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APPJLICA1UONS :FOR APP;¥0V AL 

Suncox Inc., Oil Sands Gro11p (Suncor) applies to the Alberta Energy and Utilities Board (EUB), 
pursuant to Section 14 of the Oil Sands Conservation Act (OSCA), to amend Approval No. 7632, 
as amer1ded by Approval No. 7632A, and as may be further amended by the EUB P.ursuant to 
Application No. 960369 (the Fixed Plant Expansion Project Application), to include: 

.. 

• 

anproval to construct and operate the proposed Steep bank Mine and related modifications 
in,'access, ore transport, extraction and tailings handling to the existing approved scheme to 
sustain an increase in production to 6,209,000 m3 of synthetic crude oil and other oil sands 
'1pr0dunts in each calendar year; 

a;:pptoval to operate the proposed Steep bank Mine based on a twenty-year mine plan; and 

.. a;pproval ofthe integrated conceptual reclamation plan for Lease 86/17 within the area of 
'' the existing approved scheme.and the proposed Steepbank Mine. 

Sunc~r also applies to the EUB pursuant to the Hydro and Electric Energy Act (HEEA) for apprbval 
for th,e' c~hstr:uction, operation and connection of a power supply line and pursuant to the Pipeline 
Act (PLA)for approval for the construction and operation ofhydrotransport, hot water, natural gas, 
diesel, tailings and recycled water pipelines, all related to the proposed Steepbank Mine. 

Suncor also submits the Steepbank Mine Environmental Impact Assessment Report (Report) to the 
Alberta Dh:ector of Environmental Assessment (Director) for his review, pursuant to Section 48 of 
the Alberta .Environmental Protection and Enhancement Act (EPEA) and for a decision, in due 
course, by .the Director that the Report is complete pursuan( to Section: 51 of EPEA. 

Suncor.also seeks approval from Alberta Environmental Protection to modify the existing Fort 
McMurray oil sands plant for the manufacture of petroleum products as proposed in the attached 
applicati<On·.,Accordingly, Su:ncor appl.i1!s as follows: 

• pursuant to Sections 64 and 67 of EPEA, for an amendment to the consolidated approval, 
currently the subject of several applications, including Applications No. 017-95 (the Fixed 
Plant ~xpansion Project Application) and expected to be approved by the Director in May 
1996;and 

,p.:ursuant to Section 11 of the Water Resources Act (WRA), for a licence to divert water 
g{)Urses in the course of mine development and operation and wastewater management of 
both the proposed Steepbank Mine and Lease 86/17 within the existing Fort McMurray oil 
s1}nds plant. · 

If the con&olidated spproval is not issued by June 25, 1996 then Suncor applies, pursuant to Sections 
· 64 and:67. of EPEA, for amendments to the existing approvals under EPEA, namely: 

" Air Licence No. 92"-AL-359, as amended; 
• Water Licence No. 92-WL-147, as amended; 
• Reclamation Approval No. OS-1-79, as amended. 

1bis joint application has been developed to combine all information under the OSCA, the HEEA, 
the PLA, the EPEA and the WRA into one doc.ument to facilitate and expedite the regulatory review 
of the proposed SteepbmJ.k Mine project. Section A5.4 contains a checklist of the information 
requirements for the amendment to the approvals under OSCA and EPEA and the approved Terms 

~ \ . 
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of Reference for the Environmental Impact Assessment. The pertinent information for the WRA 
application is found in Section C3.4, for the HEAA in Sections C4.1 to C7.5, inclusive, and the PLA 
in Section C4.1. 

All communications on these applications should be directed to: 

Mr. T.J. Bachynski 
Director, Project Approvals 
Suncor Inc., Oil Sands Group 
P.O. Box 4001 
Fort McMurray, Alberta 
T9H3E3 

Telephone: 
Fax: 
E-mail: 

(403) 743-6892 
(403) 791-8344 
kwoods.sunosg26@ccinet.ab.ca 

Dated April29, 1996 at Fort McMurray, Alberta 

( ~achyn ki 
~t , roject Approvals 

Suncor Inc., Oil Sands Group 
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A INTRODUCTION 

Suncor Inc. is applying for regulatory approval to proceed with the development of the proposed 

Steepbank Mine, to be located across the Athabasca River from its current operations near Fort 

McMurray in the Regional Municipality of Wood Buffalo in northeastern Alberta. In April1995 a 

disclosure document was released for the proposed mine. Since then, a comprehensive public and 

regulatory consultation and communication program and an environmental impact assessment have 

been underway in parallel with engineering feasibility studies. 

This document comprises the Application for Approval of Steepbank Mine and serves to meet the 

requirements under the Alberta Oil Sands Conservation Act, the Alberta Environmental Protection 

and Enhancement Act and the Alberta Water Resources Act. It also includes the Environmental 

Impact Assessment. 

1.0 CORPORATE OVERVIEW 

In 1992 Suncor Inc. unveiled a strategic plan to improve its long-term profitability and to make its 

production costs competitive with those of Canada's top producers of conventional crude oil. The 

series of initiatives announced by Suncor was intended to make its oil sands business economically 

viable and environmentally responsible, and to ensure its oil sands operations could be sustained well 

into the twenty-first century. 

It took Suncor three years and $300 million to accomplish the business renewal strategy and to fulfill 

its commitment to ensure the long-term economic viability of its oil sands business. By the end of 

1995 this strategy had achieved operating costs which averaged $13.75 a barrel- nearly $6less than 

in 1992. Additional properties were acquired to ensure that oil sands ore will be available for at least 

fifty years. Shareholder confidence grew and the increase in cash flow facilitated the investment 

required to improve the plant's environmental performance, production capability and operational 

reliability. 

In late 1994, Suncor announced its intention to open a new oil sands mine. Located on the east side 

of the Athabasca River, the site now proposed as Steepbank Mine was selected because of its 

proximity to Suncor's existing plant facilities and because core hole drilling during the winters of 
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1993 and 1994 confirmed the presence of a high-quality ore body. Close proximity to current 

operations provides environmental benefits by allowing Suncor to reduce energy use and to integrate 

reclamation plans for its current site and Steepbank Mine. 

In developing the Steepbank Mine proposal, Suncor used the experience and technical know-how it 

has gained since the early 1960s to plan a mine that is cost-effective, technologically advanced, 

environmentally sound and will ensure high, reliable rates of production. By participating in a 

comprehensive consultation program Suncor is providing residents of the region with continuing 

opportunities to ensure the best decisions are made in the mine's design and that economic benefits 

are balanced with environmental responsibility. This commitment to addressing the needs of all 

community interests will result in a mine design which will reduce emissions, conserve energy, 

improve recovery rates, decrease water use and establish a new reclamation plan which eliminates the 

long-term storage of liquid fine tailings. 

Estimated to cost $336 million, Steepbank Mine is designed to operate for twenty years at a rate which 

will supply bitumen to produce 107 kbpcd of upgraded crude oil. In addition to maintaining Suncor' s 

current workforce of 1400 full-time employees and 300 contractors, Steep bank Mine will create 1040 

person-years of construction employment during the project's development. Incremental operation 

expenditures over the mine life are estimated at 6.4 billion dollars ($1995). Sun cor's desire to acquire 

goods and services from locally-owned businesses is expected to generate substantial growth 

opportunities for both the Regional Municipality of Wood Buffalo and the Province of Alberta. 

After obtaining necessary regulatory approvals, Suncor will commence construction of Steepbank 

Mine in 1997 with commissioning in 2000. 

Ll SUNCOR INC. 

Suncor Inc., a growing Canadian integrated oil and gas company with assets of $2.4 billion, includes 

three operating groups and employs 2350 people. 

The Oii Sands Group (based near Fort Mdv1urray, Alberta) mines and upgrades oil sands and markets 

high-quality light, sweet crude oil and custom blends. The Resources Group (based in Calgary, 

Alberta) is involved in exploration and production of natural gas and conventional crude oil. The 



Steepbank Mine Project Application - 3 - Section Al.O 

Sunoco Group refines and markets transportation fuels, petrochemicals and heating oils in Ontario and 

Quebec. 

Suncor is a publicly-traded company; its shares are traded on all Canadian stock exchanges and the 

American Stock Exchange. 

1.2 SUNCOR INC., OIL SANDS GROUP 

Sun cor pioneered the commercial development of the Athabasca oil sands in 1962 as Great Canadian 

Oil Sands Ltd. (GCOS). When its plant came on-stream in 1967, it was the first commercial-scale oil 

sands venture in the world. In 1979, GCOS merged with other companies held by Sun Oil Company 

to form Suncor Inc. 

Suncor's Oil Sands Group (OSG) is located within the Athabasca oil sands deposit, from which a 

viscous, tar-like substance called bitumen is extracted. At OSG the mine's ore body lies beneath an 

overburden of muskeg, sand, clay and silt. Large shovels excavate the bitumen-laden sand and heavy 

haulers carry it from the pit, dumping the ore into sizers to break up the lumps. From the mine ore 

enters the Extraction process, where bitumen is separated from sand. In the Upgrading plant bitumen 

is heated and cracked into three petroleum distillates, namely naphtha, kerosene and gas oil. These 

components are custom-blended into a variety of products ranging from light, sweet crude oil to diesel 

fuel. Energy for the operation is provided mostly by the Utilities plant. Fired mainly by coke 

produced in Upgrading, its boilers generate electricity, steam and process water for the entire site. 

Alberta's oil sands represent one of the world's largest known petroleum resources. More than 300 

billion barrels are ultimately recoverable - an amount similar in size to the proven reserves of Saudi 

Arabia and enough to supply all of Canada's oil needs for over two hundred years. Comprised of four 

major deposits located in northern Alberta (Athabasca, Wabasca, Cold Lake and Peace River), the oil 

sands cover about 77 000 sq km. 

Throughout its history in the Fort McMurray area, Suncor has been in the forefront of innovative and 

practical technologies to develop the potential of the Athabasca oil sand deposit. Amid engineering 

challenges, fluctuating oil markets and turbulent economic events, Suncor has remained committed 

to developing the oil sands, which represent an abundant and increasingly important source of energy 

for Canada's future. 
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Suncor's commitment extends to the people who live in the Athabasca region. Since the early 1960s 

the company and its employees have supported the local community in the development of a mature 

community infrastructure. Suncor's partnership with the community continues: the company supports 

regional initiatives such as local health, welfare, educational, cultural and environmental activities. 

1.3 ECONOMIC VIABILITY 

Sun cor's objective in 1992 was to undertake a series of initiatives to improve the long-term 

profitabiiity of OSG, becoming competitive with Canada's top producers of conventional crude oil. 

The strategy included a change in mining technology; plant improvements; acquisition of additional 

leases; enhancement of revenues through product mix and custom blends; and improvements in 

environmental performance. 

Three years after announcing its strategic plan, Suncor realized the following results: 

'" Cash costs per barrel were reduced from $19.50 in 1992 to $13.75 in 1995. 

.. Production was increased from 60 kbpcd of upgraded crude oil in 1992 to 79 kbpcd by the end 

ofl995. 

" Revenues were increased. 

" Additional oil sands properties were acquired, securing oil sand resources for seventy years. 

When Steep bank Mine is fully commissioned by 2001, its higher rates of production and the 

introduction of new technology are forecast to provide OSG with additional improvement in the cost 

structure per barrel and therefore further improvements in economic viability. 

1.4 ENVIRONMENTAL PROTECTION 

Suncor Inc. is committed to excellence in implementation of standards of care for the environment 

which not only comply with legislated requirements but which also respond to the expectations of its 

communities, customers, government and the public, within the limits of technology and the 

company's ability to fund. Suncor has developed a "We Care" environmental policy which is 

incorporated into all aspects of its activities. OSG's environmental management involves continuous 

improvement through planning and disciplined implementation at all levels to eliminate, minimize or 
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mitigate (as appropriate) the impacts associated with its operations. Environmental conservation is 

an integral pati of the operation. 

Since 1992, when Suncor announced its intention to continue its oil sands business well into the 

twenty-first century, the company has undertaken the following environmental improvements: 

• In 1994, an upgrade to the sulphur plant (at a cost of $15 million) was completed, increasing 

sulphur recovery from 96% to 98%. 

• Odour abatement was enhanced in 1995 with the installation of a vent collection and treatment 

system on diluted bitumen storage tanks, the secondary Extraction plant and the Naphtha 

Recovery Unit (NRU), at a cost of $15 million. 

• Further reductions of sulphur dioxide (S02) emissions will be achieved in 1996 with the start

up of a $190 million facility to treat Utilities plant stack emissions. When combined with 

improvements in the sulphur plant this project will reduce overall plant-wide so2 emissions 

by approximately 75% from 1995 levels. 

• Energy efficiency improvements have reduced greenhouse gas (GHG) emissions per unit of 

output by 13% over the period 1990 to 1994. Current plans include further improvements. 

While production will increase by 80% between 1990 and 2000, GHG emissions will increase 

by only 5%. In its submission to the federal government's "Canadian Climate Change 

Voluntary Challenge and Registry Program" Suncor states that it expects to further reduce 

GHG emissions to 1990 levels by 2005. Suncor is confident this will be achieved as soon as 

2001 by measures developed through implementing a comprehensive GHG reduction 

management strategy (see Subsection C8.1.2). 

• The application of new technology to consolidate tailings (produced by the E~traction 

process) commenced in late 1995. This technology, developed by Sun cor, will produce 

tailings which can be reclaimed to a dry state. 
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2.0 PROJECT OVERVIEW 

2.1 PROJECT SCOPE 

Located across the Athabasca River from Suncor's current operations, the proposed Steepbank Mine 

is 35 km north of the City of Fort McMurray, Alberta and 27 km south of the community of Fort 

MacKay (see location map Figure A2.0-1). Although the mine is projected to open by 2000, Suncor 

expects it will take at least one year before the operation will support a production level of 1 07 kbpcd 

of upgraded crude oil. 

The scope of the project includes all the activities required to construct and operate the new mine; to 

transport the ore; to modifY current Extraction facilities (from 87 kbpcd to 107 kbpcd); and to produce 

a diluted bitumen product which will be transferred to the Suncor Upgrading facility for use in the 

production of upgraded crude oil. Also included are the management plan for all tailings produced 

by the Extraction plant and the ultimate reclamation plan for current and future tailings ponds. 

2.2 NEED FOR THE STEEPBANK MINE 

The currently-active Suncor lease (i.e., Lease 86/17) is expected to be depleted of oil sands ore by the 

end of 2001. In order to sustain its operation Sun cor will require a replacement source of bitumen. 

Sun cor's business plan calls for an increase in production capacity in its upgrader to 107 kbpcd by 

1998 (105 kbpcd marketable product after internal uses) from the current capacity of79.5 kbpcd, to 

be achieved by modifications to the Upgrading and Utilities plants. Also included is expansion of 

Extraction capacity to 87 kbpcd. This expansion in fixed plant capacity, at a cost of$309 million, will 

improve the environmental performance of the plant, increase plant reliability and efficiency, and will 

increase the production of marketable products. 

Suncor's existing bitumen production operation is closely integrated with its Upgrader and Utilities 

plant. The Utilities complex generates electricity, steam and hot water which are used to significant 

advantage in the mining-extraction operation. Suncor has examined the options to support an expanded 

fixed plant capacity including acquisition of external supplies of bitumen. While Suncor may be 

receptive to competitively-priced external sources (particularly in the period 1998 to 2001) its base 

strategy is for self-sufficiency for the majority of its bitumen requirements. To do otherwise would 
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dissipate Suncor's unique energy integration advantages, its investment in Extraction and mining 

facilities, its technology, and the know-how and experience vested in its work force. 

Steepbank Mine will contribute to the orderly development of the oil sands and to Canada's economy. 

In spring 1995 the Alberta Chamber of Resources National Task Force on Oil Sands Strategies 

published a report (Alberta Chamber of Resources, Spring 1995. The Oil Sands: A New Energy 

Vision for Canada) which determined that further development of the oil sands industry would have 

a positive impact on Canada's economy and that the industry's growth could be accomplished by a 

series of orderly, incremental expansions. 

According to the report issued by the Task Force: 

" There is an enduring market for oil sands bitumen and upgraded crude oil. Fossil fuels are 

expected to continue to provide transportation fuels and chemical feed stocks well into the 

next century for a rapidly-expanding human population. 

" Markets for bitumen and upgraded crude are expanding in Canadian and United States 

refineries. Oil sands bitumen and upgraded crude can successfully replace and displace other 

sources. In particular, upgraded crude blends can now be customized to suit specific refinery 

needs. 

" The oil sands industry is viable in an environment of low commodity prices. Existing 

operations are viable because infrastructure is in place and because continuous improvements 

have lowered production costs. Continuing application of science and technology provides 

opportunities for further reductions in operating and capital costs. 

" The oil sands industry is one of Canada's most successful knowledge-driven industries. With 

reliable funding and strong, focused industry collaboration technological development will 

be the mainstay of risk and supply cost reduction. 

" Development of the oil sands-based industry is an integral part of Canada's energy future. 

Bitumen and upgraded crude oil now account for 21% of Canada's total oil production. 
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• A significant emphasis on research is continuing to improve the industry's environmental 

performance. 

" Increased oil sands development will create both additional employment opportunities and 

new wealth for Canada unmatched by any other Canadian business. 

The Steepbank Mine project affirms the Task Force's conclusions. Detailed planning and a 

comprehensive consultation program for the Steepbank Mine project have ensured the mine will be 

developed as a logical, orderly extension to Suncor's existing operation. New technologies will 

improve energy efficiencies and consolidated tailings will improve OSG's land reclamation strategy. 

An improved operating cost structure will provide economic stability despite fluctuating oil prices. 

Market analysis has ensured that customer demand for OSG's oil products is diverse and secure. And 

the $336 million investment, along with operational benefits associated with running a twenty-year 

mine, will benefit Canada's economy. 

2.3 OVERVIEW OF THE STEEPBANK MINE PROCESS 

Prior to any construction or mining activities land will be cleared and prepared and commercial trees 

will be salvaged. Wet areas will be drained, and muskeg and topsoil removed and stored for 

reclamation purposes. Initial access (across the Athabasca River) for early activities in 1997 and 1998 

will be via ice bridges in the winter and by barge in the summer. A bridge (dedicated to this project) 

to carry personnel, materials, heavy equipment, utilities and pipelines is expected to be available by 

mid-1999. 

Facilities including a truck dump, crusher, hydrotransport and utility installations, and office and 

maintenance shops will be complete by 2000. 

Pre-stripping of overburden will begin in 2000 using truck and shovel methods. The overburden will 

be hauled to dump areas or to construct dykes. Later in 2000 mining of ore will begin, using the same 

excavation methods. Mining will occur on both sides of the river until Lease 86117 is exhausted (at 

the end of 200 I). Thereafter, the new Steep bank Mine will be capable of sustaining the Suncor oil 

sands operation at I 07 kbpcd of upgraded crude oil. 
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Suncor is currently seeking opportunities to accelerate the bridge construction in order to advance 

mine start-up. This strategy would allow sooner utilization of plant capacity and realize other 

economic and environmental benefits. 

Figure A2.0-2 depicts a simplified flow diagram for Steepbank ore. The oil sand will be removed in 

two to three benches (each 15 m in height) and will be hauled to truck dumps located on the pit 

boundary. There it will be sized to less than 400 mm and conveyed to a surge bin, which provides 

about 45 min of surge capacity. The oil sand is removed from the surge bin by apron feeders and is 

conveyed to the cyclofeeder, which mixes the oil sand in warm water to an appropriate density. 

Cyclofeeder outflow is screened to less than 50 mm and is then transferred to high-capacity pumps 

for pipelining to the Extraction plant A rejects circuit at the cyclofeeder crushes screened material. 

Any larger than 50 mm is sent to rejects for disposal while the remainder is sent to the slurry pumps. 

The ore slurry is pumped to the Extraction plant (a distance of about 2.5 km) in a transit time of about 

ten minutes. Because the ore receives sufficient conditioning in the pipeline it can now be transferred 

directly to separation cells (by-passing existing Extraction conditioning drums). Bitumen froth is 

recovered from the separation cells and transferred to secondary Extraction (where upgrader diluent 

is added) and the froth is cleaned of fine minerals and residual water. The product is then piped to 

diluted bitumen storage. 

Inputs to the bitumen production process include electricity, steam and hot water from Suncor' s 

Utilities plant and diesel fuel and diluent from Upgrading. 

Tailings (coarse sand, fine minerals, water and some hydrocarbon) from the separation cells are piped 

to the tailings pump house for conversion to consolidated tailings and then disposed in ponds in mined

out areas. Included in the consolidated tailings will be mature fine tailings recovered from existing 

ponds; thus, the existing inventory of fine tailings wili be converted into consolidated tailings. Water 

released from the consolidating tailings is recycled for re-use in the Extraction process. Consolidated 

tailings from Steepbank Mine will be placed in available space on the current Lease 86/17 for the first 

eight years of operation and then in mined areas of Steep bank Mine. 

Surface reclamation occurs as areas become available. Reclamation objectives are to re-establish 

forest vegetation common to the area. The final landscape will be capable of developing into a self

sustaining cover of forest vegetation which will provide a range of end uses. 
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Steep bank Mine will produce bitumen from a large ore body that has been identified east of the 

Suncor operation, across the Athabasca River. A twenty-year mine strategy has been prepared which 

outlines development of the ore body south of the Steepbank River, taking ore from Pit 1 (Lease 97, 

Lot 1 and Lease 25) for the first eight years followed by ore from Pit 2 (Lease 25, Lot 3, and Lease 19) 

(the mining sequence is illustrated in Figure Cl.0-5). The area north of the Steepbank River and the 

remainder ofLeases 25 and 19 are available for future mining and represent resource potential for fifty 

or more years at 107 kbpcd. 

Suncor' s Steep bank Mine plan recognizes the environmental sensitivity to disturbance of the areas 

surrounding the Steepbank and Athabasca Rivers. On the south side of the Steepbank River an 

undisturbed 100-m setback is maintained from the top of the escarpment. For the Athabasca River the 

mine plan removes ore out to the edge of the escarpment with the constraint that the intersection point 

with the escarpment will be well above the 1-in-1 00-year flood level. As this escarpment has a 

relatively gentle slope, the result is that the undisturbed setback from the Athabasca River exceeds 500 

m along the length of Steep bank Mine, with the exception of a 2000-m length encountered in the third 

year of mining on Lease 97. In this area a minimum 70-m setback will be maintained. By 2009 the 

escarpment will be "rebuilt" with a dyke constructed from suitable overburden materials to an 

elevation approximately equivalent to the top of the current escarpment. The area will then be 

reclaimed. In the bridge access area a wildlife corridor will be provided under the bridge. 

The strategy specified in this Application is the basis for the proposed mine approval. Detailed mine 

planning (based on substantially more core hole drilling and other information including consultation 

input) will optimize the strategy over the life of the mine. 

Artist's renderings of Steepbank Mine for the years 2000, 2009, 2015 and 2030 are presented in 

Figures A2.0-3 to A2.0-6. These renderings are realistic representations of the mine strategy discussed 

above. Continuing revegetation and progression of waste dumps and dykes, infilling of ponds with 

consolidated tailings and advances of the mine and overburden faces are depicted in these figures. As 

well, relocation of facilities out of the river valley by 203 0 is shown. 
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3.0 PUBLIC CONSULTATION PROGRAM 

3.1 SUNCOR'S POLICY AND OBJECTIVES 

Suncor is committed to sharing information and encouraging open dialogue with individuals and 

groups that have an interest in, or are affected by, its operations. These communities of individuals 

and groups include: 

• neighbouring and regional residents; 

• special interest groups representing the broader public interest in individual development; 

• government regulators; 

• company shareholders; 

• employees; and 

• business associates. 

The aboriginal communities in the region, as represented by First Nations and Metis governments, are 

essential to the consultation process because of the land-based nature of oil sands development. 

Suncor defines public consultation as: 

The communication of the company's strategic intent and the facilitation of dialogue with 

interested communities so their needs and concerns can be reflected in how Suncor manages, 

plans and develops its business. 

This means that Suncor involves regional communities on an ongoing basis in discussions relating to 

its day-to-day operations and long-term plans. The company consults with these communities before 

detailed plans for projects requiring regulatory approval are finalized. 

Suncor's objective is to have those affected by its activities agree that the best business decisions are 

made after their input has been fairly considered. 
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3.2 DESCRIPTION OF PROGRAM 

In 1994, Suncor surveyed employees, community residents, public interest groups, government, 

business associates and the media to assess their level of satisfaction with existing channels of 

communication. These groups helped establish a process for consultation on matters relating to future 

oil sands development. 

Suncor learned that interested parties wanted more interaction with the company, especially direct 

access to senior decision-makers regarding the company's strategic plans. Suncor responded by 

expanding the responsibility of its Vice-President ofHuman Resources to include community affairs. 

Further, it was clear that these communities did not want to be over-consulted. They wanted an 

effective, efficient process given the surge in public participation programs generally. Suncor adopted 

a menu approach, ensuring that all information was available to interested parties on all aspects of its 

oil sands development. Each interested community selected its areas and level of interest and a three

pronged approach to consultation was developed based on: 

informative consultation, 

continuous consultation, and 

project consultation. 

0 Informative Consultation 

To better inform the general public Suncor has held community forums, delivered twice 

yearly reports on future plans to 15 000 households in the region, and issued public disclosure 

documents outlining plans for the development of the Steepbank Mine project and the Fixed 

Plant Expansion project. Media releases and advertising has informed everyone concerned 

of Suncor's plans and how to get involved. Names and telephone numbers of contact people 

were provided in case more information was required. Copies of Suncor' s material~ are also 

available at the Fort McMurray Public Library and the Oil Sands Interpretive Centre. 

Continuous Consuitation 

Several communities wanted to be more involved in Suncor's day-to-day business and 

strategic development. Several meetings with representatives from these communities were 

held to exchange information and provide input on Suncor's activities. In response to their 
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continued interest, Suncor formed a Community Relations Committee, reporting to Vice

President, Human Resource Support and Community Affairs. This committee is responsible, 

on an ongoing basis, for Sun cor's consultation effort with a focus on environmental 

performance, socio-economic matters, and health and safety. 

• Project Consultation 

Project-specific relationships were developed with those communities that indicated a desire 

to participate in future development. 

Suncor made an early decision in a project-specific consultation to share information freely 

and in draft form with the widest audience possible. This would allow interested parties the 

maximum opportunity to provide their ideas and input for consideration by Suncor. 

Improvements could then be incorporated into the project. Communities have appreciated this 

approach and have agreed to review draft information for this purpose, knowing it may change 

as the project progresses. Through this process the parties have worked towards identifying 

opportunities and resolving concerns before filing this Application. The objective is to 

develop projects which reflect the combined efforts of Suncor and its neighbours to maximize 

the benefits for all concerned. When this Application for Approval is filed, no issue should 

be unresolved because of a lack of understanding of the project and of all parties needs. 

For the Steepbank Mine project Suncor developed a framework which integrates community input into 

the Environment Impact Assessment process of project development; this framework is described in 

Section El.O. Project consultation has progressed through a series of phases (from pre-feasibility to 

Application filing) as follows: 

1. Disclosure and project concept; 

n. EIA terms of reference development; 

iii. project feasibility updates and EIA issues and methods review; and 

tv. EIA results and documentation. 

Table A3 .0-1 lists the public consultation events to mid April 1996 and indicates the individuals or 

groups involved in each event. This list includes activities associated with Fixed Plant Expansion 

Project because many of the issues were common to both projects and the EIA must address 
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cumulative impact. Numerous other meetings were held (particularly with regulators) as part of doing 

business. All three fom1s of consultation described above are included in the table. 

3.3 RESULTS OF CONSULTATION 

3.3.1 Interested Groups and Communities 

Suncor's prime interested groups and communities are: 

residents and leaders of the Regional Municipality of Wood Buffalo; 

" residents and leaders of Fort McKay First Nation and Metis Local 122; 

" residents and leaders of the community of Fort Chipewyan; 

" local and provincial environmental groups, represented by the Oil Sands Environmental 

Coalition (OSEC) which includes: 

The Pembina Institute for Appropriate Development, 

Fort McMurray Environmental Association, 

the Toxic Watch Society, and 

the Environmental Resource Centre . 

., regulatory agencies. 

3.3.2 Agreements with Interested Communities 

Agreements between Suncor and certain prime interested communities have been developed to better 

manage the public consultation process. For example, Suncor has: 

Signed a Memorandum of Understanding with the Fort Chipewyan community which 

demonstrates the parties' commitment to developing a long-term relationship, addressing 

ongoing consultation, mutual respect, business development and social and cultural support. 

Developed a Memorandum of Understanding with the Fort McKay community which is not, 

at the time of fiiing this appiication, signed by the parties. It is hoped that this agreement wiii 

be finalized soon. 
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.. Entered into a consultation agreement on a fee-for-service basis with the Pembina Institute for 

Appropriate Development to provide advice to Sun cor in connection with the February 1995 

application to renew Sun cor's environmental operating approval under the Alberta 

Environmental Protection and Enhancement Act. 

• Entered into consultation agreement with OSEC which defines the roles and responsibilities 

of each party in the pre-filing phase of the project-specific consultation process relating to the 

Expansion Project and the Steepbank Mine project. The agreement provides OSEC with 

financial support to effectively participate in this process. The objective of this agreement is 

to: 

increase respective understanding, 

improve the projects, and 

ensure an effective, efficient regulatory review of the projects. 

• Signed a two-year agreement in February 1995 with representatives of Fort McKay First 

Nation to provide funds for an environmental director staff position. The director is employed 

by Fort McKay First Nation and is a resident of the community. The director works closely 

with Suncor staff to review approval applications, assess environmental impacts, and ensure 

that Fort Mckay's needs are identified. 

Suncor hopes that these agreements will lay the foundation for long-term, open, mutually beneficial 

relationships. 

Suncor does not want its consultation relating to this project to result in economic costs to others. 

However, Suncor will not fund duplication. All agreements with interested parties for participation 

in a consultation process will be public. Suncor believes it is in everyone's best interest to: 

• provide the necessary financial resources in the pre-filing consultative stage to ~acilitate 

effective consultation; 

• benefit from the ideas of others and identify opportunities for improvement; and 

• clearly define, and, if possible, resolve concerns before filing an application for approval. 
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3.3.3 Issues Management Database 

Early in the consultation process, Suncor developed an issues management database to record 

questions, opportunities and concerns raised by others and to track resolution of these matters. 

Issues lists were used both internally and externally to promote detailed discussion on various aspects 

of the proposed project and to incorporate opportunities for improvement into the final design. Many 

of these questions and concerns have been pursued and resolved, in large measure because of 

everyone's willingness to share and review draft information and participate in a constructive manner 

in the pre-filing consultation. Access to the Suncor database for the status of any specific issue is 

available on request. 

To manage the large number of questions and issues raised, the database was sorted into four main 

areas: Human Impacts, Suncor Business Development, Environmental Impact, and Technology. 

Within each grouping a list of key issues was developed. A key issue is defined as one which has a 

high degree of concern or interest (or both) for the community. The key issues (arranged by area) are 

as follows: 

Human Impacts 

" impacts on human health, primarily air and water emissions; 

"' opportunities for First Nation and Metis communities (employment, business development); 

" development of local economic opportunities (Regional Municipality of Wood Buffalo); and 

" cumulative impact on infrastructure and community services due to a number of projects 

underway (Suncor, Syncrude, Solv-Ex). 

Suncor Business Development 

., long-terms plans beyond Steepbank Mine; and 

.. alternative bitumen sources, e.g., in situ recovery. 

Environmental Impact 

.. development in the river vaiiey; 

" air quality, emission level; and 

" Athabasca and Steepbank Rivers ecosystem health. 
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Technology 

.. reclamation planning, particularly end land use; 

• consolidated tailings technology; 

" Athabasca River Bridge design and uses; and 

• safety concerns regarding pipelines crossing the river. 

These issues were addressed by various means: at the time raised, by follow-up, through project 

redesign and in the EIA. 

3.4 OTHER RELATED CONSULTATION INITIATIVES 

Sun cor's Aboriginal Affairs staff is responsible for maintaining regular communication with aboriginal 

communities in the region to jointly pursue: 

• socio-economic opportunities, 

• environmental initiatives, 

• education and training initiatives, and 

• community cultural activities. 

Suncor' s Aboriginal Business Development Committee identifies business opportunities and works 

with Aboriginal communities to maximize the associated benefits for the communities. 

Suncor is an active participant in the Fort McMurray Regional Air Quality Coordinating Committee 

(RAQCC), which deals with air quality issues in the region. 

Suncor is an active participant on the Regional Stakeholder's Committee, chaired by Mayor Boutilier, 

which addresses the region's response to reduced sources of funding from external sources, 

particularly government. The mandate is to preserve or enhance services and programs to ci.tizens in 

times of dwindling resources. 

Suncor staff are currently working with regulators on the flue gas desulphurization project, operating 

licence renewals and the Fixed Plant Expansion Project regulatory approvals. 
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Suncor is participating in the Alberta Oil Sands Community Exposure and Health Effects and 

Assessment Program, which is managed by a communit-y committee. 

3.5 ON GOING PLANS 

Sun cor will continue with its open approach to public consultation. This approach has been successful, 

as indicated by the: 

e willing participation of interested communities; 

.. number of requests for more detaiied information; 

., strong public attendance at community forums; and 

.. high number of opportunities and concerns identified, adopted or resolved before this 

application was filed. 

Suncor will continue to: 

.. distribute the Report to the Community newsletter; 

.. hold community forums; 

.. meet with interested parties, both on a project-specific and continuous consultation basis, 

.. meet with the local MLA, MP and Chamber of Commerce; and 

.. host community events to explain business opportunities to the people of the region, including 

aboriginal businesses. 

The events planned following the filing of this application are listed in Table A3.0-2. Suncor will 

continue to take a proactive approach to sharing information with, and seeking input from, all 

interested parties. Specific to the Steepbank Mine project, consultation will continue through the 

Application review process, mine construction and operation to ensure that the best ideas are explored 

and incorporated into the project. 

Suncor will continue to meet with government agencies to contribute to improvements in the 

regulatory approval process, ensuring that the community can benefit in a meaningful way from 

Sun cor's business success. 

This integrated approval represents a new approach to regulatory approvals in Alberta. Suncor will 

facilitate a process which preserves the integrity of the regulatory approval regime and engages all 

interested parties in an effective, efficient regulatory review. 
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TABLE A3.0-1 

PUBLIC CONSULTATION FOR STEEPBANK MINE PROJECT 

Event Date Community Activities 

December 1994 Whole Community Survey on public consultation design 

December 1994 Community of Fort General consultation 

McKay 

1 March 1995 Regional Municipality of Meeting with Mayor Guy Boutilier to update him on 

Wood Buffalo OSG's projects 

9 March 1995 AEUB/AEP Meeting with regulators to discuss various OSG 

applications and Strategic Growth Opportunities 

IO March I995 Adam Germain - MLA Meeting to update MLA on the OSG projects 

I6 March I995 Chamber of Commerce Address to the Chamber of Commerce on the status of the 

OSG projects 

20 March I995 Fort McKay First Nation General consultation regarding the process groups wished 

and Metis Leaders to follow for further consultation and update on OSG 

projects 

22 March I995 OSEC General consultation regarding the process to be used for 

future consultation and update on OSG projects 

28 March I995 Fort Chipewyan General consultation regarding the process the group 

Community Leaders wished to follow for future consultation and a general 

update of OSG projects 

Aprili995 Whole Community Steepbank Mine Disclosure Document issued 

I Aprili995 Dave Chatters - MP Meeting to update MP on OSG projects 

6 Aprili995 AEP Meeting with AI Schulz regarding the approvals process 

13 April I995 Fort McKay First Nation Meeting with the leaders to begin discussions on the 

and Metis Leaders Memorandum of Understanding 

27 April I995 Conklin Community Meeting with community leaders 

to provide an update on OSG projects 

28 April I995 General Public- Fort Open house for all OSG projects with focus on Steepbank 

McMurray Mine and EIA design 

2 May I995 Fort McKay First Nation General consultation/discussion regarding the principles 

and Metis Leaders of consultation and reimbursement guidelines 

II May I995 AEP/AEUB Meeting with the regulators to discuss expansion and 

Steepbank Mine applications 
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TABLE A3.0-1 

PUBLIC CONSULTATION FOR STEEPBANK MINE PROJECT 

Event Date Community Activities 

15 May 1995 Federal and Provincial Workshop on methodology and approach for the EIA 

Regulators 

15 May 1995 Syncrude Canada Ltd. Meeting with Syncrude management to discuss 

Application items common to both companies 

5 June 1995 Adam Germain - MLA Meeting with the local MLA to update him on OSG 

projects 

13 June 1995 Fort McKay First Nation Continuing discussion on the Memorandum of 

and Metis Leaders Understanding 

13 June 1995 AEP/Provincial Meeting including the Energy Minister, the Environment 

Government Minister and 25 MLAs from the Standing Policy 

Representatives Committee to update on OSG projects and business plans 

14 June 1995 OSEC General quarterly consultation meeting and update on 

OSG projects 

28 June 1995 Fort Chipewyan General consultation discussion and final Memorandum 

Community Leaders of Understanding review 

10 July 1995 Fort Chipewyan Meeting with the Chiefs and Metis Leader to sign the 

Community Leaders Memorandum of Understanding between Sun cor and the 

Community 

12 July 1995 Fort Chipewyan Tour of the dyke area and the mine plus a general 

Communit-y Leaders consultation update discussion 

19 July 1995 Syncrude/ Suncor Approval Applications co-ordination 

24 August 1995 Adam Germain - MLA Meeting with Adam Germain, Grant Mitchell, 

Debbie Carolson, Terry Kirkland, Mike Percy and MLAs 

from the Liberal Party to update them on the status of the 

OSG projects 

13 September 1995 Pembina Institute Meeting with Rob Macintosh and Rob Hornung on 

environmentalists' goals, mission, views on oil sands 

development; definition of sustainable development and 

eco-efficiency; and global warming. This preceded a 

I I 
Gases 

I P'"entatinn by Pembina nn Reduction ofG,enhou.e 



Steepbank Mine Project Application - 22- Section A3.0 

TABLE A3.0-1 

PUBLIC CONSULTATION FOR STEEP BANK MINE PROJECT 

I Event Date I Community I Activities I 
19 September 1995 Adam Germain - MLA Meeting to update MLA on OSG projects and business 

plans 

3 October 1995 General Public- Fort Public Forum (update on Steepbank Mine, expansion 

McMurray concept and EIA status) 

15 November 1995 AEP/AEUB/ Syncrude Senior management of each group met to discuss items of 

common interest in various applications from the 

companies 

17 November 1995 Dave Chatters - MP Meeting to update MP on OSG projects 

23 November 1995 Anzac and Gregoire Lake Public Forum at Anzac Community Hall 

(20 People) 

1 December 1995 Fort Chipewyan Quarterly communication meeting held with 

representatives from the Mikisew Cree Band, the 

Chipewyan Band and the Metis 

11 December 1995 Fort McKay Elders Meeting with the Elders of Fort McKay to initiate the 

First Nation consultation process 

13 December 1995 Oil Sands Environmental Update on Operating Approval, Steepbank Mine and 

Coalition (OSEC) Fixed Plant Expansion. Consultation schedule prepared 

together 

4 January 1996 Fort McKay- Meeting to provide an update on projects and plan 

Pete Ladoucer consultation schedule with Fort McKay 

10 January 1996 Fort McKay- Planning meeting for a project description meeting and a 

Pete Ladoucer community presentation of the projects 

16 January 1996 Regulators Project description meeting held in Edmonton 

OSEC 

24 January 1996 Dave Chatters - MP Meeting to review Disclosure Document and update MP 

on project consultation strategy 

24 January 1996 Regional Municipality of Meeting with Mayor Guy Boutilier to update both project 

Wood Buffalo and schedules and to discuss consultation strategy 

24 January 1996 Fort McKay First Nation Project Description of the Fixed Plant Expansion; 

discussion of level of technical review desired 
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TABLE A3.0-1 

PUBLIC CONSULTATION FOR STEEPBANK MINE PROJECT 

I Event Date I Community I Activities I 
30 January 1996 Regulators Technical Workshops to discuss and resolve issues arising 

OSEC from the Fixed Plant Expansion Project prior to filing the 

Application 

30 January 1996 Fort Chipewyan Meeting in Fort Chipewyan with all communities to plan 

community presentations 

6 February 1996 Environmental Resource Meeting in Fort McMurray to discuss projects with 

Committee Directors of Alberta Environmental Protection and their 

staff 

8 February 1996 Fort McKay First Nation Community Forum for the residents of Fort MacKay to 

discuss the projects with Suncor people 

12 February 1996 Regional Municipality of Joint presentation with Syncrude to the "Citizens' 

Wood Buffalo Committee on Oil Sands Development" 

13 February 1996 Fort Chipewyan Community forum for the residents of all communities in 

Fort Chipewyan 

14 February 1996 Regulators and OSEC Review first draft of EIA results on Terrestrial and 

Valley Development . 
15 February 1996 Regional Municipality of Review first draft of EIA results on socio-economic 

Wood Buffalo impacts 

20 February 1996 Regional Municipality of Presentation to the Regional Council to overview projects 

Wood Buffalo and schedule 

22 February 1996 Regulators and OSEC Review of first draft ofEIA results onEco-Health and 

Aquatics 

26 February 1996 General Public- Fort Review of first draft of EIA results on Human Health 

McMurray 

27 February 1996 Regulators and OSEC Review of first draft EIA results on Ecology and Human 

Health 

4 March 1996 Regional Municipality of Presentation on Suncor's response to the committee's 

Wood Buffalo- Standing issues 

Committee on Oil Sands 

Development 

7 March 1996 Employees Beyond 2000 newsletter outlining the Oil Sands Group's 

growth and expansion plans mailed to employees 



Steepbank Mine Project Application - 24- Section A3.0 

TABLE A3.0-1 

PUBLIC CONSULTATION FOR STEEPBANK MINE PROJECT 

I Event Date I Community I Activities I 
7 March 1996 Oil Sands Environmental Review of draft sections of the Fixed Plant Expansion 

Coalition Application 

11 March 1996 Fort McKay First Nation Meeting with Aboriginal Business Development 

Subcommittee in Fort MacKay to discuss business 

opportunities 

11 March 1996 Fort McMurray Catholic Presentation on the projects focusing on community 

School Board impacts, particularly on education 

12 March 1996 Fort McKay First Nation Discussion relating to their Letter of Concern written in 

response to the Disclosure Document for the Fixed Plant 

Expansion 

13 March 1996 Adam Germain - MLA Update meeting on Suncor's projects 

14 March 1996 Regional Municipality of Follow-up presentation regarding Suncor's position on 

Wood Buffalo- Standing committee's issues 

Committee on Oil Sands 

Development 

20 March 1996 Aboriginal Business Meeting in Conklin to discuss business opportunities 

Development 

Subcommittee 

26 March 1996 Oil Sands Environmental Review of draft application for the Fixed Plant Expansion 

Coalition 

28 March 1996 Anzac Community Aboriginal Business Development Subcommittee meeting 

in Anzac to discuss business opportunities 

15 April 1996 Fort McMurray Public Presentation on Suncor's Oil Sands Group projects, 

School Board focusing on community impacts and education 
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TABLE A3.0-2 

CONTINUING PUBLIC CONSULTATION- PLANNED ACTIVITIES 

Target Date Community Activities 

April1996 Fort McKay First Nation Meetings to review Fixed Plant 

Expansion Application concerns 

Aprill996 Aboriginal Business Meetings in Janvier and Fort 

Development Committee Chipewyan to discuss business 

opportunities 

17 and 18 Aprill996 Northern Alberta Development Conference "On the Threshold" -

Committee, Northern Alberta an economic business development 

Aboriginal Business Association, conference focusing on aboriginal 

Regional Municipality of Wood businesses 

Buffalo 

24 April 1996 Oil Sands Environmental Coalition Meeting to review Fixed Plant 

Expansion concerns 

May 1996 General Public Newsletter Report to the 

Community Issue 3 

May 1996 Janvier - First Nation Community presentation to residents 

on Suncor's Oil Sands Group projects 

May 1996 Conklin- First Nation Community presentation to residents 

on Suncor's Oil Sands Group projects 

1 May 1996 Alberta Environmental Protection Meeting to review Fixed Plant 

Energy and Utilities Board Expansion concerns 

16 May 1996 Regional Municipality of Wood Presentation on Suncor's response to 

Buffalo - Standing Committee on Oil the committee's issues, specifically 

Sands Development related to Steepbank Mine 

May/June 1996 Prime Communities Application reviews 

September 1996 Fort McMurray Chamber of Presentation to local business people 

Commerce by Suncor staff and major EPC 

contractors for Steep bank Mine ·contra 

work 
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3.0 SOCIO-ECONOMIC IMPACT ASSESSMENT 

3.1 BASELINE CONDITIONS 

The oil sands industry has created fundamental changes to the character and substance of the 

communities in the Regional Municipality of Wood Buffalo. Most of the people who were drawn 

to the area, or who otherwise are employed by the oil sands developments, live in the community 

of Fort McMurray. Other communities within the municipality include Fort MacKay, Fort 

Chipewyan, Anzac, Conklin and Janvier. 

The population of Fort McMurray increased from about 1,100 in 1961 to 6,000 in 1971 (Suncor 

development period), then from 8,000 in 1973 to 24,000 in 1978 (Syncrude development period). 

On average, population increases during the period of Suncor development were in the 35 to 45% 

per year range, while during the period of Syncrude development, population increases varied from 

15 to 40% per year. During those periods, Fort McMurray experienced substantial deficiencies in 

most community services and infrastructure, including housing, medical, retail and commercial 

services. 

Between 1978 and 1991, the population ofFort McMurray stabilized and growth rates fell to normal 

provincial averages. In 1991, Fort McMurray's population was 34,705, a slight decline of240 from 

the 1986level of34,945. During the past 10 years, the quality of life in Fort McMurray has also 

stabilized such that today, Fort McMurray is considered to be a mature, stable urban community. 

Based on this past experience, both the oil sands industry and the regional community are sensitive 

to the potential effects of further oil sands development on economic and social stability, and 

community character. 

Suncor's current work force of 1,700 workers includes 1,400 employees and approximately 300 

contractors. Increases in employment related to Steepbank Mine construction will overlap with 

construction effects from three other projects: Suncor's Fixed Plant Expansion, construction of the 

Solv-Ex project and construction ofSyncrude's Aurora Mine (Figure E3.0-1). 

Suncor has a policy which encourages the purchase of goods and services from local vendors. 

Currently, Suncor spends approximately $90 million annually in the Regional Municipality for the 
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procurement of goods and services. This amounts to about one-half of the procurements budget and 

this pattern is expected to continue. 

3.2 SUMMARY OF ASSESSMENT RESULTS 

Six impact hypotheses were developed to examine the potential socio-economic impacts of the 

Steepbank Mine Project (Table E2.0-2), after mitigation measures have been implemented. Each 

ofthe hypotheses is discussed briefly below. A more complete discussion of the impact analysis and 

baseline information is available in Impact Analysis of Socio-Economic Impacts Associated with 

the Steepbank Mine (Golder 1996i) as well as a series of background reports (Figure E2.0-2). 

Hypothesis 1 The Steepbank Mine Project will contribute additional local, provincial and 

national benefits through additional employment, the procurement of goods and 

services required for the project and the payment of local, provincial and national 

taxes and royalties. 

Assessment: The project wili provide an increase in iocai, provincial and national employment 

and economic benefits. Impacts will be positive, high severity over the short term (Le", during the 

construction phase), and positive, low severity over the long term (i.e., during operations). Overall, 

there will be high, positive economic and employment impacts over more than one year, with local, 

regional and national effects. 

Hypothesis 2 Construction-related activities and employment and the associated temporary 

increase in population will result in increased demands on services and 

infrastructure within the Regional Municipality of Wood Buffalo. 

Assessment: During construction, there will be a low impact of medium-term duration with both 

local and regional effects. There is a low degree of concern with respect to the construction-related 

effects of the Steep bank Mine project within the Regional Municipality of Wood Buffalo. 
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Hypothesis 3 Operations-related employment and the associated increase in population will 

result in increased demands on services and infrastructure within communities 

in the Regional Municipality of Wood Buffalo. 

Assessment: There will be a low increase in demand for community services and infrastructure over 

the long term. Effects will be both local and regional in extent. There is a low degree of concern with 

respect to the operations-related effects of the Steepbank Mine project within the Regional 

Municipality of Wood Buffalo. 

Hypothesis 4 The social stability and quality of life of communities within Regional 

Municipality of Wood Buffalo will be maintained as a result of the continued 

operation of the Suncor project, through development of the Steepbank Mine. 

Assessment: There will be a low increase to the stability and quality of life over the medium term 

within both the local and regional areas. There is a low degree of concern with respect to the 

Steepbank Mine's effects on the communities of Wood Buffalo. 

Hypothesis 5 The Steepbank project will contribute to a loss in the traditional resource base of 

the Fort MacKay community and displace some traditional activities. 

Assessment: During mine operations existing traditional resource use will be displaced. After mine 

reclamation traditional resource use potential will be restored. There is a high degree of concern for 

the traditional land use of areas to be occupied by the Steepbank Mine, but low for the remainder 

of the study area. 

Hypothesis 6 The cumulative demands from the Sun cor, So/v-Ex, and Syncrude Canada Ltd 

projects combined with the expected demands from existing populations within 

the Regional Municipality of Wood Buffalo will result in increased demands on 

local communities and affect the quality of life ofthose communities. 

Assessment: There will be a low incremental demand on community services, with a long term 

effect in both the local and regional context. There is a low degree of concern with respect to the 

cumulative effects of industry development in the area. 



Steepbank Mine Project Application -24- Section E3.0 

3.3 DISCUSSION OF ASSESSMENT RESULTS 

The Suncor Steepbank Mine project will result in a number of socio-economic changes in the area. 

Below is a brief discussion of those anticipated changes, and the measures Suncor will implement 

to minimize impacts which may have negative implications to the community. 

3.3.1 Employment 

The construction phase of the Steepbank Mine project will provide 1,040 person-years of 

empioyment over the 1996-2000 period, with the maximum number of construction workers 

estimated at 435 in late 1999 (Table E3.0-l ). 

TABLE E3.0-1 

STEEPBANK MINE PROJECT CONSTRUCTION PHASE EMPLOYMENT EFFECTS 

(work-years) 

Employment Category 

Total 
Direct Employment: 

Project Employment 1,040 

From Direct Project Purchases• 1,570 

Indirect Employmentb 1,700 

Induced Employment" 1,550 

Totals 5,860 

(100%) 

Employment of first round suppliers of goods and services. 

Employment of second and subsequent round suppliers. 

Employment 

Alberta Other Canada 

936 104 

1045 525 

825 875 

750 800 

3,556 2,300 

(61%) (39%) 

Employment effect of activity due to spending and respending of incremental household incomes. 

This peak in construction labour for the Steep bank Mine project is preceded by earlier construction 

labour force demands for the Solv-Ex construction (peak phase from 1996 - 1998) and the Suncor 

Fixed Plant Expansion with a peak of 400 workers in 1997. Syncrude's Aurora Mine peak 

construction labour force will largely coincide with the Steepbank Mine construction, with a peak 

labour force demand of 475 workers in 2000. Figure E3.0-l illustrates the cumulative effects of the 

construction labour force demands for the Aurora Mine, Fixed Plant Expansion, Solv-Ex and 

Steepbank Mine projects. 
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Suncor and other industry operators recognize the importance of avoiding a boom/bust scenario of 

construction-related employment. Suncor will minimize the potential negative effects on the 

community caused by its temporary workforce by maximizing the employment of locat residents, 

and housing non-local construction labour in a residential camp. Suncor will work together with 

Syncrude, Solv-Ex and the Regional Municipality of Wood Buffalo Standing Committee on Oil 

Sands Development to coordinate activities. Despite these mitigations, increased demand for 

temporary services (e.g., restaurant meals, accommodation, transportation) will be experienced by 

the community during construction. 

During the operational phase of the Suncor projects (i.e., to 2020), project employment and direct 

suppliers of goods and services will maintain an average of 2,650 jobs per year, for a total of 

approximately 66,000 work-years of employment (Table E3.0-2). In addition, indirect employment 

is expected to maintain approximately 635 jobs per year (almost 16,000 over the project's life) and 

a further 1,475 jobs per year of induced employment (almost 37,000 work-years from 1996 to 2020). 

TABLE E3.0-2 

STEEPBANK MINE PROJECT OPERATING PHASE EMPLOYMENT 

EFFECTS- TOTAL SUNCOR FACILITY (Total Work-years, 1996 to 2020) 

Employment Category 

Total 
Direct Employment: 

Project Employment 42,500 

From Direct Project Purchases• 23,515 

Indirect Employmentb 15,830 

Induced Employment" 36,835 

Totals 118,680 

(100%) 

Employment of first round suppliers of goods and services. 

Employment of second and subsequent round suppliers. 

Employment 

Alberta Other Canada 

42,500 --
21,840 1,670 

6,530 9,300 

24,035 12,805 

94,905 23,775 

(80%) (20%) 

Employment effect of activity due to spending and respending of incremental household incomes. 

To enhance the opportunities for local residents to obtain employment, Suncor will continue to give 

hiring preference to local residents and suppliers. 
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3.3.2 Capital Costs, Procurement and Economic Contributions 

Assuming project approval in early 1997, construction of the Steep bank Mine will require direct 

expenditures of$336 million between 1997 and 2001. Nearly 60% ($200 million) is expected to be 

spent in Alberta. Operations of the Steep bank Mine are expected to require a total of $6.4 billion 

($1995) in operating expenditures over the period from 1996 to 2020. 

To enhance the involvement of local businesses in the provision of goods and services (currently 

valued at $90 Million) for the Steepbank Mine Project, Suncor has, and will continue to work with 

local etOups (e.g., Aboriginal Business Development Committee, Chamber of Commerce) to ensure 

they are aware of opportunities and are well positioned to participate. 

3.3.3 Support Services and Demands, and Contribution to the Public Economy 

At the height of the Steepbank Mine construction (in 1999), the population of Fort McMurray is 

expected to increase by 711, in a community of34,700 (2% ofthe population). Most construction 

workers will be housed at the Suncor construction camp and other than use of recreation and 

entertainment services, little demand on community services is anticipated. 

The operation ofthe Steepbank Mine is expected to result in a population increase of350, with this 

growth starting in 2007. This level of population growth for the operational phase represents a 

growth rate of less than 1%. 

As the municipal infrastructure of the urban service area of Fort McMurray is well developed, the 

anticipated population increase will not require significant capital expenditures. The existing 

industrial park, the newest housing sub-division (Timberlea) and the water and sewage plants are 

sufficient to handle the level of growth anticipated. Discussions with RCMP representatives indicate 

that the city is adequately policed and few additional law enforcement-related problems are 

expected. 

Demand on roads and transportation is estimated to increase by 1 to 2% on Highway 63 north of Fort 

McMurray during construction. Additional transportation of employees and contractors is estimated 

to result in a 1% increase in bus traffic and a 1.5% increase in private vehicle traffic. Effects on 

transportation infrastructure will be minimized by Suncor's continuing policy of busing workers to 

the site, and working with the Regional Municipality of Wood Buffalo and Alberta Transportation 

to monitor and address any Highway 63 issues related to the Steepbank Mine project. 



Steepbank Mine Project Application -27- Section E3 .0 

Taxes generated by the construction of the Steepbank Mine and operation of the Suncor facility over 

the 1996-2020 period will total approximately $3.5 billion (undiscounted $ 1995). Over $1.2 billion 

of this will accrue to Alberta. The Alberta municipal tax revenue of$305 million during this period, 

will be paid directly by Suncor (Table E3.0-3). Revenues to governments will also include royalties. 

These royalties will be substantial, but can not be calculated at this time. 

TABLE E3.0-3 

STEEPBANK MINE PROJECT: FEDERAL/PROVINCIAL/MUNICIPAL TAX 

GENERATION, TOTAL SUNCOR FACILITY (1996 to 2020) 

(Millions $1995) 

Other 

Canada Federal Alberta Provinces 

Personal Income Taxes 1,988 1,074 759 155 

Corporate Income Taxes 221 155 55 11 

Indirect Taxes 

(federal and provincial) 957 392 94 471 

Indirect Taxes (municipal) 368 -- 305 63 

Totals 3,534 1,621 1,213 700 

3.3.4 Quality of Life 

Fort McMurray experienced population increases as high as 45% per year during the construction 

of the original Suncor and Syncrude plants. Substantial deficiencies in most community services 

and infrastructure were experienced at that time. Over the past 15 years, however, Fort McMurray 

has developed into a stable, fully-serviced community of35,000 with a high quality oflife. Changes 

to quality of life are generally a result of substantial relative changes in population size or the nature 

and characteristics of the population. The population change from the Steep bank Mine Project is 

expected to be small. 

Potential impacts from Steepbank Mine operations are expected to be low, given that the mine 

development is intended as a replacement for the existing mining operation. Suncor recognizes that 

a prosperous, stable and healthy community is essential to the quality of life of the company's 

employees and their families and is required to retain a highly skilled and capable workforce. Suncor 

will continue to work with local groups and agencies, meet regularly with political representatives, 
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support local initiatives through its corporate donations program, and encourage its employees' 

contributions to social, recreational and other volunteer activities. 

The additional employment created by the Steepbank Mine is expected to increase the population 

within Fort McMurray less than I%, and local service agencies have indicated existing services and 

infrastructure have sufficient capacity to accommodate this growth. Community representatives 

have indicated that the continuation of employment will reinforce the existing high quality of life 

which exists within the Fort McMurray area. 

The region can accommodate cumulative effects of the Suncor project, Solv-Ex and proposed 

Aurora mine. Any negative impact of the projects on the quality of life is expected to be small. 

Community residents have been anticipating these projects and that sentiment has contributed to the 

sense of community and economic stability which now exists in Fort McMurray. 

To enhance the ability of the aboriginal community members to obtain work and business 

opportunities with Suncor, the company will promote aboriginal training and hiring, and sponsor 

summer employment programs for aboriginal students. 

3.3.5 Traditional and Other Land Uses 

The Steepbank Mine area is located within the Fort McKay First Nation's traditional resource use 

area. Traditional land uses within the region include hunting, trapping, fishing, berry picking and 

gathering of herbs, medicinal plants and food. Two trappers will be displaced from traplines which 

are situated on the Steepbank Mine site, and agreements have been reached to compensate them for 

this loss. 

Recreational activities on the site have been limited because of difficult site access. Forestry 

harvesting in the area has been initiated, and remaining timber will be harvested during mine 

clearing. 

Suncor is committed to continuing dialogue with the Fort McKay First Nation to identify appropriate 

mechanisms for protecting traditionai resource use. In the long term, the use of dry landscape 

reclamation will provide flexibility in creating landscapes with a variety of land use opportunities. 

Suncor will involve traditional users in defining the desired characteristics of the reclaimed 

landscapes. 
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3.4 MONITORING 

Monitoring of socio-economic parameters will enable Suncor and the Regional Municipality to 

identify potential problems or opportunities and develop actions to address emerging issues, and 

enhance local benefits. The Regional Municipality of Wood Buffalo Standing Committee on Oil 

Sands Development is expected to take a lead role in identifying issues and actions. Suncor can 

assist in this process by monitoring project parameters (e.g., construction and operation work force 

numbers and originating communities, Highway 63 traffic, employment and business opportunities) 

and providing that information to the Committee for distribution within the community and to 

service agencies. 
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FIGURES SECTION E3.0 
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4.0 SUMMARY OF ENVIRONMENTAL AND SOCIO-ECONOMIC 

IMPACT ASSESSMENT 

4.1 INTRODUCTION 

The Steepbank Mine Environmental Impact Assessment (EIA) was prepared to assess the impacts 

associated with the development, operation and reclamation of the Steep bank Mine, reclamation of 

Lease 86117 and the net impacts associated with increasing plant production of upgraded crude oil to 

I 07 kbpcd. It predicted impacts which could result from the projects, identified mitigations to avoid 

or reduce those impacts, and evaluated the residual effects. The EIA was conducted over a period of 

18 months, and focussed primarily on issues raised by communities. It describes the assumptions 

used, is quantitative wherever possible, and explains the effects ofSuncor's development in a regional 

perspective. In doing the regional impact analysis, cumulative effects of other oil sands developers 

(Syncrude and Solv-Ex) and forest harvesting (Al-Pac and Northlands) were also considered. 

This section (A4.0) summarizes the environmental impact analysis and mitigation plans which are 

presented in Section E of this document and in greater detail in Impact Analysis reports that are 

referenced in this Application. 

The EIA investigations focused on addressing the key concerns identified by the public and regulators. 

It also considered Alberta land use guidelines (draft Integrated Resource Plan for the Athabasca River 

corridor). Key concerns include: 

• economic and employment opportunities for aboriginal communities; 

o opportunities for local businesses; 

• cumulative impacts on infrastructures and community services in the Regional Municipality 

of Wood Buffalo; 

• effects on traditional uses and historical resources; 

• health protection of local and regional residents and Suncor' s employees; 

• impacts of surface disturbance on the terrestrial ecosystem (terrain and vegetation), especially 

within the Athabasca and Steepbank river valleys; 

o cumulative effects of oil sands development on wildlife populations, and the possibility that 

Suncor's river valley development could affect wildlife movement along the Athabasca River; 

• protection of water quality; 

• aquatic ecosystem health in the Athabasca and Steepbank Rivers; and 

• effect of production increases on local and regional air quality. 
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4.2 SOCIO-ECONOMIC IMP ACT ANALYSIS 

Development and operations of Steep bank Mine will provide a number of economic benefits to the 

Wood Buffalo region, the Province of Alberta and to Canada. Development of the Steepbank Mine 

project will provide approximately 1000 work years of employment during construction, with a peak 

requirement of 435 jobs in 1999. Of importance to the Regional Municipality of Wood Buffalo and 

to Fort McMurray, operation of the Steepbank Mine will provide the continued employment of 1700 

people (1400 Suncor employees and 300 contractors), as well as provide additional employment for 

an estimated 100 employees by the year 2010. 

The additional employment created by the Steepbank Mine is expected to increase the population 

within Fort McMurray less than 1%, and local service agencies have indicated existing services and 

infrastructure have sufficient capacity to accommodate this growth. Community representatives have 

indicated that the continuation of employment will reinforce the existing high quality of life which 

exists within the Fort McMurray area. 

Development of Steepbank Mine is expected to cost approximately $336 million ($1996), and over 

the life of the mine, $6.4 billion will be spent on operating costs. These expenditures will create 

sizeable benefits for Alberta and Canada. Development expenditures have been estimated to generate 

$324 million in income within the Canadian economy and $209 million (65%) within the Alberta 

economy. Operating expenditures have been estimated to generate income of over $7 billion within 

the Canadian economy, with $5.8 billion (84%) in Alberta. In addition to purchases of goods and 

services, Sun cor will continue to pay taxes to all levels of government and royalties to the Province 

of Alberta. Municipal taxes paid by the Suncor Steepbank project over its 25-year life have been 

estimated at approximately $300 million. 

Suncor has a purchasing policy which encourages the supply of goods and services from local 

suppliers. Currently, Suncor spends approximately half its annual goods and services procurement 

budget within the Fort McMurray area ($90 million per year). This pattern is expected to continue 

through the Steepbank operations. 

To enhance local socio-economic benefits and minimize negative impacts, Suncor will: 

"' provide housing for temporary construction labour force in a camp; 
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• work actively with Fort McKay, Fort Chipewyan and other local aboriginal communities to 

develop business opportunities in both the near and long term, and maximize employment and 

training opportunities; 

" maximize hiring of local residents in its workforce; 

• give preference to local suppliers and contractors when purchasing goods and services; 

• work actively with local organizations like the Regional Municipality of Wood Buffalo and 

other community organizations to minimize potential community impacts; and 

o co-ordinate activities with others on the Standing Committee on Oil Sands Development to 

minimize cumulative effects of industrial development. 

The Steepbank Mine project will have substantial and positive economic impacts to the local 

communities, particularly when compared to the alternative of depletion of ore reserves in the existing 

mine, and retirement of the existing Suncor facility. 

4.3 TRADITIONAL LAND USE 

Steep bank Mine will impact existing traditional land uses on Leases 97, 19 and 25. A traditional use 

study of Steepbank Mine, undertaken by the Community of Fort McKay, confirmed that there are 

direct, on-site traditional uses of the area. Meanwhile, reclamation of Lease 86/17 will restore mined 

areas to landscapes suitable for a variety of land uses, including traditional land use. 

Suncor will mitigate the impacts of Steepbank Mine development to existing land uses by: 

• reaching an agreement with trappers who will be displaced from their trap lines (completed); 

and 

• using dry landscape reclamation so that traditional use of the land can be restored on all 

leases. 

Suncor is committed to working with aboriginal communities in the region to design a final 

reclamation landscape that is sustainable and productive from a traditional use perspective .. 

4.4 HEALTH IMPACT ANALYSIS 

Suncor considers the most important factor associated with its growth initiatives is that the health of 

the local community, future users of reclaimed landscapes and Suncor employees is not negatively 

affected. 
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Project-related activities that could possibly affect community health include changes in air and water 

emissions and chemicals associated with the reclaimed landscape. 

To protect human health, Suncor will: 

.. improve most air emissions levels, especially for parameters that have potential consequences 

to human health; 

.. design and develop reclaimed landscapes that are safe for future users of the land. This will 

include early development of a demonstration landscape to provide additional data about CT 

reclamation; 

., manage water discharges to ensure potential downstream water uses are protected; and 

.. participate in the Fort McMurray regional health study. 

A health impact analysis of existing and future potential water discharges indicates these releases will 

not adversely affect downstream users. A similar analysis of the CT reclaimed landscape indicated 

health concerns to be very low, however the potential bio-accumulation of metals through vegetation 

to wildlife and humans needs to be further evaluated through field studies. The substantial reduction 

in air emissions will improve air quality. This in turn should reduce further concerns about air quality 

health impacts. The direct assessment of existing air quality health impacts will be monitored through 

the Regional Health Study. 

4.5 TERRESTRIAL RESOURCE IMP ACTS 

The terrestrial environment (i.e., landforms, soils and vegetation) on the east side of the Athabasca 

River will be affected by the following mine development activities: 

" construction of the access bridge; 

" placement of ore transport facilities (truck dump and hydrotransport system), shop area, 

conveyors and infrastructure in the Athabasca River valley; 

"' mining of the Athabasca River escarpment and uplands; 

.. alterations to drainages on Lease 97, 19 and 25; and 

.. overburden disposal on the Athabasca River floodplain. 

Suncor will implement mitigating measures to minimize the extent of landform and vegetation 

impacts, including: 
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• no disturbance of the Steep bank River valley; 

.. maintaining a natural vegetation buffer along the Steepbank Valley escarpment and the 

Athabasca River bank. Some reduction in buffer width will be required in the vicinity of the 

bridge, barge landing and along limited sections of the access road; 

• minimizing overburden placement in the river valley so that the loss of Shipyard Lake 

wetlands area is small; new wetlands will be developed as part of the upland reclamation; 

• replacing the mined area of the Athabasca River escarpment with overburden dykes (not sand) 

which allows for more rapid and effective revegetation; 

• contouring dyke and storage area slopes where possible; 

• restoring vegetation on the overburden dykes to a diversity and community type compatible 

with non-disturbed vegetation communities; 

• managing flows into Shipyard Lake during mine operations to protect water quality and 

restoring natural drainage to this wetlands in the long term; 

• adopting a dry landscape reclamation strategy through the implementation of Consolidated 

Tailings (CT) technology for fine tails; and 

• moving all infrastructure, except the mine access road and bridge, from the Athabasca River 

valley by the year 2030. 

Despite mitigation, there will be some landform alteration. After reclamation, the mined area of the 

Athabasca River escarpment will be somewhat more linear, and there will be topographic features 

created where overburden is disposed. 

Revegetation of the disturbed areas will restore pre-development diversity and vegetation community 

types. It will, however, take some time for vegetation communities to advance into mature balsam 

poplar and white spruce forests. 

The vegetation buffers and setbacks from the Athabasca River will minimize the visual impact of the 

development during mine operations. With removal of facilities out of the river valley by 2030, the 

only notable long-term visual impact will be the bridge and existing operations on the west bank of 

the river. 

Overall reclamation of Steep bank Mine and Lease 86/17 with CT technology will allow the natural 

diversity of pre-development habitats to be restored. However, in the local study area there likely will 

be more deciduous forest and wetlands, and less peatlands. There is flexibility to adjust the mix of 

habitat types to meet preferences of land users and maintain sustainable ecosystems at the regional 

level. 
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The overall size of Shipyard Lake wetlands will be reduced from 150 to 110 hectares, however, its 

supply of fresh water will be maintained in both the short and long term. Although the Shipyard Lake 

wetlands habitat will be reduced, there will be an increase in wetlands habitat in the upland 

reclamation areas. In terms of a more regional context, this wetlands is not unique within the 

Athabasca River corridor. 

After considering the primary mitigations noted above, and other mitigative measures explained in 

Section E and the detailed Impact Analysis reports, the project's impact on the terrestrial environment 

is generally considered to he moderate during the operation period, and low following final 

reclamation. None of the terrestrial impacts are regionally significant. 

4.6 WILDLIFE HABITATS M~D POPULATION Il.VAPACTS 

The upland Boreal forest ecosystem in the vicinity ofSuncor's existing and proposed mines provides 

moderately-productive habitat for moose, terrestrial furbearers and breeding birds. Habitats in the 

Athabasca River valley are substantially more productive for most wildlife species and provide high 

quality overwintering habitat for moose and wolves. 

Potential effects on wildlife populations due to Steepbank Mine, Lease 86/17 and production 

expansion developments could include: 

" direct loss of habitat, especially high value habitats in the valleys of the Athabasca and 

Steepbank Rivers; 

.. fragmentation of habitats by restricting wildlife movement along the river valley; 

" direct mortality during clearing and overburden removal; and 

.. accumulation of contaminants from plant air emissions and CT in plants and animals. 

Some of the major wildlife impact mitigations that will be implemented by Suncor include: 

.. avoiding development in the Steepbank River valley or its escarpment; 

.. rapidly reclaiming disturbed vegetation, especially deciduous and mixed-wood communities; 

" reclaiming CT landforms back to a mixture of wetlands and stands of deciduous and mixed-

wood coniferous forests; 

.. maintaining vegetation buffers along the Athabasca River; 

.. incorporating a wildlife by-pass at the bridge; and 

" reducing S02, particulate and hydrocarbon air emissions, and soil capping of CT deposits. 
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During the operational phase of Steepbank Mine, there will be a moderate local impact on wildlife 

populations caused by habitat loss from the mine's surface disturbance and placement of facilities, 

particularly in the river valley. Fortunately, the Athabasca River valley in the vicinity of Suncor does 

not provide a major movement corridor for overwintering moose and wolves, so the impact of the 

bridge and the valley infrastructure on wildlife movement should be minimal. A wildlife underpass 

will, however, be developed to ensure options for future wildlife movement. Improved air emissions 

from the Suncor plant should reduce potential habitat impacts due to vegetation stress. 

In the longer term, reclamation of the river valley dykes and the CT deposits with a relatively high 

proportion of deciduous and mixed wood forest will restore the overall quality of habitat conditions 

for most species. On a regional basis, the combined reclamation and revegetation activities of the oil 

sands and forestry industries could actually enhance regional population levels of some species 

moose, for example -- with regional integration of reclamation and reforestation. 

Projections of contaminant accumulation in plants and animals and associated toxicity due to use of 

CT as a reclamation material indicates a low potential for impact on wildlife populations. Large scale 

field demonstrations are planned to confirm this expectation. 

4.7 ATHABASCA RIVER WATER QUALITY AND AQUATICS ECOSYSTEM IMP ACTS 

Studies conducted by the Northern River Basins Study (NRBS) indicate water quality in the oil sands 

reach of the Athabasca River is not generally impaired by upstream industrial and municipal 

developments. Investigations to identify the prevalence and potential cause of fish tainting from 

up grader effluent are continuing. Aboriginal communities currently limit their catch of fish from the 

river because of concerns about poor taste. The Alberta Government advises limited consumption of 

river fish due to elevated mercury levels, however the mercury advisory is common to many Alberta 

rivers. The mercury source is thought to be natural. 

Specific NRBS studies, done in collaboration with Suncor, found that fish in the lower Athabasca 

River have moderately elevated liver enzyme levels, which indicates that they are metaboli~ing and 

excreting hydrocarbons. Studies conducted as part of the Steepbank Mine EIA indicate the liver 

enzyme induction is caused primarily by the natural background hydrocarbon levels in the region and 

is not impairing fish health. 

Potential effects to Athabasca River water quality, fish habitat or aquatic ecosystem health that could 

result from Suncor activities include: 
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.. reduced river flows caused by river water withdrawal or diversion of natural groundwater or 

surface water flows from the mined leases; 

.. physical habitat impacts resulting from construction of access roads, barge facilities or 

placement of the bridge piers; 

,. sedimentation caused by mine site and river valley soil erosion; 

.. accidental spills from the hydrotransport system and other pipelines crossing the bridge; 

.. water quality changes resulting from release of operational (mine water, treated sewage and 

treated wastewaters) and reclamation (reclamation landform seepage and run-off) waters to 

the Athabasca and Steepbank Rivers; and 

" impacts resulting from drainage changes to Leggett and Wood Creeks, plus Unnamed Creek 

which drains to Shipyard Lake. 

Mitigating measures that Suncor will implement to protect the aquatic habitats and water quality 

include: 

'" collecting all Steepbank Mine affected waters for return to Lease 86117 and use as Extraction 

water; 

.. maintaining freshwater flows to Shipyard Lake during mine operations and long term re

development of surface drainages; 

.. maximum recycling of CT drainage waters back to the plant so that water withdrawal and 

effluent discharge to the Athabasca River can be minimized; 

.. improving the Upgrading and Utilities wastewater treatment system, including increased 

recycling of cooling water and eliminating some wastewater sources; 

designing the bridge deck and pipelines crossing the river to contain and collect any accidental 

spills; 

.. maintaining vegetation buffers along the Athabasca and Steepbank Rivers to control mine 

erosion; 

.. designing cofferdams and timing bridge pier construction to minimize impacts to fish; and 

.. developing a long-term reclamation drainage plan that maximizes the potential for natural 

treatment of run-off and seepage waters; and 

"' rapid revegetation of land disturbances for erosion control. 

Water releases and aquatic habitat changes associated with Suncor's proposed development will not 

impair Athabasca River water quality, reduce fish abundance or affect aquatic ecosystem health. 

Downstream users will not be affected. The reduction of surface run-off and groundwater flows to the 

Athabasca and Steepbank Rivers during mine operation is negligible and will not affect fish habitat. 
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Similarly, bridge pier construction effects to fish habitat will be minimal and will not affect fish 

populations. 

The wastewater effluent potential for tainting may be reduced by changes to the wastewater treatment 

system proposed as part of the Fixed Plant Expansion. Meanwhile, further investigation for the cause 

and extent of potential tainting compounds is being undertaken. 

4.8 AIR QUALITY IMP ACTS 

Community concerns about air emissions from the Suncor facility focused on 

• greenhouse gas emissions (i.e., C02); 

• sulphur dioxide (S02), which can acidify surrounding soils and water bodies, and directly 

affect vegetation and human health; 

• nitrogen oxides (NOx), which contribute to ground-level ozone; 

• hydrocarbon emissions which include volatile organic compounds (VOCs) which could cause 

odours, health impacts and ozone generation; 

• sulphur compounds which could cause odours; and 

• particulate emissions, which could affect vegetation and human health. 

Through its program of continuous reduction of air emissions, Suncor will be able to reduce, or hold 

constant, air emissions from the plant even with the production expansion to 107 kbpcd -- an increase 

by more than one third. Major facility improvements (e.g., Flue Gas Desulphurization; improved 

diluent recovery) will enable the following achievements: 

• so2 emissions will decrease to 22% of current levels; 

• NOx emissions will decrease to 97% of current levels; 

• C02 levels will increase 1% - 2% above current levels; 

• VOC emissions will decrease to 31% of current levels; and 

• particulates from source emissions will decrease to 22% of current levels. 

The air emission improvements summarized above will result in improved air quality in the vicinity 

of the Suncor plant and the oil sands region. Off-site odours should be reduced as a result of the odour 

abatement program. The Naphtha Recovery Unit will be modified so that diluent losses to ponds are 

no more at 107 kbpcd than at 79.5 kbpcd. The implementation of the Flue Gas Desulfurization (FGD) 

unit on the main stack will greatly reduce S02 and particulate emissions, thereby reducing potential 
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impacts to soils, vegetation and associated contaminant impacts. In the long term, concerns about 

fugitive hydrocarbon emissions from the tailing ponds will be reduced by adoption of CT technology; 

the full extent of the improvement can only be estimated after the technology has been fully 

implemented and monitored. Suncor is a participant in Canada's "Climate Change Voluntary 

Challenge and Registry Program" and is committed to restricting its greenhouse gas emissions at or 

below the 1990 level, even with the production expansion. 

4.9 HISTORIC RESOURCES IMPACTS 

Extensive on-site surveys of the area to be affected by Steepbank Mine development located two sites 

where isolated cultural artifacts were subsequently found. The potential for significant undiscovered 

sites within the area is limited and further mitigation requirements prior to mining are not considered 

necessary. 

Suncor will assess and evaluate archaeological sites that are identified during construction and mining 

operations. 

4.10 SUMMARY CONCLUSION 

Suncor is committed to implementing mitigating measures that will ensure that the development of 

the Steepbank Mine, reclamation of Lease 86/17 and the Fixed Plant Expansion will not create 

significant impacts. There will be low to moderate local impacts during project construction and 

operation, however, these are to be expected for a resource development project of this scale. The 

Integrated Resource Plan guidelines for Athabasca River valley development can be satisfied. 

Reclamation of areas disturbed by mining activities will restore the Lease 86/17 and Steepbank mines 

to biologically productive and diverse landscapes. Because there is flexibility in reclamation options, 

future land users will be invited to participate in setting the long term reclamation goals. 
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5.0 APPROVALS GUIDE AND APPLICATION DESCRIPTION 

5.1 APPLICATION SCOPE AND PURPOSE 

Suncor Inc., Oil Sands Group is applying for approval to construct and operate the proposed Steep bank 

Mine and to make necessary modifications in access, ore transport, extraction, and tailings handling 

to sustain an increase in production to 6 209 000 m3 of synthetic crude oil and other oil sands products 

in each calendar year from its oil sands operation north of Fort McMurray. Secondly, approval is 

sought for the operation of the proposed Steepbank Mine, based on a twenty-year mine plan. Thirdly, 

this Application seeks approval for the integrated conceptual reclamation plan for Lease 86/17 within 

the area of the existing approval scheme and the proposed Steep bank Mine. 

The new mine would begin operation by the year 2000 and would reach full capacity by 2001, by 

which time the reserves in the current mine on Lease 86/17 will be exhausted. 

This Application describes the current operation and provides details of the proposed Steep bank Mine 

development and its incremental impacts. The downstream boundary of the Steepbank project is the 

inlet of the diluted bitumen transfer line at the oil sands plant. From there the bitumen product is 

transferred to the Upgrading plant at Suncor's oil sands operation. 

5.2 REFERENCE TO APPLICABLE LEGISLATION 

5.2.1 This Application 

This application seeks approval from the Alberta Energy and Utilities Board (AEUB) and Alberta 

Environmental Protection (AEP) for both the construction and operation of the proposed Steepbank 

Mine and reclamation of Steep bank Mine integrated with reclamation of the current Lease 86/17 mine 

in accordance with the following legislation: 

• Review and acceptance of Steep bank Mine Environmental Impact Assessment Report by the 

Director of the Environmental Assessment Division, AEP; under AEPEA; 

• Amendment of Approval No. 7632 (as amended) under the Alberta Oil Sands Conservation 

Act(OSCA); 

• Amendment of the existing Approval under the (EPEA) (referred to under Subsection 5.2.3 

of this Application as the Consolidated EPEA Approval); or alternatively, to amend the 

existing Clean Air Licence (No. 92-AL-359 as amended), Clean Water Licence (No. 92-WL-

147 as amended) and Reclamation Approval (No.OS-1-79 as amended); and 



Steepbank Mine Project Application - 37- Section A5.0 

" Water Resources Act for diversion of watercourses in the course of mine development and 

operation, and wastewater management of both Steepbank Mine and Lease 86/17 operations. 

Suncor will submit the requisite Application for Licence pursuant to Section ll(l)(a)(b)(c) 

of the Water Resources Act, form WRl (February 1994) in a separate transmittal. 

By this Application Suncor also seeks approval from the AEUB pursuant to the following legislation 

in respect of related aspects of Steep bank Mine: 

.. Alberta Hydro and Electric Energy Act, for construction, operation and connection of a power 

supply line; and 

.. Alberta Pipeline Act, for construction and operation ofhydrotransport, hot water, natural gas, 

diesel, tailings and recycle water pipelines. 

5.2.2 Other Project Applications 

Suncor is filing applications for approval of other aspects of the Steepbank Mine project under other 

statutes. The following is a list of identified federal and provincial application and approval 

requirements applicable to this project: 

Federal 

" Navigable Waters Protection Act, for construction of a bridge over the Athabasca River and 

other works in navigable waters; and 

" Radiocommunication Act, for the installation and operation of towers and apparatus. 

Provincial 

.. Quarries Regulation Act, for an operating permit for the operation of Steep bank Mine; 

'" Surface Rights Act, for removal of gravel; 

" Part 17 of the Municipal Government Act, for a development permit from the Regional 

Municipality of Wood Buffalo for construction and operation of a new mine, facilities, 

buildings and bridge; 

" Water Resources Act, for the construction of the bridge to Steep bank Mine; 

., Public Lands Act, for surface rights (Licence(s) of Occupation and Mineral Surface Leases(s)) 

for Steepbank Mine and for the bridge, roads, facilities and all mining activities; and 

® ~lfistorical Resources .~4ct, for confirmation that facilities and activities will not adversely 

affect historical resources. 
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5.2.3 Associated Applications 

Suncor has already submitted the following Applications associated with Suncor's current operation. 

These Applications are under review by the AEUB and AEP at the time of submission of the present 

Application. 

• Application to AEP pursuant to EPEA (submitted in February 1995) for consolidation of 

Suncor' s existing Clean Air Licence (No. 92-AL-359), Clean Water Licence (No. 92-WL-14 7) 

and Reclamation Approval (No. OS-1-79). Approval of this Application is contemplated by 

25 June 1996 (the "Consolidated EPEA Approval"). 

• Application to AEUB and AEP (dated 29 March 1996) to expand production to 6 209 000 m3 

of synthetic crude oil and other oil sands products in each calendar year by 1998 (the Fixed 

Plant Expansion Project Application). This Application includes the following: 

(a) Application to the AEUB pursuant to the OSCA to amend Approval No. 7632 (as 

amended by Approval No. 7632A). 

(b) Application to AEP to amend the Consolidated EPEA Approval or alternatively, to 

amend the existing Clean Air Licence, as amended and Clean Water Licence, as 

amended. 

(c) Application to AEP pursuant to the Water Resources Act for a licence to alter 

Suncor's fresh water pond. 

• Application to AEP for Fixed Plant Expansion Initial Construction. 

5.3 THE APPLICANT 

The official name and address of the applicant is: 

Suncor Inc., Oil Sands Group 
P.O. Box 4001 
Fort McMurray, Alberta 
T9H3E3 



Steepbank Mine Project Application - 39- Section A5.0 

Correspondence about this Application should be directed to the above address, to the attention of: 

Terrj Bachynski, Director, Project Approvals. 

Phone: 

Fax: 

E-Mail: 

(403) 743-6892 

( 403) 791-8344 

kwoods.sunosg2b@ccinet.ab.ca 

5.4 APPLICATION FORMAT AND CROSS-REFERENCES 

The scope of this Application has been described in Subsection 5 .2.1. The following series of tables 

identifies locations within this Application of required information for Alberta Oil Sands Conservation 

Act approval, AEPEA approvals and the EIA Terms of Reference pursuant to AEPEA. 

