversize Reject Disposal C 

4.12 Oversize Reje<:t Disposal Road Construction 5' 
"" $/", '" $/ .. CQ 

COST CENTRE 5: Establ isl'menl of Ultlmat~ Land Use Resources 0.1194 G'J 
3 

5.1 Musk.eg ReharKIle loading 
1,000 ban; m3 $/1,000 bank m3 1,000 bank m3 Sf 1 ,000 ba~k m3 

r::r 
::I: 

5.2 I'tl.Iskeg Ret!andle Haul1~9 (fncl. Road M/Jintenance) 
1,000 bank m3 '"' S/l,OOO bank m3xk.; 1,000 bank 111311.k; $/1,000 bank m3xkll'l 

5.3 ~skeg Rehandle Placl:S'Ient 
1,000 bank. 11'1 3 $/1,000 bank 11'1 3 1,000 bank 11'1 3 $/1,000 ba~k 11'1 3 

5.4 ~skeg Rehandle Road Construction 
km $/km ,. II,," 

5.5 Overburden Rehandle Loading 
1,000 ~~~~3~S $/1, 000 b!~:' ~1 0.0012 0.0012 

1 ,000 ~~~~3;S 43.86 
$1,000 bank 11'13 

0.0001 ::.:)(>01 0.0013 

5.6 Overburtlen Rehandle Hauling (incl. Road Jli.aintenance) 
1,000 bank 11'13 $11,000 bank m3xk~ 1,000 bank m3xl:~ $11,000 bank m3xk~ km 

5.7 Overburden ~Mle Plac9l'lent 
1,000 bank 11'1 3 $/1,000 bank 11'13 1,000 bank 11'1 3 $1,000 bank 11'13 

5.8 Overburden Rehandle Road Construction 

"" $/km "" $/km 

5.9 Muskeg ltining, Slurry Transport and [)ewatering 1,~1~~~~7 ~S $/1,000 
2 b~~~':~ 0.0170 0.0170 

1,000 bank. 11'13 $11,000 bank 11'13 
0.0083 0.0083 0.0253 

5.10 Prepared Soil ~nufactur'e 
1 ,000 4~~~O~S $/1,OOOlb~~~'!1 0.0239 0.0239 

1,000 bank 11'13 $Il ,000 bank 11'1 3 
0.0202 0.0202 0.0441 

5.11 Prepared Soil Loading, f.Ll. & Trucks 
1,000 4~~~0~S $Il ,000 b!~~' ~~ 0.0094 0.0094 

1,000 4~~~0~3 $/1,000 b~~~'~~ 0.0025 0.0025 0.0120 

5.12 Prepared So11 Transport, Trucks (incl. Road Maintenance) 
1,000 4~~~0~3 1.84 

$11,000 bank 2!~~:~ 0.0086 0.0086 
1 ,000 ba~~';~~k~ $11,000 bank ;~;:! 0.0023 0.0023 0.0108 

'" 
5.13 Prepared Soil Placement, TrUCks 

1,000 4~~~0~S 150.57 0.0033 0.0033 
1,000 4~~~0~S $/1 ,000 ba~:';~ 0.0005 0.0005 0.0038 

S/1,000 bank 11'13 

5.14 Prepared Soil Road Construction 281.3 33,825.11 0.0044 0.0044 281.3 6,915.90 0.0009 0.0009 0.0054 

"" $/,," '" 1/,," 

5.15 seed Bed Preparation, l4aintenance 4,688.0 768.05 0.0017 0.0150 0.0167 0.0167 
hectares $/ha hectares $/ha 

COST CEHTRE 6; Supervision, Technical Services 0.1531 

6,1 Equ'qment K.)intenance (Staff only) 4,115.0 29,195.00 0.0562 0.0562 0.0562 
persons S!person 

6.2 Planning (Staff only) 3,388.0 28,025.00 0.0444 0,0444 0.044.4 
persons $/person 

-! 
6.3 Mining (Staff only) 3,779.0 29,730.00 0.0525 0.0525 0.0525 m 

persons S!person 0 
::I: 

TOTAL COSTS 1.3085 0.5041 1.8126 ~ ,. 
\,() Z 

HaTE; Refer to Chapter 6 for Cost Centre des~ription, I 
N r-
eo -! 

C 
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10.0 MAJOR FACTORS IN THE DEVELOPMENT AND RECLAMATION OF OIL SANDS MINES 

10.1 ORE BODY CONFIGURATION 

Next to tailings disposal techniques employed, the shape of the ore body 

to be mined is likely the most significant factor determining the areal 

extent to which reclamation activities can be carried out. Three major 

general shapes are of concern: the uniform and areally large ore body, 

the uniform and areally small ore body, and the longitudinally-extended 

ore body. 

The uniform ore body may range in size from very small to around 150,000 

BPCD. At sizes larger than 150,000 BPCD it is very doubtful if the mine 

can be operated as a single mine. Subdivision into two operating units 

is likely unavoidable since technical operating limits in equipment 

application become the determining factor. The ore bodies are too shal

low to permit more than 3 benches (4 in deeper mines), and consequently 

there may be severe congestion on benches due to the numbers of excava

tors and conveyors needed if more than 150,000 BPCD of production are 

demanded from a single pit. For example, Ore body No. 1 exceeded the 

maximum level of production attainable from one mining face, and was 

therefore subdivided into two mines. Nevertheless, such mines can be 

operated jointly, with many advantages for overburden and tailings dis

posal. The sizes of neither the draglines nor BWE's suggested in this 

study are likely to be exceeded in the near future, namely 80 m3 

(dragline bucket) and 100,000 m3/day (BWE production) respectively. 

As operating experience is gained, draglines and BWE's with higher capa

cities may be shown to be practical. 

In the small size range (mines of around 60,000 BPCD), it appears that 

draglines and BWE's can be operated in the same mine layout with equal 

ease. As the ore body size increases beyond 60,000 BPCD, the capacity 

of reasonably-dimensioned draglines becomes marginal, and the dupli

cation of excavators, i.e. 2 draglines per bench must be considered. A 

uniformly shaped ore body, preferably one which is rectangular in shape, 

can still be planned to be rather efficient, even with duplication of 

draglines on benches. 
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Duplication of excavators on benches (especially when a series of conti

guous ore bodies is to be mined) must be carefully weighed against other 

possible development alternatives, however. Considering the efficiency 

of mining alone, better solutions exist. 

Very small ore bodies will likely remain equally attractive for either 

draglines or BWE. The overburden will be excavated by either a bucket 

wheel excavator, shovel, or front end loaders. The choice for transport 

is determined by the efficiency with which a conveyor system can be 

operated, as compared to truck haulage. Very small ore bodies will lend 

themselves best to shovel, front end loader, and truck operating tech

niques. A cluster of small are bodies would be particularly attractive 

for this mining method. 

A single small ore body, while not presenting a drawback to mining, is 

somewhat problematic with respect to tailings disposal. In some small 

mines it will be possible to conduct some in-pit tailings disposal but 

in others this may be totally impractical. This implies that the mined

out pit remains empty, while all tail ings are disposed out-of-pit. A 

regional plan integrating the development of several small pits is a 

very attractive solution for the disposal of wet tailings from these 

mines. The mined-out pit from one operation might be used permanently 

for the tailings disposal or temporarily for the make-up water reservoir 

of another mine. 

Longitudinally-extended ore bodies are ideal for wet tailings disposal 

methods. The efficient sequencing of ponds is the most prominent con

cern. Longitudinally-extended ore bodies that have an excessively high 

overall ratio of length to width may exhibit the tailings disposal 

SCheduling problems inherent in a uniform ore body. 

The relative advantages of shape are minimized when dry tailings rather 

than wet tailings are produced. The major concerns are slope stability 

of the backfill and the stability of the pit floor. Backfilled slopes 

must remain stable for considerable periods of time. Consequently, the 

backfilling of the large uniform pits may still be more troublesome than 

the backfilling of medium-sized pits. At the other extreme, it may be-
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come more costly to backfill small individual pits than to backfill 

the medium-sized pits. 

pits for backfilling, 

increases. 

Considerable expense may be incurred with small 

especially as the distance between such pits 

The ore body configuration as defined by geologic criteria is seldom 

suitable for mining. Adjustments to the boundaries must be made by 

striking a balance between the higher grade ore that must be left and 

the lower grade ore that must be mined. When making such boundary ad

justments, consideration must be given to the tailings disposal require

ments as well as mining requirements. Design tools such as simulation 

programs must be available to examine a sufficient number of options 

before a final decision is reached. 

A serious question regarding the future time-value of oil sands re

sources remains. Shapes that are ideal for tailings disposal, and which 

thus offer greater reclamation potential, may cause a greater volume of 

marginal oi 1 sands to be rendered unmineable. Ore at the pit boundary 

is sterilized once the pit is backfilled with wet tailings products and, 

to some extent, even when backfilled with dry tailings. The construc-

tion of conventional tailings ponds in such a way that an open corridor 

is left between the tailings ponds and the pit wall is likely imprac

tical for all but the most ideally sized and regularly shaped ore 

bodies. 

It is costly to completely surround wet tailings with containment struc

tures within a mined-out pit. Alternatively, narrow, strip-type, 

sanded-in ponds could be used advantageously when the tailings sand must 

be kept from contacting the pit wall. In all cases, it also must be 

shown that the overall mass balance within the mine permits the use of 

the selected type of containment structures or facilities. With deeper 

ore bodies, slope stability is most certainly a factor in determining 

whether such a scheme should be attempted or not. When waste overburden 

and reject are placed on the pit floor geotechnical problems related to 

dyke stability may be further compounded. 
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It appears that much more can be gained in the line of oil sands re

source conservation by following a regional development plan, in which 

marginal ore may be conserved through the optimization of ore bodies and 

the utilization of smaller outside dumps and out-of-pit tailings ponds. 

As well, much more effective reclamation is possible. The latter tail

ings disposal scheme allows for permanent reclamation, whereas the for

mer results in considerable temporary reclamation while the mines await 

further development some time in the future. 
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10.2 CHARACTERISTICS OF MATERIALS HANDLING EQUIPMENT 

The major excavating equipment selected for a particular operation will 

not have a significant influence on the success of reclamation. Drag

lines, BWE's, BWR, spreaders, and conveyors will be the major materials 

handling equipment in the medium and large mines. Small mines may make 

more use of combinations of shovels, loaders, and trucks. For reclama

tion the major concern is that a means be provided whereby sufficient 

quantities of overburden and muskeg suitable for prepared soil manufac

ture are isolated from the other material being handled by the mining 

system. 

The mines as developed in this report require relatively high initial 

capital investments. Mines smaller than about 40,000 BPCD may be able 

to take advantage of low initial capital investments required for a 

fleet of mobile equipment. The small size of ore bodies less than 

40,000 BPCD may preclude the use of conveyor transport to some extent 

for certain phases of the operation. This does not necessarily imply 

poor economics for small ore bodies, but rather that an innovative 

materials handling technology other than that currently used by oil 

sands mine operators and discussed in this study may have to be applied. 

It is strongly suspected that even for such small mines the major con

cern will again be to isolate suitable reclamation material at strategic 

locations for later use in reclamation activities. 

The advantages and disadvantages of draglines or bucket wheels, single 

and multiple benches, and parallel or slewing conveyor layouts have been 

demonstrated in the twelve mine plans developed in this study. A 

clear-cut decision with respect to the suitability of a prime excavator 

cannot be made based on a comparison of the selective capabilities of 

the dragline and BWE. In Chapter 5.1, it was demonstrated that finer 

selectivity can result in decreased net oil yield. On the other hand, 

less selectivity results in more low grade oil sands being processed as 

plant feed resulting in a higher net oil yield. Unfortunately, this is 

at the expense of greater capital and higher operating costs for the ex

traction plant, and most certainly involves the generation of larger 
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quantities of tailings and sludge. However, the choice of excavator is 

clearly indicated when the total capital and operating costs of the pri

mary mining system are considered. 

At the 60,000 BPCD size, the total capital and operating costs of the 

primary mining system for both a dragline and a bucket wheel mine are 

nearly identical. The costs of two draglines and one BWE balance the 

costs of three BWE's, provided a similar conveyor layout is employed. 

As the mine size is increased to 120,000 BPCD, a typical primary mining 

system in a dragline plan requires four draglines and one BWE, while a 

bucket wheel mine plan requires three BWE's and considerably less in

stalled length of conveyors than the dragline plan requires. With its 

distribution of equipment, the dragline system is at a great disadvan

tage when its capital and operating costs are compared to those of the 

bucket wheel system. Economy of scale in oil sands is realized with the 

bucket wheel excavator but not with the dragline. 

The application of the dragline should be restricted to those ore bodies 

where the geology will allow the efficient application of this type of 

excavator. The overall cost effectiveness of a dragline drops dramatic

ally when pit geometry and operating condit ions vary from the optimum 

for which the dragline has been designed. The possibility of hybrid 

systems, BWE's on the upper and middle bench, and dragline on the lowest 

bench appear attractive. The flexibility of the bucket wheel section 

could be used to created an ideal working pit geometry for the drag

line. 

Direct transfer of suitable materials from the mining face to the recla

mation site is possible only for a very small percentage of the time. 

Intermediate stockpiling of suitable overburden materials is the rule 

for all oil sands mines using wet tailings disposal methods. At the 

Minimum and Improved Levels of Reclamation, techniques were described 

whereby suitable overburden could be isolated. Periodically the spread

ers separate suitable material for reloading and removal by front-end 

loaders and trucks into storage sites outside of the pit. Some time 

later this material is loaded onto off-highway trucks and transported 
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directly to the reclamation site (at the Minimum Level) or to a blend 

pile (at the Improved Level). Only at the Enhanced Level is there an 

opportunity to tap directly into the materials handling system of the 

mine to obtain overburden, but a direct transfer to the reclamation site 

is also not possible. Overburden is transported by mining conveyors 

only to an intermediate blending yard. In the yard, material is handled 

by specialized equipment, eventually arriving at strategic field depots 

by means of conveyors installed only for prepared soil transport. 