Information relevant to other approvals is provided in the following sections: 

.. Water Resources Act: Subsection C3.4 

.. Hydro and Electric Energy Act: Subsections C4.1 to C7 .5 
,. Pipeline Act: Subsection C4.1 
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TABLE A5.0-1 

AEPEA REGULATORY REQUIREMENTS FOR APPLICATION 

CROSS-REFERENCED WITH THE SUNCOR APPLICATION 

AEPEA Regulation Information Suncor Application 

Regulation Required Relevant Sections 

Clause (Abbreviated) and Subsections 

3(1) a Name and address of Applicant A5.3 

3(1)b Location, capacity and size of the activity to which A2.0 

the Application relates 

3(1) c Nature of the activity and the change to the activity AS.O 

(amendment, addition or deletion as the case may 

be) 

3(1) d Where the Applicant requires an approval from the 

Energy Resources Conservation Board, the date of AS.O 

the written decision in respect to the Application 

3(1) e An indication of whether an environmental impact A5.2.1 

assessment report has been required 

3(1) f Copies of existing approvals that were issued to the 

Applicant in respect of the activity under this Act or Bl.l 

a predecessor of this Act 

3(1)g Proposed or actual dates for construction 

commencement, construction completion and C3.1.12 

commencement of operations 

3(1) h List of substances, their sources; the amount of eacb C8.0 

substance that will be released into the environment 

as a result of the activity, the change to the activity 

or amendment, addition, deletion, as the case may 

be; the method by which the substances will be 

released; and the steps taken to reduce the amount 

of the substances released 
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II 

II 

AEPEA Regulation Information 

Regulation Required 

Clause (Abbreviated) 

3(1) i Summary of the environmental monitoring 

information gathered during the previous approval 

period 

3(1) j Summary of the performance of substance release 

control systems used for the activity during the 

previous approval period 

3(1)k Justification for the release of substances into the 

environment as a result of the activity, the change 

to the activity or the amendment, addition or 

deletion, as the case may be 

3(1) l Measures that will be implemented to minimize the 

I amount of waste produced, including a list of 

the wastes that will or may be produced, their 

quantities and the method of their final disposition 

3(1)m Any impact, including surface disturbance, that 

may or will result from the activity, the change to 

the activity or the amendment, addition or deletion, 

as the case may be 

3(1) n Confirmation that any emergency response plans 

required to be filed with the local authority of the 

Municipality or with Alberta Public Safety Services 

have been so filed 

3(1) 0 Confirmation that there are contingency plans in 

place to deal with any unforeseen sudden or gradual 

releases of substances to the environment 

3(1) p Conservation and reclamation plan for the activity 

I 

Section A5.0 

Suncor Application II 
Relevant Sections 

and Subsections 

Suncor 1995a 

Suncor 1995a 

C8.0 

E 

C8.0 

I 

C8.0 

D 

E 

Emergency Response 

Information in 

Section C8.0 

C8.0, Suncor 1995a 

D3.0 
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AEPEA Regulation Information Suncor Application 

Regulation Required Relevant Sections 

Clause (Abbreviated) and Subsections 

3(1) q Description ofthe public consultation undertaken A3.0 

or proposed by the Applicant 

3(1) r Information required under any other regulation AS.O 

under the Act to be submitted as part of or in 

support of the Application 

3(1) s Any other information required by the Director, AS.O 

including information addressed in a standard or 

guideline pertaining to the activity that is published 

or adopted by the Department 



Steepbank Mine Project Application -43- Section A5.0 

AEUB 

TABLE AS.0-2 

AEUB GUIDELINES (SEPTEMBER 1991) RESPECTING AN APPLICATION 

CROSS-REFERENCED WITH THE SUN COR APPLICATION 

Guideline Information Required Suncor Application 

Guideline (Abbreviated) Relevant Section(s) 

1.5.1 Identification of act and section under which Application is A5.2 

made 

1.5.2 Name and address of the Applicant A5.3 

1.5.3 Statement of need and timing for the project A2.2 

1.5.4 Overall description of the proposed scheme, including A2.3, C3.0 

location, size, scope, schedule, pre-construction, start-up, 

duration and reasons for proposed schedule 

1.5.5 Description of the regional setting of the development; E5.0 

reference to existing and proposed land use 

1.5.6 (a) Requirement amended 25 January 1996 (see Table A5.0-3) c 
1.5.6(b) 

.-1.5. I 

II 1 5 8 .. 

1.5.9 General description of storage and transportation facilities of Bl.6 

the final hydrocarbon product 

1.5.10 Proposed rate of production of the hydrocarbon product A2.0 

over the term for which approval is requested 

1.5 .11 Description of the subject oil sands owned by or leased to the Bl.l 

Applicant 

1.5.12 Description of status of negotiations held or to be held with Cl.3 

the freehold, leasehold and mineral surface rights owners 

1.5 .13 Description of proposed energy sources with a comparison to C7.5 

possible alternative sources, rates of resource utilization; and 

description of sources and supply 

1.5.14 Description or results of public information programs planned A3.0, El.O 

t 
or initiated for the project 

1.5.15 Term of the approval sought, including expected start and A5.0 

completion dates of the scheme 

II 
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AEUB Guideline Information Required Suncor Application 

Guideline (Abbreviated) Relevant Section(s) 

1.5.16 Name of person responsible for Application, to whom A5.3 

correspondence should be addressed 

2.1.1 (a) to (k) Geological description C2.0 

2.1.2 (a) to (g) Evaluation of the reserves within the project area, the mine C2.0 

site, tailings site, discard sites and surface facilities 

2.1.3 (a) to (c) Description of the project layout and mining equipment C3.0 

selected 

2.14 (a) to (d) Description of the mine development plans C3.0 

2.1.5 (a) to (e) Description of the design, stability analysis, construction C3.0, D3.0 

method and schedule of pit slopes and discard, including 

tailings 

2.4.1 (a)to(d) Separate description of the bitumen extraction, upgrading, C5.0 

utilities, refining, and sulphur recovery facilities Bl.4, Bl.5 

2.4.2 Overall material and energy balances, including information C7.0 

about hydrocarbon and sulphur recoveries, water use and 

energy efficiency 

2.4.3 Quality of products, by-products and discard generated and a Bl.4, D3.0, C8.0 

general description of their disposition 

2.4.4 Manner in which surface drainage within the areas of the C3.4, Suncor 1995a 

processing plant, product storage and discharge would be 

treated and disposed 

2.4.5 Comparison of the proposed process, with alternative processes C5.3 

considered on the basis of overall recovery, energy efficiency, 

cost, commercial availability and environmental 

considerations; and reasons for selecting the proposed process 

2.4.7 Sample set of production accounting reports for the processing C7.3 . 

facility, with each entry explained using flows from identified 

measurement points and calculated flows 

2.5.1 Description of any facilities to be provided for generation of Bl.5, C6.0 

electricity to be used by the project 

2.5.2 Identification of the source, quality and quantity of fuels, C6.0 

electricity or steam to be obtained from beyond project site 
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AEUB Guideline Information Required Suncor Application 

Guideline (Abbreviated) Relevant Section(s) 

2.5.3 Where energy resources from outside the project boundaries C6.0 

are to be supplied; a detailed appraisal of the options available 

to eliminate the need for such resources, with consideration for 

overall recovety, energy balances, costs, technical limitations 

and environmental implications 

2.6.1 Description of air and water pollution control and monitoring C8.0, Suncor 1995a 

facilities as well as a liquid spill contingency plan 

2.6.2 (a) Description of the water management program including: C3.4 

(a) proposed water source and expected withdrawal; C7.4 

(b) source water quality control; 

(c) wastewater program; and 

(d) water balance for the proposed scheme 

2.6.3 Manner in which the surface drainage within the project C3.4 

area would be collected, treated and discarded 

I 
2.6.4 (a) to (d) Description of the emission control system C8.1, Suncor i995a 

3. L 1 (a) to (g) Commercial viability information Al.3, Cl.8 

3.1.2 (a), (c) Description of project capital and operating costs Cl.8 

and (d) 

3.2.1 Summary of quantifiable public benefits and costs incurred A4.0 

during both construction and operation and how they pertain to E3.0 

Alberta and Canada 

3.2.2 Summary of non-quantifiable public benefits and costs A4.0 

incurred each year during construction and operation of the E3.0 

project and how they pertain to Alberta and Canada 

3.3.1 Appraisal of the economic impact of the project on the A4.0 

region and on provincial and national levels E3.0 

3.3.2 Discussion of any initiatives undertaken to accommodate A4.0 

regional economic priorities 

3.3.3 (a) Assessment of direct and indirect employment opportunities A4.0 

to (d) E3.0 
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AEUBMap 

Number 

I 

2 

3 

4 

5 

TABLE AS.0-3 

MAPS REQUIRED IN SUPPORT OF AN AEUB 

APPLICATION FOR STEEPBANK MINE 

AMENDMENT, 25 JANUARY 1996 

Description 

Topographical map showing the final pit limits, dumps and 

facilities (DXF file) 

Geological evaluation methods (wells and other methods) 

(DXF file) 

Contour map of criteria (TV /BIP) used to define pit limits 

(DXF file) 

Mine sequence plan showing mine advance for each of the 

first six years and then every three years thereafter 

Typical plans and cross-sections for pitwalls, dykes and 

dumps (Detailed cross-sections for dykes and dumps will be 

required for specific dyke/dump applications.) 

Section A5.0 

Suncor Application 

Figure No. 

C3.0-l 

C2.0-4 

C2.0-20 

C3.0-4 to 

C3.0-15 

C3.0-16 
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EIA Section 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

2.1 

I 
2.1 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.3 

2.3 

2.3 

2.3 

TABLE A5.0-4 

EIA TERMS OF REFERENCE 

CROSS-REFERENCED TO SUNCOR APPLICATION 

Environmental Assessment Topic or Issue 

(Abridged) 

Public Consultation 

Inform the public 

Document consultation measures 

Record suggestions and concerns 

Demonstrate how concerns addressed 

Document contact with aboriginal peoples 

Proponent's Submission 
·~· -~-· 

Glossary ofterms 

Project Overview 

Brief history of Sun cor operations 

Describe Suncor and key developers/operators 

Development Plan Summary 

Processing/treatment facilities 

Buildings and infrastructure 

Transportation, utilities, access routes 

Mining operations 

Stages of development: construction, operations, reclamation 

Development schedule for each component 

Timing of key construction, operational activities 

Mine Area and EIA Study Area 

Legal description and boundary, existing and proposed leases 

Maps or equivalent showing proposed mine development area, 

pits, dumps, infrastructure, topographic features, wetlands, 

watercourses, existing and proposed areas of disturbance 

Identify the study areas 

Rationale for study area boundaries, by component 

Section A5.0 

Suncor Application 

Relevant Section(s) 

A3.0 

A3.0, El.O 

A3.0, El.O 

A3.0, El.O 

A3.0, El.O 

Glossary 

A1.2 

Al.l, A1.2 

C5.0 

C4.0 

C4.0 

C3.0 

C3.0 

C3.0, C3.1.12 

C3.1.12 

B 1.1 

C3.1.3 

E2.0 

E2.0 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

EIA Summary 

2.4 Summary of results (address i. to v.) A4.0 

2.4 Regional, temporal and cumulative effects A4.0 

2.4 Impact significance- magnitude, extent, duration, frequency, A4.0 

reversibility - quantitative predictions where possible E11.0 

2.4 Maps, charts and illustrations - components, existing conditions, E 

implications of development 

Regulatory Approval 

2.5 Legislation, policies, approvals: provincial, municipal, federal A5.0 

2.5 Regulatory framework- post-EIA stages A5.0 

Project Description 

3.1 Describe existing Suncor operation, proposed changes B,C 

3.1 Map of all existing and proposed project facilities Fig. C3.0-2 

3.1 List activities with potential for environmental effects, E 

by development stage 

3.1 Discuss timing uncertainties and alternatives C3.1.12 

3.1 Extent of surface disturbance; clearing for mining, access, C3.1.3 

pipelines, utilities, site preparation 

3.1 Activities in river valley; extent and duration of disturbance C3.0 

Project Need and Alternatives 

3.2 Project need A2.2 

3.2 Project alternatives, environmental implications Cl.O 

3.2 Rationale for selected alternative Cl.O 

3.2 Component selection; technical, geotechnical, economic, Cl.O, C5 .. 3 

environmental criteria; rationale for selection of components; and 

rationale for location of components 

3.2 Alternative technologies and methods: substance release Cl.O, C5.3 

3.2 Alternative technologies and methods: to reduce the area and Cl.O 

duration of disturbance in sensitive areas 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

Process Description 

3.3 Mine: material balances, energy balances, flow diagrams C7.0, C5.2 

3.3 Processing oil sands: material/energy balances, flow diagrams C7.0 

3.3 Short-term and long-term mining plans C3.0 

3.3 Hydrotransport operations C5.0 

3.3 Future development and design efforts C5.0 

3.3 Chemical inputs: quantities and regulatory class C5.2.1, C5.2.3 

Utilities, Transportation, Other Infrastructure 

3.4 Infrastructure routing and location: components served, C4.0, E3.0 

responsibilities, regional implications 

3.4 Utilities components; amount and sources of energy, water needs C7.0, C6.0 

and sources; energy and water efficiencies 

3.4 Linear developments: alignments, route selection C4.0 

3.4 Access: regional and local road implications: Highway 63; with E3.0 

document input from Municipal District and provincial authorities 

3.4 Access: control of access, east side of Athabasca River C4.2 

3.4 Needs for road-building materials: sources C3.1.11, C2.0 

3.4 Design and route of pipelines; spill control measures, alternatives C4.0 

considered, hydrotransport lines C5.5 

Emissions to Atmosphere 

3.5 Type, volume, sources of emissions from components of C8.0 

integrated operation: fugitive emissions, upset conditions 

3.5 Compare current and expected regional emissions E 

3.5 Emission control technologies: best available, best practical, best C5.0, C8:0 

achievable technology 

3.5 Control technologies for volatile, hazardous, odorous species C5.0, Suncor 1995a, 

Suncor 1996c 

3.5 Life-cycle "greenhouse gas" emissions C8.1.2 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

Water and Wastewater Management 

3.6 Water and wastewater balance C3.4 

3.6 Water management plan C3.4 

3.6 Water requirements: normal, seasonal, emergency conditions C7.0 

3.6 Water storage, treatment, sources, withdrawal minimization C3.4 

3.6 Balance of options for treatment, storage, recycling and discharge D3.0 

of process-affected waters 

3.6 Volume and quality of effluents: extraction, upgrading, tailings C3.4 

management, discharges from management works 

3.6 Characterize each liquid waste stream C3.4 

3.6 Describe wastewater treatment systems C3.4, Suncor 1995a 

3.6 Discharges from reclamation sites C3.4 

3.6 Mitigation strategies to protect river water quality C3.4 

3.6 Monitoring plans for hydrology and water quality C3.4 

Solid and Hazardous Waste 

3.7 Characterize and classify mine and processing waste C8.1, Suncor 1995a 

3.7 Waste management plan C8.1, Suncor 1995a 

3.7 On-site disposal areas: location, timing C8.1, Suncor 1995a 

3.7 Hazardous wastes C8.1, Suncor 1995a 

3.7 Waste minimization plans C8.1, Suricor 1995a 

3.7 Alternatives for storage or reuse/ recycling of coke, sulphur, C8.1 

gypsum; fine tailings as raw materials 

Monitoring, Operating and Contingency Plans 

3.8 Environmental protection programs: existing, new B4.0, Suncor 1995a, 

C8.1 

3.8 Environmental monitoring programs: existing, new B4.0, Suncor 1995a, 

C8.1 

Environmental Information Assessment Requirements 

4.1 "Road map" and brief outline of assessment methods El.O 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

4.1 Environmental hazards and constraints considered E 

4.1 Validation of data from previous studies, limitations of data E 

Land Use 

4.2 Applicable land and resource use policies, management schemes: El.O 

implications, constraints to development 

4.2 Unique sites, special features, natural areas, recreational facilities: E 

expected impacts 

4.2 Existing land uses E 

4.2 Impact on land uses: mitigation E 

4.2 Pre-development and post-development landscape: aesthetic E5.0 

impact 

4.2 Impact on public access: implications for recreation, traditional E3.0 

uses, other uses 

4.2 Non-energy natural resources E5.0 

4.2 Surface lease changes to extent and timing of occupation Bl.l 

4.2 Document consultations with existing land users A3.0, El.O 

4.2 Implications for natural resource management: government E 

agencies, other community members 

4.2 Land use by aboriginal peoples: document consultations E3.0, ElO.O 

4.2 Regional activities and cumulative land use impacts E 

Athabasca River Valley 

4.2.1 Describe the valley, resources and current land uses E3.0, E5.0 
--·-

4.2.1 Summarize criteria and guidelines in draft IRP El.O 

4.2.1 Environmental conditions: defining physical and biological E5.0 

characteristics, diversity of characteristics 

l_ 
4.2.1 Explain how environmental protection needs of the valley are D3.0, E5.0 

reflected in development, operation and reclamation plans 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

4.2.1 Proposed objectives for reclaimed landscape: target physical and D3.0 

biological parameters and land uses 

4.2.1 Proposed methods to measure and demonstrate success; D3.6 

responsibilities: timing, milestones, uncertainties, consequences, 

contingencies 

Climate, Air Quality and Noise 

4.3 Baseline climate and air quality conditions E9.0 

4.3 Characterize existing air quality: key parameters E9.0 

4.3 Air quality modelling: selection, constraints, results E9.0 

4.3 Identify activities that affect air quality E9.0 

4.3 Air quality impacts E9.0 

4.3 Air quality monitoring: project, zonal E9.0 

4.3 Impacts on provincial and federal commitments regarding E9.0 

"greenhouse gases" C8.1.2 

4.3 Noise impacts E6.0 

Surficial Geology and Soils 

4.4 Map of surface topography, deposits, drainage E5.0, E7.0 

4.4 Integrate data with ecological land classification E5.0 

4.4 Describe site geology and soils E5.0 

4.4 Characterize sensitivity of soils and terrain to disturbance E5.0 

4.4 Identify activities which may cause soil contamination E5.0 

4.4 Classify soils and overburden for reclamation purposes D3.0, E5.0 

4.4 Assess impacts: disturbance, terrain changes, contamination, D3.0, E5·.0 

erosion potential 

4.4 Discuss mitigation: soil salvage, contamination mitigation, D3.0, E5.0 

erosion prevention/ minimization 

4.4 Identify constraints on vegetation restoration due to soils D3.0, E5.0 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

4.4 Soils for reclamation activities: availability, location, use, D3.0, E5.0 

volumes, organic materials, storage and handling 

Vegetation and Forest Resources 

4.5 Describe and map vegetation communities E5.0 

4.5 Integrate data with ecological land classification E5.0 

4.5 Integrated ecological land classification map E5.0 

4.5 Identify primary vegetation species of each landscape unit, those E5.0 

used for wildlife food or shelter, indicator species for 

environmental effects: relative abundance 

4.5 Identify amount of land disturbed, nature of vegetation E5.0 

communities affected, sensitivity to disturbance 

4.5 Impacts on vegetation: amount, nature and duration of changes, E5.0 

implications for wildlife and other users 

I 
4.5 

I 
Conceptual objectives for post-development vegetation; compare 

I 
D3.0, E5.0 

I pre-development and post-development vegetation 

4.5 Mitigation plan for site clearing: timing, run-off, water quality C3.4, E5.0 

4.5 Mitigation plan for overall disturbance: vegetation communities, E5.0 

rare and endangered species; returning self-sustaining habitat 

equivalent to pre-disturbance conditions; maintaining biological 

capability and diversity 

Wildlife 

4.6 Use of the project area by wildlife: include seasonal use, special- E6.0 

use areas (calving, nesting, movement corridors) 

4.6 Rare and endangered species: occurrence, habitat needs E6.0 

4.6 Sensitivity to disturbance E6.0 

4.6 Impacts on wildlife, wildlife utilization, habitat quality, during E6.0 

development, mining, following reclamation: site-specific, local, 

regional: cumulative effects 

4.6 Map of habitat for key indicator species E6.0 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

4.6 Impact of bridge and other infrastructure on wildlife movement in E6.0 

the Athabasca River valley; alternatives 

4.6 Wildlife impact mitigation plan: activities, schedule, learning from E6.0 

the past, compliance with provincial and federal policies for 

wildlife habitat 

Surface Water and Groundwater 

4.7 Describe surface hydrology before and after project C3.4, E7.0 

4.7 Summary of baseline water quantity data E7.0 

4.7 List mining and development activities which affect hydrology C3.4, E7.0 

4.7 Identify temporary, permanent changes to flows, diversions or C3.4, E7.0 

disturbances: extent, duration, proposed mitigation 

4.7 Effect of changes on hydrology: timing, volume, peak flow, E7.0 

significance for downstream basins, implications for vegetation, 

soil erosion, water quality, habitat quality 

4.7 I: I 00 year flood plain, potential for flooding: project design and C3.0, E7.0 

contingency plan implications 

4.7 Effects on stream bed or shore of Athabasca River, E7.0 

Steepbank River and smaller streams: mitigation measures 

4.7 Surface water monitoring program E7.0 

4.7 Describe the groundwater regime E7.0 

4.7 Effects on groundwater E7.0 

4.7 Options to manage and protect groundwater E7.0 

4.7 Interrelationship with surface water: effects E7.0 

4.7 Implications of groundwater effects for terrestrial and riparian E7.0 

vegetation, wildlife, aquatic resources: mitigation 

4.7 Water supply availability, seasonal fluctuations, impact of E7.0 

withdrawal on water sources and other users 

Aquatic Resources 

4.8 Existing fish resources and habitat E8.0 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

4.8 Map of fish habitat: sensitive areas, spawning, rearing, E8.0 

overwintering habitats, seasonal use, movement pattern 

4.8 Critical life stages and requirements for key species; E8.0 

rationale for choice of key species 

4.8 Identify construction and operation activities which may affect E8.0 

fish habitat, fish resources, riparian areas 

4.8 Effects : nature, extent, duration; mitigation; residual impact E8.0 

4.8 Adherence to provincial and federal policies for fish habitat E8.0 

4.8 Monitoring plans: habitat quality, mitigation effectiveness E8.0 

4.8 Increased fishing : management strategy, access control E8.0 

Water Quality 

4.9 Describe water quality before and after the project E8.0 

4.9 Baseline water quality E8.0 

I 4.9 Seasonal variations in water quality: existing, expected E8.0 I 
4.9 Activities which may influence water quality: construction, E8.0 

operations, reclamation stages 

4.9 Effects of activities on water quality; mitigation; residual effects E8.0 

for each stage, including post-reclamation 

4.9 Predict water quality in downstream reaches, basins; compare to E8.0 

baseline water quality and Surface Water Quality Guidelines: 

significance of any non-compliance 

4.9 Regional activities and cumulative effects E8.0 

4.9 Water quality monitoring program E8.0 

Reclamation 

5 Detailed reclamation plan for Lease 86/17 and Steepbank Mine D3.0 

project 

5 Effect of mining activities in new mine on reclamation on current D3.0 

mine site 

5 Part 8, Guide to Preparation of Applications and Reports for Coal D3.0 

and Oil Sands Operations 
--··=". 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

5 End land use objectives D3.0 

5 Species for permanent revegetation: rationale for species selected D3.0, Suncor 1995a 

for reclamation use 

5 Timing of reclamation and return of lands to Crown D3.0 

5 Material balance in relation to mining activities D3.0 

5 Summary of mine and processing wastes in reclaimed landscape: D3.0 

how and where placed, environmental pathways and fate of 

contaminants released: timing of effects 

5 Aquatic components of post-reclamation landscape: function, D3.0 

projected aquatic habitat map, effects of reclamation 

5 Hydrological assessment for Lease 86117 E7.0 

5 Comparison of pre-development and post-reclamation E8.0 

aquatic landscape: effect of differences: diversity, quality, 

productivity and aesthetic character 

5 Reclamation plans for terrestrial components: materials, erosion D3.0, Suncor 1995a 

control, terrain modelling, land stability, revegetation, relevant 

research 

5 Projected ecological land classification map, effects of D3.0 

reclamation, comparison of the pre-development and post-

reclamation landscape: vegetation species, diversity of landscape 

units, effect of change on users 

5 Type and distribution of commercial timber species in reclaimed E5.0 

landscape 

5 Performance objectives for reclamation: physical and biological D3.6 

parameters: key milestones, how performance is measured and 

success demonstrated to community 

5 Ability to achieve a reclaimed landscape comparable in character, D3.6 

quality, diversity and usefulness 

5 Reclamation constraints: timing, materials, natural processes and D3.0 

cycles, need for research and development, biodiversity 

considerations and constraints 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

5 How development and reclamation will maintain biodiversity and D3.0, E5.0 

promote restoration of equivalent capability for habitat 

Heritage Resources 

6 Document heritage resources review and consultation with EIO.O 

Alberta Community Development 

Socio-Economic Information 

7 Describe social impacts: employment, training, procurement, A4.0, E3.0 

population changes, demand for local services, infrastructure, 

regional and provincial benefits, trapping, hunting and fishing 

7 Describe economic impacts A4.0, E3.0 

7 Describe employment and business opportunities E3.0 

7 Describe the workforce: construction, operations E3.0, C3.0 

I 
Public Health and Safety 

8 .LA .. spects of the project \Vith health and safety implications E4.0 

8 Change in exposure to contaminants E4.0 

8 Plans to study environmental conditions and implications for E4.0 

human health 

8 Summary emergency response plan: public input to plan C8.0, Suncor 1995a 

8 Mitigation and emergency contingency plans for public safety C8.0, Suncor 1995a 

8 Uncertainties and risks: contingency plans C8.0, Suncor 1995a 

Issue Groups 

2,3 Project definition and alternatives Cl.O 

2, 4.2.1 Siting: valley development Cl.O 

2,3 Siting: components and infrastructure Cl.O, C4.0 

2,3,4,5,8 Substance release: water C8.0 

2,3,4,8 Substance release: air C8.0 

2,3,4,5 Land use E3.0 

2,3,4,5 Renewable resource management E 
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EIA Section Environmental Assessment Topic or Issue Suncor Application 

(Abridged) Relevant Section(s) 

2,4,5 Fish and fish habitat E8.0 

2 ,4,5 Wildlife E6.0 

2, 7,8 Health and social issues E4.0 

2,3,4,5,8 Reclamation, site water management, land stability, site waste C3.4, D3.0 

management, groundwater and soil protection, ecosystem risk 

management 

2,3, 7 Economic definition A4.0 

2,4, 7 Public involvement opportunities A3.0 
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B CURRENT BITUMEN PRODUCTION OPERATION 

1.0 OVERVIEW OF THE SUNCOR INC., OIL SANDS GROUP 

PLANT 

1.1 GENERAL INTRODUCTION 

The Suncor Inc., Oil Sands Group (Suncor) plant is located in the geographical centre of the 

Athabasca Oil Sands deposit, 35 km north of Fort McMurray on the west bank ofthe Athabasca 

River. Suncor operates on two Oil Sands Leases- No. 7387060 T04 (Lease 86) and No. 7279120 

092 (Lease 17)- covering an area of2465 ha. In this document these leases are collectively referred 

to as Lease 86/17. 

Other Oil Sands Leases under the Mines and Minerals Act held by Sun cor in the immediate area are: 

• 

• 

• 

• 

No. 7280060 T23 

No. 7276030 Til 

No. 7279080 T19 

No. 7280100 T25 

(Lease 23) 

(Lease 97) 

(Lease 19) 

(Lease 25) 

Suncor also holds Fee Lots 1 through 6, Quarriable Minerals Lease No. 1993010001 on Lease 86/17 

(to provide limestone for road building and FGD unit) and Mineral Exploration Permit No. 

9390110001 on Lease 86/17 (for metallic and industrial minerals). 

Additionally, Sun cor holds the following surface rights under the Public Lands Act, to accommodate 

facilities and operations: 

• Mineral Surface Leases: Nos. 901468, 920406, 941307; 

• Miscellaneous Land Leases: Nos. 890170 and 950032; and 

• Licences of Occupation: Nos. 1839, 1971,2003,3489,770976,950761,950913. 

Suncor holds the fee simple title to its plant site. 
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These Suncor leases are located in Township 92, Ranges 7 to 10, west of the 4th Meridian. The 

major land leases are illustrated in Figure B 1.0-1. 

Following is a list of the current operating approvals for the Suncor Inc., Oil Sands Group operating 

facilities: 

" Alberta Energy and Utilities Board Approval No. 7632A 

.. Alberta Environmental Protection Development and Reclamation Approval No. OS-1-79 

,. Alberta Environmental Protection Air Licence No. 92-AL-3591 

.. Alberta Environmental Protection Water Licence No. 92-WL-147D 

.. Alberta Environmental Protection Water Resources Licence to Divert and Use Water 

No. 10400 

Approval documents are available for examination from Suncor Inc., Oil Sands Group. As well, a 

copy of the AEPEA Approvals is appended to the March 1996 Fixed Plant Expansion Project 

Application. 

Currently, the plant has capacity to produce 79.5 kbpcd of upgraded crude oil. The Alberta Energy 

and Utilities Board gave Suncor approval in December 1995 for an increase in production rate to 

79.5 kbpcd from the previously-approved production rate of72 kbpcd. Pertinent data for the Suncor 

operation (based on the higher production rate) are provided in Table B 1.0-1. 

Suncor Inc. Oil Sands Group's business unit structure is shown in Figure Bl.0-2 

1.2 MINING OF OIL SANDS 

Site preparation for oil sands mining involves several steps: clearing vegetation; draining muskeg 

and overburden aquifers; depressurizing the basal aquifer located in parts of the mine area; and 

removing and storing muskeg and overburden. 

Trees are cleared is executed in accordanc~;; with requirements of Alberta Lands and Forest Service. 

Tree and bush clearing, including logging of salvageable timber, piling and burning is carried out 

during winter months when the muskeg is frozen. Clearing occurs well in advance of the mining 

operation. 
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Muskeg and overburden aquifers are drained by a network of ditches in advance of muskeg and 

overburden removal. Water drained from these aquifers is channelled via drainage ditches to settling 

basins, designed for settling solids and removing minor amounts of oil and grease. Water from the 

basins and control weirs is discharged to the Athabasca River. Flow is controlled to reduce erosion 

of natural embankments. Systems to control discharge of water from the existing mine are detailed 

in Section IV-2.2 of the Application for Renewal of Environmental Operating Approval, February 

1995. 

Muskeg is removed and stockpiled for use in reclamation through the use of trucks and either 

hydraulic shovels or front-end loaders that strip frozen muskeg in winter. Muskeg suitable for use 

as a soil-building amendment is either stored in designated areas or applied directly to reclamation 

sites. 

Overburden is removed and used to construct tailings pond dykes or hauled to waste areas. 

TABLE Bl.0-1 

OPERATIONAL DATA BASED ON PRODUCTION OF 79 kbpcd 

Parameter Production/Usage 

Oil Sands Mined 137 ktlcd 

Gas Consumed 0.460 Mm3/cd 

Electric Power Imported 16.5 MW 

Coke Stockpiled 1185 tied 

Sulphur Produced 485 tied 

Water Taken From River 110 000 m3/cd 

Water Returned to River 82 000 m3/cd 

Tailings (Water and Mineral) Produced 171 000 m3/cd 

Sulphur Dioxide Emitted" 233 tied 

Carbon Dioxide Emitted 9.8 k t/cd 

Sulphur dioxide emtsston will be reduced to approximately 51 tpcd following 
commissioning ofthe Flue Gas Desulphurization plant in 1996. 
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A limestone quarry is located in the existing mined oil sands pit. Limestone from this quarry is used 

for road building and will feed the Flue Gas Desulphurization Unit currently under construction in 

the Utilities plant. The location of the quarry is illustrated in Figure B l.0-3. Sand and gravel 

deposits are located in the northern portion of the Sun cor plant area. 

The technique for mining oil sands at Suncor changed during 1993 and early 1994, from a 

bucketwheel excavator operation to a truck and shovel operation using equipment similar to the 

overburden removal operation. Mined oil sand is sized through a crusher and then carried to the 

Extraction plant by conveyors, a distance of 4 km. 

Suncor expects to complete mining on its current lease by 2001. Remaining reserves at the end of 

1995 on Lease 86/17 were 33.9 Mm3 (213 million barrels) of recoverable bitumen. 

1.3 BITUMEN PRODUCTION 

Bitumen is extracted from oil sand using the Clark hot water process: fundamental extraction steps 

include oil sand conditioning; separation of bitumen; cleaning of bitumen froth; and disposal of 

tailings. These steps are depicted in Figure B 1.0-4. 

The Primary Extraction plant (Plant 3, Figure Bl.0-5) has five process trains, one of which is 

normally on maintenance or standby. Oil sand feed (with a bitumen concentration that varies 

between 8 wt% and 14 wt%) is processed through the four operating trains at a combined rate of 

up to 8000 tph. The oil sand conditioning step involves: 

diluting the oil sand with water heated to 93 oc by using condensing steam discharged from 

Utilities and the Upgrader. 

increasing the temperature of the resulting slurry by direct sparging with steam. 

adding caustic (only when required) which promotes the separation of bitumen from the 

minerals. 

stirring the slurry in a horizontal drum for breakdown of oil sand lumps and to allow 

coalescence of bitumen droplets. 



Steepbank Mine Project Application - 5 - Section B 1.0 

Conditioned slurry is sent through a vibrating screen to remove rocks and clay lumps larger than 

one centimetre in diameter. These oversize reject materials (which on average represent about 5% 

by weight of the oil sand feed) are trucked to an oversize dump. 

Screened slurry drops into the separation cell feed sump where it is further diluted with hot process 

water before being pumped into a separation cell. The final weight ratio of oil sand to dilution water 

is about 0.6 to 1, although this ratio varies depending on the nature and composition of the oil sand 

feed. In the separation cell the sand component of the slurry settles quickly to the bottom of the 

vessel. A suspension of fine mineral particles and bitumen droplets forms above the sand bed in an 

area called the middling zone. The easily-separated bitumen droplets quickly rise from the middling 

zone to the top of the cell and form a layer of froth containing about 60 wt%. 

A sidestream from the middlings zone containing harder-to-separate bitumen is continuously 

transferred to a series of flotation banks. There is a fine dispersion of air bubbles is mixed with the 

middlings in the banks and a froth layer of variable-concentration bitumen forms at the surface. This 

froth layer is transferred to a froth settler where some of the water and minerals are removed. 

There is potential for spillage from conveyors and from the various vessels and piping during the 

extraction process. All spillage is collected and diverted to a sump, from where it is pumped back 

into the process. When the sump pumping system is not available spillage flows by gravity to the 

Extraction Emergency Pond, where the materials are collected and pumped to the tailings ponds. 

Tailings from the separation cells and scavenger banks are combined and the result pumped via the 

Final Tailings Pump House (FTPH) to the tailings ponds for disposal. The FTPH includes five 

separate pump trains and associated support equipment. During routine operation, as each pump 

train is brought down for maintenance the tailings line is flushed with pond water and drained. In 

an emergency shutdown a pump train is brought down and drained without flushing the tailings line. 

The water or tailings in this line are collected in a Decant Pond, where most of the sand s~ttles. 

Remaining fluid flows from the Decant Pond into the Extraction Emergency Pond, joining materials 

pumped from it to the tailings ponds. 

Froth from the separation cell (primary) and froth settler is collected in the froth deaerator, where 

direct steam sparging is used to heat the mixture. Heating the froth promotes air removal and 

reduces viscosity before the froth cleaning operation (Plant 4 - Froth Treatment). 
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Heated froth is diluted with diluent (distillate naphtha- light hydrocarbon), so the weight ratio of 

diluent to bitumen is about 0.6 to 1. At this point, the stream consists of 5% to 12% mineral, 20% 

to 30% water and 40% to 60% diluted bitumen. The stream is passed through a series of scroll 

(Bird) centrifuges (to remove the majority of the mineral component) and then sent to disc 

(Westfalia) centrifuges, where most of the water and the remaining minerals are removed. The froth 

treatment plant final product stream (which is about 0.5% mineral, 4.5% water and 95% diluted 

bitumen) is piped to storage tanks in the South Tank Farm. Hydrocarbon recovery rate for the froth 

treatment process is 97.7%. 

The froth treatment process (i.e., bitumen dewatering/demineralization) requires dilution with light 

hydrocarbon heated to 82 °C. At this temperature hydrocarbon vapours form in the centrifuges and 

process vessels. The hydrocarbon vapours from froth treatment and the diluted bitumen tanks are 

collected and recovered by a vapour recovery unit which was installed in 1995. 

Stripped sour water from Upgrading is combined with centrifuge plant tailings and fed to the 

Naphtha Recovery Unit (NRU- Plant 16). Approximately 70% of the diluent contained in the NRU 

feed stream is recovered in the NRU and is combined with the diluent stream from Upgrading for 

use in the froth treatment process. Vapour from the NRU is also collected by the vapour recovery 

unit. 

All tailings operations result in the release into the atmosphere of water vapours containing small 

amounts of hydrocarbon. Tailings are mainly sands, clays and water, with residual bitumen. 

Hydrocarbon balance for the Suncor operation is provided in Section C7.0. The Extraction plant is 

the scene of continuous improvement in bitumen recovery and efficiency. Since 1988 Suncor has 

spent $7.6 million on such projects (Table Bl.0-3). Extraction recovery has improved about 5% 

over 1988 levels at the average ore grade of about 12%. At lower ore grades the improvement is 

about 6% (Figure B 1.0-5). 

Suncor applied to AEUB and AEP in March 1996, in the Fixed Plant Expansion Project Application 

March 1996, to expand Extraction capacity (by 1997) to support 87 kbpcd of upgraded crude oiL 

The equipment changes that will be required to accomplish that rate are listed in Table B 1.0-2. 
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TABLE Bl.0-2 

EQUIPMENT CHANGES FOR 87 kbpcd PRODUCTION 

I Activity or Process I Change Required I 
Ore Delivery Purchase three new 240-t trucks 

Upgrade conveyor motors 

Slurry Preparation Install larger vibrating screens 

Separation Circuit and Froth Handling Modify the deaerator 

Upgrade froth launders 

Install interstage froth storage tank 

Froth Treatment Upgrade feed pumps and electrical systems 

Upgrade first-stage centrifuge feed mechanisms 

Install one filter 

Install one second-stage centrifuge 

Diluent Stripper Install cooling water pump 

Diluted Bitumen Pipeline Install another delivery line to tankage 

Slurry preparation capacity may be improved by replacing the existing 1.8 m x 4.9 m reject screens 

with 2.4 m x 6.1 m screens. This change should lower bitumen losses to rejects even at the higher 

slurry production rates needed for 87 kbpcd operation. 

One larger screen will be installed by fall 1996 and an assessment of its performance will be 

completed by late 1996. 

In the separation circuit and froth handling plant, launders (which move froth from the separation 

cells to the deaerators) will be altered by removing flow obstructions. Their capacity will increase 

by about 200m3/h. 

The deaerators will be modified to enhance their capacity to accommodate higher flow rates and to 

condense the vent emissions. 

An interstage storage tank for hot, deaerated froth upstream of the froth treatment plant is included 

proposed. This tank is expected to allow the centrifuge plant operation to be uncoupled from the 

separation circuit operations, resulting in improved performance for both plants and decreased 

hydrocarbon loss to the tailings pond. 
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TABLE Bl.0-3 

COMPLETED EXTRACTION RECOVERY IMPROVEMENT PROJECTS 

PROJECT YEAR COST 

PLANT3 

Operating Procedures 1988 $ Ok 

Secondary Froth Pumping (Discflo Pump) 1989 168 k 

Separation Bottoms Density Control (OPC Control Program) 1989 150 k 

Separation Bottoms Density Control (Bottoms Cone Modification) 1991 100 k 

Separation Bottoms Density Control (Rake Lift Program) 1991 I 50 k 

Froth Settler Bottoms Pump 1991 65 k 

OSLO Froth Cleaning Pilot 1991 250 k 

Secondary Froth Pumping (Piping Modifications) 1992 50 k 

Separation Bottoms Density Control (Improved Middlings Control) 1992 75 k 

Scavenger Bank Level Control 1992 32 k 

OSLO Froth Cleaning Installation 1992 320 k 

Wright and Wright Oil Sand Analyzer 1992 23 k 

Secondary Froth Pumping (Recessed Impeller) 1993 20 k 

Secondary Froth Recycling 1993 I 150 k I . . . 
Separation Cell Interface Level Control 1993 35 k 

Separation Cell Feed Well Modifications 1993 25 k 

Line 5 Warm Water Test Program 1993 500 k 

Separation Cell Feed Well Modifications 1994 100 k 

Wright and Wright Oil Sand Analyzer 1995 100 k 

Line 5 Test Program 1995 1400 k 

TOTAL $3613 k 

PLANT 4 I 16 

Operating Line Control 1992 $ 40 k 

Ring Dam Water Replacement 1993 150 k 

Plant 16 Separator Water Pumps 1993 100 k 

Plant 16 Steam Injection Relocation 1994 150 k 

Plant 16 Feed Temperature Control 1994 10 k 

Increased Centrifuge Capacity 1995 1300 k 

Increased Centrifuge Capacity 1995 2250 k 

TOTAL $4000 k 



Steepbank Mine Project Application - 9- Section Bl.O 

In the froth treatment plant the feed pumps, headers and associated electrical installations must be 

upgraded for both the first-stage and second-stage centrifuges. The capacity of the main operating 

units will be increased as follows: 

• New internal mechanisms for introducing feed to the first-stage centrifuges will be installed 

on eight of the machines. This will increase their capacity by at least 20%. A full-scale test 

is underway to confirm the expected benefit. 

• An additional interstage filter will be installed, bringing the total to five. 

• A new second-stage centrifuge (between four and five times the capacity of the existing 

machines) has been installed and its performance is being assessed. 

While the diluent stripper tower has enough capacity for higher production additional cooling is 

required to condense the overhead vapours. This will be achieved by adding a pump to the 

condenser cooling water supply. 

The diluted bitumen pipeline from the centrifuge plant to the tank farm will be modified to provide 

adequate capacity for the higher flows. Any benefits from adding another diluted bitumen tank to 

provide more surge capacity between Extraction and Upgrading are being assessed. 

1.4 BITUMEN UPGRADING 

Bitumen produced by the extraction process is not suitable for most markets. It is a highly-viscous, 

tarry, black material having an American Petroleum Institute (API) gravity of about 9° which 

contains about 5% sulphur and trace amounts of metals such as nickel, vanadium and iron .. Bitumen 

is upgraded to marketable crude oil products in Upgrading. The location of these facilities within 

the Sun cor plant site is illustrated in Figure B 1.0-6. Figure B 1.0-7 shows the steps in the Upgrading 

operation. 

The Upgrading facilities consist of the following process units: 

• Diluent Recovery Unit (flash drums and diluent recovery tower); 

• Delayed Coking Unit (coker furnaces, coker drums and fractionating tower); 

• Gas Recovery Unit (distillation columns and wet gas compressor); 

• Hydrotreaters (naphtha, kerosene and gas oil hydrotreaters); 
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" Amine Gas-Sweetening plant; 

"' Sulphur plant; 

" Hydrogen plant; 

.. flares; 

.. Sour Water Treatment System; 

.. Wastewater Treatment System; and 

" North and South Tank Farms. 

Diluent recovered in the Diluent Recovery Unit from diluted bitumen (received from Extraction and 

stored in the South Tank Farm) is returned to Extraction for re-use. The bitumen is heated in coker 

furnaces and sent to the coke drums. There the bitumen is thermally cracked into hydrocarbon 

vapours and coke (solid carbon). A large portion of the sulphur and virtually all of the metals from 

the bitumen are contained in the coke. The coke is used in Utilities to generate electricity and steam; 

surplus coke is stockpiled. 

The coke drum vapours are separated into four main components: wet gases, naphtha, kerosene and 

gas oil. Wet gases are either directed to the naphtha hydrotreater, used for fuel gas or used for 

hydrogen manufacturing. Each of the three distillate components (naphtha, kerosene and gas oil) 

is pumped either to the hydrotreaters (to remove remaining sulphur, nitrogen and trace metals by 

contacting with hydrogen) or to intermediate storage. Hydrogen used in the hydrotreating step is 

produced from methane gas in the Hydrogen plant. 

Upgrading distillate and hydrotreated products (naphtha, kerosene and gas oil) are sent to the North 

Tank Farm, blended to form custom crude oils and shipped south to various markets via the Suncor 

pipeline. 

Gases containing H2S are generated as a result of the various Upgrading operations. These gases 

are treated in the Amine Gas-Sweetening plant. Sweetened hydrocarbon gas (i.e., gas without H2S) 

is recovered as fuel gas for use in Upgrading furnaces, the Hydrogen plant or Utilities boilers. The 

H2S that is removed is concentrated in a separate gas stream (acid gas). 

The sulphur plant uses two parallel Claus units and a common Superclaus unit to recover 98% of 

the sulphur in the acid gas stream. Small amounts of unconverted H2S from the Sulphur plant are 
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combusted to sulphur dioxide (S02) in an incinerator and discharged to the atmosphere through a 

I06.7-m-high incinerator stack. 

Sour water (containing H2S) is also produced in various Upgrading process units. This water is fed 

to the Sour Water Treatment System where the majority ofH2S is removed for reprocessing in the 

Upgrading operation. The stripped water is pumped to the Naphtha Recovery Unit to provide added 

heat transfer and further removal of H2S prior to its discharge to Tailings Pond I. 

The flare stack system consists of two hydrocarbon flares, an acid gas flare and a hydrogen plant 

flare. The hydrocarbon flares continuously emit between two and three tonnes of S02 per day and 

dispose of gas streams during Upgrading upsets and emergencies. The acid gas flare disposes of 

amine plant acid gas when there is an upset or emergency in the sulphur plant. The hydrogen plant 

flare is used primarily for the controlled disposal of unused hydrogen product gas from the hydrogen 

plant. 

Drainage waters from the Upgrading facilities are collected in a closed sewer system. Oily water 

is sent to API separators and settling tanks where oil is separated from the water. The oil is returned 

to Upgrading for reprocessing while the separated water is pumped to the Naphtha Recovery Unit 

prior to its discharge to Tailings Pond I. Improvements are planned to enable the water to be 

discharged to the wastewater system after hydrocarbon has been removed. Other Upgrading water 

is treated and discharged through the wastewater treatment system. 

1.5 UTILITIES 

The Utilities Business Unit supplies energy to fulfill most of the needs of the Suncor operation. On

site facilities provide steam, electricity, water and compressed air used by Mining, Extraction, 

Upgrading and administrative areas. Three main power boilers and two turbo-generators convert 

water and coke fuel into energy. Three smaller boilers use either fuels produced by Upgradi.ng or 

natural gas obtained from off-site sources. Suncor's power supply is augmented through connection 

with the Alberta Power Limited (APL) grid. 

Utilities operations are located primarily in one building. Outlying facilities include the river water 

pump houses, electrical distribution stations, package boiler facility, compressor building and a new 

firewater pump house fed from the Fresh Water Pond. High-pressure steam (5450 kPa) is produced 
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by three main boilers which together generate over 1.1 M kg of steam per hour. Two back-up steam 

units are used as standby steam production units. High-pressure steam is used to drive two 38-MV A 

turbo generators, which produce a maximum of 64 MW of power. 

Most of Suncor's energy requirements are met by the Utilities plant. However, two APL ties are 

used to import approximately 16 MW of energy. The ties allow energy import when a main boiler 

is down or when the Suncor generating system is operating below capacity. 

The Utilities plant draws water from the Athabasca River to produce the average daily requirement 

of approximately 26 M kg of steam. This water is conditioned, filtered and treated at a water 

treatment plant before it is used in the boilers. Water treatment facilities consist of a settling pond, 

a clarifier, filters, hot-lime reactors, zeolite softeners and deaerators. Currently the plant prepares 

approximately 60% of the steam generation water requirements from river water while the other 

40% is obtained from condensate return. 

Coke produced in Upgrading is used to fire the three large Utilities boilers. Sulphur dioxide, 

particulates and associated metals are released in the flue gas as a result of combustion of the coke. 

Electrostatic precipitators (ESPs) are employed to collect flyash particles in the exhaust flue gases 

discharged from the boilers. Electric fields in the ESPs negatively charge the particles, which are 

then attracted to the positively-charged collecting plates. Ash from the plates is collected, stored 

and sent to tailings ponds via the Extraction tailings lines. 

Water effluent from Utilities is discharged to one of three destinations: a main common system that 

goes to Pond A of the Wastewater Treatment System; directly to API cells for water that may be 

contaminated with oil; and water containing ash (from the wet-ash removal system) is directed to 

the Ash Pond from where decanted water drains to Pond A. Water treatment sludge drains from a 

collection pit to the Ash Pond, where lime sludge settles out before the water drains to Pond A. 

A Flue Gas Desulphurization (FGD) plant is under construction for late 1996 start-up. The plant has 

been designed to remove up to 95% of the S02 currently emitted into the atmosphere from the Power 

House stack by capturing it with a limestone slurry to form gypsum. The FGD plant is also expected 

to recover 85% of the remaining particulates in flue gas which are currently not recovered in the 

electrostatic precipitators. 
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1.6 OTHER FACILITIES 

1.6.1 Tank Farms, Tankage and Pipeline 

Intermediate and final products from Upgrading are stored in the North Tank Farm. The South Tank 

Farm (nine tanks) provides storage and pumps for diluted bitumen and diluent, and for fuel storage 

tanks (fuel oil and diesel) used by Utilities. The North Tank Farm (13 tanks) provides storage for 

coker distillate and unifined products. Pumping facilities for the pipeline and for internal blending 

and recycling of final and intermediate products are also located in the North Tank Farm. 

Four slop-oil (recovered oil) tanks located in the vicinity of the API separators are used for handling 

slop oils and waters. 

The tank farms are equipped with several mechanisms to protect the environment, including dykes 

to contain potential spills, fire-foam injection facilities and dewatering facilities. Total operating 

capacity of all tanks is 263 k m3
• Many of the tanks have facilities to enable storage of more than 

one type of product, depending on operational requirements. 

Tanks that hold naphtha are equipped with floating roofs to control hydrocarbon emissions which 

result from high vapour pressure. Slop-oil tanks are equipped with emission treatment devices to 

control odorous emissions. Diluted bitumen tanks are equipped with a vapour recovery system. 

Upgraded crude oil is transferred to Edmonton by a Suncor-owned, 406-mm pipeline (operated by 

Sun cor Resources Group). From there product is available for transfer to Alberta and other 

Canadian and United States markets. 

1.6.2 Sulphur Handling and Storage 

Elemental sulphur is recovered from acid gas m the Upgrading Sulphur Recovery Unit. 

Approximately 485 t of liquid sulphur are generated daily. 

Liquid sulphur is normally transferred to trucks for transport off-site. When trucks are unavailable 

and storage capacity of the underground sulphur pit is reached, sulphur is transferred to a sulphur 

storage pad where it is temporarily blocked. The sulphur storage pad has a liner (to prevent 

groundwater contamination) and a drainage control system (with all collected waters diverted to the 

Upgrading wastewater system). This sulphur pad is prepared for temporary storage of sulphur only. 



Steepbank Mine Project Application - 14- Section B 1.0 

Sulphur balance for the Sun cor operation is presented in Section C7 .1. 

1.6.3 Coke Handling and Storage 

Coke from the delayed coking operation in Upgrading is stockpiled pending either use or storage. 

A daily production rate of 79.5 kbpcd means that approximately 1000 tied of coke has been 

stockpiled. The stockpiled coke storage area is located between the main plant and the Athabasca 

River; coke which is to be consumed is stored just east of the Utilities plant. 

As storage of stockpiied surpius coke is now approaching maximum capacity (expected by 1999), 

Suncor sought and received approval in 1993 to expand the stockpile to the west. Coke stockpile 

resloping work resulted in a reduction of the overall stockpile slope angle; this facilitated placement 

of temporary vegetative cover on the pile as part of routine dust suppression activities. Sun cor is 

evaluating the transfer of coke after 1999 to a site yet to be determined. 

Water from the coke stockpile is collected and pumped to the Upgrading wastewater treatment 

system. The collection system includes a surface and groundwater interceptor ditch. 

1.6.4 Sewage Lagoons 

All domestic sewage from offices, plants and the camp facility is directed to the Sewage Treatment 

System for retention and treatment. In 1995 the system was upgraded by construction of aeration 

treatment cells and a final treatment polishing cell. Final treated effluent is discharged to the 

Athabasca River at the Mid-Plant drainage outfall. The upgraded sewage treatment system meets 

all AEP treated sewage discharge standards on a year-round basis. 

1.7 TAILINGS AND WATER MANAGEMENT 

1.7.1 Tailings Management 

Tailings ponds are developed in the mined pits to contain Extraction tailings, process waters from 

the Upgrading plant and drainage water from the mine pit. There are currently three active tailings 

ponds (Nos. 1, 2/3 and 4- Figure Bl.0-3) and one pond (Pond 1A) which is used to increase the 

settiing time of the recycle water, to reduce the fines content. Another tailings pond (Pond 5) is 

currently being commissioned in the mining area north of Tailings Pond 2/3. Each of the current 

tailings ponds contains a turbid top water zone (1.5 m to 8 m in depth) interspersed with bitumen 
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globules and purged by gases generated within the underlying anaerobic layer of fine tailings 

(particularly in Pond I). 

Construction of tailings pond dykes is regulated under Suncor's Licence to Divert and Use Water, 

issued under the authority of the Water Resources Act. Tailings pond dykes are constructed from 

tailings sand and overburden waste materials. Sand is slurried to the ponds from the final tailings 

pump house and is positioned on the dyke by the construction of temporary sand retaining walls. 

As the water flows into the pond sand settles on the top of the dyke, where it is packed during the 

summer using tracked vehicles. Sand is beached on the edge of the pond during the winter, 

producing no increase in dyke height. Construction of dykes with overburden is accomplished by 

excavating the overburden, hauling it to the site and compacting it according to design 

specifications. 

Stable, efficient performance of the tailings pond dykes is ensured by the following means: 

~ monitoring piezometers, slope indicator installations and drainage discharges; 

e conducting regular inspections to examine the state of dyke stability, surface seepage and 

erosion; 

e conducting analyses to ensure the dykes have an adequate factor of safety; 

• undertaking analyses to ensure dykes in the vicinity of explosion blasts are not endangered 

by those blasts; 

• establishing either coke filter systems or cores on tailings dykes, to control internal erosion 

and seepage waters from dyke interiors; 

• evaluating dyke performance of construction lifts, which are limited to about 3 m; and 

• implementing surface erosion protection measures on completed portions of the downstream 

side of dykes. 

Fine clays, which are associated with in situ oil sands and are contained in the effluents disch.arged 

from the Extraction process to the tailings ponds, form a water-clay suspension referred to as fine 

tailings. The fine tailings (which settle to the bottom of the tailings ponds) have a low hydraulic 

conductivity of I o-6 cm/s which is further reduced to I 0 -s cm/s when the fine tailings consolidate. 

At the contact point for the tailings dyke and the fine tailings, the tailings consolidate quickly as 

water seeps into the dyke. This creates a very-low-permeability layer which significantly reduces 

the losses of process water from the tailings pond basin. 
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1.7.2 Water Management 

Fresh water for use in the Suncor Inc. oil sands plant is withdrawn from the Athabasca River. 

Suncor is licenced to withdraw 59.8 Mm3 annually (equivalent to 163 800 m3/cd) from the river at 

a maximum instantaneous rate of3.8 m3/s (Licence No. 104000). The water balance for Suncor's 

operation at 79.5 kbpcd is described in Section C7.1; a summary is provided in Table Bl.0-4. 

Water Survey of Canada records from the Fort McMurray gauging station (No. 07DA001) for the 

thirty-five-year record period (1958 to 1992) indicate: 

the average annual low-discharge rate (low-flow condition) of the Athabasca River is 11.8 

Mm3/d; and 

e the lowest discharge rate ever recorded during this period occurred in 1988, when the river 

discharge rate fell to 7.6 Mm3/d. 

Suncor's average water intake requirements constitute approximately a 1% and 1.5% diversion of 

river water (expressed as a percentage of the two low-discharge conditions for the Athabasca River). 

Actual consumption during these low-discharge conditions is 0.24% and 0.37% respectively, 

because approximately 74% of water diverted from the Athabasca River is returned to the river. 

Overburden and muskeg drainage water is surface run-off that discharges to the river via separate 

licensed mine drainage discharge points, as shown in Figure Bl.0-8. Mine-affected waters are 

directed to the tailings ponds. Water-control systems associated with the Suncor plant are discussed 

in detail in Section IV-2.2 of the Application for Renewal of Environmental Operating Approval, 

February 1995. 

1.8 RECLAMATION 

Suncor's current reclamation practices are detailed in the February 1995 Application for Renewal 

of Environmental Operating Approval. Reclamation of disturbed areas is begun as soon as is 

practical following mining operations. On Lease 86/17 most of the overburden storage area and dyke 

siopes have undergone reclamation and are now heaithy ecosystems inhabited by a number of 

wildlife species. Recent development of consolidated tailings technology will allow reclamation of 

the tailings ponds to a dry landscape. This Application proposes a new, combined reclamation plan 
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(described in detail in Section D3.0) which includes both the current Lease 86/17 and the proposed 

Steepbank Mine. 

TABLE Bl.0-4 

PLANT-WIDE WATER BALANCE AT 79.5 kbpcd 

I Water Input I Water Volume k m3/d I 
From River 110.5 

From Ore 4.0 

TOTAL INPUT 114.5 

Water Output 

Outfall to River 81.5 

To Ponds 22.6 

Sewage System 0.3 

To Atmosphere 7.3 

Upgrader Loss to Process 0.6 

Seepage Losses 2.2 

TOTAL OUTPUT 114.5 
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Figure a1.o-a Suncor Inc., Oil Sands Group - Surface Drainage 
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2.0 ENVIRONMENTAL MANAGEMENT 

2.1 POLICY AND MANAGEMENT SYSTEMS 

Suncor Inc. is committed to excellence in both implementation of standards of care for the 

environment (which comply with legislated requirements) and in responsiveness to the expectations 

of its communities, customers, shareholders, government and the public - sustaining a balance 

between a healthy environment and a healthy economy. In 1992 Suncor adopted a "We Care" 

environmental compliance and assurance policy which has been integrated into all aspects of its 

activities. This is a long-term commitment that calls for accountability at every level of the 

organization: the board of directors, executives, managers and employees. 

The guiding principles of Suncor's "We Care" environment policy are as follows: 

Integrity: By their leadership and exemplary behaviour senior managers demonstrate that 

environmental protection is a high priority for them and for Sun cor's success. Employees are made 

aware of the potential impacts associated with their areas of responsibility and are provided the 

tools, processes and training necessary to mitigate these impacts. 

Accountability: Suncor management is responsible for setting goals and establishing standards and 

work procedures which are protective of the environment. All employees will understand their 

responsibilities and accept accountability for their actions. 

Prevention: Suncor will adopt programs aimed at anticipating and preventing emission of 

pollutants and generation of wastes from its operations. 

Self-Regulation: In setting standards and pollution reduction goals Suncor will strive to achieve 

levels of performance governed not only by legislated requirements but also by the expectations of 

its communities, customers, shareholders, government and the public while recognizing that the 

ability to go beyond compliance is subject to the limits of technology and ability to pay. 

Integration: Suncor will integrate environmental decision-making in business planning, facilities 

and product design, operating practices and training programs. 
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Conservation: Suncor will carefully manage natural resources and actively pursue opportunities 

to conserve energy. 

Continuous Improvement: Sun cor will strive for improvements in environmental performance and 

will encourage innovation, recognize achievement and support research to this end. 

Shared Responsibility: Suncor supports a partnership approach among government, industry and 

the public for the development of equitable, cost-effective and realistic solutions to environmental 

problems. On its part Suncor will openly share timely, accurate and relevant information about its 

raw materials, products, wastes, operations and environmental performance. 

Preparedness: In the event of an accidental release of contaminants, Suncor will be prepared to 

respond promptly in a manner that will both protect the health and safety of its employees and the 

public, and lessen adverse effects on the environment. 

Suncor's Oils Sands Group is committed to the "We Care" environmental policy and implements 

this policy when developing, maintaining and enhancing management systems to achieve 

progressive environmental performance (thus ensuring that environmental issues and concerns are 

addressed in both continuing operations and in project planning). Components of the environmental 

management systems include: 

., organizational effectiveness, 

.. strategic planning, 

.. community consultation, 

" employee awareness and training, 

" auditing, 

" monitoring and impact assessment, and 

"' emergency preparedness. 

These policy principles and management systems prevail in all Suncor business units. Bitumen 

production activities related to environir1ental rnanag~ment include: 

"' reclamation, 

" surface mine drainage and groundwater, 
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.. 

.. 

.. 

.. 

• 

coke handling and storage, 

tailings management, 

landfill management, 

waste management and recycling, and 

emergency response . 

The above activities have either been described in the February 1995 Application for Renewal of 

Environmental Operating Approval or are summarized in this Application. 

Suncor's bitumen production unit has developed operation-specific emergency response procedures 

for its mining and extraction activities. Unit staff are part of the plant-wide emergency response 

team. Key components ofSuncor's emergency response preparedness include the following: 

• In-House Emergency Response Team 

Comprised of fire-fighting, rescue, first aid and health departments, the team is staffed, 

equipped and trained to provide in-house first-response capability. 

• Mutual Aid Agreements 

Agreements with the Regional Municipality of Wood Buffalo and Syncrude Canada Ltd. 

for reciprocal emergency response and compatible emergency response procedures. 

• Oil Spill Preparedness 

A member of an Oil Spill Co-operative, Suncor maintains an equipment trailer and 

a trained response team to handle oil spills. 

2.2 ENVIRONMENTAL ACTIVITIES AND INITIATIVES 

The Oil Sands Group's environmental protection program requires planning and disciplined 

implementation at all levels to eliminate, minimize or mitigate (as appropriate) the impacts 

associated with the Group's operations. Substantial funding of plant-wide environmental initi~tives 

in the period 1990 to 1995 is a demonstration of Oil Sands Group's commitment to a high standard 

of environmental performance. 

In the years 1990 to 1995 Suncor invested about $220 million on projects that would either enhance 

control over potential impacts of its oil sands plant on the environment or allow more effective 

evaluation of emissions and potential impacts of its oil sands plant on the environment. A 
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description of Sun cor's plant-wide environmental activities and initiatives (including their associated 

benefits) is provided in Appendix II. Of these initiatives approximately $52.8 million was spent in 

the area of Bitumen Production Operations; its environmental activities and initiatives are itemized 

in Table B2.0-l. As these initiatives overlap with the Upgrading and Utilities areas it is not possible 

to assign costs with precision, therefore allocations are approximate. In this table, diluted bitumen 

storage projects are included with bitumen production operations. 

Section C8.0 discusses environmental initiatives relative to the Steepbank Mine. Greenhouse gas 

emissions are discussed in Subsection C8.1.2. 
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TABLE B2.0-1 

LIST OF ENVIRONMENTAL ACTIVITIES AND INITIATIVES 

RELATING TO BITUMEN PRODUCTION OPERATIONS SINCE 1990 

Category Project Summary Value ($K) 

Air Emissions Odour Abatement 1 3200 

Odour Abatement 2 10 735 

Extraction Recovery Improvements 125 

NRU Improvements 250 

Air Conditioner Coolant Changeover 160 

Total Expenditure on Air Emissions Activities and Initiatives: 14 470 

Water Tar Island Seepage Assessment Project 195 

Emissions Groundwater Monitoring System 800 

Dyke Drainage Control Systems 3000 

Pond 5 Liner 700 

Westfalia Recycle Water 150 

Dyke Seepage Water 500 

Seepage and Drainage System Telemetry 60 

Ring Dam Water Project 150 

Sewage Treatment Upgrade 1045 

Regional Groundwater Model 8 

TID Seepage Collection System Enhancement 860 

Mine Drainage Control Structure Upgrade 30 

Pond 5 Seepage Study 85 

Fish Health and Tainting Study 130 

Total Expenditure on Water Emissions Activities and Initiatives: 7713 

Water Upgrade of Potable Water Plant 1358 

Treatment and 
Firewater System 2000 

Potable Water 

(Allocated) Total Expenditure on Water Treatment and Potable Water 3358 

Activities and Initiatives: 
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Category Project Summary Value ($K) 

Environmental Environmental Auditing 165 

Diligence Community Consultation 50 

Environmental Impact Assessment Projects 543 

Total Expenditure on Environmental Diligence Activities and 758 

Initiatives: 

Waste Hazardous Waste Storage Building 87 

Management Waste Inventory Work 25 
(Allocated) 

Hydrocarbon Recovery Basin 25 

Total Expenditure on Waste Management Activities and 137 

Initiatives: 

Reclamation Land Reclamation Activities 3343 

Coke Pile Modifications 250 

Fine Tails Transfer 7391 

Pond I Reclamation 780 

Research -Wetlands Research 3088 

-Sustainable Lake Research 

I 
-Environmental Implications of Dry Landscape 

Technologies 

- Reclamation Landscape Model 

Oil Sands Reclamation Performance Assessment Protocol 260 

Freeze-Thaw Treatment of Fine Tailings Project and Non- 5970 

Segregating Tailings Field Assessment Projects 

Reclamation Rooting Study 15 
-----

Erosional Resistance of Tailings Sand Dykes 175 

Ecological Sustainability ofRevegetated Areas ofTailings Sands 75 

Dykes 

TID Toe Berm Erosion Assessment 47 

Consolidated Tailings Commercial Trial 5000 

Total Expenditure on Reclamation Activities and Initiatives: 26 394 

Total Exnenditure on Environmental Activities and Initiatives- Bitumen 52 830 

II Producti:n Operations: 
::;;: II 
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C PROPOSED STEEPBANK MINE 

l.O PROJECT BASIS AND ALTERNATIVES 

1.1 INTRODUCTION 

Suncor proposes to develop a new mine (Steep bank Mine) to sustain its oil sands operation beyond 

2000. The proposed mine will be located across the Athabasca River from Suncor's current 

operations 35 km north ofFort McMurray, Alberta (see location map Figure A2.0-l). When placed 

into full operation by 2001 the mine will support a production level of 107 kbpcd of upgraded crude 

oil. 

The scope of the project includes all activities required to plan, construct and operate the new mine, 

to transport the ore, to modify Extraction facilities from 87 kbpcd to I 07 kbpcd and to produce a 

diluted bitumen product for transfer to the Suncor Upgrading facility (where it is used to produce 

upgraded crude oil). Included are management plans for all tailings produced by the Extraction plant 

and the ultimate reclamation plan for current and future tailings ponds. The management, control 

and mitigation of environmental impacts during construction, operation and reclamation of the mine 

is inherent in the project scope. 

This section describes the sequence of major decisions that led Sun cor to the proposed Steep bank 

Mine development, namely: 

• decision to surface mine, 

• selection of location, 

• selection oftechnology, 

• selection of site access, and 

• selection of mine plan. 

1.2 DECISION TO SURFACE MINE 

The currently-active Suncor leases (i.e., Lease 86/17) are expected to be depleted by the end of 

200 I. In order to sustain its operation, Sun cor will require a replacement source of bitumen. 
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Additionally, Sun cor's business plan calls for an increase in production capability to 107 kbpcd by 

1998 (from the cunent capacity of79.5 kbpcd) by modifying the Extraction, Upgrading and Utilities 

plants. This proposed fixed plant expansion was the subject of a public disclosure document in 

December 1995 followed by filing of an Application dated March 1996. 

Suncor's existing bitumen production operation is closely integrated with the Upgrader and Utilities 

plant. The Utilities plant generates electricity, steam and hot water which are used to significant 

advantage in the mining-extraction operation. Suncor has examined its options to support the 

expanded fixed-plant capacity. Clearly one option would be to source external supplies of bitumen. 

While Suncor may be receptive to competitively-priced external sources (particularly in the period 

1998 to 2001) its base strategy is self-sufficiency for the majority of bitumen requirements. To do 

otherwise would dissipate Suncor's unique energy integration advantages, its investment in 

extraction and mining facilities, its technology, and the know-how and experience vested in its work 

force. 

Also, Suncor has introduced new tailings reclamation technology which (in conjunction with the 

Steepbank Mine development) will enable practical reclamation of both the current inventory of 

fine tailings and future tailings in a consolidated, dry state. This is possibly the most significant 

technology breakthrough to date, overcoming an environmental impediment to growth of the oil 

sands industry. 

Suncor OSG has chosen to continue with surface mining as its source of bitumen supply for a 

number of reasons including the following: 

Suncor has significant existing infrastructure (in mining equipment and extraction facilities) 

and energy integration advantages, which provide a capital cost advantage over any other 

supply method. 

" Suncor has a significant investment in technology and work force know-how. 

'" Surface mining is a proven technology with high reliability and high recovery of bitumen 

at a relatively-low operating cost. 

" New and evoiving reciamation techniques provide assurance that disturbed lands can be 

reclaimed to an ecological capacity equal or better than pre-disturbance. 

" The Lease lands in proximity to the Suncor operation are more amenable to surface mining 

than in situ techniques. While in situ techniques (e.g., Steam-Assisted Gravity Drainage or 
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SAGD) offer potentially-low operating cost, the technology is not well-developed for all 

geological conditions and it introduces more technical risk as well as lower rates of bitumen 

recovery. 

Faced with the prospect of ore depletion on the current operating leases Suncor began the process 

of examining options for further development in the mid-1980s. Resource evaluations were 

conducted and additional lease holdings near the plant were acquired. 

1.3 SUN COR LEASE HOLDINGS 

Sun cor's current lease holdings are shown in Figure B 1.0-1. Lease 14 has been held for many years; 

Leases 23 and 19 were acquired in 1992; Lease 97 and Fee Lots 1 to 6 were acquired in 1994; and 

Lease 25 was acquired in January 1996. 

Suncor currently holds appropriate surface rights under the Public Lands Act to permit lease 

exploration. Suncor will apply for appropriate surface rights under the Public Lands Act to 

accommodate facilities and mine operations. 

Suncor augmented previously-existing core hole data with results from additional drilling to bring 

the information base to a level sufficient to enable lease selection decisions to be made for the 

location of a new mine. 

1.4 SELECTION OF LOCATION FOR NEW MINE 

After the successful implementation of truck and shovel mining in the current operation in 1993, a 

pre-feasibility study was conducted in 1994 to examine the economics of developing a replacement 

mine by 2000 and to assist in decision-making for an appropriate location. 

Five cases were examined. These are listed below, each case itemizing a sequence of lease 

development: e.g., Case 1 (Leases 97, 25) mines Lease 97 followed by Lease 25. 

The five cases are: 

1. Leases 97, 25 

2. Leases 97, 19 
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3. Leases 23, 97, 19 

4. Leases 13 

5. Leases 97, 25 

These cases were selected in order to evaluate sequencing options of nearby leases and to test the 

relative attractiveness of a more remote lease (Lease 13) without regard to ownership. Oil sands 

resources estimated at the time for each lease area are summarized in Table C 1.0-1. 

TABLE Cl.0-1 

PRELIMINARY ESTIMATE OF LEASE OIL SAND RESOURCES 

Lease Oil Sand Ore Overburden I Bitumen Recovered Strip Ratio 

(Mt) Interburden (wt %) Bitumen (t waste/ 

(Mt) (million bbls) tore) 

13 6350 4600 11.7 4200 8.73 

19 1360 2000 11.5 830 1.45 

23 1000 2000 11.3 630 2.00 

25 1800 2500 11.7 1200 1.38 I 
II 97 430 315 11.7 280 0.73 II 

A development plan was prepared for each case. Hydrotransport of ore was assumed for Leases 23, 

97 and 25. Desanding and bitumen slurry transport was assumed for the more remote Leases 19 

and 13. These cases were evaluated at a planned production rate of77 kbpcd with the exception of 

Case 5, which was evaluated at the then-current upgraded crude oil production rate of 68 kbpcd. 

Each case had thirty or more years of resource life and comparable ore grade at approximately 11.5 

wt % bitumen. Truck and shovel mining was assumed for overburden removal and ore mining and 

hydrotransport/desanding combinations for ore transport, depending on distance. Major factors 

influencing relative economics were initial transportation distance, initial capital cost and the plan 

stripping ratio. A discussion of each case follows: 

Case 1 : T ,eases 97. 25 

This plan has the advantage of beginning in low strip ratio ore. It has an average strip ratio of 

1.23 t/t. Hydrotransport was used to move ore to the Extraction plant, a distance of7.3 km. 
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Case 2: Leases 97. 19 

Like Case 1, this case features a low initial strip ratio. The average strip ratio for this plan is 1.13 t/t. 

Initially, hydrotransport is used to convey ore 3.7 km to extraction. After the mining of Lease 97 

is completed, a desanding plant is commissioned on Lease 19. A bitumen-water mixture is then 

pumped 12.3 km to the Extraction plant. 

Case 3: Leases 23. 97. 19 

In this case Lease 23 was developed first, to examine the impact of delaying the construction of a 

bridge access across the Athabasca River. However, this lease has three main disadvantages: the 

mining area is 11.7 km from the Extraction plant; the resource life is insufficient to support the 

capital cost of a desanding plant; and the lease strip ratio is high (1.98 t/t). Savings from a delay 

in bridge construction do not offset these disadvantages. In addition, any infrastructure built for this 

mine will be of little use for the next mine. The distant location results in environmental impacts 

through higher energy demand and more widespread disturbance with creation of a connecting 

corridor. 

Case 4: Lease 13 (Alsands) 

Lease 13 is located 22 km north of the existing Sun cor operation. Due to the remoteness of this 

mine a desander as well as totally-independent office and maintenance facilities are required. The 

desander will need 8100 m3/h of90°C hot water which must be generated on-site with coke-fired 

boilers. The use of natural gas would add about $20 million to the annual operating cost. This case 

also presents significant environmental impacts because of high energy demand for desanding and 

widespread disturbance with construction of a connecting corridor. The main advantage of this case 

is the plan strip ratio of 0.83 tit combined with large oil sands resources. 

Case 5: Leases 97. 25 (at 68 kbpcd) 

This case is similar to Case I except for a lower production rate. It was developed to examine the 

effect of production rate on capital cost. 

Results of the pre-feasibility study showed that off-site leases can be developed economically. Net 

Present Values (NPV) were calculated for each case. Case 1 had the best NPV followed by Cases 

2, 3, 4 and 5 respectively. 
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Case 1 also had the lowest capital and operating costs per barrel followed by Cases 2, 5, and 3; Case 

4 (Lease 13 ) had the highest cost. Even though Lease 13 has an attractive strip ratio the advantage 

is more than offset by the high cost of operating a remote facility. Case 3 also has a high cost 

because of the long initial transport distance and a high strip ratio. 

Main conclusions reached from the pre-feasibility study are as follows: 

.. Mining of Lease 97 followed by either Lease 25 or 19 would provide the best Net Present 

Vaiue. 

.. There is sufficient ore of acceptable grade and strip ratio in the proximity of the existing 

plant to allow economical mining to continue for thirty years or more. 

.. Truck and shovel mining is an appropriate system for stripping overburden and mining the 

oil sand. 

.. The success of developing off-site leases is largely dependent upon using hydrotransport or 

desanding technologies. 

.. Utilization of existing infrastructure reduces costs and encourages the development of 

adjacent leases first. 

.. Environmentally, all cases result in surface disturbance and involvement with the Athabasca 

River valley because of the choice of bitumen production technology - surface mining. 

Distant case options result in higher energy demands (and emissions) and infrastructure 

corridor disturbance. All case options require river access. 

The pre-feasibility study resulted in a decision to develop a new mine on the east side of the 

Athabasca River in the area of Leases 97, 25 and 19 with Lease 97 as the initial mining area. This 

decision was driven by economic considerations, capital cost and technical risk exposure. 

Environmental factors were not a main driving force in the location selection at the time because it 

was felt that each area would entail reasonably similar environmental disturbances which would 

have to be mitigated in any case. However, the plan to develop a new mine across the Atha):>asca 

River (in proximity to the current operation) has a major environmental advantage versus the 

development of a more remote lease: the plan allows very practical integrated tailings management 

between the current operation and the new mine area, thus permitting earlier dry reclamation of 

Lease 86117 ponds. 
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1.5 TECHNOLOGY SELECTION 

At the end of 2001 mining of oil sand is expected to be completed on Lease 86/17. A new mine 

(utilizing efficient mining and processing methods) will then sustain operations on the east side of 

the Athabasca River. 

In order to select the most cost-effective mining system several different technologies have been 

studied. Since 1992 the Steam-Assisted Gravity Drainage (SAGD) bitumen recovery system and 

the Taciuk extraction partial-upgrading process have been examined use at Suncor. The mining 

method on the current lease was changed (from use ofbucketwheel excavators to utilizing truck and 

shovel) as a result of studies completed in 1992. Hydrotransport was also reviewed and 

recommended for further evaluation. 

As a result of these studies and specific Steepbank Mine feasibility studies, mining and extraction 

methods have been selected. The new mine will use truck and shovel mining methods linked to 

hydrotransport of oil sand to the existing Extraction plant. The Extraction plant will be modified 

from hot-water extraction to warm-water extraction. Details of the main alternative technologies 

from a mining perspective are discussed in Appendix I. In summary, the SAGD in situ process was 

judged unsuitable for application on nearby leases and the Taciuk process cannot compete on a 

capital cost basis with existing infrastructure (Suncor is however currently evaluating the application 

of the Taciuk process to oil shales in Australia). Additional discussion from an Extraction 

perspective is found in Section C5.3. 

Suncor has many years of satisfactory experience with the use of truck and shovel methods of 

overburden removal and has elected to continue with the technique at Steepbank Mine. This method 

provides the requisite flexibility for stripping rate, segregated placement of materials and selectivity 

to readily accommodate mine plans that are ever-evolving in the course of optimization. The 

method is economical and reliable; its performance is continuously improving with the introd~ction 

of larger and more dependable equipment. 

Conversion of ore mining to truck and shovel methods at Sun cor's current operations in 1993 

exceeded Suncor's expectations and reduced operating costs by $3.50/bbl upgraded crude oil. The 

method offers several important advantages: 
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.. High productivities and availabilities can be achieved. 

" Equipment can be interchanged between overburden removal and oii sand mining 

operations. 

.. A steady crushed ore feed is provided to the Extraction plant; this has a positive impact on 

bitumen recovery. 

.. Truck and shovel mining methods can deal effectively with complex geology and restrictive 

operating conditions. 

.. Overburden haul distances are reduced because face conveyors no longer obstruct haul 

routes. 

.. Truck and shovel mining methods are a known technology. 

.. The methods require few equipment components, providing ease of maintenance. 

Selection of truck and shovel mining carries minimal technical risk. Economical and innovative 

road-building methods have overcome problems of movement of heavy, ore-laden trucks in all 

weather conditions. 

Assurance of reliable, continuous feed from truck and shovel mining enables the use of 

hydrotransport methods with only a minimum requirement for buffer storage of ore (to 

accommodate shift changes and breaks). The selection ofhydrotransport of oil sand over traditional 

conveyor systems from the mine Extraction site has several advantages: 

.. The full cost of transportation for hydrotransport is less than that of a conveyor system. 

.. The hydrotransport system presents environmental advantages over open conveyors. 

Hydrotransport is completely enclosed (reducing the ore spillage, and dripping diesel fuel 

and glycol associated with conveyors) and allows a more direct route to the Extraction plant. 

.. Hydrotransport pre-conditions the ore in the pipeline, eliminating the need for conditioning 

drums in the Extraction plant. This simplifies the extraction process, allows bitumen 

separation at 55 oc instead of 70°C to 75 oc and reduces energy inputs to Extraction. 

Emissions associated with energy production are reduced. 

The hydrotransport system is proven technology and presents iittie technical risk. Suncor has nearly 

thirty years of experience with slurry transport and will draw on that experience in the design and 

operation of a hydrotransport system. Additionally, the system is in use at Syncrude and Suncor 

has full access to the technology. 
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1.6 SELECTION OF SITE ACCESS 

The decision to develop the new mine on the east side of the Athabasca River prompted a review 

of the options available to access the site. 

Access to the site must accomplish several purposes: 

• Before mining commences, access is required for the construction of plant and maintenance 

facilities. 

• Means of access must incorporate hot water, hydrotransport and tailings pipelines. 

• Access must accommodate transport of personnel, communications, heavy equipment and 

materials, electricity, fuel oil and waste products. 

The ore body requires pre-clearing and pre-stripping of muskeg, topsoil and overburden, and 

unrestricted movement of mining equipment between Lease 86/17 and Steep bank Mine. After the 

mine is in full production, the access route will be used to transport employees and materials for a 

period of thirty years or more. The shortest route between the new mine and existing facilities 

would have many cost advantages over the long term. 

Four options were studied for accessing the east bank of the Athabasca River: 

• bridge with pipelines on deck, 

• tunnel, 

• bridge with pipeline river crossing, and 

• northern road access with pipeline river crossing. 

For the bridge option, the structure would be located just north of Pond 1 (Tar Island tailings pond). 

At this point the crossing is about 550 m in length and is the shortest route to Lease 97. The bridge 

was designed to carry an empty ore haulage truck, water, hydrotransport and tailings lines and, other 

utilities. This option would allow mobile equipment to move freely between the current operations 

and Steep bank Mine which would facilitate the transition of operations and maximize the use of 

existing mining equipment. 

The tunnel option was sited in a location similar to that for the bridge. Designed for one-way traffic, 

the tunnel would accommodate a tractor-trailer unit, hydrotransport and tailings lines and other 
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utilities. The tunnel has a long construction period (thirty-two months) as well as geotechnical risks. 

Its height and width restrictions would prevent easy movement of mining equipment Over the long

term the tunnel would be expensive to operate and maintain (due to the need for lighting and 

ventilation). Its estimated capital cost is about $9.4 million more than the bridge option. 

The bridge and pipeline river crossing option would permit inclusion of seven pipelines in a single 

trench under 3 m of cover across the Athabasca River in the same location as the bridge. This 

option would make pipeline inspection and maintenance more difficult. Cost of laying the pipelines 

is $8.9 million. The total cost of this option is $7.6 million more than the bridge option. 

The northern road access option proposed accessing Lease 97 via the bridge on Highway 63, 20 km 

north of the Suncor site. This bridge is capable of handling normal provincial highway loads. Two 

bridges (across the Muskeg and Steepbank Rivers) and 20 km of all-weather new road would be 

required in addition to the pipeline crossing of the Athabasca River. One-way travel time from the 

current operation to the new site would be about thirty-five minutes and would offer major 

inconvenience. More significantly return travel time from Fort McMurray would nearly double, to 

2.5 h per shift. This option also opens up considerably more area to environmental encroachment. 

Total cost of this option is $5.6 million less than the bridge option. 

Both the tunnel and the bridge-with-pipeline river crossing options were eliminated on the basis of 

high capital cost. They both require river bank approaches so their environmental impacts would 

be similar. The northern road access option was eliminated due to higher maintenance and travel 

costs, significant increase in travel time for shiftworkers and environmental considerations. 

Later a fifth option was considered: crossing the Clearwater River at Fort McMurray then a new all

weather road north along the east side of the Athabasca River to Steepbank Mine. While the travel 

time from Fort McMurray would be the same as to the current site, movement of personnel and 

equipment between operating sites would be inconvenienced. This option also opens up a 

substantial area to new environmental encroachment. Total cost of this option (including a 

Clearwater bridge, a pipeline river crossing and a new all-weather highway) is considered to be in 

excess of $1 0 million more than the bridge option. This option was eliminated due to a combination 

of costs, travel time and environmental impacts. 

In summary, the first site access option has been selected. 
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1.7 STEEPBANKMINING SEQUENCE 

Previous discussion reviewed the decision-making process that Suncor went through to arrive at its 

fundamental conclusions regarding the need for Steepbank Mine, its location, the technology it 

would use and how to best access the new mine. Subsequently, engineering feasibility studies were 

conducted to develop the proposed Steepbank Mine plan. These studies (together with input from 

public consultations) will be the basis for final design ofSteepbank Mine. Public consultations will 

continue through the planning and construction phases of the mine (see also Section A.3.0). 

This section describes Suncor's plans for Steepbank Mine which will still be subject to modification 

from the consultation and regulatory processes. 

1.7.1 Design Rates 

The following design rates are used for feasibility mine planning and design purposes. For this 

purpose Upgrader yield was conservatively estimated at a nominal 8I %. 

Lease area mined, general sequence 

Cut-off grade of oil sand 

Mine plan duration 

Ore in mine plan 

Average grade of ore in plan 

Average stripping ratio 

Average overburden moved 

Ore feed rate 

Bitumen in feed to cyclofeeder 

Bitumen to upgrader 

Overall bitumen recovery factor 

Upgrading conversion factor 

Upgrader gross product 

U pgrader net product 

Fee Lot I, Lease 97, Lease 25, Fee Lot 3, Lease I9 

8wt% 

2000 to 2020 

1350 Mt 

1I.9% 

0.9 t waste/tore 

57 Mt/y 

8IOO t/ch (tonnes per calendar hour) 
I95 kt/cd 

23 260 tid 
I45 kbpcd (23 000 m3/d) 

I32 kbpcd (2I 000 m3/cd) 

9l.I% 

8I% (nominal) 

107 kbpcd 

IOS kbpcd 

(17 000 m3/d) 

(16 700m3/d) 
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1.7.2 Geology and East Bank Resources 

Geological interpretation and reserves calculation for this Application are based on data from a totai 

of 228 drillholes on the east bank (which includes those holes drilled in 1995 but excludes the 1940 

drillholes). Leases and fee lots specifically evaluated include: 

" Lease 97 

.. Lease 19 

.. Lease 25 

" Fee Lots 1, 2 and 3 

The drill density is approximately 3.3 drillholes per square kilometre. Suncor believes that this drill 

density is sufficient for ore body identification and general characterization, and it is prepared to 

continue with project development on that basis. Suncor intends to continue delineation of the ore 

with additional drilling. Typically, the area representing the first five years of mining would be 

drilled to a density of 30 to 40 holes per square kilometre (depending on the ore body complexity). 