At the Minimum Level of Reclamation, the overburden and muskeg are pla

ced into separate storage dumps and then reloaded and transported by 

front end loaders and trucks to the reclamation site. At the Improved 

Level, the muskeg and overburden are rehandled even further by forming 

blend piles. At the Enhanced Level, more rehandling occurs as both a 

blending yard and a stockpile area are utilized. At all levels, field 

placement is by means of a truck or scraper fleet. The common element 

at all three levels is that the entire prepared soil manufacturing 

scheme is independent of the mining scheme. 

At all levels muskeg must be obtained as either a by-product of the mus

keg stripping operation or from another source such as a hydraulic mus

keg mine. As a by-product of muskeg removal operations, suitable muskeg 

is temporarily stored in muskeg storage depots until required. Occa-

sionally, when a reclamation area is situated near the muskeg removal 

sites, some direct transport may be possible. At the tvlinimum and Im

proved Levels, storage of muskeg can only rarely be avoided, since there 

is usually a 10 to 12 year delay between the time the muskeg is first 

removed and the time it is used for major reclamation. At the Enhanced 

Level, the storage period will be the shortest, generally only one or 

two years in a blended state in the field. 

Should there exist a series of neighbouring mines at various stages of 

development, interesting possibilities for the exchange of muskeg may 

occur. Schemes which obtain muskeg from hydraulic mines would gain most 

from a regionally integrated oil sands mining plan. It is difficult to 

operate a hydraulic muskeg mine within the boundary of an operating mine 
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because of complications with respect to mine dewatering. The possibil

ity of removing muskeg hydraulically from a mine in the initial develop

ment phase and piping the product to an operating mine elsewhere is of 

considerable interest. 

The storage of muskeg within a suitably designed dump does not affect 

its usefulness for reclamation. However, the drying out of muskeg re

sults in physical and chemical degradation of the product, diminishing 

its reclamation value. Drying out is likely to occur only at the Mini

mum level of Reclamation, and then only to a minor extent when material 

is left on the reclamation site to thaw prior to blending in the field. 
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10.3 TAILINGS AND TAILINGS HANDLING TECHNIQUES 

The characteristics of the extraction plant tailings determine the type 

of tailings disposal to be used and, consequently, the extent to which 

satisfactory reclamation is achieved. The design of optimal disposal 

plans for wet tailings is much more difficult than for dry tailings. 

However, this does not imply that the disposal of dry tailings is 

achieved without difficulty. 

The characteristics of the tailings slurry determine the volumes of 

water, sludge, and sand that must be contained within ponds. The manner 

in which tailings products are disposed can be manipulated in each mine 

to achieve various end results. Generation of the maximum dry land sur

face area is the prime objective of such manipulation. The greatest 

amount of dry land surface area is formed from tailings slurry by cre

ating sanded-in pond surfaces. A much smaller portion is also generated 

by the dyke slopes. 

Currently it is possible to think only in terms of reclaiming dry land. 

The reclaiming of a sludge pond surface requires further research and 

field testing before an estimate of its feasibility can be rendered. It 

is not known whether the reclaiming of a thickened sludge pond will be 

more easily achieved than that of an unthickened sludge pond. Sludge 

ponds pose a long-term maintenance problem. 

The maximum area of dry reclaimable land surfaces is obtained when an 

extraction plant producing dry tailings is employed. Currently oper

ating and proposed extraction plants are based on the Clark's Hot Water 

process and produce a tailings slurry. The extraction plants assumed at 

the Enhanced Level use a high temperature, unhydrous process producing a 

dry mixture of sand and fines as tailings. The addition of water to dry 

tailings to produce a slurry for transport purposes would result in 

overall higher tailings disposal costs. Although pipeline transport is 

generally cheaper than conveying, there are many additional costs for 

wet tailings disposal. In addition, all the problems associated with 

wet tailings disposal would be needlessly created. 
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The disposal of extraction plant tailings appears to fall into three 

general categories: systems that rely entirely on natural settling for 

consolidation (conventional tailings), systems where consolidation of 

selected fractions is achieved by mechanical means (partially dewatered 

tailings), and systems which require no consolidation (dry tailings). 

The characteristics of these three categories of tailings have been con

sidered in the development of materials handling schemes under the head

ings of Minimum, Improved and Enhanced levels of Reclamation. 

Subsection 5.3, Tailings Disposal Techniques, explained the possibili

ties for tailings disposal by illustrating the advantages and disadvan

tages in terms of Ore Body No.2. These concepts, with the appropriate 

modifications, are adaptable to any mining scheme which may be consi

dered. 

Certain generalizations can be made with regard to tailings disposal: 

a. The characteristics of the selected tailings disposal method deter

mine the areal extent to which reclamation can occur. No other fac

tor is as significant. 

b. The mass balance for tailings must be known within close tolerances 

when a sequential disposal scheme is utilized. An error, for exam

ple, in sizing a pond or est imating dyke sand available may irre

parably alter the entire mining and reclamation plan. Any major 

changes in mine layout and material distribution will require a com

plete reworking of the mine plan to determine if the planned tail

ings disposal plan is still feasible. 

c. The extent to which reclaimable dry land surfaces are developed de

pends on the success that a given tailings disposal plan has in con

centrating sludge into a containment structure with minimum surface 

area. This will involve rehandling of tailings sludge as well as 

some water. 

d. There is very limited flexibility with respect to "landshaping" of 

tailings disposal facilities in the Minimum and Improved operation 
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modes of tailings disposal. The pond area, the pond elevation, and 

the pond location are all severely restricted by the mining and 

tailings mass balance. In comparison, the dry scheme used in the 

Enhanced Level has fewer limitations. The fact that an outside 

tailings pond is not utilized allows for much more imagination with 

respect to land shaping. Considerable variety may be worked into 

the post-mining landscape by taking advantage of the overall swell 

of the mixture of overburden, reject, and dry tailings. 

e. The siting of out-of-pit tailings dykes in the Minimum and Improved 

Levels of Reclamation is often difficult since these must be posi

tioned to avoid sterilization of oil sands. This is much less of a 

concern at the Enhanced Level since the outside tailings dump can be 

located nearer to the pits and be blended into the remainder of the 

in-pit backfill. 

f. The relative merits of wet tailings and sludge pond surfaces being 

below or above the former land surface should be further invest

igated. The re-establishment and behavior of the long term post

mining groundwater regime may be the dominant influence. The over

all disposal scheme selected because of efficient materials handling 

characteristics may have to be altered should contrary conclusions 

be established regarding the post-mining groundwater regime. 

g. A tailings disposal plan must be completed with respect to mass bal

ance, disposal schedule, volume, and siting prior to the start of 

mining. The expansion of a mine beyond its initially planned boun

dary may be impossible with respect to tailings disposal unless 

special provisions are made in the mine plan for such a course of 

action. Additional tailings disposal sites may be required, and 

these may not be available at that time. Use of additional out-of

pit areas as an afterthought, so to speak, may create serious dispo

sal problems for neighbouring mines. 

h. Wet tailings disposal costs rise rapidly as the quantity of dyked 

sands compared to spigotted sand increases. The amount of dyking 
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can be reduced by utilizing the pit wall as a dyke. In any given 

mine plan~ it must be determined whether this practice is acceptable 

with regards to oil conservation. The sterilization of pit-boundary 

ore must be weighed against the cost of out-of-pit disposal either 

on or off-lease, or the deposition of tailings using dyking that 

prevents or at least minimizes the contact of tailings with low 

grade in-place oil sands remaining in the pit wall. The construc

tion of long overburden dykes increases the tailings disposal costs 

significantly. 

i, Conflicting evidence exists as to whether the net inflow of water 

from rainfall would be balanced by the evaporation from the pond, 

and to a minor degree, the transpiration and seepage from the re

claimed dyke, Some sources claim that a balance exists, while 

others claim that there would be a net increase in pond water 

levels. 
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10.4 OBJECTIVES IN RECLAMATION 

The purpose of this study is not to establish firm guidelines for the 

reclamation of oil sands mines. Rather, the objective is to show the 

range of operating possibilities that exist, and the associated costs. 

F or instance, this report does not state that a certain mixture and 

depth of overburden and muskeg is required for successful reclamation, 

but rather that a number of possibilities with,increasing likelihood for 

successful long term reclamation are possible. Local conditions would 

require modification to any set of suggestions which could be devel

oped. 

Furthermore, the study has been designed to demonstrate advantages to 

reclamation over the range of operating conditions described: Minimum, 

Improved, Enhanced. In many respects the terms Minimum, Improved, and 

Enhanced are measures of " recl aimability". The prepared soil manufac

turing method described at each level is only one element in the whole 

concept of reclaimability. An Enhanced Level prepared soil manufac

turing scheme would, with some modification, also work with a Minimum 

Level tailings disposal scheme. Alternatively, it may be desirable to 

choose differing ratios or depths of materials than those suggested. In 

any case, the cost data prov ided are helpful in estimating the costs 

against the added advantages of a particular reclamation scheme. 

Until examples of long term success in reclamation under various con

ditions have been demonstrated, and until experimental evidence on the 

depth and amendment requirements and physical and chemical character

istics of overburden materials is accumulated, there will be reason to 

question the reclamation proposals contained herein. This would suggest 

either of two courses of action: reclaim to a level higher than may 

appear to be adequate, or provide for the possibility of upgrading the 

reclamation in the future. 

The former alternative must, of necessity, rely on reclamation ex

perience elsewhere, as demonstrated in other areas of Alberta and world

wide. Currently, such experience indicates that depths of prepared soil 

in the neighbourhood of one metre are required. 
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The latter alternative requires the stockpiling of selected materials in 

locations where they are readily accessible if and when needed. The 

hazard inherent in this alternative is that there may be insufficient 

material available to adequately improve the reclamation, either because 

a large amount was wasted in the first unsuccessful attempt, or because 

insufficient material was stockpiled. Certain combinations of site-

specific conditions may completely rule out any opportunity for correc

tive action in the future. 

The use of both muskeg and suitable overburden materials in the manufac

ture of prepared soil is, to a great extent, site specific. The avail

ability of muskeg to meet the conditions outlined for the three cited 

levels of reclamation must be determined before a commitment to a cer

tain type of prepared soil manufacturing method is made. likewise, the 

availability of suitable overburden, both in total and with respect to 

time, must be determined for each mine plan. An optimum combination of 

material mixtures and schedules of reclamation with due regard to costs 

can then be developed for each mine plan. Such planning may indicate 

that earlier completion of reclamation may only be possible at the ex

pense of lower quality of overburden being utilized in the manufacture 

of prepared soil. 

The direct transfer of muskeg and overburden from the stripping oper

ation at the Minimum and Improved levels of Reclamation is possible only 

under special conditions. Otherwise, stockpiling is required until the 

time that the products are required for reclamation purposes. Site 

specific influences related to the location, quantity, and quality of 

the muskeg and overburden sources, combined with the shape of the ore 

body, are the most crucial factors affecting direct transfer potential. 

The precise depth and component ratio of prepared soil to be utilized 

must reflect the availability of the component materials as well as the 

depth requirement demanded by the inherent characteristics of underlying 

materials. A guideline should be developed which sets the depth of pre

pared soil according to end land use, characteristics of component 
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materials, and characteristics of underlying material. The 1:2 ratio of 

muskeg to overburden used to develop the costs is likely the highest 

muskeg level tolerable in a prepared soil. Trafficability and scouring 

resistance will improve with an increase in prepared soil depth and may, 

in fact, be the major consideration for the development of a commercial 

forest land use. A guideline based on the characteristics of the com

ponents of prepared soil, and the characteristics of underlying mater

ials to be reclaimed will simplify the preparation of reclamation plans 

as well as the approval of plans. 

The selection of plant species for revegetation depends on the planned 

final land uses. Consideration must be given to the avoidance of plant

ing practices with conflicting objectives. For instance, areas desig

nated for wildlife browsing should be planted with appropriate browse 

species. Areas to be planted with trees should only be seeded with com

panion grasses after carefully weighing the harmful effects of elevated 

rodent populations which are associated with low survival rates for tree 

plantings, and the effects of competition for moisture. When forestry 

is the planned land use, attempts should be made to check erosion by 

constructing sufficiently shallow slopes, adequate drainage ditches, 

functional settling ponds, durable service roads, etc., rather than en

danger tree planting success by the presence of thick mats of grass. 

Grass plantings on tailings dykes at GCOS and Syncrude are present pri

marily for the purposes of erosion control. In time, trees may natur

ally colonize the slope, but this approach to reclamaton will require a 

much longer period of commitment to foster satisfactory reclamation. It 

is not apparent whether the economic advantage lies with a very long 

term commitment to maintenance, at relatively low initial cost, or with 

a high initial outlay scheme that achieves success and self-sufficiency 

earlier. 

In this study it is presupposed that only dry areas can be reclaimed. 

Thus, much thought is given to maximizing the dry land area created at 

each level of reclamation. The sludge from conventionally operated 
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tailings ponds can be concentrated in sludge ponds. A further reduction 

of wet surface area could be obtained by partial dewatering of sludge. 

Operational experience at the GeOS tailings pond indicates that during 

plant shut-down, when no tailings are being added to the pond, the sur

face is free of bitumen within two weeks. At these times, ducks appear 

not to be affected by other constituents of the pond water. More re-

search on the long term effects on waterfowl using tailings ponds must 

be completed however, before the risks can be completely discounted. At 

the Enhanced Level, water quality is no longer a concern since only 

fresh water lakes will remain in the post-mining environment. 

Unless reclaimable dry land surfaces are developed on sludge ponds, 

there appears to be no reason to expect that such ponds will support 

vegetation before very many years to come. However, possibilities for 

thickening or poldering sludge pond surfaces should not be ignored. 

Final voids that are not used by neighbouring mines for tailings dis

posal should be considered for development as fresh water lakes after 

completion of mining. This would require filling with water from the 

Athabasca River. The pump ing station formerly used to supply fresh 

water to the plant would be used to fill the end-pit. 

The disposal of saline water generated by the mine dewatering operation 

is not addressed in depth in this study. The possibility of collecting 

the saline water in one saline lake formed from a mined-out pit appears 

attractive. Total confinement may be possible. If quantities are 

large, a gradual, controlled release into the Athabasca River from one 

or more control stations may be possible. There are many examples in 

western Canada of both large and small lakes with extremely high salt 

concentrations. A saline lake formed in a mined-out pit would not be 

any less attractive. A regional assessment is required to determine if 

this is a practical solution. 
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10.5 ENERGY CONSUMPTION IN RECLAMATION ACTIVITIES 

An objective of the study is to measure the direct consumption of energy 

required to achieve various reclamation targets. Ore body No. 2 is ex

amined in this respect, since it includes mine plans at all three levels 

of reclamation. The consumption of energy is estimated on the basis of 

operating costs. Since the unit operating costs include a known expense 

for oil, gas, and electricity, these amounts are split from the rest of 

the operating costs. The costs of fertilizer are included since ferti

lizer is for all practical purposes energy, although in the nonconven

tional form. The costs are generated by means of a computer program, 

using only the energy portions of the operating costs. Table 10.5-1 

gives a comparison between the three 120,000 BPCD dragline mines. 

Mine Plan 

Minimum: Dragline 

Improved: Dragline 

Enhanced: Dragline 

TABLE 10.5-1 

Direct Energ~ Cost ($/bbl of crude) 

Cost Centre Cost Centre Cost Centre 

4.0 5.0 4.0 + 5.0 

0.072 0.006 0.078 

0.119 0.021 0.140 

0.135 0.015 0.150 

The total energy consumption for each barrel of crude oil produced can

not be estimated from the above costs alone. Operating costs of the ex

traction plant and upgrading plant, utilities, offices, shops and ware

houses were not developed. The "net energy cost" of reclamation is de

termined by comparing the total costs of mine plans against each other. 

Each cost centre contributes to the net cost but Cost Centre 4.0, Tail

ings Disposal, and Cost Centre 5.0, Establishment of Ultimate Land Use 

Resources, are the most important. Those two cost centres account for 

the largest portion of the added energy cost due to reclamation 

requirements alone. 
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The figures show a rapid increase of energy costs between plans at the 

Minimum and Improved Levels, the combined increase for Cost Centre 4.0 

and 5.0 being twofold. However, the increase from the Minimum to the 

Enhanced level is only slightly greater. In other mine plans the costs 

due to reclamation will be of the same order-of-magnitude. 

The cost of fertilization is a portion of the total cost of Cost Centre 

5,0. In preparing the costs, repeated annual fertilizations were 

assumed, This implies that a hectare reclaimed in Year 5 would be re

peatedly fertilized for 25 years by Year 30. This amount of fertiliza

tion is likely unnecessary. Possibly only 5 or 10 years of refertiliza

tion would be sufficient. The following tabulation compares the costs 

of repeated fertilization for 25 years against the costs for fertilizing 

only 5 years for the dragline scheme of Ore Body 2, Fertilization rate 

is assumed to 340 kg per hectare per year at $65 per hectare per year. 

Mine Plan 

Minimum level 

Improved level 

Enhanced level 

Fertilizer Costs per 1000 Barrels (Total) 

5 Years 

0.9 cents ($950,000) 

0.8 cents ($850,000) 

0.8 cents ($800,000) 

25 Years 

2.3 cents ($2,400,000) 

1.6 cents ($1,700,000) 

2.3 cents ($2,400,000) 

Although comparatively small on a 25 year basis, fertilization does rank 

among some of the items estimated in Cost Centre 5. On a 5 year period 

of fertilization, the cost is reduced to less than 1 cent per 1,000 bar

rels or $1,000,000 in total. This simple comparison can be repeated for 

all the mine plans by accumulating the cost of fertilization for the 

areas to be reclaimed shown in reclamation tables in Chapter 7.0, 8.0, 

and 9,0. 

A determination of energy costs of manufacturing the machinery and 

materials (other than fertilizers) consumed by the operation, or the 

energy consumed by the labour force, etc. would lead to much larger 

costs, Such cost analysis is not impossible, but implies a complete 

assessment of all the energy indirectly purchased, which is beyond the 

scope of this study. 
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There is an indirect operating cost associated with each direct cost. A 

small portion of this is in the form of conventional energy consumed, 

for example in the running of offices, staff transport, etc. A further 

explanation with respect to direct and indirect costs is contained in 

Section 10.7. 
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10.6 SUMMARY OF PHYSICAL CHARACTERISTICS OF MINES 

The physical characteristics of the mine plans developed in this study 

are nunerically expressed in Table 10.6-1. Part A of the table is 

specifically related to mining, and in many respects the overall econo

mics of the mines. Part B summarizes overall physical characteristics 

of the mine such as pit area, tailings pond areas and dump areas. Parts 

C and D are comparisons of reclaimability of each mine in terms of size 

and Level of Reclamation. 

Mining Quantities (Part A) 

In part A, in order to comparatively evaluate the Ore Bodies, the fol

lowing quantities were expressed on a unit basis per barrel of synthetic 

crude oil: total mining volume, overburden, centre reject, total waste 

(OB+CR), and plant feed. Also shown are R-Fador and plant feed grade. 

The volume of waste is composed of overburden, top reject, centre reject 

and mining loss. Plant feed constitutes ore grade oil sand and some di

lution material from reject/oil sand interfaces or from centre reject 

when these are too thin to be separated by draglines or bucket wheels. 

Tonnes of bitumen in the plant feed are shown as well as barrels of syn

thetic crude produced by the extraction and upgrading processes. 

Table 10.6-1 shows mining R-Factors which are lower than the R-Factors 

shown in Tables 2.7-1 to 2.7-4. The latter tables are based on geology 

only (pit walls are assumed vertical), while Table 10.6-1 is based on 

actual mining quantities. The total quantity of material moved will in

crease in volume because extra overburden must be removed at the pit 

walls, and because of dilution at the ore-reject interfaces (see R

Factor definition). 

It can be seen that the mining R-Factors for Ore Bodies 4 and 2 (drag

line scheme) are very close. The difference between the two ore bodies 



A. Mi ni n9 Quant it; es 

Waste (bm3xl06 ) 

Plant feed (0m3xl06) 

Bitumen (tonnesxl06) 

Barrels Crude (bblxl06 ) 

Mining R-Factor 

Average Pl ant Feed 
Grade (% by weight) 

Mining Volume per Barrel 
of Crude (bm3/bbl) 

Overburden per Barrel 
of Crude (bm3/bbl) 

Centre Reject per Barrel 
of Crude (bm3/bbl) 

Total Waste per Barrel 
of Crude (bm3/bbl) 

Plant Feed per Barrel 
of Crude (bm3/bbl) 

B. Surface Area Affected 

Pi t Area 
Out-of-Pit Pond 

Outside Dumps 

Total (Area C&D) 

Total (Area C&D) 

(ha/l09bbl) 

(ha/l09bbl) 

(ha/l09bbl) 
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(ha) 

C. Reclamation Area 

Out-of-P i t Pond 

Outside Dumps 
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SUMMARY OF PHYSICAL CHARACTERISTICS OF MINES 

TABLE 10.6-1 
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DRAGLI NE SCHEME B.W.E. SCHEME DRAGLI NE SCHEME B.W.E. SCHEME 
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becomes evident when the average plant feed grades are compared. are 

Body 4 has a high ore grade with thick overburden, while Ore Body 2 has 

a low ore grade with much less overburden. 

It should be noted that the apparent physical differences between the 

bucket wheel and dragline schemes of are Body 2 are mainly due to the 

use of updated geological information in the dragline scheme. The pit 

area in the bucket wheel version of are Body 2 is 170 hectares smaller 

in size when compared to that of the dragline mine. The mine size dif

ference caused by the type of excavator employed, however, is expected 

to be a maximum of 50 hectares. 

In contrast, the difference of 25 hectares between the dragline and buc

ket wheel plans in Ore Body 4 is caused by a variation in mine plan 

caused by the difference in operating characteristics assumed for the 

dragline and bucket wheel excavators. Consequently, when comparing the 

bucket wheel and dragline schemes of are Body 4, it is apparent that the 

selectivity criteria have only minor effects on the overall distribution 

of mining quantities. With 1.0% more plant feed and 0.5% more waste, 

the dragline scheme produces only 1.0% more synthetic crude. 

It has become apparent that the selectivity criteria used in this study 

are not the decisive factors in making the selection of prime exca

vators. Depending on the size of the mine, the capital and operating 

costs of prime excavators are far better indicators upon which to base 

the choice of the excavator. 

Comparing the three ore bodies on a per barrel basis reveals that Ore 

Body 4 has the best ore, i.e. highest grade plant feed and least centre 

rej ect, but relatively thick overburden. Ore Body 2 has the poorest 

ore, Le. lowest grade plant feed and most centre reject, but least 

overburden. Thin overburden accounts for the lowest total waste per 

barrel in Ore Body 2. Ore Body 1 has an average plant feed grade half

way in between that of the other two ore bodies, but the very thick 

overburden in this mine results in the highest total waste (OB and CR) 

per barrel of crude. Ore Body 1 has the highest mining volume per bar

rel of crude and consequently the poorest R-Factor. 
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Overall, the summary indicates that the ore bodies studied are very com

parable and will allow a good comparison to be made with respect to rel

ative reclaimability and costs. 

Surface Area Affected (Part B) 

Parts B,C and D of Table 10.6-1 are related primarily to reclamation. 

In order to make a comparison between different mine plans, the reclaim

ed and unreclaimed surface areas are expressed in hectares per barrel of 

synthetic crude oil. 

Pit Areas: Ore Bodies 2 and 4 have approximately the same area per bar

rel since the average pay zone thickness is almost identical. Ore Body 

1 shows the smallest number of hectares per billion barrels of synthetic 

crude ss it has the thickest pay zone. The range of pit areas is from 

2000 to 2500 hectares per billion barrels. 

Out-of-Pit Ponds: At the Minimum Level, Ore Body 2 has an areally small 

but high tailings pond sited on a relatively flat ground surface. The 

pond is dyked along its entire perimeter. Ore Bodies 4 and 1 have tail

ings ponds with lower crest elevations and are built more or less on a 

land slope. The size of the out-of-pit pond is also influenced by the 

tailings disposal schedule, which was least flexible in Ore Body 4. 

At the Improved Level of Ore Body 2, the outside tailings ponds require 

identical surface areas, since the out-of-pit tailings pond design from 

the Minimum Level plans was utilized. In contrast, at the Improved Lev

el, the out-of-pit tailings pond of Ore Body 4 stores all tailings sand 

produced, thus requiring a larger surface area. 

At the Enhanced Level, tailings ponds are not utilized since dry tail

ings sand is part of the dumping operation (see Outside Dumps). 

Outside Dumps: At the Minimum level, the dragline plans for Ore Body 2 

have large volumes of overburden and reject stored out-of-pit compared 

to the bucket wheel scheme where overburden and reject are dumped onto 

the pit floor. In both Ore Bodies 2 and 4, the bottom bench dragline 
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backcasts centre reject onto the pit floor at all times. In Ore Body 4 

the out-of-pit waste storage volume in the dragline scheme is smaller 

compared to that in the B.W.E. scheme due to the backcasting procedure 

used by the bottom bench dragline. 

In the Minimum Level plan for Ore Body 1, thick overburden results in 

large outside waste dumps. The size of these dumps is also influenced 

by the overall mining and tailings disposal schedule, which allows back

fill to occur only when no further tailings and sludge storage capacity 

is needed. 

At the Improved Level, the above mentioned statements regarding the 

Minimum Level plan characteristics also apply for Ore Body 2. In the 

Improved Level plans for Ore Body 4, again more waste must be stored in 

the BWE scheme because no backcasting is possible in the bucket wheel 

plan. However, earlier diversion of waste into the pit is possible at 

the Improved Level in Ore Body 4, since the volume of the treated sludge J 

pond is smaller, allowing for earlier construction of the required in

pit dyke which, in turn, allows for backfilling to begin earlier in the 

life of the pit. 

At the Enhanced Level in Ore Body 2, the bucket wheel scheme has a con

siderably larger waste dump than the dragline scheme, due more to a dif

ferent design philosophy than a constraint of mine layout. In the para

llel mining method, as used in the dragline scheme of Ore Body 2, the 

dumping operation with conveyors and spreaders can follow the bottom 

bench more closely than is possible in slewing operations. In general, 

parallel mining should result in an earlier diversion of dumping into 

the pit, and provide for a smaller outside dump. 

Total Areas Affected (ha/109bbl): The smallest disturbed area per 

barrel of synthetic crude results from the employment of dry tailings 

disposal schemes outlined in the Enhanced Level of Reclamation. For a 

given ore body (pit), only relatively small additional disturbance is 

caused by out-of-pit dumping of preproduction overburden and one to four 

production years of dry tailings sand, reject and overburden. A range 
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of 2,300 to 3,400 hectares per billion barrels of synthetic crude is 

seen. The unit disturbance appears to decrease with mine size. 

In general, the Improved Level of Reclamation should result in a some

what smaller area of total disturbance than the Minimum Level, as shown 

by the trends in Ore Body 2 for both the dragline and bucket wheel 

plans. The reason the area is larger at the Improved Level than at the 

Minimum Level in Ore Body 4 is that there is a larger outside tailings 

pond because of the inflexibility of the tailings disposal scheme for a 

small ore body, as discussed elsewhere in Chapter 10. 