Such density would enable detailed bench design and ore-blending schemes to maximize bitumen 

recover;. 

Details of the geological evaluation are provided in Section C2.0 The oil sand ore body was 

modelled using Mincom Mine Planning software. 

Figure C 1.0-1 depicts the ore bodies identified on the east bank. Table C 1.0~2 summarizes their 

resource potential. The total potential in these ore bodies represents about 3.5 billion barrels of 

recoverable bitumen or about seventy years of production at a rate of 107 kbpcd upgraded crude oil. 

1. 7.3 Selection of Steepbank Mine Plan 

After identification of the general location of the east bank ore bodies, the next step was 

determination of the initial mining sequence for the first twenty-five years of operation .. Five 

strategies were considered, all of which took into account the fact that Suncor had not yet acquired 

Lease 25 (it was acquired in January 1996). In each case the first eight years of mining were on 
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TABLE C1.0-2 

SUMMARY OF EAST BANK RESOURCES 

Ore Body Oil Sand Waste Stripping Ratio Bitumen Years at 

(106 t) (106 t) (t/t) (wt %) 107 kbpcd 

North 940 1200 1.3 11.5 13 

Centre 560 370 0.66 11.5 8 

South 3680 4700 1.3 11.7 51 

Total Resource: 5180 6270 1.2 11.7 72 

Lease 97 because it has the lowest stripping ratio. In addition, each strategy mined the residual 

portion of the Centre pit on Lease 25 (although it was not then owned) for practical mining and 

resource conservation reasons. The strategies are as follows: 

Strategy 1 

Mine south of the Steep bank River 

Maximize mining ofSuncor-owned property (Lease 97, Lot 3, Lease 19) 

Mine a practical portion of Lease 25 in the South ore body 

Strategy 2 

Mine north and south of the Steepbank River 

Mine a portion of Lease 25 North ore body 

Mine a practical portion of the South ore body on Lease 25 

Strategy 3 

Mine south of the Steep bank River 

Maximize mining of Lease 25 in the South ore body 

Strategy 4 

Mine north and south of the Steep bank River 

Mine on Suncor lands only (except in Centre ore body) 
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Strategy 5 

Mine north and south of the Steepbank River 

Mine all of North ore body on Lease 25 

Upon review, Strategy 4 was eliminated because the requisite tailings plan sterilized a significant 

quantity of ore between Lot 3 and Lease 19 West, and creating an impractical mining situation. 

Strategy 5 was also eliminated because it has a relatively high stripping ratio and lower bitumen 

grade. The remaining three strategies were evaluated in detail with an economic analysis. Figures 

C 1.0-2 to C 1.0-4 illustrate the three strategies and Table C 1.0-3 compares the strategies. 

TABLE Cl.0-3 

STEEPBANK MINE SEQUENCE STRATEGY COMPARISON 

Strategy 1 Strategy 2 Strategy 3 

Mostly Suncor leases Mostly Suncor leases Includes ten years of mining on 
Lease 25 

Steepbank River undisturbed Must cross Steepbank 
River Steepbank River undisturbed 

II Least economical 

T 1 1 1 1 • ,....n.1 n mcmues uesanuer m L.V li> 

I ~ligh~l.y ~etter. economics 
man ;::,traregy 1 

I Best .e~~nomics d~~endin~ _on 
acqmsmon cost ot Lease L::> 

Best mine layout with most 
potential for optimization 

Suncor subsequently decided to develop a twenty-year mine plan which incorporated the best 

features of the above three strategies, namely mostly Suncor leases; limit mining to the south of the 

Steepbank River, to reduce environmental impacts; and exclude the requirement for the desander. 

This plan also features low strip ratios in the early years, it entails an easy-to-open site and it does 

not sterilize reserves with waste dumps or facilities. 

The selected strategy mainly mines Lease 97 for the first eight years followed by mining an area that 

includes ore from Lot 3, Lease 19 and a portion ofLease 25. Illustrated in Figure Cl.0-5, it is the 

basis for this Application. Detailed mine planning based on more core hole drilling and other 

information will optimize the strategy over the mine's life. Certain changes have already been 

incorporated as a result of consultation with interested communities. Pit I will now not include the 

"peninsula" area near the confluence of the Steepbank and Athabasca Rivers as originally 



Steepbank Mine Project Application - I5 - Section C I.O 

contemplated. The fact that Suncor acquired Lease 25 in January I996 may result in some 

optimization of the plan post-2007. 

Areas north ofthe Steepbank River and the remainder of Leases 25 and I9 are available for future 

mining and represent a projected resource potential of fifty years at a rate of 107 kbpcd. 

This mine plan recognizes the environmental sensitivity surrounding disturbance of the Steep bank 

River. On the south side of the Steepbank River an undisturbed I 00-m set-back is maintained from 

the top of the escarpment. 

With respect to the Athabasca River, the mine plan specifies removal of ore from the escarpment 

(i.e., the mine "daylights") with the constraint that the intersection with the escarpment be above 

the 1-in-IOO-year flood level (at elevation 241m ASL). The east bank escarpment has a relatively 

gentle slope. The result is that the undisturbed set-back from the Athabasca River exceeds 500 m 

along the length of the Steepbank Mine with the exception of a 2000-m section encountered in the 

third year of mining on Lease 97. In this area a minimum 70-m set-back will be maintained. As 

well, by 2009 that portion of the escarpment will be "rebuilt" with Dyke 10 (constructed with 

suitable overburden materials to elevation of 330m ASL) to a height approximately equal to that 

of the current escarpment. 

Suncor examined and rejected the option of not mining the river valley escarpments (i.e., 

maintaining a I 00-m setback from the top edge of the escarpment). The evaluation showed that 256 

Mt of economic ore would be sterilized, equivalent to approximately 170 million barrels (27 Mm3
) 

of bitumen or 138 million barrels (22 Mm3
) of upgraded crude oil. 

Artist's renderings of Steepbank Mine for the years 2000, 2009, 2015 and 2030 are presented in 

Section A2.0 (Figures A2.0-3 to A2.0-6); these renderings are realistic representations of the mine 

plans described in this Application. Revegetation of waste dumps and dykes, progression of~aste 

dumps and dykes, and infilling of ponds with consolidated tailings as well as advances of mine and 

overburden faces are depicted in these three figures. 

Hydrotransport and extraction processes are discussed in detail in Section C5.0 including the 

decision-making process for selection of the technology. 
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Tailings management, the formation of new landforms and subsequent reclamation are discussed 

in Section D3.0. 

1.8 ECONOMIC VIABILITY, PROJECT COST AND NET BENEFIT 

1.8.1 Economic Viability 

Sun cor has acted to improve the economic viability of its oil sands operation by reducing operating 

costs through new technology and other efficiencies. At the same time environmental performance 

has been improved with substantial investment. Some of these key accomplishments are reviewed 

in Section Al.O. Details of expenditures on environmental initiatives are found in Subsection B2.2. 

Steepbank Mine is expected to result in reduced unit energy and operating costs through the 

introduction of lower-cost technology, namely hydrotransport and warm-water extraction. In 

addition, the 32% increase in production rate will provide economies of scale. Markets for upgraded 

bitumen (in particular the diverse blends produced by Suncor) are available. All of these factors 

combine to indicate a continuing viable operation (tolerant of price uncertainty) and justify the 

$336 million investment in Stcepbank Mine. 

1.8.2 Project Costs 

Capital cost for Steepbank Mine is estimated at $336 million (1996 dollars) and will be internally 

financed by Sun cor Inc. The approximate breakdown of the capital cost expended in the period 1995 

to 2001 is as follows: 

" lease evaluation, engineering, environmental and project management- 1 0%; 

"' mine and access development- 75%; and 

" Extraction and final tails pump house modification - 15% 

Cash costs (including both operating costs and sustaining capital costs) are expected to averag~ $15 

per barrel in 1996 and 1997. Bitumen production is about 40% of the cost. When annual production 

averages 107 kbpcd cash costs are expected to fall to $11 to $12 per barrel. 
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1.8.3 Net Benefit 

The Steep bank Mine development has a positive net socio-economic benefit for Canada, Alberta and 

the region; this analysis is presented in Section E3.0. 

A royalty regime is in place for the leases currently being mined and negotiations continue for a new 

regime applicable to the leases that will form the basis of the next mine. The new royalty regime 

will be based on generic terms announced by the Premier of Alberta on 30 November 1995. 
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C PROPOSED STEEPBANK MINE 

2.0 GEOLOGY AND RESERVES 

2.1 GEOLOGY 

2.1.1 Regional Setting 

Situated in northeastern Alberta, the bituminous sands of the Lower Cretaceous Period McMurray 

Formation contain an estimated 900 billion barrels of bitumen. Approximately 10% of this 

petroleum resource is recoverable by surface mining methods such as those proposed for Steepbank 

Mine. Economical surface-mining is restricted to areas adjacent to the valley of the Athabasca River 

and its tributaries, where erosion has reduced the overburden to 50 m or less. The areal extents of 

the oil sands and the region amenable to surface mining are illustrated in Figure C2.0-l. A 

schematic cross-section of the region's geology and stratigraphy is shown in Figure C2.0-2. 

2.1.2 Regional Geology 

The basement rocks of the region are Devonian Period carbonates and evaporites which were 

deposited on Precambrian granites. An unconformity and a lengthy period of erosion occurred 

between the Devonian and onset of Cretaceous deposition, allowing development of a rugged 

erosional surface in the Devonian limestones which subsequently controlled Cretaceous 

sedimentation within the region. 

Paleogeographic lows on the Devonian deposit surface directed drainage into a northwest-flowing 

river system, where fluvial sediments initially accumulated within the broad river valley. Slowly, 

as the Clearwater Sea encroached upon the region from the northwest, it caused progressively-rising 

water levels. The river system was flooded, resulting first in deltaic marsh conditions followed by 

a large tidal estuary and finally by open marine conditions (Figure C2.0-3). Each of these 

depositional environments exhibited an assemblage of sediments, of which the various sand facies 

acted as reservoirs for the heavy oil of the oil sands. 

An unconformity and erosional surface separates the Cretaceous deposits from the Pleistocene 

glaciation, which covered the region with thick ice for tens of thousands of years until retreating 
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approximately 10 000 years ago. The melting ice left widespread unconsolidated sands, silts and 

clays blanketing the region, on which thin organic and clastic Holocene sediments have developed. 

The geological formation of interest for oil recovery (both by in situ techniques and mining) is the 

McMurray Formation, an up-to-80-m-thick sequence of unconsolidated sands, silts and clays. 

Within the McMurray Formation are laterally-extensive, very-fine-grained to fine-grained sand 

sequences up to 50 m thick which were deposited in wide, accretionary fluvial and estuarine tidal 

channels. These sands form excellent oil reservoirs, with porosities of 30% to 35% and bitumen 

contents ranging from a few percent to over 16% (averaging 11% to 12% by weight). 

2.1.3 Geology of the Steepbank Ore Body 

The exploration drilling, geological modelling and a summary of the geology of the Steepbank area 

and ore body are discussed in the following subsections. Suncor lease holdings have been 

illustrated previously (Figure B 1.0-1 ). 

a) Drilling and Logging 

Drilling on the east bank leases vvas undertaken in the 1940s, 1970s, 1989, 1994 and 1995. A 

drilling campaign is being undertaken in the winter of 1996, the results of which will be available 

by summer 1996. Location of all drillholes is shown in Figure C2.0-4 along with the 1996 hole 

layout. Drilling density is greatest in the Lease 97/Fee Lot I area south of the Steepbank River but 

the quality of some of the data is questionable. Much of the drilling and analytical work was 

completed in the 1940s to standards much different than those required today. 

All holes from recent drilling programs (1989 onward) were cored from the top of the Cretaceous 

into the Devonian. A suite of geophysical logs was run in each hole by a geophysical service 

company specializing in slim-hole logging. Logs obtained included caliper, gamma, density, sonic, 

neutron, resistivity and spontaneous potential. Dipmeter logs have not been run to date. Four 

dipmeters will be run in 1996 holes. Not all logs described in this suite are available from older 

holes. 

b) Core Description, Sampling and Laboratory Analyses 

Core from 1989, 1994, 1995 (and 1 996) drilling was obtained in plastic sleeves, frozen (to preserve 

moisture content) and subsequently sawn in half in the laboratory for sampling and description. 

Then core was correlated with geophysical logs to ensure a consistent and reliable depth reference. 
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Detailed observations were recorded about depositional facies, lithology, sedimentary structures, 

bedding dips, hardness and ore type as well as colour, burrowing, texture, sorting and features of 

potential geotechnical concern. Core descriptions utilize a facies model developed by Suncor for 

the Lease 86117 area and modified for the east bank (Figure C2.0-5). 

Older core descriptions (from the 1940s through 1970s) are of much lower quality, usually lacking 

in geological detail (especially facies descriptions) and require considerable judgement and 

interpretation when used. Data from the 1940s are the least reliable and are used when no other 

information is available. Should subsequent drilling adjacent to 1940s holes confirm results, 1940s 

data will be retained in the database; otherwise the data will be discarded and replaced as more 

complete data sets are obtained from future drilling. 

Samples from recent work ( 1989 onward) were obtained and submitted for laboratory testing. All 

samples were routinely analyzed for bitumen/mineral/water and particle sizes and check samples 

were submitted to verify laboratory precision and accuracy. As well, visual estimates were made 

of bitumen content while describing core as a quick check to identify anomalous lab results. 

Reliable fines data are available only from the 1989, 1994, 1995 (and 1996) data acquisition 

programs. 

During 1994, 1995 (and 1996) special tests for evaluating ore characteristics were undertaken. 

These tests included fluid chemistry, to help predict chemical and process reactions in Extraction 

and Upgrading; extraction processibility, to evaluate recoveries of ore from different depositional 

systems and to obtain data used in ore-blending strategies; and bitumen chemistry, to allow 

comparison of bitumen characteristics (during Upgrading) between the new leases and Lease 86/17. 

Overburden and interburden were tested for sodium adsorption ratios to assist in planning material 

disposal. 

c) Data Quality 

Data from various drilling programs vary considerably in quality. For use in evaluating new leases 

and to assist with planning future drilling, data have been classified as of good, fair or poor quality 

based on the amount of information available from the core descriptions, logs and laboratory 

analyses of core samples. Good-quality data sets are complete and reliable, containing a full suite 

of logs, facies-based core descriptions, bitumen/mineral/water assays and particle size analyses. 

Fluid chemistry, ore processibility and bitumen chemistry data may also be available. Fair-quality 
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data sets are reliable but incomplete, consisting of well logs and bitumen/mineral/water assays. 

Poor-qualit'y data sets exhibit sparse and incomplete information which require rnuch interpretation 

and numerous assumptions. These latter data sets are only used if nothing else is available. 

Geological, geophysical log and laboratory data available from drillholes are summarized in Table 

C2.0-l. 

d) Future Exploration 

Exploration will continue to complete the area's geological information. Actual drilling densities 

required for different stages of exploration and mine planning wiii depend on the complexity of the 

geological setting in different areas of the mine and the information needs for mine planning and 

reserves calculation. As a general guideline a drilling density of 2.5 to 3 holes per square kilometre 

is required for a pre-feasibility study; a density of7 to I 0 holes per square kilometre for a feasibility 

study; a density of 30 to 40 holes per square kilometre to enable five-year mine planning; and a 

density of 90 to 150 holes per square kilometre for one-year to two-year mine planning and 

operational control purposes. This pattern of drilling is similar to that used in existing mining 

operations. 

If required and justified, surface geophysical surveys will be undertaken in the future. None have 

been undertaken to date nor are any planned at this stage. 

Overburden evaluation will continue in 1996 with a sixty-hole drilling program. A test pit program 

will continue exploration for granular materials. Subsequent work will be planned after evaluation 

ofthe 1996 program's findings. 

Baseline groundwater monitoring was conducted in 1995 as part of the EIA. This program will be 

expanded or modified in accordance with AEP A substance release approvals. 

e) Geological Modelling 

Geology has been modelled using the mine planning and mining geology modelling software 

package commercially available from Mincom Inc. This modelling tool is strongly oriented towards 

a mining modei rather than a geoiogical model. Hand-drawn geological cross-sections of 

overburden and ore zones will be prepared when drilling densities have improved following the 1996 

drilling campaign. These will be used to develop a more realistic computer model. 
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Years 

Drilled 

1940s 

1950s 

1960s 

1970s 

1989 

1994 

1995 

1996 

TABLE C2.0-1 

GEOLOGICAL DATA AVAILABLE 

Holes Data Lab 

Drilled Quality Data 

98 Poor/Fair • Bitumen Only 

1 Poor None 

2b Fair BMW Partial c Sieves 

28 Fair BMW Full Sieves 

33 Good BMW Full Sieves 

3 Good BMW Full Sieves 

36 Good BMW Full Sieves 

55 Good BMW Full Sieves 

Logs 

Run 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

1940s holes, although listed as poor quality (due to lost core intervals), were drilled in an area of rich, 
homogeneous ore; data is supported by subsequent drilling. 

1960s holes: two densely-drilled locations (about 15 holes each) counted as two holes. 

BMW: Bitumen, Mineral and Water content 
Partial Sieves: Particle size distributions were either not done or were done on selected intervals 

using unconventional sieve sizes. 

The computer modelling software comprises of a number of interrelated modules as follows: 

• Minescape: a core module; 

• Geodas2: contains the geological database; 

• Stratmodel: provides geological modelling capability; 

• Mine Design: provides mine design capability; and 

• Reserves: calculates reserves. 
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Geological data are stored in a database module (Geodas2) which holds geological horizons, 

bitumen/mineral/water analyses and particle size distribution data. A subroutine in Geodas2 

compares bitumen data from sampled intervals and calculates both ore and interburden zones, 

determining interburden to be aggregated intervals greater than 3 m thick with bitumen content less 

than 8%. 

The geological data are modelled using the Stratmodel module, a three-dimensional stratigraphic 

model for layered deposits. Stratmodel develops a series of fundamental and derived surfaces which 

divide the geological sequence from the topographic surface to the Devonian surface. Fundamental 

surfaces are determined from surface topography, core or log picks; they include topography, top 

and bottom of Clearwater, top and bottom of oil sand, top and bottom of ore, top and bottom of basal 

aquifer, drillhole collars and Devonian surface. These are entered into Geodas2 as geological 

horizons. Derived surfaces are a function of both fundamental surfaces and Geodas2 ore and 

interburden input. They include four ore and three interburden unit tops and bottoms, and various 

user-defined isopachs such as overburden, Clearwater, ore and interburden, and basal aquifer among 

others. Since the Stratmodel surfaces are from a gridded model, the surface may vary slightly from 

some of the data points used to generate the grids. Generated stratigraphic surfaces are reviewed 

and (if necessary) adjusted manually. Ore and interburden units may be discontinuous but they 

always occur in the same sequence from top to bottom. The sequence of ore zones is shown in 

Figure C2.0-18. 

f) Overburden 

Overburden is defined as those materials and lean oil sands which overlie the ore. Materials are 

variable, from muskeg to unconsolidated clays, silts and sands, as well as occasional thin, 

discontinuous, indurated beds. Those materials commonly encountered are summarized and 

described in Figure C2.0-6. For engineering and material utilization, overburden materials have 

been described using the Modified Unified Soil Classification System. Typical uses for overburden 

materials in the mining operation have been summarized in Figure C2.0-7. An overburden isopach 

map is presented in Figure C2.0-8. 

Muskeg forms the top overburden layer and varies in thickness from nil (close to the river valleys) 

to 7.0 min the southeast of the area. Muskeg generally thickens towards the east and south, away 

from the valleys of the Athabasca and Steep bank Rivers. Detailed determination of muskeg volume 

is still to be established. 
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Underlying the muskeg are glacial deposits. In the initial mining area of Pit 1 these deposits consist 

of clayey to sandy glacial tills and glacio-fluvial coarse clastic sediments. The topographic crest of 

the Athabasca River valley separates sediments to the west (characterized by sands less than 5 m 

thick) from an eastward thickening sequence of tills (overlaid by sands and gravels) that reaches a 

thickness of up to 20 m. 

The Clearwater Formation which forms a part ofthe overburden is of potential concern because it 

contains clays (which can act as zones of geotechnical weakness) and sands (which can potentially 

act as shallow natural gas reservoirs). For these reasons this formation is identified in core 

descriptions and mapped to provide information for engineering purposes. An isopach map of the 

Clearwater Formation is presented in Figure C2.0-9. 

The upper part of the McMurray Formation may be included in the overburden if it meets at least 

one of these conditions: if it is very high in fines content; if oil-bearing, if it is too thin or 

discontinuous to mine; or if it is too lean to be designated as ore. 

Preliminary mapping of overburden over a selected area (using test pits) was undertaken in 1995. 

Limited laboratory testing - to characterize materials for grain size distribution and geotechnical 

characteristics - was part of this work. This area is situated in the northeastern region of Pit 1, 

roughly parallel to the Steepbank River. 

No deep, glacially-derived buried channels have been encountered during the exploration work to 

date. 

Sodium Adsorption Ratio tests have been completed on a few selected overburden materials to 

characterize their suitability for disposal or utilization. 

g) Devonian Surface 

On Leases 97,25 and 19 the Devonian surface is extremely rugged with topographic lows evident 

north and south of a northeast-trending central high. Relief of up to 40 m is evident on the south 

flank of the high and up to 20 m on the north flank. Relatively small sinkholes of several tens of 

metres in diameter (similar to those encountered in Lease 86117 Mine) are expected in the Steep bank 

area but will require closely-spaced drilling (typical of pre-production infill drilling) to identify and 

define. The Devonian surface is illustrated in Figure C2.0-1 0. 
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h) Ore and. Interburd.en Zone 

Ore zones of interest for mining are in a sequence of bituminous sands 40 m to 50 m thick (which 

dominate much of the area of the Steepbank) as well as thinner sequences of high-grade material 

close to the escarpment (where overburden is thin). These wide, accretionary, estuarine channel 

sand sequences form rich oil reservoirs. Basal fluvial channel sand sequences (when they act as 

reservoirs) are of interest but they are often water-bearing, forming basal aquifers. 

The floor for practical mining, termed the Base of Ore (Figure C2.0-ll ), may coincide with the 

Devonian but is often above it (especially in Pit 1 ), where lean oii sand, day or water sand occur 

between the Devonian contact and the Base of Ore. 

Top of Ore surface (Figure C2.0-12) indicates the first mineable oil sand. Lows on this surface 

usually outline thick sequences of lean upper McMurray sediments. 

The Ore Zone is the interval between the Top and Base of Ore. In Pit 1, the Ore Zone averages 

about 40 m thick. Two restricted areas near the pit centre have been identified where the ore is 

locally somewhat thinner. Ore thickness on Lease 25 averages slightly over 50 nL An ore isopach 

is shown in Figure C2.0-13. 

Interburden zones are discontinuous and usually have been difficult to correlate stratigraphically 

among core holes. This is not surprising in an accretionary sequence, where repetitive cycles of 

erosion and deposition occurred across the depositional basin, leaving interburdens that are likely 

to be discontinuous and restricted in areal extent. Considerable additional work will be required to 

define interburden zones well enough so that reliable maps or sections can be generated. 

Three cross-sections generated by the Mincom computer modelling system have been presented to 

illustrate the mining geology of the area. Locations for the cross-sections are illustrated in Figure 

C2.0-14 and the cross-sections themselves are presented in Figures C2.0-15, C2.0-16 and C2.0-17. 

i) Aquifers 

Basal aquifers are present in Pit 1 in fluvial sands filling Devonian iows. Minor, thin, discontinuous 

perched aquifers (similar to those found on Lease 86/17) are present within the ore body but do not 

pose any difficulty for mining operations. Basal aquifers have been identified beyond the twenty-
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year mine in the eastern part ofLease 25, on Lease 97 (north of the Steepbank River) and in isolated 

locations on Lease 19. 

The overburden aquifer in the muskeg, glacio-fluvial sands and gravels will be drained by a pattern 

of ditches prior to overburden stripping in a manner similar to that in the current mine (see 

Section C3.4). 

2.2 ORE AND RESERVES 

2.2.1 Ore Characteristics 

The estimated average ore grade for the twenty-year mine is 11.9 wt% bitumen, 17% fines and 

average (D50) particle size of 120 microns. Ore in the initial mine area, mainly on Lease 97/Fee Lot 

1 (Pit 1), grades 11.5 wt% bitumen. The subsequent pit, on Fee Lot 3, Leases 25 and 19 (Pit 2), 

grades 12.2 wt% bitumen. Plant feed can be expected to fluctuate over short time periods (e.g., 

hourly, daily, weekly) depending on the location of the ore being mined. In Pit 1 for example, 40% 

of the ore is less than 11wt% bitumen and 40% is over 12 wt% bitumen. Modelling shows that ore 

within the ore zones varies from lower grades in the upper part to higher grades in the centre to both 

high and low grades in the lower levels, depending on the location. Histograms of grade and 

tonnage distribution within the Pit 1 area are shown in Figure C2.0-18. 

Suncor routinely performs short-range planning in advance of the mine face. Plans are based on 

drilling densities much greater that those used for either feasibility studies or long-range planning 

as previously discussed in Subsection 2.1.3 .d. 

Insufficient data are available to generate a reliable fines model for the east bank pits. Additional 

data will be acquired as exploration proceeds. In general, highly-elevated fines content in the ore 

can contribute to reduced bitumen recovery. 

2.2.2 Pit Boundaries 

Pit boundaries were determined by a method which calculates net cost per barrel of bitumen 

production (Net Cost) and verified by a method employing the ratio of the total volume of all 

material to be removed (overburden, interburden and ore) to the total volume of bitumen in place 

(TV /BIP). For feasibility purposes, mining costs of $2.40 per bank cubic metre for all materials 

handled and extraction costs of $1.50 per barrel of bitumen recovered were used. A Net Cost 
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contour of $6.50 per barrel was used to define the pit and a TV/BIP ratio of 12 was used for 

comparison. An adjustment was made to pit boundaries for a 100-m set-back from the Steepbank 

River. The pit was evaluated further in terms of ore zone thickness, stripping ratio and overall 

practicality of mining. A simple pitwall definition (consisting of one overall slope for oil sand and 

one overall slope for overburden ) was used with implicit allowance for berms. The pit limit is 

shown as a crest along the Steepbank River and a toe elsewhere. Figures C2.0-19 and C2.0-20 

illustrate the extent of the mine pit determined by each of these methods. Given the density of 

drilling, these pits are essentially the same. 

2.2.3 Reserve Potential 

Reserves were calculated using the Reserves module ofMincom Minescape mine modelling system 

software. The pits (defined from the Net Cost modelling) were divided into 200 m x 200 m blocks 

with vertical internal walls except at the pit boundaries where the pit wall was used. At lease 

boundaries vertical walls were used. It was assumed that there would be no dilution from 

overburden, interburden or pit floor material. Dilution of ore-grade material by sub-grade material 

(contained within the ore zone) is included in the reserve calculations. 

Total volume of bitumen in-place for Pit 1 is 63 Mm3 (396 million barrels) and for Pit 2 it is 96 

Mm3 (604 million barrels). Additional details about reserves, tonnages and volumes are presented 

in Table C2.0-2. 

These volumes are based on modelling of relatively-sparse core hole data: Pit 1 densit'j is 7.1 holes 

per square kilometre and Pit 2 density is 2.8 holes per square kilometre. These bitumen resources 

are classified as potential reserves. Suncor believes that this drilling density is sufficient for ore 

body identification and general characterization and it is prepared to continue with engineering 

design toward mine development. Delineation work is continuing with additional core drilling to 

be completed during the winter of 1996 and further drilling planned for subsequent years. The 1996 

drilling program will increase drillhole density in Pit 1 to 11 to 12 holes per square kilometre, 

allowing reserve classification to be upgraded to a probable category. Drillhole density in Pit 2 will 

be increased to 3.2 holes per square kilometre. Future drilling will both permit reclassification of 

reserves into a proven category and will provide detailed geological data to facilitate mine planning. 

Future exploration and development will follow operating criteria similar to that for current mining 

operation on Lease 86/17. 
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TABLE C2.0-2 

POTENTIAL OIL SAND RESERVES- PIT 1 AND PIT 2 

Pit 1 Pit 2 Total 

Oil Sand 

Mass (Mt) 553 796 1349 

Volume ( M bank m3
) 263 379 642 

Grade Bitumen (wt%) 11.5 12.2 11.9 

Bitumen in Place (Mm3
) 63 96 159 

Bitumen in Place (Mbbl) 396 604 1000 

Recoverable Bitumen at 91% (Mbbl) 360 550 910 

Upgraded Crude Oil at 81% Yield 292 446 738 

Interburden 

Mass (Mt) 55 99 154 

Volume (M bank m3
) 26 48 74 

Grade Bitumen (wt%) 4.8 3.4 3.8 

Overburden 

Mass (Mt) 176 445 621 

Volume (M bank m3
) 84 212 296 

Lean Oil Sand Overburden 

Mass(Mt) 132 258 390 

Volume (M bank m3
) 63 123 186 

Total Waste 

Mass (Mt) 362 805 1167 

Volume (M bank m3
) 173 383 556 

Indicators 

Overall Strip Ratio (t waste/tore) .65 1.01 .86 

Material Moved per bbl Upgraded Crude 3.1 3.6 3.4 

Oil (t/bbl) 
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2.2.4 Implications of Ore Grade Cut-Off 

In its feasibility planning Suncor has used an 8 wt% bitumen content to delineate the ore body. The 

implications of using a lower-grade cut-off are considered in the following discussion. 

Suncor believes that Steepbank Mine contains an important quantity of ore between 6 wt% and 8 

wt% bitumen. The mine plan was based on a minimum 8% bitumen ore definition for what would 

be considered preliminary ore body definition drilling. Ore body definition for lower-grade cut-offs 

does not presently exist and the effects on average bitumen content and fines content are not 

quantified. 

Low-grade (6 wt% to 8wt %) ore is generally found at the top of the ore body (the majority), in an 

interburden layer or at the base of the ore body, and is the product of different depositional 

environments. The following is the estimated portion of low-grade ore by depositional type for 

Pit 1. 

Top of Ore Body 

Interburden 

Base of Ore Body 

Estimated Portion 
of Low-Grade Ore 

60% 

20% 

20% 

Deposition Type 

Lower Estuarine 50% 
Upper Estuarine 50% 

Fluvial 

The three facies in which low-grade ore ( 6 wt% to 8 wt%) may occur have different processing 

characteristics: 

Lower Estuarine: Low-grade oil sand, generally contains dispersed fine clay particles with some 

underbedding. Losses to reject are low, but losses to fine tailings become significant. 

Upper Estuarine: Low-grade oil sand is interbedded with structural clays. These clays are generally 

hard and plastic and they contribute to high reject losses due to plugging of vibrating screens in the 

Extraction system. 
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Fluvial: Low-grade oil sand with high (10% to 12%) water content occasionally lies between rich 

ore and limestone in thicknesses reaching 20 m. The oil sand is medium-grained with low fines and 

the ore is quite suitable for processing. 

Thus, the majority of low-grade ore presents difficulties for processing. There are a number of key 

implications of processing lower-grade ore including the following: 

Recovery Factor on Low-Grade Ore 

Recovery of bitumen from low-grade ore can be expected to be significantly reduced. Suncor has 

limited experience with low-grade ore at its operation but it has access to Syncrude data which 

indicate a range of overall recovery from 77% to 85%. In a hydrotransport system test (with 8.6% 

bitumen and 30% fines) overall recovery was 80%. Suncor's extraction process (although similar) 

is not directly comparable to Syncrude's and thus may not perform as well for high fines ore without 

modifications: the overall recovery factor is expected to be lower. Suncor believes it would be 

difficult to maintain the committed 91.1% overall recovery factor with a lower-grade cut-off. 

Tailings Losses 

Introduction of lower-grade ore would increase tailings losses. In particular, production of fine 

tailings and unrecovered hydrocarbon would increase. 

Environmental Impact 

The environmental impact of introducing low-grade ore would be greater due to increased energy 

use (both to process more ore and to handle and reclaim more tailings). 

Economics and Conservation 

There is a negative impact on economics (because of increased energy and tailings management 

costs) generated by processing low-grade ore. Suncor's objective is to optimize the economic value 

of Steepbank Mine; the company is therefore motivated to mine the next most economic to~ne of 

oil sand at the margin. Mining costs increase with time because the mine stripping ratio increases 

with time, making future tonnes progressively less favourable. Therefore, Suncor is motivated to 

capture each economic tonne as it mines. Thus, conservation interests are well-served by economic 

interests. Suncor will mine all ore on the basis of economics not grade. Once ore is stripped, as long 

as the recovered oil produces a meaningful margin over costs, the ore will be mined. 
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Suncor recognizes that this issue needs further analysis. Tasks identified for this analysis include 

the following: 

.. obtain additional drillhole data; 

" establish the quantity and quality of oil sand in the low-grade category; 

" determine the processability of low -grade oil sand, and the overall bitumen recovery factor 

in both the present extraction process and the future hydrotransport/extraction system; 

.. determine the effect of blending low-grade ore on processability and recovery factors; 

" quantify the impact of the introduction of low-grade ore on energy usage, the environment 

and tailings management; 

" evaluate process modification options; and 

.. define economic criteria for low-grade cutoff. 

Suncor has formed a task force to pursue this work plan and the company will keep the AEUB 

advised with respect to progress. 
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Figure C2.0-7 Overburden Material Use by Class 
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C PROPOSED STEEPBANK MINE 

3.0 DEVELOPMENT PLAN 

3.1 MINE PLAN 

3.1.1 Introduction 

Previous discussion described the sequence of decisions leading to the selection of the Steep bank 

Mine area for development, the selection of technology to be employed and the subsequent 

formulation of a twenty-year mine plan supported by geological description. This section explains 

the general layout of the proposed mine, the sequence of development and operational events and 

the creation of new landforms in the course of operations which will lead to eventual reclamation. 

As well, the transition plan from existing operations to full operation at Steepbank is discussed. 

An overview ofSteepbank Mine operations is presented in Subsection A2.3. In brief, land will be 

readied for mining with pre-clearing and drainage, overburden will be removed and ore will be 

mined with truck and shovel methods. The ore will be transported to truck dumps where it will be 

crushed and conveyed to a surge bin. From the surge bin ore will be conveyed to a cyclofeeder 

where it will be prepared for hydrotransport as a slurry by mixing with warm water. Subsequently, 

the slurry will be pumped to modified existing Extraction facilities for recovery of bitumen. 

Hydrotransport, extraction of bitumen and formation of tailings are discussed in Section C5.0. 

Management of overburden soil and waste volumes, tailings, recycle water and wastewater will 

require construction of landforms such as dumps and dyke containment ponds. Detailed 

management of tailings, conversion to a consolidated tailings system and reclamation of landforms 

for both the existing Lease 86/17 and Steepbank Mine is presented in Section D3.0. 

Initial access to the Steepbank Mine site will be by winter ice bridge and summer barge for the years 

1997 and 1998. Bridge access will be available in 1999, or sooner. 

3.1.2 Mine Plan Basis 

Parameters used in the design of Steepbank Mine are either those used successfully in the existing 

mine operation or those that have been developed specifically for the proposal (based on sound 
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logistical and engineering concepts in conjunction with existing practices). Key mine-planning 

criteria are listed in Table C3 .0-1. 

It is to be expected at this stage of Steep bank Mine planning (before completion of all of the detail 

engineering) that issues will arise which have not yet been addressed. Similarly, actual details of 

the mining-suitable pit limits, ore and overburden volumes and detail mine plans will change as the 

continuing drilling program identifies previously-unknown features of the oil sand deposit. Once 

mining operations commence opportunities will occur to improve both operational and 

environmental performance and to reduce costs through technological changes and other appropriate 

initiatives. 

Therefore, it is Suncor's intent (where practical) to outline both the guidelines and basic criteria that 

will be used in the mine plan. This is done with the expectation that future monitoring and evaluation 

will employ these criteria rather than comparison with specific detailed design in each instance. 

With respect to construction of landforms, dumps and containment dykes, Suncor has developed 

extensive design, construction, monitoring and remedial practices over the years. These practices 

and the security of all landform structures are audited by an expert review panel on a regular basis. 

Suncor proposes to continue with that practice at Steepbank Mine. Specific design criteria and other 

practices relating to landforms are discussed further in Sections C3.3 and D3.0. 

The mine plans referred to in the following sections are preliminary and are subject to change. 

Certain changes have already been incorporated into the mine plan as a result of consultation with 

interested communities. For example, Pit 1 will now not include the "peninsula" area near the 

confluence of the Steepbank and Athabasca Rivers as was originally contemplated. That decision 

recognizes the environmental sensitivity of the Steepbank River area. 

3.1.3 Clearing 

For this and following subsections, refer to the following: 

Figure C3 .0-1, a topographic map of Steep bank Mine showing final pit limits, dumps and 

facilities, topographic features, wetlands and watercourses. 
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TABLE C3.0-1 

KEY MINE-PLANNING CRITERIA 

Item Criterion 

Plan duration 20 y from 2000 

Upgraded crude oil production (gross) 107 kbpcd (17 km3/cd) 

Upgrader yield 81% (nominal) 

Bitumen required 132 kbpcd (21 km3/cd) 

Overall bitumen recovery 91.1% 

Bitumen required in ore 145 kbpcd (23 km3/cd) 

Ore required 8100 t/ch 

Ore stream capacity 10 000 t/h 

Bench height (nominal) 15m 

Safety berm: 

• at overburden and oil sand 30m 

interface 

• at every second bench in oil 10m 

sand 

Overburden slope angle 2r 
Oil sand slope angle 45° 

Minimum ore grade 8wt% 

Minimum thickness of recoverable oil sand 3m 

Minimum thickness of interburden removed 3m 

Dilution or ore losses 0% 

Mining recovery 100% 

Dyke construction materials Overburden 

Landform design criteria See Sections C3.3 and D3.0 

Tailings management Consolidated tailings integrated with Lease 

86/17 

Recycle water Pond 2/3, Lease 86/17 

Cyclofeeder oversize reject 3 wt%, disposed in pit 

Pond space contingency 8 mos available each 1 May 

Reclamation plan See Section D3.0 
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" Figure CJ.0-2, an overall layout plan ofSteepbank Mine and Suncor's current operations. 

" Figure C3.0-3, an aerial photo showing Steepbank Mine area. 

" Figures C3.0-4 to C3.0-15, proposed Steepbank Mine sequence plans showing the mine 

advance for the first six years, then for subsequent maximum three-year intervals. 

Prior to either mine development or facility construction, land will have to be cleared of muskeg and 

root-bearing materials. In areas where overburden dumps and site facilities are constructed all trees, 

roots and organic materials will be removed from the surface. Commercial trees will be recovered 

and sold. Initial clearing will begin in 1997; for the mine plan a total of 3 850 ha wiil be cleared. 

Surface topography of the proposed mine development area is such that the area is naturally drained; 

therefore, pre-drainage will not be required except in isolated instances. In the initial mining area 

(Pit 1) only minor basal aquifer sands exist and no major dewatering is anticipated. More significant 

basal aquifer sands occur in the Pit 2 area and these will have to be defined further. 

Surface soils will be either stockpiled for reclamation purposes or applied directly to areas 

undergoing reclamation. (See Section D3.0 for discussion of vegetative cover and soil construction.) 

3.1.4 Overburden Removal 

Pre-stripping of overburden with truck and shovel methods would commence in 2000 with the 

removal of 10.5 Mt of material. This material (except for muskeg soil) will be either used for access 

road construction (to the North Dump) or placed in the North Dump itself (Figure C3.0--5). 

Placement of material in the North Dump will be completed in 2003 by which time Dyke 10 

construction will have begun (Figure C3.0-7). 

Table C3 .0-2 provides a schedule for projected overburden (and ore) production by year. Table 

C3.0-3 provides a proposed destination schedule for waste materials over the twenty-year mine plan. 

Scheduling of overburden removal is based on a six-month lead time to mining of ore. 

Approximately 40% of overburden waste will be used for dyke construction. Granular materials will 

be segregated for use when required as construction materials. A small amount of unstable 

Clearwater silt material will be placed in pit. Muskeg soil will be stored for reclamation use in 

suitable out-of-pit waste areas. 

Annual one-way haul distances for overburden will range from 1.7 km to 3.4 km, averaging 2.5 km. 
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YEAR Pit 1 

(Mt) 

2000 10.5 

2001 10.5 

2002 29.4 

2003 29.4 

2004 29.4 

2005 58.8 

2006 58.8 

2007 69.3 

2008 58.8 

2009 7.3 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

TOTAL/ 362.2 

AVERAGE: 

TABLE C3.0-2 

MATERIALS HANDLING SCHEDULE 

TOTAL WASTE 

Pit2 Total Oil Sand 

(Mt) (Mt) (Mt) 

10.5 2.3 

10.5 23.8 

29.4 72.6 

29.4 73.4 

29.4 74.3 

58.8 67.4 

58.8 72.4 

69.3 72.1 

58.8 73.7 

51.5 58.8 63.9 

58.8 58.8 71.1 

69.3 69.3 69.6 

73.0 73.0 70.2 

73.0 73.0 60.8 

73.0 73.0 69.2 

73.0 73.0 69.5 

73.0 73.0 72.0 

73.0 73.0 64.1 

73.0 73.0 64.0 

73.0 73.0 69.1 

73.0 73.0 70.8 

836.6 1198.8 1346.3 

Section C3.0 

ORE 

Operating Grade 

Strip Ratio o/o 

(t/t) Bitumen 

4.6 10.3 

0.4 11.8 

0.4 11.6 

0.4 11.5 

0.4 11.4 

0.9 11.5 

0.8 11.6 

0.9 11.7 

0.8 11.5 

0.9 12.2 

0.8 11.9 

1.0 12.0 

1.0 12.0 

1.2 12.8 

1.1 12.1 

1.1 12.1 

1.0 11.8 

1.1 12.1 

1.1 13.1 

1.1 12.2 

1.0 11.9 

0.9 . 11.9 



TABLE C3.0-3 
PROPOSED DESTINATION :SCHEDULE FOR WASTE QUANTITIES 

~·-- - .. -- --· ...... -
DYKE CONSTRUCTION WASTE DISPOSAL 

Year -
Dyke 11 Dyke lla Dyke Hb Dyke 12 Sub- % Pond 7 Pond 8 North East West South Muskeg Sub-

Total 
Dyke 10 Dyke lOa Waste 

Total to Dump Dump Dump Dump Disp. • Total 
Dyke Waste Mt 

Mt Mt Mt Mt Mt Mt Mt Mt Mt Mt Mt Mt Mt Mt Mt . 
2000 10.2 0.3 10.5 10.5 -
2001 1.0 1.0 9 9.2 0.4 9.6 10.5 

-
2002 7.7 7.7 26 12.8 8.4 0.4 21.7 29.4 

-
2003 14.6 14.6 50 14.4 0.4 14.8 29.4 

2004 15.8 15.8 54 1.8 8.6 2.9 0.4 13.6 29.4 
-

2005 20.6 20.6 35 1.8 16.2 19.9 0.4 38.2 58.8 

2006 34.1 34.1 49 1.8 11.2 21.8 0.4 35.2 69.3 -
2007 22.3 9.6 31.9 54 1.8 4.2 20.6 0.4 26.9 58.8 -

' 
2008 14.5 3.5 18.0 31 1.8 6.0 32.6 0.4 40.8 58.8 -
2009 12.0 9.7 21.7 37 1.8 20.0 14.9 0.4 37.1 58.8 -
2010 5.0 33.0 38.0 65 !.8 18.6 0.4 20.8 58.8 

-
20il 37.5 37.5 54 1.8 29.7 0.4 31.9 69.3 -
2012 2Ll 21.1 29 1.8 49.7 0.4 51.9 73.0 -
2013 10.2 0.8 11.0 15 1.8 59.8 0.4 62.0 73.0 

-
2014 15.9 2.0 l7.9 24 1.8 53.0 0.4 55.2 73.0 -
2015 4.0 21.6 25.6 35 1.8 45.2 0.4 47.4 73.0 -
2016 3.0 6.0 1.0 10.0 14 1.8 60.8 0.4 63.0 73.0 

-
2017 5.0 33.5 38.5 53 34.1 0.4 34.5 73.0 -
20!8 24.2 12.7 36.9 51 30.0 0.4 36.1 73.0 

-
2019 7.0 38.4 45.4 62 15.3 0.4 27.7 73.0 

2020 36.0 36.0 49 24.6 0.4 37.0 73.0 

Muskeg disposal volumes are preliminary estimates. 
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3.1.5 Mining of Ore 

Mining of oil sand with truck and shovel methods will commence in 2000 in an area immediately 

east of the truck dump (Figure C3.0-4). In 2002 and 2003 the northern part of Pit 1 will be mined 

to provide room for the placement of overburden in the North Dump (the precise sequence remains 

to be established pursuant to the decision not to mine the "peninsula" area). As well in 2001 through 

2004, ore will be removed from the footprint of Dyke 10. This sequence will allow for early 

construction of the dyke. After the footprint is exposed the mining faces will advance to the 

southeast corner of Pit 1. 

In 2008 the truck dump and the crushers will be relocated to the northwest boundary of Pit 2 and a 

5 km conveyor extension will be built to the cyclofeeder area. By the middle of 2009 oil sand 

mining in Pit 1 will be completed and production from Pit 2 will be phased in. Development of Pit 

2 will be similar to that of Pit 1 (i.e., oil sand will be removed from the escarpment area in the early 

years to open up an area for a dyke footprint). Mining then will proceed in an easterly direction. 

Table C3.0-2lists projected annual ore quantities. Annual one-way ore haul distances would range 

from 1.5 km to 4.2 km, averaging 2. 7 km. 

While the mine plan was developed prior to the acquisition of Lease 25 (in January 1996) little 

change in the plan prior to 2007 is expected as a result of the addition. The major contribution of 

this acquisition will be the availability of resources provided by Lease 25 for the period following 

2020. 

This plan assumes a transition period of approximately fifteen months (from the third quarter 2000 

to the beginning 2002) and then the new mine will be at full capacity. 

3.1.6 Dumps, Dykes and Pitwalls 

Two types of landforms will be constructed in the course of mine operations: dykes assembled for 

the impoundment of tailings; and waste dumps required for the placement of surplus overb1Jrden 

materials. 

Waste dump and dyke foundation areas will require preparation to ensure their stability. On dry 

waste dump sites the surface will be cleared and grubbed. On wet dump sites all unstable or 

muskeg-type material will be removed. The west toe of the west dump (in the area between Pit 1 

and Pit 2 west of the relocated truck dump) would be located in a wetland area (Shipyard Lake) 
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which contains muskeg. In 2004, 600 000 m3 of muskeg will be removed and stored for reclamation 

purposes. The foundation will be prepared in the winter (when the wetland is frozen) to avoid undue 

drainage. Yearly dump elevation changes would be 10 m to 20 m; slopes would be 3H: 1 V (three 

horizontal units to one vertical unit). 

Currently tailings on Lease 86/17 are stored in ponds enclosed by dykes. The extraction process 

creates tailings that have a swell factor of 30% (ratio of tailings volume to ore volume). There is 

insufficient overburden material to construct the dykes needed to contain these tailings volumes; 

therefore, tailings sand must be used for dyke construction. 

With the introduction of consolidated tailings technology, the swell factor will be reduced to near 

zero, and the need for using sand for dykes will be eliminated. The Steepbank Mine dykes (to 

contain consolidated tailings and water) will be constructed entirely of overburden materials. 

Generally, annual dyke elevation changes would be 20m to 30m. Overall dyke slopes would be 

3H:lV, with 30m-wide tops. 

Pitwalls (both overburden and lean oil sand) also form part of the containment perimeter for tailings 

ponds. The overall pitwall slope angles for overburden and oil sand would be 27° and 45° 

respectively. 

Figure CJ.0-16 shows typical plans and cross-sections for dumps, dykes and pitwalls. Detailed 

cross-sections for dykes and dumps will be provided after final design for specific dyke/dump 

approvals as required. Geotechnical considerations for dumps, dykes and pitwalls are discussed in 

Subsection C3.3. 

Final design of dykes and dumps will incorporate features to enhance their use for wildlife habitat 

whenever possible. 

3.1.7 Ponds 

Two major disposal ponds for placement of consolidated tailings will be established at Steepbank 

Mine, one each in Pit 1 and Pit 2 (refer to Figures CJ.0--4 to CJ.0-16). Nomenclature for dykes and 

ponds at Steepbank Mine will continue the sequence presently used on Lease 86/17. These ponds 

will contain consolidating tailings and the water released in the process of consolidation. 
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a) Steepbank Pond 7 (Pit 1) 

Dyke 10, the primary dyke enclosing Pond 7 in mined-out Pit 1, will be built to elevation 330m 

ASL entirely of overburden (lean oil sand and clay). Construction will begin in 2002 and will be 

completed in 2010. The strike ofDyke 10 will be configured to allow a 70 m right-of-way between 

the overland conveyors (to be installed in 2008) and the toe of the dyke. This right-of-way will be 

occupied by the main haul road from 2003 to 2009 and then by tailings pipelines from 2015 to 2020. 

The first consolidated tailings line into Pond 7 will be operational in 2007. As Pit 1 will not be 

completely mined out until mid-2009, interim Dyke 1 Oa will be constructed across the pit bottom 

to establish Pond 7a to the north. Dyke 1 Oa will be built to elevation 300 m ASL during 2007 and 

2008 for storage of tailings in Pond 7a through 2009. The second and third CT lines will be placed 

in Pond 7a/7b in 2008 and 2009 respectively. Pond 7a will be full to elevation 297m ASLin the 

fourth quarter 2009 and Pond 7b will be full by the fourth quarter 2011, when the two ponds will be 

merged. Pond 7 will be full to elevation 327m ASL by the second quarter 2017. A water return 

system from Pond 7 (initially 7a) to Lease Pond 2/3 on Lease 86/17 will be required beginning in 

2007. Figure C3.0-17 shows a typical mine tailings plan for 2009. 

b) Steep bank Pond 8 (Pit 2) 

Pond 8 will eventually be enclosed by two major dykes: Dyke 11, enclosing the pond to the west 

and Dyke 12 to the east. Construction on the north-south portion of Dyke 11 will begin in 2009. 

The east-west portion of the dyke will be set back 200 m to 300 m from the pitwall to allow ore 

truck access to the sizers. 

The first consolidated tailings line into Pond 8 will be run in 2015 and because Pit 2 will not be 

mined out until 2020, interim Pond 8a will be established. Beginning in 2014 and through 2017 

interim Dyke 11 a will be constructed north-south across the pit bottom, from Dyke 11 to the south 

pitwall. Final height of Dyke 11 a will be elevation 310m ASL. The resulting enclosed Pond 8a will 

store consolidated tailings through 2018. Both the second and third consolidated tailing lin~s will 

be relocated from Pond 7 to Pond 8a in 2016 and 2017 respectively. Figure C3.0-18 shows a typical 

tailings plan for 2015. 

Construction will begin on Dyke 11 b in 2015. The dyke's northern toe will be off-set from the 

pitwall 200 m to 300 m to allow ore truck access to the sizers. Dyke 11 b will be essentially an 

eastward continuation of Dyke 11 but it will be constructed only to elevation 310 m ASL, the same 
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as Dyke 11 a. In 2017 construction will begin on Dyke 12 from the south pitwall north to connect 

with Dyke I lb. Three dykes- lla, 11b and 12- will enclose Pond 8b. In 2019 two CT lines will 

be extended from Pond Sa into Pond 8b. By the end of2020 Dyke 12 will be at elevation 320m 

ASL and Dykes 11 a and 11 b completed to elevation 31 0 m ASL. Both Pond 8a and 8b will be at 

elevation 301 m ASL, nine metres below the lowest surrounding dykes. Figure C3 .0-15 shows 

landforms at the end of the mine plan in 2020. The reclamation plan for these landforms is 

discussed in Section D3.0. 

This proposed configuration of dykes around Pond 8 represents a potential five to six years of 

additional tailings storage volume of200 Mm3 in the pond post-2020. This capacity would allow 

continued mining on the east bank. 

3.1.8 Steepbank Tailings Disposal 

Section D3.0 presents the integrated tailings management and reclamation plan for Lease 86117 and 

Steepbank Mine including annual material balances. Three tailings lines (610-mm diameter) will 

cross the bridge initially to the Steepbank ponds, one each in 2007, 2008 and 2009. During dyke 

construction interior ramps will be constructed for CT line access to the bottoms of the ponds. In 

2007 a water recycling return line will be installed to Pond 2/3 on Lease 86/17. 

3.1.9 Limestone and Granular Material 

Limestone for the purpose of flue gas desulphurization (at the Utilities plant) and haul road 

construction will continue to be extracted from a pit on Lease 86117. While some limestone is 

present in Steepbank Mine a detail plan for its exploitation has not been developed as total limestone 

requirements are not fully identified. Availability of suitable granular materials for construction 

purposes will be determined from results of continuing drilling. 

3.1.10 River Set-Back Design 

This mine plan recognizes the environmental sensitivity surrounding the disturbance of the 

Steepbank and Athabasca Rivers. On the south side of the Steepbank River a 100-m set-back from 

the escarpment crest will be maintained along the mine. Preliminary drilling assessment indicates 

that a relatively small amount of resources would be sterilized with this pian. As stated previously, 

Suncor extended the mining set-back to the peninsula area due to both the area's environmental 

sensitivity and the marginal resource potential. 
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With respect to the Athabasca River, the mine plan will remove ore from the escarpment (i.e., the 

mine "daylights") with the constraint that the intersection with the escarpment be well above the 

1-in-1 00-year flood level, at elevation 241 m ASL. The east bank escarpment has a relatively gentle 

slope. As a result the undisturbed set-back from the Athabasca River will exceed 500 m along the 

length of Steepbank Mine, with the exception of a 2000-m length encountered in the third year of 

mining on Lease 97. In this area, a minimum 70-m set-back will be maintained. By 2009 that 

portion of the escarpment will be "rebuilt" with Dyke 10 to elevation 330m ASL (approximately 

the height of the current escarpment) and will be reclaimed. 

Figure C3.0-19 illustrates details ofthe set-back plan for the Steepbank and Athabasca Rivers. 

Artist's renderings ofSteepbank Mine for 2000,2009,2015 and 2030 are presented in Figures A2.0-

3 to A2.0-6. 

3.1.11 Mine Road Design 

Haul distance for overburden to placement areas will range from 1.7 to 3.4 km, averaging 2.5 km 

over the mine life. For ore the haul distance will range from 0.4 km to 4.2 km, averaging 2.7 km. 

Main haul roads will be classed as "permanent" if they are to be used for a substantial period; others 

will be classed as "temporary". During the twenty years of mining construction of 30 km of 

permanent roads and 125 km of temporary roads will be required. 

The proposed haul road design for the 218-t trucks is based on experience gained on Lease 86/17. 

Basic road construction specifications are as follows: 

Maximum haul road grades 
Minimum running surface 
Safety berm height 
Grade on surface for drainage 
Minimum ditch depth 
Ditch wall slope 

6% ( 10% short -distance and temporary roads) 
30m 
1.5 m 

1% 
0.5 m 
1H:1V (45°) 

Efficiency and effectiveness ofthe truck and shovel fleet will vary depending on the quality of the 

running surfaces constructed and maintained. Road construction will be based on the following 

criteria: 
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Permanent road 
Temporary road 
Bench road 

Surface 
(Crushed Gravel/ 
Clay Mixture) 
(<75mm) 

0.3 m 
0.3 m 
N/A 

- 45-

Base 
(Pit Rum 
Limestone) 

2.0m 
1.3 m 
N/A 

Section C3.0 

Sub-Base 
(Compacted 
Till or Oil 
Sand) 

l.Om 
1.0 m 
1.0 m 

Based on experience at the current operations, weather delays can be expected to minimally impact 

production. 

3.1.12 Transition Sequence and Schedule 

Production from Steepbank Mine is expected to begin by 2000 and increase to full production 

capability (107 kbpcd equivalent) by the end of 2001, at which point Lease 86/17 reserves will be 

exhausted. A fifteen-month transition window will allow sufficient time to resolve start-up 

problems and to bring the mine up to its design capacity. The first hydrotransport line will start up 

at 50% capacity by fourth quarter 2000. A second hydrotransport line will start up by third quarter 

2001. By the end of2001 both lines should be at 100% capacity. 

A number of construction projects and a new bridge must be completed before the new mine can be 

brought into production. A best-estimate transition schedule is presented in Figure C3.0-20. Suncor 

is seeking pportunities to accelerate this schedule. 

3.1,13 Mining Equipment 

Truck and shovel methods will be used to excavate overburden and mine ore. The loading fleet will 

comprise cable shovels (44m3
) and hydraulic shovels (23 m3

). Front-end loaders will be used to 

remove muskeg, for clean-up, and to load trucks for road-building. The haulage fleet will consist 

of large (218-t) trucks for overburden and ore and smaller trucks for muskeg removal and hauling 

road materials. Support equipment will be required for dyke construction, road maintenance and 

tailings placement. Table 3.0-4 presents an outline of projected equipment requirements. 

3.L14 Blasting 

Blasting of overburden and ore bencht:s wiil bt: used to reduce the irnpact of frost on mine 

productivity in the months December to March. Occasionally, summer blasting of ore benches will 

be used to improve productivity on hard faces. 
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For overburden a hole depth of two metres will be used on a 3.7 m x 3.7 m pattern. In ore a hole 

depth of two metres will be used on a 2.4 m x 2.4 m pattern. 

TABLE C3.0-4 

STEEPBANK MINE: PROPOSED MAJOR MINE EQUIPMENT REQUIRED 

Year 

Mine Equipment 
2002 2008 

Cable Shovel (44m3
) 4 5 

Hydraulic Shovel (23m3
) 2 2 

Hydraulic Shovel (17m3
) 1 1 

Front-End Loader (11 m3
) 3 3 

Front-End Loader (Forks) 1 I 

Truck (218 t) 20 38 

Truck (85 t) 3 4 

Dozer (127 kW) 2 2 

Dozer (Sideboom) (212 kW) 1 1 

Dozer (388 kW) 9 11 

Grader (4.9 m) 4 9 

Water Truck 2 3 

Rubber Tire Dozer-Compactor 1 3 

Rubber Tire Dozer - Clean-up 2 3 

Backhoe (3m3
) 3 3 

Frost blasting will be done with a powder factor of about 0.9 kg/ t blasted. Based on Suncor's 

extensive experience with frost blasting technology and the relatively small volumes of explosive 

used, there will be no adverse impact (geotechnical, noise or dust) from blasting on the areas 

surrounding the mine. 
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3.2 MINING ACTIVITY BEYOND 2020 

When mining of Pit 2 is completed in 2020 significant ore suitable for mining will remain in the east 

bank ore bodies. Initial resources in the North, Centre and South ore bodies total over 5 billion 

tonnes oil sand at 11.7 wt% bitumen. The twenty-year mine plan projects extraction of 1.2 billion 

tonnes at 11.9 wt% bitumen. Thus, fifty years worth of resource (at a production rate of 107 kbpcd 

upgraded crude oil) will remain located on Leases 25 and 19 and north of the Steepbank River. The 

dyke configuration around Pond 8 will allow storage of five years oftailings after 2020. 

Depending on the direction taken for additional mining there could be a significant increase in ore 

transportation distance after 2020. A choice would have to be made to either extend the ore 

transportation system or to build a desanding plant and reduce materials handling cost. As a third 

alternative mining could be conducted north of the Steep bank River, but this would require bridge 

construction. For the purposes of this Application and EIA considerations the most likely scenario 

(continued mining of the south ore body) has been projected to 2030 as illustrated in Figure A2.0-6. 

3.3 GEOTECHNICAL 

Suncor will continue to ensure that its earth structures will meet or exceed applicable Canadian 

standards for geotechnical security. 

The company's objectives with respect to landform stability are discussed in Subsection D3.2.2.a. 

Landform stability during the operational phase is discussed in Subsection 3.5.5.a, and during the 

post-operation (reclamation) phase in Subsection 3.6.l.a. 

3.4 WATER DIVERSIONS AND WASTEWATER MANAGEMENT 

This section provides an overview of the water management plan for the proposed Steepbank Mine 

including surface drainage, groundwater, pit dewatering, potable water supply and sewage treatment. 

The Application for Renewal of Environmental Operating Approval (February 1995) describes water 

management on Lease 86/i 7. This section is also intended to fulfiii the requirements for both Lease 

86/17 and the Steepbank Mine for separate approval under the Water Resources Act, 

Section ll(l)(a)(iv). 
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3.4.1 Steepbank Mine Drainage Plan 

a) Design Philosophy 

Surface drainage for Steepbank Mine will be controlled in a manner similar to current operations: 

all natural run-off and shallow groundwater will be discharged to the Athabasca River while all run

off that is exposed to oil sand will be contained. Steepbank Mine will contain two drainage systems 

for surface run-off waters: 

• an interception drainage system, for run-on water from undisturbed areas and groundwater 

from the shallow aquifers. This water will be discharged to the Athabasca River (see 

Subsection D.3.5.3.b); and 

• a mine drainage system, for surface run-off from mined, stripped and developed areas and 

any basal aquifer depressurization waters. This water will be routed through collection 

ditches to internal storm water retention basins. Where feasible, mine drainage water will 

be used as process water. Until Pond 7 is available to store water (in about 2005) mine 

drainage water in excess of process requirements will either be pumped back to the 

tailings/extraction system on the west side of the Athabasca River or stored in temporary 

storm water retention facilities within the mine area (constructed as part of mine advance, 

similar to current practice on Lease 86/17). 

Steepbank Mine and area drainage plans were developed based on the report "Technical 

Memorandum #2, Hydrology Baseline, Steepbank Oil Sands Mine" (Klohn-Crippen 1996a), which 

provides baseline hydrological data for the various streams, rainfall and run-off events for the area 

of Steepbank Mine. 

As some mine facilities are located within the Athabasca River valley, Suncor recognizes the 

importance of minimizing the potential for uncontrolled water releases. This section will discuss 

the development of the surface drainage plan and will identify areas to be detailed as part of the final 

design. 

b) Surface Drainage Plan Development 

The surface drainage plan development has been subdivided into five time periods: 

1. Pre-Mine Drainage Patterns 

11. Facilities Construction and Pre-Stripping, 1997-2000 
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nt. Pit 1 Development, 2000-2009 

IV. Pit 2 Development, 2009-2020 

v. Reclamation Drainage, Post-2020 

Each of these periods is discussed in turn as follows: 

i. Pre-Mine Drainage Patterns 

Pre-mine drainage patterns are shown in Figure C3.0-21. Major watercourses near the proposed 

mine are the Steepbank River, and the Athabasca River. Smaller watercourses in the area include 

an unnamed creek (to be called "Unnamed Creek" here) which drains to Shipyard Lake, Leggett 

Creek and Wood Creek. 

One large, permanent wetland known as Shipyard Lake is within the study area. It is located on the 

Athabasca River flood plain approximately 6 km upstream (south) of the Steepbank River 

confluence with the Athabasca River. 

The Athabasca River is found in a stream-cut valley incised approximately 80 m below the upland. 

Valley walls and the flood plain are moderately-forested. The flood plain is moderately-drained 

to poorly-drained and locally covered with extensive wetland-muskeg. Its channel has irregular 

meanders with occasional islands and bars. 

Uppermost reaches of the local watercourses are poorly drained and covered with muskeg. 

Relatively steep slopes in the middle and lower reaches of the Steep bank River and in the lower 

reaches of the smaller creeks, have resulted in a moderately-defined to well-defined entrenched 

channel system at the Athabasca escarpment. At the downstream end of Steep bank River the valley 

cuts through the shallow deposits and (close to its confluence with the Athabasca River) through 

both the Cretaceous (McMurray Formation) and underlying Devonian bedrock. On smaller creeks 

the entrenched channel systems are generally limited to the immediate vicinity of the Athabasca 

River valley sides. 

Discharge to the Steepbank River from the mine area is from overland flow. No developed stream 

channels are present in this reach of the catchment. 
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Of the smaller Athabasca tributaries, Leggett Creek and Unnamed Creek have their drainage basins 

entirely within the boundaries of the leases. Other tributaries have substantial portions of their 

drainage outside these limits. 

Three small basins designated as Athabasca 1, Athabasca 2 and Athabasca 3 (Figure C3.0-21) have 

no defined watercourses and appear to discharge run-off only through overland flow or ephemeral 

streams. Run-off from Athabasca 1 and Athabasca 2 catchments flows to Shipyard Lake while run

off from Athabasca 3 flows directly to the Athabasca River. 

ii. Facilities Construction and Pre-Stripping, 1997-2000 

Surface water from Athabasca 1, Athabasca 2, Shipyard Lake and the Steepbank basins will be 

affected during this stage of development. Effects on flow include increased run-off from cleared 

and stripped areas as well as routing of flows to different discharge points from pre-mine conditions. 

During this period the main components of the mine drainage system will be created including storm 

water retention basins and their connecting channels. The main shop facilities will be constructed 

during this period including vehicle maintenance shops, a potable water plant and sewage treatment 

facilities as well as gas and fuel storage and associated distribution facilities. North of the shop 

facilities the cyclofeeder truck dumps and hydrotransport systems will be built during this period. 

Runoff from the facilities areas will be collected and stored only after they have been commissioned, 

unless oil sand is exposed during construction activities. The mine drainage system, which will 

collect this runoff, will be designed to contain the l-in-50-year wet annual runoff. 

The potential for increased erosion, run-off and spills into natural watercourses associated with these 

facilities will require mitigation measures including: 

• containment ponds with impervious lining, for liquid storage facilities; 

• rapid-response clean-up procedures, for accidental spills; 

" drainage channels with settlement ponds, to collect run-off from disturbed areas; 

• cross-berms on sloping disturbed areas, to retard run-off and reduce surface erosion; and 

• rapid revegetation of disturbed areas, after construction activities are complete. 
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A site-specific drainage plan (developed for these facilities) will ensure that surface run-off is 

collected and channelled to the appropriate storm water retention basins. 

TABLE C3.0-5 

MAJOR DRAINAGE BASINS IN STUDY AREA 

I Basins I Total Approx. Drainage Area (km2) I 
Steepbank River 1370 

Shipyard Lake 40.9 

Shipyard Lake (Downstream) 3.2 

Leggett Creek 34.7 

Wood Creek 36.4 

Note: Drainage areas are measured to gauging station or ifungauged, to the outlet. 

Suncor will implement a water management plan to mm1m1ze the potential for spills and 

overtopping of the mine drainage system. During very wet periods, there may be a requirement to 

release some of this water to the Athabasca River, particularly before completion of the bridge and 

the hydrotransport system (about 1999) when all mine drainage water will have to be stored within 

the Steepbank Mine area. However, careful water management will ensure that this can be done 

during opportune time periods when water quality can be monitored and necessary approvals 

obtained, rather than as an emergency procedure. The water management plan, options for 

containment and any required mitigative measures will be reviewed as part of the final design. 

The interception drainage system constructed during this period will collect run-on drainage from 

the east side of the Pit 1 area and direct it to Shipyard Lake for ultimate discharge to the Athabasca 

River, Upland drainage channels will include a series of ponds, sized to maintain current water 

flows to Shipyard Lake. The interception drainage water will be channelled down the escarpment 

through Unnamed Creek. 

Once the interception drainage has reached the river valley it will be discharged from an outfall to 

be located south of the shop facilities area into Shipyard Lake. The final design will address the 

outfall requirements and any channel modifications required to handle the interception drainage flow 

from Shipyard Lake to the Athabasca River. 
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iii. Pit 1 Development, 2000-2009 

Surface water from Athabasca I, Athabasca 2, Shipyard Lake and the Steep bank basin will be 

affected during this stage of development. About 60% of the Athabasca 1 basin will be restructured 

during this period: the northern portion of the basin will become the north overburden storage 

facility while the southern portion will become Pit 1. The entire basin will be routed through the 

mine drainage system with the exception of the extreme northern portion of the catchment, on the 

headland at the confluence of the Athabasca and the Steepbank Rivers. After 2005, Pond 7 will be 

available to contain excess mine drainage waters. 

In 2003, an interception channel will be constructed to divert additional flow from the uplands area 

to Shipyard Lake before overburden mining. This channel will contain several ponds, to reduce 

flood event flows, and will replace Unnamed Creek as the channel conveying water from the uplands 

areas to the Athabasca River flood plain, allowing mining of the Unnamed Creek basin. However, 

even with upland flood control, volumes and velocities may require some form of engineered drop 

structure (such as a pipe) and energy dissipation measures to minimize erosion and sediment 

transport. This may consist of a structure similar to the current South Mine drainage outfall on 

Lease 86/17. 

In 2008, flow to Leggett Creek basin will be increased following the construction of an additional 

interception channel. Other changes in flow are related to mine advance. 

iv. Pit 2 Development, 2009-2020 

Development of Pit 2 and its associated overburden dumps will have additional effects on annual 

run-off and peak flood flows to Shipyard Lake, and to Leggett and Wood Creeks. Between 2009 

and about 2015, all of the interception drainage will be directed through either to Shipyard Lake or 

to Leggett Creek and the Athabasca River. As Pit 2 mining progresses southward, Leggett Creek 

will eventually be eliminated and all interception flow from the Pit 2 upland area will be diverted 

through Wood Creek. The total interception flow (Pit 1 and Pit 2 upland areas) can be split, so that 

sufficient water will flow to Shipyard Lake, to maintain the wetlands and excess flow to Wood 

Creek will be minimized. The diversion volume split will be determined as part of the final design. 

v. Reclamation Drainage, Post-2020 

The surface drainage network constructed for a reclaimed Steepbank Mine is discussed m 

Subsection D.3.6.2. 
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c) Surface Drainage Impacts 

Impacts of surface water diversions due to the Steepbank Mine drainage plan are discussed in 

Subsection 3.4.3. Local and regional environmental impacts of the Steepbank Mine surface drainage 

plan are discussed in Subsections D.3.5.5.b and E.5.3. 

Negative impacts resulting from the Steepbank Mine surface drainage plan will be minimized during 

final design by provision of required containment or mitigation facilities. 

3.4.2 Groundwater 

a) Pre-Mine Hydrogeology 

The geology and hydrogeology of the Steepbank Mine area are discussed in Subsection E.5.3 and 

are summarized below: 

.. There are three major aquifers in the Steepbank Mine area: shallow surface aquifers, a basal 

sand aquifer and the Devonian limestone. The basal aquifer and the limestone may be 

hydraulically connected. 

.. Most groundwater flows toward the Athabasca River with a minor stream toward the Steepbank 

River. 

.. Groundwater discharges to surface streams represent less than 1% of the base flow of the 

Athabasca and Steepbank Rivers. 

.. There are no groundwater users in the Steepbank Mine area and no water wells either on the east 

side of the Athabasca River or south of the Steep bank River within 10 km of the mine area. 

b) .Groundwater Diversion Development 

i. Facilities Development, 1997-2000 

The only effect the construction phase is expected to have on the hydrogeologic system is assqciated 

with the water supply wells for the new facility, which will be developed in the shallow sand and 

gravel aquifers near the shop area. None of the other aquifers will be affected by mine activity in 

this period. The potabie water suppiy is discussed in Subsection 3.4.3.c. 

As the water wells will be quite close to the river it is expected that they will induce infiltration of 

water from the Athabasca River. While they are pumped the wells will lower the water level within 
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the aquifer in their vicinity. This change in water level is expected to be small due to recharge from 

the river. Impact on groundwater flows will be limited to a distance of a few hundred metres from 

the wells. There will be very little effect on the aquifer east of the water wells. Flow direction, 

discharge rate and groundwater quality in the upland shallow aquifer and deep aquifers will not be 

affected. 

Any small impact that the water wells will have on the local groundwater will cease within weeks 

of turning the pumps in the wells off. 

ii. Pit 1 Development, 2000- 2009 

During the first eight years of the operation of Steep bank Mine the following groundwater diversions 

will be imposed on the hydrogeologic system due to the excavation of Pit 1 and pre-stripping around 

Pit2: 

• In the shallow aquifers the direction of groundwater flow will be changed as a result of 

dewatering of the overburden in the areas; however, the discharge rate will not be affected. 

• In the basal aquifer the direction of groundwater flow near Pit 1 will change because Pit 1 will 

be excavated below the pre-mine water pressure level in the aquifers. The rate of groundwater 

discharge from the basal aquifer will change as a result of the change in the flow direction. 

• No change in the quality of the groundwater aquifers is expected. 

During overburden stripping for the development of Pit 1 shallow deposits in the area will be 

dewatered. Shallow aquifers will be intercepted with a diversion system on the east side of the mine, 

and groundwater will be diverted to Shipyard Lake. Total volume of groundwater discharged from 

the aquifers to surface waters will not change. 

Currently, the discharge occurs as seepage to the Athabasca and Steepbank Rivers and Shipyard 

Lake, along the reach of these water bodies adjacent to the mine. Between 2001 and 2008 the. broad 

discharge will be replaced by discharge from point sources into Shipyard Lake. By 2009 

groundwater up-gradient of both Pits 1 and 2 will be diverted to Shipyard Lake and Leggett Creek. 

During the same period shallow groundwater flow to the Steepbank River will be reduced to near 

zero due to mining of aquifers. Because groundwater contribution to the rivers will be a minor 

component of their flow (less than 1%) the impact of these changes in river direction and rate of 

flow will be very small. 
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Groundwater flow in the Basal Aquifer and Upper Devonian will be directed toward Pit 1, resulting 

in reduced rates of discharge to the Athabasca and Steep bank Rivers and to Shipyard Lake. While 

the pit is being mined discharge to these water bodies from the Pit 1 area will be reduced to near 

zero. The groundwater contribution to the rivers and Shipyard Lake will be a minor component of 

their flow (less than 1 %), therefore the impact on them will be very small and areal extent of this 

effect will be limited to within 2 km of Pit 1. This change in discharge will be of short-term 

duration. In 2009 (once Pit 1 is filled with tails) groundwater from the deep aquifers will again 

discharge at pre-mine rates. 

During the mining of Pit 1 water may recharge the deep aquifers from the Steep bank River and flow 

toward the pit, due to the elevation difference between the river and the north side of the pit. Based 

on the hydraulic conductivity of the deep aquifers and the difference in elevation between the river 

and the pit, the maximum amount of water that may be diverted under steady-state conditions is 

approximately 1.1 Lis. Compared to the total flow in the Steepbank River this is an insignificant 

flow. The areal extent of this effect will be limited to within 2 km of Pit 1 and the duration of 

impact will be short-term. In 2009 (once Pit 1 is filled with consolidated tailings) groundwater from 

the aquifer will again discharge to the Steepbank River. 

Before opening Pit 2 in 2009 it may be necessary to depressurize the basal aquifer within the pit 

limits. The depressurization program will be detailed as part of the Pit 2 design process. All waters 

from the depressurization program will be retained within tailings ponds. 

iii" Pit 2 Development, 2009 - 2020 

During the period 2009 to 2020, Pit 2 will be mined and Pond 7 (formerly Pit 1) will be filled with 

consolidated tails (CT). These activities are expected to result in the following groundwater 

changes: 

" In the shallow aquifer the direction of groundwater flow will be changed (as dewatering of the 

overburden near Pits 1 and 2 continues) but discharge rates will not be affected. 

" In the deep aquifers the direction of groundwater flow will change because Pit 2 will be 

excavated below the pre-mine water pressure ievei in the aquifers. 

" The rate of groundwater discharge from the deep aquifers will change because of the change in 

its direction of flow. 
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By 2020 it is expected that all groundwater flowing toward the mine in the shallow aquifer will be 

intercepted and discharged into either Shipyard Lake and Wood Creek and then ultimately to the 

Athabasca River. As the contribution of groundwater to the Athabasca River is so low the effect of 

this impact will also be very low; the areal extent of this effect will be limited to within about 300 

m of the surface interceptor ditches. Changes in the direction of flow and rate of discharge from the 

shallow aquifer will be long-term. Diversion of groundwater from the shallow aquifer is expected 

to continue after the closure of the mine. 

The effect of mining from Pit 2 on groundwater discharge from the deep aquifers will be the same 

as for Pit 1. There will be a short-term reduction of discharge from the Basal Aquifer and Upper 

Devonian to the Athabasca River and Shipyard Lake. The severity of this impact will be minor, and 

will be limited to the area near Pit 2. In 2020 (once mining from Pit 2 is finished) groundwater 

discharge from these deep aquifers will return to pre-mine conditions. 

CT deposits in Pond 7 (Figure C3.0-24) will interact with groundwater in the deep aquifers once the 

mined pits are filled with the tailings. By 2020 pore water from the CT is expected to seep from the 

bases of both Ponds 7 and 8. Rate of seepage from the ponds will depend on the hydraulic 

conductivity of the CT, the vertical hydraulic gradient between the CT and underlying deep aquifers, 

and the area of the ponds. Hydraulic conductivity of the CT has been estimated to be 1 x 1 o-9 m/s 

(AGRA 1995b). Impacts of these flows are discussed in Subsection E.7.0. 

iv. Long-Term, Post-2020 

Some groundwater diversions will continue following mining activities at Steepbank Mine. They 

include the following: 

• a change in the direction of groundwater flow in the shallow aquifer to discharge points into 

Shipyard Lake and Wood Creek; and 

• small changes in flow rates and water quality in the deep aquifers as seepage of pore water from 

the CT in Ponds 7 and 8 flows through the aquifers to the Athabasca and Steepbank Rivers and 

Shipyard Lake. 
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c) Groundwater Impacts 

Potential impacts of groundwater diversions due to Steepbank Mine are discussed in Subsection 

3.4.3. Local and regional environmental impacts ofSteepbank Mine on groundwater are discussed 

in Subsections D.3.5.5.b and E.5.3. 

3.4.3 Water Diversions, 1997-2006 

a) Licence Requirements 

Suncor is requesting a 10 year (1997-2006) approval to divert a portion of the surface and 

groundwater on the Steepbank Mine and on Lease 86/17 under Section ll(l)(a)(iv) of the Water 

Resources Act. Suncor does not require this allocation for operating purposes, rather the water will 

be diverted in an effort to prevent runoff exposed to oil sand by Sun cor's mining operation from 

entering the environment. Allocation volumes have been calculated and are presented in 

Table C3.0-6. 

b) Steep bank Mine 

i. Fence Line for Steep bank Mine Water Diversions 

The 'fence line' or perimeter for water diversions on the Steepbank mine is shown in Figure C3.0-

22. 

ii. Water Balance, 2006 

The maximum water diversion volume in the period 1997-2006 will be in the year 2006 as the 

disturbed area (i.e., active mining and facilities areas) will be greatest at this time. The water 

balance for this time period is shown in Table C3.0-6. The drainage plan for 2006, including the 

proposed outfall locations and activity areas is shown in Figure C3.0-23. Details of the outfall 

design will be supplied following the detailed mine drainage plan design. Suncor requests a water 

diversion allocation of 5.4 million m3 per year for the Steepbank mine. 

c) Lease 86/17 

i. Fence Line for Lease 86117 Water Diversions 

The 'fence line' or perimeter for water diversions on Lease 86/17 is shown in Figure CJ.0-24. 
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TABLE C3.0-6 

STEEPBANK MINE MAXIMUM WATER DIVERSION VOLUMES 

Source Activity Precipitation Evapo- Net Volume Volume Steep bank 

('000 m3
) transpiration ('000 m3

) Released Mine 

('000 m3
) ('000 m3

) Allocation 

('000 m3
) 

Surface Mining 6523 1417 5106 0 5106 

Runoff Pre-Mine 20 962 9545 11 417 11 417 0 

Drainage 

Shallow Pre-Mine N/A N/A 15 15 0 

Aquifers Drainage 

Bedrock Mining N/A NIA 40 0 40 

Aquifers 

Steep bank Mining N/A N/A 35 0 35 

River 

Athabasca Potable N/A N/A 237 40 197 

River Water 

Supply 

Total Steepbank Mine Allocation ('000 m3
) 5380 

ii. Water Balance 

The maximum water diversion volume during the period 1997-2006 will be in the year 2006 as the 

disturbed areas (i.e., tailings ponds and facilities areas) will be greatest at this time. The water 

balance for this time period is shown in Table C3.0-7. The drainage plan for 2006, including the 

outfall locations and activity areas are shown in Figure CJ.0-24. Details ofthe outfall design will 

be submitted with the application for the water diversion licence. The balance has been developed 

for surface runoff only as all of the major aquifers on Lease 86/17 will be mined out by 2006. Water 

diversions from the Athabasca river are currently licenced separately. Suncor requests a water 

diversion allocation of 8.5 million m3 per year for Lease 86/17. 
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TABLE C3.0-7 

LEASE 86/17 WATER DIVERSION VOLUMES, 2006 

Source Activity Precipitation Evapo- Net Volume Lease 86/17 

('000 m3
) transpiration Volume Released Allocation 

('000 m3
) ('000 m3

) ('000 m3
) ('000 m3

) 

Surface Tailings 16 630 8100 8520 0 8520 

Runoff Operations 

Plant Site 320 40 280 280 0 

Drainage 
I I 

Undisturbed 1180 610 570 570 0 

/Reclaimed 

Area 

Drainage 

Total Lease 86/17 Allocation ('000 m3
) 8520 

d) Consolidated Tailings Water Release 

The implementation of consolidated tailings (CT) technology will greatly enhance Suncor's ability 

to reclaim its former mining areas. However, the CT process releases water currently contained 

within fine tailings, resulting in water volumes in excess of Suncor's extraction processing 

requirements. One option currently under review is the discharge of excess water (after appropriate 

treatment) to the Athabasca River; this water management option is discussed in Subsections D.3.4 

and D.3.5.3. 

e) Potable Water 

A potable water supply will be obtained from water wells (likely two or three) constructed in the 

sand and gravel aquifer between the Athabasca River and the proposed facilities area. Water supply 

of approximately 7.6 Lis (650 m3/d) is required The potable water system will supply the 

maintenance shop and cyclofeeder areas; each area will maintain its own storage and chlorination 

units. Design of the potable water system will be completed following the installation of test wells 

and it will ensure the control systems are protected from Athabasca River flooding. If water-well 

supply is shown to be insufficient alternate sources for water supply such as infiltration galleries will 

be explored. The water supply will be chlorinated with residual chlorination units. 
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3.4.4 Sewage Treatment 

A sewage treatment facility is required for Steepbank Mine to treat grey water and sanitary sewage 

from the various facilities within the hydrotransport area and the shops. Sanitary sewage from these 

facilities will be pumped to the sewage treatment facility which will be located southwest of the 

shop area. 

Sanitary sewage from the hydrotransport area will be directed to a 19 m3 underground storage tank 

and then pumped by lift station to the sewage treatment facility. Wastewater from the shop areas 

will be separated into oily-water and grey-water streams. Oily wastewater will be temporarily 

stored in two 3 8 m3 underground tanks at the main shop area and a 19 m3 underground tank at the 

light-vehicle shop. These tanks will be emptied as required and the contents either reprocessed or 

transferred to the liquid waste disposal site. 

The sewage treatment facility comprises a septic/surge tank, a rotary biological contact treatment 

plant and a wastewater disposal field. The facility will be sized for a capacity of about 110 m3 /d. 

Treated water from the sewage treatment facility will be discharged to the Athabasca River via the 

Steepbank Mine interception drainage outfall, similar to the current arrangement on Lease 86/17 at 

the Mid-Plant drainage outfall. 

3.4.5 Water Diversions Due to the Steepbank Mine Bridge 

a) Pipelines 

All of the pipelines (hydrotransport, hot water, tailings, diesel fuel and recycle water) to run on the 

Steep bank Mine bridge across the Athabasca River will be equipped with emergency isolation valves 

and other protective measures to prevent discharge to the Athabasca River in case of pipeline seal 

break or other release during operation. Sufficient storage capacity will be provided at the bridge 

approaches for the full capacity of all lines on the bridge deck between the isolation valves. In 

addition provisions will be made for fluids collection and bridge deck treatment in case of a spill. 

b) Ice Jamming 

Once completed, the Steep bank Mine bridge will not increase the likelihood of ice jamming or bank 

erosion in the reach of Steepbank Mine in the foreseeable future (AGRA, January 1996k). During 

bridge construction however, cofferdams built for pier construction may increase the potential for 
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flooding from ice jams. This risk will be mitigated by removal of the cofferdams before spring 

break-up. 

The 1-in-1 00-year ice jam flood elevation is expected to be about elevation 241 m ASL: this is about 

2.4 m higher than the open water 1-in-1 00-year flood event elevation. Structures, with the exception 

of bridge abutments, adjacent to the Athabasca River will be constructed above elevation 241 m 

ASL. 

On the east abutment some sediment deposition will be expected both upstream and downstream of 

the bridge while on the west bank sediment deposition downstream of the bridge is anticipated. This 

will not affect the hydrology of the river. Aquatic impacts are discussed in Subsection E.5.3. 

The bridge is designed to accommodate navigation between the piers up to the 1-in-10-year flood 

event elevation. 
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Figure C3.0- 2 Present Operations and Overall Layout of Steepbank Mine1 
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C PROPOSED STEEPBANK MINE 

4.0 INFRASTRUCTURE 

This section discusses the incremental infrastructure which will be required to support Steepbank 

Mine. 