The comparison of the five Minimum Level mine plans reveals that the Ore 

Body 2 bucket wheel scheme has the smallest total disturbed area per 

barrel of crude. This is due to the gross reduction of the outside 

waste dumps, since almost all of the waste is dumped onto the pit floor 

before in-pit tailings ponds are constructed on top of it. However, 

this is at the expense of raising the mean crest elevation of in-pit 

ponds. The second lowest areal disturbance is in the Ore Body 2 drag

line scheme; this is due to its higher and areally smaller outside tail

ings pond. The remaining three Minimum Level plans of Ore Bodies 4 and 

1 have approximately the same surface disturbance, 5000 hectares per 

billion barrels of synthetic crude produced. 

In addition to the areal extent of surface disturbance, the relative 

quality of disturbance must be considered. The Enhanced Level yields 

dry and relatively easily reclaimable areas. In the Improved Level 

plans, the surface disturbance includes a pond of thickened sludge which 

has, at considerable cost, a higher reclamation potential than the un

treated sludge in the ponds of the Minimum Level. In four of the five 

Minimum Level plans, all sludge is rehandled into one in-pit pond and 

all tailings ponds are sanded-in in an attempt to reduce the wet tail

ings surface area. Only one plan (the are Body 2 bucket wheel scheme) 

leaves a series of wet tailings ponds with no sludge rehandle. 

Total Areas Affected (ha): The same total area of surficial disturbance 

as above is expressed in absolute numbers (in hectares). 
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Reclamation Area (Part C) 

Out-of-Pit Ponds: The discussion of Outside Tailings from Part B ap

plies here also, the only exception being the reclamation of the out-of

pit tailings pond in the Minimum Level bucket wheel plan for Ore Body 2. 

In this plan, the out-of-pit pond is a wet pond and only beaches and 

dykes can be reclaimed. All the out-of-pit tailings ponds from other 

schemes are completely sanded-in, covered with prepared soil, and reveg

etated. 

Outside Dumps: All outside dumps are reclaimed. For comparison of 

areal extent, see discussion in Part B above. Only muskeg is added at 

the Minimum Level and a prepared soil is manufactured by onsite blending 

with overburden. At the Improved and Enhanced Level, prepared soil 

(blended muskeg and overburden) is hauled onto the reclamation site 

using trucks. 

In-pit Ponds: The extent of these is dependent mainly on the tailings 

disposal scheme used. A large number here will generally indicate a de

sirable tailings disposal scheme. Large reclaimable (sanded-in) tail

ings ponds reduce the size of the outside tailings pond. Ore Body 4 

demonstrates the inflexibility of a small pit with respect to tailings 

disposal design. The Ore Body 2 dragline plan at the Minimum and Im-

proved Levels and Improved Level bucket wheel plan have the best "wet" 

tailings disposal schemes as far as the extent of surface disturbances 

is concerned. These plans feature small, reclaimed out-of-pit tailings 

ponds combined with large, reclaimed in-pit ponds. To compare these 

three "wet" schemes further, see the discussion of unreclaimed areas (in 

Part D). 

Inside Dumps: The largest areal utilization values appear for Enhanced 

Level schemes. Again, the larger the number the more desirable the 

scheme. The larger number indicates a reduction of the volume of waste 

being stored in outside waste dumps. The Ore Body 2 Minimum and Im

proved Level bucket wheel plans have no inside waste dumps at the sur

face. In these plans the backfill is covered by tailings ponds or an 
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end-pit lake and, in such cases, zero or a low number also indicates a 

minimization of out-of-pit waste storage. At the Improved level of Ore 

Body 4, large volumes of waste are backfilled into the mined-out pit. 

This is possible because all tailings sand is stored in a sanded-in out

of-pit tailings pond. As a rule, it may be more desirable to store more 

tailings sand in-pit at the expense of some extra waste having to go to 

the outside waste dump. This is not practical in Ore Body 4 at the Im

proved Level because of constraints inherent in the tailings disposal 

scheme, as discussed previously. The objective for all the plans is to 

backfill as much of the waste into the pit as the mining and tailings 

disposal schedules would permit. 

End-pit Lakes: A portion of the pit which is remaining after in-pit 

tailings disposal and waste backfill are completed is filled with water 

to create a lake. Its size is a consequence of the tailings disposal 

and backfill scheme employed. In the Enhanced Levels only small lakes 

are formed, mainly because it is possible to put most of the dry tail

ings sand, reject, and overburden back into the pit. Ore Body 2 Minimum 

and Improved Level bucket wheel plans have large end-pit lakes. A con

siderable amount of backfill has been submerged by the lake. The mine 

design purposely included large end-pit lakes as a reclamation feature. 

The dragline versions of the above were designed so as to limit the ex

tent of the end-pit lake. The lakes seen in the plans for all levels of 

Ore Bodies 4 and 1 are strictly a result of the tailings disposal and 

backfill schedules. In general, the unit area of end-pit lakes de-

creases with mine size. 

Unreclaimed Areas (Part D) 

Out-of-Pit Ponds: The only scheme using an out-of-pit tailings pond 

where sludge and water remain after completion of mining is the bucket 

wheel plan for the Minimum level in Ore Body 2. In many respects, it is 

considered less desirable to have residual tailings water and sludge 

stored at a high elevation in out-of-pit tailings ponds as compared to 

being stored at a lower elevation in an in-pit pond. This tailings dis

posal concept was incorporated in order to make a comparison of alter

natives. 
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In-Pit Ponds: The most desirable schemes are those of the Enhanced 

Level, where there are no unreclaimed surfaces (no tailings water or 

sludge). A comparison of the five Minimum Level schemes shows that Ore 

Body 4 has the largest unreclaimable in-pit surface. The reason for 

this is that approximately five years of tailings sand was beached into 

the sludge pond, which at shallow beach slopes caused the ratio of 

sludge surface to sludge volume to increase. While the Minimum Level 

bucket wheel plan for Ore Body 2 does not have the largest unreclaimed 

area in-pit, this plan has the largest area of unreclaimable surface 

area when combined with unreclaimable out-of-pit tailings pond area, 

approximately 1,300 hectares per billion barrels of synthetic crude pro

duced. In general, the amount of unreclaimed surface area decreases on 

a unit basis as the mine size increases. The unreclaimed area in the 

Improved Level is approximately the same in all four schemes studied. 

The surface area of treated sludge, which is the unreclaimable surface 

specified, is roughly half of the unreclaimed area of the Minimum Level 

(except the Ore Body 2 bucket wheel plan) as the volume of sludge is re

duced by 50% when undergoing the treatment. It appears that the unre

claimed area for Improved Level plans remains constant near 400 to 600 

hectares per billion barrels of synthetic crude. 
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10.7 COST COMPARISONS 

The cost analysis conducted for this study analysed 44 distinct cost 

items under six distinct major cost groupings. These are: 

Cost Centre 1: Civil Construction-Type Activities 

Cost Centre 2: Removal of Organic Materials and Soils 

Cost Centre 3: Overburden Reject, Oil Sands Handling 

Cost Centre 4: Tailings Disposal 

Cost Centre 5: Establishment of Ultimate Land Use Resources 

Cost Centre 6: Su perv is ion, Technical Services 

In an oil sands mining and extraction operation, many other significant 

costs are incurred. The cost items selected for comparison by this stu

dy are those which are liable to undergo change when reclamation objec

tives are changed. 

The costs summarized in Table 10.7-1 are direct operating costs. As 

well as direct costs, a mine will incur indirect costs associated with 

the direct costs. Indirect costs will include: overhead costs in the 

form of general administrative services required in the course of con

ducting work (administrative and clerical staff, warehousing, office 

facilities, transportation, etc.); financing costs incurred as a result 

of borrowing capital to place the mine in operation and working capital 

required to carry out the daily financial transactions of the operation; 

royalty and taxation costs (payable to the federal, provincial and muni

cipal governments, etc.); and costs for various miscellaneous services 

which must be purchased and supplied to the mining and extraction and 

upgrading operations. 

The terms of reference of this project limited the scope of the costing 

activities to mining and reclamation activities. Consequently, the cost 

analysis ignored the cost of the extraction plant, of the upgrading 

plant, of the utility plant and utilities, and of other miscellaneous 

onsite and offsite facilities (such as bridges, roads, infrastructure, 

etc.). Furthermore, costs whose evaluation would not affect the conclu-
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3.1 OverburdenS.W.E. 0.0772 0.0772 o.on!! 0.1104 0.1104 
3.2 Oil Sands, Dragl ines " Hoppers 0.3943 0.3943 0.3943 0.3426 0.3426 
3.3 S.W.E. (Overburden and Oil sands) 0.3209 0.3209 0.3209 0.3828 0.3828 0.3156 0.3156 
3.4 Transport {All Conveyors} 0.6171 0.6209 0.6209 0.3658 0.3658 0.3658 0.4969 0.5006 0.5699 0.5823 C.5340 0.5340 
3.5 Placelf\ent (Spreaders) 0.0577 0.0577 0.0577 0.0608 ').0608 0.0608 0.0788 0.0788 0.0932 0.0932 0.0837 0.0837 
3.6 Miscellaneous Equi~nt 0.1934 0.1934 0.1934 0.1551 :;.1551 0.1551 0.2357 0.2357 0.2224 0.2224 0.:812 0.1812 

COSTCEI(TRE 4: Tailin9S Oisposal 0.4465 1.2945 0.3072 0.4468 1.1110 0.2210 0.4509 1.0428 0.4444 1.0545 0.4034 0.3257 

4.1 Area Drainage 0.0002 0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.00003 
4.2 Clearing 0.0020 0.0020 0.0021 0.0021 0.0034 0.0044 0,0034 0.0044 0.0033 
4.3 Construction of Starter Damo; and Overburden Dams 0.0413 0.2068 0.0713 0.0708 0.0546 0.0506 0.0453 0.0512 0.0185 
4.4 Pipin9 of Wet Tailings C'r Conveying of Dry Tai 1 in9S 0.1824 0.1970 0.2438 0.1750 :1.1707 0.1539 0.1506 0.1579 0.1521 0.1598 0.17;6 0.2554 
4.5 Tailing Sand Placement into Dyke 0.0370 0.0338 0.0398 0.0346 0.0446 0.0470 0.0451 0.0475 0.0185 
4.6 Tailin9s Overooarding " Sanding or Placement of Ory 

Tailin9S 0.0576 0.0608 0.0634 0.0524 0.0552 0.0671 0.0542 0.0560 0.0541 0.0560 0.0595 0.0702 
4.7 Recyl ing of ToiilirtgS Wit@1" 0.0350 0.0333 0.0285 0.0294 0.0558 0.0477 0.0563 0.0482 0.0392 
4.8 Rehandling of hilings SI~ 0.0215 0.0129 0.0130 0.0238 
4.9 Sludge Treataent 0.6912 0.6703 0.6074 0.6137 
4.10 Power Distribution 0.0009 0.0007 0.0004 0.0007 0.0010 0.0008 0.0010 0.0008 0.0005 
4.11 Oversize Reject Disposal 0.0685 0.0685 0.0755 0.0755 0.0732 0.0701 0.0732 0.0721 0.0682 
4.12 Oversize Reject Oisposal Road Construction 0.0001 0.0001 0.0015 0.0015 0.0006 0.0006 0.0006 0.0004 0.0002 

COSTCEHTRE5: Establistment of Ultimate Land Use Resources 0.0501 0.1273 0.1712 0.0253 0.1214 0.1931 0.0412 0.1799 0.0429 0.1846 0.0555 0.1194 

5.1 Muskeg Rehandle Loading 0.0035 0.0083 0.0017 0.0068 0.0035 0.01l3 0.0036 0.0115 0.0049 
5.2 Muskeg Rehandle Haul ing {Including Road Maintenance} 0.0031 0.0065 0.0018 0.0021 0.0028 0.0024 0.0030 0.0025 0.0086 
5.3 Muskeg Rehandle Placement 0.0035 0.0021 0.0004 0.0017 0.0009 0.0028 0.0009 0.0033 0.0012 
5.4 I'\!skeg Rehandle Road Construction 0.0070 0.0007 0.0011 0.0002 0.0023 0.0006 0.0023 0.0006 0.0063 
5.5 Overburden Rehandle loading 0.0042 0.0147 0.0021 0.0027 0.0120 0.0013 0.0032 0.0198 0.0032 0.0203 0.0040 0.0013 
5.6 Overburden Rehandle Hauling (Includin9 Road Maintenance) 0.0037 0.0063 0.0070 0.0033 0.0042 0.0120 0.0042 0.0122 0.0056 
5.7 Overburden Rehandle Placement 0.0010 0.0036 0.0007 0.0029 0.0008 0.0048 0.0008 0.0049 0.0010 
5.8 Overburden Rehandle Road Construction 0.0005 0.0004 0.0001 0.0004 0.0003 0.0007 0.0003 0.0007 0.0002 
5.9 Muskeg Minin9, Slurry Transport & Dewaterin9 0.0373 0.0400 0.0253 
5.10 Prepared Soil Manufacture 0.0007 0.0085 0.0736 0.0003 0.0069 0.0799 0.0007 0.0114 0.0007 0.0117 0.0008 0.0441 
5.11 Prepared Soil Loading. F.E.L. & Trucks 0.0178 0.0135 0.0146 0.0184 0.0240 0.0246 0.0120 
5.12 Prepared Soi 1 Transport. Trucks (Incl. Road Ma intenance) 0.0277 0.0126 0.0436 0.0114 0.0486 0.0495 0.0108 
5.13 Prepared Soi J PlacerllE!nt, Trucks 0.0057 0.0043 0.0047 0.0059 0.0077 0.0079 0.0038 
5.14 Prepared Soil Road Construction 0.0079 0.0061 0.0056 0.0082 0.0070 0.0011 0.0054 
5.15 Seed Bed Preparation. Maintenance 0.0228 0.0173 0.0217 0.0094 0.0156 0.0279 0.0227 0.0267 0.0239 0.0278 0.0230 0.0167 