4.1 SITE FACILITIES 

The significant distance between existing operations and Steepbank Mine will require relocation of 

necessary service functions closer to the active mining area. Figure C4.0-l shows the proposed 

layout of required Steep bank Mine facilities, listed below: 

• Integrated Service Complex: 

- staff offices 

-maintenance complex: 

- major mine equipment shop 

- light-vehicle shop 

- warm-up shed for mine equipment 

- lube and gas islands 

- cold storage lay-down area 

Hydrotransport Complex: 

-truck dump 

- conveyors to ore bin 

- conveyors to cyclofeeder building 

- oversize rejects bin 

- cyclofeeder and hydrotransport pumps building 

- hydrotransport pipelines 

• Utilities: 

- main substation and power lines 

-fuel lines 
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Other mine facilities include water drainage, control structures and overburden waste dumps. 

4.1.1 Facility Site Rationale 

Siting of the Integrated Service Complex, the Hydrotransport Complex, the overburden waste dumps 

and the access corridor is based on environmental, technical and economic factors. Suncor 

understands the importance of the Athabasca River valley biophysical environment as identified in 

the Alberta Integrated Resource Plan (IRP) draft policy document. The IRP has classified the river 

valley as a Resource Development Area with specific objectives for environmental protection. 

Through the EIA (as presented in Section E) impacts have been assessed relative to the IRP criteria; 

the conclusion of the EIA is that these impacts are of a temporary nature. 

Wildlife habitat, one of the more significant areas of concern, can be restored through innovative 

reclamation of the overburden dyke and dump structures comprising the new escarpment. As well, 

the mining direction beyond 2020 indicates all facilities (except overburden waste dumps) would 

be relocated to the upland area of the mine by 2030, providing for the assurance of rapid re

establishment of valley ecological values. The bridge and mine access corridor to the upland area 

would remain indefinitely. When considering technical and economic factors, overburden and ore 

haulage has been optimized relative to escarpment slope gradients and distance to the mine face. 

Other advantages to the proposed siting include: foundation quality for facilities, fewer roads and 

optimal shop location. 

4.1.2 Integrated Service Complex 

The Integrated Service Complex will provide facilities for the maintenance and service for ail mine 

equipment operating at Steepbank Mine. The facility will include offices for maintenance and mine 

operations, dry and change room facilities, maintenance shops, fuel/lube storage and distribution and 

warehousing, and will comprise several discrete structures: 
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Heavy-Vehicle Shop 

This structure will incorporate in one building (!50 m x 45 m) offices, warehousing, tool crib and 

heavy-vehicle servicing facilities. The building will be a two-storey structure with offices and 

employee change facilities in the north end and heavy vehicle bays at the south end. The shop will 

accommodate haulage trucks (up to 290 t) with provision for expansion. Included in the facility 

will be electrical/instrumentation services, machine and tire shops, maintenance, welding and steam 

bays, warehousing, dispatch, training and first aid rooms. 

Light-Vehicle Shop 

The light-vehicle fleet will be maintained in a 45 m x 25 m light-vehicle shop which will provide 

eight bays of heated shop space. Integration of this facility with the Heavy Vehicle shop is being 

considered. 

Lube Storage and Distribution 

This 12 m x 20 m structure will provide heated storage and pumping of lubricants to the heavy

vehicle and light-vehicle shops. 

Mobile Lube Islands 

These will provide fuelling and daily lubrication for the operating fleet. 

Fuel Island 

This island will fuel light vehicles. Fuel storage will be in above-ground berm-enclosed tanks. 

Cold Storage Compound 

A 250 m x 160 m fenced area will provide warehousing for major spares. 

Warm-up Shed 

A ten-bay, 70 m x 30m warm-up shed will store equipment not in continuous use but requ,ired to 

be in a ready mode during cold weather. 

Sanitary Sewage 

A stand-alone facility will be provided for sanitary sewage generated at the main shop area (and for 

that piped from the hydrotransport facility). This sewage facility will treat sanitary and separated 

grey water from the wash-down facilities; oil and other petroleum products will be separated from 
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grey water at the shop facility, before transport to the sewage treatment facility. It will include an 

insulated building, a septic-surge tank and a rotary biological contact treatment plant, and will be 

sized for a through-put of 110m3/d. 

Potable Water 

The potable water facility will be located northwest of the shop area. This facility will include two 

or three 203-mm wells, a 90m3 steel insulated storage tank, two water pumps and a chlorination 

unit. 

4.1.3 Hydrotransport Area 

The hydrotransport area will be located near the southeast corner of Lot 1, just south of the bridge 

crossing and in the vicinity of the opening mine cut. This location was chosen because it is a flat 

area, reasonably well located in relation to Pit 1, and its use will not sterilize any reserves. Major 

facilities in this area include the following: 

Truck Dumps 

Two truck dumps (60 m apart) are planned for receipt of ore, each with 750-t live capacity and two 

back-in dump points. Each dump station will be equipped with an apron feeder, a sizer and a 

separate control room. 

Conveyors 

Conveyors (2.1 m wide x 230m long) will transfer ore from the bottom of the crushers at the truck 

dumps to the top of the surge bin. 

Surge Bin 

A 7500-t ore bin ( 45 min surge capacity) is planned. It will be about 32 m high x 21 m in diameter 

and will be equipped with six apron feeders which will discharge to three conveyors that will 

transfer ore to the cylofeeder building. 

Cyclofeeder Building 

The cyclofeeder buiiding (approximately 50 m x 45 m x 30m high) wiil house three cyclofeeder 

vessels (each approximately 5 min diameter x 5 m high), vibrating screens, a reject circuit, recycle 

pumps and hydrotransport pumps and will also include offices, change rooms, a control room, tool 

crib and an electrical room. 



Steepbank Mine Project Application - 67- Section C4.0 

Other Structures 

Other structures will include an electrical substation, a construction lay-down area, an oil sand 

stockpile area, an emergency pond and a retention basin, the latter to be part of the mine drainage 

control system. 

4.1.4 Future Truck Dump 

A future truck dump area will be constructed in 2007 to receive ore from Pit 2. This facility will be 

located near the centre of Lot 2, just below the escarpment. The area will include three truck dumps 

and sizers, an electrical substation and a tailings booster station. 

4.1.5 Access Corridor 

a) Location 

The access corridor to Steep bank Mine will run along the north toe of the Tar Island dyke, across 

the bridge and then south to the hydrotransport facility and the Integrated Service Complex. 

Its western segment (west of the bridge) will include road access and the pipeline corridor. 

Pipelines to be included in this section are: 

• two 660-mm insulated hydrotransport lines, with space assigned for a future third line; 

• one 91 0-mm insulated hot water pipeline; 

• four 51 0-mm tailings lines, with space assigned for a future two lines; 

• one 1220-mm return water line; 

• one 1 00-mm underground diesel fuel line; and 

• one 1 00-mm underground natural gas pipeline. 

This access road will provide an 18-m unpaved surface on the west side ofthe river and up to a 47-

m-wide main haul road on the east side of the river. 

The western segment of the corridor will be located approximately mid-height along the north of the 

Tar Island dyke on a bench created with fill material. An elevated trestle section will support the 

hydrotransport and hot water pipelines from the toe of the Tar Island dyke, over the existing plant 

main access road and to the Extraction plant. The tailings pipelines and the return water line will 

cross the main access road through existing concrete tunnels to the final tails pump house. The 

return water line will continue to Pond 2/3 along an existing pipeline corridor. 
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On the east side hydrotransport lines, hot water line, natural gas line, diesel line and a 72-kV power 

line will proceed directiy to the hydrotransport faciiity aiong an access road. 

One branch of the corridor (near the east end ofthe bridge) will provide both an access road to the 

mine and a tailings water return corridor. 

A south segment of the corridor will provide access to the office shop complex. Included in this 

corridor will be an overhead 13 .8-kV power line and buried diesel, natural gas and sewage pipelines. 

This corridor will also be the location of the main haul road until2007, when the corridor will be 

widened to accommodate conveyors from the Pit 2 truck dump and the haul road. 

b) Environmental Considerations 

Two environmental concerns for the access corridor deal with leakage prevention and containment, 

and drainage control. 

Leakage will be mitigated by designing the pipeline with additional strength and wear resistance in 

critical sections (e.g., over the Athabasca River, elbows and bends, and immediately downstream 

of pump discharge). The design will accommodate differential expansion and will provide secure 

support to the lines. A program including development of non-destructive testing, routine 

inspection and casual observation by corridor traffic permits advance notice of problems. In the 

event that a hydrotransport or tailings line plugs it may be necessary to open and drain lines, in 

which case the drainage would be directed to designated pools. 

The corridors are designed to incorporate protective berms and drainage systems connected to the 

overall mine and plant drainage system. 

An additional environmental concern is maintenance of wildlife migration; a pathway under the east 

bridge access is proposed to ensure that a migration route remains for the animals. 

4.1.6 Electrical Power Distribution 

Power transmission to Steepbank Mine will be supplied by Alberta Power Limited (APL) at 72 kV 

from the existing substation in Lease 86/17 (APL designation "836S Steepbank River Substation"). 

APL will have responsibility for crossing the Athabasca River with dual 72-kV overhead lines. A 

primary substation (72 kV- 13.8 kV) will be located on the east bank of the river in the area of the 
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hydrotransport facility. Power will be distributed via overhead lines to local substations for the 

cable shovels, hydrotransport facility and the maintenance/office complex. Due to a limitation of 

existing facilities at the Steepbank substation only one feeder could be energized to Steepbank Mine 

until current mining activity on Lease 86/17 is completed. 

When mining activity moves to Pit 2 a new primary substation (72 kV- 13.8 kV) will be constructed 

near the new truck dumps to service those loads. 

4.1.7 Load Assessment 

Load assessment calculations, surveys and estimates have been carried out to determine projected 

average power consumption and likely peak power demand. 

The average power draw will increase from 42 MW in 2001 to 46 MW in 2007 and to 50 MW in 

2008. The addition ofthree tailings booster stations will increase this draw to about 57 MW in 2014. 

Figure C4.0-2 shows the projected power draw for 1997 to 2020 for both present and proposed 

Steepbank bitumen production operations. 

4.1.8 Communications 

A multi-core fibre optic cable will be routed from communication facilities in the Extraction plant 

to the new mine. Most likely, the cable will be run in conjunction with electric power lines. 

4.2 ATHABASCA RIVER BRIDGE 

Steepbank Mine will be separated from the present mining operations by the Athabasca River, yet 

operations will continue to be integrated by means of a transportation and access system. Section 

Cl.O discussed access alternatives and the basis for the selection of bridge access; this section 

provides proposed bridge design and construction information. 

Several bridge route alignments were investigated and the chosen alignment (north of the Tar Island 

dyke, shown in Figure C4.0-3) was found to minimize operating and capital costs. 

Bridge design criteria were established to support the construction and operation of the Steepbank 

Mine facility at 107 kbpcd upgraded crude oil, with some expansion capacity beyond that rate 

through provision of space and structural capacity for one additional hydrotransport line and two 
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additional tailings lines. Features selected included two highway lanes and the capacity to carry one 

empty 218-t haulage truck. A clearance of 15.2 m above navigational-flood-water elevation was 

specified for the bridge. The corridor profile on the east embankment will be established to ensure 

a corridor crest elevation 5 m above 1-in-100-year flood levels. 

Geotechnical investigation of the proposed route for the Athabasca Bridge indicated that a sinkhole 

and variable bedrock conditions with weak fractured zones are present. These conditions will 

necessitate steel, driven pilings for the river piers and the west abutment while the east abutment 

piers wili be cast-in-place concrete-augured piles. 

This bridge will feature a composite five-span plate-girder design with four piers located in the river: 

Figure C4.0-4 presents an artist's rendering of the completed bridge. Erection of the bridge will 

require construction of temporary berms in the river (for the two piers close to the river banks) and 

sheet pile cofferdams (for the two central piers). After installation of the spans completion of the 

bridge will include casting the concrete deck and installation of the various process and utility 

pipelines. Figure C4.0-5 shows a bridge deck section. 

The following initiatives have been incorporated in the bridge design to mitigate environmental 

impact: 

.. The bridge has been designed to allow wildlife migration along the river by means of a 

pathway under the east end of the bridge. 

" The bridge will be cleaned of snow using loaders and dozers. No materials will be pushed 

over the sides of the bridge. Pool areas and a run-off collection system on either side of the 

bridge (which has an arch profile) are included. 

" Hydrotransport and tailings transport lines will be designed (with chromium carbide-lined, 

spiral-wound 12.3-mm wall pipe) to prevent leaks. The lines will be elevated so that wear 

measurements can be made on the slurry and tailings lines for rotation and replacement 

purposes. 

.. The 1 00-mm diesel line will be contained in a continuous outer sleeve for the bridge section. 

" Lines on the topside of the bridge are aii contained within a concrete trough; the inside wail 

will be 1800 mm high and the outer wall 1500 mm high. 
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The concrete floor in the bottom of the trough will be continuous except at expansion joints. 

Here the design will incorporate a catchment structure to divert any collected materials to 

the pools located either end of the bridge. 

• Pools at either end of the bridge will be capable of handling a full-flow failure. The pools 

will pipe materials away to both the emergency pond on the west bank and the emergency 

pond (hydrotransport area) on the east bank. 

• Pipe flanges on the lines on the bridge will be equipped with bolted-on splash guards so that 

in the event of leakage materials will flow down the trough to one or other pool and will not 

spray outside the containment trough. 

• The bridge design will ensure that no ice dams form and cause upstream flooding. 

• The Tar Island dyke will be provided with erosion protection. 

• To ensure integrity the crest of the east embankment corridor will be constructed at 5 m 

above 1-in-1 00-year flood level. 

• Scour protection of the pilings and piers will be installed to provide long-term foundation 

integrity. 

• The bridge elevation will provide 15.2 m clearance over the navigable flood level (238.2 m) 

for a width of 60 m to allow river transport. 

Construction of the bridge is estimated to take twenty-six months after receipt of a permit to 

proceed. The accuracy of the proposed construction schedule will be dependent on completion of 

four pre-permit activities: finalization of the bridge design; acquisition of girder material; fabrication 

of girders; and letting of the bridge construction contract. The bridge is a critical path activity of 

the Steepbank Mine project and is required as soon as is practical. 

This bridge will be operated as a private bridge, for Suncor use only. 
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C PROPOSED STEEPBANK MINE 

5.0 HYDROTRANSPORT, EXTRACTION AND TAILINGS 

MANAGEMENT 

5.1 INTRODUCTION 

In 1995 Suncor Oil Sa~ds Group (OSG) production averaged 76 kbpcd upgraded crude oil. Plans 

are in place for an increase in production capacity to 87 kbpcd upgraded crude oil by 1997, and a 

further increase to I 07 kbpcd upgraded crude oil. In preparation for higher production rates Sun cor 

has completed studies that assess the capability of the existing bitumen Extraction plant and identify 

requirements for new facilities. Full advantage has been taken of recent developments in bitumen 

production technology that have evolved to the point that they can be incorporated into a commercial 

operation with minimal risk to the business. In particular: 

• Consolidated tailings technology was developed by Suncor and others and implemented on 

a commercial scale in fourth quarter 1995. 

• Oil sand hydrotransport was developed by Syncrude and has been used at Syncrude as an 

auxiliary source of feed since 1993. 

• Bitumen separation and recovery at warm (50°C to 55°C) rather than hot (70°C to 75°C) 

temperatures was demonstrated in full-scale tests by Suncor in 1995. 

)J 

The Steepbank bitumen production process incorporates all this prior work into a design that is cost

effective and carries an acceptably-low technical risk and improves environmental performance. 

5.2 DESCRIPTION OF PROCESS 

The Steepbank extraction process incorporates: 

• new technology for oil sand transport and conditioning; 

• an extension of current practice for bitumen recovery and froth handling; 
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'" current technology for froth treatment; and 

" new tailings management technology. 

5.2.1 Oil Sand Transport and Conditioning 

Suncor will use technology developed and demonstrated on a commercial scale by Syncrude Canada 

Ltd. for the transport and conditioning of oil sand (Figure C5 .0-1 ). 

The process flow diagram for the proposed Steepbank operation is shown in Figure C5.0-2a with 

current operations shown in Figure C5.0-2b for comparison. Once Steepbank Mine is in fuH 

production the processshown in Figure C5.0-2b will not be used. 

Referring to Figure C5.0-2a, ore is delivered to sizers where it is crushed to less than 400 mm. Two 

sizers will be installed initially with provision for a third when required. The capacity of each sizer 

is sufficient to sustain full production at 10 300 tlh. 

Crushed oil sand is delivered by conveyor to a surge bin with a nominal residence time of forty-five 

minutes. The bin is used to minimize irregularities in oil sand delivery rate from the mine since 

downstream equipment performs best under steady operating conditions. 

Oil sand is retrieved from the base of the bin by six apron feeders which discharge onto three 

conveyors. At design through-put two conveyors operate; each conveyor delivers ore to a dedicated 

cyclofeeder where it is mixed with hot water in a high-shear vortex prior to discharge onto a system 

of primary screens. Caustic may be added to the hot water as required. Primary oversize from these 

screens is crushed in a small crusher and then screened to 50 mm on a small secondary screen. Any 
j_l 

secondary screen oversize is discarded as reject. Underflow from both primary and secondary 

screens is combined in a sump. A slipstream of the slurry from the sump is recycled to the 

cyclofeeder while the remainder is delivered to the hydrotransport slurry pumps. There is a set of 

three slurry pumps for each cyclofeeder the pump sets are connected by manifolds to two pipelines 

which deliver the oil sand slurry to a distributor located adjacent to the existing Extraction plant on 

Lease 86. 

Transfer of heat and mechanical energy to the oil sand during slurry preparation and transport is 

sufficient to both release bitumen from the oil sand matrix and to ready the slurry for bitumen 

recovery. 
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For current operations (depicted in Figure C5.0-2b) oil sand delivery is accomplished by overland 

conveyors from the sizers to the surge bin (located in the Extraction plant). Conditioning is 

accomplished in drums to which steam and hot water are added. 

5.2.2 Bitumen Separation Circuit and Froth Handling 

Figures C5.0-3a and C5.0-3b show process flow diagrams for the bitumen separation circuit and 

froth handling. Figure C5.0-3a depicts the process flow diagram for the five trains which are used 

in current operations while Figure C5.0-3b shows the process flow diagram for the sixth train (which 

will be built to augment Extraction plant capacity for accommodation of the Steepbank production 

rate). Suncor does not ~ntend to alter the existing five trains since their performance is satisfactory; 

however the new, sixth train will be a simpler design (see later in this subsection). 

Slurry from the two transport pipelines will be discharged into a distributor from which it will be 

sent (when operating at design through-put) to five of the six Extraction trains. Provision is made 

for adding water to the slurry at the distributor. 

In each of the five existing trains the principal engine of recovery is the separation cell. The surface 

area and residence time in these cells are sufficient for: 

• a layer of bituminous froth to separate from the feed slurry; and 

• the bulk of the sand in the slurry to settle to the bottom of the vessel. 

Most of the bitumen recovery occurs in the separation cell; its froth is sent directly to a primary 

heater/deaerator. A relatively dense sand slurry is withdrawn from the base of the vessel and sent 
J 

to tailings. A third stream (the middlings) is withdrawn from the side of the separation cell and sent 

to a bank of flotation cells; it comprises a dilute suspension of sand, fines and residual bitumen. The 

bulk of residual bitumen is recovered as a dirty froth in the flotation cells, then delivered to a froth 

cleaner where (after a settling interval) the froth product passes to a secondary heater/deaerator. Hot 

secondary froth is combined with primary froth in the feed to the primary deaerator. Froth settler 

underflow is recycled to the separation cells while underflows from the separation cell and the 

flotation cells are combined and pumped to the final tailings pump house. 

As noted the sixth train planned for Extraction is a simpler version of current operations. The 

biggest change is the direct recycling of flotation cell froth into the separation cell where it is 
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combined and recovered with primary froth. Hence, there will be only one froth stream destined for 

heating and deaeration so only one deaerator required for this purpose. A second improvement in 

the sixth train is better hydraulic isolation of the separation cell contents from the middlings and 

underflow streams. This will aid in maintaining steady conditions in the separation cell, enhancing 

bitumen recovery. 

5.2.3 Froth Treatment 

This process flow diagram is summarized in Figure CS.0-4. An interstage tank stores hot, deaerated 

froth issuing from the heaterideaerators. Froth from the tank is combined with hot diluent and sent 

for two-stage centrifug~tion. Demulsifiers are added as required. In the first stage scroll centrifuges 

remove the bulk of the mineral from the froth. In the second stage mineral and water contents are 

reduced to 0.5 Wf'l/o and 4 wt% respectively by disc centrifuges. The product stream from the disc 

centrifuges is diluted bitumen which is pumped to storage. Waste streams from the centrifuges are 

combined and sent to a diluent stripping tower. 

5.2.4 Overall Balance 

Figure C5.0-5 shows a simplified flow diagram for Extraction. Section C7.0 and Appendix HI 

details extraction material balances at production rates of 79.5 kbpcd and I 07 kbpcd upgraded crude 

oil respectively. 

5.2.5 Tailings Management 

a) S~paration Circuit Tailings 

Suncor anticipates that the following two processes for handling separation circuit tailings will be 
J 

implemented by the time Steepbank operations commence: 

.. consolidated tailings (CT), a new technology that promises to eliminate the existing 

inventory of fine tailings by using it to form stable landfill; and 

.. tertiary bitumen recovery from a CT process stream. 

The first commerciai demonstration of CT technoiogy began on half of Extraction tailings in 

November/December 1995. Full commercial operation by the end of 1996 is anticipated. 
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The process flow diagram for separation circuit tailings (which are divided with a hydrocyclone into 

high-mineral and low-mineral content overflows) is shown in Figure CS.0-6. Key parameters in the 

separation pertain to the underflow. It is desirable that essentially all the sand and only minimal 

water in the tailings feed stream divert to the underflow which is then combined with mature fine 

tailings retrieved from existing inventory. Relative amounts of fine tailings and underflow are set 

by the target density and sand/fmes ratio values in the resulting mixture. A small amount of calcium 

ion is added in the form of gypsum, which is produced as a by-product of Flue Gas Desulphurization 

at Suncor' s Utilities plant. The calcium ion renders the mixture non-segregating - i.e., the sand and 

the clay in the fine tailings now settle together, rather than the sand settling out with the clay 

remaining in suspensi~n. This aggregation is the basis for the CT technology. The chemically

treated tailings mixture is pumped to a tailings pond where it consolidates to a stable deposit. 

Tertiary bitumen recovery, is planned to be accomplished in the hydrocyclone overflow, shown by 

a process flow diagram in Figure C5 .0-7. The overflow would be sent to a set of flotation cells 

which scavenge residual bitumen for return to the separation circuit prior to pumping overflow to 

storage in a tailings pond. 

Tailings sand will not be used exclusively for CT. About 15% will be used for dyke construction 

in the period 2000 to 2008 on Lease 86117. Dykes on Steepbank Mine will be constructed of 

overburden. 

The tailings pumps, hydrocyclones and pipelines will be designed to incorporate sufficient 

flexibility to meet all operational demands. 

j) 

b) Froth Treatment Tailings 

Froth treatment tailings are routed to a naphtha recovery unit where most of the diluent is separated 

for recycling by the use of counter-current contact with live steam. Lean tailings are then pumped 

to storage in a tailings pond. 
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5.3 TECHNOLOGY INITIATIVES 

Suncor has participated in a number of Extraction process and tailings management initiatives over 

the years, some in preparation for new mine development. The more significant of these initiatives 

are discussed in this section. 

5.3.1 Fundamental Tailings Research 

Tailings management technology is a common feature of the Extraction process options considered 

by Suncor. The company's taiiings management activities have included efforts to determine 

improved means of .storage and reclamation of tailings waste with an emphasis on the 

reduction/elimination of fine tailings. In addition to evaluating proposals developed by others 

Suncor has itself sought alternative methods to reduce or eliminate accumulation of difficult-to

manage tailings waste. 

Suncor supported a long-standing research program (conducted by McGill University scientists in 

the 1970s) that sought to increase understanding of the origins and properties of the fine tailings 

which were rapidly accumulating in tailings ponds. The work culminated (in the early 1980s) with 

the development of a process to treat mature fine tailings using acid lime and polyelectrolyte; this 

product would then be combined with tailings sand to form a mixture from which the sand would 

not separate. Consolidation behaviour of pilot-scale volumes (125 m3
) of this mixture was then 

measured. Ultimately, the process was not commercialized because of its perceived high cost. 

There was a hiatus in Suncor' s tailings research until the late 1980s, when the company's plans for 

site reclamation and new-lease operation were undergoing development. It was apparent that 
! 

retaining in perpetuity large volumes of tailings waste behind a dyke adjacent to the Athabasca River 

was both highly undesirable and impractical. Needing to search out other alternatives, Suncor 

initiated activities that led to commercial implementation of consolidated tailings technology. 

It is noteworthy that CT technology is the culmination of work performed by many individuals and 

groups over an extended period oftime. In 1989 a rather unique step was taken in the industry with 

formation of the Fine Tailings Fundamentais Consortium (chaired by Suncor). This began a five

year co-operative effort (involving industry, government and university personnel) to study the 

fundamental prope1iies of fine tailings. 
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Significant large-scale pilot efforts are underway to investigate processes which emerged from the 

Consortium collaboration. It is anticipated that essential scientific work will be continued within 

the Canadian Oil Sands Network for Research Development (CONRAD). 

5.3.2 AOSTRA Taciuk Process (ATP) 

Suncor was a participant in the most recent industry/AOSTRA study of the ATP. This process 

approaches oil sand processing and tailings management from an entirely different perspective than 

conventional technology and thus provides improvements over existing practice. In particular: 

• partial upgradhtg of bitumen is achieved simultaneously with its recovery, accomplishing 

two processing steps in one operation; 

• the principal source of process heat comes from burning heavy ends of the bitumen, 

minimizing consumption of more valuable fuel such as natural gas; 

• tailings can be delivered dry to their deposition site, eliminating fine tailings; and 

• the partially-upgraded product from the major process unit (the Taciuk processor) is 

transportable via pipeline. 

Despite these merits the process is burdened both by its novelty and by the perceived technical and 

economic risks associated with its progression to a commercial scale. 

Suncor concluded that the A TP process is best considered in the context of new, small, grassroots 

facilities that have no existing infrastructure and no upgrading capability. (Suncor is currently 

evaluating the application of the Taciuk Process to oil shales in Australia). 

5.3.3 OSLO Processes 

Suncor held preliminary discussions with the OSLO New Ventures group on a joint venture to build 

and operate a demonstration oil sand dredging/bitumen recovery project. The initiative was 

abandoned because of poor economics at the anticipated scale of operation. 

Another OSLO innovation, the use of mineral flotation chemicals in place of caustic to enhance 

bitumen recovery, has been investigated by Suncor. The principal attraction of the OSLO approach 

was the claim that generation of fine tailings is eliminated with no loss in bitumen recovery. A 

thorough assessment of the OSLO process was completed as part of the work of the Fine Tailings 

Fundamentals Consortium; their research confirmed the benefits to tailings of a non-caustic 
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environment for oil sand processing. As a result Suncor completed a commercial-scale test in its 

Extraction plant in December 1995, using OSLO chemical aids to bitumen recovery rather than 

conventional caustic. A 1500 m3 sample of fine tailings was collected for the first large-scale settling 

and consolidation testing on OSLO process tailings; this work is still in progress. 

With the successful start-up of consolidated tailings technology in Suncor's current operation there 

is no incentive to convert to the OSLO process. 

5.3.4 Canadian Occidental Sand Reduction Technology 

Suncor accessed data fr.om Canadian Occidental pertaining to its sand reduction technology, which 

uses hydrocyclones and proprietary chemical aids in a process intended to remove at least 90% of 

the mineral from an oil sand slurry at the mine site. The Canadian Occidental intent was to simplify 

and reduce the cost of processing ore mined at a site remote from existing facilities in two ways: 

by eliminating the need to transport sand long distances and by generating an essentially-dry tailings 

stream. The data did not quantify the amount and properties of the fines in the bitumen slurry, 

suggest means by which dilute bitumen slurry might be processed for bitumen recovery or elaborate 

on the quantity and properties of the tailings stream. Suncor did not pursue sand reduction 

technology because Steepbank Mine proposes to use the existing Extraction plant and consolidated 

tailings technology. In the decades ahead, as ore transportation distances increase, sand reduction 

technology may be reconsidered. 

5.3.5 Bitmin Process 

The Bitmin Resources Inc. process was developed jointly by Kilborn Western Inc. and Fording Coal 

Ltd. It is intended to maintain or enhance bitumen recovery while reducing external thermal energy 
J) 

requirements and eliminating fine tailings formation. The process includes: 

" a novel conditioning method to minimize dispersion of clays contained in the oil sand; 

" recycling of process water within the plant, thereby conserving heat; and 

" water removal from fine and coarse mineral, using clarification and filtration technology to 

produce "dry", stackable tailings. 

Suncor made available a site on its lease for Bitmin to construct a 20 t/h demonstration plant. A 

variety of ores was provided by Suncor and the bitumen product was delivered to Suncor's 
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Extraction plant. Bitmin stored the tailings in an impoundment where geotechnical data were 

collected. 

Suncor assessed the Bitmin process and decided not to use it for the following reasons: 

• The conditioning process is not applicable since Suncor chose hydrotransport for oil sand 

delivery and conditioning; 

• The additional cost of recycling warm water is not warranted since available low-grade heat 

is used in the Steepbank Extraction process; and 

• Consolidated t_ailings is a cost-effective way to eliminate existing fine tailings inventory. 

5.3.6 Oil Sand Hydrotransport 

After completion of an extended research program Syncrude Canada Ltd. concluded that slurry 

transport of oil sand is an effective means of: 

• transporting oil sand long distances, and 

• conditioning oil sand for bitumen recovery provided sufficient mechanical and thermal 

energy is imparted to the slurry. 

As a consequence ofthis work Syncrude constructed a 610-mm diameter, 2.5-km-long pipeline to 

augment delivery of conditioned oil sand slurry to the Extraction plant; the facility is called the 

Extraction Auxiliary Production System (EAPS). Output from the EAPS pipeline is discharged 

directly into separation cells. EAPS commenced operation in fourth quarter 1993 and its 

performance has exceeded expectations. 

)) 

Suncor purchased the right to use this technology by entering into a technology development 

agreement with Syncrude in 1994. The Steepbank Mine project uses oil sand hydrotransport to 

economically deliver ore from the mine to the Extraction plant, benefitting also from the 

simultaneous conditioning of the ore during its transport. 

5.3.7 Modified Hot Water Process 

In 1991 Suncor performed a suite of tests on one of the lines in the Extraction plant to measure the 

effect on recovery of running the plant at lower temperatures. The objective of the test was to 

demonstrate the feasibility of reducing S02 emissions by burning less coke to create steam for 

extraction heat. While that particular S02 initiative was not pursued because better solutions were 



Steepbank Mine Project Application - 82- Section CS.O 

found, tests did show that separation circuit recoveries were unaffected by temperature over the 

range oftemperatures studied. 

A more comprehensive set of plant tests was conducted on one line in the Extraction plant (during 

1995) in order to determine the impact of different operating conditions on separation circuit 

recovery and equipment performance. Principal line test parameters were: 

.. 

" 
.. 

oil sand feed rate: 1350 t/h, 1800 tlh and 2200 tlh; 

ore grade range: 9.4 wt% bitumen to 12.2 w1% bitumen; 

water/ore ratio~(wtlwt): normal= 0.6 to 0.65 and low= 0.45; and 

separation circuit temperature: normal= 75°C and low= src. 

The test program was designed so that Suncor could assess: 

" the upper limit of existing plant capacity, in anticipation of higher production rates forecast 

for 2000 and beyond; 

.. sensitivity of bitumen recovery to process variables; and 

'" the potential for reducing the quantity of thermal energy input to Extraction. 

Ancillary experiments on froth flow and froth heating/deaeration were carried out in parallel with 

the main program. 

Results of this work demonstrated that for the ores tested: 

" separation circuit capacity for each extraction line is at least 2000 tlh oil sand; and 

" recovery is unaffected by either water/ore ratio or separation circuit temperature over the 

range oftesting. 

As a result of the test program the separation circuit process for Steepbank Mine operations will be 

a modest extension of existing practice. The most significant change is to operate at temperatures 

about 50°C which is about 25°C lower than currently. Present operations temperatures have not 

been lowered because the conditioning drum requires steam injection to operate properly. 
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5.4 PROCESS SELECTION CRITERIA 

Suncor's Extraction process selection method has evolved from preliminary evaluation of 

alternatives in the early 1990s to a more thorough assessment in 1994/1995 that resulted in the 

current design basis. 

The Extraction and tailings management process selected by Suncor for its Steepbank Mine 

operation is discussed in terms of the following process criteria: 

• capital and op~rating costs, 

• technical risk, 

• bitumen recovery, 

• thermal energy efficiency, 

• fine tailings generation, storage and reclamation, 

• water balance, and 

• naphtha losses and atmospheric emissions. 

The last four criteria relate to environmental impact. This list also includes relevant objectives set 

forth by the AEUB for integrated, mining-suitable oil sands projects. 

5.4.1 Capital and Operating Costs 

Additional Extraction plant capacity is required for oil sand transport and conditioning. These 

functions are accomplished simultaneously in the hydrotransport process which moves oil sand from 
)! 

the east side of the Athabasca River to the existing plant on Lease 86. Existing facilities replaced 

by hydrotransport are the ore feed conveyors from the mine to extraction, and the conditioning 

drums and reject screens in the Extraction plant. Conversion to the hydrotransport process is less 

expensive than upgrading, relocating and extending existing facilities. 

Proposed equipment changes are summarized in Table CS.0-1. 

The slurry distributor will partition discharge from the two hydrotransport lines so that it can be 

delivered to the separation cells available for operation. 
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A sixth line in the separation circuit will be constructed, requiring a new froth heater and deaerator. 

Owing to the possibility of 50 mm rocks in the oil sand slurry pipeline discharge, separation cell 

underflow pumps in the plant will be converted to all~metal construction. 

New equipment will be installed in the froth treatment plant. Expansion to I 07 kbpcd capacity is 

a continuation of the earlier changes implemented to achieve 87 kbpcd capacity. 

TABLE C5.0-1 

EQlJIPlVIENT CHANGES FOR EXTRACTION FACILITil!:S AT 107 kbpcd 

I Activity or Process I Change Required I 
Slurry Distribution One slurry distributor 

Primary Extraction One separation cell 

Flotation banks 

One deaerator 

All~metal separation cell underflow pumps in current plant 

Froth Treatment One first~stage centrifuge 

Improved conveyor mechanism on all first~stage centrifuges 

Additional second-stage feed drum 

One filter 

Three second~stage centrifuges 

Naphtha Recovery Unit Increased capacity 

Primary Extraction Tailings One tailings line, consistent with requirements of 

consolidated tailings technology 

The means to achieve increased capacity in the NRU stripper are being designed. The amount of 

diluent discharged to tailings ponds at 107 kbpcd will not exceed the amount currently discharged. 

Planning studies currently indicate that a sixth tailings line will be required to sustain operations at 

l 07 kbpcd. A definitive design for primary Extraction tailings will be established once the operating 

scenarios associated with consolidated tailings are better-defined. 
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These changes (which include the assumption that full use will be made of existing plant capacity) 

are sufficient to extend Extraction production capability to the equivalent of I 07 kbpcd. They 

represent the minimum-cost option for Steepbank Mine Extraction facilities. 

Absolute Extraction operating costs are expected to increase owing to the higher tonnage being 

processed; however, unit operating costs on a per tonne basis will decrease. Operating uncertainty 

is restricted to that part of the process which is new (i.e., the slurry transport system). 

5.4.2 Technical Risk 

At issue here is the potc;ntial to fail to meet expectations. Technical risk is associated entirely with 

the hydrotransport system. Loss of production may be experienced until sufficient operating 

experience is gained or until equipment fix-ups have been completed. Areas of particular interest 

include: 

• rejects processing and extent of bitumen loss to rejects, 

• uniformity of slurry distribution to any five of six separation cells, and 

• ease of maintaining steady, optimal flow conditions in the slurry lines. 

Suncor judges these uncertainties to be typical, acceptable risks when new technology is introduced 

into an existing commercial operation. Also, sufficient time exists to incorporate risk mitigation 

strategies in the final design. The following strategies relevant to the listed concerns are being 

pursued: 

• It is believed that a particle size limitation for hydrotransport and subsequent treatment in 
J! 

the separation cells is <50 mm. To reduce reject volume, it is proposed to crush to <1 00 

mm and then screen to <50 mm. This solution will require further investigation of crusher 

and reject circuit designs. (See also bitumen recovery later in this section.) 

• Hydrotransport product will be distributed to on-line separation cells at the Extraction plant 

through the feed distributor. Uniform feed distribution is desirable but may be hard to 

achieve. Currently, a number of gravity-feed and pressure-feed distributor designs are being 

considered in conjunction with physical Extraction plant layout constraints. 



Steepbank Mine Project Application - 86- Section C5.0 

" Large-volume slurry pipelining of tailings is well-understood at Suncor. Mathematical 

design models have been developed over the years that satisfactorily reflect operating 

performance. It is known, however, that a slurry containing significant amounts of bitumen 

will behave differently. Also, in order to reduce water transfer Suncor is pushing the limits 

of slurry technology by pumping as dense a slurry as possible. Additional testing and 

modelling of hydrotransport of oil sand is underway. The key results required are system 

design parameters and operating procedures that will both avoid plugging and provide 

steady feed to Extraction. 

A key factor in facilitating adoption ofhydrotransport technology at Suncor's operations has been 

the conversion to truck and shovel mining, which has provided the reliable, uniform ore feed that 

the technology requires to be successful. 

5.4.3 Bitumen Recovery 

Suncor is committed to achieve an average of91.1% bitumen recovery from the Steepbank Mine. 

Sun cor is also committed to a program of improvement initiatives. Suncor believes these initiatives 

will overcome the impact of higher fines from the Steep bank Mine and add in the order of 2% to 

bitumen recovery. 

For current plant operations, calculation for bitumen recovery is based on a procedure developed in 

collaboration with the AEUB. The calculations proceed sequentially upstream from Plant 4 

(secondary extraction) and the NRU using selected stream assays and flow rates to estimate bitumen 

content in the oil sand feed. Resuits ofthese caicuiations for 1995 are summarized in Tabie CS.0-2. 

Bitumen losses to rejects, separation circuit tailings and froth treatment tailings are discussed in the 

following subsections. Bitumen recovery improvement initiatives are discussed in Subsection 

C5.4.7.a 

a) Losses to Reject 

As Syncrude gained experience with hydrotransport, the proportion of reject as a percentage of oil 

sand feed decreased from about 15% to about 8%, where it remains; bitumen content of the reject 

is estimated at about 8 wt%. A $1.3 million project was undertaken during the summer of 1995 to 

assess different reject screening options. While the intent was to demonstrate that bitumen losses 

could be reduced to a lower level using a better reject screening arrangement the work did not 



Steepbank Mine Project Application - 87- Section CS.O 

TABLE CS.0-2 

SUN COR EXTRACTION PLANT RECOVERIES IN 1995 

Month Calculated Recovery (wt%) 

January 91.9 

February 93.2 

March 93.1 

April 91.8 

May 92.3 

~une 91.9 

July 92.1 

August 92.1 

September 91.1 

October 91.4 

November 91.9 

December 93.2 

achieve its objective. Hence (in the Steepbank Mine slurry preparation process) oversize in the 

cyclofeeder product is crushed, reducing the quantity of reject. It is estimated that bitumen loss to 

reject will be about 1.3 wt%; this compares with about 2 wt% to 3 wt% in current operations. 

b) Losses to Primary Extraction Tailings 

In recent years Suncor has reduced bitumen toss to Plant 3 (primary extraction) tailings by achieving 

relatively constant, high densities in the separation cell underflow streams. The improvement is 

attributed to both the conversion to truck and shovel mining (which provides a more uniform feed 

rate) and modifications made to the separation cell rake mechanisms. 

It is conservatively estimated that bitumen loss to Plant 3 tailings will be about 5.3% for Steepbank 

Mine operations. There is potential to reduce these losses if hydrocyclone overflow from 

consolidated tailings is processed through a flotation circuit. 
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c) Losses to Secondary Extraction Tailings 

Bitumen loss to Plant 4 (secondary extraction) tailings in current operations averages 2.3% of oil 

sand feed bitumen. Even though the same equipment will be used for Steepbank Mine operations 

a modest reduction in losses is anticipated owing to steadier operations after construction of 

intermediate storage between Plants 3 and 4 and better performance from new, second-stage 

centrifuges to be added to the existing plant. 

The preceding discussion suggests total bitumen losses will be about 8.9%, resulting in overall 

recoveries of about 91.1 %. Recovery wili be increased through the use of tertiary recovery in Plant 

3 and improved perfonp.ance of Plant 4. 

d) Impact of Increased Fines 

Fines content (less that 44 microns) in Steepbank Mine ore will be higher than that from the present 

mine. Core hole evaluation is continuing; present indications are that fines content from Steepbank 

Mine may average about 17% (expressed as % of mineral in ore) compared to about 12% in the 

present operation. 

Experience dictates that bitumen recovery would be adversely affected by higher fines in the current 

Extraction configuration. The main area of potential loss (due to high fines content in the present 

circuit) is increased loading and bitumen losses in the flotation cells. 

There is reason to believe these losses can be counteracted using the following means: 

" Introduction of consolidated tails technology presents an opportunity for tertiary recovery 
) 

of bitumen at the tailings cyclone overflow. This is under active investigation. 

Syncrude has achieved acceptable recoveries from higher~fines material. Suncor is 

participating in a technology exchange with Syncrude; areas of promise are in separation 

cell froth under~wash and centrifuge modifications and operations. (Froth under-wash 

involves introduction of a layer of clean water in the separation cell interface between 

middlings and froth layers. Any froth passing through this iayer is cleaned. The benefit is 

most significant for high-fines ore). 
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5.4.4 Extraction Process Thermal Energy Demand 

The dominant consideration affecting energy efficiency in bitumen production is the amount of 

thermal energy consumed by the Extraction process. In Table CS.0-3, the thermal energy balance 

for Extraction is summarized; data are presented for calendar day and stream day production rates. 

A calendar day rate is determined by averaging a quantity of interest over one year. A stream day 

rate is the design rate (i.e., the estimated maximum rate at which the quantity is processed on a 

sustained basis). 

Main parameters whi~h affect thermal energy demand are oil sand rate, ratio of water to oil sand 

used in the Extraction process and temperatures of the streams as they enter and leave the process. 

These parameters are stated at the top of the table. Note that: 

I. A higher proportion of water is assumed for Steepbank Mine owing to the higher fines 

content of Steepbank Mine ore. 

2. Oil sand feed and water temperatures are the same for all cases and are estimates of annual 

average values. 

3. The separation circuit temperature is lower (55°C versus 72°C) for Steepbank Mine 

operations. 

Thermal energy requirements calculated from input data are presented as total heat demand rate and 

heat demand per tonne of oil sand. Note that heat demand per tonne of oil sand is 18% lower (219 

MJ/tTS versus 265 MJ/tTS) for Steepbank Mine operations. 

) 

Thermal energy is supplied by live steam, by recovering waste heat and by condensing steam as 

follows: 

• Live steam consumption is reduced by more than 50% for Steepbank Mine operations 

because oil sand is no longer conditioned in a drum; 

• The main waste heat item is the 97 MW of low-grade heat recovery from the expanded 

Upgrading facilities. Credit for low-grade heat recovery has been taken only for the 
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TABLE C5.0-3 

EXTRACTION THERMAL ENERGY DEMAND 

Calendar Day Stream Day 

PARAMETER Rates Rates 

79.5 107 79.5 107 

kbpcd kbpcd kbpcd kbpcd 

Oil Sand Rate t/h 5708 7775 6273 10 000 

Process Water/Oil Sand wt/wt 0.54 0.66 0.54 0.66 

Temperatures: oc 
Oil Sand Feed 5-10 5-10 5-10 5-10 

Make-up Water 10 10 10 10 

Diluent Feed 54 54 54 54 

Separation Circuit 72 55 72 55 

Diluted Bitumen 84 84 84 84 

Thermal Energy Required: 

Total MW 420 472 461 608 . 
Per tonne of Oil Sand MJ/t 265 219 265 219 

Thermal Energy Supply: MW 

Live Steam 174 75 191 96 

Waste Heat: 

-Cooling Water 30 10 30 10 

- Low-Grade Heat 0 97 0 0 
) 

Recovery 

- Miscellaneous 4 5 4 9 

Condensing Steam 212 285 236 493 

Total Process Steam: 

Energy Rate MW 386 360 427 589 

Mass Flow t/h 587 582 650 961 

Total Steam Supplied: 

Mass Flow t/h 646 640 715 1057 
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calendar day Steepbank Mine calculation. Under normal circumstances this amount of heat 

will be available when Extraction is operating at stream day rates. However, no credit is 

taken in the Steepbank Mine stream day calculation to ensure that the steam plant can make 

up any deficit in low grade heat recovery; and 

" Condensing steam supplies the balance of Extraction heat. 

Total process steam is the sum of the live and condensing steam requirements. 

Total steam supplied is,. 110% of the process steam. The additional 10% accounts for miscellaneous 

heat sinks such as losses, heating, ventilating and steam tracing. 

It is noteworthy that Extraction's calendar day steam demand for Steep bank Mine operations at 1 07 

kbpcd is the same as for operations at 79.5 kbpcd. This is a consequence of lower operating 

temperature, lower live-steam consumption and the credit for low grade heat recovery. This has a 

positive influence on greenhouse gas emissions (see Subsection C8.1.2). 

5.4.5 Fine Tailings Generation, Storage and Reclamation 

Tailings fines consist of mineral(< forty-four microns) released from oil sand during conditioning 

and suspended in the fluid phase of the tailings stream. Upon deposition in the tailings ponds the 

portion of tailings fines not trapped in a sand matrix (e.g., in the beach or the pond bottom) remains 

in the fluid portion of the pond. The fines continue settling (over a period of two to three years) until 

a layer with a mineral content of about 25 wV'/o to 30 wt% is attained, at which point further settling 

and consolidation is indiscernible. The resulting stable suspension is classified as mature fine 
J 

tailings (MFT). 

Since the start of operations in 1967 Suncor has accumulated about 100 million m3 ofMFT. This 

fluid is stored in ponds whose perimeter walls are constructed of overburden and tailings sand. 

Factors which affect the amount of fine tailings generated are: 

a amount of clays and extent of their dispersion in the oil sand; 

" temperature of conditioning process (high temperatures create more fines); and 
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.. chemical environment during oil sand processing (the high alkalinity required in current 

operations increases creation of fine tailings). 

Consolidated tailings technology is an effective means of converting MFT to a stable deposit. This 

conversion is achieved by chemically altering the MFT mineral so that it has sufficient strength to 

prevent differential settling of sand in the MFT (relative to the suspended fines). Thus, if sand is 

intentionally mixed into chemically-treated mature fine tailings the additional load imposed on 

suspended fines by suspended sand will accelerate the consolidation process, permitting significant 

shear strength to be achieved in two to three years. 

There is sufficient flexibility in the consolidated tailings recipe so that (once the technology is fully 

implemented) Suncor's inventory of MFT can be gradually drawn down. In the steady-state 

operation storage would be necessary for about three years' inventory of maturing fine tailings. 

Pond water storage would of course also be required. 

The Extraction process (including tailings management) which Suncor proposes for Steepbank Mine 

operations will generate fine tailings at a slightly higher rate than at present. Dominant factors are 

the quantity and characteristics of fine minerals in the oil sand and the chemical environment during 

conditioning. Preliminary data suggests that fines content in Steepbank ore averages about 17 wt% 

of mineral, about 5% higher than current ore. A caustic-assisted process will be sustained. 

Although, the lower temperature during conditioning in the slurry pipeline (versus in the existing 

drums) will tend to reduce fine tailings generation, no credit is being assumed for this change in 

process conditions. 

Steepbank Mine operations will require progressively~less storage for tailings fluid owing to the 

gradual conversion of current MFT inventory to a stable solid by means of consolidated tailings 

technology. Over twenty to thirty years of operations MFT inventory will be reduced to a low 

amount. Thereafter, MFT will be consumed at the same rate they are created. 

Reclamation of consolidated tailings is discussed in Section D3 .0. 

5.4.6 Water Balance 

The current Extraction operation is a net importer of water which accumulates in tailings ponds and 

inMFT. 
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The application of CT technology results in large volumes of water released from the MFT as they 

are consolidated and the inventory of MFT is drawn down. Calculations show that this water can 

be stored in existing and planned ponds for a period of five to ten years. 

Management of Extraction recycle water is discussed in Subsection 03.4.4, where Suncor addresses 

opportunities to maximize the use of the CT release water, thereby reducing water demand from the 

Athabasca River. 

Ultimately some water (meeting quality standards) will be discharged into the Athabasca River. 

5.4. 7 Extraction Performance Criteria 

Anticipated bitumen losses to the waste streams in Extraction are summarized in Table CS.0-4. 

These losses correspond to anticipated overall recoveries of91.3%, 91.3% and 91.1% at upgraded 

crude production rates of79.5 kbpcd, 87 kbpcd and 107 kbpcd respectively. Discrepancies in the 

final significant figure are caused by rounding error. 

a) Methods of Improving Bitumen Recovecy 

Suncor has identified several means by which bitumen recovery might be improved. Some of these 

are currently in various stages of implementation while others require further assessment. Sun cor 

believes that these means will overcome the impact of higher fines from the Steep bank Mine and 

add in the order of 2% to bitumen recovery. 

i. New Second-Stage Centrifuge 

This new unit has recently been commissioned. Performance assessment will be complete by June 
J1 

1996. Anticipated benefits include: 

• Improved recovery (i.e., better than 97.5% of input bitumen to the centrifuge plant) because 

the design of the new unit incorporates several improvements over existing machines 

(which were designed thirty years ago); and 

• Reduced loading on existing machines, which may result in improved recovery. 
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TABLE CS.0-4 

ALLOCATION OF BITUMEN LOSSES IN EXTRACTION 

(wt% of bitumen in oil sand feed) 

79 500 87 000 107 000 

(12 639 m3/cd) (13 832 m3/cd) (17 012 m3/cd) 

Bitumen Recovery(%) 91.3 91.3 91.1 

Bitumen Losses (% ): 

-Reject 2.0 I 2.0 1.3 

- Separation Circuit Tailings 4.3 4.3 5.3 

- Froth Treatment Tailings 2.3 2.3 2.3 

Total(%) 99.9* 99.9* 100.0 

* Dtscrepanctes m the total percentages are the result of roundmg. 

ii. Upgraded First-Stage Centrifuge 

A joint program with Syncrude is in progress, to assess changes to the centrifuge feed mechanism 

recommended by its manufacturer. It is anticipated the capacity of the machines can be raised by 

25% and there is also potential for recovery improvement. The test program and data analysis will 

be complete by third quarter 1996. 

iii. Larger Drum Slurry Screens 

Existing drum slurry screens measure 1.8 m x 4.9 m and have openings of 3 em x 7.6 em (on the top 

deck) and 0.8 em x 3.2 em (on the bottom deck). There are five of these double-deck screens, one 

for each drum. Suncor intends to replace oJile of these screens with an 2.4 m x 6.1 m double-deck 

screen which has larger openings. Assessment of new screen performance should be complete by 

fourth quarter 1996. It is anticipated the larger screen will reduce losses to reject even at the higher 

oil sand feed rates for 87 kbpcd production (at 107 kbpcd these are by-passed). 

iv. Naptha Recovery Unit Enhancements 

The Naptha Recovery Unit recovers hydrocarbon (diluent) from plant waste streams that are en route 

to storage in tailings ponds. In addition to centrifuge plant tailings feed to the column includes 

wastewater streams from the Upgrader. On the basis of a recently-completed study of the Naphtha 

Recovery Unit Suncor will improve the feed box design so that higher feed stream temperatures 
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(which will result in higher hydrocarbon recovery) can be run without danger of particulate carry

over into the overhead condenser system. This change will be completed by 1997 and is judged 

sufficient to accommodate production rates of up to 87 kbpcd. 

Suncor will modify the NRU so that diluent losses to the ponds at a rate of I 07 kbpcd are no higher 

than at 79.5 kbpcd. 

v. Froth Underwash 

Froth underwash refers to the introduction of a layer of clean water beneath the froth-middlings 

interface in the separa~ion cell. Syncrude has added a froth underwash to each of their separation 

cells. Beneficial effects of this technolgy are particularly pronounced when difficult-to-process ore 

is arriving at Extraction. In particular, separation circuit froth quality does not deteriorate with 

poorly-processing ore, which means that centrifuge plant feed rate does not need to be reduced in 

order to maintain quality in the diluted bitumen product sent to Upgrading. A more steady operation 

in the centrifuge plant will improve recovery although the benefit cannot be easily quantified. 

Suncor has acquired the right to use froth underwash technology and is currently assessing the best 

time to introduce the technology into its Extraction operations. 

vi. Bitumen Recovery From Hydrocyclone Overflow 

The consolidated tailings process described in Subsection 2.2 requires removal of moist sand from 

the separation circuit tailings stream, accomplished with hydrocyclones. Moist sand from the 

cyclone underflow is used to produce consolidated tailings. Fluid overflow from the hydrocyclones 

contains most of the bitumen in the original tailings stream and is a candidate for a tertiary bitumen 
) 

recovery operation. 

Pilot tests have been completed on a flotation process for bitumen recovery from cyclone overflow 

and promising results were obtained. A decision to apply the process has been made. The expected 

recovery improvement is in the order of a rate of 2 kbpcd when the total separation circuit tailings 

are hydrocycloned. 

vii. Bitumen Recovery From Mature Fine Tailings 

Another opportunity for incremental recovery involves the bitumen in mature fine tailings. Bitumen 

content in existing fine tailings inventory ranges from about 1% to 6% by weight. When 
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consolidated tailings are manufactured it may be attractive to recover bitumen from fine tailings 

which are in transit from the tailings pond to the final tailings pump house. Prior work has identified 

several areas that need further clarification before a decision to initiate commercial-scale operation 

is made including: 

" fraction of fine tailings inventory that has high bitumen content; 

" bitumen recovery as a function of bitumen concentration; 

" properties of recovered bitumen stream and disposition of this stream; and 

" variabiiity of bitumen production rate as influenced by consoiidated tailings schedule, 

seasonal constraints and accessibility of high-bitumen-content fine tailings. 

A pilot program to assess bitumen-recovery-from-fine-tailings process parameters is in progress and 

will be completed by falll996. The next step will depend on the outcome ofthis work and further 

analysis of the above-mentioned issues. 

viii. New Tailings System for Froth Treatment Plant 

Suncor's existing tailings system is at its limit during nonnal operations. Variations in the flow to 

the NRU are frequent. Work is underway to replace the centrifuge plant tailings collection and 

pumping system; the new design anticipates requirements for a 107 kbpcd production rate. With 

completion of this work (by the end of the 1997 tum-around) a more stable NRU feed rate will be 

achieved which will contribute to increased diluent recovery. 

ix. lnterstage Tank 

The interstage tank (between deaerators and centrifuges) has been discussed in Subsection 5.2.3. 
jj 

It is projected that the tank will improve both production and recovery by reducing hydraulic 

interference of the separation circuit with froth treatment and vice versa. 

x. Diluent-to-Bitumen Ratio in Froth Treatment Plant Feed 

Work has begun to assess the feasibility of reducing the diluent/bitumen ratio in the centrifuge and 

will be completed by fall 1996. If feasible, reduced losses of diluent in NRU tailings would be 

expected. 
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5.5 ORE TRANSPORT TECHNOLOGY SELECTION 

Development of Steepbank Mine to support an increase in production rate (from the 1995 level of 

79 kbpcd to 107 kbpcd upgraded crude oil) requires a proportional increase in ore transport 

capability. Suncor has the opportunity to consider a transportation alternative to its current conveyor 

technology. The practical alternative available is hydrotransport (also known as slurry transport). 

This section compares conveyor transport with hydrotransport in terms of economics, technical risk 

and environmental impact. 

5.5.1 Economic Considerations 

a) Capital 

Because the distance from Extraction to Steepbank Mine is shorter than to current in-pit ore sizers, 

Suncor will have redundant conveyor capacity once Steepbank Mine is established. However, in 

the transition period (2000 to 2001) Suncor would need to operate parallel systems, necessitating 

capital outlay for conveyor capacity. Initial capital cost for a conveyor system is less than that of 

the proposed hydrotransport system; however the hydrotransport system provides ore conditioning 

as well as transportation. Current plans call for use of the redundant conveyor capacity in 

Steepbank Mine beyond 2008 to shorten ore haul distances. 

b) Operating Cost 

Suncor has operated both hydrotransportand conveyor systems in its operations since start-up (albeit 

for different purposes). Operating costs for hydrotransport are about one-third that of conveyors, 
J 

a significant advantage resulting from reductions in maintenance costs and energy input. The 

proposed hydrotransport system will replace conditioning drums in Extraction. 

5.5.2 Technical Risk 

Sun cor considers the use of hydrotransport as a means of moving ore to be an extension of proven 

technology currently used for tailings transport. A key requirement for use of the technology is the 

assurance of a steady, reliable feed rate, which is provided by conversion to truck and shovel mining 

from the large, single-purpose bucketwheel excavator system of mining. Technical risks of the 

hydrotransport system are judged to be acceptable. 
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5.5.3 Environmental Impact 

The hydrotransport system is determined to have important environmental benefits compared to the 

conveyor system particularly with respect to the bridge crossing of the Athabasca River. 

These advantages include the following: 

• The hydrotransport system is an enclosed system which (under normal operation) spills no 

ore along the transport route unlike the open conveyor system, which can spill materials, 

including diesel fuel and glycol, along its entire length. 

• The hydrotransport system provides energy savings compared to the conveyor system 

because it prt:l-conditions ore during transport and at lower temperature, thus reducing 

greenhouse gas emissions from Suncor's operations . 

., A shorter, more direct route to Extraction is possible with the hydrotransport system. 

Abnormal operating conditions with hydrotransport include line plugging and line leaks. Unplugging 

of lines is accomplished by using drain points and containment basins which have been established 

along the line route, thus carrying out the operation under controlled conditions. The containment 

pools are earth structures located to provide isolation of their contents from both the Athabasca 

River and natural surface drainage. 

Pipeline leaks may occur; they are expected to be infrequent and contained, requiring minor clean

up. Based on experience from the Syncrude hydrotransport system the wear rate in hydrotransport 

lines is expected to be low. 

The following design and operating strategies will be implemented to reduce the incidence of leaks 
Jj 

(and their resulting environmental impact) to an acceptable level: 

Those sections of pipe which can be expected to experience higher wear or which are 

positioned where a failure would have high environmental impact (e.g., on the bridge over 

the Athabasca River) will have additional wear protection in the form of chromium carbide 

lining in a spiral-wound pipe. Suncor experience indicates that such wear protection 

extends pipeiine iife by a factor of four. 

" The pipelines will be appropriately supported to contain movement. 

" The pipelines over the bridge will be located in a containment trough with collection basins 

on both ends of the bridge. 
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" A quality assurance program will periodically assess wear on the total line, more frequently 

for critical sections. 

" Visual inspection will be conducted formally on each shift and randomly by nearby traffic. 

The possibility of catastrophic failure occuring with the above mitigation strategies in place is 

remote. A pressure transmitter control system will also be installed to detect significant leaks in tthe 

line and to respond immediately by shutting down and draining the system, and immediately 

activating the emergency response procedure. 

5.6 TRANSITIO~ PLAN 

Transition from current operations to full rates from Steepbank Mine will take place over 

approximately fifteen months in 2000 to 200 I as current Lease 86/17 reserves are exhausted. 

Details of the transition operations have yet to be developed. Every attempt will be made to 

minimize production interruption and operational risk without sacrificing recovery. Installation and 

commissioning of the hydrotransport system (from the feed crushers to the Extraction feed 

distributor) will not present a major difficulty. There will be challenges with changeover in 

Extraction due to space and layout constraints. The transition will be managed by appropriate 

sequencing and some temporary routing. 

5.7 PROCESS DESIGN RATES 

Design through-put 

Upgraded crude oil/ 
bitumen ratio 

Overall recovery factor 

Bitumen in feed 

Ore grade (Pits I and 2) 

Ore feed required 

Hydrotransport design rate 

I 05 kbpcd upgraded crude oil net product for market 
I 07 kbpcd upgraded crude oil gross product 

0.~ I (nominal) 

91.1% 

I45 kbpcd 
23 000 m3/cd 
23 260 tied (density 1.009 t/m 3

) 

11.9% 

I95 kt/cd 
8IOO tlch 

I 0 000 tlh (nominal) 



Steepbank Mine Project Application - 100- Section C5.0 

FIGURES 

CS.0-1 

C5.0-2a 

C5.0-2b 

C5.0-3a 

C5.0-3b 

C5.0-4 

C5.0-5 

C5.0-6 

C5.0-7 

FIGURES SECTION C5.0 

Hydrotransport 

Oil Sand Conditioning and Transport at 107 kbpcd SCO 

Oil Sand Conditioning and Transport at 79.5 kbpcd and 85 kbpcd SCO 

Separation Circuit and Froth Heating/Deaeration: Current Operations 

Separation Circuit and Froth Heating!Deaeration: Sixth Line 

Froth Treatment Process 

Extraction Flow Diagram 

Consolidated Tailings Flow Diagram 

Candidate Flow Diagram for Tertiary Recovery 



HOT WATER 
provides thermal energy 

RECYCLE STREAM 
provides mechanical 
energy to assist in 
breaking down the 

oil sand lumps 

HVDROTRANSPORT 

r 

RECYCLE 
+-- PUMPS 

CYCLOFEEDER 
vortex created by the hot water 
and recycle flows break down 
/ the oil sand lumps 

SCREEN 
segregates the oversize 

/ SLURRY 
PIPELINE 

turbulence for the 
extended period in the 

pipeline provides 
conditioning of the 

oil sand and liberates 
the bitumen t . 

l 

EXTRACTION 
PLANT 

final separation 
and 

froth treatment 

PROVISIONS FOR 

t 
HYDROTRANSPORT 

PUMPS 
provide energy to move 

the slurry down the pipeline 

CHEMICAL ADDITION 
( if required ) 

Figure C5.0- 1 Hydrotransport 



>Oil Si"d 

00 
Sizers 

Apron Feeder 
& Conveyor 

Oil Sand Conditioning and Transport 

Surge Bin 
Apron Feeder 
& Conveyor 

Cyclofeeder 
Primary Screen, 
Sump& Pumps 

Figure C5.0-2a at 107 kbpcd 

Drum Water ')------. 

Sparge Steam ')-----. 

Hot Process Water 

Reject Handling 
Crusher, Screen 

&Sump 

Vent 

+ Reject 

) Oil Sand 

do 
Sizer 

Apron Feeder 
Overland 
Conveyor 

Surge Bin 
Apron Feeder 

Feed Conveyor 

Conditioning ~ 
Drum 

/ 

~--r Slurry To 
Separation 

Circuit 

Feed Pump 
Reject Screen 

Sump 

Figure C5.0-2b at 79.5 and 85 kbpcd SCO 

Slurry 
Separation 

Circuit 

Inter lease 
Pipelines 



Separation Circuit and Froth Heating/Deaeration 

Vent Vent 

s"mp:~m, l 
Conditioned 
Slurry '-'ol~-r--- Steam 

-~-----------Separation Circuit 
L--------~--------~~ Tailings 

Separation 
Cell 

Separation 
Cell 

Floatation 
Cell 

Froth 
Settler 

Figure C5.0-3a 

Floatation 
Cell 

Figure C5.0-3b 

Secondary 
Deaerator 

Primary 
Deaerator 

Current Operations 

Vent 

Deaerator 

Sixth Line 



Diluent 

Plant 3 
---.....,Product 

Bird 
Centrifuge 

Tails 

Demulsifier 

Filters 

Slowdown 

Figure C5.0-4 Froth Treatment Process 

Tails 

Product 

Westfalia 
Centrifuge 



/\ /' 
-1:: c 

~ ~ 

Live Steam 

I / 

I Process Water 

I 
(I) .... 

Slowdown Water i: E «< I ... ... a: / Gl «< .s - Gl 

~ - ~ .s en 
Gl E c Cl c. 

«< Diluent :8 lii E .s < I c. ::1 
1/J 

+ 
:c en en 
c 

~ 
0 t (.J Conditioned 

Diluted Slurry Hot Bitumen Tarsand Feed Tarsand Separation Froth Froth Froth ,___.. Froth I > ~ I / Conditioner Circuit Heating Treatment 
Dru Water 

Ill I 
Cl c Stripped Sour Wate 

Reject TAILINGS ;§ I r 

r 

'<I' 

i: Slop Water 
«< 

J a: 

+ 
Diluent 

Recovered Diluen t 

Recovery 

Tailings 

Figure C5.0-5 Extraction Flow Diagram 



I OILSAND I 
CRUDE 

PROCESS WATER I I EXTRACTION I I BITUMEN ~ OIL 
I I 

t 
PRODUCTS 

RIVER 

I TAILINGS I 

OVERFLOW f 

I I L FINE TAILS 

'~ 
I I -- CYCLONES 
I DYKE I 

',;-: -:::-=-=~=~-"':":.- -: : - : -- \\ 
I I 

--i I 
TAILINGS POND BEACH I 

MATURE 
I UNDERFLOW I FINE TAILINGS 

,\_ 

GYPSUM 
\- ~::- - -:::::: -:<- :-; 

TAILINGS POND 

Figure C5.0-6 Consolidated Tailings Flow Diagram 



Separation 
Circuit 
Tailings 

To Consolidated 
Tailings 

Recovered Bitumen 
to Separation Cell 

Hydrocyclone Floatation Cell 

Figure C5.0-7 Candidate Flow Diagram for Tertiary Recovery 

Fluid Waste 
to Tailings 



Steepbank Mine Project Application - 101 - Section C6.0 

C PROPOSED STEEPBANK MINE 

6.0 BOUNDARY ASPECTS 

The boundary of the Steep bank Mine project is considered to be the inlet to the diluted bitumen 

transfer line. Bitumen operations will require energy, water, fuel and diluent from outside the 

boundary. This section describes boundary modifications which will be made to accommodate 

Steepbank Mine. 

Material and energy transfers are quantified in Section C7.0. Changes and upgrades to the fixed 

plant which will be required to process the higher volume of bitumen from Steepbank Mine and to 

serve the mine's utilities needs are detailed in the Application for Fixed Plant Expansion. 

Heat Enen:y: Hydrotransport and the Extraction plant need large quantities of heat to raise the 

temperature of recycle pond water which is used in the process. Most of this heat will be supplied 

by condensing 50 lb. steam in heat exchangers. Currently, two 50 psig steam lines run from 

Upgrading to Extraction: 

• a 915-mm line which sometimes has contaminated steam; and 

• a 41-mm line which has clean steam. 

At present, these lines combine and then join a 1370-mm steam line from Utilities. In future the 

915-mm line will be routed separately to increase steam transfer capacity. As well, the Fixed Plant 

Expansion project proposes to recover additional low-grade heat from the Upgrading by routing 

pond recycle water through heat exchangers in Upgrading. 

Electric Enerjl;y: About 58 MW of the total67 MW of electrical power currently needed to operate 

the Mine, Extraction, Upgrading and Utilities plants is supplied by Suncor's in-plant generators. The 

remaining 9 MW is purchased from Alberta Power Limited and is accessed via two incoming 72-kV 

lines. 
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The Fixed Plant Expansion project proposes to ensure an adequate electrical supply to support 

operations safely and reliably by introducing the following changes to existing systems and 

facilities: 

.. installation of three 13.9-kV switchboards, each rated for 1000 MV A; 

.. revamp of the load-shedding sequence to improve reliability of the electrical supply and to 

reduce the probability of cascading failures; and 

" planned installation (a separate strategic project) of a third turbo-generator which would 

generate power by condensing 50 psig steam using pond water as the cooling medium. 

~: Water is transferred to the Extraction plat1t and its recycle water system from the Upgrader 

and Utilities in a number of fonns including as steam, utility water, blowdown water and process 

water. Net water demand ultimately is sourced from the Athabasca River. The water balance in 

Appendix III details water flow volumes. 

Diesel Fuel: Diesel fuel for Steepbank Mine will be pipelined from the Upgrading diesel-loading 

station in a 1 00-mm pipeline operating at approximately 140 psi g. 

Natural Gas: Peak natural gas consumption for building heat at the Steepbank Mine facilities is 

estimated to be 1300 GJ/d. A 1 00-mm line operating at 90 psig at the inlet will be constructed from 

the Utilities plant to Steepbank Mine facilities. 

Dilyent: This will continue to be provided from Upgrading via the current system. 

J 

Diluted Bitumen: The transfer line will be debottlenecked by twinning the existing 41-mm line with 

a 61-mm line. 
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C PROPOSED STEEPBANK MINE 

7.0 MATERIALS AND ENERGY BALANCE 

7.1 OVERALL BALANCE 

Bitumen production operations are physically coupled to Upgrading and Utilities at Suncor's oil 

sands plant with transfers of heat (in water and steam), electricity, diluent, diesel and natural/process 

gases and bitumen occurring among the entities. 

It is useful to examine the impact of increasing plant production rate (from 79.5 kbpcd to 107 kbpcd) 

on inputs and outputs to the bitumen production operation and on overall energy efficiency. 

Appendix III presents overall balances for the plant at 79.5 kbpcd, at 87 kbpcd and at 107 kbpcd 

production rates. Hydrocarbon, mineral, water, sulphur and energy balances are also detailed. 

Key indicators of overall plant performance are shown in Table C7 .0-1. 

These balances (based on a model of the overall plant site) are a representation of bitumen 

production operation. Balances may differ from actual operating data due to possible inaccuracies 

in model assumptions, design expectations or measurements. Although total C02 and NOx are not 

determined in the balances they are shown as key indicators of performance. 

A commentary on the key material balance indicators follows: 

Product to Market 

The difference between plant capacity and product to market is due to internal consumption of diesel 

and fuel gas, and diluent losses to tailings. 

Sulphur Recovered 

Sulphur recovered will increase 12.4% while production capacity will increase 34.8%. Recovery 

of sulphur is not proportional to the rate of increase because the product slate sent to market 

contains more sulphur for downstream removal at the refinery level. 
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TABLE C7.0-1 

OVERALL PLANT BALANCE, KEY INDICATORS 

Key Indicator and Unit At 79.5 kbpcd At 107 kbpcd %Increase 

Rate Rate (Decrease) 

Product to Market kbpcd 77.9 105 34.8 

Sulphur Recovered tied 485 545 12.4 

Electricity Import (Export) MW 16.5 (7.3) (144) 

Coke to Stockpile Kt/y A'l'l 
""T.J..J 

(;.(\{;. 
vvv 

Af\ f\ 
""tV.V 

Natural Gas Import l96 scf/d 23.2 25.1 8.2 

Net Water Retention m3/d 28 900 40 700 40.5 

Overall Energy Efficiency % 73.1 74.6 1.5 

S02 Emissions t/d 223.6 51.0 (77.2) 

C02 Emissions kt/d 9.3 9.8 5.4 

Nox Emissions t/d 37.1 35.9 (3.2) 

Bitumen Recovery% 91.3 91.1 (0.2) 

Electricity Import 

Electricity imported at 79.5 kbpcd is 16.5 MW. This will move to a position of surplus capacity of 

7.3 MW with the planned installation of a third generator at the Utilities plant. This surplus would 

be generated from coke in a co-generation mode. 

Coke to Stockpile 

Coke transferred to stockpile will increase 40%, more than the production increase, because of 

improved overall energy efficiency. 

Natural Gas Import 

Natural gas import will increase only 8.2% as a result of energy efficiencies and reduced hydrogen 

consumption per barrel of product (used to remove sulphur and improve quality). 
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Net Water Retention 

Net water retention from the Athabasca River will increase by 40% due to an increase in tailings at 

higher production rates. Some water will be available for return as consolidated tailings release 

water (see Section 03.0). 

Overall Energy Efficiency 

Overall energy efficiency (outputs as a percent of inputs) will improve as a result of utilization of 

hydrotransport and warm-water extraction; fixed plants waste heat recovery project; and other 

energy improvements in Upgrading and Extraction. 

SQ2 Emissions 

These emissions have been reduced 75% plant-wide with the commissioning of the Flue Gas 

Desulphurization unit (in Utilities) in 1996. 

i:Q2 Emissions 

C02 emissions will increase significantly less than would be expected for the increase in upgraded 

crude oil production as a result of improved plant energy efficiency. This number includes indirect 

emissions which accrue to power generated elsewhere. Suncor has the opportunity to increase its 

on-site electrical power generation with only a small increase in energy input; this will result in a 

C02 emission credit when compared to the use of power generated elsewhere. Further decreases in 

C02 emission levels are expected post-2002. 

NQx Emissions 

NOx emissions will decrease by 3.2% as a result of higher efficiency of revamped Utilities boilers; 
)) 

provision of over-fired air in the coke-fired boilers; installation of low-NOx burners in Upgrading; 

and a flare gas recovery project. 

Bitumen Recovery 

Bitumen recovery is expected to remain relatively unchanged. This does not include any credit from 

potential tertiary recovery. 
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7.2 BITUMEN PRODUCTION OPERATIONS 

Another approach to assess the performance of Steepbank Mine is to consider bitumen production 

operations as a separate entity from the remainder of the plant site and then to examine its inputs of 

electricity, water, heat, natural gas/process gas, diluent and diesel. This analysis is presented in 

Table C7 .0-2 which shows that overall energy efficiency (outputs as a percent of inputs) increases 

from 85.2% to 85.9% as production increases from 79.5 kbpcd to 107 kbpcd. A calculation based 

on the table shows that energy consumed per unit of bitumen production is reduced by nearly 14% 

for Steepbank Mine (from 3J2 GJ/t to 2.70 GJ/t). 

TABLE C7.0-2 

BITUMEN PRODUCTION OPERATIONS- KEY MATERIAL BALANCE INDICATORS 

Indicator 79.5 kbpcd Rate 107 kbpcd Rate 

Usual Units Energy Units Usual Units Energy Units 

(GJ/h) (GJ/h) 

Bitumen Mined 685 tlh 27 860 910tlh 37 000 

Energy Consumed: 

Electricity 36.6MW 130 46.7MW 170 

Heat Demand 420MW 1500 472MW 1700 

Diesel 575 bpcd 140 775 bpcd 185 

Diluent Loss 4tlh 180 4tlh 180 

Production: 

Bitumen to Storage I 625 tth ,, 25 400 829 tlh 33 700 

Energy Efficiency 85.2% 85.9% 

7.3 BITUMEN PRODUCTION ACCOUNTING 

The present Suncor Extraction material balance is expressed as a complex series of calculations 

(based on component ratios in the various process streams) developed in collaboration with the 

AEUB in 1991. Bitumen recovery and production has been calculated back to January 1990 using 

this method. Changes in the process (which result in changes in the material balance results) are 
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difficult to identify and address. In order to make monitoring of the material balance an easier 

process, a simpler material balance is calculation required. This section describes a proposed new 

calculation procedure that has been discussed with the AEUB and which Suncor is developing in 

collaboration with the AEUB. 

7 .3.1 Proposed Material Balance 

A material balance calculation for Extraction has been proposed that uses only Extraction input and 

output streams (oil sand feed is not used). The balance then would account for only the bitumen and 

diluent components of relevant process streams. Figure C7.0-1 is a simplified flow diagram that 

shows the streams wq_ich wiJJ be used to calculate the material balance. Recoveries wiJJ be 
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5 
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3 

Figure C7 .01 Extraction Hydril'carbon Streams 

calculated based on the amount of bitumen or diluent in diluted bitumen produced by Extraction 

over total bitumen or diluent in Extraction. 

With reference to the figure: 

Bitumen Recovery= Bi(B1+B2+B4+B6) 
Diluent Recovery= DAD3+D5) 

Where B is the quantity of bitumen in the particular stream and Dis the quantity of diluent 
in the stream. 
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7 .3.2 Flows and Definition 

The following is a description of the streams indicated in Figure C7.0-l. 

Oversize- Stream 1 

Plant 3 oversize (reject material from the oversize screens) is disposed of in the mine. This stream 

contains unrecovered bitumen. 

Plant 3 Combined Tailings- Stream 2 

Piant 3 combined taiiings stream inciudes separation cell tailings and scavenger circuit tailings. This 

stream contains bitum~n that is pumped to tailings ponds via the final tails pump house. 

Upgrading Diluent -Stream 3 

Upgrading diluent is supplied to Extraction by Upgrading. This stream is combined with Plant 16 

product (diluent stripping tower) to form the Plant 4 feed diluent stream. 

Diluted Bitumen Product - Stream 4 

Diluted bitumen is the Extraction product stream transferred to the Upgrader. Aii amounts of 

recovered bitumen and diluent leaving Extraction are in this stream. 

Upgrading Wastewater Product - Stream 5 

Upgrading wastewater is a combination of process water and slop tank drainage water that is 

pumped to Plant 16 from Upgrading. Process water contains a small amount of diluent and slop tank 

drainage water contains a mixture of hydrocarbon. Due to the small amount of hydrocarbon this will 

be stated as diluent for the purpose of this balance. 
11 

Plant 16 Tailings- Stream 6 

Plant 16 tailings contains all tailings from Plant 4, the secondary Extraction process. The stream 

contains bitumen and diluent not recovered in Plants 4 and 16. 

7.3.3 Sample Calculation 

A sample calculation is shown in Table C7.0-3. While numbers used in the sample calculation are 

representative of the process the numbers themselves are not process data from the same time period 

and they are only to be used l!S an example. Stream numbers refer to numbered locations illustrated 

in Figure C7.0-1. 
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Sample analyses were varied through a reasonable range of calculations to determine sensitivity of 

bitumen and diluent recovery to the specific variation. It was concluded that inaccuracies in bitumen 

or diluent content (particularly in Streams I to 4) can have an important impact on calculated 

recovery. Additional sensitivity analysis is being conducted. 

TABLE C7 .0-3 

SAMPLE CALCULATION- BITUMEN AND DILUENT RECOVERY 

Plant3 Plant 3 Upgrading Diluted Upgrading Plant 16 

Oversize Combined Diluent Bitumen Waste- Tailings 

Tailings Product water 

STREAM 1 2 3 4 5 6 

Bitumen (wt %) 3.20 0.35 00.0 57.74 0.00 1.44 

Diluent (wto/ti 0.00 0.00 99.8 37.26 0.06 0.39 

FLOW 

Total (USgpm) 22 500 2454 6300 782 4200 

Density (kgll) 1.65 0.87 0.90 1.00 1.16 

Total (tlh) 500 9281 534 1417 195 1218 

Bitumen (tlh) 18.50 32.48 0.00 818.45 0.00 17.54 

Diluent (tfh) 0.00 0.00 532.67 528.16 0.12 4.69 

RECOVERY* 

Bitumen (%) -1.8 -3.7 
I 

92.5 -2.0 

Diluent (%) 100.0 99.1 0.0 -0.9 

* Negative numbers indicate a loss of bitumen or diluent. 

7.3.4 Sample Points and Instrumentation 

Oversize - Stream I 

Bitumen losses to the oversize stream will be calculated using a fixed bitumen content (to be 

determined). Attempts to core-hole the oversize dump (to establish bitumen content) have been 
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unsuccessful. Other methods of sampling the oversize dump are being investigated; the best 

alternative will be selected and used to determine average oversize bitumen content. Oversize 

weight will be measured using the weightometer installed on the oversize conveyor. 

Plant 3 Combined Tailings - Stream 2 

Bitumen losses in Plant 3 combined tailings will be calculated using analysis of a representative 

stream sample and a flowmeter. Tailings will continue to be sampled with an auto-sampler at 

discharge ofthe separation cell bottoms pump. The autosampler (Isolok) will remain in its present 

location unless sampie verification indicates it should be relocated. Flowmeters will be installed to 

measure tailings flow f9r each process line, initially one flowmeter will be purchased and tested (to 

ensure accurate measurement), prior to their installation on all other lines. 

Upgrading Diluent - Stream 3 

Upgrading diluent to Plant 4 will be calculated using the flow rate, density and sample analysis of 

Plant 4 Feed diluent less Plant 16 product (determined by a flow rate and a calculated assay). 

The Plant 4 Feed diluent stream will be sampled using the present auto-sampier and shift composite 

samples will continue to be taken. Due to the relatively-low volume and small component variance 

of Plant 16 product a fixed analysis will be used for it. A sampling program will be employed to 

determine average composition of the diluent supply to Extraction by taking the Plant 16 product 

out of the Plant 4 diluent feed stream. 

Flows will be measured for three diiuent streams. Current Plant 4 diluent and Plant 16 product 

flowmeters will continue to be used while a new flowmeter will be installed on the diluent piping 
!' 

from Upgrading (during the 1997 tum-around). Prior to its installation diluent flow to Extraction 

will be determined by calculation of difference. 

Diluted Biiumen Product - Stream 4 

Bitumen and diluent content of the diluted bitumen will be calculated using flow rate, sample 

analysis and density, the same method as is used at present. Diluted bitumen will continue to be 

sampled as a shift composite using the existing auto-sampler on the pump-around loop and diluted 

bitumen flow will be measured using existing flowmeters. 
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Up~radin~ Wastewater Product - Stream 5 

Diluent content of the Upgrading wastewater stream will be calculated using flow rates, densities 

and sample analyses for the two streams making up the combined stream. Upgrading wastewater 

streams will be sampled (using auto-samplers) and will be analyzed on a shift composite basis with 

existing flowmeters used to measure flow of wastewater streams. 

Plant 16 Tailings - Stream 6 

Bitumen and diluent losses in Plant 16 tailings will be calculated using flow rate, density and sample 

analysis. Samples of Plant 16 tailings will be collected as a shift composite sample using auto

samplers located on t_he horizontal sections of tailings lines outside Plant 4. The flowmeters 

presently in use will be replaced with new flowmeters. Initially a new flowmeter will be selected 

and installed on one line for testing prior to their installation on the other lines. 

7.3.5 Program to Develop Sample Points, Instrumentation and Verification 

All sample points associated with the material balance will be studied to ensure their accuracy. 

Intricacy of the study will vary with type of material being sampled and the effects sample results 

variance have on the material balance. Results of all sample and instrumentation verification will 

be filed for auditing purposes. 

Oversize- Stream 1 

Data from the oversize sampling program will be assessed to determine statistical validity of the 

bitumen content estimate. This will either ensure that the sampling method is accurate or will 

identify the need to develop another method of measuring bitumen content. 

J 

The sampling program to determine bitumen content of Plant 3 oversize material will be repeated 

annually or semi-annually to ensure the estimate is representative. Calibration of the oversize 

weightometer will be performed semi-annually, unless re-calibration is indicated (by a difference 

in results between the weightometer and the oversize truck count). To re-calibrate the weightometer 

trucks will be weighed. 

Plant 3 Combined Tailings - Stream 2 

Testing of the Plant 3 combined tailings auto-sampler has been completed, the data are being 

analyzed and a report will be issued. A testing program at the Saskatchewan Research Council is 

planned for 1996. After the two test programs are completed optimum placement of the auto-
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sampler will be well-defined. A new flowmeter will be selected and tested to measure Plant 3 

combined taiiings flow. 

The Plant 3 combined tailings auto-sampler will be checked semi-annually by using the separation 

cell bottoms density metre. This density will be compared with the sample density to ensure the 

autosamplers are continuing to give representative samples. Re-calibration and inspection of the 

tailings flowmeters will be performed on a bi-monthly basis. 

Upgrading Diiuent- Stream 3 

Accuracy of the existipg Plant 4 feed diluent auto-sampler has never been in doubt because it 

samples a homogeneous stream. However, a short-duration program will be implemented to confirm 

its accuracy. 

Plant 4 feed dilution stream auto-sampler results will be compared to those from a series once a year 

to ensure accuracy is maintained. The fixed analysis to be used for Plant 16 product will be checked 

using a short-duration sampling program semi-annually. 

Diluted Bitumen Prgduct - Stream 3 

Diluted bitumen sampling will be checked by implementing a short-duration sampling program. 

Diluted bitumen auto-sampler results will be compared to those from a series of manual samples 

semi-annually to ensure accuracy is maintained. 

Upgrading Wastewater Product- Steam 5 

Upgrading wastewater streams have little or no effect on the material balance so no work on them 
-' 

is recommended. Samples taken after implementation of the South Tank Farm Dewatering Project 

will identify stream composition. 

The streams will be sampled using existing auto-samplers. If there is a change in analysis the 

Upgrader will be contacted to determine whether the change is process-related. Auto-samplers will 

be checked if the change cannot be explained by a process change. 

Plant 16 Tailings- Stream 6 

The Plant 16 tailings auto-samplers do not require any development work. The hydrocarbon analysis 

will be examined and (if required) changes will be developed. The present venturi flowmeters (used 
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to measure flow of Plant 16 tailings) wear quickly, resulting in inaccurate measurement. 