COST CENTRE 6: SUpervision. Technical Services 0.1870 0.1870 0.1904 0.1959 0.1959 0.1995 0.3531 0.3531 0.3568 0.3568 0.1499 0.1531 

6.1 Equi~ent Jo\aintenance {Staff only} 0.0694 0.0694 0.0694 0.0727 0.0727 0.0727 0.1341 0.1341 0.1355 0.1355 0.0562 0.0562 
6.2 Planning (Staff only) 0.0624 0.0624 0.0624 0.0654 0.0654 0.0654 0.1124 0.1124 0.1135 0.1135 0.0444 0.0444 
6.3 Mining {Staff only} 0.0552 0.0552 0.0587 0.0579 0.0579 0.0614 0.1067 0.1067 0.1078 0.1078 0.0493 0.0525 

-I 
m 

TOTAL COSTS ($/bbl) 2.1294 3.0565 2.1276 1.6606 2.4209 1.6097 2.2369 2.9709 2.2371 3.0012 1.8207 1.8126 0 
J: 

~ ~ 
HOTE: Refer to Chapter 6 for Cost Centre Description. 0 ~ 

I Z 
VI 
0 r-
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sions of the study were ignored even if these costs were mining or 

reclamation costs. Some of the costs not included are mine dewatering 

(wells and disposal), personnel transportation (staff and labour), emer

gency stockpile of plant feed (stackers, conveyors, reclaimers), con

struction and maintenance (service roads, utilities, sanitary and indus

trial waste disposal, etc.), blasting, pollution control (services and 

facilities), specialized services (engineering, surveying, training), 

equipment and operators for sundry duties, field maintenance shops, 

field utilities and various similar items not specifically mentioned in 

Chapter 6.0 in the descriptions of each of the 44 cost sub-centres. 

A quick overview of the cost items contained in each cost centre may 

seem to indicate that disproportionate effort was expended in developing 

certain cost sub-centre items; however, to establish the overall cost 

for a cost centre, the various activities constituting that cost centre 

must be separated in a manner which will allow the item to be correctly 

costed. All the cost sub-centre items in given cost centres cannot be 

costed on the same basis, for example volume, time, or distance. As 

well, some cost sub-centre items have lump sum investments at regular or 

irregular intervals in the life of the operation. Tables detailing the 

components of each cost sub-centre item over the life of the operation 

are provided for each mine in Chapters 7, 8 and 9. Yearly details are 

available in the computerized cost summaries provided in Volume III. 

A rough estimate of the cost delineated to the total costs of the oil

sands mining operation would be as follows. In total, the omitted mis

cellaneous items applicable to the cited cost centres are expected to 

amount to approximately $0.70, $0.60 and $0.50 of combined direct capi

tal and operating costs per barrel of crude bitumen for the 60,000, 

120,000, and 240,000 BPCD mines, respectively. Overhead that can be 

associated with the mining, tailings disposal and reclamation is esti

mated to be approximately 30% of the direct costs shown. In total, the 

costs provided in Table 10.7-1 are expected to be from one-fifth to 

slightly more than one-quarter of the total project capital and oper

ating costs, assuming that the cost of the extraction and upgrading 
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plants at the Enhanced level remains comparable in cost to the extrac

tion and upgrading plants at the Minimum and Improved levels. On this 

basis overall costs would range from approximately $9.00 to $11.00 per 

barrel of bitumen. This estimate of order-of-magnitude excludes costs 

of financing, royalties and taxes. 

In many areas, the costs provided in Table 10.7-1 show trends. These 

trends will be discussed in detail later in this section but some over

all comments are appropriate at this point. 

The overall costs ($/bbl of synthetic crude) for the twelve developed 

mine plans are as follows: 

Mine 

60,000 BPCD (Dragline) 

60,000 BPCD (Bucket Wheel) 

120,000 BPeD (Dragline) 

120,000 BPCD (Bucket Wheel) 

240, 000 BPCD (Bucket Wheel) 

level of Reclamation 

Minimum 

2.24 

2.24 

2.13 

1.66 

1.82 

Improved 

2.97 

3.00 

3.06 

2.42 

Enhanced 

2.13 

1.61 

1. 81 

The cost per barrel of the Minimum and Enhanced level at a production of 

120,000 BPeD are comparable. However, a spread of approximately $.75 

per barrel exists between the Minimum and Improved Levels. The 60,000 

BPCD mines are the costliest to operate. The lowest costs, overall, 

appear to be possible for mines in the 120,000 to 240,000 BPeD range. 

Reclamation costs increase with the level of Reclamation under consider

ation, irrespective of mine size. The cost at the Enhanced level is 5 

to 8 times that at the Minimum level when compared with a plan where the 

tailings ponds are not sanded-in and no sludge rehandle occurs, namely 

the 120,000 BPCD bucket wheel scheme. When sludge is rehandled at the 

Minimum Level, the cost spread between this level and the Enhanced level 

is only 3 to 5 fold. The difference between the Minimum and Improved 

level is in the 5 to 7, and 3 to 4 fold ranges, respectively. 
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The overall costs ($/bbl) for reclamation activities as defined in Cost 

Centre 5 are as follows: 

Level of Reclamation 

Mine . ____ . _____________________ M)n.t...f!lu_m ___ Improved Enhanced 

60,000 BPCD (Dragline) 0.04 0.18 

60,000 BPCD (Bucket Wheel) 0.04 0.18 

120,000 BPCD (Dragline) 0.05 0.13 0.17 

120,000 BPCD (Bucket Wheel) 0.03 0.12 0.19 

240,000 BPCD (Bucket Wheel) 0.06 0.12 

The lowest costs of reclamation occur at the Minimum Level. Costs at 

the Improved and Enhanced Levels are comparable. The costs for the 

60,000 BPCD operation at the Improved level are higher than those in the 

120,000 BPCD mine, since a greater surface per barrel must be reclaimed 

due to disadvantageous constraints inherent in the tailings disposal 

scheme. In the Enhanced Level schemes, the effects of economy of scale 

in the prepared soil manufacturing system are evident. 

The extra cost of reclamation at the Enhanced Level is largely balanced 

by a reduction in the cost of tailings disposal. Consequently the total 

costs at the Minimum and Enhanced Levels are very similar (all cost cen

tres). An uncertainty exists, though, with respect to the cost of the 

extraction plant required to produce the dry tailings assumed at the En

hanced Level. The very attractive total cost may be offset by a higher 

extraction plant capital and operating cost. 

The overall costs ($/bbl) of mining activities as defined in Cost Centre 

4 are as follows: 
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tHne 

60,000 BPeD (Dragline) 

60,000 BPeD (Bucket Wheel) 

120,000 BPeD (Dragline) 

120,000 BPeD (Bucket Wheel) 

240,000 BPeD ( Bucket Wheel) 

Level of Reclamation 

Minimum 

1.26 

1.27 

1.34 

0.90 

1.11 

Improved 

1.27 

1.28 

1.34 

0.90 

Enhanced 

1.34 

0.90 

11.11 

For the 60,000 BPeD size, the costs of overburden, reject and oil sands 

handling are identical for dragline and bucket wheel mining at the Mini

mum and Improved Levels. The Enhanced Level was not costed but it is 

strongly suspected that the cost trends would be similar to those of the 

larger mines. The lowest cost occurred in the 120,000 BPeD bucket wheel 

mine. The largest mine has slightly higher overburden, reject and oil 

sands mining costs. 

The higher total cost of the 120,000 BPeD dragline plan compared to the 

bucket wheel plan is due to the combined effect of higher capital and 

operating cost for the dragline mining system as applied in Ore Body 2. 

In total, there are five prime excavators in the dragline scheme, com

pared to only three in the bucket wheel scheme. As well, the difference 

in parallel mining with five excavators as compared to slewing mining 

with three, shows up as extra conveyor capital and operating costs in 

the case of the dragline mine. The conveying cost is almost double in 

the dragline scheme. 

A comparison of mining schemes at the 60,000 BPCD mine size indicates a 

rather different trend. In Ore Body 4 the bucket wheel mining costs are 

slightly higher than the costs of the dragline scheme. Both mines have 

the same number of excavators, i.e. three, but the influence of economy 

of scale with respect to equipment results in less favourable costs for 

the bucket wheels. Compared to Ore Body 2 the bucket wheel excavators 

in Ore Body 4 are not ideally sized, driving up the unit capital and 

operating costs of the excavator. The dragline mining costs are lower 

due to the more optimal match of this excavator to the ore body. 
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The excavating costs of Ore Body I are almost the same as the costs for 

Ore Body 2. Economy of scale is not realized in the 240,000 BPCD mine 

and it appears that this trend prevails for mines as small as 150,000 

BPCD. Moreover, additional costs are incurred For conveyors and spread

ers in Ore Body I compared to Ore Body 2. 

Overburden, reject and oil sands transport requirements must be reckoned 

with. A transport system is significantly different between the drag

line and bucket wheel mines (120,000 BPCD size) examined in this study. 

The conveying systems are complex and difficult to estimate without de

tailed mine planning. Undue emphasis should not be placed on the prime 

excavators' capabilities alone. A mine design with respect to the hand

ling of overburden, reject and oil sands can be made only by considering 

combined conveying and excavating costs. The cost analysis of the 

twelve mining schemes indicates that transport of materials is more ex

pensive than the excavating costs. 

The overall costs ($/bbl) of tailings disposal activities as defined in 

Cost Centre 4 are as follows: 

Level of Reclamation 

Mine Minimum Improved Enhanced 

60,000 BPCD (Dragline) 0.45 1.04 

60,000 BPCD (Bucket Wheel) 0.44 1.05 

120,000 BPCD (Dragline) 0.45 1.29 0.30 

120,000 BPCD (Bucket Wheel) 0.45 loll 0.22 

240,000 BPCD (Bucket Wheel) 0.40 0.33 

At the Minimum Level, the lowest cost is achieved in the largest mine 

but this is to some extent due to site specific conditions favourable to 

tailings disposal. Tailings disposal at the Improved Level is up to 3 

times more costly due to primary sludge thickening costs. These costs 

may be offset if the thickening facility were operated in conjunction 

with a bitumen recovery facility. The most economic tailings disposal 

cost is achieved at the Enhanced Level, being one-half to three-quarters 

the cost at the Minimum Level. 
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Tailings disposal is very similar in Ore Bodies 1 and 2 at the Minimum 

Level. Some cost advantages seen in the Minimum Level plan for Ore Body 

1 are mainly due to favourable outside tailings pond dyke construction. 

At the Enhanced Level of Ore Body 1, the dry placement cost, analogous 

to the tailings disposal costs, is higher than equivalent cost in Ore 

Body 2 due to extra spreaders (6 versus 2) and conveyors utilized. 

The costs ($/bbl) of removal of organic materials and soils as defined 

in Cost Centre 2 are as follows: 

Level of Reclamation 

Mine Minimum . ~roved Enhanced 

60,000 BPCD (Dragline) 0.06 0.06 

60,000 BPCD (Bucket Wheel) 0.06 0.06 

120,000 BPCD (Dragline) 0.05 0.05 0.05 

120,000 BPeD (Bucket Wheel) 0.05 0.05 0.04 

240,000 BPCD (Bucket Wheel) 0.05 0.04 

The costs for this activity fall into a very narrow absolute range, i.e. 

0.04 to 0.06. Removal of organic materials and soils is site specific 

allowing comparisons to be made only within a given mine size. Upon ex

amination of the cost in some detail, a slight cost advantage appears to 

exist at the Enhanced Level. 

The civil construction-type activites included in Cost Centre 1 are 

similar to the muskeg removal costs just discussed. Early in the study 

the list of items included in Cost Centre 1 was rather extensive. How

ever, most of the items were eliminated after determining that these 

items remained rather proportional to the mine size or that they were 

not affected by a change in level of reclamation. Consequently, only 

two items were costed: mine-power distribution and control for the 

operation of the pit, and capital and operating costs of a building for 

staff. The following costs were determined. For all practical pur

poses, cost item 1.1 could be added into Cost Centre 3 and cost item 1.2 

into Cost Centre 6. 
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Mine .----

60,000 BPCD (Dragline) 

60,000 BPCD (Bucket Wheel) 

120,000 BPCD (Dragline) 

120,000 BPCD (Bucket Wheel) 

240,000 BPCD (Bucket Wheel) 

Level of Reclamation 

Minimum 

0.07 

0.07 

0.06 

0.04 

0.05 

Improved 

0.07 

0.07 

0.06 

0.04 

Enhanced 

0.07 

0.05 

0.05 
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The overall costs of supervision and technical service staff have been 

grouped into Cost Centre 6 rather than distributing the costs over vari

ous cost centres. The costs are as follows: 

Mine 

60,000 BPCD (Dragline) 

60,000 BPCD (Bucket vJheel) 

120,000 BPCD (Dragline) 

120,000 BPCD (Bucket Wheel) 

240,000 BPCD (Bucket Wheel) 

Level of Reclamation 

Minimum 

0.35 

0.36 

0.19 

0.20 

0.15 

Improved 

0.35 

0.36 

0.19 

0.20 

Enhanced 

0.19 

0.20 

0.15 

Detailed comparison indicates that a slight advantage is realized in the 

dragline schemes with respect to equipment maintenance staff require

ments and mining. The planning staff remains identical for both bucket 

wheel and dragline schemes. Overall, a significant economy of scale is 

released, the costs almost doubling at the 60,000 BPCD mine as compared 

to the 240,000 BPCD mine. At a given mine size, an increase of costs 

occurs at the Enhanced Level, the Minimum and Improved remaining 

identical. 