Consequently, a new flowmeter will be selected and tested for reliability. Upgrading wastewater 

streams will be sampled using existing auto-samplers. If there is a change in analysis the Upgrader 

will be contacted to determine whether the change is process-related. Auto-samplers will be 

checked if the change cannot be explained by a process change. 

Plant 16 tailings sample results will be compared to Plant 16 tailings density metre to ensure sample 

accuracy is maintained. The flowmeter will be re-calibrated and inspected on a bi-monthly basis. 

7.4 WATER BAI,.ANCE 

Site-wide water process water balance is presented in Appendix III. Subsection C3.4 describes 

Steepbank Mine wastewater management and water diversion. 

7.5 ENERGY SOURCES 

Suncor's fixed plants will supply the energy needed by Steepbank Mine. These needs include heat 

(in water and steam), electric power (from Utilities) and diesel (from the Upgrader) for the mine 

fleet. The Suncor Application for Fixed Plant Expansion (Suncor l996a) describes the Utilities plant 

facilities required to support a production rate of I 07 kbpcd. 
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C PROPOSED STEEPBANK MINE 

8.0 ENVIRONMENTAL STREAMS AND CONTROL SYSTEMS 

This section describes the new and incremental atmospheric and aqueous streams resulting from the 

proposed Steepbank Mine, hydrotransport and the modified Extraction plant. Included is discussion 

of the management of petroleum coke, sulphur, landfill waste, domestic sewage, gypsum (from the 

FGD plant) and emergency response. For detailed information about current emissions, and 

mitigative or control practices and initiatives refer to the Application for Renewal of Environmental 

Operating Approval, February 1995 (Suncor 1995a). 

8.1 EMISSIONS TO AIR 

8.1.1 Volatile Organic Compounds 

Volatile Organic Compounds (VOCs) or light hydrocarbons are the major pollutants of concern in 

bitumen production. Continuous improvement in control of VOCs and the introduction of 

consolidated tailings are expected to contribute to a reduction in VOCs released over the next several 

years. 

Table C8.0-1 indicates potential sources ofVOC emissions in bitumen production. 

In 1995 Suncor installed a Vapour Recovery Unit (VRU) to condense and recover VOC emissions 

from secondary Extraction vents, the Naphtha Recovery Unit and diluted bitumen storage tanks. 

The VRU is designed to remove 99% ofH2S and 99 wt% ofincoming hydrocarbon. 

Also in 1995 Suncor designed and implemented (on a test basis) a VOC recovery scheme for a 

primary froth deaerator. Modifications to the unit were made in January 1996. A recovery system 

(planned for installation by the end of 1996) will collect VOC emissions from the remaining froth 

deaerators and froth storage. Conditioning drums will no longer be used with the hydrotransport 

system eliminating that source ofVOCs. Remaining sources of uncollected VOCs in the Extraction 

plant are the separation cells and the flotation cells. Because these operate at modest temperatures 

with heavy hydrocarbons (and at lower temperatures in the future with use of the hydrotransport 

system), their contribution to VOC emission is low. 
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TABLE C8.0-1 

VOLATILE HYDROCARBON EMISSIONS 

Emission Source Operating Temperature VOC Emissions- VOC Emissions-
(OC) Current Operations (Proposed) 

Steepbank Operations 

Cyclofeeder 55-60 Not applicable Low 

Conditioning Drums 70-80 Not collected Not applicable 

Separation Ceiis Current 70- 75 Not collected Not collected 

Steepbank (proposed) 50- 55 

Primary Froth Deaerator · 95 All collected by end of Collected 

!996 

Flotation Cells Current 70- 75 Not collected Not collected 

Steepbank (proposed) 50- 55 

Froth Settler Current 70- 75 To collect via Plant 3 Collected via Plant 3 

Steepbank (proposed) 50- 55 vent by end of 1996 vent 

Secondary Froth Deaerator 95 To collect by end of Collected via Plant 3 

1996 vent 

Froth Storage 95 To collect via Plant 3 Collected via Plant 3 

vent by end of 1996 vent 

. . 
Plant 4 Vent Ambient Collected Collected 

Diluted Bitumen Tanks 80-85 Collected by VRU Collected 

Plant 4 Emergency Pond Ambient Normally nil Normally nil 

Diluent Stripping Tower 65 Collected by VRU Collected 

Plant 3 Tailings Pond Ambient Low Reduced with CT 

Plant 4 Tailings Pond Ambient Being reduced Reduced with NRU and 
_)J other improvements 

Introduction of a hydrotransport system for Steepbank Mine presents the possibility of VOCs 

released at the cyclofeeders, which are open vessels. Based on the fact that cyclofeeders operate at 

a relatively-low temperature (55°C to 60°C), VOCs released at that location are expected to be very 

low. Their character would be similar to those from the Extraction separation cells. 

Site wide VOC emissions are expected to be reduced at the 107 kbpcd production rate to 33% of 

1995 levels (Table C8.0-2). 



Steepbank Mine Project Application ~ 116-

TABLE C8.0-2 

COMPARISON OF CURRENT AND FUTURE VOC EMISSIONS 

Year 1990 1995 

Gross Production Rate (bbl/cd) 58900 77 500 

(m31cd) 9364 12 321 

Tailings Ponds" (tied) 2.3 3.5 

Tank Storageb (tied) 5.8 6.9 

Extractionc (tied) 18.2 25.6 

Upgradingd (tied) 4.6 6.3 
-· 

Cyclofeeder (tied) 0.0 0.0 

TOTAL (tied) 30.9 42.3 

VOC Per Unit of Production .00329 .00318 

Pnmanly Pond I 
b . 

North and south tank farms. 

d 

Primary extraction Plant 3 and extraction centrifuge Plant 4 
From fugitive sources 
Estimate 

1998 

87000 

13 832 

3.9 

0.3 

14.1 

6.9 

0.0 

25.2 

.00182 

Section C8.0 

2001 

107 000 

17 012 

4.6 

0.3 

0.3 

7.7 

1.0 

13.9 

.00082 

Field measurements of pond emissions have indicated that ponds are a much-less significant 

contributor to current VOC emissions from the plant site than originally thought (less than ten 

percent of total VOCs release in 1995). The NRU will be modified so that diluent losses to the 

ponds at I 07 kbpcd are no more than at 79.5 kbpcd. 

Application of consolidated tailings (CT) t~chnology may introduce odours at two locations: the 

CT mixing tank and the deposition site. No noxious vapours have been detected in spot checks of 

the commercial CT trial at these locations. Mitigations (if required) could include collection of the 

mixing tank vapours and underwater deposition of CT. 

In the longer term it has been suggested that anaerobic production of noxious vapours or volatization 

of hydrocarbons from the CT deposits might occur. Suncor believes that this will contribute an 

insignificant impact to the environment. The field demonstration test will be monitored for this 

occurrence. 
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8.1.2 Greenhouse Gas Emissions 

Greenhouse gas (GHG) emissions from bitumen production operations are largely due to energy use. 

With the introduction ofhydrotransport technology and warm-water extraction energy consumption 

and emission per unit of bitumen production is projected to decrease site-wide. As production 

capacity increases (from the current 79.5 kbpcd to 107 kbpcd, a 35% increase), carbon dioxide, the 

largest component ofGHG, emissions will increase (from an estimated 9.3 kt/d to 9.8 kt/d, a 5% 

increase). 

Suncor Oil Sands Group (OSG) acknowledges its environmental stewardship responsibilities with 

respect to climate change and seeks to manage this environmental concern on a voluntary basis in 

accordance with the precautionary principle. OSG has established, as a key goal, the stabilization 

of greenhouse gas emissions from its operations at or below 1990 levels by 200 1. OSG is committed 

to achieving this goal through the actions described below. 

Without a reduction strategy, OSG's GHG emissions would increase 79.4% between 1990 and 2001 

(from approximately 3.4 to 6.1 megatonnes/year). As disclosed in Suncor's 1995 Voluntary 

Challenge Action Plan, actions taken and committed projects to date reduce the projected emissions 

at 2001 to 4.0 megatonnes/year (a 17.6% increase over 1990 levels). A further reduction of600 000 

tonnes/year is required to reach the stabilization goal. 

OSG will achieve approximately 90% of that required reduction in GHG emissions through 

modifications to its facilities and implementation of new technology as a part of its Fixed Plant 

Expansion and Steepbank Mine Projects (see Section C5.0). 

!J 

An additional 5% reduction is expected to be realized through projects currently under consideration, 

including a third turbogenerator and hot water surge tank installed in its Utilities plant. These 

projects still require further assessment, engineering and financial approval. 

Currently, OSG has not identified specific improvements which would provide the final 5% 

reduction in GHG emissions. OSG is confident this will be achieved by measures developed 

through implementing a comprehensive GHG reduction management strategy which includes such 

elements as: 

establishment of clear GHG goals and targets; 
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• senior management stewardship; 

• mobilization of technical and research resources; 

• use of internal financial signal and price mechanisms; 

• employee education and motivation; 

" GHG emissions and eco-efficiency indicator measurement and reporting; 

• GHG sensitive procurement practices; and 

• ongoing consultation with external experts and concerned publics. 

OSG will maintain an ongoing and effective GHG reduction effort beyond the point that projects 

are implemented to ac}Jieve the 2001 stabilization goal. 

Success will not only be measured by the actual outcome of any initiative, but by the dedication of 

OSG to work toward achieving the goal. This commitment provides the opportunity to achieve the 

stabilization goal and positions Suncor to realize further reduction opportunities beyond 200 1. 

8.1.3 Oxides ofNitrogen 

Bitumen production operations will contribute less than 15% of the total NOx generated from 

Suncor's plant site. Almost all of these emissions are from the mine vehicle fleet which utilizes 

diesel engines. NOxemissions will increase (from 3.1 t/d to 5.2 t/d) with the expanded mine vehicle 

fleet required for Steepbank Mine. Selection criteria for the vehicle fleet includes emission 

performance. 

Site wide NOx emissions are predicted to be reduced from 1995 levels of37.1 t/cd to 35.9 t/cd at the 

107 kbpcd rate. 
J 

8.1.4 Sulphur Dioxide, Hydrogen Sulphide and Fugitive Emissions 

There are insignificant emissions of S02 from bitumen production operations. With commissioning 

of the Vapour Recovery Unit H2S emissions are now also insignificant. 

Fugitive emissions are defined as those which occur from leaks in valves, flanges, packing seals and 

previously-discussed tailings ponds. Other than ponds, the only potential fugitive emission source 

is Plant 4. Any possible fugitive emissions are believed to be minor. 
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Site-wide S02 levels are predicted to be reduced from 1995 levels of233.5 tied to 51 tied in 1980 

with flue gas desulphurization. 

8.1.5 Particulate Emissions 

Particulate emissions from bitumen production operations may occur from three main sources: 

Mine Operations 

Both vehicle traffic on corridor and haul roads and wind erosion on cleared areas scatter particles 

of sand (silica dust) into the surrounding environment. Haul roads and corridor roads are wetted to 

minimize this dust. Ov.erburden stripping operations precede mine operations by about six months, 

limiting the area exposed. 

Tailings Beaches and Dykes 

At Steepbank Mine dykes will be constructed of overburden materials and will be revegetated 

promptly to reduce erosion. Consolidated tailings will be placed underwater, reducing dust concerns 

for beach areas. 

Coke Pile 

Temporary vegetative cover on the stockpile is used as part of routine dust suppression activities. 

The current coke pile is expected to reach capacity in 1999. Suncor is evaluating the transfer of coke 

after that time to a site to be determined. 

Site wide particulates are also generated by t~e combustion of coke in Utilities. Ninety-eight percent 

of these are removed by electrostatic precipitators. When the Flue Gas Desulphurization unit is 

operating, 85% of the remaining particulates will be removed. 

8.1.6 Current and Proposed Monitoring Design 

Current air and environmental quality monitoring practices are discussed in more detail in the 

Application for Renewal of Environmental Operating Approval, February 1995 (Suncor 1995a). 
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a) Air Quality Monitoring 

Current ambient air quality monitoring in the region is accomplished by three separate systems. 

Suncor and Syncrude each maintain a network of five monitoring stations and Alberta 

Environmental Protection maintains a network of two stations. 

In addition both Suncor and Syncrude maintain a network of static exposure stations ( 40 and 30 

respectively) and AEP operates a further six static exposure stations. 

Suncor has been collecting continuous ambient data in the vicinity of its oil sands plant since 1975. 

All five of its continu_ous ambient monitoring stations collect S02 data, four of the stations also 

collect H2S data and two of the stations measure hydrocarbon. Syncrude has been collecting 

continuous readings from its five ambient monitoring stations since 1979. Both H2S and S02 are 

measured at all five of its stations, and NOx and THC are measured at one station. AEP has been 

observing ambient air quality at its stations in Fort McMurray and Fort MacKay since 1977 and 

1983 respectively. Both of the AEP ambient stations collect data on S02, H 2 S, and total 

hydrocarbon. Emissions data on NOx, ozone, CO, N02 and co-efficient of haze are also collected 

at the Fort McMurray station. All continuous ambient monitoring stations record wind speed and 

direction. 

An enhanced air quality monitoring network has been proposed. Technical details for this network 

are not currently available as various options are under consideration by the Air Monitoring 

Subcommittee of the Regional Air Quality Co-ordinating Committee (RAQCC). This committee 

is a multi-party group of individuals representing community interest groups, regulatory bodies and 

industry participants. 

Suncor's Fina Air Quality Monitoring station is located within the Steepbank Mine area along with 

three static stations. The elimination of these will be considered in the RAQCC review of the 

regional network. 

b) Environmental Effects Monitoring 

Biological observation in the region has been undertaken in the past by government agencies as well 

as oil sands operators and the Alberta Oil Sands Environmental Research Program (AOSERP). The 

current approach is toward a co-ordinated effort with input from all members ofRAQCC. Typical 

projects either completed or continuing to date include : 
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.. lichen studies, 

.. infrared photography (vegetative stress), 

'" small mammal studies, 

.. animal census, 

'" visible foliar studies (oftrees in the region), 

'" berry studies, and 

.. soil acidification studies. 

Another sub-committee ofRAQCC is currently addressing a regional bio-monitoring program. 

Final design of the bio-monitoring program is not completed but the program is likely to focus on 

a number of selected boreal forest plots, analyzing changes in vegetation and soils over time. 

Observation of selected parameters will be carried out to detect any changes or trends in the plots; 

this will be followed by relating these changes or trends to changes in regional air quality. As a 

result there is expected to be some linkage between the networks proposed by both the air quality 

monitoring and bio-monitoring subcommittees. 

8.2 WASTE MANAGEMENT 

Suncor's waste management systems have been designed incorporating the assertion that effective 

waste control is achieved by an approach that takes into account waste at both its generation and 

disposal stages (life cycle approach). 

To help control waste generation, a Chemical Product Approval System has been implemented. All 
JJ 

chemical products used on the plant site must first be approved by the Environmental Health and 

Safety department of Suncor. Products are reviewed to ensure that they do not contain any banned 

substances or (in the case of certain pesticides) that they are handled only by certified employees. 

Product users are provided with information about approved disposal practices and reportable release 

regulations. Approved products (over 2000) are each assigned a unique identifier number and 

catalogued with entries including identification of their chemical ingredients. Suncor has also 

commissioned detailed waste inventories that identify, classify and quantify process and chemical 

waste streams generated in the course of operations. 
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In addition to the Industrial Wastewater Treatment System Suncor has three primary systems for 

handling its waste streams: the Class II Industrial Landfill, the Hazardous Waste Storage Yard, and 

the Tailings Pond Liquid Waste Disposal Site. Current practice with respect to these four systems 

is discussed in detail in the Application for Renewal of Environmental Operating Approval, 

February 1995 (Suncor 1995a). 

Management of the wastewater system when production is at the rate of I 07 kbpcd is an Upgrader 

issue and is discussed in the Application for Fixed Plant Expansion (March 1996) to the AEUB and 

AEP. The impact of Steepbank Mine on the remaining three waste stream-handling systems is 

discussed in the follow.ing subsections. 

8.2.1 Industrial Landfill 

Suncor currently maintains a Class II Industrial Landfill at its operations on Lease 86/1 7 in an area 

on the south shore of Pond 4. Rising water levels in Pond 4 will require establishment of a new 

landfill by the end of 1996: its location has not yet been determined. This new landfill will be the 

subject of a separate approval application to Alberta Environmental Protection. 

Since 1 September 1993 the Industrial Landfill has been operated in accordance with the 

requirements ofboth the Waste Control Regulation and Section 8 (Hazardous and Solid Waste) of 

the current AEP Environmental Operating Approval. In areas where the two documents are not in 

agreement the more stringent requirement is applied. Sun cor does not dispose of any liquid waste 

into its landfill. As well, restrictions (Section 14 ofthe Waste Control Regulation and Suncor's 

Environmental Operating Approval) prohibit burial of selected hazardous wastes. 

The Industrial Landfill is staffed eight hours per day, five days per week. Although access to the 

Landfill is not controlled, primary utilization of the site occurs during the hours it is staffed. Landfill 

operations are audited internally by Suncor staff and externally by AEP inspectors. 

Only one facility associated with Steepbank Mine will generate significant waste: the new integrated 

service complex. All industrial waste generated on the east side of the Athabasca River will be 

collected in dumpsters and transported to the Industrial Landfill on Lease 86/17. If a landfill 

becomes necessary on the east side after start-up it will be limited to acceptance of non-hazardous 

solid waste only. Other wastes will be directed to the Hazardous Waste Storage Yard, the Tailings 

Pond Liquid Waste Disposal Site or the Upgrader Hydrocarbon Recovery Basin. 
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8.2.2 Hazardous Waste Storage Yard 

The Hazardous Waste Storage Yard is used for interim storage of waste that is either unsuitable for 

on-site disposal or is targeted for recycling. This Yard is operated in accordance with standards set 

out in the Waste Control Regulation of AEPEA and it is regularly inspected by AEP. 

An accumulation or staging area will be designated at Steepbank Mine for temporary, short-term 

storage of drums of hazardous waste pending their transport to either the Hazardous Waste Storage 

Yard or the Industrial Landfill. Bulk volumes of liquid waste will be moved by tanker trucks as they 

are generated, either for disposal (at the Tailings Pond Liquid Waste Disposal Site) or for recycling 

(at the Upgrader Hyd~ocarbon Recovery Basin). Hazardous waste drum inventory at the staging 

area will be limited to sixteen oversize drums. Provision for secondary containment will be made 

in this staging area. 

All drums of hazardous material to be moved across the river will be packed into heavy-gauge, 

oversize drums prior to loading for transport: thus, each drum will have its own secondary 

containment. Drums will be secured onto trucks for transport across the river and trucks moving 

hazardous waste will be equipped with hazardous material spill containment and response supplies. 

8.2.3 Tailings Pond Liquid Waste Disposal Site 

Selected bulk liquid waste streams from tanker trucks are currently deposited into tailings ponds at 

a designated location. The present location is close to the Industrial Landfill on the south shore of 

Pond 4. Disposal criteria and systems to control and monitor disposal are established in a Suncor 

internal standard. 

Waste oil and waste glycol generated at the Steepbank Mine service complex will be segregated at 

source and will be transported across the river in secure containers. Waste oil will be recycled while 

waste glycol may be either recycled externally or used internaily. 

8.3 COKE STORAGE 

Coke handiing and storage are the responsibility of bitumen production operations at Sun cor. 
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At current rates of production about 0.3 7 Mtly of coke is stockpiled in a coke storage area (north of 

the Upgrading plant). Another smaller coke storage area accommodates the daily needs of the 

Utilities plant. 

The current coke stockpile is expected to reach capacity in 1999 after which a new coke stockpile 

(its location currently under consideration) will be established. Repeated efforts over the years have 

failed to develop a market for the product. Current and projected inventories of coke (assuming no 

other use develops) are as follows: 

• Coke stockpiled at 1 January 1995: 

• Coke stockpile.d at 1 January 2002: 

• Coke production to stockpile at 107 kbpcd: 

8.4 GYPSUM 

4.6Mt 

6.9Mt 

0.6 Mtly 

After Suncor commissions the Flue Gas Desulphurization (FGD) unit in 1996 gypsum· will be 

generated as a by-product. Gypsum from the FGD unit will be in a slurry and will be pumped for 

disposal initially to a section of Pond 4. Because of its low solubility in water gypsum will settle 

out quickly. A long-term disposal site will be selected after the FGD commences operation, when 

the volume and quality of gypsum are established. Estimated production of gypsum at 107 kbpcd 

upgraded crude oil is about 0.36 Mtly; a portion of this output will be used in the formulation of 

consolidated tailings. It is possible that gypsum may be marketed. 

8.5 AQUEOUS STREAMS 

J.' 

Management of all waters associated with Steep bank Mine is discussed in Subsection C3 .4 and 

current water management practice is described in Suncor' s application for Environmental Operating 

Approval (Suncor 1995a). 

8.6 DOMESTIC SEW AGE 

All domestic sewage from Suncor's offices, plants and the camp facility at its present operation is 

directed to the Sewage Treatment System for retention and natural treatment with final treated 

effluent discharged to the Athabasca River. The system was upgraded in 1995 with the addition of 

aeration treatment cells and a final treatment polishing cell. 
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Effluent from the sewage treatment system is discharged to the Athabasca River at the Mid-Plant 

drainage outfall. The upgraded sewage treatment system meets all AEP treated sewage discharge 

standards on a year-round basis. 

A sewage treatment facility is required for Steepbank Mine to treat grey water and sanitary sewage 

from various facilities within the hydrotransport and integrated service complexes. Sanitary sewage 

from these facilities will be directed to a 19 m3 underground storage tank then pumped to the sewage 

treatment facility. Wastewater from the shop areas will be separated into oily-water and grey-water 

streams. Oily waste will be temporarily stored in two 38 m3 underground tanks at the main shop area 

and a 19 m3 undergrou~d tank at the light-vehicle shop. The tanks will be emptied as required with 

their contents transferred to the liquid disposal site. 

The sewage treatment facility is composed of a septic/surge tank, a rotary biological contact 

treatment plant and a wastewater disposal field. The facility will accommodate a daily through-put 

of about 110 m3/d (30 000 gallons per day). Treated water from the sewage treatment facility will 

be discharged to the Athabasca River via the Steepbank Mine interception drainage outfall, similar 

to the current arrangement (at the Mid-Plant drainage outfall) on Lease 86/17. 

8.7 EMERGENCYRESPONSE 

Emergency response procedures at Suncor are well-established; they are described briefly in 

Subsection B2.1 and in more detail in the Application for Environmental Operating Approval 

(Suncor 1995a). Existing procedures for Bitumen Production Operations will apply to Steepbank 

Mine. Slurry transport of ore and tailings in pipelines installed on the bridge over the Athabasca 

River presents an incremental risk potential. As previously discussed design features, frequent 

inspection and monitoring, and built-in spi1l containment makes the likelihood of a spill from the 

bridge remote. 

Detailed emergency response procedures equal in quality to those already in place for Suncor's 

current operations will be developed prior to operation of the new facilities proposed in this 

Application. 

Suncor's emergency response plan already includes preparation for the scenario of an oil spill into 

the Athabasca River. During the open water season boom equipment and absorbents at the plant site 

would be promptly deployed. Suncor personnel are trained to respond to such emergencies and they 

will continue to be trained to deal specifically with incidents on the Athabasca River. 
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D AEPEA APPROVAL REQUIREMENTS 

This section along with associated sections of this Application constitutes Sun cor's request for 

approval for the construction and operation of the Steepbank Mine and associated Extraction plant 

modifications as well as the integrated reclamation plan for Lease 86/17 and Steepbank Mine, in 

accordance with AEPEA. 

Specifically, this section will request amendments to the current Environmental Operating Approval. 

Information about current operations is found in both Section B of this Application and the 

Application for Renewal of Environmental Operating Approval, February 1995. The proposed 

Steepbank Mine and resulting modifications to bitumen production facilities are described in Section 

C; specific environmental atmospheric and aqueous streams are described in Section C8.0. 

Amendments to the current Environmental Operating Approval attributed to the proposed expansion 

of the fixed plant capacity are requested in the Application for Fixed Plant Expansion (Suncor 

1996a). The Fixed Plant Expansion Application included Extraction modifications to increase 

capacity to 87 kbpcd. This Application includes modifications to the existing Extraction facilities 

required to reach 107 kbpcd capacity and the associated Naphtha Recovery Unit upgrade. 

1.0 WASTE 

Solid and liquid wastes generated from Steepbank Mine activities and processes are similar to those 

from the current operation, so present wast~ management practices will apply. 

Suncor expects to submit a separate application in 1996 requesting approval for a new industrial 

landfill site on Lease 86/17, which will receive Steepbank Mine wastes suitable for disposal in this 

facility. 



Steepbank Mine Project Application - 2- Section D2.0 

2.0 SUBSTANCE RELEASE 

2.1 AIR EMISSIONS 

Only one new source of air emissions is associated with Steepbank Mine produced from the 

hydrotransport cyclofeeder at the Hydrotransport Complex, on the east side of the Athabasca River. 

While emissions from this facility are expected to be low, Suncor nonetheless requests that the 

facility be listed as an approved emission point. 

Suncor's Fina Air Quality Monitoring Station and three Sulphation Stations will be eliminated 

because of the Steepbank Mine development. Sun cor recommends that the removal of these be 

acknowledged in annual reporting during the I 0-year approval period. The replacement of these 

monitoring stations should be considered within the RAQCC current re-assessment of the regional 

system. 

2.2 WATER EMISSIONS 

2.2.1 Surface Drainage 

Water diversions and wastewater management for Steepbank Mine are discussed in Subsection C3.4. 

Suncor requests approval for discharge of all mine intercept drainage streams to the Athabasca River 

as described and quantified in Subsection C3.4. Water discharge to the Athabasca River will be 

through various existing natural watercourses (Unnamed Creek, Shipyard Lake, Leggett Creek and 

Wood Creek) as follows: 

• period I997 to 2003: via Unnamed Creek and Shipyard Lake 

• period 2003 to 2009: via interception channels through Shipyard Lake; and via Leggett 

Creek from 2008 

• period 2009 to 20 I 5: via a diversion channel through Shipyard Lake; and via a diversion 

channel to Leggett Creek 

• period 2015 to 2020: via Shipyard Lake and Wood Creek 
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2.2.2 Sewage 

Suncor requests approval for an additional sewage treatment facility to be located at the Integrated 

Service Complex on the east side of the Athabasca River. The system is described in Subsection 

C3.4.4. Treated water from the facility will be discharged via Shipyard Lake. 

2.2.3 Consolidated Tailings Release Water 

The implementation of consolidated tailings technology will result in the need to discharge 

consolidated tailings release water to the environment. This is discussed in Subsection 3.4.4. 

Suncor will apply for approval of this release prior to 2000, which is the conservative estimate of 

the timing of storage li.mitation. 

2.3 GROUNDWATER 

Groundwater conditions for Steepbank Mine are discussed in Subsections C3.4 and E7.0. In 1995 

twelve standpipes were installed in Lease 97 and Fee Lots 1 and 3 to monitor groundwater quality 

and pressure, located in limestone (2), the basal aquifer (5) and in overburden aquifers (5). In 

addition, sixteen pneumatic piezometers were installed to measure pressure heads. 

Groundwater wells on the Steepbank Mine site will be sampled semi-annually as part of the Suncor 

groundwater monitoring program. In 1997 the status ofthese wells will be reviewed to determine 

if either the sampling frequency or the sampling parameters requires modification. Any wells for 

which monitoring frequencies or sampling parameters change will be returned to the original semi= 

annual, full-parameter monitoring program as mining advances into proximity of the well. 

Suncor requests approval for the additions to the groundwater monitoring program associated with 

Steepbank Mine. 
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3.0 CONSERVATION AND RECLAMATION 

3.1 INTRODUCTION 

Section D3.0 
INTRODUCTION 

The Conservation and Reclamation section is the basis of Suncor' s request for reclamation approval 

under AEPEA Approval Regulation, Division 3. 

Suncor commenced production on Lease 86/17 in 1967 and bitumen reserves on that lease will be 

exhausted in 2001. Over the last few years Suncor has acquired Leases.l9, 23, 97 and 25 and Fee 

Lots 1 to 6. These properties contain sufficient resources to allow bitumen production operations 

to extend past the middle of the next century. Therefore conservation and reclamation planning 

assumes continued production operations well beyond the twenty-year mine plan for Steepbank 

Mine project submitted here. 

3.1.1 Purpose of Conservation and Reclamation Section 

Suncor intends to progressively reclaim its disturbed lands to a certifiable state and capability 

equivalent to pre-disturbance conditions. This section includes an explanation of Suncor's vision 

for reclaimed landscapes; a description of the strategy to realize that vision within each step of the 

full- project life cycle; and a demonstration of the means by which the project will diligently meet 

the criteria for environmental acceptability and regulatory requirements. 

3.1.2 Overview of the Conservation and Reclamation Section 

Information presented in this section follows the project through its natural life cycle (shown in 

Figure D3.0-l), consisting of the following ~even steps:· 

• Project Goals - Project goals, design criteria and assessment techniques provide the basis 

for design of the project. An overview is provided in Subsection D3.2. 

• Project Design Considerations - The project design phase incorporates determination of 

reclamation objectives including end use; assessment of pre-disturbance conditions; and 

selection of technologies best-suited to achieve both operating and reclamation objectives. 

Subsection D3.3 reviews this phase including a detailed examination of the consolidated 

tailings technology that provides the means to achieve an essentially dry reclamation 

landscape. 
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" Approvals - A project plan proposal is submitted for regulatory and community approvals: 

this Application provides documentation for this step. 

.. Operation Phase - This phase involves mine site preparation, oil sands mining and bitumen 

extraction, physical reconstruction oflandforms, surface contouring, subsoil placement; and 

establishment of major hydrologic systems as discussed in Subsection D3.4. Landforms 

reconstruction will progress towards a dry landscape by applying new consolidated tailings 

(CT) technology, in which coarse and fine tailings are combined to form a stable deposit. 

Following this subsoil construction techniques will produce a trafficable surface for the CT 

deposit prior to, soil reconstruction and revegetation. 

Reclamation Phase - The reclamation phase involves soil reconstruction, revegetation, and 

establishment of wetlands and watercourses as discussed in Subsection D3.5. Soil 

reconstruction and revegetation will commence as early as is practical following the 

operation phase. On Lease 86/17 most overburden storage areas and dyke slopes have 

already been reciaimed to heaithy ecosystems inhabited by a number of wildlife species. 

Reclamation of tailings storage areas was not possible because of the need for active tailings 

Implementation of the CT process wiii eventuaily ailow 

reclamation of disturbed areas to keep pace with new mining disturbance. The reclamation 

phase also includes Suncor's field demonstrations of components of its reclamation plan. 

Reclamation Performance Assessment and Monitoring - Full reclamation of an oil sands 

operation has not yet been completed. There are unique reclamation aspects which have not 

been demonstrated at fuli fieid scaie. .Because of this, performance projections of 

reclamation are attempted based on results from pilot-scale testing. Subsection D3.6 
)) 

establishes the basis for Suncor's confidence that fully-successful reclamation can be 

achieved. 

Once active reclamation is complete and vegetation has been re-established Suncor will 

continue to monitor progress toward maturation of landscapes and ecosystems to provide 

the basis for its submission for reclamation certification as discussed in Subsection D3.6. 

During this phase, Suncor will also carry out any required maintenance activities on its 

reclamation areas. It is important to establish practical criteria which can serve as 

milestones in the maturation process (to determine whether long-term goals are likely to be 

achieved). 
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" End Uses and Reclamation Certification - Projected end uses for the reclaimed landscape 

are discussed in Subsection 03.7. The proposed reclamation plan provides considerable 

flexibility and opportunities to address specific future land uses including wildlife habitat, 

traditional land use, recreation and possibilities for commercial forest production. It is 

anticipated that future large-scale demonstrations followed by monitoring of fully-reclaimed 

areas will establish the basis for reclamation certification. 

J; 
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3.2 CONSERVATION AND RECLAMATION 

ASSESSMENT TECHNIQUES 

3.2.1 Goals 

Section 03.0 
GOALS, CRITERIA AND ASSESSMENT 

GOALS, CRITERIA AND 

Suncor's vision for reclamation includes the construction of stable landforms and re~establishment 

of productive, self-sustaining ecosystems which will provide land use capabilities equivalent to those 

of the pre~mining environment. About 65% of the reclaimed area will be returned to upland forest; 

the remaining 35% will consist of shallow wetlands with some open-water areas. These tasks will 

be undertaken with minimai impact on the surrounding environment. The foiiowing generai 

operational and recla~ation criteria form the basis for reclamation program design: 

" Structures will be geotechnically stable. Catastrophic discharge of earth materials (coarse 

and fine tailings, overburden storage piles), particularly to the Athabasca River, must be 

controlled to an extremely~ low probability. 

Discharge of earth materiais through surface erosion processes will be controlled to rates 

which are acceptable to the environment. 

e Discharge of surface and seepage waters will be managed to ensure an acceptable level of 

impact on the Athabasca River. 

" The ecosystems re-established on disturbed lands will be fully self~sustaining and will 

mature naturally without presenting significant risk to resident or migratory species. 

" Fully reclaimed lands will be maintenance-free, thereby justifying reclamation certification. 

Various end uses will be possible for the reclaimed landscape, with end-use decisions made 

based on input from the regionai communities. 

J 

3.2.2 Specific Guidelines and Criteria 

These specific criteria and guidelines which follow are based on the broad goals just outlined. 

a) Landform Security 

Suncor will continue to ensure that its earth structures will meet or exceed applicable Canadian 

standards for geotechnical security. Over the past thirty years the company has developed 

considerable expertise in construction with local oil sand materials; the basis for design, construction 

and operation is the Observational Approach (see Subsection D3.4.5), which comprises extensive 

monitoring during project construction and operation. Fluid-impounding structures are patrolled 

several times a day to confirm acceptable performance. As well, instrumentation is placed within 
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each structure to monitor internal behaviour. An annual Performance Report is submitted to 

regulatory agencies detailing actual performance (and providing comparisons with expected 

performance) for the structures. 

In the final reclamation phase, all structures will be "maintenance-free". At this point current fluid

impounding structures will be transformed to landforms with the consolidated tailings process 

producing a non-fluid infill material of soft soil consistency. The landforms must be stable under 

both static and anticipated earthquake loadings. 

b) Rates of Eros!on 

Erosion of slopes along the Athabasca River is a natural process which has created the Athabasca 

Valley and sculpted local topography. Similar processes currently occurring on Suncor's tailings 

impoundment structures are monitored and appropriate remediation is applied. Small, localized 

movements of earth materials are to be expected but the movements must be at a sufficiently low 

rate to allow for self-healing of the vegetative cover. 

Other reclaimed landforms (including dump slopes and surface drainage channels) will undergo 

long-term erosion but at rates which will not lead to catastrophic failure or to overloading of systems 

receiving the erosion solids or to permanent disruption of vegetative cover. 

c) Water Management 

In accordance with the terms of its current Environmental Operating Approval Sun cor discharges 

surface water and certain process waters to the Athabasca River at four locations: North, Mid-Plant, 

and South Mine drainage; and the Wastewater Treatment System I Cooling Pond E outfall. Water 
)) 

at these outfall locations is monitored daily for volume and quality, allowing Suncor to maintain 

control of these discharge streams. The Approval stipulates that dyke seepage streams are to be 

collected and returned to tailings ponds. Groundwater is to be monitored to improve understanding 

of its quality, flow paths and discharge locations. Drainage from the Steepbank Mine is discussed 

in Section C3.4. 

In 1995 a joint industry/government task force the Oil Sands Water Release Technical Working 

Group- (OSWRTWG)- was created to address issues associated with oil sands waters. The group 

defined oil sands water releases as either operational or from reclamation (OSWRTWG 1996). 
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Operational waters are those waters that are characteristically: 

'" discharged from a channel or outfall; 

.. discharged over the life of the project or a shorter period; 

'" controllable; 

'" treatable in a managed treatment system; 

'" amenable to comparison with ambient water quality criteria; and 

.. potentially of concern when considering regional off-site impacts. 

Sources of operational waters include: 

.. 

" 

.. 

consolidated tailings release water, 

collected dyke seepage water, 

mine drainage water, 

upgrading process water, 

cooling water, and 

Under final reclamation conditions discharge streams will not be controlled through human 

intervention. Reclamation waters are characteristically: 

" non-point source, diffuse waters that may be directed through wetlands, streams or lakes 

prior to discharge off-site; 

" released at slow rates over large areas for extended periods of time; 
J 

.. non-controllable; 

.. non-treatable (but may be altered through natural systems or constructed wetlands); 

" not amenable to comparison with ambient water quality criteria; and 

.. managed primarily with on-site water management systems which are components of 

maintenance-free reclamation landscapes. 

Sources of reclamation waters include surface run-off and groundwater seepage from: 

.. sand dumps and dykes; 

" consolidated tailings deposits; 
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" coke piles, gypsum storage facilities and landfills; 

" overburden dumps and dykes; and 

" wetland treatment systems. 

Section D3 .0 
GOALS, CRITERIA AND ASSESSMENT 

The OSWRTWG developed a protocol (Figure D3.0-2) for assessing water discharge to ensure that 

impact on the Athabasca River is environmentally acceptable. Suncor will apply this protocol (to 

determine treatment requirements) for all waters discharged by its operations. 

Suncor is committed to forecasting the quality and quantity of potential reclamation discharges; 

constructing facilities ~o provide required long-term controls; and monitoring the impact of these 

streams through the post-operation and reclamation periods. These efforts provide the basis for 

assurance that its maintenance-free fmal reclamation discharges will be environmentally acceptable. 

d) Ecosystem Re-Establishment 

About 65% of the reclaimed land area will be returned to upland forest while the remaining 35% will 

be shallow wetlands with some shallow, open-water areas. Suncor has developed and successfully 

demonstrated its reclamation techniques for overburden and tailings sand deposits over the last 

twenty-five years. Soil reconstruction of disturbed lands provides the basis for a variety of self

sustaining ecosystems capable of supporting a number of end uses. 

Suncor's reclamation protocol calls for spreading 15 em to 20 em of muskeg soil amendment 

(wherever possible containing live native vegetation) on reconstructed landforms. Prior to the 

amendment, subsoil base materials (e.g., one or more of tailings sand, overburden and consolidated 

tailings) and a capping layer where required (e.g., on oversize and consolidated tailings deposits) 
)) 

are placed and levelled. 

Prepared reclamation areas then undergo a single seeding of barley which serves as a nurse crop for 

out-planting nursery seedlings and other natural vegetation. Area fertilization is also undertaken for 

two to four years to establish adequate nutrient levels. 

Woody-stemmed species are planted in reclamation areas with species mix and planting densities 

defined by the specific ecosystem-type goals for the reclamation area and the variable terrain 

features of the area. Average planting densities are 2500 stems per hectare. The mix of woody

stemmed species selected for planting will consist of a variety of native species suitable for 
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prescribed area end uses. This revegetation mix will undergo natural succession processes and 

become a mature biological community providing habitat for wildlife as well as areas for traditional 

land use and recreation. Specific areas on the reclaimed site will have possibilities for timber 

production. 

Suncor will ensure that for reclamation of river valley areas of Steepbank Mine, pre-disturbed 

ecosystem types are re-established as quickly as possible. Suncor will develop a report detailing its 

specific plans for reclamation of the Steepbank Mine-Athabasca River valley area by July 1996. 

e) End Uses andReclamation Certification 

Suncor will reclaim disturbed lands to an equivalent or better capability than the pre-disturbed area. 

End-use decisions for the reclaimed areas will be determined through discussions with the regional 

land users and communities. 

The length of time required for deveiopment of mature ecosystems within the Boreal Forest Eco

region means that reclamation areas will typically be assessed for certification long before the areas 

have fully matured. Therefore, Suncor will establish criteria and monitoring programs (acceptabie 

to all parties) demonstrating that clear progress toward environmentally-sound and fully-mature 

ecosystems is being achieved as the basis for its application for reclamation area certification. 

3.2.3 Reclamation Assessment Techniques 

While reclamation practices in other industrial settings provide guidance for planning, there are 

ma.1y unique features related to oil sands. Reclamation performance has to be predicted decades or 

even centuries into the future. This frequently requires extrapolation of pilot test data and current 

experience as the basis for prediction of future performance. Sun cor and Syncrude jointly sponsored 

the development of the Oil Sands Reclamation Performance Assessment Framework (OSRPAF) 

to assist in this process. A detailed generic description of framework concepts is given in Golder 

1994. Figure 03.0-3 shows the relationships among key framework components which are also 

discussed briefly below. 

a) Reclamation Plan Alternatives 

The framework can be used at any point throughout the project life cycle but it may have greatest 

benefit in the early project planning stages. In these stages the location and compositions of 

landforms are still to be decided. Later (when landforms are designed or actually constructed) its 
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use facilitates decision-making among surface contouring measures and corrective initiatives under 

consideration which could improve surface drainage, decrease erosion or enhance revegetation 

performance. 

b) Performance Analysis 

This activity predicts future behaviour of elements in the reclamation plan to enable identification 

of potential adverse effects. Elements include landform performance, impact of chemical 

contaminants and ecosystem sustainability as follows: 

i. Landform Performance 

Future performance of various reclamation landforms is predicted (see Figure 03.0-4) based on 

knowledge of their construction history and operating performance combined with estimates of 

future conditions. Reclaimed landforms will be subject to natural processes experienced in the 

region including earthquake loading, river flooding and adaptation of systems after the operating 

phase. For example, while gully formation is retarded by a thriving vegetation cover, various threats 

to the cover (such as fire, drought, disease and high precipitation) must be considered. Reclamation 

design must recognize the potential for these events, incorporate appropriate protection and estimate 

consequences of failure. 

ii. Environmental Performance- Impact of Contaminants 

Changes to the chemistry of the environment and the consequences of those changes (induced by 

disturbance and operations) must be evaluated (Figure D3.0-5). For a chemical to have an adverse 

impact it must be present in significant concentrations; there must be a pathway leading to chemical 

exposure of biota; and there must be receptors sensitive to those chemicals. The evaluation process 
) 

includes examination of chemical concentration data for air, waters, soils, plants, aquatic 

invertebrates, fish and other animals. A comprehensive list of organic and inorganic chemical 

species forecast to be present in the reclamation landscape has been initially identified. 

Chemical Screening 

Figure D3.2-5 shows the process for determining which chemical species require detailed 

consideration. Chemicals in disturbed ecosystems are primarily associated with various 

materials which have gone through the oil sands mining and extraction process. These 

materials contain varying concentrations of chemicals which originate in the parent oil 

sands. The screening process incorporates several conservative assumptions to ensure that 
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all chemicals of concern are considered. This process has not been fully applied to air 

emissions because chemical identification and speciation within various emissions is 

incomplete. 

Ex.J,Josure Pathway Screening 

The objective of screening exposure pathways includes identification of all potential routes 

through which humans and ecological receptors could be exposed to chemicals and 

determination of the relative significance or importance of operable exposure pathways. 

Exposure pathyvays examined included: 

" inhalation - including volatilization of chemicals into the air and fugitive dust 

generated from soils; 

.. dermal- including direct contact with air, water or soils; and 

.. ingestion- including ingestion of fugitive dust, surface water, soil/sediments, plants 

and animals. 

Rece.ptor Screening 

Biota that will live in reclaimed landscapes have the potential to accumulate oil sands

related chemicals within their tissues. For example, there is potential for uptake of soluble 

chemicals through plant roots and of volatile chemicals through the foliage of plants that 

grow on consolidated tailings deposits. Animals may accumulate chemicals as a result of 

incidental ingestion of CT soils (e.g., in erosional areas, where CT might be directly 

exposed to the surface), drinking affected surface water, or eating affected prey (i.e., food 
)' 

chain effects). 

The process to assess impacts of the chemicals within various environmental media includes 

detailed screening of potential receptors. This screening process, which is described in 

more detail in (Golder 1996c ), includes consideration of human and ecological receptors; 

the human receptors included both future on-site and off-site users. 

iii. Environmental Performance - Ecosystem Sustainability 

Sustainability of ecosystems developed on reclaimed oil sands landscapes is a primary consideration 

in assessing suitability of the reclamation plan. Primary factors to be considered (as indicated in 
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Figure D3.0-5) include: soil reconstruction, soil moisture and nutrient availability, revegetation 

species selection, wetland development, landform configuration and wildlife utilization, as well as 

threats to sustainability such as fire, drought, disease and erosion. About 65% of reclaimed lands 

will be forest ecosystems with the remainder being wetlands. 

Dzy Landscaoe Sustainability 

Land Capability for Forest Ecosystems. Suncor recently participated in an industry

government committee (Tailings Sand Reclamation Practices Working Group) whose 

mandate was to develop a land capability classification system suitable for application to 

forest ecosyste~ns in the oil sands region. This system evaluates pre-disturbance and post

reclamation land capability for forest production. It was designed to aid in both the 

planning of soil-handling procedures and in measuring land capabilities. Details of this land 

classification system are provided in a document released by the working group (Land 

Capability Classification for Forest Ecosystems in the Oil Sands Region). Major 

components of the classification system are summarized below. 

The capability classification approach to the rating of reclaimed lands (CAN-AG 1996a) 

includes assessment of: 

• Land Capability: the ability of the land to support a given land use, based on 

evaluation of the physical, chemical and biological characteristics of the land 

including topography, drainage, hydrology, soils and vegetation. 

• Soil Capability for Forestry: the nature and degree of limitations imposed by the 

physical, chemical and biological characteristics of a soil unit for forest production 
J 

(commercial forestry). 

• Land: comprising terrestrial, semi-aquatic and aquatic landscapes when the term 

is used in definitions of "land capability" and "equivalent land capability". 

Major components ofthe reclaimed area (i.e., soil and landscape) are considered separately 

and each is assessed a value between 0 and I 00. The reclamation land rating system 

provides flexibility: either the soil or landscape index can be used to determine the 

Capability Class; or the most limiting soil and landscape components can be used to attain 

the equivalent capability rating. Regional climate and eco-region are determined by nature 

but soils and landscape features can either be upgraded or trade-offs can be negotiated 



Steepbank Mine Project Application - 15 - Section D3 .0 
GOALS, CRITERIA AND ASSESSMENT 

through specific management strategies. The result of the assessment process is that lands 

are assigned with Capability Classes based on the number of index points. Defined 

capability classes and their characteristics are detailed in Table 03.0-1. 

While the developed classification system applies directly to forest ecosystems in the oil 

sands region it does not apply directly to other ecosystem types such as grasslands and 

wetlands. For example, forest capability Class 3 areas are considered as Low Capability 

(lands having limitations which in aggregate are severe for sustained forest production) 

while Class 4 areas are considered as currentiy non-productive (iands with limitations which 

may be surmo~ntable in time, but which cannot be corrected with existing knowledge at 

currently acceptable cost). However, both Class 3 and Class 4 areas may contain highly

productive wetlands systems or productive grassland areas suitable for raising range 

animals. 

Terrain Based Cjassification. It is recognized that, as an initiaiiy revegetated landscape 

matures and evolves, it will resemble conditions found in the surrounding region. A terrain-

based predictive model has been devised to forecast long-term vegetation distribution 

(expected to develop given the landform characteristics of the reclaimed landscape) and to 

examine whether or not (based on characteristics of existing local vegetation) the proposed 

revegetation plan is sustainable. The model was applied to this final surface and the 

vegetation was classified appropriately. The results are summarized in Golder 1996c. 

Wetlands Sustainubility 

Reclamation areas will include surface water drainage systems to collect and channel water 
)) 

from the reclaimed area for eventual discharge to the environment. The quality of water 

from these various sources will vary, from relatively high quality surface run-offto dyke 

drainage water (which is known to contain chemicals of site origin). Within this drainage 

system a treatment pond-wetlands system (i.e., constructed wetlands) will be situated to 

ensure a high level of water quality before these drainage waters are discharged to the 

receiving environment. Designs of the wetland systems are based on complete removal of 

acute fish toxicity from oil sands wastewater. 

Suncor, working with members of the Tailings Sand Reclamation Practices Working Group 

and other specialists will begin the development of a reclamation landscape capability 
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classification system which will include consideration ofwetlands and grasslands. These 

efforts are expected to commence following completion of development of the forest 

capability classification system. 

TABLE D3.0-1 

LAND CAP ABILITY CLASSIFICATION FOR FOREST ECOSYSTEMS 

IN THE OIL SAND REGION (FROM CAN-AG, 1996a) 

Capability Index Points Forest Capability - Productivity and Limitations 

Class 

I 81-100 High Capability - land having no significant limitations to 

sustained forest production, or only minor limitations that 

will be overcome with normal management practice. 

2 61-80 Moderate Capability - land having limitations which (taken 

together) are moderately limiting for sustained forest 

production. The limitations will reduce productivity or 

benefits, or increase inputs to the extent that the overall cost-

benefit will still be attractive but appreciably inferior to that 

expected on Class 1 land 

3 41-60 Low Capability- land having limitations which (taken 

together) are severe for sustained forest production. The 

limitations will reduce productivity or benefits, or increase 

inputs to the extent that the overall advantage to be gained 

from the use will be low. 

4 21-40 Currently Non-Productive- land having limitations which 

may be surmountable in time but which cannot be corrected 

with existing knowledge at currently acceptable cost thereby 

precluding successful sustained forest production. 

5 0-20 Permanently Non-Productive- Land having limitations 

which appear so severe as to preclude any possibility of 

successful sustained forest production. 
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c) Risk/Effects Analysis 
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The probabilistic assessment process is becoming a standard tool in North America when dealing 

with environmental impacts. This activity estimates magnitudes and probabilities of potential 

adverse effects on reclaimed sites. 

Concentrations of selected chemicals are estimated in reclamation soils and waters, and the 

probability of achieving critical concentrations in plant and animal species (either through direct 

contact or through food chain effects) is estimated. With knowledge of the probability of a critical 

impact decisions can be made as to its environmental acceptability. 

d) Decision Analysis 

In this phase predicted level of risk and cost of remediation are examined and (where necessary) 

modifications are recommended to design alternatives. This iterative process identifies the optimum 

reclamation plan that takes into consideration corporate, regulatory and community need. 

e) Implementation Decision 

Following the "Decision Analysis" phase choices will be made to either impletnent specific 

reclamation alternatives or return to the planning stage for identification of other remedial actions. 
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3.3.1 Project Design 
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PROJECT DESIGN CONSIDERATIONS 

The Steepbank Mine project design is detailed in Section C of this Application. The project 

description for the current Suncor operation on Lease 86/17 was reviewed in detail in the February 

1995 Application for Renewal ofEnvironmental Operating Approval (Suncor 1995a). 

3.3.2 Pre-Disturbance Baseline 

a) Lease 86/17 

Pre-development site analysis for Lease 86/17 (including information on Lease 86/17 pre

development land capability for soils, vegetation, forestry, wildlife and recreation) is discussed in 

detail in the February 1995 Application for Renewal ofEnvironmental Operating Approval (Suncor 

1995a). 

b) Steepbank Mine 

Pre-development site analysis (including land capability for soils, vegetation, forestry, wildlife and 

recreation) for Steepbank Mine is described in Section E and supporting documents. 

c) Suncor Local Study Area 

Forest types that develop on reclaimed Suncor leases are related to the parent material, topography 

and drainage of the area. An estimate of potential forest capability for the Sun cor local study area 

(which includes both Lease 86/17 and Steepbank Mine area) was completed as a component of 

Suncor's Steepbank Mine EIA by applying the capability classification system discussed in ,, 
Subsection D3.2.3 and (CAN-AG 1996b). These classes are approximately equivalent to Classes 

3 to 7 respectively of the Canada Land Inventory Forestry Capability. The system was previously 

used for Suncor's assessment of forestry capability (including the February 1995 Application for 

Renewal of Environmental Operating Approval, Suncor 1995a). 

Results of the assessment show that less than 20% of the Suncor local area has a high or moderate 

potential forest capability (i.e., Classes I and 2); capability classes average 4 for the Suncor local 

study area (detailed in Table D3.0-2). Suncor's reclamation goals include the restoration of 

formerly-organic soils to moderately-productive forest and shrub lands capable of supporting 

wildlife habitat and limited forestry production. By improving local soil drainage conditions for 
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existing poorly-drained organic soils, the reclamation plan increases the opportunity for a greater 

variety of land uses such as wildlife habitat, traditional land use, recreation or forestry. 

TABLE D3.0-2 

FORESTRY CAPABILITY CLASSES FOR SUNCOR LOCAL STUDY AREA 

Soil Series Hectares I Soil Landscape Combined Capability-Limiting 

%of Area Class • Class • Class • Factors 

Algar 26 I 0.1 4 1 1 wetness 

Fire bag 157 I 0.5 4 l 4 prone to drought 

Horse River 2881.) 8.8 2,3 1 2,3 moisture regime 

I Kinosis I 310119.5 I 2,3 I 1 I 2,3 l- moisture regi.rne II 
McMurray 41411.3 2, l I 2, I soil reaction 

Mildred 6860 I 21.0 5 I 5 organic, wetness 

Muskeg 13 596 I 41.5 5 4 5 organic, wetness 

Ruth Lake 1357/4.1 5 1 5 prone to drought 

RBI 382 I 1.2 4 1 4 prone to drought 

"''""'"' 738/2.2 3,4 2 3,4 prone to drought IU>L. 

RB3 2604 I 8.0 3,4 4 4 steep slopes, erosion 

Total Area 32 116 

a Classification system from: Land Capability Classification for Forest Ecosystems in the Oil 

Sands Region (CAN-AG 1996a) 

3.3.3 Dry Landscape Reclamation Technology 
l' 

The production and accumulation of large volumes of fine tailings from the Clark hot water 

extraction process has been a concern for the oil sands industry since it began operations. 

Construction of the Tar Island dyke was carried out on a priority basis to forestall plant closure 

shortly after commencement of operations. The required containment of fine tailings produced 

incremental operating costs which continue to be incurred to the present. In addition the initial goal 

of rapid return of disturbed land to a fully-reclaimed state seemed unattainable. 

The long search for solutions (over twenty years) has resulted in the basis for a Dry Landscape 

Reclamation Plan. Principal technologies now available are the consolidated tailings process; 
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surface stabilization techniques; and various water treatment options to handle seepage and 

discharge waters. 

Prior to discussing the new technologies used to achieve the dry reclamation landscape it is useful 

to briefly review the procedure of generating of fine tailings from the Clark hot water extraction 

(CHWE) process. 

a) Fine Tailings Generation and Properties 

Suncor has used the current caustic-based Clark hot water extraction process and hydraulic tailings 

disposal technology si~ce operations commenced in 1967. Although this process facilitates high 

bitumen recovery one consequence of its use is the segregation of coarse and fine mineral particles 

in tailings ponds. There they form large lakes of fluid fine tailings which if left untreated would 

require containment for hundreds of years to achieve dewatering. 

Suncor was a founding member of the Fine Tailings Fundamentals Consortium which operated from 

1989 to 1994 and issued two summary reports (FTFC 1993 and FTFC 1995). These reports (and 

their many cited references) summarize current understanding of the generation, composition, 

stability and behavior of oil sands fine tailings. As well, Alberta Energy maintains a comprehensive 

database of references on fine tailings properties. Suncor is continuing to participate in joint tailings 

research projects conducted through the Canadian Oil Sands Network for Research and Development 

(CONRAD) organization. 

b) Prediction of Fine Tailings Volumes 

Suncor uses a semi-empirical model to forecast accumulation of fine tailings. This model utilizes 
J) 

fundamental data on the water-holding capacity of fine minerals contained in the ore; dewatering 

rates of fine tailings, calculated from tailings pond measurements; and a material balance of fine 

minerals throughout the process. It has been calibrated for Suncor's extraction chemistry 

environment when applied to typical ores contained on Lease 86/17. A comparison of the model's 

projections with actual fine tailings accumulations is shown in Figure D3.0-7. The model has 

provided an adequate basis for tailings containment planning but it would require modification for 

considerably different ore types or changes to extraction chemistry. 
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c) Alternatives Considered in the Selection of Dry Landscape Reclamation Technologies 

For over twenty years the oil sands industry has studied, tested and piloted many methods which 

claimed to be able to resolve the fine tailings problem. None produced a solution which could be 

implemented economically. A general discussion ofthe range of methods evaluated is summarized 

in FTFC 1993. Together, the Fine Tailings Fundamentals Consortium and the University of Alberta, 

focused on resolution of major problems associated with commercial implementation of calcium

based consolidation techniques. Their efforts produced the consolidated tailings process (described 

in the Consortium's Final Report, FTFC 1995). 

d) Consolidated :railings Technology 

Suncor is proposing to eliminate permanent storage of fluid fine tailings from Leases 86/17 and 

Steepbank Mine through utilization of consolidated tailings (CT) technology. The CT process 

results in recombination of coarse and fine tailings into a stable deposit with a reclaimable surface. 

CT process implementation began in November 1995 when Sun cor initiated a six-month commercial 

trial. FuH impiementation is forecast to commence in August 1996. It is projected that continued 

implementation of CT will eliminate future fine tailings accumulation and consume the current fine 

tailings inventor; of about l 00 l\·1m3 by about 2015 to 2020. A minimum operating mature fine 

tailings volume of around 25 Mm3 is required to thicken fresh extraction fine tailings in preparation 

for CT utilization. At the same time the surface area required for water clarification will be reduced 

to about 30% of that used today. 

L CT Process Description 

As shown in Figure D3.0-8 mature fine tailings from existing taiiings ponds are combined with 

thickened ( cycloned) fresh sand tailings produced by the Extraction plant The mixture is 
)j . 

chemically stabilized to prevent segregation of fine and coarse mineral solids using gypsum, which 

is a by-product of the new Flue Gas Desulphurization plant. It has been demonstrated through pilot 

plant trials that this mixture is readily pumpable (using existing tailings pumping systems) yet 

dewaters relatively rapidly to a stable deposit (Caughili 1994). 

CT mixtures of plant tailings and fine tailings have several minimum process requirements: 

The final mixture density must be above 50 % solids by weight. 

@ The clay fines concentration must be above 15 % by weight of the solids. 
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• A chemical additive must provide a source of soluble calcium to interact with the clay and 

sand solids. A minimum level is required to generate consistent CT product: initially 0.9 kg 

of gypsum per cubic metre of CT will be used. It is expected that this quantity can be 

reduced as CT discharge water (containing elevated levels of calcium) is returned to the 

Extraction recycle water inventory. 

Deposition needs low-energy conditions, providing quiescent conditions for initial settling 

in relatively thin layers. 

Selection Q.(CT Composition 

Consolidated ~ilings behavior is exhibited over a range of initial solids concentrations, 

chemical treatment species and quantities, and coarse-mineral to fine-mineral ratios. Typical 

behavior is illustrated in Figure D3.0-9, which summarizes extensive laboratory and field 

pilot testing conducted over several years (AGRA 1996a). Note the "segregation boundary" 

dividing segregating and non-segregating behavior. To be successful the CT process must 

operate within the non-segregating region since re-incorporation of fines and sand into a 

single homogeneous deposit is its fundamental goal. Operational issues further constrain 

selection of CT composition as described below. 

Selection of the course-sand-to-fine-mineral ratio (SFR) is driven by two objectives. The 

first objective is to produce a deposit which consolidates quickly, gains strength and allows 

surface reclamation to proceed. This is best accomplished at a SFR exceeding 6: 1. The 

second objective is to reduce the existing inventory of fine tailings; this would suggest a 

lower SFR than 6:1. Incorporation of the existing inventory of fine tailings into CT deposits 

can be done most economically prior to establishing a remote desanding operation, which 
11 

could be as early as 2020. The current plan is to reduce the existing inventory of fine 

tailings by 2020 to 25 Mm3 (the ongoing volume required for the CT process). This plan 

requires a SFR of about 4:1. 

Selection Q.fTreatment Cltemistzy 

While a range of organic and inorganic chemical species can be used as treatments to 

produce CT, unacceptably high costs are associated with most of these treatments due to the 

very large volumes of fine tailings which require processing. For instance a treatment cost 

of as little as $1 per cubic metre results in incremental operating costs of hundreds of 

millions of dollars at an oil sands scale of operations. 
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Suncor has selected a soluble calcium-based treatment for its CT process. This alternative 

was chosen because of the proven effectiveness of the treatment, and the availability of 

gypsum (calcium sulphate) as a low-cost by-product of the Flue Gas Desulphurization 

process. Gypsum obtained from FGD pilot testing has been used successfully to produce 

CT materials at a laboratory scale. 

e) Techniques to Stabilize the Surface of CT Storage Areas 

Surfaces of consolidated tailings deposit areas (Ponds 5 and 6 on Lease 86/17) do not spontaneously 

become trafficable: a number of processes which can be employed to facilitate CT deposit surface 

reclamation are discus~ed below. These processes have been individually pilot- tested to different 

scales (FTFC 1995) but an integrated demonstration of stabilization of a large CT deposit has not 

been conducted. Subsection D3.5.1 delineates the pilot testing necessary for such a demonstration. 

Topography development on the deposit surface is discussed in Subsection 03.5.2. 

i. Sand Stabilization 

Following several years of dewatering, fresh sand tailings can be placed on the surface of CT ponds 

as t.here will be sufficient strengt_h in the deposit to support the sand cap. A hummocky surface can 

be constructed using thickened Extraction tailings. Following a period of further dewatering, 

revegetation activities can proceed as they would for other sand areas (see Subsection D3.5.1). 

ii. Freeze/Thaw Dewatering 

In pilot testing at the Suncor site, natural seasonal freeze/thaw processes acting on the surface of CT 

deposits have demonstrated rapid production of a stable crust from fine-grained materials. This 

process will occur naturally on the surface of CT deposits. Placement of fresh materials in 
" relatively~thin layers on the deposit surface during the winter facilitates the process by allowing 

rapid frost penetration. Up to 3 m of material can be freeze/thawed each winter in this way. 

iii. Aggressive Drainage 

Once a deposit surface cap is established its strength can be rapidly enhanced by techniques 

employed around the world (for example, in Holland river sediments are pumped across large tracts 

of land). Drainage channels are established on the deposit surface to carry away precipitation and 
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run-off from the sediments. Water evaporates rapidly from the high ground between channels. 

After a year or two vegetation is established (which accelerates dewatering by transpiration) and 

within five years the land is returned to agricultural purposes. 

iv. Surface Revegetation 

Established surface revegetation techniques (discussed in Subsection D3 .5 .I) will be used to return 

the stabilized surfaces of CT deposit areas to a revegetated condition. 

)J 



Steepbank Mine Project Application 

3.4 OPERATING PHASE 

-25- Section D3 .0 
OPERATING PHASE 

This section focuses on those aspects ofthe operating plan which affect the reclamation plan; other 

aspects ofthe operating plan can be found in Section C. 

3.4.1 Mine Site Preparation and Soil Salvage 

a) Land Clearing 

Land clearing on Lease 86/17 is essentially complete. Detaiis on remaining areas are contained in 

Suncor's February 199.5 Application for Renewal of Environmental Operating Approval (Suncor 

1995a). 

The preparation of the Steep bank Mine site will commence in 1997 with clearing activities for the 

access roads, plant facility and office and shop areas. Clearing of the mining area will begin in 1998 

and continue through 2020. Waste dump areas wiii also be cleared commencing in 1998. Table 

D3.0-3 summarizes the total areas ofSteepbank Mine cleared (based on a preliminary mine plan) 

on a yearly basis bet'Neen 1997 and 2006, then for the periods 2007-2010, 2011-2015 and 2016-

2020. Land area cleared for Steepbank Mine between 1997 and 2020 will total3852 ha. 

Timber salvage will be conducted as part of site-clearing activities in accordance with, Alberta 

Lands and Forests guidelines. The Steepbank Mine site is within Alberta Pacific Ltd.'s (Al-Pac's) 

Forest Management Agreement Area. A technical report of the EIA gives more detail on locations 

of merchantable tree stands while the mine pian specifies when these stands are to be cleared. 

b) Urail.utge 

Drainage for Lease 86117 is described in Suncor 1995a and in Section C3.4. Drainage plans for 

Steepbank Mine are discussed in Section C3.4. 

c) Soil Salvage 

Subsection 03.5.4 discusses soil salvage. 

3.4.2 Landform Construction 

The Long-Range Mine Plan defines the intent of and construction schedule for a particular structure 

as well as its expected service conditions and service life. Prior to reclamation certification Suncor 
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will be present on-site to monitor performance of its structures and to take corrective actions as 

necessary. 

TABLE D3.0-3 

STEEPBANK MINE- SITE CLEARING PROGRESSION 

Year Land Clearing Total Land Cleared 

(ha) (ha) 

1997 150 150 

1998 358 508 

1999 139 647 

2000 68 715 

2001 347 1062 

2002 276 1338 

2003 113 1451 

2004 80 1531 

2005 88 1619 

2006 127 1746 

2007-2010 993 2739 

2011-2015 679 3418 

2016-2020 434 3852 

Total 3852 

a) Construction and Monitoring for Landform Security 

During construction and operation, Suncor will follow current practices (which are based on the 

Observational Method, Figure D3.0-1 0) td ensure the geotechnical stability of all of its earth 

structures. Steps followed include: 

• To determine the pre-existing conditions and type of construction materials which must be 

considered in the design, a comprehensive site investigation has to be conducted. 

• The most-probable and the worst-case service conditions are identified as are potential 

failure modes. 

• Geotechnical design is developed based on the most-probable service conditions but 

monitoring programs and contingency plans are developed to detect and remedy conditions 

which do not fall within the most-probable conditions. 
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" The design is prepared through use of a combination of in~ house and consultant resources. 

For the design process static loading, and dynamic loading from potential earthquakes. 

Then the design is reviewed by Suncor's Mine Development and Reclamation Review 

Board (an external expert review panel) prior to its submission to regulatory authorities. 

Monitoring of the construction phase consists of selection of construction materials to meet 

the design specifications, and determination that construction materials are placed in the 

structure according to design specifications. Geotechnical instrumentation is installed to 

allow assessment of the structure's performance during construction and its service life. 

,. For all containment structures an annual Performance Report is prepared, subjected to 

external revie'Y and submitted to regulatory agencies. This report summarizes the status of 

construction and results of the monitoring programs and assesses structural stability. 

Recommendations included revised monitoring requirements and any anticipated 

remediations. 

b) Overburden Handiing Plans 

Overburden materials are used in construction of major landforms. Volumes, schedules and 

utilization are covered in a number of sources (Suncor 1995a, Suncor 1996c, Section C3.0 and 

Appendix IV). 

c) Tailings Management 

Previous tailings plans proposed by Suncor utilized a combination of overburden and tailings sand 

for dyke construction, with tailings sand also used as a pond infill material. The final dyke (Dyke 

8) was to be constructed entirely with overburden and was to contain the inventory of fine tailings 

(accumulated during operations) under a water cap in perpetuity. A decision to open Steepbank Mine 
~I) 

on property adjacent to Lease 86, combined with adoption of dry reclamation technology (using 

consolidated tailings as the basis for tailings planning), has had a significant impact on this plan. 

i. Constraints aml Opportunities in Plans to Achieve Dry Reclamation 

The following constraints and opportunities have guided development of the modified tailings plan: 

East Bank ore bodies have sufficient resources to support bitumen recovery beyond the 

middle of the next century. Therefore, Suncor will be present to monitor reclamation 

success and provide any required corrective actions for decades. 
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• The inventory of fine tailings (currently about 100 Mm3
) which has accumulated over the 

past twenty-eight years will be reduced to a minimum working level of about 25 Mm3 by 

2020. This working volume is required to thicken fresh Extraction tailings fines to the 

density required for preparation of future CT mixtures. 

· • Pond 2/3 will be used to thicken fresh fine tailings in preparation for CT disposal as long 

as ore is hydrotransported to the current Extraction plant. The pond will be infilled prior 

to changeover to remote desanding (likely beyond the 2020 time frame). 

• As much tailings sand as possible (approximately 75% immediately and rising to more than 

95% in the future) will be diverted to disposal as consolidated tailings. However, since 

suitable overb,urden dyke construction materials are in short supply on Lease 86/17 there 

is still a requirement to construct portions of Dykes 8 and 9 from tailings sand. All dykes 

planned for construction on Steepbank Mine prior to 2020 will utilize overburden only. 

• Selection of the average sand to fines ratio used in CT (approximately 4:1) balances the 

desire to re-incorporate the fine tailings inventory into stable deposits by 2020 with the 

desire to minimize surface settlement of the deposits in the reclamation time frame (when 

"topping up" the deposit is no longer feasible). The natural sand to fines ratio in ore is about 

5:1. 

• The CT sand to fines ratio combined with the rate of fresh tailings sand production which 

can be diverted to CT disposal establishes the consumption rate for existing fine tailings 

inventory. 

• Pond 2/3 is currently at its maximum operating level. In the future (and critical for the next 

few years) thickened fine tailings must be removed from the pond and incorporated in CT 

at a rate at least equal to the accumulation of fresh fme tailings to prevent loss of the recycle 

water required for Extraction operations. 
J' 

• Removal of fine tailings and decommissioning and reclamation of Pond 1 will be done as 

early as is practical (the schedule addressed later in this section). However, the priority 

must be to control fluid levels in Pond 2/3. 

ii. Implementation Plan 

The following modifications to the Extraction plant tailings system are required to implement the 

CT process. Hydrocyclones will be installed to increase the density of plant tailings from 35% 

solids by weight to 70% solids by weight. Water, fines and bitumen removed in the hydrocyclone 

overflow from plant tailings will be pumped directly to Pond 2/3, where recycle water will be 

recovered and fine tails will thicken in preparation for later incorporation in CT. Gypsum addition 
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facilities will be installed to store and add the appropriate amount of gypsum to the mixed stream. 

Pumping and pipeline systems will be configured to deliver and deposit CT mixture in Pond 5 and 

future deposition areas. Water released from the CT mixture deposit will be used primarily as 

recycle water. As existing fine tailings are consolidated in the CT process surplus water volumes 

will be generated; this water may eventually be treated and returned to the natural environment (see 

Subsection D3.4.3). 

Conversion to consolidated tailings will be in stages. Initially, facilities have been constructed to 

convert half of the Extraction plant taiiings to CT. A commerciai triai (conducted during the winter 

of 1995/96) will highlisht any opportunities for improvements in the technology. Thereafter, CT 

technology will be the primary means of tailings deposition, with the exception of some tailings 

required for dyke construction. Additional hydrocyclones will be installed to convert the remainder 

of Extraction tailings into CT. Flexibility in equipment operation will be provided to produce CT, 

high-density sand tailings for dyke construction or both. 

The implementation phases are described below: 

" Phase I-

Phase II-

Phase HI-

Phase IV-

Hydrocyclones (to densify half of Extraction tailings to about 70% solids) 

were installed in spring 1995. The stream was used to construct Dyke 8 

during 1995. Water recycling facilities were installed to return the 

transport water to Pond 2/3. 

A fuii-scaie commerciai triai of CT technoiogy is underway during the 

fall/winter of 1995/96 to prove the process. About half of the Extraction 
)) 

tailings are being used to create a 4 Mm3 deposit in Pond 5. 

Hydrocyclones for the remaining half of Extraction tailings will be 

installed in 1996 to allow simultaneous CT mixture deposition in Pond 5 

and continued construction of Dyke 8. 

Facilities to recover Extraction process recycle water will be installed in 

Pond 5 in 1997. 
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iii. Suncor's Long-Range Tailings Plan 
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Details ofthe integrated Lease 86/17 and Steepbank Mine tailings plan (which ultimately supports 

a dry reclamation landscape) are given in Sun cor 1996c. An overview is presented below. 

Associated reclamation activities are described in Subsection 3.5. 

FigureD3.0-11 shows the 1997layout of Lease 86/17 and the proposed Steepbank Mine property. 

Activities as of 1997 are listed below: 

• Clearing has progressed to near the north edge of the property as shown. 

• Dyke 8 is under construction using a combination of overburden and tailings sand. 

• Preparation for construction of Dykes 8 and 9 abutment is in progress. 

• Pond 5 is being infilled with CT as part of the consolidated tailings commercial trial. 

• Dyke 7 is under construction as Pond 4 is being infilled. A portion of Pond 4 has been 

segregated to contain the FGD recycle water pond and store surplus gypsum. 

• Pond 2/3 has been constructed to its design elevation; fluid is at its design level and will be 

used as a fine tailings thickener for the foreseeable future. Fine tailings transfer pumps have 

been installed to provide fine tailings for CT disposal to Pond 5. 

• Fine tailings withdrawal from Pond 1 commenced in 1995 with about 2 Mrn3 being 

transferred to Pond 2/3 by the end of the year. 

• Other than site investigation there is no activity on the Steepbank Mine site. 

Figure D3.0-12 shows activities as of2000 summarized below: 

• Clearing has progressed for Steepbank Mine as shown. 
1 . 

• Mining is essentially complete on Lease 86/17; ore production has begun from Steepbank 

Mine. 

• Dyke 9 is under construction while Dyke 8 is essentially complete. 

• Pond 5 is being infilled with CT with filling to be complete by 2002. 

• Pond 4 construction is complete and it is in use as a FGD recycle water pond. 

• Pond 2/3 is in use as a fine tails thickener for CT preparation. 

• Pond 1 has had about 7 Mm3 of fine tailings withdrawn (to be used in CT) and infilling with 

Extraction oversize is progressing. 
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Figure D3.0-13 shows activities as of2005 including: 

'" Clearing and mining is progressing at Steepbank Mine as shown. 

.. Construction of the north overburden waste dump is underway. 

" Construction of Dyke 9 is nearly complete. 

.. Pond 6 is being infilled with CT. 

Section D3.0 
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.. Pond 5 is completely filled with CT and is in the primary dewatering phase. 

" Pond 2/3 contents are in use as a fine tails thickener for CT preparation. 

" Removal of Pond 1 fine tailings (for use in CT) is essentiaiiy compiete. 

Figure D3.0-14 shows activities as of2010 as follows: 

.. 

.. 

.. 

.. 

Mining advance and overburden construction is progressing at Steepbank Mine as shown . 

Primary CT production is directed to Pond 7 . 

Ponds 5 and 6 are topped up with CT as dewatering continues. 

Pond 2/3 contents are in use as a fine tailings thickener for CT preparation . 

Figure D3 .0-15 shows activities in 2015 comprising: 

" Mining advance and overburden construction is progressing as shown. 

.. Primary CT disposal is directed to Pond 8. 

" Ponds 5, 6 and 7 are periodically topped up with CT as dewatering and consolidation 

continues. 

Figure D3 .0-16 shows activities in 2020 including: 

.. Mining completed at Steepbank Mine. 

,. CT Ponds 5, 6, and 7 have been capped with tailings sand and revegetated. 

" CT Pond 8 is topped up with sand from extended mining on Lease 25 as dewatering occurs. 

iv. Infilling of CT Ponds 

Re-lncorporation otExistiag Fine Tails Inventory into CT Deposits 

It is Suncor's desire to capture into CT all fine tailings produced by future operations and 

to reduce current inventory of fine tailings to a working volume of around 25 Mm3 before 
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2020. This means that CT deposits must contain higher fines content than ore mined in the 

same period. A target sand:fines ratio of about 4: I has been established. 

Figure D3 .0-17 shows a projection of the consumption of fine tailings inventory, indicating 

that between 2015 and 2020 inventory will be down to the minimum required to thicken 

fresh fine tailings from Extraction. 

Prediction afDewatering Rates 

The sand:fines ratio is a very important parameter as it indicates the time needed for a CT 

deposit to dewater and consolidate. During this period considerable surface settlements 

occur as excess water is expressed. As surface settlement proceeds excess water will be 

removed and the deposit "topped up" with new CT to re-establish surface. For Pond 5 this 

will take place several times prior to achievement of surface stabilization. 

Projected filling ofPond 5 and subsequent dewatering of the CT deposit is shown in Figure 

D3 .0-18. At present there is some uncertainty as to the release rate of water from CT; data 

to more precisely specify this rate are being collected as part of the CT commercial trial. 

Both the projected rate of surface settlement and the development of strength within the CT 

deposit have been studied extensively for CT Pond 5 (AGRA 1996a). In this source the 

database required for these projections is also discussed as well as methods for composing 

the projections. For Pond 5 results are presented in Figure DJ.0-18 which show that after 

final revegetation, surface settlements will measure about 13 m. Uncertainty in this 

projection arises from the range of uncertainty in laboratory and field test data. These 
) 

projections had been made prior to any actual commercial experience. The first opportunity 

to correlate them with commercial experience will be in late 1996 when analysis is available 

of results from Sun cor's consolidated tailings commercial trial is available. 

v. CT Deposit Surface Stabilization 

The CT process does not immediately create a deposit with a trafficable surface, but it does produce 

sufficient strength at depth to support a trafficable surface within a ten to twenty-year time frame. 

Fine tailings deposits do not possess such strength and cannot support a trafficable surface. Such 

a trafficable surface will be constructed using techniques outlined in Subsection D3.3.3. These 
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techniques have each been tested at minimum on a field pilot scale but not on the scale of the surface 

of a large CT deposit: such developmental work is planned (discussed in Subsection D3 .5). 

Surface stabilization for deposits will be accomplished during the topping up operations described 

previously. Layers of progressively-higher sand:fines ratio CT will be constructed over the deposit: 

these layers possess relatively high permeability, thus allowing drainage of the underlying, 

consolidating deposit. The final deposit layer will be constructed to an elevation above the long-term 

design elevation to allow for future consolidation. In addition the deposit surface will be constructed 

with a hummocky surface (shown in Figure D3.5-4), to facilitate revegetation as discussed in 

Subsection 3.5. 

vi. Infilling of Pond 1 

Pond 1 (Suncor's original tailings pond) commenced operation in 1967. It is enclosed by the Tar 

Island dyke (shown in Figure D3.0-19). The pond is currently receiving only a small tailings stream 

from the Extraction centrifuge plant and periodic flows from the Upgrader. At its deepest point it 

contains a deposit (about 30m deep) of mature fine tailings and about 2m of recycle water. 

As the fine tailings currently in the pond will not settle to form a soil-like material for hundreds of 

years, these materials will be removed and replaced with stable infill. Pond 1 will thus be 

transformed into a stable, trafficable and revegetated landform. 

As Pond 1 is currently at capacity, infilling cannot proceed faster than the rate of MFT withdrawal. 

Hov;ever, for the next fevJ :years the opportunit-y to withdraw rv1FT from Pond 1 will be limited by 

the necessity to withdraw MFT from Pond 2/3 as a first priority. In the plan to integrate tailings 
J . 

management of the Steepbank Mine with Lease 86/17, Pond 2/3 assumes the role of a fine tailings 

thickening pond for the CT process. In order to maintain Pond 2/3 fluid levels below the design 

elevation, MFT for the CT process for the next 5 years must come from Pond 2/3. 

The projected cumulative withdrawal of MFT from Pond 1 (shown in Figure D3.0-20) indicates 

that withdrawal will be complete by 2006 and infilling will be accomplished by 2010. Surface 

revegetation will commence at that time. 

In order to increase the volume of sand available for CT production and accelerate Pond 1 

reclamation, Sun cor expects to in fill a portion of Pond 1 with Extraction oversize commencing by 
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1997. This change in material accelerates Pond 1 infilling by up to two years. In addition higher 

erosion resistance of the clayey oversize will arrest the long-term development of erosion gullies in 

Tar Island dyke. Suncor is continuing to search for opportunities to advance the infilling of Pond 1. 

d) Landfills 

Since 1991 Suncor has operated two industrial landfills south of Pond 4. The company's previous 

landfills located at various sites across Lease 86/17 (Figure D3 .0-21) are for the most part contained 

within tailings ponds and waste dumps, the surfaces of which will be reclaimed. There is currently 

no evidence of abnormal leaching into the groundwater associated with these landfills, primarily due 

to their location and hy,draulic containment, with the possible exception of two landfills. 

These two shallow landfills are located at the south end of Waste Area 8 and adjacent to Pond 1A. 

Groundwater in the area of the Pond lA landfill has been monitored since 1984 and groundwaters 

near Waste Area 8 have been sampled several times since 1992. Around both ofthese landfills, 

groundwaters have low levels of organic constituents but elevated sulphate levels. Monitoring will 

continue at both sites as part of the overall groundwater monitoring program. 

3.4.3 Erosion 

a) Surface Erosion 

Suncor's policy is to control surface erosion enhancing the stability of constructed landforms and 

controlling loss of soils to the environment. Reconstruction of a soil layer followed by revegetation 

is accomplished as soon as is practical following cessation of construction activities in the area. For 

instance, revegetation of dyke slopes proceeds while construction continues at higher elevations on 
) 

the dyke. If erosion occurs prior to full re-establishment of vegetation corrective activities are 

employed. 

b) River Erosion Protection 

i. Tar Island Dyke 

The Athabasca River is currently eroding the river bank adjacent to the north half the of the Tar 

Island dyke. There has been no erosion of the toe of the dyke, although several sections of the 

access road (known as the limestone road) along the toe of the dyke were undermined and required 

a number of repairs during 1995. Besides providing access along the toe of the dyke the limestone 
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road (approximate elevation 239.6 m ASL) provides flood protection (for the toe of the tailings sand 

dyke) to an elevation corresponding approximately to the 1-in-20-year flood event 

In 1995 Suncor commissioned the following two studies to generate bank protection designs for the 

toe of the Tar Island dyke: 

" a review of current river bank conditions along the toe of the Tar Island dyke to provide an 

operational bank protection design; and 

" a geomorphological assessment ofthe Athabasca River between Fort McMurray and Fort 

MacKay, to pr~vide a design for long-term bank protection for the Tar Island dyke (see 

Subsection 3.5) 

The first study reviewed current erosion patterns and developed an operational bank protection 

design (i.e., a design that can be monitored through observation and repaired if required) to reduce 

erosion rate beiow the iimestone road (AGRA 1996d). Construction of operational bank protection 

will provide an opportunity to evaluate both long-term bank protection requirements and the first 

stage of abandcnment=level bank protection. 

To develop an operational bank protection design the studies reviewed conditions along the toe of 

the Tar Island dyke including: 

" flood frequency elevation, discharge and velocity; 

" winter ice and spring break-up conditions; and 

" bed scour. 

Results ofthe review showed: 

" the 1-in-20-year flood event has an elevation of about 238.6 m ASL, a flood discharge rate 

of about 4440 m3/sec and a flow velocity of 1.4 to 2.1 m/sec; 

" ice jams could result in local flow velocities of up to 3 m/sec, similar to 1-in-1 00-year open

water flood velocities; and 

.. total scour depth (local scour plus one half of observed dune height) along the north half of 

the Tar Island dyke will be 2. 7 m to 3.6 m during the 1-in-20-year flood event. 
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The operational bank protection design includes riprap (erosion resistent materials) constructed to 

the 1-in-1 0-year flood elevation and sized for the 1-in-1 00-year flow velocity. Above the 1-in-1 0-

year flood event elevation bank protection will be provided by vegetative cover. This type of 

protection will provide sufficient erosion resistance as flow velocities are reduced above the 1-in-1 0-

year flood event elevation. The general design is shown in Figures 03.0-22 and 03.0-23; design 

details are also available (AGRA 1996d). Suncor will request approval to install operational bank 

protection along the toe ofthe Tar Island dyke during summer 1996. 

Operational bank protection will shield the Tar Island dyke from the erosion which could lead to 

instability under all fl~ods up to Probable Maximum Flood conditions. The Probable Maximum 

Flood elevation at the Tar Island dyke is between 247 m ASL and 248 m ASL. Under such 

conditions riprap bank protection would likely be removed from the bank and deposited on the 

apron; there might also be up to 5 m of sand removed from the toe of the dyke. However, this will 

not impair the dyke's stability in any way. Immediately following a flood Sun cor would reconstruct 

the dyke toe and the bank protection and would replace any vegetation lost. 

ii. Other Bank Protection Requirements 

There are currently no areas on Lease 86/17 (other than the Tar Island dyke) that require bank 

protection from the Athabasca River. Suncor will continue to monitor the river bank along Lease 

86117 and will implement any approved measures necessary to ensure the required level of river 

bank integrity is maintained. 

At present, no defined requirements for river bank protection exist for Steepbank Mine. These will 

be addressed as part ofthe final design ofSteepbank Mine facilities (AGRA 1996g). 
JJ 

iii. Emergency Plan 

Suncor monitors river level forecasts provided by Alberta Environment. In the event of a flood of 

any magnitude the company will have sufficient time to ensure all facilities along the toe of the dyke 

(e.g., pumping stations and electrical supplies) are protected from floodwaters. As outlined above 

no additional bank protection is required for a flood. Immediately following a flood event Suncor 

will evaluate conditions at the toe of the dyke and undertake any necessary repairs. 
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The following section explains the management of operational and reclamation water streams during 

the operating phase of Lease 86/17 and Steepbank Mine. Subsection 3.5.3 describes water 

management after reclamation and abandonment. 

a) Extraction Recycle Water 

i. Impact of CT on Recycle Water Inventory 

The introduction of CT technology has created the challenge of managing iarge voiumes of released 

water. Suncor's goal yvill be to maximize recycling of water, however there will be a need for 

environmentai discharge. The following discusses CT release water management. 

The Clark hot water extraction process requires a supply of hot water to mix with the oil sands 

during processing. Most of this water is recycled from the tailings ponds; the remainder is drawn 

from the river. Suncor's tailings water balance is discussed in RefD3.0-9. Fresh water input is 

required to replace water captured (in tailings sand dykes and beaches) and held in fine tailings. In 

typical fine tailings, water would be released over a period of centuries as the deposit slowly 

consolidates and eventually becomes a soft soil. The CT process dramatically accelerates water 

release from fine tailings as consolidation occurs, this changes the water balance resulting in a large 

increase in water input to the recycle water inventory. Figure D3.0-24 shows a projection of recycle 

water inventory to 2020. If the operation continues to import water from the Athabasca River at its 

current rate, recycle water inventory will grow from the current 25 Mm3 to 130 Mm3 
• As an 

inventory of only 20 l\1..'113 is required for the Extraction process, Suncor intends to reduce inventory 

volume so that reclamation can proceed as rapidly as possible. Additional inventory represents a 
J 

direct cost in terms of containment structure construction and maintenance. 

Storage of large volumes of water is not consistent with the intent of dry reclamation. Water storage 

is geotechnically less desirable than storing fine tailings due to its increased seepage potential. 

Suncor therefore has no provision in its reclamation plan for storage of large volumes of fluids 

following mining operations (i.e., abandonment storage). 

There are two methods to control recycle water inventory: 

., reducing river water inputs; and 

., discharging excess capacity. 



Steepbank Mine Project Application - 38-

ii. Recycle Water Management by River Water Input Reduction 

Section D3.0 
OPERATING PHASE 

Reducing river water import to the Extraction plant can effectively manage the volumes of tailings 

pond recycle water. The current overall extraction/tailings water balance contains Athabasca River 

water input at a rate of about 200 1/s. A 50% reduction in imported water volume will reduce 

tailings pond recycle water volume to manageable levels but the intent is to use as much release 

water from CT as possible. Extensive modelling has shown that over the next five to ten years the 

FGD gypsum stream used to create consolidated tailings will alter the chemistry of tailings pond 

recycle water (Kasperski 1996). As two critical parameters in the model can be verified only by 

actual operation (the composition ofthe FGD stream and the release rate and quality ofCT release 

water) these calculations must be considered preliminary. 

There are known sinks for many of the dissolved ionic species that could appear in recycle water. 

Concentrations of calcium and similar ionic species are not expected to increase substantially since 

they tend be adsorbed onto clays present in recycle water. Some ionic species do not have obvious 

sinks and may build up within the recycle water system; in particular sulphate concentrations may 

increase in tailings ponds (Figure D3.0-25). In addition to sulphate there will likely be other ions in 

the FGD gypsum which (although at lower concentrations) will also tend to build up in the recycle 

water. 

Suncor is currently analyzing the impact of alterations in recycle water chemistry on tailings pond 

performance (primarily odours), extraction recovery and downstream impacts within the bitumen 

Upgrading operation. In addition, longer-term impacts on reclamation vegetation are also under 

. review. Surfaces of infilled ponds are unlikely to be affected as CT deposits will be capped by a 

layer of soil prior to revegetation. Downstream slopes of tailings sand dykes may experience 
J) 

elevated salt concentrations in groundwater emanating from CT particularly in the early years. 

iii. Recycle Water Management by Environmental Discharge 

The other method of managing recycle water volumes is to maintain Extraction fresh-water inputs 

near current levels and remove part of CT release water from the recycle water system. Current 

calculations suggest that about 20% of annual CT release water would have to be removed to 

manage remaining volumes adequately (Figure D3.0-24). As some of this water can probably be 

used elsewhere in the Suncor operation river water inputs may be reduced, but it is likely most of 

this water would be discharged to the Athabasca River. 
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CT release water may require treatment before operational discharge (based on OSWRTWG 

findings in Subsection 03.2.2) but the CT process appears to reduce CT water toxicity below that 

of current dyke seepage or recycle water, thus making it easier to treat prior to release (see below). 

Suncor will provide necessary treatment to CT water prior to its release. 

Figure 03.0-24 shows that such discharge would occur around 2005 but this date is dependent on 

the release rate of water from CT and can only be confirmed through monitoring of Pond 5 

performance. The quality of CT release water from Pond 5 will depend on the chemistry of the 

FGD by-product stream (to be introduced in late 1996). After that time a water treatment plan could 

be devised; possible tr~atment options are discussed in Subsection 03.4.4.c. 

iv. Impact of Recycle Water Chemistry on Extraction Performance 

The chemistry of the extraction recycle water inventory has been extensively investigated and 

modelled (Kasperski 1996); in particular, concentrations of calcium and magnesium have been 

projected. Based on criteria established through processibility testing (Munoz 1996) there is no 

indication that concentration of chemical species will rise to levels that will affect Extraction 

performance. 

b) Operational Drainage and Seepage Control Measures 

i. Surface Drainage Control Measures 

Surface drainage on Lease 86/17 is controlled, permitting only licenced streams to discharge to the 

Athabasca F_iverQ Licen.c.ed streams include surface run~off artd shallo\-v aquifer water from the 

North and South Mine areas, and run-off from the south slope of Waste Area 8 (Mid-Plant 
) 

drainage). Run-off from all areas of active mining or tailings disposal is collected by means of a 

series of channels and run-off retention basins from which it is pumped back into the 

Extraction/tailings recycle water system. A significant portion of rainfall landing on tailings sand 

structures infiltrates the tailings sand and enters the groundwater system (AGRA 1996b ). Most of 

these waters are collected in seepage control systems and pumped back into tailings ponds. 

In 1995, as a response to several localized seeps along the toe of the Tar Island dyke, Suncor 

upgraded the toe ditch collector system (for both seepage and surface run-off collection). The 

system includes an upgraded seepage cutoff beneath the ditch and a coke filter drain, to direct 

seepage and surface run-off to the pumping stations for return to Pond 1 (AGRA 1995a). 
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Surface run-off from plant site operating areas is divided into oily and non-oily streams, each 

handled differently. Non-oily streams are collected through a sewer system and discharged via the 

wastewater system outfall. Oily streams are directed though the API separator (where the 

hydrocarbons are stripped and returned to the Upgrader for processing); cleaned water from the 

separator is discharged through the wastewater outfall. 

The only area of uncontrolled surface run-off is the east side of Waste Area 8. This structure is a 

former overburden dump which has been fully reclaimed for about fifteen years. Surface run-off 

from this slope is not expected to be different from that of other vegetated slopes along the 

Athabasca River and sh.ould therefore pose no environmental risk. Additional monitoring of surface 

water and groundwater conditions in Waste Area 8 will be undertaken. 

The Steepbank Mine surface drainage plan is discussed in Subsection C.3.4. 

ii. Seepage Control Measures 

Suncor maintains seepage control measures in two areas of its current operation: 

• within and around tailings sand dykes, and 

• beneath the coke pile. 

Dyke seepage is controlled using one of two primary methods: 

• internally, through coke filter drains within dykes constructed primarily for geotechnical 

stability purposes; and 
)) 

• externally, by collecting seepage water from the base of the dykes and directing it (either 

through pumping or gravity drainage) back to the Extraction/tailings recycle water system. 

A third system is employed on Dyke 5, where a series of pumping wells have been installed to 

improve dyke stability. 

These control measures allow Suncor to capture about 90% of all dyke seepage streams. Any 

seepage that currently by-passes the controls is lost primarily through the foundations of the tailings 

ponds (see Subsection D3.4.4.b). Current losses have been shown to have no measurable impact on 

aquatic life in the Athabasca River (see Subsection E5.4). 
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Seepage from the coke pile is collected by means of a drain beneath the west side of the pile and a 

toe ditch along the east slope of the pile; this water is then discharged into Pond D (in the plant 

wastewater treatment system). 

At present, no specific seepage control systems have been identified for Steepbank Mine. Its 

impoundment facilities are designed to be constructed of low-permeability overburden materials that 

will not need engineered seepage control structures for stability. Any seepage that does pass through 

the dyke will be collected and contained in the mine drainage system. 

Estimates of seepage l~sses (outlined above) through the foundation of the tailings ponds are based 

on recent assessment of Pond 5 (AGRA 1996c). Before start-up of tailings Ponds 6, 7 and 8, 

investigations will be undertaken to determine the necessity of foundation liners. If required, Suncor 

will engage in any necessary measures to ensure foundation seepage losses are limited and any 

adverse environmental impacts are acceptable. In addition, seepage quality will be monitored 

through the Sun cor groundwater monitoring program as detailed in Sun cor's 1995 Application 

(Suncor 1995a). 

iii. Conventional Discharges 

As discussed in Subsection D3.4.4.b Suncor maintains four licenced outfalls for discharge of certain 

operational waters to the Athabasca River. There are currently no plans to remove these outfalls, 

although water volumes from several of them will likely be reduced over time. 

The three mine outfalls allovJ discharge of both precipitation run-off from unmined areas and 

groundwater from surface aquifer dewatering. Volumes discharged from the North mine drainage 
' 

system will be reduced as mining on Lease 86 progresses northward. No run-off water from 

exposed oil sand slopes or basal aquifer waters will be discharged through mine outfalls. In 1996 

these outfalls will be upgraded, to allow more accurate flow volume measurements and collection 

of more representative samples for water quality analysis. Suncor will continue to monitor these 

outfalls to ensure compliance with licence standards. 

Discharge volumes of wastewater will also be reduced over the next five to ten years as water use 

within the processing area is conserved due to increased recycling and re-use initiatives outlined in 

the Suncor Expansion Application. 
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A new mine outfall will be required for Steepbank Mine by about 2000. The Steepbank Mine 

drainage plan requires an outfall near the shop facilities area (between Pits I and 2) for discharge 

from the interception drainage system (see Subsection C.3.4). This outfall will discharge into the 

wetlands area (Shipyard Lake) before entering the Athabasca River. Water quality in the 

interception drainage system is expected to be similar to water quality in the current North and South 

mine drainage systems. All mine run-off waters will be collected in a series of channels and run-off 

collection basins and will be contained either on-site or (by pumping back to the west side of the 

river) in the Extraction/tailings system. Discharge from the new Steepbank Mine weir will be 

monitored daily in conjunction with Lease 86 outfalls. 

c) Operational Water Quality Assessment 

During the past two years Suncor has carried out a number of assessments of seepage flow and water 

(quality focusing on the Tar Island dyke and the Devonian limestone beneath Pond 5) to gain a better 

understanding of on-site and off-site surface water and groundwater conditions. Other waters 

evaluated include seepage water from landfills, Plant 4 beach, the mine drainage systems and the 

wastewater system. Data from these assessments were used as input for Ecological and Human 

Health risk analyses (See Section E). 

i. Background Surface Water and Groundwater Quality 

The quality of much of the surface water and groundwater in the Suncor area is affected by exposure 

to oil sand. While the inorganic chemistry often reflects the geology of the surrounding or 

underlying formation, the organic chemistry is similar to the chemistry of fluids in oil sand pore 

spaces. Several natural waters (believed to represent background conditions on Lease 86/17) have 

been sampled including: 

• seepage from an oil sand slope adjacent to the Athabasca River and upstream from Suncor, 

which contains naphthenic acid concentrations between 10 mg/1 and 25 mg/1; 

• basal aquifer water from Steepbank Mine, which contains naphthenic acid (in concentrations 

of between 8 mg/1 and 36 mg/1) as well as low levels of PAHs, PANHs and phenolic 

compounds; 

• upper Devonian limestone groundwater from Steepbank Mine, which contains naphthenic 

acid (concentrations ranging from 47 mg/1 to 57 mg/1) as well as low levels of PAHs, 

PANHs and phenolic compounds; and 
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"' sediment porewater beneath the Steepbank River, which contains naphthenic acids (up to 

16 mg/1) as well as P AHs and PANHs. 

Organic chemistries of these naturally-occurring waters are similar to that of process-affected 

groundwaters in the Tar Island dyke. 

ii. Tar Island Dyke Seepage 

In the February 1995 Application for Renewal of Environmental Operating Approval (Suncor 

1995a), Suncor reported the results of a seepage analysis of the Tar Island dyke, examination of 

which showed that so~e seepage from the Tar Island dyke by-passes seepage collection systems and 

enters the Athabasca River. Seepage chemistry is similar to natural background seepage water 

quality as noted above. The Application also outlined results of a river bio-monitoring program and 

risk assessment which indicated that there is no measurable impact of seepage on aquatic biota and 

a negligible risk to all other potential receptors. Suncor will continue to monitor impacts of the Tar 

Island dyke seepage on river biota. 

During 1995 Suncor conducted four additional programs aimed at addressing further seepage 

conditions and impacts as follows: 

"' a second, more detailed seepage analysis (AGRA 1996f); 

" design and construction of a new toe ditch seepage collection system (AGRA 1995a); 

"' collection of additional river sediment porewater samples along the toe of the dyke 

(GOLDER 1996a); and 

an extensive river bio-monitoring program (as well as human health and ecological risk 
) . 

prediction calculations) as part of the Environmental Impact Assessment for the Steep bank 

Mine project (See Section E). 

Results of seepage analysis are summarized below: 

" The two main sources for seepage from the Tar Island dyke are: 

precipitation infiltration, and 

downward seepage through a zone of coarse Plant 4 beach tailings. 
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Phase I seepage analysis assumed that only 13% to 20% of precipitation falling on the Tar 

Island dyke became part of the groundwater system. However, results of an infiltration 

study (AGRA 1996b) showed that up to 35% of precipitation infiltrates the dyke and that 

it is a major contributor to collected and uncollected seepage streams. 

• Four main discharge pathways for the Tar Island dyke seepage are: 

the coke filters, 

seepage at the toe of the dyke, 

seepag~ through foundation clay, and 

seepage through the Snye channel. 

Improvements to the toe seepage collection system were designed and partly constructed 

in 1995; construction will be completed in 1996. Seepage from the dyke toe is now 

collected in a toe filter (rather than in an open ditch) which is located behind a new cut-off 

wall. 

• Together coke filters and the toe ditch collect about I400 m3/d of the Tar Island dyke 

seepage and surface run-off which is then returned to Pond I. 

• The probable volume of foundation seepage entering the Athabasca River is about 1700 

m3/day. (There is a 90% probability that the foundation seepage volume entering the 

Athabasca River is greater than 730 m3/day and there is only a I 0% probability that 

foundation seepage volume is in excess of 4200 m3/day.) 

• A majority of foundation seepage exits through the Snye channel (Figure D3.0-26) which 
) 

(although covered by fine-grained materials) has a higher permeability than the remainder 

of the dyke/pond foundation. 

• Seepage conditions at the Tar Island dyke are not yet at steady state: the phreatic surface 

(internal saturated water level) is dropping I m tol.6 m/y. 

• Under steady-state conditions (when the phreatic surface has dropped to approximately 

elevation 244 m ASL), there will be about 325 m3/d to 650 rn' /d of seepage exiting the 

structure primarily due to infiltration. Steady-state conditions will not be reached for about 

a century. 
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Results of the river sediment porewater study showed that, although process-affected chemistries 

(sodium bicarbonate water, naphthenic acids, PAHs) were found at several locations along the river 

bank, they were concentrated at the north end of the Snye channel (Figure D3.0-27). This supports 

the seepage analysis finding that the Snye channel is the focus for a majority of foundation seepage. 

Based on these findings, Suncor evaluated corrective options including: 

., a cut~off wall to the limestone, and 

.. pumping wells. 

The cut~off wall is considered impractical as the depth to limestone in the Snye area is in excess of 

16 m (and more than 40 m elsewhere along the dyke) and seepage will likely flow around the ends 

of the wall. Also considered impractical is the pumping well option as in order to "capture" the Tar 

Island dyke seepage, large volumes of river water would have to be pumped and contained. Sun cor 

proposes that no additionai corrective measures (beyond the new toe filter construction) be used for 

the Tar Island dyke seepage. Such measures are either impractical or unlikely to succeed and there 

is no evidence of any aquatic or hum3.J.9J. health impact from the seepage (See Section E)o 

iii. Athabasca River Monitoring Program 

In addition to the above programs Suncor carried out both an extensive river bio-monitoring program 

and a risk assessment for aquatic and human health. Results of those programs are discussed in 

Section E and are summarized below: 

., Compounds within the Tar Island dyke's seepage (at elevated levels these may cause health 
) 

effects) have been identified in natural background waters including the Steepbank River 

sediment porewater and the basal aquifers in Stee:pbank Mine. 

Measurements of fish species diversity and population density showed that there is little or 

no impact from the Tar Island dyke's seepage. 

Tar Island dyke seepage poses a negligible risk to all potential users of the Athabasca River. 

A proposed monitoring program for the Athabasca River is described in Section E. 
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As part of the Dyke 8 design Suncor carried out a foundation investigation for the Devonian 

limestone. Although the limestone was shown to be a competent foundation it was also found to 

contain high-permeability units which appeared to be fractured and which could cause seepage from 

the pond. A hydrogeological investigation was then carried out to determine the nature and extent 

of the fracturing. 

Dyke 8 and Pond 5 are located within a channel in the Devonian limestone surface (Figure D3.0-28). 

Hydrogeological investigation showed that the limestone in the channel includes some hard, 

resistant, beds which have significant fracture porosity and are water- bearing. A pumping test 

affected water levels over a distance of 1500 m in a southwest-northeast direction. Units between 

the beds appear to have low permeability, resembling the limestone beneath Suncor's other tailings 

ponds (AGRA 1995b, 1996c). In order to prevent migration of MFT fines into the limestone 

fractures an overburden blanket "filter" (primarily lean oil sand) was placed across the entire pond 

bottom. 

A detailed field investigation of the overburden blanket and upper limestone permeability was 

undertaken, to quantify seepage rates. Results of the field tests showed that the permeability of the 

overburden blanket is low (5 x 10·7 cm/s). The tests confirmed that the fracture limestone 

permeability is relatively high ( 1 00 X I 0"7 to 30 000 X 10 7 cm/s ), while the intervening beds have low 

permeability (2 x 10·7 cm/s). 

For seepage modelling purposes Pond 5 was subdivided into six sections, based on both overburden 

blanket permeability and thickness and limestone permeability. Predicted seepage volumes from 
) . 

Pond 5 are shown in Table D3.0-4. 

In the future, additional seepage losses are predicted from tailings Ponds 6 through 8 via similar 

fractures in the Devonian limestone (AGRA 1996c). The discharge point for the seepage waters is 

unclear, however it is assumed that the seepage enters the Athabasca River. Various processes 

(dilution, dispersion, adsorption, chemical and biochemical reactions) probably reduce chemical 

concentrations in seepage water. 
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TABLE D3.0-4 

PREDICTED SEEPAGE FLOWS FROM POND 5 

Section D3.0 
OPERATING PHASE 

Years After Start of Filling Seepage Flow From the Pond Bottom (m3/d) 

0.5 202 

1.0 405 

2.0 475 

I 
4.0 376 

1 

II 

.0.0 248 

20.0 128 II 

No adverse impacts on Athabasca aquatic life due to seepage from Ponds 5 through 8 are predicted 

(Section E). 

v. Other Seepage and Water Quality Assessment Projects 

As well as the above projects, Suncor carried out an assessment of water chemistry and toxicity for 

the following streams: 

'" mine drainage systems, 

" wastewater system, and 

" Plant 4 beach. 

Results of these assessments, sampling protocols and laboratory data can be found in a number of 

references (Suncor 1996b, Golder 1996b/c/d). 

vi. Summary Assessment 

Assessment of the cumulative impacts of the releases just described on the Athabasca River reveals 

that no adverse health effects are expected for either fish and wildlife populations or for human 

health (see Section E). 

d) Water Tre3tment Requirements and Options 

Suncor recognizes that methods of discharge of excess recycle waters must be environmentally 

acceptable; in most cases, this will require some form of water treatment. The type of treatment 
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chosen will depend on the quality and type of water to be treated. Reclamation waters (which 

discharge at relatively low volumes over extended periods) are suitable to passive systems such as 

wetland bio-treatment. Operational waters (due to their volumes and controlled flow) are more 

suited to conventional water treatment options such as a water treatment plant. 

i. Consolidated Tailings Water Toxicity 

Recycle water from the current Suncor tailings ponds is toxic to aquatic biota (Table D3 .0-5). While 

water will naturally detoxify over extended periods (if it is isolated from inputs of fresh tailings) it 

has been found that chemical treatment (i.e., acidification to pH < 5) immediately detoxified the 

water (Mackinnon 1991 ). The level of acute toxicity of CT release water was found to be lower than 

current recycle water, indicating that the creation of CT may also reduce water toxicity. Although 

acute toxicity of current recycle water will disappear in less than two years, low toxicity of CT 

release water offers an advantage when considering its further treatment and discharge to the 

environment (Kasperski 1995 and Alberta Environmental Centre 1994). 

There are several outstanding issues that need to be resolved before Suncor can select its tailings 

recycle water management option: 

• The rate at which CT consolidates will dictate both the rate of water release and the ultimate 

volumes of recycle water. Laboratory testing has shown a range of consolidation rates. 

Data from the CT trial will be used to determine actual field consolidation and water release 

rates. 

• The chemistry of FGD gypsum will govern ionic concentrations within the recycle system, 

however the gypsum will not be available until later in 1996. 

Current estimates suggest that sufficient storage for recycle water exists until between 2000 and 

2005. Suncor will proceed with application for approval to discharge excess water prior to that time. 

Meanwhile Suncor will continue to collect data and carry out analyses to determine the best water 

management option(s) for continued operation and environmental protection. 

ii. Water Treatment Options 

As part of its overall reclamation research initiative Suncor has undertaken wetland research 

programs since about 1990. An overview ofthese programs through 1994 can be found in (Suncor 

1995a, p 221 ). In 1995 Sun cor expanded its research efforts to include CT waters. 
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TABLE D3.0~5 

SUMMARY OF ANALYSES OF RECYCLE AND CT RELEASE WATER TOXICITY 

In Situ 

Daphnia Microtox™ Stickleback and 

Water Sample magna ICSO,% Fathead 

LC50,% Minnow 

(% Survival at 6 

Days) 

Suncor Recycle Pond 25-50 a 25-50 a --
Water 

Syncrude Recycle 2b 20-30 a ... 
I Pond Water 

Syncrude Recycle --- >100 b ---
(after 14 mo) 

CT Release Water >100 c --- ---
(after 3 mo) 

CT Release Water >100 c >100 c -
(after I y) 

CT Release Water- >100 -- 80-100 

Test Pits d 

CT Release Water - >100 --- 0 

Pond Trench d 

CT Release Water • >100 ... 70-80 

Wetlands d 

--- Not tested 
• Boerger et al., 1986; MacKinnon a.nd Boerger, !99! 
b 

c 

Nelson et al., 1993 

u 9 Kasperski and M1k Ia, l 95 

Bishay and Nix, 1996 

Results of the 1995 work showed that: 

In Situ Rainbow Trout 

Ceriodaphnia 

magna LC50,% % 

(% Survival) Survival 

... --- ... 

-- 7b . .. 

I 
--- 90-100 b ---

--- 71 c ---

--- >100 c ---

(\ --- 0-70 v 

0 --- 0-100 

16-51 --- 100 

current dyke seepage waters and consolidated tailings release water are amenable to 

treatment in wetlands since the toxic components ofthese waters (e.g., ammonia, naphthenic 

acids, phenols) are biodegradable; 

"' based on relatively-small-scale field pilot tests, maintenance-free wetlands can be 

constructed to bio-treat surface streams prior to off-site release; and 

II 

I 
II 
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• wetland efficiency can be enhanced by including shallow, upstream retention ponds, 

subsurface gravel beds and nutrient additions. 

In addition to passive wetland water treatment systems Suncor has also been evaluating active 

treatment systems for operational release waters (Alberta Environmental Centre 1994, Wastewater 

Technology 1995), in particular CT release water. Suncor is currently evaluating systems for 

removal of in organics from waters including: 

• coagulation/precipitation processes, 

• ion exchange, '· 

• electrodialysis, 

• reverse osmosis, 

• ultrafiltration, and 

• evaporation. 

For organics removal from water streams the following processes are being evaluated: 

• adsorption, 

• distillation, 

• stripping, 

• solvent extraction, and 

• up-flow filtration . 

Suncor' s application for release of excess water will likely include a choice of water treatment (from 
)I 

one of the above technologies). Regardless of the treatment alternative selected Suncor will ensure 

that any discharge (from operations or reclamation) is environmentally acceptable and complies with 

regulatory standards. 
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3.5 RECLAMATION PHASE 
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The goal of reclamation is to achieve maintenance-free, self-sustaining ecosystems with capability 

equivalent to their pre-disturbed condition. This section describes how Suncor intends to achieve 

that goal. 

Suncor's reclamation strategy and short-term plan for Lease 86/17 was presented in the February 

1995 Application for renewal of Environmental Operating Approval (Suncor 1995a). Guidelines 

and criteria which provide the basis for reclamation design are presented in Subsection D3.2; 

specific applications of. these to Lease 86/17 and Steepbank Mine are presented below and details 

of this plan are provided in Appendix IV. 

Maintenance-free means that human maintenance activities are not required, except for 

circumstances where future human activities lead to re-disturbance of areas. This does not imply 

a chaiigeless state, as landforms wili experience the normai processes typicai of the region ieading 

to gradual reshaping of the landscape. Ecosystems will evolve in revegetated terrain, from new 

pla.11tings toward mature systems typical of these in the region. Equivalent land capability refers to 

the capability of post-reclamation land to support various uses similar to that which existed prior to 

an activity being conducted on the land; these individual original and posHeclamation land uses will 

not necessarily be identical (AEPEA 1993). 

Objectives of the Suncor reclamation program are: 

Disturbed lands shall be reclaimed with gentle slopes to primarily a forest use compatible 
,Y 

with pre-disturbed terrain, providing a range of end uses including wildlife, traditional use 

and recreation; and 

Dyke slopes shall be revegetated primarily for erosion control providing natural end-use 

possibilities. 

Suncor had to redesign its reclamation plan because of the company's proposal to continue its oil 

sands operation through the opening of another mine site and development of a consolidated tailings 

technology. Reclamation plans for Lease 86/17 and Steepbank Mine are integrated because ofthe 

transfer of materials between the mine sites. The following sections summarize the status of 

reclamation on Lease 86/17 as of 1996, as well as planned reclamation activities over the next 



Steepbank Mine Project Application -52- Section D3 .0 
RECLAMATION PHASE 

twenty-four years. Development of reclamation landscapes, the integral drainage and groundwater 

systems associated with those landscapes, and the reclamation ecosystems which will develop or 

have developed on the landscapes is reviewed below. 

Development of a design to achieve Suncor's reclamation goals and objectives (see Subsection 

D3.2) requires consideration of the principal processes influencing ecosystem development. The 

types of vegetation and soil that will develop on Suncor leases are dependent on climate, 

topography, parent material, drainage and time. In addition knowledge and experience gained from 

over twenty-five years of active reclamation work in the oil sands region provide specific design 

guidelines. 

This section summarizes the specific design considerations which provide the basis for the 

reclamation plan (outlined in Subsection D3.5.2) required to satisfy the criteria established in 

Subsection 3.2. Figure D3.0-29 shows the classification of the site into distinct "reclamation areas" 

to facilitate discussion of specific issues. 

3.5.1 Reclamation Landform Security 

The relative stability of constructed landforms is important to the establishment of self-sustaining 

ecosystems. Suncor' s dykes are all designed as fluid-retaining structures; all existing dykes meet 

accepted Canadian standards for such structures. Consolidated tailings technology allows a 

reclamation plan to be developed which does not require long-term storage of fluids behind 

constructed containment structures. Drainage occurs within these landforms, decreasing internal 

water pressures and improving their security. To ensure continued landform security through the 

reclamation time frame consideration must be given to design elements which either now require 
J 

maintenance or can be expected to require maintenance in the future. Suncor has completed a full 

analysis of existing structures in this context (AGRA 1996e ); a brief summary is provided below. 

a) Stability 

Water pressures within existing structures are controlled by a system of internal drains which can 

be expected to require maintenance in the future. Therefore, Suncor will design and install measures 

to construct maintenance free landforms as part of the reclamation process. Observations from 

future monitoring will provide guidance for final design. 
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b) Consolidated Tailings Demonstration Trials 
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RECLAMATION PHASE 

Additional testing and monitoring of deposit performance is required to establish final design 

configurations. 

The consolidated tailings process produces a deep deposit which gains strength as it dewaters and 

consolidates. Although the deposit quickly assumes the characteristics of a soft soil instead of a 

fluid, consolidation continues for many decades leading to settlement of the deposit surface. In 

order to prevent the formation of shallow lakes on the deposit surface, the deposit must be initially 

constructed to a higher elevation, to compensate for settlement. In addition, provision must be made 

to lower outlet control ~levations in the final phases of reclamation. 

In 1993 the process was demonstrated in field test pits (Caughill 1994) with a volume of about 

5000 m3
• This was followed in 1995 by a larger test at the Syncrude site, with a volume of about 

100 000 m3• When complete in 1996 the Suncor Consolidated Tailings Commercial Trial will 

involve a deposit with a depth of over i 5 m and a voiume of about 5 Mm3
• 

Stabilization and revegetation of t.i-te deposit surface have each been dernonstrated in individual test 

series but not as an integrated system. Demonstration of freeze/thaw techniques (to stabilize the 

deposit surface) has been reported in FTFC 1995. Results of greenhouse and field test plots of 

various plant species grown in typical tailings and CT deposit surface materials are reported in 

Xu 1996. 

Suncor intends to create aCT reclamation demonstration test site in 1996. The objective of this 

project is to demonstrate integration of the ,yarious steps in stabilization of the surface of a CT 

deposit in order to identify opportunities for performance improvement for full-scale CT deposits 

(such as Pond 5). This deposit will be allowed to dewater and experience two seasons of freeze/thaw 

conditions to strengthen the surface. After this time either additional lean CT mixtures or tailings 

sand will be used to create a hummocky surface layer as proposed for full-scale CT deposits. Test 

plots of various plant species will evaluate vegetation sustainability. 
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3.5.2 Erosion Control 

a) Surface Erosion 
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In 1995 Suncor conducted a major study in 1995 on the erosion resistance of reclamation slopes 

(AGRA 1996b ). Erosion rates on slopes populated with mature vegetation were determined to be 

within the spectrum of natural processes. Significant environmental consequences in reclamation 

areas are not anticipated, assuming that soil reconstruction provides the basis for development of 

healthy vegetative cover leading to the formation of a natural soil profile. Erosion rates were low, 

even in areas where vegetation was destroyed by a simulated forest fire followed by a simulated 

1-in-1 0 000-year rainfa!l. Therefore, flattening of slopes to reduce erosion rates is neither necessary 

nor justifiable. 

Performance data collected over the next two decades will enable specific determination of possible 

requirements for further necessary stabilization measures. 

b) River Bank Erosion Protection 

Before abandonment of the Tar Island Reclamation Area (Figure 03.0-29) bank protection must be 

provided in order to safeguard against unacceptable rates of river erosion. Future stability of the 

river channel must be determined prior to the design oflong-term, maintenance-free bank protection 

measures; in particular the likelihood of channel shifts (leading to changes in erosion patterns) must 

be ascertained. 

To determine the stability of the Athabasca River in the Suncor area a geomorphological assessment 

of the river was undertaken in order to understand the processes that have led to the current river 
J) 

course and to predict future river flow patterns (AGRA 1996g). This assessment was then used to 

develop a bank protection design that will provide Tar Island Reclamation Area with long-term, 

maintenance-free resistance to erosion from the Athabasca River. 

i. Athabasca River Geomorphic Assessment 

The assessment was conducted through a review of geological literature, visual observation, and 

comparison of river changes over time through examination of historical photographs of the area. 

Results of the geomorphic assessment showed that: 
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., In the Suncor area the Athabasca River is confined by extensive Devonian limestone 

outcrops . 

., Although the river is presently considered to be in a down-cutting mode, the rate and extent 

of down~cutting is limited by the low river channel gradient and the elevation of Lake 

Athabasca (I 8 m over 265 km) . 

., Near Tar Island Reclamation Area the Athabasca River is classed as a single, sinuous, stable 

channel system with a shifting and migrating bed. 

" The river is not susceptible to abrupt channel shifts and is becoming more stable with time. 

Based on this assessme!J.t abandonment~level bank protection design can be based on current river 

morphology. 

ii. Long-Term Bank Protection Design for Tar Island Dyke 

Some form of bank protection is required for long~term protection of the Tar Island dyke (TID): a 

conceptual design is shown in AGRA 1996g and Figure D3.0~30. The design wiii be completed 

based on results from performance monitoring of the operational bank protection measures described 

in Subsection 3.4.3.i. 

iii. Other Bank Protection Requirements 

The only other structure within the Athabasca River flood plain that may require bank protection 

before abandonment is Waste Area 8. This structure is built of erosion~resistant overburden 

materials and has been extensively revegetated; in addition, there is natural vegetation between the 

toe of the waste area and the river bank. Thus, it has been determined that additional protection is 

probably unnecessary. Should future monitoring indicate erosion of the bank adjacent to Waste 
J! 

Area 8 this decision will be reviewed. 

Currently there are no requirements for long-term river bank protection for Steepbank Mine: this 

situation will be reviewed as part of reclamation performance monitoring. The river geomorphic 

study has indicated low long-term erosion potential of the east bank of the Athabasca River in the 

area of 70 m set-back (AGRA 1996g). 
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Section 03.2.2 provided the framework for establishing reclamation design criteria for water 

management. Section 03.4.4 discussed the operational management of water. This section 

discusses the long-term plan for the reclamation phase. 

a) Introduction 

A reclamation drainage system must re-create the stability, safety and sturdiness of the pre

development natural drainage system. This will be accomplished through development of a surface 

drainage system sustainable for hundreds of years patterned after natural models that are 

characterized by similar climate, topography and soil conditions. Although it will be impossible to 

fully replicate the original Lease 86/17 drainage system (because of the unique soil and topographic 

conditions of post-reclamation facilities) it will be possible to replicate the stability and sturdiness 

of the original natural systems. 

The reclamation drainage plan must include consideration of three objectives including: 

• Provision of a plan for conveyance of surface run-off water following mine closure which 

ensures long-term sustainability and requires no continuing maintenance. 

• Minimization of the risk of excessive surface erosion (leading to catastrophic release of CT 

or tailings sand) through collection and channelling of surface run-off to a receiving water 

body. 

• Assurance that the quality of water leaving the lease must have an acceptable environmental 

impact on receiving water bodies. 

b) Design Criteria 

Historically the approach to design of drainage systems for reclamation has been to supply rigid, 

erosion resistant drainage facilities configured to handle a specific extreme event. This approach 

may result in uniformity of design and construction but does not necessarily achieve the mine 

closure objectives of minimal erosion and long-term sustainability. 

A major deficiency in conventional practice is the absence of a self-healing mechanism for the 

drainage system. Often, when man-made channels fail (due to overtopping, washout of erosion 

protection or channel degradation) the failure leads to either accelerated erosion or channel 
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relocation (or both). These situations are unacceptable. Failures where underlying materials are 

highly erosive result in high sediment yield and loss of aquatic habitat. 

The alternative to rigid systems designed for specific extreme events is a dynamic system capable 

of accommodating evolutionary change without accelerated erosion or unacceptable environmental 

impacts. Such dynamic facilities must be effective systems with several lines of defence and 

designed self-healing capability. The recommended geomorphic approach to design of drainage 

systems and landscape for mine closure involves development of drainage channels which replicate 

natural drainage systems. This replication reduces the risk of acceierated erosion and enables 

provision of self-heali~g erosion control systems. 

Reclamation drainage courses will alter over time and no attempt should be made to resist such 

change. Instead every attempt should be made to anticipate and accommodate such shifts by 

incorporating several lines of defence including boulder-strewn ground and deep riprap trenches 

within drainage channels. 

c) I ,ea!lle Rii/! 7 Drainage System 

i. General Routing of Major Drainage Channels 

Eventually the Lease 86/17 area will comprise a number of reclamation areas (detailed in Figure 

03.0-29). The proposed drainage scheme for Lease 86/17 (shown in Figure 03.0-31) routes 60% 

to 70% of the run-off from reclamation areas westward to Ruth Lake. This lake presently drains 

southward to Poplar Creek via the Poplar Creek spillway. However, after Syncrude Canada Ltd. 

commissions its mine closure drainage scheme Ruth Lake will drain northward (to Beaver Creek 
J 

Reservoir) and then southward to Poplar Creek via a channel in a deep-cut engineered system which 

replicates natural processes. 

Only one reclamation area on Lease 86/17 is not routed to Ruth Lake: Reclamation Area 6 (Figures 

D3 .0-29 and 03.0-31 ). As its final surface elevation is too low to be discharged to the lake it is 

necessary to drain this area northward to the Athabasca River (via Horseshoe Lake). 

The reclamation drainage plan (detailed in AGRA 1996h) is summarized in Table D3.0-6. 
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While the major (primary) drainage channels provide surface water outlets from each reclamation 

area, secondary drainage systems will provide drainage within each of the reclamation areas. 

The proposed secondary drainage system will be developed by creating a network of east/west

trending hummocks (ridges) through placement of sand infill. This will force drainage to travel 

along depressions between the hummocks which will be constructed to form a branched drainage 

TABLE D3.0~6 

RECLAMATION DRAINAGE CHANNELS 

Channel Year Drainage Basins •· Drainage Outlet 

Opened (See Figures D3.0-29 and D3.0-31 for locations) 

(Approx) 

I-2-3 20I2 • collect drainage for the south end of Lease 86/17 Ruth Lake 

including TIRA and the south slopes of RA2/3 

• collect groundwater discharges along the south 

slopes of RA2/3 

• will include drainage from RAJA after 2030 

4-5-6 2030 • collect surface run-off from RA2/3 and Ruth Lake 

overburden dumps west of RA2/3 

• wetlands at west side of RA2/3 

• flow into Crane Lake Reclamation Area 

7-8 2030 • collect surface run-off from RA4 and RA5 Ruth Lake 

9-IO 2030 • collect run-off from the surface of RA6 Horseshoe Lake 

II 2030 • collect surface rlm-off and groundwater Athabasca 

discharge from the NERA including the NESSA River 

and the north portion of Waste Area 8 

• existing North Mine Drainage channel 

I2 2030 • collects surface run-off from the Plant Site Athabasca 

Reclamation Area including the north end of River 

• TIRA 

a. TIRA =Tar Island Reclamation Area; RAIA =Reclamation Area lA; RA2/3 = 

Reclamation Area 2/3; RA4 =Reclamation Area 4; RA5 =Reclamation Area 5; NERA = 

Northeast Reclamation Area; NESSA= Northeast Sand Storage Area. 
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system, similar to many natural drainage basins in the area. The advantage of this configuration is 

it enables earlier planting of upland vegetation on the hummocks. Wetland vegetation types will be 

planted in the low areas between ridges. 

A schematic layout of the secondary drainage system is shown in Figure D3.0-31. The hummocks, 

which are composed of tailings sand (cyclone underflow), will be approximately 5 m high with 50 

m top widths and side slopes of about ISH: 1 V. Typical spacings of the ridges vary from 200 m to 

400m. 

Drainage areas which ?evelop between the hummocks are expected to evolve naturally, creating 

their own channel pattern and cross-sectional shape. The resulting secondary drainage system is 

expected to be stable over the long term. 

d) Steepbank Mine Reclamation Drainage Plan 

The drainage pla.11 for Steepbank Mine is discussed in Subsection C.3.4. Reclamation drainage will 

be implemented after 2020 following the mining of Pit 2. The proposed final reclamation drainage 

scheme for Steep bank Mine is sho\\'11 in Figure D3 .0~31. 

e) Wetlands Demonstration Trial 

Wetlands are a key component of Suncor' s reclamation strategy. 

Suncor has completed four years of intensive research on the utilization of constructed wetlands 

systems for the treatment of oil sands wastewaters (Bishay and Nix 1996; Gunter et al. 1995; Nix 

et aL 1994; Nix et al. 1995). A 1995 pilot-scale study at the Suncor Wetlands Research Facility 
j! 

(constructed on-site in 1991) focused on investigation of a managed wetlands operation used for 

biological treatment of various process-affected wastewaters (Bishay and Nix 1996). Summary 

results of this research is provided in Suncor's 1995 annual Conservation and Reclamation report 

(Suncor 1996d). 

Sun cor will be continuing its investigation of the use of wetlands for biological treatment (of the 

types of waters which will be released from reclamation structures and systems) for many years after 

area reclamation activities have been completed. The focus of 1996 research will include 

consideration of: 
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" accumulation of chemicals within organisms using wetlands treatment systems; 

• ecological health and sustainability of wetlands treatment systems; 

• larger-scale field experiments to evaluate use of biological filter systems for the treatment 

of both CT release waters and dyke drainage waters; 

• contaminant handling during low-temperature operational periods; and 

• relative merits of ponds versus wetlands for water treatment. 

Planned wetlands research will include use of the current Wetlands Research Facility (including both 

constructed wetlands trenches as well as a natural wetlands area) as well as use of the southwest 

drainage ditch (which ,channels discharge waters from the area of the Wetlands Research Facility 

to Tailings Pond 1A). 

3.5.4 Ecosystem Re-Establishment 

a) Soil Reconstruction 

Some materials available for use in construction of reclamation landforms are less desirable as they 

contain concentrations of various chemicals. Where these materials are located near the surface of 

a structure a capping layer (of materials such as overburden, tailings sand or lean consolidated 

tailings) will be added prior to deposit of soil amendment material. 

Reconstruction of soil for reclamation areas is one of the critical components of Suncor's 

reclamation plan. Ultimate capability of the reclaimed area is determined largely by the quality of 

reconstructed soil. Surfaces of reconstructed landforms are covered with a layer of soil amendment, 

primarily a muskeg soil that has been removed from areas to be mined and then either stockpiled or 
J 

(preferably) transported directly to reclamation areas. Stockpiling is employed where surface 

disturbance has just begun on a site and where there are no areas yet available for reclamation. Soil

building materials available on Lease 86/17 are described in detail in Suncor's Application for 

Renewal ofEnvironmental Operating Approval (Suncor 1995a). 

Sun cor's current soil reconstruction technique has been used on an operational scale since 1984. 

Reclamation sites are enhanced with quality soil-building material, using a technique which involves 

stripping muskeg to include 25% to 50% (by volume) of mineral overburden. The peat/till mixture 

is hauled, placed on prepared overburden, tailings sand or consolidated tailings areas and spread to 

an average depth of 15 em to 20 em over the underlying materials. 
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A detailed reclamation soils handling plan has not been developed for the Steepbank Mine because 

ofthe conceptual level of the mine plan. 

For Lease 86/17, this information has been provided in the Environmental Operating Approval 

Application (February 1995) for 1995 to 1999 inclusive. Reclamation soil salvage at the Steepbank 

Mine would likely commence by 2000 with placement onto any reclamation area by 2002. Detailed 

annual soil handling plans will be provided through annual C & R reporting through the ten-year 

approval period. 

Suncor will provide amore detailed soil reconstruction and revegetation plan for the Athabasca 

River vaiiey area of the Steepbank Mine by July 1996. This will be based on EIA Ecological Land 

Classification (referenced in Section E) and more advanced mine planning in order to provide 

sufficient information to address Integrated Resource Plan (IRP) criteria. 

b) Revegetation 

i. Revegetation Program Objectives 

The primary objectives ofSuncor's revegetation program are to: 

provide an erosion-resistant plant cover on tailings dyke slopes and overburden dump 

slopes; 

.. focus on utilization of woody-stemmed reclamation species common to the region; 

e strive to establish a diverse range .of plant species to re,create the level of bio-diven~ity 

common to the pre-disturbed site; and 
JJ 

.. establish a permanent, viable plant community capable of developing into a self-sustaining 

cover of forest species suitable for traditional land uses and for wildlife use and with 

possibilities for recreation and other end uses. 

ii. Revegetation Process for Overburden and Tailings Sand 

Typically, the revegetation process begins with excavation and hauling of undisturbed muskeg soils 

to the reclamation area. This method (which is completed in the winter whenever possible) enhances 

site revegetation because dormant, in situ native seed and root fragments are transferred with the 

soil. Spreading of the muskeg soil on the reclamation site is completed in early spring with the usual 
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result an emergence of a variety of native, woody-stemmed species, forbs, wildflowers and grasses. 

Key chemical and physical properties of soil materials are detailed in Appendix IV (Table IV-3). 

Revegetation objectives are achieved through implementation of a revegetation program which 

involves: seeding of reclamation areas with ground covers designed to control erosion; area 

fertilization; and establishment of appropriate, woody plant species. 

Suncor currently uses barley as a ground-covering nurse crop on all reclaimed sites. Barley (an 

annual variety that does not reseed) provides erosion control without hindering development of 

native vegetation em~rging from the muskeg soil by leaving stubble which traps snow, thus 

protecting out-planted shrub and tree seedlings during the winter. 

Fertilizer is applied during initial years of revegetation; applications are made over two to four years, 

depending on results obtained from annual monitoring programs. Yearly fertilizer application is 

then discontinued so that developing herbaceous cover does not compete too vigorously with planted 

woody seedlings. Details of the typical fertilizer program for new reclamation sites are provided 

in Appendix IV (Table IV -6). 

Establishment of woody plants on reclamation areas is integral to the reclamation process. Selection 

of species and the proportion of each species in the planting mix are based on the woody-stemmed 

species common to the eco-sites within the Suncor region; existing field conditions; the vegetation 

type expected to develop on the site (based on landscape terrain features); and the expected growth 

of woody-stemmed species from seeds and root fragments in the soil amendment layer. Suncor's 

woody-plant establishment methodology is designed to accelerate the process of natural succession 
)! 

towards desired vegetation types. As woody cover develops on a reclamation area the micro

environment modifies, providing favourable conditions for later successional and mature species. 

The planting program ensures these species are present, established and capable of taking advantage 

of condition changes. Types of woody-stemmed species which will be planted on the various 

reclamation areas of Lease 86/17 are detailed in Appendix IV (Table IV-4). 

Woody plant seedlings are propagated either from seed or cuttings collected in the Fort McMurray 

area. Seedlings are planted in early spring and late summer, the choice depending on logistics and 

availability of reclaimed areas. Tree and shrub seedlings are planted at an average density of2500 

stems per hectare. This planting density is chosen to ensure sufficient seedlings are planted to 
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permit establishment of volunteer plants and to provide adequate stocking of each species after 

initial mortality. The Suncor reclamation planting scheme (detailed in Appendix IV, Table IV-4) is 

summarized in Table D3.0-7 which shows the general composition of overburden planting which 

would be applicable to the escarpment area of Steepbank Mine. Variation in woody-stemmed 

species planting ratios will allow a return of the original forest ecosystem to the escarpment area in 

as short a time as possible. Suncor is currently developing a detailed planting plan for the Steepbank 

Mine development in the Athabasca River valley. 

Suncor's revegetation program includes planting of woody-stemmed species which initiate the 

return of the area to ec<?systems similar to others found in the region and which assist in creation of 

four primary vegetation types including: 

., Closed Mixed~ Wood Forest- Coniferous Dominant (Pine Forest) -This vegetation type will 

be established on the edges oftailings sand plateaus and slopes. 

TABLE D3.0.;.7 

SlJMM.A.RY OF RECLAMATION PLANTil"~G SCh£.1ViE 

Reclamation Landscape Type Woody-Stemmed Species-% of• 

Pine Spruce Poplar Shrub 

Tailings Sand 50 10 20 20 

Overburden 10 50 20 20 

Overburden (Escarpment 0 40 

I 
40 20 

Areas) 

IEolidated Tailings 

--

20; 50 15 15 

• The planting mix for woody-stemmed species tends to have a higher percentage of 
coniferous species because deciduous species are naturaiiy returned to the area via the 
muskeg soil amendment. 

Closed Mixed-Wood Forest- Deciduous Dominant (Poplar··White Spruce/Shrub) -This 

vegetation type will be established on the moister areas of tailings sand plateaus and 

consolidated tailings deposits. It will also be established on overburden dykes used to re

establish Steepbank Mine escarpment areas within the Athabasca River valley. 
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'" Closed Mixed-Wood Forest- Coniferous Dominant (White Spruce-Poplar/Shrub) -This 

vegetation type will be established on the overburden dumps, the lower portions of the 

tailings dyke slopes with northerly aspects and on reclaimed consolidated tailings deposits. 

'" Wetlands Closed Shrub Complex - This vegetation type will be established on poorly

drained areas of tailings sand plateaus and consolidated tailings deposits. 

iii. Revegetation Process for Consolidated Tailings Reclaimed Storage Structures 

Implementation of consolidated tailings (CT) technology allows Suncor to infill tailings ponds with 

a material which dewaters relatively quickly, permitting typical dry-landscape reclamation 

technologies to be implemented. As described in Subsection 3.5.1, surfaces ofCT storage areas will 

develop secondary drainage channels as a result of the upward flow of CT release waters. Between 

these channels hummocks will appear on the area surface. Figures 03.0-32 through 03.0-35 show 

the relative change in proportions of dry and wet regions on the surface of Reclamation Area 5 (i.e., 

the CT-infilled Pond 5) for four time periods (2017, 2030, 2050 and far-future). 

Reclamation activities on CT -reclaimed storage structures will involve several steps, beginning with 

the dewatering of the CT-filled area and its undergoing of freeze/thaw cycles (to strengthen the 

surface). After this initial dewatering period additional lean CT mixtures or tailings sand will be 

used to fill the upper layers of the area and to create the hummocky surface. Soil amendments will 

be placed over stabilized surface materials, primarily during the winter. Revegetation of the 

hummocky, CT-reclaimed storage area will follow, commencing with seeding the hummocks with 

barley to provide immediate surface stabilization. Shrubs and woody-stemmed species will be 

planted with the selection of species based on experiments conducted (starting in 1996) to identify 
JJ . 

those species which are most suitable to CT release water chemistry. 

Figures 03.0-32 to 03.0-35 also show the progression of vegetation communities on the surface of 

the CT-reclaimed storage structure. The lower parts of the area will evolve from temporary wetlands 

to either dry upland areas or permanent wetlands. Upland areas will initially be dominated by forbs 

(non-grass herbaceous plants) with deciduous (poplar/willow/others) and coniferous (black 

spruce/others) woody-stemmed species planted throughout. Changes in relative areas of each of 

these habitat types is shown in Table 03.0-8. 
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This reclamation scenario will apply for those tailings ponds on Lease 86/17 which will eventually 

receive CT. Additionally Ponds 7 and 8 of Steepbank Mine will undergo similar reclamation 

processes. 

iv. Steepbank Mine River Valley Development 

Suncor has considered the environmental impact of the Steepbank Mine as required by the Integrated 

Resource Plan. The Integrated Resource Plan allows for development provided environmental 

criteria are met. Suncor will provide a detailed reclamation plan for the Steepbank Mine valley by 

July 1996. 

3.5.5 Sequence ofReciamation Activities- Lease 86i17 and Steepbank Mine 

a) Final Reclamation Landscapes 

Final reclamation landscapes for Lease 86/17 and Steepbank Mine are shown in Figure 03.0-36. 

b) Reclamation Activities and Progression 

Planned reclamation activities for Lease 86/17 during the period 1996 through 2020 are detailed in 

Appendix IV (Table IV-4); such activities for Steepba!Lk Mine during the period 2001 through 2020 

are also detailed in Appendix IV (Table IV-5). Within Appendix IV, Figures IV-I to IV-4 show 

the reclamation progression for both Lease 86/17 and Steepbank Mine. 

TABLE D3.0-8 
RECLAMATION OF CT STORAGE STRUCTURES 

Percentage of Area During: 
Habitat Type 

Year Year Year Far-Future 
2017 2030 2050 

Permanent Wetlands - Emergent r 10 10 10 20 
vegetation and open 
water . 

Temporary Wetlands- Emergent 50 30 15 0 
vegetation 

Uplands Areas (Hummocks) 40 60 75 80 

Vegetation Composition on Hummocks: 
40 20 0 0 

-Forbs 
- Poplar/Willow 0 40 20 0 
- Poplar/Spruce 

0 0 55 80 



Steepbank Mine Project Application - 66- Section D3.0 
PERFORMANCE ASSESSMENT 

3.6 RECLAMATION PERFORMANCE ASSESSMENT AND MONITORING 

The intent of this section is to provide the basis for confidence that the reclamation criteria 

developed in Subsection D3.2 can be achieved by the reclamation plan outlined in the previous 

Subsection D3.5. The Performance Assessment Framework discussed in Subsection D3.2 provides 

the foundation for this discussion. Consideration is given separately to landform performance and 

to environmental performance (although they are interrelated) because different techniques are 

required for each. 

It should be recognize~ that oil sand reclamation technology is an emerging discipline: although 

some aspects have already been demonstrated, other aspects require additional refinement and full

scale demonstration. Since Suncor envisions continuing operations on the east bank well past the 

middle of the next century there will be additional time to monitor progress and to evaluate the 

success of early reclamation activities. Future application for reclamation certification will be 

largely based on results of these monitoring programs. 

3.6.1 Landform Performance Assessment 

Assessment of landform security involves consideration of mass stability, surface and river erosion 

resistance, and long-term settlement. 

a) Stability 

Long-term post-reclamation landform stability (of all retention structures ) is evaluated through a 

combination of current and forecast stability, recognizing that specific additional measures will be 

taken as part of the final reclamation plan (Subsection 03.5.1). In more than twenty-five years of 
)! 

lease operations Suncor has maintained the stability of all retention structures (including tailing 

dykes, waste dumps and other facilities). These structures have been designed and operated to 

accepted Canadian standards for fluid retention structures and their design and operating conditions 

safety have been both supported by an extensive monitoring program and reviewed by independent 

review boards and regulatory agencies. 

Stability of all structures will improve with time due to two important factors. Firstly, removal of 

fluid-like mature fine tails and their replacement with consolidated tailings will assist in 

improvement of stability. Secondly, porewater pressure in the foundation and other structural 

elements will slowly decrease with time thereby further increasing structural stability from already-
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acceptable levels. When removal of fine tailings and infilling of ponds is complete these structures 

will no longer retain fluids. Seismic activity in this region is very low; thus, the risk from 

earthquakes to long-term stability of all lease components is also very low. 

Any potential consequences of instability have been dramatically reduced by the replacement of 

fluid-like mature fine tails with soil-like consolidated tailings infill. Nevertheless, such material is 

subject to a degree of run-out in the unlikely event that retention structures are breached by long

term erosive forces. Therefore, there is a low residual potential of infrequent increases in solids 

loading to the regional drainage system, particularly the Athabasca River. Studies have indicated 

the potential increase in, solids loading to the Athabasca River is in the order of one percent or less 

of actual background solids loading in the river. This amount is insignificant to the river (AGRA 

1996b). 

Suncor depends on results of extensive monitoring to evaluate the performance of tailings structures 

and deposits including visual inspections; anaiysis of data from instrumentation; annual structural 

performance reports; and surveys of pond contents and behaviour. Any need for correction of 

unacceptable situations is thereby identified and acted on. These activities will continue until 

reclamation certification is received. The frequency and level of monitoring will be optimized to 

meet the requirements for an effective program. 

b) Erosion Control 

As part of the reclamation plan Suncor will undertake to minimize the continuing impact of natural 

erosive forces that can act on the la.1dscape. It is recognized that erosion is a natural process which 

will modify reconstructed landforms over extended periods of time but it is important to determine 
)J 

whether the reclaimed landscape will perform differently enough from surrounding terrain to pose 

a significantly elevated risk to the environment. 

Detailed consideration has been given to the sustainability of the Tar Island dyke once it has been 

infilled (replacing its current fluid contents) and reclaimed. A comprehensive geomorphic study of 

the Athabasca River has been undertaken which indicates that many of the valley features date to 

a single catastrophic flood event about 9900 years ago. This event resulted in confinement of the 

river by extensive limestone outcrops that have likely remained stable from pre-Cretaceous times. 

Since this event the river has continued to become more ingrown and stable and is presently in a 

down-cutting mode (with the extent and rate of down-cutting limited by the low channel gradient 
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and the level of Lake Athabasca). Geomorphic stability analysis of the Athabasca River in the 

vicinity of the Tar Island dyke indicates that the river is not susceptible to abrupt, dramatic channel 

shifts and will become more stable with time. Detailed examination of the facies of sediments 

found in and adjacent to the old Tar Island, coupled with geomorphic analysis, indicates that the 

Athabasca River already had begun to abandon the Snye between Tar Island and the valley wall to 

the west. In this context construction of the Tar Island dyke merely accelerated a natural process: 

the river's abandonment of a sub-channel. 

While the river is unlikely to dramatically shift its channel (thus threatening the long-term stability 

of the Tar Island dyke) there remains potential for lateral erosion. Bank protection measures are 

proposed that will be capable of withstanding numerous extreme events that could be anticipated 

in the many centuries following reclamation. With the exception of the Tar Island dyke and the toe 

of an overburden waste dump (Waste Area 8) which intrudes slightly into a remnant channel north 

of the current plant site, all other lease structures are founded on limestone well away from the river 

and above flood levels. 

The reconstructed surface drainage system incorporates several provisions for long-term 

maintenance of its integrity. An assessment of landscape stability includes the effects of surface 

erosion through interaction of the surface drainage network (required to safely conduct run-off to 

the regional drainage system) with lease landforms. Overall the lease drainage plan is designed to 

control surface erosion and to provide (as much as is practically possible) stable drainage networks. 

The reclamation drainage system is designed to re-create comparable levels of stability, safety and 

sturdiness found in natural drainage systems in the area that are subject to similar topography, soils 

and climate. As much as possible the reclamation plan replicates the self-healing characteristics of 
J! 

natural drainage systems. In this way potential requirements for long-term maintenance are reduced 

to an exceptionally low level since the landforms will function as natural systems. 

Rainfall simulation experiments have demonstrated that surface erosion of tailings sand slopes can 

be effectively controlled through revegetation: testing (including simulation of forest fires followed 

by 1-in-10 000-year rainfall events) did not initiate significant erosion. 

A system of shallow secondary drainage will be constructed to intercept surface runoff. These 

channels feed a series of wetlands in the primary system which act to reduce the impact of high

precipitation events. All systems support dense vegetative and root structures, which will be 
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effective in erosion retardation. Wherever possible low channel gradients are used and where this 

is not practical constructed and hardened basin outlets are used to control erosion. 

Based on this assessment it is concluded that constructed drainage systems will respond to natural 

erosion processes in a manner which does not pose significant incremental risks to the environment 

relative to regional background performance. There will be an extended period of monitoring of 

drainage systems performance following revegetation which will allow an evaluation of this 

conclusion and provide opportunity for any necessary corrective actions. 

c) Long-Term <;onsolidation 

Long term consolidation of CT deposits does lead to long-term settlement, thus potentially creating 

small lakes on the reclaimed landscape. It will be possible, to predict these settlements (based on 

monitoring ofCT deposits) and to construct the deposits to compensate for this settlement. As well 

discharge outlets can be lowered as settlement occurs reducing the tendency for lakes to form. This 

is a design issue which can be effectively resoived prior to reclamation certification (AGRA 1996h). 

Sun cor concludes that performance of the reclaimed landforms will be acceptable relative to the 

regional background performance for the next 100 to 200 years and that there is a high probability 

of attaining the criteria established in Subsection D3.2. In the millennia following reclamation 

extreme conditions might give rise to a local loss of landscape integrity. The reclamation design 

proposed will produce a landscape which will respond to extreme events in a manner which does 

not pose incremental risks to the environment relative to natural regionai background landscapes. 

3.6.2 Environmental Performance Assessment 

Environmental performance assessment for human and ecological health considers the following: 

e quantities and qualities of all primary chemicals associated with oil sands materials; 

.. potential receptors of chemicals including both current and future on-site and off-site 

receptors; 

pathways by which chemicals could leave reclamation areas and affect receptors, as well 

as the rates at which these processes may occur; and 

potential impacts for receptors (if they are exposed to the chemicals) as well as their degree 

of severity and likelihood of occurrence. 
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This section presents the assessment of risks associated with release of long-term reclamation 

surface and groundwater to the receiving environment (particularly the Athabasca River) relative 

to regional natural discharges. 

Suncor has a well-documented program which monitors regional and on-site surface water and 

groundwater qualities. Analytical models required to predict future process water quality, 

(including the impact of conversion to consolidated tailings) have been developed. Comprehensive 

modelling of surface water and groundwater flow rates from reclaimed lands has been completed. 

Also the distribution, f~te and environmental risks of specific chemical species within reclamation 

streams have been detailed, incorporating extensive field pilot-scale test programs. 

Full particulars on the assessment process and results are provided in the documents "Suncor 

Reclamation Landscape Performance Assessment" (Golder 1996c) and "Athabasca River Water 

Releases - Impact Assessment" (Golder 1996b ). A summary is presented below: 

• Existing operating and regional background water streams have been subjected to extensive 

chemical analysis. The first step in the assessment process, chemical screening (Figure 

03.0-6), shows that most chemical species present no risk to current or future on-site and 

off-site users and do not require more detailed analysis. The four remaining species 

(benzo(a)pyrene, benzo(a)anthracene, naphthenic acids and manganese) have similar 

concentrations to those in the natural background; therefore, there is insignificant 

incremental risk associated with these chemicals. 

J 

• Current operational and future reclamation releases to the Athabasca River are very unlikely 

to have an adverse effect on either aquatic biota (including fish and other organisms) or 

other wildlife users of the Athabasca River. Potential risks to current or future human users 

(associated with those four chemicals) from drinking river water are very low (one in ten 

million or lower). 

• Wetlands have been shown to treat process-affected oil sands wastewaters (such as dyke 

drainage water or consolidated tailings release water) thereby removing acute toxicity to 

fish. While partial removal of chronic toxicity has been demonstrated further assessment 
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is required. Based on field-scale testing it will be possible to design constructed wetlands 

to treat specific drainage basin inflow rates and compositions. 

The risk assessment establishes that reclamation plans (which allow groundwater and surface run

off water to be released to the environment) are safe to human health and environmentally 

acceptable. However, while the consequences of conversion to the CT process have been forecast 

to pose low environmental risk, comprehensive monitoring as the process is implemented is 

required to verify this projection. The monitoring will involve observing process recycle water 

quality followed by field treatment tests using Suncor's naturai and constructed wetiands (as has 

been done for dyke se.~page and preliminary CT analyses). When reclamation of the Tar Island 

Reclamation Area is complete (in about 20 I 0) run-off waters will be channelled into test wetlands 

to assess future reclamation release water quality. 

b) Ecosystem Sustainability 

Assessment of the sustainability of re-established ecosystems requires consideration of soil 

reconstruction, evaluation of revegetated areas, forecasts of evolution of revegetated areas to mature 

systems and re-entry of wildlife. These elements vvHl be considered belowo 

An assessment of the success of ecosystem re-establishment for reclaimed lease areas was completed 

using Oil Sands Reclamation Performance Assessment Framework (Subsection 03.2.3). This 

performance assessment, as well as human and ecological risk assessments, were carried out for both 

Lease 86/17 and Steepbank Mine reclamation scenarios. Details are provided in the document 

"Suncor Reclamation Landscape Performance Assessment" (Golder l996c), whiie information on 

the human and ecological risk assessment process is provided in the document "Athabasca River 
.!J 

Water Releases- Impact Assessment" (Golder 1996b). A summary is presented below. 

i. Soils 

Performance of topsoils and subsoils is a key parameter for ecosystem sustainability, and erosion 

control. Assessment of risks associated with plants growing on reclaimed tailings sand and 

overburden areas (as well as to the users of those plants) indicates no risk for human or wildlife 

users. The risk associated with ·plant uptake of chemicals is effectively mitigated by Suncor's 

proposed practice of capping less-desirable materials (e.g., CT solids) with better-quality materials. 

If an event causes a failure of the capping system (e.g., severe gully erosion), then plants growing 

in contact with poorer-quality materials may accumulate some chemicals. Human health risk 
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assessment showed a low level of concern for two chemicals (manganese and molybdenum) 

encountered by ingestion of materials grown in areas where the typical capping layer was removed. 

Wildlife risk assessment shows potential concerns relating to ingestion of plants growing on these 

same areas. However, this concern specifically relates to the growth of plants directly in CT 

materials: the effect will be mitigated by capping of CT materials, a process which is part of 

Suncor's reclamation plan. 

Suncor has monitored and assessed its reclaimed soils by comparing trends of key parameters to 

reference soils. A new approach has been developed using a Capability Rating system (Subsection 

03.2.3). This soil rati~g system includes consideration of various surface and subsurface factors 

such as physical parameters including moisture, structure, organic carbon and surface peat; and 

chemical parameters such as acidity/alkalinity, salinity, sodicity/saturation percentage and nutrient 

retention capacity. The final step in the soil rating procedure involves linkage of moisture and 

nutrient values with the interim soil rating based on the above evaluations. 

Two typical Lease 86/17 reclamation soils have been evaluated: 20 em ofType 1 muskeg over 80 

em of two different types of overburden materials (see Appendix IV, Table IV-8). This soil 

evaluation resulted in final soil ratings of 56 and 53 (Class 3). Two additional soils, which were 

selected based on the soils inventory of Steep bank Mine site (L. Leskiw, personal communication 

1996), were also evaluated, including a 20 em peat/mineral mix over 80 em of two types of sandy 

clay loam overburdens (see Appendix IV, Table IV-9). These evaluations resulted in final soil 

ratings of 63 (Class 2) and 59 (Class 3). 

It is forecast that reclamation areas to be developed on both Lease 86/17 and Steepbank Mine will 
J) 

typically have a soil class of 3 (Appendix IV) which means the capability of these reclaimed areas 

would be greater than that which was typical for the area prior to development. Therefore these soils 

will meet the criterion of providing the foundation for sustainable ecosystems. As additional areas 

are reclaimed monitoring of topsoil's performance will continue with particular emphasis on CT 

deposits, where little experience is currently available. Field-scale demonstrations of reclamation 

of CT deposits will continue in 1996 following laboratory and greenhouse studies initiated in 1995. 

ii. Vegetation 

Suncor' s reclamation monitoring program assesses achievement of its reclamation objective of 

"returning the disturbed lands to a forested use compatible with pre-disturbed terrain, providing 
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habitat for wildlife and with possibilities for recreation". The plant communities expected to evolve 

on reclaimed lands were evaluated for both pre~disturbance and post-disturbance wildlife utilization; 

they will be used by a variety of wildlife as the vegetation develops towards final forest condition. 

Results From Monitoring Redaimed Areas 

Since 1976 Suncor has conducted programs to monitor ecological development on its 

reclaimed sites. These programs include an annual Reclamation Monitoring Program 

specifically to assess herbaceous vegetation growth as well as physical and chemical 

properties of soil. The Suncor Reclamation Program includes a routine maintenance 

component inyolving fertilization of revegetated areas, erosion repair and control, and 

reseeding of areas with poor performance. The typical maintenance fertilizer program 

employed by Sun cor is detailed in Appendix IV (Table IV -7). Annual assessments of tree 

and shrub survival and growth have been conducted in areas where known numbers of 

seedlings were planted out; results of these programs are reported to AEP in annual 

Conservation and Reclamation reports. 

Suncor recently summarized results of its recla."nation monitoring program in its February 

1995 Application for Renewal of Environmental Operating Approval (Suncor 1995a). 

Specific studies were initiated in 1995 to assess vegetation and soil characteristics of both 

reclaimed sand structures and natural forested areas on Suncor and Syncrude mining leases. 

The objective of these studies was to continue assessment of methods used to establish 

vegetation species suitable for erosion control and which develop into self-sustaining 

communities compatible with surrounding ecosystems. Summarized below are the results 

of the 1995 study which was detailed in the report Vegetation Development and 
JJ 

Sustainability on Reclaimed Tailings Sand Structures (AGRA 1996i): 

Most of the areas surveyed had originally been seeded to agronomic mixtures of 

grasses and legumes. These species dominated the herb/ground cover even in areas 

that were twenty or more years old. Native herbaceous species were only common 

in areas that had not been seeded to grasses and legumes. Pine and poplar were the 

dominant trees at Suncor although substantial areas of sparse trees were found. 

Willows, red~ozier dogwood and caragana were the dominant shrubs. 
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• Vegetation development was projected over one hundred years using basic 

assumptions of growth characteristics of individual species and their competitive 

interactions. During the first fifty years tree communities will increase, especially 

deciduous-dominated (poplar or aspen) stands. Shrub communities are projected 

to increase during the first fifty years but then decline during the next fifty years 

due to shading from developing tree communities. Herb/ground communities are 

projected to develop into native, forb-dominated stands during the first fifty years 

while non-vascular species (e.g., mosses) increase throughout the one-hundred year 

projection period. 

• Characteristics of reclaimed sites were compared with those of nearby natural 

forest stands. Thickness of the surface organic layer ranged from 16 em to 33 em 

for most of the reclaimed sites; these values were comparable to the range of 14 em 

to 22 em found at natural mixed-wood forest stands and much greater than the 

average of 2 em to 4 em found at natural jack pine and aspen stands. The litter 

layer of natural stands ranged from 2 em to 8 em, much higher than the maximum 

1 em found on reclaimed sites. Rooting depth of herbaceous species at both natural 

and reclaimed sites averaged close to 50 em. With respect to species composition 

there was little similarity between the reclaimed sites and natural stands, most 

apparently for herbaceous species. This lack is attributed to seeding of competitive 

grasses and legumes on the older reclamation areas, a practice which restricted the 

invasion of native species. Sites that were not seeded were generally more similar 

to natural forests even though they were younger than seeded sites. 

J 
• The number of tree stems per hectare was highest on sites reclaimed without 

seeding to grasses and legumes. Non-seeded sites averaged 1500 to 3000 stems/ha 

while seeded sites averaged less than I 000 stemslha. By comparison natural forest 

stands had from 1200 stemslha (jack pine forest) to almost 5000 stemslha (spruce

dominated mixed-wood forests). The most obvious difference between reclaimed 

and natural forest stands was the relative areal cover of various vegetation groups: 

trees accounted for 55% to 90% of cover in the natural stands compared with an 

average of20% to 30% in the best-treed reclaimed areas (older non-seeded sites). 
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Comparison of vegetation cover among varying slope aspects at older seeded sites 

revealed relatively few significant differences. Where differences did occur, results 

generally indicated better growth on the northern to northeastern aspects compared 

with southern aspects. A comparison of vegetation cover on Suncor's Tar Island 

dyke revealed that the lower slopes had better growth of trees, shrubs and native 

vascular species compared to the upper slopes, where grasses and legumes tended 

to perform best. These differences are likely a result of more favourable moisture 

conditions on the lower slopes. 

Site ra~ing tables (developed for the forestry industry) were used to predict future 

forest productivity on the reclaimed slopes of tailings sand structures. Site ratings 

and heights were calculated for both natural (pre-mining) and reclaimed sites. 

Where possible ratings were also determined for sites seeded with cover crops 

(versus those left unseeded), to compare the influence of site preparation technique 

on tree growth. Lastiy ratings for natural and reclaimed sites were used to predict 

tree height at twenty-year intervals for each of the dominant tree species. 

Ratings for reclaimed sites at Suncor fell in the poor/fair/low class for all 

species except white spruce which was classified as good. These ratings 

were slightly lower than those for natural sites except for white spruce 

which was slightly higher. Poplar had a good rating on unseeded sites 

compared with its poor/fair/low index on seeded sections: this difference, 

however, may have been the result of site conditions other than seeding 

versus non-seeding. 
J' 

Predicted forest growth calculated from site ratings reflects the slower 

growth rate estimated for reclaimed sites. Trees in these areas would be 

expected to be slightly smaller than similarly-aged trees in the surrounding 

native forest. 

Vegetated species in reclaimed areas were evaluated on the basis oftheir long-term 

sustainability; most were considered to have either a moderate or high 

sustainability rating. 
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Forest fires are a natural phenomenon in Northern Alberta and the impacts that wildfires of 

varying severity might have on the sustainability of plant communities has been considered 

in the report The Effects of Fire on Reclaimed Sites of the Oil Sands Region of Alberta 

(Silvacom 1996). A summary is provided below: 

• If forest fires occur in the next thirty to forty years, they are most likely to be of low 

severity. Currently, grasses and herbs dominate (most common ground cover) all 

reclaimed areas and the shrub cover in most sites is too low to yield higher severity 

fires. _Most plants are fairly resistant to burning or have protective bark and will be 

able to survive the effects of burning (or regenerate after it). Low intensity fires 

leave much of the organic layer and the root structure intact. Rainfall simulation 

testing following test bums has demonstrated that tailings sand slopes will be well 

protected from erosion under these conditions. 

• As the reclaimed sites mature, soil organic layers will thicken, tree canopies will 

close, and downed and roundwood fuels will dominate in the surface litter layer. 

As a result of these changes, the probability that fires will be more severe increases. 

The probability of containing these fires burning under high hazard conditions will 

be much lower. However, under the relatively low soil moisture conditions present 

on tailings sand slopes, the root structure penetrates well into the mineral zone and 

continues to provide erosion protection. High intensity bum testing followed by 

rainfall simulation experiments has demonstrated little subsequent erosion. The use 

of natural species in reclamation, combined with invasion of local species, will 
j 

ensure normal recovery of vegetation following a fire. 

Steep sandy slopes present on sections of the Firebag River provide a natural 

analogue to tailings sand slopes. Fires have historically passed through the forested 

steep sandy slopes without resulting in serious erosion. This has been attributed to 

the high infiltration rate of these sandy materials which reduces slope run-off. 

Studies on Tar Island dyke support this observation. 
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Based on the above it is concluded that there is a low probability that even high severity 

fires will lead to unacceptable erosion rates on tailings sand slopes, or which would be 

significantly different from natural terrain. 

Prediction ofLong-Term Sustain ability 

Results of these studies indicate that Suncor's reclamation sites are developing into 

sustainable ecological units comparable to nearby natural forest areas. Evaluations indicate 

that Suncor' s new soil reconstruction practices are moving reclamation sites toward natural 

conditions faster than former methods. 

A model based on landform geometry was developed as part of the biophysical evaluation 

of the proposed Steepbank Mine (Golder 1996e). This model was applied to the current 

landscape of Lease 86117, to predict long-term vegetation distribution and to examine 

whether or not the revegetation plan is sustainable (based on characteristics of existing local 

vegetation). Modeiiing of the finai Lease 86/17 surface (including final land contouring of 

CT-reclaimed storage structures) expressed the dendritic drainage pattern. The results are 

shown in Figure D3.0-36. 

Results from application of a landform geometry model to planned reclamation ecosystem 

development gave rise to the conclusion that the reclamation strategy planned by Suncor 

will achieve long-term, sustainable, mature communities. 

iii. Wetlands 

Reclamation areas on Lease 86/17 and Steepbank Mine will include surface water drainage systems 
;J 

to collect and channel water from reclaimed areas for eventual discharge to the environment. The 

quality of water from these various sources will vary from relatively high (for surface run-off) to 

dyke drainage (water which is known to contain chemicals of site origin). Within this drainage 

system a treatment pond-wetlands system (i.e., constructed wetlands) will be created to ensure that 

water is of high quality before discharge to the offsite receiving environment. Designs of the 

wetland systems specify complete removal of risk of acute fish toxicity and oil sands wastewater 

chemicals. 

Constructed wetlands offer an attractive alternative to conventional wastewater treatment approaches 

by providing: 
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a self-sustaining treatment system utilizing natural microbial populations (capable of 

degrading complex chemicals) and with a large surge capacity; 

• a flexible response to variable chemical loadings; 

• a natural surge capacity for episodic rainfall events; 

" aesthetically-attractive vegetated areas, which incorporate important ecological features 

such as small bird and mammal habitat; and 

• a treatment system with relatively low capital and operating costs. 

Results From Monitoring Wetland Pilot Test $.ystems 

Since 1991 Su~cor has conducted research into the use of wetlands systems for treatment 

of oil sands release waters. Results of research conducted to the end of 1994 were recounted 

in the February 1995 Suncor Application for Renewal of Environmental Operating 

Approval (Suncor 1995a) with further information provided in Biological Treatment 

Options for Consolidated Tailings Release Waters (Gunter et al. 1995) and Constructed 

Wetlands for Treatment of Oil Sands Wastewater: Technical Report #5 (Bishay and Nix 

1996). Summarized below are the results ofthese wetlands studies. 

Research on Lease 86/17 over the past four years has amassed significant information 

pertaining to the ecological characteristics and sustainability of constructed wetlands and 

their efficiency in handling process-affected oil sands wastewater (such as dyke drainage 

water or consolidated tails release water). Ecological data from this field research has 

indicated that these wetlands will function as viable and productive ecosystems although 

some of their ecological characteristics will differ from those of nearby natural wetlands 

(Nix et al. 1995). 
Jj 

The input of specific organic and inorganic chemicals to these wetlands will result in 

differences in the community structure of micro-organisms and planktonic organisms when 

compared to nearby natural wetlands. For example an acclimatized bacterial community 

will develop which will be capable of bio-degradation of many chemicals associated with 

oil sands wastewater (such as ammonia, hydrocarbons and naphthenic acids; Nix et al. 

1993 ). Rates of bacterial respiration will be elevated (compared with nearby natural 

wetlands) indicating both an increase in overall bacterial numbers and a positive response 

to input of chemicals (i.e., the initiation of bio-degradation processes). This difference 

would be expected since these constructed wetlands are treatment systems and would 
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logically show a biological response to input of contaminated wastewaters. Absence of 

alteration in biological structure would be evidence that the wetlands are not transforming 

wastewaters into non-toxic effluent. 

Next in level of complexity in the aquatic food web, planktonic communities such as 

phytoplankton (algae) may differ by small reductions in diversity (i.e., taxa) and increases 

in abundance; zooplankton may show small decreases in both diversity and abundance (Nix 

et al. 1994). However, no strong relationship has been established between plankton 

rich.'1ess and chemical levels: any identified differences may have been due to indirect (such 

as decreased o~ygen levels) or general such as increased total organic loading effects. Even 

if differences in chemical concentrations are large, variations in planktonic community 

structure between treatment wetlands (i.e., dyke drainage) and reference wetlands will be 

small. 

There are no substantial differences in benthic invertebrate communities (i.e., sediment 

dwellers) between treatment and control wetlands; this result may have reflected the small 

size of these experimental wet!a...11ds \Vhich did not permit exact comparisons with nearby 

natural wetlands. Preliminary fmdings of hydrocarbons within larval insects ( chironomids) 

did suggest that bio-accumulation of organic chemicals in insect larvae may occur (Nix et 

al. 1993). For emergent insect concentrations of inorganic compounds (aluminum, iron and 

zinc) tended to be higher in the dyke drainage wetlands compared with controls but these 

trends are not statistically significant (Nix et al. 1994). 

After wetlands construction a macrophyte community (i.e., aquatic plants) was established 
Jt 

in both control and treatment wetlands. A weak trend was shown for hydrocarbon 

accumulation within cattail (Typha spp.) roots in treatment wetlands. Metal uptake into 

plant tissue was also demonstrated but metals were present to a greater extent in plants 

sampled from nearby natural control wetlands (Nix et al. 1994). Aluminum was elevated 

in macrophyte shoots from some treatment wetlands (i.e., dyke drainage) compared to 

controls but the difference was not statistically significant. In general there was no trend 

of increasing accumulations of chemicals resulting from increases in system loads. Overall 

a thriving plant community is established in treatment wetlands although both the growth 

and species diversity of aquatic plants is reduced slightly in comparison to control wetlands 

and nearby reference wetlands. 
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Investigations began for biota at a still higher level of the aquatic food web in 1995. In an 

experiment (Wolfe and Norman. In: Bishay and Nix 1996) mallard ducklings (Anas 

p/atyrhynchos) were exposed to various consolidated tailings and dyke drainage constructed 

wetlands; the principal route of their exposure during the study was by water ingestion. 

After a period of four weeks no differences were noted in growth rates either within 

treatment groups or between treatment and control groups. There was no signs of organ 

abnornmality on autopsy; all ducklings had moderate to heavy body fat. After exposure to 

both dyke drainage and consolidated tailings waters there was no uptake noted of metals in 

amounts sufficient to present a health risk to young mallards. Also through analysis of bile 

PAH metaboli,tes no uptake ofPAHs (polycyclic aromatic hydrocarbons) was observed. 

Sustainahility Predictions 

Based on these results and observations it can be concluded that there will be a thriving 

ecology within constructed wetlands. Further study (to assess long-term sustainability of 

constructed wetlands) will be conducted using larger field-scale test systems. 

Wetlands created to treat process-affected oil sands wastewaters (such as dyke drainage 

water or consolidated tails release water) have been demonstrated to function as viable and 

productive ecosystems. The ecological characteristics of treatment wetlands, although 

different from those of nearby natural wetlands, will not prevent their use by wildlife 

species. 

Examination of risks associated with reclamation wetlands and drainage systems indicates 

that there is a low degree of concern about impacts on resident or migratory species. 
J) 

iv. Wildlife 

Suncor' s current method of reclamation and tree planting means a diverse herbaceous cover usually 

develops within a year of soil amendment application providing erosion protection along with a 

source of cover and food for wildlife. Animal utilization of reclamation areas (which becomes more 

noticeable as the extent of reclaimed land grows) increases as food and shelter become available (via 

maturing vegetation) on the reclamation sites. Some mammalian species are routinely observed on 

the reclamation sites while others frequent fringe areas adjacent to undisturbed stands. Increases 

in rodent populations on reclaimed areas have attracted coyotes, wolves, foxes and many birds of 

prey to the areas. 
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Results From Monitoring !if Wildlife Use qfReclaimed Areas 

The 1995 study of reclamation area vegetation, detailed in the report Vegetation 

Development and Sustainability on Reclaimed Tailings Sand Structures (AGRA 1996i), also 

evaluated use of reclaimed areas by wildlife species. Habitat suitability for wildlife was 

assessed during this study by evaluating the food or cover usefulness of vegetation 

communities. Suitability of individual tree, shrub and ground cover species was established 

for seven wildlife species groups (including deer, moose, small mammals, fur-bearers, 

songbirds, game birds and raptors). Key findings included the following: 

.. Two k~y tree species are balsam poplar and aspen which were used for food, cover 

or both by all seven species groups. Fruiting shrubs (saskatoon and chokecherry) 

are important for forage as well as for nesting habitat and escape cover. Although 

many of the grasses are highly-palatable they are used by relatively few species 

groups (mainly deer, moose and small mammals). 

.. Predicted vegetation communities (for 2095) were used to make qualitative 

assessments of habitat value for three selected species giOups: ungulates, birds and 

large fur-bearers. Future habitat value at Suncor was high for all species groups 

across a majority of tree communities. Mixed deciduous and coniferous forests 

scored high with all species groups examined mainly because of the variety of food 

and cover niches available in this community. Similarly the mixed-wood 

community had high value for most wildlife species. Introduced species 

communities (e.g., Manitoba maple) and sparsely-treed areas had lower ratings due 

to unknown or lack of suitability of introduced (dominant) species and lack of strata 
jl 

respectively. As sparsely-treed areas (conifer/deciduous and deciduous 

communities) are predicted to predominate on reclaimed areas in 2095, future 

habitat value of these areas is expected to be good. 

Other wildlife studies conducted in the oil sands area have shown that the most numerous 

terrestrial fur-bearers in the Suncor area are snowshoe hare, red squirrel, Canada lynx and 

fisher. Lynx, fisher and red squirrel prefer mature coniferous forest with a high degree of 

crown closure, numerous deadfalls and a few openings where shrubs can develop. 

Reclamation forests (which provide this habitat type as they mature) will increasingly be 

utilized by these animals. 
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Moose prefer early successional stages of mixed-wood and deciduous forests which offer 

a mosaic of vegetation types for both cover and food (i.e., browse). Favoured browse 

species include saskatoon and willow followed by aspen, red-ozier dogwood, white (paper) 

birch, balsam poplar, pincherry and chokecherry. Most of these species are included as part 

of Suncor' s revegetation program while the remainder are expected to naturally invade 

reclamation areas. 

Post-reclamation land capability for waterfowl will be higher than before development. The 

major factor limiting waterfowl use prior to development was the presence of topographic 

features that Ii_mited pond development. Permanent ponds on reclaimed areas will have 

gentle edge slopes to encourage growth of emergent plants. Pond shorelines (modified to 

maximize shoreline to pond surface area ratio) will enhance the ability of the ponds to be 

used as waterfowl and aquatic mammal habitat. 
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RECLAIMED LAND END USES 

Based on the Performance Assessment outlined in Subsection D3 .6 reclaimed landscape will have 

the flexibility to accommodate a number of end uses and it will exhibit the following characteristics: 

'" Reclamation landforms created will meet or exceed stability requirements. Implementation 

of the consolidated tailings process eliminates the requirement for fluid-retaining structures. 

Planned landform modifications will both eliminate future maintenance requirements and 

satisfy long-term stabilit-y requirements. 

" The effects of erosion on reclaimed landscapes will be controlled through a combination of 

drainage design and ecosystem re-establishment. Reclaimed areas will experience natural 

erosive processes; however, the extent of gullying will be limited by natural means with 

self-healing processes consistent with those of undisturbed areas. 