The relative cost of each cost centre has been assessed in Table 10.7-2. 

On a combined capital and operating costs basis, it can be seen that 

overburden, reject and oil sands handling (Cost Centre 3) accounts for 

an average of 40 - 60% of the combined mining, tailings disposal, and 

reclamation costs. Tailings disposal (Cost Centre 4) is the second 
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largest cost ranging from an average low of 15% at the Enhanced level to 

an average high of 40% at the Improved Level. Reclamation-related costs 

(Cost Centre 5) range from an average of 2% at the Minimum level, to 5% 

at the Improved Level, and to 9% at the Enhanced Level. Supervision and 

Technical services (Cost Centre 6) account for an overall average of 

10%, civil construction-type activities (Cost Centre 1) account for 3% 

and removal of organic materials and soils (Cost Centre 2) account for 

2%. In terms of total project costs, the percentages cited represent 

one-fifth to one-quarter of the costs. For example, a 10% shown on the 

table would indicate an equivalent to 2.5% of the total oil sands pro

ject costs (excluding taxes, royalties and financing). 

In order to assess the influence of the cost of capital on the various 

plans, a present value analysis of costs was prepared. The summary of 

present value analysis of costs is shown on Table 10.7-3. In general, 

the trends evident before discounting remain with one major exception. 

The overall cost is least at the Enhanced Level, and highest at the Im

proved, the Minimum level being between these two costs but closer to 

the cost of the Enhanced LeveL In Ore Body 1 the trend is reversed, 

resulting in the Minimum Level being 2 cents per barrel cheaper than the 

Enhanced LeveL This reversal in trend is primarily due to the cost 

trends observed for tailings disposal (Cost Centre 4) and for recla

mation (Cost Centre 5). At the 120,000 BPCD mine size, the cost of tail

ings disposal has a considerable spread, the Enhanced being almost half 

that at the Minimum level. 

At the Enhanced level major amounts of reclamation are done early in the 

life of the mine. The major portion of the cost is in muskeg mining, 

dewatering and blending facilities and, consequently, on a discounted 

basis the costs at the Enhanced Level become higher. 

The reclamation costs at the various levels and mine sizes are compared 

to cost of reclamation at the Minimum level in the following chart: 



ORE BODY NO.2, 120,000 BPCD 

COST CENTRE DRAGLINE SCHEf.1[ B.W.E. SCHEME 

CONTRIBUTION TO TOTAL COST BY COST CENTRE 

TABLE 10.7-2 

ORE BODY NO. 4 60,000 BPCD 

DRAGLI NE SCHEME B.W.E. SCHEME 

ORE BODY NO. 1 
240,000 BPCD 

B.W.E. SCHEME AVERAGE BY LEVEL 

M~inimum Improved Enhanced -r;r; nimum Improved Enhanc-e-d Hi nimur.1 Improved Rfriimum Imp~_9Y~_c:L __ J1; nTmum Enhanced __ r·tiJ!:L~l!~r-ov-e-d- t-nhanced 

COST CENTRE 1: 
Civil Construction
Type Activities 

COST CENTRE 2: 
Removal of Organic 
Materi a 1 s & Soi 1 s 

COST CENTRE 3: 
Overbu rden, Rej ect, 
Oi 1 Sands Handl i ng 

COST CENTRE 4: 
Tail ings Di sposal 

COST CENTRE 5: 

3% 

2% 

63% 

21% 

Establ i shment of Ultimate 2% 
Land Use Resources 

COST CENTRE 6: 
Superv; si on, 
Technical Services 

TOTAL 

9% 

100% 

2% 3% 

2% 2% 

44% 63% 

42% 15% 

4% 8% 

6% 9% 

100% 100% 

NOTE: Refer to Chapter 6 for Cost Centre description. 

2% 2% 3% 3% 

3% 2% 3% 3% 

54% 37% 56% 56% 

27% 46% 14% 20% 

2% 5% 12% 2% 

12% 8% 12% 16% 

100% 100% 100% 100% 

2% 3% 2% 3% 3% 3% 2% 3% 

2% 3% 2% 3% 2% 3% 2% 2% 

43% 56% 43% 61% 62% S8% 42% 62% 

35% 20% 35% 22% 18% 22% 40% 15% 

6% 2% 6% 3% 7% 2% 5% 9% 

12% 16% 12% 8% 8% 12% 9% 9% 

100% 100% 100% 100% 100% 100% 100% 100% 

OVERALL 
AVERAGE 

3% 

2% 

53% 

26% 

6% 

10% 

100% 
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ORE BODY NO.2. 120,000 BPeD ORE BODY :10. 4, 60,000 BPeD 
')RE 300Y 1; C 

240,000 Z 
I 

Present COST ORAGlI NE SCHOI[ B.W.E. SCHENE DRAGL I NE SCHEME B.W.£. SCHEt1E 3 . ;..j. E. SC f'E'~E () 
Value , 1,029,329,000 bbl 982,643,000 bbl 532.700.000 bbl 527,700,000 bb 1 2 ,138,:C2 ,000 bbl g Minimum ImQroved Enhanced ,"1inir:1um :r:1Qroved EnhanceC! t1inimum -'~-[mproved f1inimum Improved ~i n~ nUl" -~nhanced 

'" COST CENTRE 1 0% OPERATING 0.0342 0.0377 0.0272 ').0272 0.0310 0.044" 0.0432 8,0433 c: 
CAPITAL 0.0246 O.J322 0.0164 0.:)164 0.0221 0.0232 0.0224 0.0224 
TOTAL COST 0.0583 0.0699 0.0436 0.0436 0.0530 0.0681 0.0656 0.0657 5' 

10% OPERATI1lG 0.0088 J.OO97 0.0069 0.0079 0.0113 0.0114 0.0109 0.J109 J.:)8S3 (Q 

CAPLTAl 0.0190 0.0126 0.0170 8.0177 ').0170 :).017') 
TOTAL COST 0.0279 0.']195 0.8249 ').0290 0.0280 0.')280 " 3 

COST CENTRE 2 0< OPERAT1:lG 0.040l 0.0392 I). ')343 0.0500 J.Q492 J. J493 C1' 
CAPITAL 0.0073 (1.00 72 '].0062 0.009: ').0090 :x: 
TOTAL COST 0.0475 0.0464 ').')405 0.0590 0.0582 

10% OPERATl~G 0.0138 0.0161 0.0242 J.0236 
CAPITAL 0.0034 0.0029 0.0044 0.0043 
'OTAl COST 'J.0222 0.02:2 0.01190 0.0225 0:,)27'1 

COST C[tITRE 3 0% OPERATl'JG 'J.9379 0.9276 0.5300 0.9109 J.9153 
CAPITAL J.40: 7 'J.4158 ,').2725 0.3536 ').3529 
TOTAL COST 1.3396 :.3434 0.3025 1.2545 :.2582 

101 O?ERATl'lG 0.2211 J.2!79 0.2179 ').2332 
CAPITAL 0.2274 ::.2235 C.2235 0.2057 
TOTAL COS~ ,).4485 0.4~64 0.4464 'J.4395 

COST CENTRE 4 0% OPERATl.'tG 0.3615 :. >13~ 0.2036 0.3697 J.J62l O. :398 0.3565 J.9086 ~. 352! 0.9190 ::. 34:?~ 
CAPITAL 0.0850 8.1503 0.1035 0.0771 0.0312 0.0944 0.:343 0.0923 0.1355 
TOTAL COST 0.4465 1. 2945 0.3072 0.4468 0.2210 0.4509 1. ')423 1.4444 1.0545 

10% OPERATING 0.1054 0.2541 0.0392 0.1054 J.1554 0.0304 0.0844 'J. ~ 645 0.0342 0.1663 
CAPITAL 0.0440 J.067:l 0.0496 0.0402 0.0509 'J.0419 0.0420 J.0579 0.0420 0.0585 
TOTAL COST 0.1494 0.3221 0.0888 0.1456 0.2063 0.0723 0.1265 0.2223 0.1262 0.2253 

COST CENTRE 5 0% OPERATING 0.0453 0.1085 0.1242 0.0226 0.0933 0.1419 0.0381 1.:422 0.0396 0.:462 
CAPITAL 0.0047 ).0183 0.0470 0.0027 ::1.0280 0.0512 0.0032 ~l. 03 76 0.0032 ::1.0384 
TOTAL COST 0.0501 0.1273 0.1712 0.0253 0.1214 0.1931 0.0412 ,~.: 799 0.0429 0.1346 

10% OPERATING 0.0041 J.0088 0.0212 0.0025 0.0097 0.0265 0.0037 r:J.0146 0.0039 0.0155 
CAPITAL 0.0005 0.0016 0.0236 0.0003 0.0031 0.0275 0.0003 0.0040 0.0004 0.0043 
TOTAL COST 0.0045 0.0104 0.0448 0.0028 0.0128 0.0540 0.0040 0.0187 0.0043 0.0197 

COST CENTRE 6 0% OPERATING 0.1870 0.1870 0.1904 0.1959 0.1959 0.1995 0.3531 0.3531 0.3568 0.3568 0.1499 0.1531 
CAPITAL 
TOTAL COST 0.1870 0.1870 0.1904 0.1959 0.1959 0.1995 0.3531 0.3531 0.3568 0.3568 0.1499 o. t53: 

10% OPERATING 0.0462 0.0462 0.0470 0.0484 0.0484 0.0493 0.0874 0.0874 0.0883 0.0883 0.0364 0.0372 
CAPITAL 
TOTAL COST 0.0462 0.0462 0.0470 0.0484 0.0484 0.0493 0.0874 0.0874 0.0883 0.0883 0.0364 0.0372 

TOTAL COSTS 0% OPERATING 1.6061 2.4396 1.5221 1.2847 1.9478 1.1764 1. 7534 2.4135 1. 7932 2.4725 1.4119 1.3085 
CAPITAL 0.5233 0.6169 0.6055 0.3759 0.4731 0.4333 0.4835 0.5574 0.4445 0.5288 0.40&3 .... TOTAL COSTS 2.1294 3.0565 2.1276 1.6606 2.4209 1.6097 2.2369 2.9709 2.2377 3.0012 1.8207 m 

101 OPERATING 0.4045 0.5543 0.3535 0.3248 0.3829 0.2738 0.4296 0.5211 0.4445 0.5393 0.3298 0.2974 () 
CAPITAL 0.2943 0.3204 0.3301 0.2083 0.2217 0.2412 0.2928 0.3120 0.2687 0.2898 0.2370 :x: 
TOTAL COSTS 0.6988 0.8747 0.6836 0.5331 0.6047 0.5150 0.7224 0.8331 0.7133 0.8291 0.5668 ~ 

i-' :.-
0 z 

NOTE : Refer to Chapter 6 for Cost Centre description. I 
P r-
0 .... 

0 
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RECLAMATION COSTS AS MULTIPLE OF MINIMUM LEVEL 

Before discounting 

60,000 BPCD 

120,000 BPCD 

240,000 BPCD 

After discounting 

60,000 BPCD 

120,000 BPCD 

240,000 BPCD 

Minimum 

1 

1 

1 

1 

1 

1 

Improved 

4.5 

3 to 7 

5 

4 to 7 

Enhanced 

5 to 8 

2 

9 to 19 

6 

It can be concluded that the cost of reclamation at the Enhanced Level 

compared to that at the Minimum Level is an order or two of magnitude 

greater. At the 120,000 BPCD size, the increase is up to 8-fold before 

discounting and up to 19-fold after discounting. For the 240,000 BPCD, 

the increase was 2-fold and 6-fold, before and after discounting, res

pectively. The spread between the Minimum and Improved Levels is much 

less, being at most 7 times greater, both before and after discounting. 

Nonetheless, the absolute cost compared to the costs incurred in the 

course of operating an oilsands project is extremely small. 
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COST CENTRE TRENDS 

COST CENTRE 1: Civil Construction-Type Activities 

1.1 Mine Power Distribution and Control 

The cost of Mine Power Distribution at the Enhanced level increased over 

the Minimum and Improved levels by approximately 1 cent per barrel. Ex

tra spreaders and conveyors utilized at the Enhanced level lead to 

greater power requirements. 

1.2 Buildings 

Trends of building costs show economy of scale. The range, from 0.0078 

to 0.0182 $/bbl, an increase of 2.3 times, reflects increased efficiency 

with size of operation in oil sands mining. The costs in this item are 

tied to the manpower requirements costed in Cost Centre 6.0. 

COST CENTRE 2: Removal of Organic Materials and Soil 

Removal of organic materials and soi Is reflects design constraints on 

the mine plan with regards to levels of reclamation, and to site speci

fic conditions at ore bodies such as volumes of muskeg, and dimensions 

of mines. 

little change in cost is seen between the muskeg removal activities at 

the Minimum and Improved Levels. However, the costs at the Enhanced 

Level are about 1 cent per barrel less. The main difference between the 

levels of reclamation is muskeg hauling. At the Minimum and Improved 

Levels, muskeg hauling allows for more handling to meet reclamation re

quirements. At the Enhanced Level, in comparison, only the shortest and 

most convenient muskeg disposal route is chosen, i.e. muskeg is moved 

out of the way of the mining operation only. A unique situation exists 

in the 120,000 BPCD Minimum Level bucket wheel plan, where some direct 

transfer of muskeg over long haul distances is included so as to avoid 

the necessity of rehandling the muskeg. 
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COST CENTRE 3: Overburden, Reject, Oil Sands Handling 

3.1 Overburden BWE 

Economy of scale in the operation of bucket wheel excavators removing 

overburden is evident here. With respect to dragline mining schemes 

only, overburden BWE in Ore Body 2 rates at 2,900 bank m3/hr., while 

Ore Body 4 at 1,780 bank m3/hr. Ore body 4 has an overburden BWE 

capacity of 61% of that of Ore Body 2 but at the same time the mine pro-

duces only 52% as much synthetic crude. This is due to considerably 

thicker overburden in Ore Body 4 than in Ore Body 2. 