"' Drainage systems developed on reclaimed landscape will function effectively in channelling 

area waters to off-site environments. These v1aters, which will be treated naturally within 

the wetlands systems developed as components of the drainage network, will have 

acceptable impacts on the receiving environments. 

" Ecosystems re-established on reclaimed sites will be self-sustaining and will function in a 

similar manner to ecosystems on undisturbed areas adjacent to the Suncor development. 

Individual components of re-established ecosystems have been evaluated as follows: 

Reconstructed soils have been shown to be equivalent to or better than original 

soils. 

Results of field monitoring indicate that Suncor's reclamation sites are developing 

into sustainable ecological units comparable to nearby naturai forest areas. These 

results together with those from terrain modelling show that Suncor' s reclamation 

strategy will achieve long-term, mature communities sustainable under current 

topographic and climatic trends. 

Successful development of a viable reclamation area vegetative cover together with 

establishment of reclamation drainage systems means that reclamation ecosystems 

will become viable wildlife habitats. Assessment of risks associated with plants 
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growing on reclaimed tailings sand and overburden areas, as well as risks to users 

of those plants, indicates no risks for human or wildlife users. 

The characteristics and ecological diversity of reclamation areas as presented in this Application 

provide the flexibility to accommodate a number of end uses. Selection of specific end uses from 

the spectrum of opportunities will be done in conjunction with regional land users and communities. 

Suncor believes that the reclamation plan as presented will meet the criteria for reclamation 

certification. The following subsections provide examples of end uses. 

3.7.1 Traditional Uses 

There will be a return to a land capability which can support traditional uses. Wildlife habitats will 

be recreated to enable trapping and the revegetation plans promote the growth of native species to 

provide plant-gathering opportunities. 

3.7.2 Forestry 

Baseline forestry conditions for Suncor lease areas have been shown to fall primarily in the low

productivity or non-productive capability classes (CAN-AG I996b). Suncor's assessments of 

currently-reclaimed areas show an improvement in capability of post-reclamation potential 

(compared to pre-disturbance potential). This change is primarily due to alterations in topography 

which improve drainage patterns and establish productive lakes and ponds. Suncor's reclamation 

program has been successful in establishing a forest-type ecosystem that is evolving in harmony 

with undisturbed forest ecosystems adjacent to the lease. 

3.7.3 Wildlife 
} 

Habitats developed on reclaimed Lease 86/17 areas include a variety of both drainage systems and 

ecosystems. These habitats will be well-used by a variety of wildlife species; therefore, as habitats 

mature opportunities for trapping and hunting will increase. 

3.7.4 Recreation 

There will be an overall increase in the recreational capability of upland portions of the lease area 

due to conversion of muskeg areas to better-drained, forest-type habitats which are more accessible 

to recreational users. These areas may sustain extensive recreational activities such as hiking, 

hunting, snowshoeing and snowmobiling. In addition post-mining topography on lease 

abandonment will provide a source of recreational interest. Areas of the Sun cor leases adjacent to 
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the Athabasca River will still retain moderately-high recreation capability by providing access for 

angling and boating as well as vantage points for nature viewing. 

Areas of the reclaimed lease will require restriction of some forms of recreational activities; for 

example slopes of reclaimed tailings sand dykes will not sustain activities involving the use of all

terrain vehicles. Such activities will almost certainly disturb the developing ecosystem and lead to 

increased potential for erosion. 
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~nca~nc. 1 997 TA ILINGS 

~I LEGEND 
.....- Mature F i ne Ta i ls 
~ Return Water 

N 
.....- Tailings Activities 

I E x traction 

1 , e~ . r. Top Fluid Levels 
106 7 .~ MFT or CT Levels 

-..CELL..A.D..YKE: - Dyke 7; n o cull co n !l lru c llon ( !l klp a y~oto r ) 

Dvko 6 ~a nd (cul l) lo 277 , o vurUurdun l o 305 

- Ovko 9 ; s ta rt ovorburdo n con s t r u c tion o t boso 

CONSOLIDATED TAILINGS: - conllnuoo lo Pond 5 (CT) o n ly 

REGULAR TAILfNGS: - w hon CT I''! OI ovo ll obl <e , •·eou to r t o ll lno:> w il l go t o Po1HI 4 

(bock up wlll bo Pond 2/J) . 

FINE TAILS: f ino toll s w ill continuo to b o pum ped from Pond 2 / .3 and Pond 1 

fur CT. all fl n A t oll~ "modo" wi ll f\ n d uo In Pon d 2/3. 

WAlER: - Continuo r omovol f r o m Po nd 5. 

PIPE & EQUIPMENT: RoQulru 3,300 ft. of 36" mlld ~ t ool oloo for wolor rolurn 

llnu from Pond 5 to Pond 2/3 

Figure 03.0-11 Integrated Mines Tailings Plan - 1997 

PLAI' I 

F l our~J 2 

0 0 ,, 



~nCD~nc. 200 0 TAILINGS PLAN 

~ 
LEGEND 

4-"' lv\ature Fin e Ta il s 
~ Retu r n Wcder 

N 
4-"' Toilings Activ i ti es 

I Extraction 

, 18:\.(, Top Flu id Levels 
106 .!J MFT or CT Levels FIQuro 5 

._CELL....&_D....YKE,: - Dyko 9 s and coli oct l vlty . 

- Ovurbur<.lun on S l oop llu n k. 

CONSOLIDATED TAILINGS: Con ti nu o t o p u m p to Pond 5 on ly. 

REGULAR TAIL1NGS: - Pond 2/3 o n prim ary, nmorottncy backup . Pond A or. 

backup 1o backup. 

FINE TAILS: - Fine to ll s from Pond 2/3 end Pond 1 a s backup. 

WATER: - Con t l nu ~:~ 1o J"tlmovo from Pond S. 

PIPE a E~<JlN!JT';[i_.::_!N~O'LJlp~lp!j!Oc_pP''~":£0~ha~·~o!!!.•...!':£"9.9"""1-"'"~d"-.-----------l 

~0 

Figure 03.0-12 Integrated Mines Tailings Plan- 2000 



~nCD~nc. 2005 T/-\ILINGS PLAN 

t J,EGEND 
4-"" Mature Fi ne Tails 
4""' Return Water 

I~ 
4-"" Tai li ngs Acti v ities 

I E x tract i on 

1 1 8~.(, Top F luid Level s 
106/.~ MFT or CT Leve ls Flouro 10 

~LL.l<..JUKI:.; D:r:k e 9 sand cell oet l vlt~ onl :r: . 

CONSOLIDATED TAILINOS: Pumnln n lnlo Pond 6 end :; Iori Pond 1 w ith hlch 

SFR CT. 

REGULAR TAILINGS: l n lo Pont.J 2/J o ~ backup. 

F INE TAILS: - From Pond 1 k Po n d 213. 

WATER: rrom Pond I. Pon<.l 2/3. Pond 5 & Pond 6 . 

~Etrn No ' ''" '""' 

Figure 03.0-13 Integrated Mines Tailings Plan- 2005 



~nCDftnc 20 10 TA ILINGS PLAN 

11 
LEGEND 

......... Mat uno- Fine Ta il s 
~ Ret urn Water 

I~ 
......... To il inys Act i vi t ies 

I E x trac ti on 

l l f'l :\.(, Top ll ui 'j L eve Is 
PON06 106 / .~ MFT or CT Levels Flo u rl9 1 -1 

3 01:\ 
305 

I -
C2LL.6...QYKE:_ Nonn, 

~---
-

Q_Q!-ISOLIDATED TAILINGS: - To Pond 7 & Pond 6 . - Fl n ll yoor or " lop" uff o f o 

Pon d t h e! _Y!_o ~ f ull bu• h O$ c on ,olldotod e nough to come bock In with CT . 

REGULAR TAl!-INGS: - No ne . - Boc k u~ will bn Pond 2 ,t~ . 

F INE T AILS: - rrom P~t :!/3 . 

--
_ WATER: - rrom Pond 6 &. Po nd 7 . 

PI~E & EQUIPMENT: - No p i p e r e quired. 

Figure 03.0-14 Integrated Mines Tailings Plan - 2010 



~nCDI'7nc. 2015 TA ILIN GS PLAN 

f LEGEND 
~ Mature Fine Tai ls 
~ Re!urn Water 

N 
~ Tailings Act i v ities 

I Extracti on 

11~3-t Top F lui d Leve l s 
POND& 10G7.5 MFT or CT Levels Flgvr o 15 

308 
305 

-.CEL . & DYKE: St•opbank ov•rburden. 

CONSOLIDATED TAILINGS: - To Pond 7 ( los t yoor olhor then too uo) 

"Top" up Po n d 5 & 6. 

REGULAR TAILINGS: - Non e. 

ANE TAILS: - All cOn$umntlon t rom Pond 2/3 & Por'd 1 A. 

All now to Pond 2/3 . 

WATER: From Pond 7. Pond 6 &. Pond !L 

PIPE & EQUIPMENT: No olo~ r " oulr" vd. 

Figure 03.0 - 15 Integrated Mines Tailings Plan - 2015 



~nCDftnc. 2020 TA ILINGS P LAN 

~ 
LEGEND 

......-' Mature F in e Ta il s 

.....-" Return Water 

N 
......-' Tailings Activ it ies 

I Extrac ti on 

1 ' f\:\ _(, Top Fluid Levels 
POND 6 1067.!:1 MFT or CT L eve ls rrouro 1 6 
30~ 

308 

~L.I._A_I)YKE: - Nonn. 

CONSOLlDATED TAILINGS: All to Pon d 8 (hloh S FR) : som(l "top" up In Pond 7. 

REGULAR TAILINGS: - Nono. 

~E TAILS: Mornlr\OI COI\ II U!l1ft d and morn madn. 

WATER: - From Pond 8. Pond 7. Pond 6 & Pond 5. 

PIP~£FmiiPU~N~ No Q~Ip~o~r o~q~u~lro~d~. ------------------------1 

Figure 03.0-16 Integrated Mines Tailings Plan- 2020 
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Figure 03.0 - 19 Pond 1 and Tar Island Dyke 
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Figure 03.0- 22 Tar Island Dyke Operational Phase Bank Protection 



TOP OF LIMESTONE ROAD 

~1:100 YEAR WATER UEVEL 

_.sl r10 YEAR WATER SURFACE 
(SEE NOTE 3.1) 

ELEVATION 

------2~d'~TH--K.--R-OU_N_D_E_D--RI_P_RAP _______________________ zT 

RESHAPE BANK TO SLOPE OF 
2.5H:1V (SEE NOTE 1) 

EXISTING BANK PROFILIE 
(VARIABLIE SLOPE) 

GRANULAR FILL 
(SEE NOTE 2.0) 

TYPICAL RIPRAP PROTECTION 
N.T.S. 

(SEE NOTE 1.1 & 1.2) g 

F ~ I I I, Q 
:-;,,e_::;,.'C;w,;ri.::l'~""·",-tf'7"."~~ ~ 

I 

6.0' THK. ROUNDED RIPRAP APRON 

NOTES: 

1.0 RIPRAP 

1. IT IS ASSUMED THAT ROUNDED ROCK WILL BE USED WITH A THICKNESS 
OF 2d' AND PLACED AT A 2.5H:1V SLOPE. THE ROCK SHALL BE SIZED 
AS FOLLOWS: 

PERCENT PASSING BY MASS (SIZE in) 
100 12 

30-80 10 
20-50 8 
5-20 4 

2. ANGULAR ROCK, WITH THE SPECIFICATIONS GIVEN ABOVE. CAN BE PLACED 
AT A 2H:1V SLOPE. 

3. SIZES QUOTED ARE EQUIVALENT SPHERICAL DIAMETERS. WHERE RELATIVE 
DENSITY IS IN THE RANGE OF 2.4-2.9. 

2.0 GRANULAR FILL 
1. GRANULAR FILL SHALL CONSIST OF MEDIUM TO COARSE GRAVEL SIZED MATERIAL. 

D,., SHALL EXCEED 2 INCHES. 

2. RESHAPING THE BANK TO A SLOPE OF 2.5H:1V WILL REQUIRE BACKFILLING 
(SLOPE REDUCTION) AT SECTIONS 4,5,6,7,8 AND 10 AND SLOPE EXCAVATION 
(SLOPE STEEPENING) AT SECTIONS 6,9, 10 AND 11. 

3.0 BANK PROTECTION DIMENSIONS AT SURVEYED CROSS-SECTIONS 
1. THE FOLLOWING ARE TYPICAL BANK PROTECTIION DIMENSIONS AT THE SURVEYED 

CROSS-SECTIONS. 

CROSS- 10 YEAR WATER TOE OF BANK HEIGHT OF 
SECTION SURFACE ELEV. ELEVATION PROTECTION 

(ft.) (ft.) H (ft.) 
04 782.7 768.2 15.8 
05 782.7 759.5 24.4 
06 782.4 761.2 22.4 
07 782.2 760.9 22.5 
08 782.1 760.0 23.2 
09 782.0 762.9 20.2 
10 781.9 763.3 19.7 
11 781.8 763.3 19.8 

2. SEE FIGURE 3 FOR LOCATION OF CROSS SECTIONS AND EXTENT OF PROTECTION 
LOCATIONS. 

Figure 03.0-23 Section of Tar Island Dyke Operational Bank Protection 
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LEGEND 

e GROUNDWATER WELLS 
• POREWATER SAMPLING LOCATIONS 

14~9-300 1:1 •11.5<11 

Figure 03.0- 26 Tar Island Dyke Pore Water Sampling Sites 
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Figure 03.0- 29 Map of Reclamation Areas 



TOP OF LIMESTONE ROAD 
TO BE RECLAIMED AND VEGETATED 

PLACE FlNE FlLTER AT MAX 
1.5H:1V 

___[_ 1:10 YEAR WATER LEVEL 

SEE NOTE 3 

MIN. 300 THK. 
FlNE FlLTER 

GRANULAR FlLL 
COARSE FILTER 

1200 THK 
(SEE NOTE 1.0) 

TYPICAL RIPRAP PROTECTION OVER GRANULAR FILL 

EXISTING LIMESTONE ROAD TO 
BE RECLAIMED AND VEGETATED 

RECLAIM MATERIAL 

N.T.S. 