3.2 Oil Sands, Draglines and Hoppers 

Operating cost per dragline and hopper in Ore Body 4 is 84% of the oper

ating cost in Ore Body 2. Production of crude in Ore Body 4 is 3.5% 

larger per dragline than in Ore Body 2. The capital cost in Ore Body 4 

is 98% of that in Ore Body 2. 

3.3 BWE (Overburden and Oil Sands) 

Economy of scale exists with respect to the BWE's employed. A compari

son of BWE's in the various bucket wheel mining schemes follows: 

Ore Body 1 

Ore Body 2 

Ore Body 4 

Largest BWE'Si least expensive per barrel of crude 

$O.1356/bbl, or $O.2076/bank m3 of material mined. 

Medium BWE's; $O.3209/bbl, or $O.2285/bank m3 of 

material mined. 

Smallest BWE's; most expensive per barrel of crude 

$O.3828/bbl, or $O.2685/bank m3 of material mined. 
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3.1, 3.2 and 3.3 Overall Prime Excavator Cost Trends 

While economy of scale prevails for the BWE's, no significant economy of 

scale is evident with the draglines in the 100 - 140 m3 (80 to 110 cu

bic yard) range. A bigger mine requires more units. If Ore Body 2 were 

mined with one dragline per bench, some economy of scale would result 

between Ore Body 2 and 4; however, a 160 m3 (200 yard) dragline would 

be required which appears operationally impractical for oil sands mines 

at this time. It appears that economy of scale may reach its optimum at 

about 80, 000 BPCD in dragline oil sands mine and between 120,000 and 

150,000 BPCD in bucket wheel oil sands mine. 

In Ore Body 2, the largest portion of the cost difference between sub

centre 3.1 and 3.2 of the dragline plans and cost sub-centre 3.3 of the 

bucket wheel plan is the higher capital and operating costs of the 

drag1ine-hopper system. Capital cost is 73% greater and operating cost 

34% higher because of the fact that 5 prime excavators are employed in 

the dragline plan, while only 3 are used in the bucket wheel plan. A 

minor portion of the cost difference (3 cents/barrel) is the result of 

the 8% larger mass movement of the dragline plan. 

In Ore Body 4 the capital costs of the 2 draglines, 2 hoppers, and over

burden BWE in the dragline scheme are 48% greater than those of the 3 

bucket wheels in the bucket wheel scheme, but the operating costs differ 

only by 3% in favour of the bucket wheels. 

The comparison of prime excavators alone may not be sufficient to esta

blish an overall trend in mining costs. A very significant portion of 

the mining costs is accounted for by the conveyors required (cost sub

centre 3.4) and also by the cost of the spreader (cost centre 3.5) and 

the cost of miscellaneous equipment (cost centre 3.6). 

3.4 Transport (All Conveyors) 

Ore Body 2: The difference between the dragline and bucket wheel mine 

plans is the doubling of many portions of the conveyor system in the 

dragline schemes because of the greater number of excavating machines 
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utilized. In general, slewing systems as used in the bucket wheel 

schemes require fewer conveyors, and the result is lower conveyor costs. 

Slewing of draglines in Ore Body 2 appears impractical. 

Ore Body 4: The dragline plan has less conveyor transport cost than the 

B.W.E. scheme since the lower bench backcasts centre reject onto the pit 

floor and smaller conveyors are employed. The smaller size of the drag

line conveyors is the result of a surge buffering effect of the dragline 

hopper on instantaneous production. Compared to Ore Body 2, draglines 

have the advantage of reducing the number of machines and slewing, which 

effectively reduces conveyor lengths. Bucket wheel mine conveyor costs 

increase over those of Ore Body 2 because of negative economy of scale. 

Ore Body 1: The conveyor system required (BWE only) has unit costs al

most as high as those of Ore Body 4. A maximum amount of material must 

be handled per barrel of crude in this mine, and thus the widest and al

so longest conveyors are required. In addition, extra conveyors on the 

dumping side push the unit cost further upward. 

3.5 Placement (Spreaders) 

The spreader costs in the BWE mining scheme are higher because all cen

tre reject must be handled, as opposed to the dragline scheme, where 

bottom bench centre reject is backcast directly onto the pit floor. In 

Ore Body 1, extra spreaders are necessary to give the mine more flexibi

lity and avoid 3000 mm dump conveyors. Economy of scale with respect to 

the spreaders otherwise prevails. 

3.6 Miscellaneous Equipment 

The dragline plan for Ore Body 2 uses more miscellaneous equipment than 

the BWE plan because of the larger number of prime excavators and con

veyors installed. Additional miscellaneous costs occur in Ore Body 1 

BWE compared to Ore Body 2 BWE because of the extra spreaders and con

veyors utilized. 
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COST CENTRE 4: Tailings Disposal 

4.1 Area Drainage 

All costs are dependent on the depth and volume of muskeg in areas where 

the dykes are to be constructed. The costs are site-specific and there

fore, no trends are evident. 

4.2 Clearing 

Clearing is proportional to the area utilized by the tailings pond and, 

thereFore~ is dependent on the tailings disposal concept utilized. Ore 

Body 2 has the smallest area of out-oF-pit tailings pond per barrel and 

thereFore the lowest clearing costs. 

4.3 Construction of Starter Dams and Overburden Dams 

The construction of starter dykes is largely site-specific to the mine 

being developed. At the Minimum level, the most attractive cost is pos

sible in Ore Body 1 due to very favourable topographical influences. 

Ore Body 4 also has some of the same advantages but has the least fav-

ourable pit shape for in-pit starter dam construction. The least at-

tractive dams are required in Ore Body 2. This is primarily due to the 

large volume starter dyke of the out-of-pit tailings pond. 

In-pit starter and overburden dykes should be located to take advantage 

of the shape of the pit. Thus, a dyke in a "neck" of the pit would be 

most attractive. In the Improved level dragline scheme of Ore Body 2, a 

high cost is incurred to construct the overburden dyke required For the 

sludge pond, since the dyke is located in the widest portion of the pit. 

A comparison between the starter dyke and overburden dyke construction 

costs at the Minimum and Improved level bucket wheel schemes in Ore Body 

2 shows that the costs are similar. In these bucket wheel mine plans, 

the location and shape of the dykes are similar and the costs vary pri

marily due to the relative quantities and haul distances utilized. The 
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Improved Level has a higher unit cost but this is countered by lower 

quantities, and thus maintains a cost similar to that of the Minimum 

Level. 

4.4 Piping of Wet Tailings or Conveying of Dry Tailings 

The distances over which the tailings slurry is pumped is the major fac

tor in this cost item. The pumping distance is influenced by the phys

ical layout of the tailings pond. The quantities pumped also vary. For 

example, in Ore Body 4, at the Minimum Level of Reclamation, some tail

ings sand is pumped into the in-pit sludge pond resulting in somewhat 

cheaper disposal (shorter pumping distance). Likewise, differing combi

nations of pumping distance, elevation head and tailings quantities ac

count for the differences between the Minimum and Improved Level pumping 

costs. 

At the Enhanced Level, a portion of the dry tailings conveying and 

transport costs have been considered to be equivalent to the wet tail

ings disposal costs. The cost for conveying dry tailings is obtained by 

subtracting the conveying cost of the Improved Level Cost Sub-centre 3.4 

from that determined at the Enhanced Level. Dry tailings conveying cost 

is proportional to conveying distance. Consequently, Ore Body 1 shows a 

higher cost than that in Ore Body 2 due to greater conveying distances. 

4.5 Tailings Sand Placement into Dyke 

Ore Body 1 shows the advantage of a favourable pit shape for tailings 

dyke construction. Also evident is the economy of the out-of-pit tail

ings pond dyke, where the ratio of dyke volume to volume stored in the 

pond is most advantageous. Approximately 5% of the total out-of-pit 

tailings pond volume is compacted tailings sand in the dykes. Ore Body 

4 shows high costs which reflect the effect of a long in-pit tailings 

dyke; in addition, its out-of-pit tailings pond dyke is approximately 

10% of the total out-of-pit pond volume. Ore Body 2 has a medium cost 

as a result of averaging a costly out-of-pit pond dyke and inexpensive 

in-pit ponds. The out-of-pit pond dyke contains approximately 16% of 

the total out-of-pit pond volume. 
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4.6 Tailings Overboarding and Sanding-in or Placement of Dry Tailings 

The cost for wet tailings was related to volume overboarded, which re

mains somewhat proportional to the plant feed processed. Thus, the cost 

per barrel remains uniform throughout. In dry tailings placement (En

hanced Level only) 9 an extra spreader in Ore Body 1 drives this unit 

cost up compared to same item in Ore Body 2. 

4.7 Recycling of Tailings Water 

Recycling of tailings water from active tailings ponds is dependent upon 

the pipe lengths and the number of barges required. The BWE scheme has 

no sludge pond at the Minimum Level, and consequently does not require 

the use of an extra barge returning water from the sludge pond. This 

extra barge is included in the dragline scheme at the Minimum Level. 

Ore Body 4 at the Minimum level has a small water recycle barge situated 

on the sludge pond in addition to the water recycle barge in the active 

tailings pond. At the Improved Level, the sludge pond consists of thick 

sludge assumed to have no recycleable water on top. 

4.8 Rehandling of Tailings Sludge 

Sludge rehandle is applicable only to the Minimum Level plans as sludge 

pumping for the Improved level plans is included in Cost Sub-centre 4.9. 

There is no cost shown for the Minimum Level bucket wheel plans for Ore 

Body 2, since the tailings disposal concept does not rehandle sludge. 

The rehandling of tailings sludge is dependent on the length of pipes, 

number of barges installed and pumping head. In Ore Body 4, sludge 

pumping is cheaper than in Ore Body 1 and 2 because most of the sludge 

is pumped downhill. The length of the pipe used in Ore Bodies 1 and 2 

is also greater compared to that used in Ore Body 4. 

4.9 Sludge Treatment 

Sludge treatment costs in the Ore Body 2 dragline and bucket wheel 

schemes at the Improved Level are approximately $0.68 per barrel, 
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mainly due to major costs for flocculants. Amounts of flocculants re

quired are related to the volume of sludge to be treated. The asso

ciated sludge pumping costs are slightly less in Ore Body 4 (approxi

mately $0.61 per barrel), because a smaller volume of sludge (per barrel 

of crude) is produced from a better quality plant feed in Ore Body 4 

(0.312 m3 sludge/bbl of crude) compared to Ore Body 2 (0.377 m3 

sludge/bbl of crude). 

4.10 Power Distribution 

Generally, this cost item is primarily dependent on the tailings dispo

sal concept used and the overall shape of the mine. The dragline scheme 

must supply power to barges on the tailings ponds which repump sludge. 

No sludge rehandle is being undertaken in the bucket wheel scheme at the 

Minimum Level. At the Improved Level in Ore Body 2, the power distribu

tion costs are the same in the dragline and bucket wheel schemes. 

4.11 Oversize Reject Disposal 

In the dragline scheme of Ore Body 2, a separate oversize reject pile is 

used and no oversize reject is transported back into the pit. In all 

other ore bodies and mining schemes, oversize reject disposal cost de

pends on the arrangement of tailings ponds and backfill areas into which 

it is trucked. 

4.12 Oversize Reject Disposal Road Construction 

The comments of Cost Sub-centre 4.11 also apply for this cost item. 

COST CENTRE 5: Establishment of Ultimate Land Use Resources 

5.1 Muskeg Rehandle Loading 

The primary difference between the Minimum and Improved Levels is the 

quantity of muskeg required for prepared soil manufacture. Prepared 

soil volume depends on the thickness (see reclamation criteria) and the 

area to be reclaimed. 
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More direct deposition of muskeg in Ore Body 4 at the Minimum Level is 

employed, thus reducing the relative costs of muskeg rehandle between 

Minimum and Improved Levels. It should be noted that muskeg which is 

taken directly from stripping operations onto the tailings pond dyke for 

reclamation is costed at Cost Centre 2. 

Reclaimable surfaces for the bucket wheel scheme in Ore Body 2, at the 

Minimum Level are the smallest. There are no sanded-in ponds and a 

greater amount of muskeg from mine stripping is directly transferred to 

the reclamation site. At the Improved Level, the cost is higher due to 

greater prepared soil thickness and larger reclaimable area. 

In Ore Body 2 dragline schemes, the Improved Level has 5% less reclaim

able surface than the Minimum Level, but a greater thickness of prepared 

soil is required. In addition, a large portion of the muskeg required 

for reclamation of the out-of-pit tailings pond is costed in Cost Centre 

2 as direct deposition. 

5.2 Muskeg Rehandle Hauling 

The combination of volume and distance determines this cost item. At 

the Minimum Level, muskeg is hauled from the muskeg dump to the recla

mation site. At the Improved Level, the muskeg is hauled into prepared 

soil blending piles (see Figures 6.2-1 and 6.2-2). 

At the Minimum Level in Ore Body 2, the dragline scheme costs exceed the 

bucket wheel scheme costs because a greater area is to be reclaimed. 

The muskeg rehandle hauling costs in the Improved Level dragline plan 

also exceed the costs in the bucket wheel plan, but in this case, both 

the area and the haul distance are greater. 

5.3 Muskeg Rehandle Placement 

The comments in sub-centre 5.1 also apply to Muskeg Rehandle Placement. 

The dragline scheme at the Minimum Level in Ore Body 2 includes extra 

cost due to second rehandle of muskeg on top of the out-of-pit tailings 

pond. 
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5.4 Muskeg Rehandle Road Construction 

The roads costed in this sub-centre are shown on Figure 6.2-1 and 6.2-2. 

Roads on sanded-in tailings ponds are also costed here. As well, trucks 

hauling rehandled overburden for prepared soil manufacture use this net

work of roads. 

Muskeg rehandle road construction decreases at the Improved Level due to 

the short distance between the sources of the muskeg and the blend pile. 

5.5 Overburden Rehandle Loading 

In the Minimum Level schemes, overburden rehandle is not required on 

waste dumps and backfill areas, as it is already placed during the 

spreader dump ing operation. Overburden is rehandled only for the sur

facing of sanded-in ponds or beaches and plantsite areas at the Minimum 

Level. At the Improved Level, overburden is loaded into trucks for 

transport to the blending piles. At the Enhanced Level, the cost shown 

is that of front-end loaders loading overburden onto the conveyor feed

ing the blending yard, after the top bench BWE has finished stripping 

overburden. Otherwise, suitable overburden is supplied by the BWE's as 

part of the mining operation. A significant factor on loading costs is 

due to the quantities of overburden required at each level: 0.20 m and 

0.67 m Minimum and Improved Levels, respectively. 

5.6 Overburden Rehandle Hauling 

Overburden hauling costs are directly proportional to the volume and 

distances associated with each plan at the Minimum and Improved Levels. 

This item is not applicable at the Enhanced Level. 

5.7 Overburden Rehandle Placement 

Overburden rehandle placement costs are proportional to the costs of 

sub-centre 5.5. It is not applicable at the Enhanced Level. 
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5.8 Overburden Rehandle Road Construction 

The roads costed in this sub-centre are shown on Figure 6.2-1 and 6.2-2. 

At times the muskeg haulage roads are also utilized for overburden haul

age, and only roads required to connect overburden dumps with the muskeg 

rehandle road network are costed here. 

5.9 Muskeg Mining, Slurry Transport and Dewatering 

Economy of scale with mine size is evident, even with the extra pumping 

distance required in Ore Body 1 as compared to Ore Body 2. The cost is 

decreased from approximately $0.037 per barrel to $0.025 per barrel. 

5.10 Prepared Soil Manufacture 

Costs are proportional to the prepared soil manufacture scheme employed: 

Minimum Level - basic field spreading of muskeg and overburden 

with dozers. 

Improved Level - dozers scraping blend pile face. 

Enhanced Level - blending yard stacker, bucket wheel reclaimer, 

conveyors, field stacker. 

Economy of scale is evident in the Enhanced Level system, as costs de

c rease from $0.077 in the 120,000 BPCD mine to $0.044 in the 240, 000 

BPeD mine. 

5.11 Prepared Soil Loading, Front-end Loaders and Trucks 

Prepared soil loading costs are largely proportional to volume required 

for reclamation purposes. This item is applicable only for the Improved 

and Enhanced Levels of Reclamation. 
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5.12 Prepared Soil Transport, Trucks 

Prepared soil transport is proportional to the volume and hauling dis

tance. This item is appl icable only to the Improved and Enhanced 

Levels. 

5.13 Prepared Soil Placement 

Prepared soil placement is proportional to the volume required. This 

item is applicable only to the Improved and Enhanced Levels. 

5.14 Prepared Soil Road Construction 

The roads cos ted in this Cost Sub-centre are shown on Figures 6.2-1 and 

6.2-2. Th is item is applicable only to the Imp roved and Enhanced 

Levels. 

5.15 Seed Bed Preparation, Maintenance 

Seed bed preparation is proportional to area reclaimed. The bucket 

wheel mine at the Minimum Level in Ore Body 2 has the smallest reclaim

able area. The estimates for this item are very generous, assuming re

fertilization of all reclaimed areas until Year 30, at which time all 

reclamation activities are assumed to stop. Planting of forest is not 

costed at any level of reclamation. 

If the cost of forest planting in a particular mine plan is of interest, 

simply multiply yearly area in hectares as shown in sub-centre 5.15 

(Volume III) by $4,000/hectare for commercial forest planting or 

$3,000/hectare for noncommercial forest planting. 

The cost range summary (in $/bbl) of forest planting follows: 

Commercial Forest Planting 
Non-commercial Forest 
Planting 

COST RANGE ($/bbl) 
Minimum Improved Enhanced 

.0053-.0153 .0078-.0159 .0077-.0114 

.0040-.0115 .0059-.0120 .0058-.0085 
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COST CENTRE 6~ Supervision, Technical Services 

The supervision and technical service staff is costed in this cost cen

tre. Drawing No.is BR22902-17-00, BR22902-18-00, and BR22902-l9-00 are 

typical of the allocations assumed. If it is desired to redistribute 

these manpower allocations to Cost Centre 3.0, 4.0 and 5.0 in order to 

make comparisons which are inclusive of supervisory and technical ser

vice staff cost, this can be done simply by proportioning staff and 

costs. Operating labour is already included with each activity costed 

as part of the equipment operating costs. 

6.1 Equipment Maintenance (Staff only) 

Economy of scale prevails with mine size. The costs at the Enhanced 

Level are slightly higher than at the Minimum and Improved Levels. This 

Cost Sub-centre includes only staff; hourly maintenance labour is costed 

in the equipment operating cost. 

6.2 Planning (Staff only) 

Economy of scale prevails with mine size but not with level of recla

mation, since the staff required at each level of reclamation is the 

same. 

6.3 Mining (Staff only) 

Economy of scale prevails with mine size. The staff, in total, is ex

pected to change slightly between mines using wet and dry tailings. 

However, the redistribution occurs primarily from wet tailings disposal 

to conveying and spreading of dry tailings. No difference is seen be

tween the Minimum and Improved levels. This Cost Sub-centre includes 

only staff; equipment operators and other labour are included in oper

ating cost of the equipment. 
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11.0 RECOMMENDATIONS TOWARDS RECLAMATION GUIDELINES FOR OIL SANDS MINES 

Reclamation guidelines cannot be developed to cover all facets of an oil 

sands development unless there is a complete awareness of all the devel

opment possibilities, from the most minute detail to the broadest con

cept. Functional guidelines are only possible at the conceptual level 

of a project or at the routine in-pit operational level. For all prac

tical purposes, a type of "no man's land" exists between the conceptual 

and site-specific levels. The setting of guidelines in this zone must 

be avoided, since it will stifle the development of technology and en

courage operating inefficiency. 

Current legislation and guidelines deal with specific problems at the 

operational level. Pollution control aspects of reclamation activities 

account for the bulk of guidelines and set, for example, specific and 

permissible standards for air, water, and land pollution. A standard of 

protection to be provided for fish, wildlife, forests, unique natural 

landscapes, and historical monuments can be rather precisely legislated, 

and should be a part of the normal operating procedures for a mining 

development. Negotiation of compliance at this level should be limited 

to only the most unusual circumstances. Enforcement of guidelines in 

this area must remain with field inspectors, who should be aware of the 

operational constraints affecting the compliance with any given guide

lines. Field inspectors and company officials must work in a supportive 

manner to bring about the most economic, but still acceptable, solution 

to localized environmental and reclamation problems. 

Guidelines are also required at the conceptual levels, primarily in the 

form of clearly and precisely stated objectives for the reclamation of 

oil sands developments. Such objectives must not be confused with rou

tine site-specific requirements already cited, which are regulated and 

enforced by field inspectors of the various departments of the Govern

ment of Alberta. At the conceptual level, overall approval of the deve

lopment plan should be given. Guidelines for the operational level need 

not be considered at this level, except where the overall development 

plan would result in numerous instances of obvious noncompliance with 
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operational guidelines. Departments whose responsibility it is to en

sure compliance with guidelines must adapt the operational guidelines to 

be functional within the broader guidelines developed at the conceptual 

level. 

Over the past years, the various departments of the Province of Alberta 

have passed legislation and set guidelines. To date, this legislation 

has not been packaged in a convenient form as legislation and guidelines 

specific to the development of oil sands. Such a step is necessary in 

order to remove the confusion that presently exists with regard to the 

reclamation of oil sands developments. 

This report provides useful information for the setting of objectives. 

The ntrade-offs iV have been demonstrated by producing development plans 

for three potential mining areas. Guidelines in the form of objectives 

must specify which trade-offs are preferred. The prerequisite to speci

fying objectives is that the constraints imposed by mining and tailings 

disposal technology be understood for the individual mine as well as 

well as for the entire surface mineable oil sands area. 

The Consul tants have concluded that the formulation of satisfactory 

reclamation guidelines for future development of the Athabasca oil sands 

is dependent on the adoption of a regional approach; to this end it is 

recommended that: 

a. The surface mineable areas of the Athabasca oil sands be docu

mented. A geologic data base must be developed based on ex

plorutory drilling data. Geological interpretations must be 

followed by an assessment of mineability and, in turn, lead to 

the definition of ore bodies. 

b. The entire Athabasca oil sands area be assessed to establish 

potential mine boundaries in terms of current and future mining 

and extraction economics. 

c. Areas suitable for out-of-pit tailings and waste disposal be 

mapped and the allocation to ore bodies optimized. 
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d. Preliminary layouts for mines and tailings disposal systems of 

all known potential ore bodies be integrated into an overall 

regional development plan. A sequential development plan for 

oil sands mines (assuming that the most economical deposits 

will be mined first) must be matched to the expected extraction 

technology available at the time that a given deposit is likely 

to be mined. 

e. The reclamation potential of all expected mines within the en

tire surface mineable oil sands area be ascertained and opti

mized with respect to basic mining economics, ore conservation, 

and generation of dry reclaimable land surfaces. 

f. A regional end land use plan be developed as the first step 

toward setting guidelines for the ultimate depth of prepared 

soil. Soil mixtures and depths providing reasonable assurance 

of long term survival of vegetation, combined with low post

mining maintenance must be specified at least within area 

specific limits. The mixture and depth of prepared soils must 

reflect the quality of the materials available for reclamation, 

and the characteristics of the underlying materials to be re

claimed as well as other factors. Such land use guidelines 

would be updated periodically, possibly every 5 years. 

Guidelines based on the above recommendations would be complementary to 

the most advanced mining, extraction, and tailings disposal technology 

available at any given time and, cDnsequently, would vary somewhat with

in the surface mineable area of the Athabasca oil sands, reflecting the 

improvements in mining, extraction, and reclamation methods. Although 

comprehensive in a reclamation sense, the guidelines would also ensure 

the development of a finite resource to maximum advantage, for operators 

and the citizens of Alberta. In essence, the development of the 

Athabasca oil sands deposit would take on an optimal pattern such as is 

the case in the development of conventional oil reservoirs in Alberta. 
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Since oil sands mining, extraction, and reclamation technology is 

largely in the developmental stages, caution must be exercised in 

setting guidelines. It should, for example, be understood that once a 

mine begins operation under a specific set of guidelines it may be very 

difficult to meet the objectives of a revised set of guidelines. There 

must be a consensus among all regulatory agencies regarding the content 

and implementation of the guidelines. 
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12.0 RECOMMENDATIONS TOWARDS FURTHER APPLIED INVESTIGATION OF OIL SANDS MINE 

DEVELOPMENTS AND RECLAMATION 

During the course of this study, it became apparent that there are sev

eral areas where further investigation could lead to the more efficient 

development of the Athabasca oil sands, and to substantial improvements 

in reclamation of future mines. The recommendations below do not re

flect deficiencies in current practice, but rather the type of work that 

must be done as Alberta begins to depend more on the development of oil 

sands for oil production. If systematically carried out, the investi

gations suggested will yield practical solutions contributing to the 

efficient development of the Athabasca oil sands. The Consultants I 

recommendations are as follows: 

1. Examine more ore bodies to determine if trends exist in reclamation 

potential other than those already established by the study. The 

interaction of the shape of the ore body, the mine layout and the 

tailings disposal concept would be further documented. 

2. Study the advantages and disadvantages of raised and lowered wet 

in-pit tailings ponds and sludge ponds in terms of mining, hydro

logy, and reclamation constraints. 

3. Develop a guideline for soil reclamation considering the character

istics of available materials, underlying materials and the produc

tivity of end land use objectives. Since this guideline would be 

broad enough to include all combinations of materials and land uses 

likely to be encountered, operators could use this guideline to 

develop surface reclamation plans. 

4. Study the feasibility of surfacing partially dewatered and treated 

sludge ponds. 

5. Determine the feasibility and estimate the costs of incorporating 

sludge from mines using wet extraction processes into the dry tail

ings from mines utilizing dry extraction processes. The potential 

for the elimination of high risk and intensive-maintenance sludge 
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ponds as part of an integrated regional oil sands development plan 

may allow for a rather attractive co-existence of both types of 

extraction processes, 

6, Assess the extent of hydraulically mineable muskeg and determine 

which are bodies could possibly take advantage of this resource in 

order to ascertain the overall importance of the technique to 

reclamation practices of future oil sands mines, 

7. Compare the economies of methods of producing "dry" peat to the 

economics of hydraulically mined peat. By using HdryV' methods, it 

may be possible to obtain a better quality of peat from within the 

pit boundary, 

8. Study the feasibility of a regionally integrated saline water dis

posal plan utilizing end-pit lakes, 

9. Develop a river diversion scheme and schedule compatible with the 

regional development plan for oil sands mines, The regional devel

opment plan may be influenced by the schedule of stream diver

sions. 

10. Determine, quantitatively, the advantages of regionally integrated 

mine and tailings disposal deelopments in the Athabasca oil sands 

region. 

11. Develop a regional mining and tailings disposal plan to maximize 

the creation of dry reclaimable land. 

12. Assess the economics of the mining of ore bodies within the surface 

mineable regional limits to suggest sequences of development based 

on economic priority, minimization of environmental impacts, and 

maximization of oil sands recovery. 
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