/

EXISTING GROUND 

,~ _£ 1:10 YEAR WATER LEVEL 
/ ~ -

--,,,, 1200 THK. RIPRAP OVER 
', -- I 250 THK. COARSE FlLTER OVER 

250 THK. FINE FlLTER 

SEE NOTE 3 MEAN ANNUAL DISCHARGE 
WATER LEVEL (EL ± 235.0 m) 

~~~ ''I 'VARIES 
2 TO 2.4m 

TYPICAL RIPRAP PROTECTION OVER ORIGINAL GROUND 
N.T.S. 

NOTES: 

1.0 RIPRAP 

a) fT IS ASSUMED THAT ANGULAR ROCK IS UNAVAILABLE. THEREFORE RIPRAP 
SIZES ARE BASED ON ROUNDED STONE WITH A LAYER THICKNESS OF 1200 mm 
AND PLACED AT A 2.5H:1V SLOPE. THE ROCK SHALL BE SIZED AS GIVEN IN 
TABLE A. 

b) ANGULAR ROCK, WITH THE SPECIFICATIONS GIVEN IN TABLE A, 
CAN BE PLACED AT A 2H:1V SLOPE. 

c) SIZES QUOTED ARE EQUIVALENT SPHERICAL DIAMETERS. WHERE SPECIFIC 
GRAVITY IS IN THE RANGE OF 2.6-2.9 IN ACCORDANCE WITH ASTM C127 
AND CSA A23.2-12A. 

d) THE RIPRAP SHALL CONSIST OF CLEAN, WELL GRADED, HARD AND DURABLE 
FlELID STONES, COBBLES AND BOULIDERS OR QUARRY ROCK, AND SHALL NOT 
CONTAIN SOFT OR FRIABLE ROCK 1YPES OR ROCK PIECES THAT HAVE A 
MAXIMUM DIMENSION MORE THAN FOUR TlMES A MINIMUM DIMENSION. 

INDIVIDUAL RIPRAP SIZES SHALL HAVE NOT MORE THAN THIRTY (30) PERCENT 
PERCENT LOSS WHEN TESTED FOR ABRASION RESISTANCE IN ACCORDANCE 
WITH AST1M C535 OR CS 123.2-17A. 

SULFATE SOUNDNESS TESTING IN ACCORDANCE WITH ASTM CBB OR CSA A23.2-9A 
SHALL HAVE NOT MORE THAN TEN (1 0) PERCENT LOSS. ABSORPTION IN 
ACCORDANCE WITH AST1M C127 OR CSA A23.2-12A SHALL BE LESS TlHAN DR 
EQUAL TO TWO (2) PERCENT. 

2. RIPRAP, INTERIM ARMOUR AND FlLTER MATlERIAL SIZE GRADATIONS SHALL BE 
AS SPECIFIED IN TABLE A AND FIGURE 7.1. 

TABLE A 
IAATERIAL SIZE GRADATIONS 

PERCENT PASSING 
(SIZE mm) 

BY MASS RIPRAP INTlERIM GRANUu.R FlU/ FINE 
ARMOUR COAASE FILTER FlLTER 

100 600 400 200 25 
30-80 350 250 50 5 
20-50 300 200 - -
15-60 - - 30 3 
5-30 - - 20 2 
5-20 200 100 - -

3. THE NEED FOR A FILTER MATERIAL OVER EXISTING ARMOUR MATERIAL 
SHALL BE DETERMINED ON A SITlE SPECIFIC BASIS. ZONES OF EXPOSED, 
CLEAN EXISTING RIPRAP OR ARMOUR MATlERIAL THAT DO NOT SHOW 
ANY INDICATlONS OF SLUMPING SHALL NOT REQUIRE ANY FILTER MATERIAL 
PRIOR TO RIPRAP PLACEMENT. 

C' 

Figure 03.0-30 Tar Island Dyke Conceptual Reclamation Phase River Erosion Protection Design 
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LEGEND: 

- WETLAI--JD/OPEN WATER ( 10% OF BAS if\J) 

SCALE: 

20 17 

WETLA"'D CLOSED SHRUB COM PLEX ( 5 0% OF BASIN) 

HERB/GRASSES ( 40% OF BASIN) 

DRAINAGE CHA"'I--J ELS 

15,000 

200 to 400 m 

I. TEMPO<ARY WETL<NOS __ ......;..._~ 
NATURAL FORMING CHANNEL 

SECTION A-A. 

Figure 03.0-32 Reclamation Area 5- Reclamation Progression Year 2017 
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LEGEND : 

- WETlAND/OPEN WATER (10% OF BASIN) 

WET!.AI--JD CLOSED SHRUB COM PLEX ( 30% OF BASIN) 

HERB/ GRASSES (20% OF BASIN ) 

- DECIDUOUS FOREST ( 40% OF BASIN) 

DRAINAGE CHANNELS 

SCALE: 1:15,000 

~ 

2030 OUKGACLR.dwg 11 = 13970 

Figure 03.0- 33 Rec lamation Area 5- Reclamation Progression Year 2030 
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LEGEND: 

- WETLAND/OPEN WATER ( 10% OF BASIN) 

WETLAND CLOSED SHRUB COMPLEX (1 5% OF BASI N) 

- DECIDUOUS FOREST ( 20% OF BASIN ) 

- CLOSED MIXEDWOOD, WHITE SPRUCE DOMINANT ( 55% OF BASIN) 

DRAINAGE CHANNELS 

SCALE: 1:15,000 

2050 OUKGACLR.dwg 11=13970 

Figure 03.0-34 Reclamation Area 5- Reclamation Progression Year 2050 
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LEGEND: 

- WETLAND/ OPEN WATER ( 10% OF BASIN) 

WETLAND CLOSED SHRUB COM PLEX ( 1 0% OF BASIN) 

- CLOSED MIXEDWOOD, WHITE SPRUCE DOMINANT (80% OF BASIN) 

DRAINAGE CHANNELS 

SCALE : 1:15 ,000 

FUTURE OUKGACLR.dwg 11~13970 

Figure 03.0-35 Reclamation Area 5- Rec lamation Progression Fa r Future 



SU~ CO R ELC CLASSIFICATION 

LOC AL ST UDY ARE A, LONGTERM PLANN ED 

LEGEND 
Clos•d J ack Piroe 

Clo s .:;.j 'Nhi t ~ Spruce 

O:: ;;iduous i·~r~st 
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4.0 PESTICIDES 

Suncor seldom uses pesticides on its plant site. When it is necessary to use controlled pesticides 

the job is contracted to a licensed firm that employs certified applicators. 
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5.0 POTABLE WATER 

The potable water supply, approximately 7.6 Lis (650m3/day) for operations at Steepbank Mine, 

will be obtained from water wells constructed in the sand and gravel aquifer between the Athabasca 

River and the proposed facilities area. If water well supply is shown to be insufficient alternative 

sources of supply (such as infiltration galleries) will be explored. Design of the water supply will 

accommodate: 

• protection from Athabasca River flooding, ideally by placing facilities above elevation 241 

mASL; 

• protection from spills or other contamination from shop facilities; and 

• chlorination. 

Suncor will request approval for the construction and operation of a potable water system at a later 

date. 
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E ENVIRONMENTAL IMPACT ASSESSMENT 

1.0 ENVIRONMENTAL IMPACT ASSESSMENT 

MANAGEMENT FRAMEWORK 

1.1 SCOPE OF ASSESSMENT 

Section E 1.0 

This Environmental Impact Assessment (EIA) presents a summary of the implications of the 

environmental and socio-economic effects associated with construction and operation of the 

Steepbank Mine, the expanded production capacity of the Fixed Plant to 107 kbpcd (thousand barrels 

per calendar day), and the integrated reclamation of Lease 86/17 and the Steepbank Mine. 

Associated environmental improvements, such as the Flue Gas Desulphurization Plant are 

considered within the scope of this EIA. 

The purpose of the EIA is to present information and analysis which meets the requirements 

identified in Terms of Reference provided by Alberta Environmental Protection. The EIA has been 

integrated with Suncor' s Environmental Management Program and also focuses on concerns raised 

during the company's extensive public consultation process. 

1.2 ENVIRONMENTAL IMPACT ASSESSMENT RELATIONSHIP TO SUNCOR'S 

ENVIRONMENTAL MANAGEMENT PROGRAM 

Suncor's Environmental Management Program consists of a number of elements; most importantly, 

a corporate ethic which is applied to all company operations and emphasizes that good 

environmental stewardship is a necessity for doing good business. 

This EIA, which is one component of Suncor's Environmental Management Program, attempts to 

identifY and mitigate impacts associated with the new project or proposed modifications to existing 

operations which are requested in this Application. It is predictive in nature and therefore identifies 

follow-up monitoring required to verifY the choice of design options and to identifY any additional 

mitigation needs. 
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This EIA supports Suncor's application to the Alberta Energy Utilities Board for the proposed 

Steepbank Mine and meets obligations under the Alberta Environmental Protection and 

Enhancement Act to provide information relating to the potential environmental effects of the 

development, operation and reclamation of the Steepbank Mine and Lease 86117. It also discusses 

measures that will be employed to mitigate impacts, and provides an assessment of the importance 

of the environmental changes which will result. (Regulatory requirements are addressed in detail 

in Section A5.0). 

1.2.1 Associated Suncor Projects 

In addition to the proposal to develop and operate the Steepbank Mine on the east side of the 

Athabasca River, Suncor is pursuing two other related initiatives. 

The Fixed Plant Expansion application (Suncor 1996a) seeks approval to increase the production 

capacity ofthe existing Suncor oil sands plant from its current capacity of79.5 kbpcd to 107 kbpcd. 

This expansion, in concert with technology improvements, will substantially reduce air emissions 

and improve the quality of water emissions. 

Secondly, the reclamation of the existing mine site on Lease 86/17 has been integrated with the 

Steepbank Mine. Suncor has chosen to reclaim mined areas by creating "dry landscapes" through 

the use of "Consolidated Tailings" (CT) technology instead of long term storage of fluid tailings in 

water-capped fine tails retention ponds. This process will restore mined landscapes to a biologically 

and diverse environment with, at minimum, a capability equivalent to pre-disturbance conditions. 

This EIA attempts to address the integrated impacts of all three projects. 

1.3 COMMUNITY ISSUES 

Suncor's Public Consultation program is explained earlier in Section A3.0. An extensive database 

of community questions and concerns is maintained by Suncor. The items on the database were 

reviewed and discussed with groups and individuals to ensure completeness. Table El.0-1 

categorizes the concerns raised by interested parties into EIA topics and identifies the report section 

where each is discussed. The EIA investigations focused on these concerns. 
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TABLE El.0-1 

ISSUES RELATING TO THE STEEPBANK MINE DEVELOPMENT APPLICATION 

Issue Section 

Discussed 

Socio-Economic, Human Health and Historical Resources Concerns 

Will recreation impacts be considered in wildlife component or SEIA? E3.0 

Will traditional land uses be considered in determination of end land use? D3.0 

Will archaeological sites be affected? EIO.O 

Will there be a loss of recreational, subsistence or commercial fish production due to direct or E8.0 

indirect toxic effects? 

What are the project's implications to human health? E4.0 

Will there be concerns for human health from consumption of fish? E4.0, E8.0 

What will be the demands upon local services and infrastructure? E3.0 

Will there be a safety concern at Highway 63 intersection? E3.0 

What are the expected population changes due to the project? E3.0 

Will there be a boom/bust situation in Fort McMurray? E3.0 

What will be the cumulative effects on housing, infrastructure, etc., especially during E3.0 

construction? 

What have been the socio-economic benefits to date (employment, training, business E3.0 

opportunities)? 

Will Suncor have an annual business opportunity plan? E3.0 

What are the opportunities for local procurement, local employment and training? Are there E3.0 

employment opportunities for the Anzac community members? 

Will Suncor help local students be trained to meet future technology needs at the new mine? E3.0 

Will Suncor report on success of native involvement, and set targets for native involvement? A3.0 

Will existing land use (hunting and trapping) be displaced? E3.0 

Can people with trap line rights in the area sell them? E3.0 

What will be the construction population pressure on recreational hunting and trapping? E3.0 

Terrestrial 

Will Shipyard Lake be affected by changes to surface and groundwater recharge, and E5.0 

overburden dump? Will there be a loss of vegetation habitat due to direct loss, degradation, 

contamination, erosion of wetlands? 

Will there be affects to rivers because of the proximity of the development? E7.0, E8.0 

What will be the impacts resulting from wetland displacement, dewatering of non-mined E7.0 

areas, changes to run-off patterns after reclamation, disturbance to creeks and catchments and 

impacts to vegetation and wildlife habitats? 
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Issue Section 

Discussed 

Will reclamation restore pre-disturbance levels of biodiversity? E5.0 
.. 

Is erosion a concern for dry landscape units? There is limited availability of reclamation soils. D3.0 

Dykes: what about erosion resistance, recontouring to duplicate natural conditions, side slope 

habitat requirements? 

Will there be contaminant uptake by plants in treatment wetlands? D3.0 

Are berry picking plants and medicinal plants part of the survey? Are they a Valued E5.0 

Ecosystem Component? 

Will rare and endangered plant species be affected? E5.0 

Will elders be consulted to help determine what should be planned for reclamation? D3.0 

Will special plants and ecosystems be saved? E5.0 

How does the EIA relate to the Integrated Resource Plan? D3.0, E 

Aesthetics 

What will be the visual impacts of utility corridor, the mining of the Athabasca River E5.0 

escarpment and shop/maintenance facility? 

Wildlife 

Will the study boundaries consider migratory routes and facilities? E6.0 

" Wiii unique wiidiife habitats in the Athabasca/Steepbank confluence area and north of the ! -6 ~ . 
r, .u 

proposed center pit be protected? 

Will the utility corridor location in river valley affect productive wildlife habitats (e.g., moose E6.0 

overwintering, noise, dust, movement corridor)? 

What will be the effect on wildlife from air emissions and water quality changes? E6.0 

Caribou migrations -- do they cut across the study area? E6.0 

Will the project create a barrier to wildlife movement? Will valley development (bridge, E6.0 

hydrotransport line, pipelines; dykes) be a barrier to wildlife movement? 

Will tailings ponds be used by waterfowl and shorebirds during migration? E6.0 

How many beaver will be affected? E6.0 

Will wildlife collisions with vehicles and buildings, and wildlife harassment be a problem? E6.0 

Will increased access result in increased hunting, poaching and trapping? E6.0 
--

Will direct and indirect mortality lead to changes in biodiversity? E6.0 

Will changes in predator-prey relationships occur as a result of the project? E6.0 

Will there be removal of problem wildlife (beaver, bear)? E6.0 
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Issue Section 

Discussed 

Aquatics, Surface and Groundwater 
.. 

Human health-- will fish consumption be a concern? E4.0 

Is mercury a concern in fish? E4.0 

Will fish tainting limit use of the resource? E8.0 

Could there be a loss of fish production due to direct or indirect toxic effects? E8.0 

Could there be a potential loss of recreational, subsistence or commercial fish production due E8.0 

to direct or indirect toxic effects? 

Will there be a loss of habitats that will preclude future fish production (Steepbank and E8.0 

Athabasca Rivers)? 

Will the aquatic cumulative effects including Syncrude future expansion be considered? E8.0 

Are biomarkers the same as bioindicators? What is known about MFO's? E8.0 

What about naphthenic acids in relation to fish? E8.0 

What will be the effects resulting from discharge of mine drainage water (i.e., water quality, E8.0 

flows); effects of water discharge from facilities (e.g., camp, plant run-off, extraction, 

upgrading); effects of shop/maintenance facility to water quality in wetland, effects of sewage 

and garbage disposal, landfill contamination, storage and disposal of fuel, cleaners, run-off 

from sizers/surge bin/conveyors? 

What will be the effects on groundwater quality from contaminant migration from landfill, E7.0 

tailings ponds, coke pile, sulphur; spills from tanks, pipeline breaks and leaks, diesel fuel from 

conveyors, etc? 

What is the hazard of catastrophic tailings release into the Athabasca River? D3.0 

Will there be impacts to water quality from seepage through tailings dykes? E8.0 

What is the toxicity of surface run-off and seepage water and discharge from tailings? E8.0 

Will there be bioaccumulation of hydrophobic compounds? E8.0 

Will disposal of basal aquifer water affect surface water quality? Can saline basal aquifer E7.0 

water be used in the recycle system? 

Will there be impacts to Steepbank River from sediment run-off from mining? E8.0 

Will there be river contamination from spills from bridge (paints, salt, etc.)? What is the E8.0 

potential for contamination from pipeline spills/leaks (emergency dumps, freeze up protection, 

line abrasion and breakage, emergency plans)? What are the potential effects ofhydrotransport 

building failure (e.g., freeze-up), general facility run-off, fire water source and spillage, fate of 

degreasers and other materials associated with clean-up and rejects disposal? 

What impacts to the river could be caused by providing water to operate the hydrotransport E7.0 

system? 

Will groundwater and surface water flow patterns be affected by dewatering? E7.0 
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Issue Section 

Discussed 

What will be the effects on wetlands and other water bodies from mine water discharge? E5.0 . 

What will be the water impacts from mining (e.g., altered hydrology, sediment or nutrient E7.0 

loading)? 

Will groundwater discharge and alteration of surface flows to the Steepbank River affect flow E7.0, E8.0 

conditions (including base flows) and fish? 

What will be the impact to riparian and aquatic habitat impacts to Athabasca River caused by E8.0 

bridge construction (pilings, barrier, siltation, etc.)? 

What will be the effects on spawning habitat for grayling, and to bull trout in area? E8.0 

Will there be impacts from ice jamming to bridge, river bed and water intake? E7.0 

ill the valley development be susceptible to ice buildup, flooding? E7.0 

the bridge provide access to previously remote areas or spills? C4.0 

What will be the impacts of bridge approaches to erosion, stabilization and habitat loss? E8.0 

Will there be impacts to navigation from changed channel depth or bridge height? C4.0 

Will increased bank erosion, instability and other impacts result from waste dump placement E8.0 

near river? 

How will the project affect the aquatic ecosystem? E8.0 

. "t\ir quality 

Is CH4 included in greenhouse gas review? E9.0 

Global climate change-· what about greenhouse gas emissions? E9.0 

Will there be impacts from fugitive dust from coke piles, overburden dumps and tailings E9.0 

ponds? 

Will there be gypsum dusting problems? E9.0 

What are the emissions from the hydrotransport building? C8.0, E9.0 

What will be the effects ofVOC and THC fugitive emissions? E9.0 

What are the potential effects on off-site water bodies from the atmospheric release of E9.0 

combustion products? 
-

Will there be effects on lichen health for caribou habitat in Thickwood Hills, Muskeg E5.0 

Mountain from air emissions? 

Will there be air emission effects (i.e., acidification) to regional vegetation? E5.0 

What will be the stack emissions including so2, NOX and voc from operational flaring? E5.0 

Are you considering cumulative effects from the past and future (Syncrude, Solv-Ex, Alpac, Throughout E 

etc.)? 

Will air studies be tied into human health? E4.0 

Will particulates and heavy metals be addressed? E9.0 
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1.4 REGIONAL LAND USE PLANNING 

Understanding the Steepbank Mine proposal as a land resource development requires consideration 

of the development in a regional context. The Steepbank Mine lies within the Fort McMurray

Athabasca Oil Sands planning area, and is guided by the Draft Fort McMurray-- Athabasca Oil 

Sands Subregional Integrated Resource Plan (Alberta Environmental Protection 1995). 

Sun cor recognizes the environmental values of the Athabasca and Steep bank River valleys. The 

proposed operation incorporates mitigation measures to minimize the impacts related to 

development, and to restore landscapes and biological processes in the long term. The Integrated 

Resource Plan identifies specific criteria with respect to valley development. These criteria are 

addressed in subsequent sections of the EIA: 

• wildlife 

• erosion 

• floodplain 

• water quality 

• recreation/tourism 

• ecological 

• traditional use 

• historical sites 

In addition to being familiar with the Integrated Resource Plan's objectives for public land use, a 

familiarity with other existing and proposed developments is required to evaluate the Steepbank 

Mine project from a regional perspective. 
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2.0 IMPACT ASSESSMENT METHODS 

2.1 IMPACT ASSESSMENT APPROACH 

This environmental assessment has been structured to provide focused, understandable and relevant 

information and analysis about the type, extent and significance of environmental effects related to 

Suncor' s proposals and provide input to Suncor' s Environmental Management Program. To comply 

with this intent, the EIA was designed to be: 

• issue driven: seeks out concerns of the community, and directs EIA investigations so that 

answers to those concerns can be provided; 

• transparent: clearly explains the assumptions and factors used to assess environmental 

effects; 

• quantitative: provides the measurements used to make judgements; and 

• regionaVcumulative: considers Suncor's contribution to the overall regional environmental 

impacts associated with all current and proposed developments. 

The environmental impact assessment evolved as the project was defined. The first stages of the 

environmental impact assessment for the Steepbank Mine began with the project concept and review 

of existing environmental information (Figure E2.0-1 ). This was followed by a preliminary scoping 

of issues in the autumn of 1994, preparation of draft terms of reference early in 1995 and final terms 

of reference issued by Alberta Environmental Protection in August 1995. Throughout this period, 

development of the database of environmental baseline conditions, refinement of the project 

description and public consultation were used to identify additional issues requiring study. This 

included decisions about the size of the study area, time frames to be considered, and the 

environmental components that were to be addressed. 

The various stages of investigation are presented in a series of reports (Figure E2.0-2). Those reports 

provide comprehensive information about the existing resources, and present results from research 

into the effectiveness and risks of proposed technologies. Information from the baseline reports was 

used to prepare the eight Impact Analysis reports, which assess the implications of the proposed 

Steepbank Mine project to existing environmental and social conditions. 
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The Impact Analysis reports were structured to ensure that the issues of importance to the 

community are cleariy addressed. Each report examines a number of "Impact Hypotheses" which 

are statements that express a concern about the potential for the project to negatively affect an 

environmental resource or social issue of concern (Table E2.0-1 ). 

For each hypothesis, specialists investigated the ways in which the project could potentially affect 

the resource. They identified ways to prevent or reduce those impacts, and discussed each impact's 

severity, how large an area would be affected, and how long the impact would last. Table E2.0-2 

iists the parameters used by discipline specialists in classifying degrees of impact. 

This EIA section of the Steep bank Mine Project Application summarizes the findings of the reports 

illustrated in Figure E2.0-2. Readers are invited to refer to the Impact Analyses and baseline reports 

for further information on the methods and assumptions that lead to the conclusions reported in this 

section. 

2.2 SCOPE OF ASSESSMENT 

Determining what to study, how large the study area should be, and whether to include past 

environmental changes as well as future ones, are three fundamental challenges to undertaking an 

environmental impact assessment. The task is to choose the best balance between a broad overview 

versus a narrow, in-depth investigation. These three issues- what to study, where to study it, and 

within what time frame - were addressed early in the development of this environmental impact 

assessment. 

2.2.1 Valued Ecosystem Component (VEC) Selection 

Environmental systems include an infinite number of complex, interconnected elements with each 

contributing to the functioning of the whole. To focus the environmental assessment in the 

Terrestrial, Wildlife and Aquatic areas, a variety of environmental components were chosen as 

priority points of investigation. The identification of these factors does not imply that they have 

greater importance within the ecosystem than components which were not selected. These elements, 

typically referred to as Valued Ecosystem Components (VECs), were chosen for a variety of 

reasons. For example, they may have a special importance as a landscape feature (e.g., Athabasca 
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TABLE E2.0-1 

STEEPBANK MINE EIA IMP ACT HYPOTHESES SUMMARY LIST 

SOCIO-ECONOMIC 
.. 

I The Steepbank Mine Project will contribute additional local, provincial and national benefits through 

additional employment, the procurement of goods and services required for the project and the payment of 

local, provincial and national taxes and royalties. 

2 Construction-related activities and employment and the associated temporary increase in population will 

result in increased demands on services and infrastructure within the Regional Municipality of Wood 

Buffalo. 

3 Operations-related employment and the associated increase in population will result in increased demands 

on services and infrastructure within communities in the Regional Municipality of Wood Buffalo. 

4 The social stability and quality of life of communities within the Regional Municipality of Wood Buffalo 

will be maintained as a result of the continued operation of the Suncor project, through development of the 

Steepbank Mine. 

5 The Steepbank Mine project will contribute to a loss in the traditional resource base of the Fort MacKay 

community and displace some traditional activities. 

6 The cumulative demands from the Suncor, Solv-Ex and Syncrude projects combined with the expected 

demands from existing populations within the Regional Municipality of Wood Buffalo will result in 

increased demands on local communities and affect the quality oflife of those communities. 

HUMAN HEALTH 

7 The health and well being of people who live, work or engage in recreational activities within the study area 

may be affected by changes to Athabasca and Steepbank River water quality caused by water releases 

resulting from extraction, processing and reclamation of oil sands from Suncor's existing and proposed 

mines. 

8 The health and well being of people who live, work or engage in recreational activities within the study area 

may be affected by air emissions resulting from extraction, processing and reclamation of oils sands from 

Suncor's existing or proposed mines. 

9 The health and well being of people who live, work or engage in recreational activities within the study area 

may be affected by cumulative exposure to chemicals associated with water and air emissions from Suncor's 

activities and other developments within the Regional Study Area. 

IO The health of people who in the future may occupy and/or use the land reclaimed from Suncor's Lease 

86/I7 and Steep bank Mine may be affected by release of chemicals from the reclaimed landscapes. 

II The health and safety of on-site workers may be affected by development and operations of the Steep bank 

Mine and related facilities. 

TERRESTRIAL 

I2 Valued Ecosystem Components in the Athabasca River valley could be affected by the development, 

operation and reclamation of the Steepbank Mine and Lease 86/I7. 
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113 Existing and future use of the area's landscapes could be limited by the development, operation and 

reclamation of the Steepbank Mine and Lease 86/17. 
--·-· --·- -

14 Visual integrity of the Athabasca River Valley could be affected by the development, operation and 

reclamation ofthe Steepbank Mine and Lease 86/17. 

15 Biodiversity could be affected by the development, operation and reclamation of the Steepbank Mine and 

Lease 86/17. 

16 Wetlands could be affected by Lease 86/17 and Steepbank Mine development and operation, including 

mine dewatering, changes to subsurface drainage, and reclamation release water. 

17 Air emissions from the Suncor operation could have an impact on vegetation and soils, as well as aquatic 

environments. 

WILDLIFE 

18 Mine development will result in changes in the availability and quality of wildlife habitat which will bring 

about a reduction in wildlife populations 

19 Disturbance associated with mechanical noise and human activity may result in reduced abundance of 

wildlife. 

20 Direct mortality of wildlife caused by mine development could result in reduced abundance of wildlife. 

?1 Mine development v:ill disrupt tl-te movement patterns of wildlife in the vicinity of the Steepbank iviine, 

I r· I thereby reducing access to important habitat or interfering with population mechanisms, resulting in 

decreased abundance of wildlife. 

22 Mine development could cause a reduction in wildlife resource use (hunting, trapping, non-consumption 

recreational use). 

23 Development of the Steepbank Mine could contribute to a loss of natural biodiversity. 

SURFACE AND GROUNDWATER RESOURCES 

24 Flows in the Athabasca and Steepbank Rivers could be significantly changed by mine development 

withdrawals for extraction, upgrading and/or reclamation. 

25 Ice jams, floods or other hydrological events could cause structure damage and flooding of facilities that 

will result in subsequent impacts to hydrological/aquatic systems and downstream uses. 

26 Navigation along the Athabasca River could be affected by bridge construction. 

27 Groundwater quality could be affected by contaminant migration from processing and extraction activities. 

AQUA TIC RESOURCES 

28 Construction, operational or reclamation activities might adversely affect aquatic habitat in the Steepbank 

River. 

29 Construction, operational or reclamation activities might adversely affect aquatic habitat in the Athabasca 

River. 
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30 Water releases associated with construction, operational or reclamation activities might adversely affect 

aquatic ecosystem health in the Athabasca or Steepbank Rivers. 

31 Water releases associated with construction, operational or reclamation activities might adversely·affect the 

quality of fish flesh. 

32 Construction, operational or reclamation activities might lead to changes in aquatic habitat and/or aquatic 

health which might result in a decline in fish abundance in the Athabasca or Steepbank Rivers. 

33 Construction, operational or reclamation activities might lead to changes in fish abundance or quality offish 

flesh which might result in a decreased use of the fish resource. 

34 Construction, operational or reclamation activities might cause changes in Athabasca River water quality 

which might limit downstream use of the water. 

AIR QUALITY 

35 Global climate change could be affected by increased release of greenhouse gases associated with 

production expansion related to the Steepbank Mine. 

HISTORICAL RESOURCES 

36 Significant archaeological, paleontological or historical resources could be affected by the development and 

operation of the Steepbank Mine. 
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and Steepbank River valleys), have an important role in traditional land use (e.g., are an important 

species for hunting), are rare (e.g., endangered species), or play a pivotal role in a food chain 

(e.g., snowshoe hares). Some VECs were chosen because of their economic or recreational 

importance and others because they can be early indicators of environmental stress (e.g., longnose 

suckers that have a high exposure to river sediments). The relevant Impact Analysis report in this 

series (Figure E2.0-2) details the VEC selection process. Depending on the subject, VEC selection 

was based on a combination of expert opinion, public concern and feasibility of study. 

Table E2.0-3 summarizes the VECs that were selected, and highlights the reasons they were chosen. 

2.2.2 Study Area Boundaries 

Choosing the right study area boundary is a balance. The larger the area selected, the greater the 

possibility that an impact will be judged to be of no concern because it is relatively small when 

considered against the background of a large area. Alternatively, the smaller the study area, the less 

opportunity there is to consider the context of the project's impacts within the region, and consider 

its relationship to the effects of other development activities in the area. This environmental 

assessment attempts to capture the advantages of both large and small study areas by undertaking 

investigations and presenting an analysis of impacts both within a relatively small Local Study Area, 

and within a relatively large Regional Study Area. 

The boundaries of the Regional Study Area (Figure E2.0-3) used for the terrestrial, wildlife and air 

quality assessments were developed in consultation with the public and Syncrude Canada Ltd. 

(Syncrude), to assess combined impacts for all of Suncor's and Syncrude's existing and proposed 

oil sands operations. The area is intended to be large enough to investigate the cumulative effects 

of major existing and proposed industries in the area. A number of criteria were considered in 

defining the boundary: 

• airshed - encompasses the maximum areal extent where vegetation could be impacted by 

sulphur dioxide (S02) concentrations; 

• watersheds - the entire drainage basin of the Steepbank and Muskeg Rivers, the majority of 

the MacKay River basin and portions of the Athabasca and Clearwater Rivers. By 
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TABLE E2.0-3 
SELECTED VECS AND RATIONALE FOR SELECTION 

Resource Vee Identified Rationale for Vee Selection .. 
Type 

Terrestrial riparian floodplain, - river valley identified as special feature in Integrated Resource Plan 

(Landforms, floodplain terrace - relatively rare in region, have high biodiversity on landscape and 

Soils, community levels, have high recreational importance and high 

Vegetation) traditional use values 

riparian escarpment - high wildlife habitat importance 

mature white spruce - important timber resource, limited distribution, high biodiversity at 

forests community and species levels, high recreational importance lllld high 

mature balsam poplar traditional use values, sensitive to pollution and physical disturbance 

forests 

jack pine/lichen -contains species of high traditional use importance (alder, blueberry), 

communities sensitive to pollution and disturbance, uncommon and high 

recreational importance 
.. 

riparian wetlands -contains species of high traditional use importance (alder, cattail, 

II I I bulrush, pond weed), high rare plant potential, sensitive to disturbance I and pollution, high biological diversity ~11d high recreational 

importance 

Wildlife moose - high economic, recreational, ecological importance and traditional 

use 

woodland caribou -high provincial and COSEWIC" status 

black bear - commercial, recreational and ecological importance 

timber wolf - high ecological importance, commercial importance and provincial 

status 

marten - high commercial and ecological importance 

fisher - high commercial and ecological importance, provincial status 

wolverine - high provincial and national status 

lynx - high provincial status, commercial and ecological importance 

beaver - high economic and ecological importance 

river otter - provincial status, commercial and recreational importance 

red-backed vole - important prey species 

snowshoe hare - ecological importance 

waterfowl - habitat indicator 
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Resource Vee Identified Rationale for Vee Selection 

Type 

whooping crane - COSEWIC, provincial status 
.. 

bald eagle - provincial status, recreational and ecological importance 

Wildlife osprey - provincial status, recreational and ecological importance 

(continued) 

great gray owl - COSEWIC and provincial status, ecological importance 

terrestrial songbirds - recreational and ecological importance 

ruffed grouse - economic, recreational and ecological importance 

Aquatic walleye (Athabasca) - resident, subsistence, commercial and recreational importance, 

feasible to study 

longnose sucker -resident, feasible to study, and indicates sediment exposure 

(Athabasca) 

goldeye (Athabasca) - resident, subsistence importance and feasible to study 

longnose sucker - resident, feasible to study 

(Steepbank) 

• COSEWIC: Committee on the Status of Endangered Wildlife in Canada 

delineating boundaries on the basis of watersheds, hydrologic patterns and processes can be 

consistently described; and 

• landscapes (ecological land classification criteria) - by considering ecological boundaries, 

the cumulative effects assessment can assess homogeneous landscape areas with similar 

climatic, landform, soil, vegetation and wildlife habitat characteristics. 

For socio-economic considerations, study areas were based on political jurisdictions for the Regional 

Municipality of Wood Buffalo, provincial and national boundaries. The Human Health review 

investigated the project's potential effects on human health, and was not limited by geographic 

extent. 

Industries that were included as part of the cumulative effects analysis of environmental effects 

within the region are: 

• Syncrude Canada Ltd. - existing Mildred Lake Oil Sands facility and proposed expansion 

for a new oil sands surface mine development called the Aurora Mine (Figure E2.0-3); 
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Solv-Ex - a mine and processing facility to extract both mineral and crude oil from oil 

sands, located adjacent to the Athabasca River, north of the proposed Aurora mine site; and 

Alberta Pacific Forest Industries Inc. (Alpac) and Northland Forest Products Ltd. 

(Northland) forestry operations - timber harvesting throughout the region. 

A general Local Study Area was also defined (Figure E2.0-4), where the potential effects of the 

Suncor Steepbank project's activities were addressed in detail. This study area was originally 

defined by the area encompassing all the Suncor leases which were being considered for 

development. Within this Locai Study Area, each discipiine's investigations focused on locations 

that were most relevant to the resource under review. The Impact Analysis reports explain their site

specific study areas and analyses approaches. In some cases, detailed investigations were carried 

out beyond the EIA' s Local Study Area as a component of other elements of Steep bank development 

program. For example, hydrogeology (i.e., groundwater) was extensively studied on the west side 

of the Athabasca River as a component of the Conservation and Reclamation component of this 

Application (see Section D3.0). 

2.2.3 Temporal Bmmda:ries 

In general, 1995 existing conditions formed the baseline ofthe environmental assessment, although 

in some instances past circumstances have been considered to provide a basis for comparison and 

to help establish trends. The project will continue for some time into the future, so the following 

study intervals were defined: 

" the existing baseline condition (i.e., 1995); 

" the time period associated with construction of mine infrastructure for the Steep bank Mine 

(i.e., 1997 - 2000); 

" general operations and mine advance (i.e., from 2000- 2020); and 

" mine closure- the probable conditions when post-mining reclamation is expected to achieve 

a biological productivity and successional pattern equivalent to the surrounding natural 

landscapes. 

Time periods being reported vary in some of the discipline reports to accommodate discipline

specific issues. 
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4.0 HUMAN HEALTH ASSESSMENT 

4.1 BACKGROUND 

Suncor considers that protection of the health and safety of its workers, its neighbours, and future 

users of the landscapes is a high priority. As a result, aggressive measures to reduce the sources of 

potentially harmful emissions have been and are being implemented throughout the Suncor facility. 

Extensive monitoring related to worker exposure and ambient air quality is part of Suncor' s regular 

monitoring program. Quality of direct water discharges to the Athabasca River and groundwater 

seepage is also carefully monitored. To measure the potential effects of air emissions on people who 

live in the area, Suncor is a sponsor and active participant in the Alberta Oil Sands Community 

Exposure and Health Effects Assessment Program (Regional Community Health study), which is 

designed to provide a baseline for area residents with respect to air quality. 

4.2 SUMMARY OF ASSESSMENT RESULTS 

Investigations about the potential impacts of the Steepbank project focused on five concerns that 

were expressed as Impact Hypotheses (Table E2.0-2). Each of the hypotheses is discussed briefly 

below. A more complete discussion of the impact analysis and baseline information is available in 

Impact Analysis of Human Health Issues Associated with the Steepbank Mine (Golder 1996h) as 

well as a series of background reports (Figure E2.0-2). 

Hypothesis 7 The health and well being of people who live, work or engage in recreational 

activities within the study area may be affected by changes to Athabasca and 

Steepbank River water quality caused by water releases resulting from extraction, 

processing and reclamation of oil sands from Suncor's existing and proposed 

mines. 

Assessment: Based on a detailed analysis which quantified the impacts of water releases on people 

who might use the Athabasca River, it was concluded that water releases associated with Suncor's 

existing or future operations are safe. Therefore, the degree of concern has been rated as low. 
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Hypothesis 8 The health and well being of people who live, work or engage in recreational activities 

within the study area may be affected by air emissions resulting from extraction, 

processing and reclamation of oil sands from Suncor's existing or prop08ed mines. 

Assessment: There are no studies that indicate the health of people within the study area is affected by 

current air emissions. The Regional Community Health Study is being initiated to further investigate the 

issue. Changes in plant operations and the subsequent reduction in both fugitive and operational 

emissions will further reduce the potential for human exposure to air emissions. The degree of concern 

has been rated as iow. 

Hypothesis 9 The health and well being of people who live, work or engage in recreational activities 

within the study area may be affected by cumulative exposure to chemicals associated 

with water and air emissions from Suncor's activities and other developments within 

the Regional Study Area. 

Assessment: There is a low potential that the health and well being of people is, or will be, affected by 

the combined effects of current or future air and water emissions. The degree of concern has been rated 

as low. 

Hypothesis 10 The health of people who in the future may occupy and/or use the land reclaimed 

from Suncor's Lease 86117 and Steepbank Mine may be affected by release of 

chemicals from the reclaimed landscapes. 

Assessment: The degree of concern with respect to future use of reclaimed landscapes has been rated as 

moderate. Future land users could potentially be affected by eating plants with elevated metal 

concentrations. Nevertheless, concerns associated with that exposure pathway can be mitigated by 

placing a sufficient capping layer over the CT. Ongoing laboratory and field studies will provide 

additional information to clarify this issue and to provide direction for reclamation planning. 
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Hypothesis 11 The health and safety of on-site workers may he affected by development and 

operations of the Steep hank Mine and related facilities. 

Assessment: Suncor's current operations meet all local, provincial and federal rules and regulations for 

protection of worker safety and health. Proactive occupational health and safety surveillance will continue 

to assist in maintaining a healthy work environment. Therefore, degree of concern has been rated as nil, 

with no negative change relative to existing conditions. 

4.3 DESCRIPTION OF ASSESSMENT 

Most potential health issues related to an industrial project like an oil sands plant pertain directly or 

indirectly to contamination of air, water or food. The health impact analysis addressed: 

• water emissions, 

• air emissions, 

• exposure to combined air and water emissions (i.e., cumulative impacts), 

• safety of reclaimed landscapes, and 

• workplace safety. 

4.3.1 Water Emissions 

Suncor discharges water from the operating mine and ftxed plants (operational releases) and from the 

reclaimed landscapes(reclamation releases). The Steepbank River will not be receiving any operational 

water releases, and minimal amounts of reclamation waters, so potential impacts on water quality from 

release of operational and reclamation waters are restricted to the Athabasca River. Operational waters 

discharged from outfalls as a result of mine operations include mine drainage water, cooling water and 

discharge from the upgrader and utilities plant. Reclamation water releases are not confmed to specific 

discharge points and will be released for long periods of time after mine operations have been completed. 

Water draining from consolidated tailings is expected to be a key contributor to reclamation water in the 

future. 

A detailed assessment was conducted to determine which chemicals associated with operational and 

reclamation water releases might impact people's health, either now or in the future. This included 

examining all the ways that people using the Athabasca River, immediately downstream of Suncor' s 

operations, might be exposed to these chemicals, including drinking water, eating ftsh and swimming. 
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The first step in the health assessment was to screen chemicals associated with either existing or future 

water releases to identify those that are of potential concern to human health. The screening process 

compared the maximum concentrations of chemicals measured in release waters against: (1) health-based 

screening criteria, such as those available :from Health Canada; and (2) concentrations that occur naturally 

within regional surface water bodies. Chemicals for which concentrations exceeded both the screening 

criteria and background levels included benzo(a)pyrene and benoz(a)anthracene (polycyclic aromatic 

hydrocarbons), naphthenic acids (a group of organic acids), and the trace elements molybdenum and 

vanadium. All of these chemicals, which are natural components of oil sands, were assessed in detail 

to determine potential health impacts that might be caused by their release. 

Two scenarios were considered in the health impact assessment: one in which people were assumed to 

occasionally drink untreated water from the river while boating, fishing, camping or pursuing other 

activities on or near the river, and the other in which people used the river for swimming. In the latter 

case, they would be exposed to chemicals in the river via accidental ingestion of water and via absorption 

through the skin. Potential health impacts on both children and adults were evaluated for existing 

conditions and for future water release scenarios (Years 2000, 2010, 2020 and long-term). It was 

assumed that these exposure scenarios would occur at a site immediately downstream of Suncor' s 

operations along the west bank of the river, where chemical concentrations related to Suncor's water 

releases would be highest. Concentrations decrease substantially further downstream or near the other 

bank. Hence, the scenarios assessed a worst-case condition with respect to the amount of chemical that 

a person might receive by drinking untreated river water or swimming in the river. 

A quantitative health assessment was performed for the chemicals and scenarios discussed above. The 

amount of chemical that a person might receive (uptake rate) by drinking river water and swimming in 

the river was estimated according to Health Canada protocols. The predicted uptake rate for each 

chemical and scenario was then compared to a reference level that protects the health of the most sensitive 

h1dividual within a population. If the predicted uptake rate is lower than the reference level, then there 

is no potential for health impacts associated with the exposure scenario. Cases where the predicted 

uptake rate is higher than the reference level do not necessarily indicate that adverse health effects will 

occur; rather they indicate that the scenario poses a potential concern and requires further investigation. 

Multiple protective (conservative) assumptions were incorporated into the analysis so that the predicted 

uptake rate over-estimates that which would actually occur. The results of this analysis showed that even 

when very conservative assumptions were used, benzo(a)anthracene, benzo(a)pyrene, molybdenum and 
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vanadium do not pose a potential to affect human health. There was, however, insufficient toxicological 

information to conduct a quantitative assessment for naphthenic acids. Naphthenic acids are a group of 

complex organic chemicals that occur naturally in all petroleum deposits, including oil sands. It is 

unlikely that naphthenic acids pose a significant health risk since concentrations within the Athabasca 

River downstream of Suncor are even lower than occur naturally in other water bodies such as the 

Steepbank River or Clearwater River. Nonetheless, a study is being designed to collect the additional 

information necessary to better evaluate potential health impacts from exposure to this group of 

chemicals. 

A similar screening process was performed to identifY whether the water releases might result in elevated 

chemical levels in fish within the Athabasca River and whether eating these fish might affect people's 

health. No chemicals of concern were identified that were associated with Suncor's release waters. 

Mercury levels in fish tissue were measured at levels that may be of concern to fish consumers, although 

the elevated mercury levels appear to be derived from natural sources and are not related to Suncor' s 

water emissions. 

Accidental releases (spills) are another avenue through which water emissions might affect river water 

quality. However, a number of measures have been put into place to minimize the likelihood of an 

accidental release, reduce the severity of any such releases and, fmally, minimize effects through spill 

containment and clean-up. In the more than 30 years of operations, Suncor has maintained the stability 

of structures such as tailing dykes, waste dumps and other facilities. These design and safe operating 

conditions have been supported by an extensive monitoring program and reviewed by independent review 

boards and regulatory agencies. In the event of an accidental release, Suncor's Environmental 

Management Plan provides a protocol for dealing with these events. Suncor has a fully trained in-house 

emergency response team and specialized equipment for handling oil spills and other emergency events. 

Mutual aid agreements with the Regional Municipality of Wood Buffalo and Syncrude provide 

immediate additional backup should it be necessary. 

In summary, based on the analysis discussed above one can conclude that the health and well being of 

people who might use the Athabasca River downstream of the Suncor site, are very unlikely to be 

affected by water releases associated with Suncor' s existing or future operations. 
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4.3.2 Air Emissions 

Some types of air emissions associated with the operation and reclamation of the Steep bank Mine project 

are of interest from a human health perspective: Volatile Organic Compounds (VOCs), particulates and 

sulphur oxides (So,J. These emissions are released through plant stacks and flares, mining activities and 

fugitive emissions from settling basins and treatment ponds, and plant leaks. Recent facility 

improvements have, or will, significantly reduce VOC and SOx emissions. Particulate emissions will 

also be further reduced in 1996 when the Flue Gas Desulphurization (FGD) unit becomes operational. 

Air emissions from Suncor's existing and future operations have and will resuit in changes to off-site air 

quality. However, indirect evidence from on-site VOC and polycyclic aromatic hydrocarbons (PAH) air 

monitoring data suggest that it is unlikely that off-site concentrations of these chemicals are high enough 

to affect health of area residents. In addition, the process changes, upgrades and control systems currently 

being installed or planned for installation as part of the Fixed Plant Expansion are reducing emissions and 

will continue to improve air quality. These changes will reduce people's potential exposure to air 

emissions and therefore reduce the likelihood that impacts could occur. Consequently, there is a low 

degree of concern that emissions from Suncor will affect the health of people living in the surrounding 

communities. Additional information is being gathered to assist in confrrming these conclusions. 

4.3.3 Combined Exposure to Air and Water Emissions 

Combined exposure to chemicals in air and water emissions (i.e., cumulative impacts) from Suncor's 

developments and other existing and proposed developments in the region were assessed to determine 

potential effects to the health of people in the region. As noted above, it is unlikely that concentrations 

of VOCs in air at off-site locations are present at levels that pose a health hazard. Concentrations of 

VOCs in water emissions are also low and these chemicals do not bioaccumulate in fish tissue. Thus, it 

is unlikely that the cumulative exposures to VOCs from breathing air, drinking or swimming in river 

water and eating fish from the river will affect people's health, even for people who might live, work or 

engage in recreational activities adjacent to Suncor' s leases. 

The potential for health impacts from cumulative exposure will likely be restricted to those chemicals 

associated with air-borne particulate matter which might also be present in Suncor's water emissions. 

Of primary interest are P AHs and metals. Chemical-specific air quality data are required for off-site 

monitoring locations before health risks from multiple exposure can be quantified. However, given the 

extremely low risks calculated for water-based exposure to these chemicals, and probable low risks 
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associated with air-based exposures, the potential for health impacts caused by multiple exposure 

pathways for these chemicals is low. 

Naphthenic acids are considered non-volatile, so inhalation of air vapours is probably an insignificant 

pathway for this group of chemicals. In addition, they are present as highly soluble sodium salts and so 

are unlikely to be stored in fish flesh or be present in high concentrations in soils. Therefore, exposure 

via ingestion of fish flesh or inhalation of dust particles is not expected to be important off-site exposure 

pathways for this group of chemicals. 

Additional information is being gathered to assist in quantifying this conclusion about lack of off-site 

impacts through initiatives such as the Regional Community Health Study and monitoring done under 

the review of the Regional Air Quality Coordinating Committee. 

4.3.4 Reclaimed Landscapes 

After mining is completed, the disturbed areas will be reclaimed with consolidated tailings (CT), 

overburden and tailings sand. This process consists of backfilling of the mine pits with fluid tailings from 

the extraction process. Over a period of a few years, water will drain from the deposits, leaving a solid, 

sandy-textured material. The deposits will then be blanketed with a covering of soil material and 

revegetated. This is a new technology requiring further investigation of the potential health effects on 

people who use these areas in the future. 

A preliminary assessment has been conducted to determine if the reclaimed sites will be safe for use by 

people. All the ways in which people using the reclaimed landscape might be exposed to chemicals 

(drinking water, eating food and accidental consumption of soil) were assessed. 

As was done for the investigation of water emissions, a methodological, step-wise screening process was 

followed to identify which chemicals associated with consolidated tailings deposits require further 

investigation. Chemicals identified in the screening process included benzo(a)anthracene, benzo(a)pyrene, 

naphthenic acids, copper, manganese and molybdenum. All of these chemicals are natural components 

of oil sands. 

The health assessment investigated a scenario in which a person lives on or near the reclaimed landscape 

throughout the year, gets much of his or her food from hunting, trapping and gathering and uses the 

Athabasca River as the primary source of drinking water. 
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A quantitative health assessment was performed for the chemicals and scenario discussed above. The 

amount of chemical that a person might receive (uptake rate) by drinking river water and eating wild 

game and plants harvested from the reclaimed landscape was estimated according to Health Canada 

protocols. The predicted uptake rate for each chemical and scenario was then compared to a reference 

level that protects the health of the most sensitive individual within a population. 

The results of this preliminary health assessment suggest that, with the possible exception of consuming 

large amounts of plants from the site over a long time period, using the site poses little risk to human 

health. Consuming plants was identified as a potential concern because one of the conservative 

assumptions included in the assessment was that plants would be grown directly on CT. However, 

potential uptake from this pathway will be greatly reduced or eliminated once a capping layer is applied 

over the CT. Nonetheless, this is a potential exposure pathway that requires additional scrutiny. Suncor 

will address this issue, by constructing a demonstration-scaleconsolidated tailingsreclamation landscape 

to monitor plant uptake of chemicals. 

4.3.5 Worker Safety 

Suncor's current operations meet all local, Provincial and Federal rules and regulations for protection of 

worker safety and health. Suncor's engineering and loss management systems assess health and safety 

risks of proposed changes or additions to its plant and mine operations. This will continue to be applied 

as the project advances into the detailed engineering phase. 

The objective of the current industrial hygiene program is to understand hazards and risks and protect 

workers from exposures. This will remain so as the mining shifts from Lease 86/17 to the Steepbank 

Mine. Emerging issues, such as a reduction in any current permissible exposure level or physical hazard 

standard, will be dealt with when and if new regulations are issued. Proactive occupational health and 

safety surveillance will assist in maintaining a healthy and productive workforce. 

4.4 ENVIRONMENTAL MONITORING 

In addition to Suncor's intensive on-going environmental monitoring program, a number of other studies 

have been initiated to provide information to help confirm the conclusions of this assessment. These 

include: 
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" collection of information to quantifY off-site health impacts associated with air emissions through 

the Regional Air Quality Coordinating Committee; 

" expansion of the toxicological information base for naphthenic acids; 

" implementation of a demonstration-scale test of CT reclamation, including monitoring of air 

emissions and chemical uptake by plants; and 

" testing of wastewater effluent for toxicity and fish tainting. 

Suncor is also a sponsor and active participant in a regional community health study being led by Alberta 

Health. The information will be used to establish a baseline for health status for the Fort McMurray 

community for air quality, as well as to determine the relative contribution to exposure of indoor (in

home), outdoor (environmental) and occupational environments. 
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5.0 TERRESTRIAL RESOURCES ASSESSMENT 

LANDFORMS, SOILS AND VEGETATION) 

5.1 BASELINE CONDIDON 

Section E5.0 

(GEOLOGY, 

Terrestrial resources were classified using an Ecological Land Classification approach. Mapping of 

terrestrial resources was based on a combination of satellite imagery, air photography mapping, site visits 

to classify resources into mappable units, and data storage and manipulation in a computer-based 

Geographic Information System (GIS). 

There are a variety oflandforms in the Local Study Area (Figure ES.0-1). The Riparian Floodplain and 

Riparian River Terraces form the Athabasca and Steepbank River bottoms. The Riparian Escarpment 

consists of the slopes that rise from the valley bottoms of the Athabasca and Steep bank River valley to 

the upland plains. The Midland and Midland Drainage landforms occur primarily on the west side of the 

Athabasca River, and form gently undulating plains and depressions which mark old meltwater channels 

from ancient rivers. The Upland landform, which is the most common within the Local Study Area, is 

nearly level, and supports extensive areas of peatlands. The Highland landform type in the Local Study 

Area is located only on the east side of the Athabasca River. 

In the Local Study Area, organic soils predominate, primarily Mesisols ( 65% ), reflecting the high water 

table of the area. Luvisolic soils are widespread on morainal deposits (20% ), with a variety of other soil 

types occurring throughout the remainder of the Local Study Area. 

The Regional and Local study areas are located within the Mid Boreal Mixedwood Ecoregion. The 

vegetation types that occur within the Local Study Area are typical of the region. Table E5 .0-1 describes 

the key characteristics of those vegetation communities. Each type reflects the exposure, moisture 

conditions, soils topography, and other factors that affect the site specific microclimatic conditions. In 

addition, vegetation naturally changes over time, with vegetation communities maturing through time 

from those that colonize immediately following a disturbance (e.g., fire or flood), to mature deciduous 

or coniferous forests. 
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I 

TABLE E5.0-1 
CHARACTERISTICS OF VEGETATION TYPES FOUND WITHIN THE SUNCOR 

LOCAL STUDY AREA 

I 
. 

Vegetation type Characteristics 

closed jack pine jack pine/green alder/ bluebeny/caribou lichen on well drained 
escarpment slopes and till deposits 

dosed white spruce white spruce/aspen or balsam poplar/balsam fir/green 
alder/herbs/feathermoss found predominantly on floodplain, 
escarpment slopes and along drainages 

closed deciduous forest aspen/green alder and aspen balsam poplar on escarpments and upland 
balsam poplar/willow on floodplain 

closed mixed-wood aspen-white spruce-black spruce-jack pine and tamarack combinations; 
found in transitional areas between wetland and upland conditions 

closed mixed black spruce-jack pine-white spruce-Labrador tea/feathermoss; found 
coniferous, black spruce on edges of bogs and till; prevalent above upper edge of escarpments 
dominant slopes. 

peatland: closed black black spruce/Labrador tea/sphagnum moss; most common in upland on 
spruce bog poorly drained, organic soils; multi-structural stands 

peatland: black spruce- black spruce-tamarack/bog birch/Labrador tea/sphagnum moss/sedges; 
tamarack fen common in upland along drainages where conditions are transitional 

between fen and bog types 

closed mixedwood, white spruce/aspen-jack pine, black spruce/Canada buffalobeny-
white spruce dominant Labrador tea/feathermoss; typically a mid to late successional stage 

from aspen or balsam poplar to white spruce 

peatland: open black open black spruce/Labrador tea/sphagnum moss; stands typically open 
spruce bog and of low stature; on poorly drained organics 

peatland: open tamarack open tamarack/bog birch/sedge/golden moss; found where slow 
fen drainage occurs creating saturated organic soils of moderate pH and 

high nutrient regime 

wetlands shrub complex willow-green alder(bog birch)/bluejoint-sedges/marsh cinquefoil- water 
hemlock; found on edges or backwater marshes and beaver ponds 

disturbed herb-grass disturbed herb-grass dominated communities on sandbars, recent 
cutblocks, steep, eroding escarpment slopes and revegetated areas of 
Tar Island Dyke 

wetlands open water - marshes of backwater ponds of Athabasca River and beaver ponds; 
emergent vegetation dominated by aquatic species such as pond weed, yellow pond lily, 
zone cattail, bluejoint and sedges 

I 



Steepbank Mine Project Application -42- Section E5.0 

Figure ES.0-2 illustrates the general distribution of vegetation types throughout the Regional Study Area. 

Figure ES.0-3 displays the vegetation distribution within the Local Study Area, at a more detailed scale. 

Almost 2,700 ha of the Local Study Area is currently disturbed by development of Lease 86/17, with 

some of this area in early to mid stages of reclamation. In the river valley area, closed shrub, deciduous, 

mixedwood and white spruce forests are common. In the upland landforms where much of the mining 

will take place, peatlands of open tamarack fens and black spruce bogs predominate. 

A survey for rare and uncommon plants within the Local Study Area identified small numbers of rare 

plants and, with the exception of the regionally uncommon round-leaved sundew, none were found within 

the proposed mine footprint. To compensate for the difficulty of actually fmding rare plants, areas within 

the Local Study Area with a high potential for harbouring rare plants were identified. Those areas are the 

closed jack pine, closed white spruce, peatland, wetland closed shrub complex and wetland open water

emergent vegetation zone communities. ("Closed" vegetation communities refer to vegetation types 

which have more than 70% canopy coverage; "open" communities are vegetation types with more 

scattered coverage of the dominant species.) 

5.2 SUMMARY OF ASSESSMENT RESULTS 

Key issues relating to the potential for the project to affect terrestrial resources were identified in a series 

of Impact Hypotheses (Table E2.0-2). Each of the hypotheses is discussed briefly below. A more 

complete discussion of the impact analysis and baseline information is available in Impact Analysis of 

Terrestrial Resources Associated with the Steepbank Mine (Golder 1996e}, as well as a series of 

background reports (Figure E2.0-2). 

Hypothesis 12 Valued Ecosystem Components in the Athahasca River valley could be affected by the 

development, operation and reclamation of the Steepbank Mine and Lease 86117. 

Assessment: Within the context of the Local Study Area, effects to Valued Ecosystem Components in 

the Athabasca River valley will be of moderate severity during construction and operations, and in the 

long-term decrease to low severity. Within the regional context, impacts will be of low severity. 
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Hypothesis 13 Existing and future use of the area's landscapes could be limited by the development, 

operation and reclamation of the Steepbank Mine and Lease 86117. 

Assessment: During the period of mine development and operations, effects to land use options within 

the Local Study Area will be of moderate severity, with a low effect regionally. Over the long-term, land 

use options will be increased, with an overall positive effect within the Local Study Area. 

Hypothesis 14 VISual integrity of the Athabasca River valley could be affected by the development, 

operation and reclamation of the Steepbank Mine and Lease 86117. 

Assessment: Effects to the visual integrity of the Athabasca River Valley will be moderate and local 

throughout construction and operational phases. Following closure, effects will be low but of long-term 

duration until revegetation re-establishes the river valley appearance. 

Hypothesis 15 Biodiversity could be affected by the development, operation and reclamation of the 

Steephank Mine and Lease 86117. 

Assessment: Impacts to biodiversity will be low during mine construction, increasing to moderate 

severity within the Local Study Area during mine operations. In the long term, effects should be low due 

to reclamation. Within the context of the Regional Study Area, effects to biodiversity will be low. 

Hypothesis 16 Wetlands could he affected by Lease 86117 and Steepbank Mine development and 

operation, including mine dewatering, changes to subsuiface drainage and 

reclamation release water. 

Assessment: During construction, impacts to wetlands will be of low severity. During mine operations, 

impact severity will increase to moderate within the Local Study Area, although it will remain of low 

severity within the Regional context. Reclamation will result in an overall long-term increase in wetlands. 

Hypothesis 17 Air emis.<>ions from the Suncor operation could have an impact on vegetation and 

soils, as well as aquatic environments. 

Assessment: Significant reductions in Suncor's S02 emissions will reduce potential effects to soils, 

vegetation and aquatic habitats in the area. 
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5.3 DISCUSSION OF ASSESSMENT 

Development and operation of the Steepbank Mine will create changes to terrestrial resources within the 

Local Study Area. Below is a brief discussion of those anticipated changes, and the measures Suncor will 

implement to minimize the impacts which could occur. 

Figure ES.0-4 illustrates the linkages between mine development and operations and the ultimate 

reclamation of terrestrial resources. Direct effects on terrestrial resources will result from mine 

preparation and facility construction, associated surface disturbances, mine dewatering and mining 

operations. Vegetation and soils may also be affected indirectly by air emissions from plant operation. 

Table ES.0-2 presents data showing the net vegetation balance for the Lease 86/17 and Steepbank Mine 

project. The data illustrates that as the mine advances on the east side of the Athabasca River, 

reclamation is proceeding on Lease 86/17. By 2020, the mine will be advanced to its maximum extent. 

At that time, almost 2,000 ha of peatlands will be disturbed, almost 700 ha of closed deciduous forest will 

be affected, and about 200 ha each of closed jack pine and closed white spruce will be lost. The long term 

reclamation objective is to restore the disturbed landscapes to a level of biodiversity and biological 

productivity equivalent to natural conditions. Over the long-term, vegetation associations will be re

established on the disturbed areas, with somewhat more closed deciduous and mixedwood forests than 

existing conditions, somewhat less peatland, and significantly less disturbed area than the Baseline ( 1995), 

reflecting the reclamation of Lease 86117. 

Table ES.0-3 presents data which illustrates the vegetation impacts associated with Suncor's Steepbank 

Mine development in the context of other activities within the Regional Study Area. 

To the extent possible, the mine and facilities design has attempted to minimize terrestrial impacts. The 

Steepbank River will be avoided, with no disturbance to the Steepbank's valley and escarpment slopes. 

The mine plan minimizes the extent of disturbance at any one time, and maximizes the opportunities for 

effective reclamation after mining is complete. Facilities will be set back from the Athabasca River 

wherever possible so that a vegetation buffer can be maintained. 
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TABLE ES.0-3 CUMULATIVE VEGETATION IMPACT ASSESSMENT, YEAR 2020 RELATIVE TO 1995 BASELINE 

ELC Vegetatlon/Landuse Class Total Coverage Area (ha) Sync rude ALPAC& cumulative Percentage 

1995 Baseline 2020 Suncor Mildred UAurora Sol v-Ex NORTHLAND$" Loss/Gain (ha) of 1995 Baseline 

Closed Jack Pine 29119 26551 ·224 ·587 -26 -1731 -2568 -9 

Closed White Spruce 43728 23151 -178 349 -3 -20745 -20577 -47 

Closed Deciduous Forest 78738 95640 -673 -2266 -32 19873 16902 21 

Closed Mixedwood 62530 60383 566 -183 -3 -2527 -2147 -3 

Closed Mixed Coniferous, Black Spruce Dominant 86949 82409 -111 -3750 0 -679 -4540 -5 

Peatland: Closed Black Spruce Bog 42494 38513 -391 -2771 -190 -629 -3981 -9 

Peatland: Black Spruce-Tamarack Fen 50720 48882 -827 -1011 0 0 -1838 -4 

Closed Mixedwood, White Spruce Dominant 129594 110858 355 -1895 -3 -17193 -18736 -14 

Peatland: Open Black Spruce Bog 80554 79030 -755 -769 0 0 -1524 -2 

Peatland: Open Tamarack Fen 57951 57315 -24 -575 -37 0 -636 -1 

Peatland: Shrub Dominated Fen/Patterned Fen 58751 53654 0 -5097 0 0 -5097 -9 

Wetland Closed Shrub Complex 214209 209557 -87 -4465 0 0 -4552 -2 

Disturbed/Herb, Grass and Crop Tree Regeneration 18073 54477 1794 10684 295 23631 36404 201 

Industrial/Sparsely-Vegetated b 10387 23394 587 12421 -1 0 13007 125 

Wetland Open Water - Emergent Vegetation Zone 13502 13384 -32 -85 0 0 -117 -1 

Urban Areas 2109 2109 0 0 0 0 0 0 

Net Total Area 979408 979407 0 0 0 0 0 ' n/a 

• Areas Harvested by ALPAC and Northlands return rapidly to a forest cover type, however, to qualify for a forest cover type, crown closure was set at 70%, which lakes decades for seedlings to achieve. 

b Includes industrial areas and tailings ponds. 
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During construction and operational phases of the Steepbank Mine, terrestrial impacts will be minimized 

through implementation of erosion control measures, winter construction of sections of the west 

overburden dump, and where possible, direct placement of salvaged soils onto reclamation &ites. 

Despite design and operational mitigations, surface mining of oil sands will create terrain impacts. Suncor 

will restore disturbed areas to biologically diverse and productive landscapes through the application of 

dry landscape reclamation technology for both the area to be disturbed by the Steepbank Mine, as well 

as areas previously disturbed on Lease 86117. This includes reclamation of existing tailings ponds. A 

major advance in reclamation technoiogy has been the development of the Consolidated Tailings 

technology, which will allow the mined areas to be reclaimed to "dry" landscapes capable of supporting 

a wide variety of end land uses. These "dry" landscapes allow for a mixture of meadow/forest and 

wetlands areas, in contrast to an alternative reclamation strategy of developing water-capped fme tails 

ponds. As well, drainage patterns will be re-established, and flows adjusted into the Shipyard Lake 

wetlands to maintain its habitat values. Section D 3.0, presented earlier in this application, discusses the 

plans for reclamation of the existing Lease 86/17 and the Steepbank Mine site. 

5.3.1 VEC Analysis 

The Athabasca River and Steepbank River valleys were selected for a focused investigation of impactc:; 

because of the area's special status within the Integrated Resource Plan (Alberta Environmental 

Protection 1995). The landforms comprising the river valleys - riparian floodplain, floodplain terraces and 

riparian escarpments- were all identified as Valued Ecosystem Components (VECs) (Figure ES.0-3). 

In addition to la.11dforms, a number of vegetation types were also selected as VECs because they contained 

individual species of special interest (e.g., species such as blueberry and alder which are important for 

traditional use), were highly diverse, rare, or possessed other significant characteristics. Vegetation types 

selected as VECs are: 

.. mature white spruce forests, 

.. mature balsam poplar forests, 

.. jack pine-lichen communities, and 

., riparian wetlands. 

Mine development will impact about 1,600 ha of the Athabasca Valley landforms which have been 

identified as VECs. This is about 20% of the landform type that occurs within the Local Study Area. The 
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impact is considered of long-term duration because landforms are not fully restorable. They will be 

replaced by overburden dykes which will be revegetated as part of the reclamation program. 

VEC vegetation types are also affected. Within the Local Study Area, 180 Ha (5%) ofthe mature white 

spruce forests will be impacted. Throughout the Regional Study Area, approximately 50% of closed 

white spruce forests will be harvested as part of forestry operations. About 160 ha (26% within the Local 

Study Area) of jack pine-lichen communities will be impacted by mine development. Within the Region, 

cumulative effects of all industries on closed jack pine will be approximately 2600 ha (9% ). The 

remaining two vegetation VECs, mature balsam poplar forests and riparian wetlands, will be affected to 

a moderate degree within the Local Study Area (comparable data are not available on a Regional basis). 

Approximately 10 ha (7%) of balsam poplar forest will be lost, and 4 7 ha ( 6%) of riparian wetlands will 

be affected, mostly associated with the development of the west overburden dump near Shipyard Lake 

(Figure E5.0-6). Reclamation will restore a diversity of vegetation types (Figure E5.0-7), although mature 

forests and riparian wetlands will not be restored within 30 years of mine closure, hence the effects are 

considered long-term. 

Landscape reclamation will mitigate river valley and escarpment disturbance by providing a variety of 

reclaimed landscape types and a variety of vegetation successional types. Future land use options will 

increase following completion of mining activities and progression of reclamation. Specifically, the long

term replacement and overall increase in the cover of mixedwood, mixedwood white spruce dominant, 

wetlands closed shrub and wetland open water/emergent vegetation habitats is considered to be a net 

benefit. These vegetation communities are of high habitat importance to many wildlife species, and the 

forestry types have a high economic potential. 

5.3.2 Visual Impacts 

The visual integrity of the Athabasca River, as viewed by travellers along the river, is one of the 

Integrated Resource Plan's concerns (Alberta Environmental Protection 1995). By retaining treed buffers 

and setting facilities back from the river shore, the visual impact of the mine infrastructure-- buildings, 

roads and equipment-- will be minimized. The structures (e.g., buildings) will be relocated out of the 

river valley by 2030, and will no longer be visible from the river. Dykes and other earthworks will have 

a somewhat longer term impact, although once revegetated will appear as part of the natural landscape 

to most observers. The bridge will be the most noticeable visual effect to most observers however, 
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because it is not unique along the river and is adjacent to a pre-existing industrial facility its visual effect 

is of moderate severity. 

5.3.3 Biodiversity 

Biodiversity was investigated at three levels: landscape biodiversity, vegetation community types and 

species biodiversity. 

At the landscape level, the Athabasca Valley landforms - floodplain, terraces and escarpment - and the 

uplai1ds were considered to have high landscape diversity. Impacts to the Athabasca VaHey landforms 

from mine development will be about 20% or less. Over the course of mine development, 1 700 hectares 

of the upland landform will be lost, which is about 10% of this landform within the Local Study Area. 

At the community level, consideration of biodiversity focused on vegetation communities that were 

uncommon or possessed important ecological characteristics. Mature white spruce and balsam poplar 

forests, open water and closed shrub wetlands and tamarack fens were identified. Mine development will 

result in a loss of 5% of the mature white spruce forests, 7% loss of mature balsam poplar forests and 

impacts to 6% of riparian wetlands. All are considered to be oflow concern within the Local Study Area. 

At a species level, concerns relate to impacts to communities that have a moderate to high potential for 

rare or uncommon plants. Habitats with a high rare plant potential are black spruce bogs, tamarack fens, 

jack pine forests and open water/emergent vegetation wetlands and the riparian marsh edges of wetland 

closed shrub complex. At a species level within the Local Study Area, the black spruce-tamarack fen will 

be reduced by about 23% (4% loss regionally), and the closed black spruce bog reduced by about 12%. 

Within the context of the Regional Study Area, cumulative effects to closed black spruce will be about 

2%. 

Almost 1,800 hectares of the Steepbank Mine project's footprint will occur in the upland or along the 

riparian escarpment. As peatlands cover more than half (52%) of these landforms, the corresponding loss 

to wetlands is relatively high. In particular, the relative loss of closed black spruce bog and black spruce

tamarack fen is 24% of those types within the Local Study Area. This relates to a loss of2% of these 

peatiand types within the Regionai Study Area. These impacts are considered long term because 

restoration will not occur within 30 years of mine closure. 
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Within the Local Study Area, the wetland closed shrub and wetland open water/emergent vegetation types 

are most widespread on the riparian floodplain. Within the Local Study Area, Steepbank Mine 

development will account for a 3% loss of these wetland types. This is negligible in the context of the 

Regional Study Area. Mitigations to reduce impacts to wetlands in the Athabasca River valley have 

included reducing the encroachment of the overburden dump onto the Shipyard Lake wetlands. 

5.3.4 Effects of Air Emissions 

Observations of vegetation in the Regional Study Area have reported localized impacts to vegetation, 

primarily in the Athabasca River valley in proximity to the oil sands plants. Although there is no clearly 

quantified causal relationship between pattern and concentrations of S02 emissions and the vegetation 

condition, S02 emissions from the Suncor and Syncrude oil sands plants are implicated. The changing 

air emission scenario for Suncor (see Section E9.0, Air Quality) will significantly reduce ambient air 

concentrations of S02, and is expected to reduce the potential for further impacts to vegetation. 

Impacts to soils from acidification have not been reported in monitoring programs in the region. 

5.4 ENVIRONMENTAL MONITORING 

As part of the ongoing environmental management of the Suncor operation, monitoring of progress of 

reclamation throughout the life of the project will be conducted. The intent of the monitoring program 

is to continue the development of reclamation techniques to maximize the potential to meet a variety of 

end land use objectives. Air quality effects to vegetation will be addressed by the Regional Air Quality 

Coordinating Committee, with Suncor' s cooperation. 

The terrestrial monitoring program will be designed in conjunction with the wildlife habitat monitoring 

program as part of a series of follow-on programs that Suncor will conduct throughout the life of the 

project. 
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FIGURES SECTION E5.0 

Local Study Area Landfonn Classification 

Vegetation Distribution Suncor Regional Study Area, 1995 

Vegetation Distribution in the Suncor Local Study Area 

Overview of Steepbank Mine Interaction with Terrestrial Resources 

Aerial View Looking South Over the Steepbank Mine Development Project Area with 

Landfonn Units Defmed 

Shipyard Lake, a Riparian Wetland in the Athabasca River Floodplain. Tar Island Dyke 

is Visible in the Upper Left Hand Comer. 

Change in Vegetation Distribution Within the Local Study Area 
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Figure E5.0-5 Aerial view looking south over the Steepbank Mine development project area 
with landform units defined. 



Figure E5.0-6 Shipyard Lake, a riparian wetland in the Athabasca River floodplain . Tar Island 
Dyke is visible in the upper left hand corner. 



Figure ES.0-7 Change In Vegetation Distribution Within The Local Study Area 
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6.0 WILDLIFE ASSESSMENT 

6.1 BASELINE CONDffiONS 

The Regional and Local Study Areas provide a wide variety of habitats for wildlife, reflecting a diversity 

of landforms, vegetation types and successional stages. To undertake an investigation ofthe project's 

effects on every wildlife species found in the study area would have been too cumbersome. Therefore, 

the assessment focused on eight species groups: 

• ungulates - moose; 

• large carnivores - black bear and wolf; 

• terrestrial furbearers - lynx, marten, fisher, wolverine; 

• semi-aquatic furbearers - beaver and river otter; 

" small herbivores - snowshoe hare and red-backed voles; 

• raptors- osprey, bald eagle, great gray owl; 

• terrestrial birds - ruffed grouse, songbirds; and 

" waterfowl - ducks. 

By examining the habitats that occur within the Local Study Area, and doing field studies to determine 

where the animals are found, a habitat suitability rating was developed to indicate the places that are 

most important for wildlife. 

Moose is the principal ungulate species within the Local Study Area. White-tailed deer are present in 

small numbers, but woodland caribou do not presently occur in the Steepbank Mine area. Throughout the 

study area, the best moose habitat is found in closed deciduous forests and closed mixed-wood forests. 

Large carnivores are attracted to habitats where their prey occurs, although they also have special habitat 

requirements for denning. Deciduous forests provide excellent habitat for black bears which are common 

in the Local Study Area. 

Terrestrial fur-bearers have a variety of habitat requirements. Currently, there are few lynx in the Local 

Study Area, perhaps reflecting a low cycle in the snowshoe hare population. Lynx prefer early 
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successional forests where they prey upon snowshoe hares, and also mature forests where denning 

habitat is available. Marten prefer mature coniferous forests, with a special preference in the Local Study 

Area for mature white spruce stands. They are generally found along the Athabasca River escarpment and 

in the riparian floodplain and terraces. Fisher habitat preferences are not clearly understood, however in 

the Local Study Area they occur most frequently in the riparian floodplains and terraces. Wolverine 

habitat preferences are less understood and are sparsely distributed throughout their range, and were not 

recorded in 1995. 

Semi-aquatic furbearers - beaver and river otter-- are associated with riparian environments. In the Local 

Study Area about 80 active beaver colonies were recorded in 1995, with excellent or good quality beaver 

habitat occuring primarily on the west side of the Athabasca River. However, Shipyard Lake also 

provides good habitat. Results of field surveys indicate that the river otter is uncommon in drainages that 

would be affected by the Steepbank Mine development. 

Smail herbivores can be found in every habitat in the Local Study Area. For this study, two were 

considered -- snowshoe hare and red-backed vole. Snowshoe hares are one of the few species being 

studied which preferred t. .. e upland, where they are found most frequently in mixedwood and coniferous 

forests. They are currently at a low ebb in their population cycle, which fluctuates dramatically over a 

10 year period. Red-backed voles are the most common rodent in mature forests, and appear to prefer 

habitats that do not have a lot of bare ground. 

Raptors are hunting birds. In the Local Study Area, three species were selected as VECs: osprey, bald 

eagle and great gray owL Tnere is an active bald eagle nest near Shipyard Lake. The osprey and the bald 

eagle do not overwinter in the area, unlike the third raptor -- great gray owl. Its typical habitat is forested 

areas interspersed with bogs, muskegs or other openings. Its preferred prey is meadow voles which are 

found in comparatively open areas. Neither osprey or great gray owl were recorded in the Local Study 

Area in 1995. 

Terrestrial birds have a wide variety of habitat requirements. Both the ruffed grouse, which prefer aspen 

forests, and terrestrial songbirds, which occur in all habitat types but reach their highest abundance and 

diversity in closed shrub complexes and riparian deciduous forest, were identified as VECs. 
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Waterfowl were surveyed throughout the Local Study Area, with the highest breeding pair density 

recorded in natural wetlands, followed by beaver impoundments, reservoirs, channels and rivers. Mallard 

were the most common, with scaup, common goldeneye and buffieheads also well represented. 

6.2 SUMMARY OF ASSESSMENT 

An assessment of the Steepbank Mine's potential effects to wildlife resources was focused on Impact 

Hypotheses (Table E2.0-2). Each of the hypotheses is discussed briefly below. A more complete 

discussion of the impact analysis and baseline information is available in Impact Analysis Suncor 

Steepbank Mine Environmental Wildlife Component (Westworth, Brusnyk and Associates, 1996e) as 

well as a series of background reports (Figure E2.0-2). 

Hypothesis 18 Mine development will result in changes in the availability and quality of wildlife 

habitat that will bring about a reduction in wildlife populations. 

Assessment : The impact of Steepbank Mine development is expected to be low for a number of wildlife 

VECs, including black bear, snowshoe hare, red-backed vole, beaver and terrestrial songbirds. Impacts 

will be low for moose and wolves during the construction phase, but moderate during operations. Impacts 

to lynx, fisher, marten, bald eagle and ruffed grouse will be low to moderate for most of the life of the 

project. After mine closure, impacts will be negligible for most species, with a net habitat gain for moose, 

black bear, beaver and, after coniferous forests become re-established, for marten, as well. 

Hypothesis 19 Disturbance associated with mechanical noise and human activity may result in 

reduced abundance of wildlife. 

Assessment: For most wildlife VECs, the impacts relating to sensory disturbance are expected to be low. 

Impacts may be higher for wolf, lynx and wolverine. No information is available which allows an 

assessment for fisher, marten, great gray owl, and ruffed grouse. After mine closure there will be no 

sensory disturbance. 
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Hypothesis 20 Direct mortality of wildlife caused by mine development could result in reduced 

abundance of wildlife. 

Assessment Direct mortality to all wildlife species during mine development, operations and closure will 

be low to negligible. 

Hypothesis 21 Mine development will disrupt the movement patterns of wildlife in the vicinity of the 

Steepbank Mine, thereby reducing access to important habitat or inteifering with 

population mechanisms, resulting in decreased abundance of wildlife. 

Assessment: Mine development and operation will affect movement of the larger terrestrial wildlife 

species (i.e., moose, black bear, wolf, lynx, fisher, marten and wolverine) to a low or moderate degree 

within the Local Study Area. Regionally, the impact to wildlife movement will be low. After reclamation, 

movement will not be affected. 

Hypothesis 22 Mine development will cause a reduction in wildlife resource use (hunting, trapping, 

mm-consumptive recreational use). 

Assessment: Existing direct land use (i.e., two trappers) will be displaced. After mine closure and 

reclamation, wildlife resource use will be restored. 

Hypothesis 23 Development of the Steepbank Mine could contribute to a loss of natural biodiversity. 

Assessment Biodiversity within the Local Study Area will be reduced because the change in availability 

of habitat types could alter the relative abundance and distribution of wildlife populations. Potential 

impacts to special habitats and species - bald eagle, mature riparian balsam forest and natural wetlands -

will also affect the Local Study Area biodiversity over the short term. The post-reclamation strategy of 

recreating a diversity of landscapes and vegetation types will help to restore the natural biodiversity of 

the area. The Steepbank Mine will have little effect on regional biodiversity. 
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6.3 DISCUSSION OF ASSESSMENT 

6.3.1 General Background 

Mine preparation and facility construction, mine dewatering and drainage alterations, and mining 

operations all have the potential to affect wildlife populations (Figure E6.0-1 ). Impact Analysis Suncor 

Steepbank Mine Environmental Wildlife Component (Westworth, Brusnyk and Associates 1996e) and 

a series of background reports (Figure E2.0-2) present a comprehensive baseline and analysis of the 

wildlife issues related to the project. 

Effects on wildlife can result from a number of causes. The primary effect is habitat loss. Habitats can 

be directly impacted as a result of activities such as oil sands mining or building facilities. An animal may 

also be prevented from using a habitat if movement corridors are blocked by development (called habitat 

alienation). Sometimes, even though the habitat itself may not be destroyed, animals may not use it 

because they are disturbed by nearby activity. This "displacement'' from the habitat is :frequently difficult 

to predict because different species, and different individuals within a population, may react quite 

differently to disturbance. Finally, direct mortality can result. 

Two issues that frequently result in important wildlife impacts will not be a problem. Increased access 

to remote wildlife populations for hunters and poachers will not result because the Suncor bridge will 

not provide public access to the east side of the Athabasca River. Similarly, the concentrated mine 

development area will not provide a linear access route which enables predator access to susceptible prey 

populations. 

6.3.2 Habitat Losses 

Direct habitat loss will result from the siting of facilities and the development of the mine. As the 

Steepbank Mine advances, reclamation on the existing mine site on Lease 86/17 will lead to habitat 

replacement. This results in a shifting balance between loss of habitat from the new mine advance, and 

gain of restored habitats from reclamation (Figure E6.0-2). After mine closure, all disturbed areas will 

be reclaimed, with the objective being to restore a diversity and quality of habitats equivalent to those 

existing before mine development. 

Mine development and operation will result in a loss of approximately 1240 ha (15%) of good to 

excellent moose habitat, primarily located in the floodplain and escarpment of the Athabasca River valley. 
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In the long term, reclamation will result in a net increase (2800 ha) of 34% within the Local Study Area. 

Over the same time fi·ame (to 2020), good to excellent moose habitat wiii be increased by about 10% 

within the Regional Study Area. 

Mine development and operations will also affect terrestrial furbearers (i.e., lynx, marten, fisher, 

wolverine), with a loss of 2700 ha (11% within the Local Study Area) of good to excellent terrestrial 

furbearer habitat. Reclamation will restore (to within 3%) lost habitat. 

Songbirds and grouse wiii experience a 15% loss (4405 ha) of good to excellent habitat during mine 

development and operation. Within the Regional context, approximately 5% of good to excellent breeding 

bird habitat will be lost. Over the long term, habitats will be restored to the I 995 baseline level in the 

Local Study Area. 

Other wildlife species will also be affected by Steepbank Mine development. There will be a loss of about 

9 beaver colonies (out of 82 in the Local Study Area), and the breeding habitat for approximately 170 

pairs of ducks (out of an estimated 1800 pairs in the Local Study Area). 

In the long term, following reclamation, habitats will be essentially restored for most wildlife species. 

Moose and ruffed grouse habitat will be enhanced during early - mid stages of reclamation. Habitat for 

species requiring more mature vegetation communities -- marten, for example -- will not recover until 

vegetation succession is more advanced. Section D of this Application provides details of the reclamation 

planning for Lease 86/17 and the Steepbank Mine. 

6.3.3 Displacement 

Displacement results when animals do not use habitats because they are disturbed by adjacent activities, 

or cannot access the habitat because of barriers to movement. 

Development of the valley facilities for the Steepbank Mine will affect movement along the river valley 

and between the floodplain and the upland. It appears that there is currently limited use of the river valley 

for movement parallel to the river for species such as moose, with east-west movement between the 

floodplain and the upland more common. Movement of wide-ranging wildlife-- wolf, lynx and fisher-

likely will be most affected, with a moderate impact associated with valley facilities. However, regionally 
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these movement impacts are expected to be of low consequence. In the long term, these effects will be 

negligible. 

Suncor will mitigate the displacement of wildlife by centralizing activities, maximizing the set-back 

between the river and facilities, and installing a wildlife bypass around the bridge abutment. 

6.3.4 Direct Mortality and Predation 

The most significant direct mortality to wildlife populations from new developments frequently results 

from increased hunter access into previously remote locations. In the case of the Steepbank Mine 

development, increased hunter access to the east bank of the Athabasca River will not be an issue 

because the bridge will be closed for public access. Other causes of direct mortality will result from 

control of nuisance animals -- bears and beavers -- and wildlife/vehicle collisions. The Steepbank Mine 

project will increase employee numbers marginally, although the number of private vehicles will be 

minimized because workers are encouraged to use bus transportation. The project will result in a slight 

increase in highway traffic and negligible increases in wildlife highway mortality. There will be some 

losses to wildlife during clearing operations. There is also a concern that tailings ponds will result in 

direct mortality of some waterfowl, although the use of dry landscape reclamation will reduce this 

problem in comparison to conventional tailings ponds. 

The project is unlikely to result in increased predation to vulnerable populations because it is not a linear 

development which will provide access to new hunting opportunities. In fact, predator populations are 

frequently more sensitive to human activities, and therefore developments may afford some reduction in 

predation pressure to prey species. 

6.3.5 Species Impact Summary 

The development of the Steepbank Mine affects different species of animals differently. Habitat changes 

that may be negative for one species, may be positive for another. The following discussion presents some 

of the key Impact Analysis fmdings. 

During the construction and operations phases of the Steepbank Mine, there will be a loss of 

approximately 15% of the good to excellent moose habitat in the Local Study Area. Approximately 15 -

20 moose will be displaced, from a population of approximately 75 moose in the Local Study Area. In 

the long term, however, relocation of the Steepbank Mine facilities from the Athabasca River valley, 
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reclamation of Lease 86/17 and reclamation of the Steepbank Mine will result in an overall increase in 

moose habitat relative to 1995 conditions. 

In the Local Study Area, the loss of deciduous habitat for the Steepbank Mine will have a low effect on 

black bear, which is abundant in the Fort McMurray area. In the long term, however, an increase in 

deciduous and mixedwood forest after reclamation will enhance habitat suitability for this species. In 

contrast, wolf will be more affected, partly as a result of a possible decline in the number of moose, their 

principal prey, and the potential for increased human activity which may displace wolves from important 

habitat types. In the long term increased moose habitat shouid benefit woif populations. 

Both the snowshoe hare and red-backed vole will be affected by habitat loss. However, since both species 

are widespread throughout the Local and Regional Study Areas and due to their ability for quick 

population recovery with habitat reclamation, the overall impact on these species will be low. 

Impacts to terrestriai furbearers vary because of species' different habitat requirements. Lynx could be 

affected by the loss of potential denning habitat in riparian deciduous forests and the potential for 

displacement because of increased hurnwt activity. Sii100 lyTIX prefer ntature forests for denning, habitats 

for lynx will take somewhat longer to become re-established than early successional habitats preferred 

by an number of other species. Marten are associated with mature white spruce forests in riparian and 

escarpment landscape features, some of which will be lost as a result of mine development. As with lynx, 

marten prefer late successional stage habitats, and habitat quality will require a number of decades to 

become fully restored. Fisher will be affected primarily by loss of habitat, although mine dewatering and 

drainage alterations could aiso disrupt movement patterns and home ranges, which are often aligned with 

streams and rivers. After mine closure, drainage courses will be recreated, restoring previous levels of 

habitat suitability. Although there is concern about the effects of the proposed mine on wolverine 

populations, information about wolverine abundance and ecology in the Steepbank Mine area is not 

sufficient to allow an accurate evaluation of impacts. 

It has been estimated that development of the Steepbank Mine will result in the loss of approximately nine 

beaver colonies. In addition, beaver populations within the mine area will likely be controlled in the future 

to prevent flooding of facilities. In the long-term, after closure, the increased availability of aspen poplar, 

a preferred forage species, will likely increase habitat suitability for this species. Otters are uncommon 

in the Steepbank Mine area and there is little evidence that they are normally present in the area that will 
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be affected by the proposed development. However, alteration of drainage patterns due to mine 

dewatering could affect dispersal and overland movements by this species until drainage patterns are re

established through reclamation. 

There is a potential for bald eagle abandonment of the nest near Shipyard Lake, either through habitat 

alienation or sensory disturbance. This nest has been active for only one year (1995) and it is unknown 

if the birds will return. The principal source of concern for the great gray owl is that mining operations 

will reduce the amount of area covered by open tamarack forest, important foraging habitat for this 

species. Because the reclamation program will establish upland forest types, this would result in the 

permanent loss of some tamarack forest and reduced habitat availability for the great gray owl. 

Ruffed grouse will be affected by the loss of approximately 600 ha of deciduous forest, which is the 

principal habitat type for this species during all of its life phases. Songbirds will be affected by habitat 

removal. After reclamation, habitats for both species will be restored. 

There is a potential loss of breeding habitat for approximately 170 pairs of ducks, out of a population of 

approximately 1800 pairs as a result of mining operations. Wetlands developed on the reclaimed 

landscapes will restore nesting habitats. The adoption of the dry landscape approach to reclamation 

mitigates future concerns about waterfowl mortality related to the existing tailings ponds. 

6.4 MONITORING 

Sun cor will continue to record observations of wildlife within the lease areas, including use of reclaimed 

areas to support further development of reclamation plans. 
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FIGURES 

E6.0-1 

E6.0-2 

FIGURES SECTION E6.0 

Overview of the Steepbank Mine Interaction with Wildlife Resources 

Wildlife Habitat Changes in Local and Regional Study Areas 
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7.0 SURFACE AND GROUNDWATER ASSESSMENT 

7.1 BASELINE CONDmON ·. 

The major surface water courses in the vicinity of the proposed Steepbank Mine are the Athabasca and 

Steepbank Rivers. Smaller watercourses in the area include Wood, Leggett, McLean and Unnamed 

Creeks. Shipyard Lake is a permanent wetlands located on the Athabasca River floodplain (see 

Figure E7.0-1). 

In the Local Study Area, the major aquifers through which groundwater flows are the surficial sand and 

gravel deposits, and the Basal Aquifer and Upper Devonian limestone in the bedrock. The primary 

direction of groundwater flow is toward the Athabasca River. The rate of groundwater flow is very low 

in comparison to the flows in the nearby surface waters. As shown in Table E7 .0-1, the total groundwater 

discharge from the mine area is less than 1% of the flow in the Athabasca and Steep bank Rivers, and 

Shipyard Lake. 

TABLE E7.0-1 

COMPARISON OF GROUNDWATER DISCHARGE TO SURFACE WATER FLOWS 

Surface Water Mean Annual Groundwater Groundwater Discharge, 

System Flows (m3/s) Discharge to Surface as a Percentage of 

Water System (m3/s) Surface Water Flow(%) 

Athabasca River 655 0.00137 0.00021 

Steep bank River 4.86 0.00042 0.0086 

Shipyard Lake 0.111 0.00073 0.66 

7.2 SUMMARY OF ASSESSMENT RESULTS 

In addition to providing information required to understand the impacts of surface and groundwater 

changes to other resources (see Sections E5.0: Terrestrial Resources Assessment and E8.0: Aquatics 

Assessment), the review of hydrological and hydrogeological resources investigated four Impact 

Hypotheses. Each is discussed briefly below, with a more comprehensive analysis presented in Impact 



Steepbank Mine Project Application - 63- Section E7 .0 

Analysis Suncor Steepbank Mine EIA Surface Water and Groundwater (Klahn-Crippen 1996c) and a 

series of baseline reports (Figure E2.0-2). 

Hypothesis 24 Flows in the Athabasca and Steepbank Rivers could be signiftcantly changed 

by mine development withdrawals for extraction, upgrading, and/or 

reclamation. 

Assessment: Changes to flows in the Athabasca and Steepbank Rivers as a result of the Steepbank Mine 

development, operation and reclamation wiii be negligible. 

Hypothesis 25 lee jams, floods or other hydrological events could cause structure damage 

and flooding of facilities which will result in subsequent impacts to 

hydrological/ aquatic systems and downstream users. 

Assessment: Environmental impacts that could result from flooding events are expected to be negligible. 

Hypothesis 26 Navigation along the Athabasca River could be affected by bridge 

construction. 

Assessment Impacts to river navigation will be negligible. 

Hypothesis 27 Groundwater quality could be affected by contaminant migration from 

processing and extraction activities. 

Assessment: A low probability of an impact of high severity, short-term duration of potentially regional 

extent results in a low degree of concern with respect to impacts to surface water. 

Effects to groundwater quality will be negligible. 
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7.3 DESCRIPTION OF ASSESSMENT 

7 .3.1 Surface Water Impacts and Description 

The impacts to surface water resources have been evaluated on the basis of changes to the flow and water 

quality in the Athabasca and Steepbank Rivers, and Shipyard Lake. 

a) Changes to Surface Water Flow 

The key changes to the surface water flow system as a result of the development of the Steepbank Mine 

are illustrated in Figure £7.0-2. The mine will advance across Leggett Creek. The drainage in Leggett 

Creek basin will be diverted to Wood Creek. Shipyard Lake will be reduced in size, due to the placement 

of the West Overburden dump. The total wetlands area will be reduced from 150 to 110 ha, with the open 

water area reduced from 23 to 19 ha. The flows into Shipyard Lake will be adjusted during the operation 

and reclamation stages of the project to ensure maintenance of the wetlands habitat. 

The flow into the Athabasca River will be reduced by less than 0.1% of the annual flow in the river, as 

a result of the development of the mine. The surface water inflow into the Steepbank River will be 

reduced by less than 0.5% of the annual flow in the river. 

The new Athabasca River Bridge will interact with the flow of the Athabasca River. During construction, 

cofferdams built for bridge pier construction may increase the potential for ice jam flooding to occur. 

This will be mitigated by removing the dams prior to river breakup. The bridge is not expected to 

increase the likelihood of ice jamming or bank erosion in the long-term (Section 03.0). 

The placement of facilities in the Athabasca River valley also raises concerns about environmental 

hazards from flooding, particularly from ice jams. The elevation of the 1 in 100 year ice jam flood is 

expected to be about 241 m (ASL). This is approximately 2.4 m higher than the open water levels that 

are expected to occur at the 1-in-1 00-year flood elevation. All structures adjacent to the Athabasca River, 

with the exception of the bridge and barge landing, will be constructed above 241m (ASL). Therefore, 

there are no environmental concerns with respect to flooding of the mine infrastructure. 

Navigation on the Athabasca River will be accommodated. There will be a clearance of 15.2 m between 

the underside of one span of the bridge, and the level of the 1 in 10 year flood event. 
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b) Changes to Surface Water Quality 

As a result of the development of the Steepbank Mine, there is the potential for the quality of surface 

water to be affected by: ·. 

.. contamination by water that has been exposed to oil sands or mining processes; 

.. increased sedimentation from erosion; and 

.. contamination from accidental spills. 

The Steepbank Mine will be equipped with two separate drainage systems to ensure that surface water 

is not contaminated by run-off from the mine. Run-off that is exposed to oil sands or mining operations 

will be contained and, wherever feasible, used as process water. All natural run-off and shallow 

groundwater will be diverted away from mining areas, and discharged to the Athabasca River. 

The potential for sediment to contaminate surface water will arise as a result of disturbances to soil and 

vegetation, as well as from erosion in constructed drainage channels. Mitigations to control sediment 

transport include slowing the flow velocities in drainage channels, constructing basins for sediment 

settling, lining the channels with erosion-resistant materials, and revegetating disturbed areas. These 

measures wHI ensure that the concentration of sediment in the outflow meets regulatory standards. 

Spills and associated contaminated run-off have the potential to impact the water quality in the Athabasca 

River. However, site design and management procedures will reduce the risk of spills to a very low 

probability. 

Mitigation measures for these impacts include: 

a separate surface drainage system for the shop facilities which includes retention storage 

capacity for run-off from this area and sediment settling basins; 

" containment of tanks and active leak detection systems; 

" no release to the environment of surface run-off from the facilities or mining areas unless waters 

meet adequate quality standards; 

rupture protection provisions on the hydrotransport, hot water and diesel fuel pipelines; 

" containment sumps with impervious linings for liquid storage facilities (for example, fuel tanks); 

@ rapid-response clean-up procedures for accidental spills; 
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• drainage channels with settlement basins to collect run-off from disturbed areas, roads and paved 

areas; 

• cross-berms on sloping disturbed areas to retard and reduce run-off; and 

• timely revegetation of disturbed areas following construction activities. 

Some sediment deposition is expected at the bridge, both upstream and downstream of the west abutment. 

On the east bank, deposition downstream of the bridge is anticipated. These impacts will not affect the 

hydrology of the river. Potential aquatic impacts are addressed in Section E8.0, Aquatics Assessment. 

7 .3.2 Groundwater Impacts and Mitigations 

In investigating the potential effects of the Steepbank Mine development on groundwater, three factors 

were considered: 

e changes in direction of groundwater flow; 

• changes in the rate of groundwater discharge to surface water bodies; and 

• changes in groundwater quality. 

Mine operations (dewatering overburden) will result in a change in direction and rate of groundwater flow 

in the surficial aquifer, although these changes will be short-term and limited to a small area. 

Widespread groundwater seepage along the Athabasca River, Steepbank River and Shipyard Lake from 

the surficial aquifer will be replaced by discharge from point sources into Shipyard Lake and the 

Athabasca River. Groundwater flow in the bedrock aquifers will not be affected in the long-term. Mine 

operations will not affect groundwater quality in either the surficial or bedrock aquifers. 

Spill prevention and containment measures at the Athabasca bridge, east access corridor and facilities area 

are designed to prevent contamination of the groundwater from routine operations. Monitoring wells will 

be installed at appropriate locations to evaluate the performance of these measures and provide notice of 

any deteriorating water quality. 

Consolidated tailings (C1) will be placed in the mine pits as part of the mine reclamation. The pore water 

in the consolidated tailings is similar in quality to the groundwater found in Steepbank Mine bedrock. 

This includes the existence of naturally-occurring organic compounds and naphthenic acid in both the 

consolidated tailings and groundwater. Pore water is expected to seep from the consolidated tailings into 
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the groundwater. The effect of this seepage on groundwater quality will be negligible. Further studies 

are proposed to confirm this. 

7.4 ENVIRONMENTAL MONITORING 

Although the impacts to hydrological and hydrogeological resources resulting from the development and 

operation of the Steepbank Mine are expected to be negligible, environmental monitoring will be 

conducted to confirm predictions. The monitoring will consist of an extension of Suncor' s current 

groundwater and surface water monitoring program to include the Steepbank Mine area. It will include 

sampling and analysis upgradient and downgradient of the mine area and all other sources of potential 

groundwater contamination. Monitoring will be conducted to provide information required to adjust 

surface flow volumes to minimize habitat impacts to Shipyard Lake. 
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F1GURES 

E7.0-1 

E7.0-2 

FIGURES SECTION E7.0 

Pre-Mine Drainage Patterns, Steepbank Mine Area 

Potential Surface Water Impacts from Steepbank Mine Development 

Section E7.0 
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8.0 AQUATICS ASSESSMENT 

8.1 BASELINE CONDffiONS 

A thorough environmental investigation was undertaken for the Steepbank Mine EIA project. This 

included studies of surface water, porewater and sediment quality, benthic invertebrates, fish habitat, fish 

communities, and fish health. 

Baseline conditions describe the current situation (1995), including the cumulative effects of 

developments upstream and within the oil sands region. 

8.1.1 Surface Water, Porewater and Sediment Quality 

River water within the study area was characterized as moderately alkaline, with low to moderate 

dissolved salt concentrations and moderate nutrient levels. Dissolved organic carbon concentration was 

elevated in surface waters, indicating the influence of muskeg drainage. Concentrations of metals were 

non-detectable to low in all waterbodies sampled, with the exception of occasionally elevated levels of 

metals associated with suspended sediments. Surface water samples were not toxic to bacteria, 

invertebrates, fish or plants. In most samples, levels of organic chemicals in surface water were not 

markedly affected by naturally-occurring deposits of oil sands, although total hydrocarbons, trace 

organics, and naphthenic acids occasionally were detected at low concentrations. 

Naturally-occurring hydrocarbons were found in river sediments and porewater. Sediment chemistry 

adjacent to Tar Island Dyke (TID) was similar to that of other Athabasca River samples indicating that 

it is not being affected by TID seepage. Porewater quality varied from site to site, depending on the 

amount of oil sands in the substratum. Naphthenic acid concentrations were low to moderate at all sites 

but none of the samples were toxic. 

8.1.2 Benthic Invertebrates 

Benthic invertebrates are organisms that live along the bottom of streams. In the study area, they are 

thriving and show no evidence of negative effects associated with exposure to naturally-occurring 

hydrocarbon deposits or existing oil sands developments. 
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Results of the bioaccumulation assessment at reference sites in the Athabasca and Steepbank Rivers 

indicated that concentrations of most metals fu"ialy-dXl were detectable in benthic invertebrate tissues and 

were similar at all sites. Concentrations of several organic compounds were elevated at some sites relative 

to others, probably reflecting differences in the amount of oil sands present in the river beds. 

8.1.3 Fish 

Fish habitat in the Athabasca River within the study area is relatively poor because of the lack of diversity 

ofhabitats and the shifting sand bottom of the river. High quality habitat exists in the Steepbank River 

and in other tributaries to the Athabasca River. 

There are diverse fish communities in the Athabasca and Steepbank River Basins. Tables E8.0-1 and 

E8.0-2 list the fish species which use the Athabasca River and Steepbank Rivers in the vicinity of 

Suncor' s operations. 

To assess fish health, a number of factors were studied at several levels: biochemical, physiological, 

whole-organism, population and community. There is evidence of exposure of fish to naturally-occurring 

hydrocarbons, a!thoug..~ fish general fitness a."id health it1.dieators suggest that fish populations are heaithy. 

Fish health, as indicated by biochemical and physiological measurements, show that fish are exposed to 

some environmental condition which is causing elevated liver enzyme activity. However, this elevated 

is apparently a result of exposure of fish to the natural oil sands deposits in the region, rather than a 

specific response to Suncor's water releases. 



T
A

B
L

E
 E

8.
0-

1 

F
IS

H
 S

P
E

C
IE

S
 U

T
IL

IZ
A

T
IO

N
 O

F
 T

H
E

 A
T

H
A

B
A

S
C

A
 R

IV
E

R
 N

E
A

R
 S

U
N

C
O

R
 

P
A

S
T

 

S
P

E
C

IE
S

 
19

95
 S

T
U

D
Y

 
S

T
U

D
IE

S
8 

S
P

A
W

N
IN

G
 

R
E

A
R

IN
G

 
F

E
E

D
IN

G
 

O
V

E
R

W
IN

T
E

R
IN

G
 

M
IG

R
A

T
IN

G
 

*A
rc

tic
 G

ra
yl

in
g 

• 
,/

 
,
/
 

,/
 

*B
ur

bo
t 

• 
• 

,/
 

,/
 

,/
 

,
/
 

*E
m

er
al

d 
S

hi
ne

r 
• 

• 
,/

 
,
/
 

,/
 

./
?
 

,
/
 

*F
la

th
ea

d 
C

hu
b 

• 
• 

,/
 

,
/
 

,
/
 

./
?
 

*G
ol

de
ye

 
• 

• 
./

?
 

,
/
 

,
/
 

,
/
 

*L
ak

e 
C

hu
b 

• 
• 

,
/
 

,/
 

,/
 

,
/
 

*L
ak

e 
W

hi
te

fis
h 

• 
• 

,
/
 

,/
 

*L
on

gn
os

e 
S

u
ck

e
r 

• 
• 

,
/
 

,
/
 

,/
 

*N
or

th
er

n 
P

ik
e 

• 
• 

,
/
 

,
/
 

*S
po

tta
il 

S
hi

ne
r 

• 
• 

,
/
 

,
/
 

,
/
 

,
/
 

*T
ro

ut
-p

er
ch

 
• 

• 
,
/
 

,
/
 

,
/
 

*W
al

le
ye

 
• 

• 
,
/
 

,
/
 

,/
 

*W
hi

te
 S

uc
ke

r 
• 

• 
,/

 
,/

 
,/

 

B
ra

ss
y 

M
in

no
w

 
• 

• 
,/

 

B
ro

ok
 S

tic
kl

eb
ac

k 
• 

,/
 

B
ul

l T
ro

ut
 

• 
,/

 

F
at

he
ad

 M
in

no
w

 
• 

,/
 

F
in

es
ca

le
 D

ac
e 

• 
,
/
 

Io
w

a 
D

ar
te

r 
• 

,/
 

Lo
ng

no
se

 D
ac

e 
• 

• 
,
/
 

M
ou

nt
ai

n 
W

hi
te

fis
h 

• 
• 

,/
 

N
in

es
pi

ne
 S

tic
kl

eb
ac

k 
• 

,
/
 

N
or

th
er

n 
R

ed
be

lly
 D

ac
e 

• 
,/

 

P
ea

rl 
D

ac
e 

• 
,/

 

S
lim

y 
S

cu
lp

in
 

• 
• 

,/
 

,
/
 

,/
 

,
/
 

S
po

on
he

ad
 S

cu
lp

in
 

• 
• 

,/
 

Y
el

lo
w

 P
er

ch
 

• 
• 

,/
 

• 
D

at
a 

fr
om

 B
o

n
d

 (
19

80
),

 M
cC

ar
t 

et
 a

l. 
(1

97
7)

, 
T

ri
p

p
 a

nd
 M

cC
ar

t 
(1

97
9)

, 
T

ri
pp

 a
n

d
 T

su
i, 

(1
98

0)
, 

R
L

a
n

d
 L

 
(1

99
4)

 a
nd

 (
19

95
) 

S
u

n
co

r 
S

tu
dy

. 
S

e
e

 G
o

ld
e

r 
(1

99
6a

) 
fo

r 
de

ta
ils

. 

Le
ge

nd
: 

* 
C

om
m

on
, 

w
id

e-
sp

re
ad

 s
pe

ci
es

 in
 t

h
e

 A
th

ab
as

ca
 R

iv
er

. 
N

ot
e 

th
a

t 
A

rc
tic

 g
ra

yl
in

g 
ar

e 
m

ai
nl

y 
fo

un
d 

in
 t

h
e

 tr
ib

ut
ar

ie
s 

d
u

ri
n

g
 t

h
e

 o
pe

n-
w

at
er

 s
ea

so
n.

 
• 

pr
es

en
t 

in
 s

tu
d

y 
ar

ea
 

v'
 

ki
nd

 o
f h

ab
ita

t 
u

se
 

? 
m

ay
 u

se
 h

ab
ita

t 
b

u
t 

us
e 

no
t 

co
nf

irm
ed

 

w
 

.g 0
" ~ ~
 s· (1

) 

'"t
:j 

'"
I 

..2
. 

(1
) s >
 

~
 

c;·
 

~
 s·
 

::s --.
..1

 

C
/.l

 
(1

) 
(
)
 

.....
. s· ::s tr1
 

0
0

 
0 



1'
 A

B
lE

 E
8.

0-
2 

F
IS

H
 S

P
E

C
IE

S
 U

T
IU

Z
A

T
IO

N
 O

f 
TI

H
E

 S
T

E
E

P
B

A
N

K
 R

IV
E

R
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-

-
-

-
-

F
E

E
D

IN
G

 
F

E
E

D
IN

G
 

S
P

E
C

IE
S

 
(l

O
W

E
R

 
(U

P
P

E
R

 A
N

D
 

P
A

S
T

 
R

E
A

C
H

E
S

 
lO

W
E

R
 

19
95

 S
T

U
D

Y
 

S
T

U
D

IE
S

" 
S

P
A

W
N

IN
G

 
R

E
A

R
IN

G
 

O
N

lY
) 

R
E

A
C

H
E

S
 

O
V

E
R

W
IN

T
E

R
IN

G
 

• A
rc

tic
 G

ra
yl

in
g 

~
 

• 
,/

 
,/

 
,/

 
Y

O
Y

b?
 

*B
ro

o
k 

S
tic

kl
eb

ac
k 

4»
 

,/
 

,
/
 

,
/
 

,/
 

*L
ak

e 
C

h
u

b
 

* 
<II

 
,(

?
 

,
/
 

*L
o

n
g

n
o

se
 D

ac
e 

@
 

<II
 

,
/
 

,
/
 

,
/
 

,
/
 

*L
on

gn
os

e 
S

uc
ke

r 
@

 
<II

 
,/

 
,/

 
Y

O
Y

?
 

*N
o

rt
h

e
rn

 P
ik

e 
@

 
<II

 
,
/
 

,
/
 

*P
ea

rl 
D

a
ce

 
@

 
,/

 

*S
lim

y 
S

cu
lp

in
 

@
 

,
/
 

,/
 

,
/
 

,
/
 

*T
ro

u
t-

p
e

rc
h

 
@

 
@

 
,
/
 

,/
 

*W
h

it
e

 S
u

ck
e

r 
<II

 
®

 
,
/
 

,
/
 

,
/
 

Y
O

Y
?

 
B

ra
ss

y 
M

in
n

o
w

 
<II

 
,
/
 

B
ul

l 
T

ro
u

t 
@

 
,
/
 

B
ur

bo
t 

@
 

®
 

,
/
 

F
la

th
ea

d 
C

h
u

b
 

<II
 

,/
 

F
la

th
ea

d 
M

in
n

o
w

 
<II

 
,
/
 

G
ol

de
ye

 
@

 
<II

 
,
/
 

La
ke

 C
is

co
 

<II
 

./
 

La
ke

 W
h

ite
fis

h
 

@
 

®
 

,
/
 

Lo
ng

no
se

 D
ac

e 
@

 
<II

 
,
/
 

M
ou

nt
ai

n 
W

h
ite

fis
h

 
·~ 

@
 

,
/
 

N
or

th
er

n 
R

ed
be

lly
 D

ac
e 

@
 

,/
 

S
po

on
he

ad
 S

cu
lp

in
 

<II
 

• 
./

 
,/

 
./

 
,
/
 

S
po

tta
il 

S
hi

ne
r 

<II
 

,
/
 

Y
el

lo
w

 P
er

ch
 

• 
./

 

W
a

lle
ye

 
<II

 
<II

 
,
/
 

• 
D

a
ta

 fr
om

 S
ek

er
ac

k 
an

d 
W

a
ld

e
r 

(1
98

0)
, 

M
a

ck
in

a
k 

an
d 

B
on

d 
(1

97
9)

, 
B

on
d 

('1
98

0)
, 

1
9

9
5

 S
u

n
co

r 
S

tu
dy

. 
S

ee
 G

ol
de

r 
(1

99
6a

) 
fo

r 
de

ta
ils

. 

Y
O

Y
 d

en
ot

es
 y

ou
ng

-o
f-

ye
ar

 

Le
ge

nd
: 

• 
C

om
m

on
, 

w
id

e-
sp

re
ad

 s
p

e
ci

e
s 

in
 t

h
e

 s
te

e
p

b
a

n
k 

R
iv

er
. 

P
ea

rl 
da

ce
, 

b
ro

o
k 

st
ic

kl
eb

ac
k,

 a
nd

 s
lim

y 
sc

ul
pi

n 
w

er
e 

n
o

t 
ca

p
tu

re
d

 in
 1

99
5,

 l
ik

el
y 

b
e

ca
u

se
 t

he
y 

ar
e 

no
t 

ea
si

ly
 s

us
ce

pt
ib

le
 t

o 
ca

pt
ur

e 
w

ith
 a

 b
oa

t 
el

ec
tr

of
is

he
r.

 
A

ll 
sp

e
ci

e
s 

w
ith

ou
t 

an
 a

st
e

ri
sk

 h
av

e 
be

en
 d

oc
um

en
te

d 
in

 t
h

e
 lo

w
e

r 
re

ac
he

s 
o

f t
he

 s
te

e
p

b
a

n
k 

R
iv

er
 b

ut
 a

re
 n

ot
 

co
m

m
on

 i
nh

ab
ita

nt
s 

o
f i

t 
®

 
pr

es
en

t 
in

 s
tu

d
y 

ar
ea

 
./

 
ha

bi
ta

t 
us

e 
o

f s
tu

dy
 a

re
a 

? 
m

ay
 u

se
 h

ab
ita

t 
bu

t 
us

e 
no

t 
co

nf
irm

ed
 

rl.
l 

S"
 .g. ~ ~
 ::r (1

) "1:
:1 ""' ..9
. 

(1
) 

0 .....
 
~
 

'E
. c:;
· a g· -.
l 

N
 

0
0

 
(1

) a ,,. ::s t"rJ
 

eo
 

0 



Steepbank Mine Project Application - 73- Section E8.0 

Studies of fish populations indicated no unusual patterns for fish within the study area. The distribution 

of fish of different ages, and their size for their age was normal. However, growth rates within the 

vicinity of Suncor operations were somewhat higher than those of upstream fish. Measurements of the 

reproductive status of fish indicate that fish reproduction is not being affected by Suncor' s current 

operations. 

The types of fish found in surface water bodies near Suncor were similar to those found in other parts 

of the Athabasca River drainage basin, indicating no discernible effect of present industrial activities on 

the structure of the fish community. In addition, fish use of habitats does not appear to be affected by 

Suncor' s existing operations. 

8.2 SUMMARY OF ASSESSMENT RESULTS 

Development of the Steepbank Mine could potentially impact aquatic resources in the Athabasca and 

Steepbank Rivers and in some smaller tributaries to the Athabasca River. Investigations focused the 

potential effects of all Suncor discharges - Fixed Plant, Lease 86/17 and the Steepbank Mine - on seven 

hypotheses (Table E2.0-2), and results are briefly discussed below. A more complete discussion of the 

impact analysis and baseline information is available in Impact Analysis of Aquatics Issues Associated 

with the Steepbank Mine (Golder 1996g) as well as a series of background reports (Figure E2.0-2). 

Hypothesis 28 Construction, operational or reclamation activities might adversely affect aquatic 

habitat in the Steepbank River. 

Assessment: Impacts on benthic invertebrates and fish habitat will be negligible for all phases of mine 

development. 
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Hypothesis 29 Construction, operational or reclamation activities might adversely affect aquatic 

habitat in the Athabasca River. 

Assessment Impacts to benthic invertebrate communities and fish habitat in the Athabasca River are 

negligible. Drainage of Unnamed and Leggett Creeks represent a negative short-term local impact during 

the operational phase. This impact will be reversed in the reclamation phase when Unnamed and Leggett 

Creek drainages will be restored to equivalent or better aquatic habitat. 

Hypothesis 30 Water releases associated with construction, operational or reclamation activities 

might adversely affect aquatic ecosystem health in the Athabasca or Steepbank 

Rivers. 

Assessment: For all three phases of mine development (i.e., construction, operations and long term) 

impacts to aquatic ecosystem health will be considered negligible. 

Hypothesis 31 Water releases associated with construction, operational or reclamation activities 

wJght adversely affect the quality of fiSh flesh. 

Assessment Refinery wastewater effluent has the potential to taint fish which reside immediately below 

Suncor's operations in the Athabasca River. Thus, this impact has been identified as a moderate impact 

of moderate duration, during the construction and operational phases. Additional studies are underway 

to further investigate this issue. In reclamation conditions no impact will occur because taintii'1g would 

not occur once the wastewater effluent discharge stops. 

Hypothesis 32 Construction, operational or reclamation activities might lead to changes in aquatic 

habitat and/or aquatic health which might result in a decline in fiSh abundance in the 

Athabasca or Steepbank Rivers. 

Assessment: Effects to fish abundance will be negligible. 
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Hypothesis 33 Construction, operational or reclamation activities might lead to changes in fzsh 

abundance or quality of fiSh flesh which might result in a decreased use of the fzsh 

resource. 

Assessment: A negative, moderate, short-term, local impact to use of the fish resource is anticipated in 

the construction and operational phases related to fish tainting. Once the wastewater effluent is removed 

in the reclamation phase, no impact on use of the fish resource is anticipated. 

Hypothesis 34 Construction, operational or reclamation activities might cause changes in Athabasca 

River water quality which might limit downstream use of the water. 

Assessment: Potential impacts to human health and other downstream users will be negligible. 

8.3 DISCUSSION OF ASSESSMENT 

The linkages between mine development activities, modes of impact and impact hypotheses are depicted 

in Figure ES.0-1. Below is a brief discussion of those anticipated changes, and the measures Sun cor will 

implement to avoid and minimize impacts which may have negative implications to the aquatic resources. 

Mine development (construction, operation and reclamation) can affect aquatic resources through three 

main routes: physical alterations to aquatic habitat, changes in surface and subsurface (groundwater) flow 

patterns, and water releases to watercourses. Types of water releases include operational and reclamation 

waters as well as accidental releases. 

8.3.1 Physical Alterations to Aquatic Habitat 

Aquatic habitat impacts were evaluated in the context of benthic invertebrate communities and habitat 

requirements offish VECs (walleye, goldeye and longnose sucker). Physical alterations in aquatic habitat 

could occur directly as a result of alterations to river beds (e.g., instream construction) or indirectly as a 

result of on-lease activities (e.g., mine dewatering may lower river flows, road construction may increase 

suspended solid loads) (Figure ES.0-2). 

For the Steepbank River, no alterations to aquatic habitat are anticipated during the construction phase 

as no construction activities are planned in or near the river. During the mining phase, potential impacts 
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to the Steepbank River will be avoided because a minimum setback of 100 m from the escarpment crest 

will be maintai..11ed. As we!!, there will negligible alterations to surface water and gmundwater flows as 

a result of the Steepbank Mine (see Section E7.0). 

A number of linkages between mine development activities and Athabasca River aquatic habitat were 

determined. During the construction phase, a barge terminal will be constructed and a barge will be 

operated to transport materials across the Athabasca River during open-water periods. Barge operation 

and associated dredging will cause some disturbance to the bottom sediment; however, given the shifting 

sa.'ld bottom of t~e At~abasca River this disturban.ce will not be significant. During winter an ice bridge 

will be used in place of the barge. Ice jams related to this structure will be minimized by making cuts in 

the ice prior to spring breakup. The barge and ice bridge will be used until the permanent bridge is 

constructed (about two seasons). The permanent bridge will be used for transport of mining equipment 

and will support pipelines for the transport of oil sands, tailings, diesel fuel, natural gas and hot water. 

Construction of the barge terminal, ice bridge, permanent bridge and road could cause erosion and 

sedimentation. During construction, several mitigation measures will be used to prevent sedimentation 

and protect fish habitat For nearshore construction, river banks will be stabilized and sediment-laden 

run-off will be routed away from the river. Since the facilities road is a permanent structure and it is close 

to the river, a permanent sediment and run-off collection system will be implemented. Instream 

construction of bridge piers and abutments will not occur during sensitive periods for fish (e.g., during 

spring when walleye and Arctic grayling are moving upstream to spawn). Also, work areas around piers 

and abutments will be isolated from the river with cofferdams and excavated bottom sediment will be 

removed from the river. 

The presence of the bridge will cause a small alteration in physical habitat. Aquatic habitat at the bridge 

pier footings and the abutments will be lost and a backwater habitat behind the bridge piers will be 

created. The west bridge abutment juts out into the river and will likely cause an accumulation of 

sediment along the west bank. These effects will affect <1% of the aquatic habitat within the Local Study 

Area. 

During mine operations, potential alterations to aquatic habitat as a result of mining include removai of 

Unnamed and Leggett Creeks during mining of Pit 1 and 2 and resulting increases in flows in Wood 

Creek as additional drainage is routed to this creek (Section E7.0). In the reclamation phase, equivalent 
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or better aquatic habitat will be created to replace that lost by mine advances across Unnamed and 

Leggett Creeks. 

The loss offish habitat is minimal and not expected to reduce fish abundance. Similarly, no changes in 

fish health are expected so the linkage between fish health and fish abundance is incomplete. Another 

possible linkage between mine development and fish abundance is increased fishing pressure from use 

of the bridge to access the Steepbank River. The bridge will not be open to the public during the 

operational phase of the mine. 

8.3.2 Changes in Surface and Sub-surface Flow Patterns 

Flow changes that might occur in the Athabasca and Steepbank Rivers as a result of mine operations and 

reclamation were discussed in Section E7.3. These expected changes are very small (i.e., less than 1% 

of Steep bank River flows; less than 0.01% of the Athabasca River flows) and will not affect fish habitat. 

8.3.3 Water Releases 

There are three categories of water releases from Steepbank Mine development: operational waters, 

reclamation waters and accidental releases. Operational waters are waters discharged from outfalls and 

occur during the mine operations (e.g., mine drainage, cooling water and discharge from plant 

operations). Reclamation waters are not confmed to specific discharge points, and will be released for 

long periods of time after mine operations have been completed. Water draining from consolidated 

tailings is expected to be a key contributor to reclamation water. Both operational and reclamation 

waters have higher levels of trace organic compounds, naphthenic acids and some metals than occurs 

naturally in either the Athabasca or Steepbank Rivers. The Steepbank River will not receive any 

operational water discharges, and minimal amounts of reclamation waters, so potential water quality 

effects from release of operational and reclamation waters are restricted to the Athabasca River. 

There are potentially three main types of accidental water releases: catastrophic releases related to 

failure of an engineered structure (e.g., breaching of tailings dykes); spills associated with 

hydrotransport, pipeline transport or accidents on the bridge or barge; and releases related to upset 

conditions (e.g., flooding of storage ponds, failures in wastewater treatment systems). All engineered 

structures used by Suncor are designed to prevent catastrophic failure. As well, the use of consolidated 

tailings will minimize the movement of tailings should a break in a tailings dyke occur. Features will 

be incorporated into the design of the bridge to prevent and contain spills. The bridge has a solid 
\ 
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bridge deck below the pipelines and a curb to contain spills. Each pipe is equipped with an emergency 

shut-off valve a.'1d has steel plates around the joints to prevent spray should a joint leak. Tne diesel fuel 

pipeline will be double walled. 

An evaluation of linkages between water releases and water quality indicates that accidental spills are 

unlikely given the mitigation measures built into the project. However, slight changes in water quality 

will occur as a result of discharge of both operational and reclamation waters. Changes in ecosystem 

health were evaluated in the context of potential water quality effects on fish health, benthic community 

structure, a.1d acute and chronic toxicity in the food chain. 

A number of laboratory toxicity studies were completed to determine whether water releases from 

Suncor's operation might adversely affect aquatic plants and animals in the Athabasca or Steepbank 

Rivers. A number of different organisms, including algae, bacteria, zooplankton and fish were tested. 

The results of these studies indicated that none of the current or proposed water releases are expect to 

adversely affect the health of aquatic organisms in either the Athabasca or Steep bank Rivers. 

Field investigations of benthic invertebrate communities along the Athabasca River support the results 

of the laboratory toxicity studies. The field studies showed that discharges from Suncor' s operations 

did not cause measurable benthic community alteration at any of the sites sampled in 1995. Similarly, 

when all future discharges are considered, it will still be unlikely that future water releases will result 

in changes to benthic invertebrate community structure. 

Laboratory experiments in conjunction with field data and computer modelling studies were used to 

examine the effects of operational and reclamation waters on fish health. The results of these detailed 

studies indicated that it is very unlikely that exposure of fish to operational and reclamation water 

releases would affect the health of fish using the Athabasca River near Suncor's operations. This 

conclusion is supported by observation of current fish populations which have been exposed to water 

releases from Suncor operations for the last three decades. These populations continue to occupy 

habitat in the Suncor study area, and exhibit normal growth and reproduction. Since future chemical 

concentrations in water releases to the Athabasca River are predicted to be lower than current 

conditions, future popuiations of fish shouid continue to be heaithy. 



Steepbank Mine Project Application - 79- Section E8.0 

Two aspects of fish flesh quality were examined: the potential for tainting and the potential for changes 

in chemical concentrations in fish tissue. A combined field and laboratory study was used to examine 

the potential for changes in chemical concentrations in fish tissue. There were no incre~ses in fish 

tissue concentrations for fish exposed to release waters relative to control water. Thus, 

bioaccumulation of chemicals in fish tissue does not appear to be of concern. 

Tainting is not a human health concern and does not impact fish health but it is significant nonetheless 

because tainting might limit the use of the fish resource. The potential for fish tainting was examined 

by exposing rainbow trout in the laboratory to various release waters and submitting them to a taste 

panel. Tainting was evident in fish exposed to fixed plant wastewater but not to Tar Island Dyke 

seepage water or Athabasca River water. 

Although no change in fish abundance is anticipated, and no measurable increase in fish tissue 

concentrations of organic chemicals or metals is expected, there is potential for moderate-level tainting 

of fish flesh in fish exposed for long-time periods at a site immediately below Sun cor's wastewater 

effluent. This impact may contribute to decreased use of the fish resource. Additional studies are 

currently underway to further investigate this issue. 

8.4 MONITORING 

Water quality monitoring is a component ofSuncor's regular monitoring programs. In addition, the 

potential for refmery wastewater to contribute to fish flesh tainting is under continuing investigation. 

In particular, Suncor has initiated a series of studies to evaluate ways to reduce levels of chemicals 

which might contribute to tainting. 



Steepbank Mine Project Application - 80- Section E8.0 

FIGURES 

E8.0-1 

E8.0-2 

FIGURES SECTION E8.0 

Linkages Between Mine Development and Aquatic Resources 

Aquatic Habitats in the Steepbank River and Athabasca River in the Suncor Local 

Study Area 
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Figure E8.0-1 Linkages Between Mine Development and Aquatic Resources 



STEEPBANK RIVER 

A THABASCA RIVER 

Figure E8.0-2 Aquatic habitats in the Steepbank River and Athabasca River in the Suncor 
local study area are quite different as a result of different landform and 
substrate condition. 
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9.0 AIR QUALITY ASSESSMENT 

9.1 BASELINE CONDITIONS 

Oil sands activities in the Fort McMurray area have had a measureable effect on the air quality of the 

region. Emissions of interest are: 

• sulphur dioxide (S02) 

• oxides of nitrogen (NOJ 

• carbon dioxide (C02) 

• reduced sulphur compounds (TRS) including hydrogen sulphide (H2S) 

• particulates 

• Volatile organic compounds (VOC), a component of total hydrocarbons (THC) 

A number of factors are considered when assessing the impacts of air emissions. 

First, the source is considered, specifically the location, quantity, timing and type of emissions. 

Sources of air emissions are plant stacks, flares and vents, and fugitive sources such as tailings ponds, 

leaks and the coke pile. Suncor's facilities employ design features and management practices to control 

and reduce potential emissions to the atmosphere. New emission control programs are in progress to 

further reduce current emissions. 

A second factor to consider is ambient air quality. An air quality monitoring program is routinely 

carried out to determine the concentrations of air emissions in the atmosphere. Ambient air quality 

monitoring in the region reveals that the operation of the Suncor and Syncrude oil sands facilities has 

affected air quality downwind from the facilities. S02 emissions have resulted in concentrations that 

exceed ambient guidelines. These exceedences occur most frequently in the vicinity of the Suncor site. 

In addition, deposition of sulphate compounds is higher than in other regions in northern Alberta or 

Saskatchewan. 

A third factor is the effect of air quality on a "receptor" (e.g., humans, plants, the soil). Suncor will 

participate in an enhanced receptor monitoring program which will better allow correlations between 
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exposures and receptor effects. This participation is through the Regional Air Quality Coordinating 

Committee (RAQCC). In addition, Suncor is a sponsor and active participant in the Alberta Oil Sands 

Community Exposure and Health Effects Assessment Program (Regional Community Health Study) 

which is attempting to identifY potential effects of air emissions on the health of residents in the Fort 

McMurray region. The effects of air quality changes on human health and terrestrial resources were 

considered previously in Sections E4.0 and E5.0. 

9.2 SUMMARY OF ASSESSMENT RESULTS 

Public concern was expressed with respect to the potential for Suncor's emissions to contribute to 

global climate change. This concern was stated as an Impact Hypothesis, which focused a discussion 

relating to air emission effects on global climate change (Table E2.0-2). The results of the assessment 

are briefly discussed below. 

Hypothesis 35 Global climate change could be affected by increased release of greenhouse gases 

associated with production expansion related to the Steep bank Mine. 

Assessment: Suncor is responding to the global climate change concern by commiting to reduce 

greenhouse gas emissions to the 1990 level by the year 2001. Suncor has submitted an action plan 

under the Canadian Climate Voluntary Challenge and Registry Program. 

The increased efficiency ofSuncor's operations is reflected in significant decreases in C02 emissions 

on a per-barrel basis. By 2001 the per-barrel emissions will be 3 8% lower than 1990 levels, although 

overall emissions will increase marginally (from 9312 to 9819 tonnes per day). Suncor proposes to 

increase production (in this period) by 80% with an increase of C02 emissions of only 5%. 

Specific initiatives that improve energy efficiency include: hydrotransport technology which reduces 

extraction energy needs and improved heat recovery in the fixed plants. 

9,3 DISCUSSION OF ASSESSMENT 

In addition to providing information required to respond to the Impact Hypothesis specific to 

greenhouse gases, additional investigations were conducted to understand the impact on other resources 
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as a result of changes in air emissions (see Sections E4.0, Human Health; E5.1, Terrestrial). Impact 

Analysis of Air Emissions Associated with the Steepbank Mine (Bovar Environmental 1996e) provides 

a more complete discussion of air quality with respect to the Steepbank Mine. Further information is 

also provided in a series of background reports (Figure E2.0-2) which were prepared as part ofthe 

Steep bank Mine Environmental Assessment program. Below is a summary of the Impact Analysis 

discussion. 

9.3.1 Suncor Source Characterization 

Part ofSuncor's continuing environmental improvement and Fixed Plant Expansion project has been 

to implement technologies and management systems to reduce air emissions. Table E9.0-1 summarizes 

the trend in air emissions, from the current operation ( 1995) projected through 1998 and 2001. The 

primary changes include production expansion and commissioning of the Flue Gas Desulphurization 

Unit (FGD). The projections indicate a significant decrease in S02 , THC and particulate emissions, 

and relatively constant NOx and C02 emissions. 

The effects of the Steepbank Mine and associated projects to ambient air quality will be mitigated 

through Suncor's emissions reduction program. Despite a 35% production increase, all emissions 

associated with plant operations will be reduced from current levels, with the exception of C02, which 

will increase by less than 2%. S02 releases will be about one fifth oftheir current levels, mostly as a 

result of FGD commissioning. The vapour recovery unit, more efficient capture of diluent in the 

processing stream and the use ofhydrotransport will reduce VOC emissions by half. Particulate matter 

from the Powerhouse stack will be reduced to about one fifth of the current emission level, again as a 

result of FGD commissioning. 

The application of consolidated tailings technology is new, and as such, is under scrutiny with respect 

to its long-term emissions of VOC. Field-scale consolidated tailings landscape study areas are 

currently under development, to address the rate and type of emissions which may be associated with 

consolidated tailings deposits. 
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. 

TABLE E9.0-1 

SUMMARY OF SOURCE EMISSION CHANGES ASSOCIATED WITH SUNCOR9S 

EXISTING AND PROPOSED OPERATIONS 

1990 1995 1998 2001" 

Parameter tpcd tl tpcd tl tpcd tl tpcd tl 
production production production production 

Production rate of 57.8 77.5 87.0 107 
upgraded crude 
oil (thousand 
barrels per 
calendar day) 

so2 (sulphur 212.3 3.67 233.5 3.01 51.0 0.59 51.0 0.48 
dioxide) 

NO, (nitrogen 36.3 0.63 37.1 0.48 36.9 0.42 35.9 0.34 
oxides) 

col (carbon 9312 158.0 9643 124.4 10395 119.5 9819 91.2 
dioxide) 

VOC (volatile 30.9 0.53 42.3 0.55 25.2 0.29 13.9" 0.13 
organic 
compounds) 

Particulate matter 6.75 0.087 1.46 0.017 1.47 0.013 
(combustion 
sources only) I I I I I I 

~ ~ 

Includes hydrotransport cyclofeeder. 

9.3.2 Regional Source Characterization 

.. 

In addition to emissions from SUllcor's activities, other sources include Syncrude, other industrial and 

traffic/residential sources. Table E9.0-2 summarizes current regional emissions. 

Main contributors to air emissions within the region will continue to be Suncor and Syncrude, although 

the proposed Solv-Ex Bitumount and Ruth Lake facilities will also contribute. 
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TABLE E9.0-2 

1995 REGIONAL EMISSIONS (tid) 

Emission Suncor Syncrude Other Traffic/ Total 

Industry Residential 

S02 233.5 207.4 0.1 0.2 441.2 

NOx 37.1 31.7 0.5 1.3 70.6 

C02 9643 23 733 1101 587 35 064 

voc 42.3 17.2 3.0 2.3 64.8 

particulates 6.8 13.9 0.3 2.9 23.9 

Table E9.0-3 compares future S02 emissions from 1995 to 2001 for the regional sources. 

Overall S02 emissions will decline in the region due to Suncor reductions. Data for the other emissions 

(Nox, C02, VOC) in 2001 is currently unavailable. 

TABLE E9.0-3 

CURRENT AND PROPOSED REGIONAL S02 EMISSIONS (t/d) 

Year Suncor Syncrude Other Industry" Traffic Residential 

1995 

2001 
a 

b 

9.3.3 

233.5 207.4 0.1 

51 208-218b 7.4 

Includes Solv-Ex B1tumount and Ruth Lake. 

Syncrude preliminary prediction. 

Fugitive Dust 

0.2 

0.2 

Total 

441.2 

266.6-276.6 

Fugitive dust emissions have been assessed qualitatively. The current coke stockpile and handling 

activities are sources of dust. Suncor is investigating long-term handling and storage options for the 

excess coke produced during bitumen processing. Hydroseeding (i.e., surface revegetation) will be 

used to control erosion and dust from the storage pile. 
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Mine haul roads can be a source of dust under dry conditions. Suncor waters roads in high traffic areas 

to reduce these dust emissions. Exterior slopes of tailings pond dykes are revegetated to reduce 

blowing sand. The beach areas of tailing ponds are a source of dust but will be reclaimed as soon as 

these areas reach design elevation. The pond required for gypsum disposal will be wet. Dried stockpile 

areas will have a relatively hard surface, which will have a negligible potential to create dust problems. 

9.3.4 Combustion Particulates 

Particulates released from combustion sources can contain heavy metals component. Dispersion 

modelliil.g indicates that metal concentrations from air emissions were several orders of magnitude 

lower than ambient guidelines. Reductions from the 1995 scenario will be realized with the 

commissioning of the FGD system which will result in a further decrease in particulate emissions from 

Suncor's operations (i.e., from current levels of6.75 tpcd to 1.47 tpcd in 2001). 

9.4 CHANGES IN AMBIENT AIR QUALITY AND DEPOSITION 

Ambient S02 concentrations are expected to decrease as a result of the S02 reduction program. Figure 

E9 .0-1 illustrates the differences in maximum predicted hourly average S02 concentrations that will 

result from the changed emission scenarios, and Table E9.0-4 presents data for maximum predicted 

acidic deposition associated with current and proposed S02 emissions. 

TABLE E9.0-4 

MAXIMUM PREDICTED DEPOSITION ASSOCIATED WITH CURRENT 

AND PROPOSED S02 EMISSIONS 

SUNCORONLY ALL REGIONAL SOURCES 

Total deposition Total deposition Effective Acidity" 

YEAR (S04 -z equivalent/ha/y) (S04-z (kmol H+tba/y) 

dry wet total equivalent/ha/y) 

1995 13.6 8.2 19.2 25.5 0.66 

1998 3.5 2.1 5.2 13.8 0.42 

2001 3.8 2.4 5.8 14.8 0.44 
.. 

Effective actdtty mcludes a background value of0.13 kmol W/ha/y 
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As NOx, CO and particulate emissons are within guidelines, and will either be reduced or remain 

constant with the production increase, further evaluation of their ambient concentrations was not 

undertaken. 

Previously recorded high total hydrocarbon concentrations (THC) are likely due primarily to Suncor 

fugitive sources. These emissions will decrease due to the Vapour Recovery Unit and implementation 

ofhydrotransport, and should reduce THC values recorded in Fort McMurray and Fort MacKay by at 

least 50%. Similarly, operational improvements will significantly reduce total reduced sulphur (TRS) 

concentrations. Although ozone (03) concentrations in the area exceed guidelines, it is believed 

ambient concentrations are primarily due to natural sources. 

Notwithstanding the positive benefits of the emissions reduction program, two issues of concern remain 

with respect to so2 emissions: 

• Planned and unplanned intermittent flaring can result in relatively high S02 concentrations for 

short time periods. Suncor has minimized flaring events through continuous improvement and 

will continue these efforts. 

• Flue gas desulphurization (FGD) downtime. During planned or unplanned downtime of the 

FGD , the emissions and associated maximum ambient S02 concentrations will be similar to 

the 1994/95 levels. Procedures will be implemented to minimize downtime. 

Table E9.0-5 presents a summary of the air quality impacts associated with the Suncor Fixed Plant 

Expansion and the Steepbank Mine. 

9.5 MONITORING 

Suncor will continue to monitor source emissions as a component of the environmentalmManagement 

program and will continue to participate with the Regional Air Quality Coordinating Committee to 

address air quality issues of regional concern. In addition, Suncor will cooperate with the Community 

Regional Health Study to investigate the potential effects of air emissions to human health. 



di
re

ct
io

n 

se
ve

1r
ity

 

T
A

B
L

E
 E

9.
0-

5 

A
M

B
IE

N
T

 A
IR

 Q
U

A
L

IT
Y

 I
M

P
A

C
T

S
 A

S
S

O
C

IA
T

E
D

 W
IT

H
 T

H
E

 S
U

N
C

O
R

 F
IX

E
D

 P
IL

.A
N

T
 E

X
P

A
N

S
IO

N
 

A
N

D
 m

E
 S

T
E

E
P

B
A

N
K

 M
IN

E
 

; 

S
0

2 
D

ep
os

it
io

n 
N

O
X

 
co

 
P

ar
ti

cu
la

te
s 

vo
c 

T
R

S
 

po
si

ti
ve

 
po

st
it

iv
e 

ne
ut

ra
l 

ne
ut

ra
l 

po
si

ti
ve

 
po

si
ti

ve
 

po
si

ti
ve

 
. 

m
od

er
at

e 
un

kn
ow

n 
lo

w
 

lo
w

 
lo

w
 

un
kn

ow
n 

un
kn

ow
n 

. 

03
 

ne
ut

ra
l 

lo
w

 

d
u

ra
ti

o
n

 
sh

or
t-

te
rm

 
io

ng
-t

er
m

 
sh

or
t-

te
rm

 
sh

or
t-

te
rm

 
sh

or
t-

te
rm

 
sh

or
t-

te
rm

 
sh

or
t-

te
rm

 
sh

or
t-

te
rm

 

lo
ng

-t
er

m
 

. 
ge

og
ra

ph
ic

al
 

re
gi

on
al

 
re

gi
on

al
 

re
gi

on
al

 
re

gi
on

al
 

re
gi

on
al

 
re

gi
on

al
 

re
gi

on
al

 
re

gi
on

al
 

ex
te

nt
 

. 
-

de
gr

ee
 o

f 
m

od
er

at
e 

m
od

er
at

e 
lo

w
 

lo
w

 
lo

w
 

m
od

er
at

e 
lo

w
 

lo
w

 

co
nc

er
n 

. 

~ .g
 

0
"'

 ~ ~
 

.....
. =
 

(1
) ~
 

.£
. 

(1
) g.
 

~
 

"g
. ;::;
· a g· 0

0
 

0
0

 

en
 

(1
) 

0 ... o· =
 

trJ
 

!'->
 

0 



Steepbank Mine Project Application - 89- Section E9.0 

FIGURES 

E9.0-1 

FIGURES SECTION E9.Q 

Maximum Predicted Hourly Average S02 Concentrations (,ug/m3
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10.0 HISTORICAL RESOURCES IMPACT ASSESSMENT 

10.1 BASELINE CONDffiONS 

The primary objective of the historical resources impact assessment for the Steepbank Mine Project 

was to determine if any historical resources (paleontological, prehistoric and historic period resources) 

would be disturbed by the development and operation of the Steepbank Mine. To do this, background 

research encompassing the Regional Study Area was completed, and the fmdings were used to predict 

the most sensitive locations for archaeological resources within the area to be disturbed by the 

Steepbank Mine. 

Based on the predictions, archaeologists concentrated most of their efforts on landforms judged to 

exhibit moderate to high potential for archaeological resources. Areas of particular concern included 

terraces and ridges which were reasonably level, well drained and had fairly open vegetation. Aerial 

reconnaissance and boat traverses along the shoreline preceded extensive foot traverses accompanied 

by surface observation and in excess of 1 I 00 shovel tests to locate buried sites. 

Two sites were found as a result of the investigations. Both are prehistoric isolated find sites. One 

consists of a Beaver River Sandstone secondary flake which was recovered from a shovel test on a level 

bench overlooking a remnant drainage to the south and the Steepbank River to the east. Although 24 

additional shovel tests were excavated near this find, all were negative. The second find was a chert 

biface (a stone cutting tool) which was recovered from the surface of an existing bulldozer cut 

approximately 25 m north of Leggett Creek and 3 m east of a ravine edge on the east side of the 

Athabasca River. Thirteen shovel tests were conducted in the area with no additional finds. Complete 

documentation of both sites was undertaken. 

Both sites are considered to be of minor significance as they consist of a single artifact with no 

associated artifacts or features. Neither temporal nor cultural affiliation can be assigned to either site, 

which limits the information they can provide to understanding past human use of the area. 

No historic period or paleontological sites were identified during the site inventory. 
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10.2 SUMMARY OF ASSESSMENT RESULTS 

One Impact Hypothesis was developed to provide a focus for investigations of archaeological and 

historical resources (Table E2.0-2). 

Hypothesis 36 Signif~eant archaeological, paleontological or historical resources could be affected 

by the development and operation of the Steep bank Mine. 

Assessment: Since both sites that were found are considered to be of minor significance, the overall 

Degree of Concern related to the Steepbank Mine's effects on archaeological resources is considered 

to be Low. 

10.3 DISCUSSION OF ASSESSMENT 

A comprehensive description and analysis of the archaeological and historical resource assessment of 

the Steepbank Mine project is provided in Historical Resources Impact Assessment Steepbank Mine 

Project Pennit 95-0<B (Guider 1996j). 

As a result of mine development, two small prehistoric sites will be destroyed. The sites are located 

within the Local Study Area and will be affected by overburden removal related to the mining process. 

Mitigation is considered to have been accomplished by the documentation of the sites and the 

collection of the artifacts. 

10.4 MONITORING 

No further investigations are required. The study area as defined to date has been adequately examined 

by archaeologists. Additional historical resource investigations to inventory and assess paleontological, 

prehistoric and historic resources are not required in advance of construction. 
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11.0 ENVIRONMENTAL IMPACT ASSESSMENT SUMMARY 

This EIA has extensively evaluated the impacts ofSuncor's Steepbank Mine, expansion of production 

to I 07 kbpcd and Lease 86117 reclamation. Mitigations arising from the assessment have been 

incorporated into the mine design and will influence Suncor' s operations of these facilities. The net 

impact of Suncor's developments on the community and the surrounding environment is detailed in 

Table 11.0-1 and are summarized below. 

11.1 SOCIO-ECONOMIC IMPACTS 

Development ofthe Steepbank Mine will ensure operations ofSuncor's Oil Sands Group beyond the 

year 2000 and provide continued employment for its 1 700 existing employees and contractors. It will 

require an additional tOO employees by the year 2010. 

The net benefit of the projects to residents of the Regional Municipality of Wood Buffalo is 

considerable. Over the life of the project, tax revenues to the municipality will exceed $300 million 

dollars. Local business will benefit in a major way from both capital and operating expenditures. 

Suncor spends about $90 million a year for local goods and services. Benefits to the Alberta and 

Canadian economies are also very significant. 

Suncor is committed to ensuring the aboriginal communities in the Fort McMurray area share in the 

economic benefits of the project through development of jobs and business opportunities. There will 

be some displacement of traditional land use associated with development of the new leases. 

Progressive reclamation of Lease 86/17 and the Steepbank Mine with dry landscape technologies will 

open opportunities for re-development of traditional and other new land uses that will be of benefit to 

all community residents. To ensure effective land use planning, final decisions on Suncor's detailed 

reclamation strategy should be integrated on a regional scale with the programs being undertaken by 

the other oil sands operators and the forestry companies operating in the region. 

The construction workforce required to build the Steep bank Mine project, facilities associated with the 

Suncor production expansion, the Solv-Ex project and Syncrude's Aurora Mine will increase to over 
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700 in 1999. However, community services and infrastructure should be able to handle the projected 

increase in both construction and and permanent residents. 

11.2 HEALTH PROTECTION 

Facility improvements associated with the Fixed Plant expansion will result in improved local and 

regional air quality. Even with the increase in oil production, odours will be reduced due to a lowering 

of total sulphur and hydrocarbon compound emissions from the plant. Similarly, concentrations of 

nitrogen oxides, ozone, sulphur dioxide and particulates in the air will be improved. The projected air 

quality improvements should further limit the potential for any health effects on local or regional 

residents. 

Suncor does release water to the Athabasca River from its operations (mining, extraction, upgrading), 

and with time, releases of water from the reclaimed mining areas will have to occur in order to achieve 

sustainable reclamation. Studies done for this project indicate that the existing wastewater releases do 

not impact downstream water users. Indications are that future reclamation water releases similarly 

shouid not detrimentaiiy impact Athabasca River water quality. This finding will be confirmed through 

time as additional information on reclamation release waters is collected and evaluated. 

Reclamation of Lease 86117 and the Steepbank Mine with consolidated tailings (CT) should not impact 

the health of future land users. However, there are some information gaps on metal uptake into 

vegetation and air emission re~eases from the consoiidated tailings deposits and studies will be 

undertaken to confirm this finding. 

Suncor believes that Steepbank Mine and the fixed plant expansion will not be detrimental to the health 

of the residents of the Regional Municipality of Wood Buffalo. To monitor this issue, Suncor is taking 

part in the Regional Community Health Study being undertaken by the Alberta Department of Health. 

11.3 IMPACTS ON THE TERRESTRIAL ENVIRONMENT 

Steep bank Mine will have to disturb the surface environment of the new leases until such time as 

reclamation can proceed. Fortunately, consolidated tailings technology provides a reclamation solution 
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for fine tails that allows them to be incorporated back into a dry landscape. By the year 2020, an 

additional 1800 ha will be reclaimed on the combined leases (Lease 86117 and the Steep bank Mine). 

In the long term, mining and reclamation of the Sun cor leases will result in a small net shift from wet 

to dry habitats. Existing bogs and fens in the upland areas will be lost to mine development, as well 

a small area of the Shipyard Lake wetlands. In tum, there will be an increase in wetland shrub habitats 

as the consolidated tailings deposits and the surface drainage courses are reclaimed. Relative to 1995, 

there will be some loss of closed jack pine and white spruce areas, and a substantial increase in 

deciduous and mixed-wood forests on the combined leases. 

The implications of this terrain and vegetation shift for wildlife will be to create an actual long term 

increase in habitat for species like moose, black bear and grouse. The loss of mature spruce and mixed

wood forests has some negative implications for species like marten which prefer this habitat type. 

Concerns with regard to wildlife movement along the Athabasca River valley are tempered by the 

observation that strong north-south animal migrations were not observed in the 1995 field studies. 

Nevertheless, maintenance of a vegetation buffer along the river bank and the inclusion of a wildlife 

by-pass at the bridge should reduce any remaining concerns. 

Development of the bridge, hydrotransport system and overburden disposal area in the river valley can 

be undertaken while still complying with the Draft Fort McMurray- Athabasca Oil Sands Subregional 

Integrated Resource Plan (Alberta Environmental Protection 1995). This plan emphasizes that the 

Athabasca River valley ecosystem is sensitive and must be protected. Mining will disturb the 

escarpment and its associated vegetation. However, the escarpment will be replaced with overburden 

and Suncor is committed to reclaiming the vegetation back to its present state. There will be a net loss 

of mature forest in the river valley, but it will be small in a regional context. Shipyard Lake wetlands 

will be reduced in size, but maintained in both the short and long term as a viable wetlands habitat. 

River valley wildlife will be protected by returning habitat through reclamation, and maintenance of 

a river vegetation buffer and bridge bypass that will maintain movement corridors. 

The visual integrity of the Athabasca River valley will not be seriously impacted because of the 

Steepbank Mine overall setback from the river, and the maintenance of river vegetation buffer which 

will visually screen most of the valley facilities. Suncor will also take considerable care in ensuring 

mine and facility erosion will not impact river water quality. Studies to date have not found any unique 



Steepbank Mine Project Application -95- Section Ell.O 

historical resources or traditional use areas in the river valley disturbance area. Lastly, in order to 

ensure iong-term maintenance of Athabasca River valley habitats, Suncor will remove all mining 

facilities, except the bridge, from the river valley by 2030. 

At a regional scale, by the year 2020, the combined activities of Suncor, Syncrude, Solv-Ex, Alpac and 

Northland will affect certain habitats, especially white spruce dominant and mixed wood white spruce 

forests. Timber harvesting rather than oil sands development is the greatest factor contributing to this 

change. Correspondingly, there will be a substantial regional increase in closed deciduous forest. 

These changes have implications for wildlife management, many of which are positive. The 75% 

reduction in S02 emissions from Suncor will also improve the situation with regard to S02 impacts to 

vegetation and the potential for soil acidification. 

11.4 IMPACTS ON THE AQUATIC ENVIRONMENT 

Physical habitat alterations to the Steep bank River will be negligible since the mine will not daylight 

to the Steepbank River valley, and mine development will not alter river flows. The placement and 

construction of the bridge piers and abutments wiil not substantially affect fisheries habitat in the 

Athabasca River. Some low potential habitat will be lost at the mouths of small streams draining the 

Steepbank Mine Leases. These will be returned at mine closure through reclamation. 

The aquatic ecosystem in the vicinity of the Suncor leases shows evidence that river biota are properly 

coping with background levels of hydrocarbons that naturally occur in the region. This exposure is not 

impacting overall ecosystem health. The existing fixed plant wastewater releases from the Suncor 

facility do not impact downstream water users, but could cause some low level fish tainting. Suncor 

will take action to deal with this issue. 

A cumulative assessment of future operational and reclamation water releases to the Athabasca Rjver 

from all sources indicated the impact on water quality and fisheries should not be significant. This will 

be confirmed through additional investigation and monitoring. 
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11.5 CONCLUSION 

Suncor concludes that it can develop the Steepbank Mine and reclaim Lease 86/17 without. significant 

negative effects to local or regional residents, nor the terrestrial or aquatic environments. 

Substantial reduction in air and water emissions from plant facilities, plus the advent of consolidated 

tailings technology for reclamation, will allow Suncor to continue operations into the twenty-first 

century in a manner that is environmentally responsible. Sun cor's commitment to its ongoing 

environmental management program will ensure that the impacts identified here are properly managed 

and mitigated. 
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BITUMEN RECOVERY TECHNOLOGIES 

1.0 INTRODUCTION 

At the end of2001 mining of oil sand is expected to be completed on Suncor Lease 86/17. A new 

mine, utilizing efficient mining and processing methods (Steep bank Mine) will then commence 

operations on the east side of the Athabasca River. 

In order to select the most cost-effective mining system several different technologies have been 

studied by Suncor. This Appendix reports highlights from those studies. 

2.0 BITUMEN RECOVERY TECHNOLOGY REVIEW 

This section reviews the main alternative technologies vying for a position in the process of recovery 

of bitumen from a new mine. There have been significant efforts made in the development of each 

of these concepts and they are all championed by reputable entities (AOSTRA, Syncrude, Suncor, 

industry task forces). Sun cor's goal in the review of these technologies was to determine if any 

technology has reached a stage in development where it could either replace or augment Suncor's 

production from a future mine. 

2.1 SAGD PROCESS 

The Steam-Assisted Gravity Drainage (SAGD) bitumen recovery system utilizes technology 

developed at the Alberta Oil Sands Technology and Research Authority (AOSTRA) Underground 

Test Facility (UTF). This process or mining system can be· used to recover bitumen either by 

underground or by surface methods. Suncor is a member of the UTF Industry Partners. 

The SAGD system requires placement of one horizontal well in the oil sand immediately above the 

Devonian limestone. A second horizontal well is placed approximately three to five metres above 

the first. Initially both wells are steam injectors until a connection is made between them. As steam 

is injected in the upper well a mixture of oil and condensed steam is recovered from the lower well 

and then pumped to the surface for water removal. Chemical demulsifiers and diluents are used to 

separate bitumen from water; in Suncor's case either a wet or dry product would be created. The 

wet process generates a product containing 65% bitumen, 30% diluent and a maximum of 5% water; 
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wet product can be sent to the Extraction plant for water removal. The dry product contains less 

than 0.5% bottom sand and water plus 50% bitumen and 50% diiuent, and it can be sent directly to 

the Upgrader. 

During the past several years Suncor has been investigating alternative technologies that may 

provide additional or replacement bitumen production at a cost lower than the Clark hot water 

extraction process. As a result Suncor entered into an agreement with AOSTRA in 1991 to carry 

out a study on the economics of producing bitumen from two of Sun cor's oil sand leases using the 

SAGD process. 

Two areas considered for development are Leases 17 and 98. Lease 17 contains a small remnant of 

the existing mining area in its southwest comer. Advantages in development of Lease 17 include 

use of Sun cor's Utilities plant for injection steam (excess steam from the plant can be supplied at 

low cost) and ability to utilize existing infrastructure. Two production rates were examined (5 000 

bpcd and 10 000 bpcd). Lease 98 is located 45 km north of Sun cor's plant on the east side of the 

Athabasca River. This site (called the Green Field Site) was chosen for a stand-alone development. 

The economics ofthn~e production rates (40 000 bpcd, 60 000 bpcd and 90 000 bpcd) were studied. 

Costs of a hot water extraction plant linked to a surface mine were also estimated for comparative 

purposes. 

The bitumen recovery system used for the Lease 17 and Lease 98 cases is based on underground 

access; ramps are driven from the surface to the Devonian limestone. A series of horizontal drifts 

(tunnels) is placed 15m below the surface of the iimestone. These drifts (approximately 5 m x 5 

m in size) will provide access to the drill sites for workers, materials and productive pipelines. The 

wells are drilled upward into the oil sand formation and once the oil sand is reached the holes are 

flattened to a horizontal positioh. The well pairs average 500 m to 700 m in length and are 

approximately 70 m apart. A typical well pairs layout is shown in Figure I-1. 

The SAGD process study estimated the capital and operating costs of delivering either wet or dry 

bitumen product to the Suncor plant. Operating costs for both cases were considerably higher than 

for Suncor's existing methods of mining and extraction. The capital cost of each case was high 

compared to the cost of developing new production from Steepbank Mine using truck and shovel 

surface mining linked to hydrotransport. Therefore the SAGD process cannot at the present time 

compete with Suncor's existing infrastructure. 
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Since this study was completed in 1992 several new developments have occurred including 

improvements in drilling technology that have made it possible to drill horizontal parallel holes from 

the surface with reasonable success. 

Suncor has also acquired Lot 2 which is located at the southern boundary of Lease 86. This lot 

contains a relatively-small ore body which is not suitable for exploitation by surface mining but 

which may be suitable for SAGD. In addition, Suncor is planning to expand its Upgrader capacity. 

A new and inexpensive source of bitumen would be attractive during the period of phasing-out of 

the existing mine and development of Steepbank Mine. As a result of these changes Suncor 

examined the feasibility of developing Lot 2 by use of the SAGD process in combination with 

surface drilling. 

The study was based on production of 5000 bpcd in 1998 followed by production of I 0 000 bpcd 

in 1999. Pairs of wells would be drilled at a 32° angle and would become horizontal at a distance 

of 60 m. Twenty-six pairs of wells are required to produce 10 000 bpcd. Minimum depth of cover 

over the oil sand is approximately 30m to 70 m; in several locations the ore body is covered by only 

30m of overburden. Lower-than-normal operating pressures would be required so mining of this 

ore body can take advantage of low-cost steam from the Utilities plant. 

Capital costs for developing Lot 2 are high compared to the cost of supplying bitumen from 

Steepbank Mine. However, operating costs are attractive and this provides an incentive for pursuing 

this technology further. In addition to the high capital cost this ore body presents several 

disadvantages that may increase operating costs. Operating at low pressures may generate 

unforeseen technical difficulties. Strength and thinness of the overburden may result in loss of 

steam. The ore body contains several shale barriers (that may restrict the flow of bitumen) or it may 

have mobile water zones (that will remove steam). A unique drill has to be built to drill32° holes. 

Low bitumen recovery, and surface subsidence and heating are also possible. For these reasons the 

Lot 2 ore body is considered a high risk and not suitable for development at the present time. Sun cor 

plans to continue exploration for ore bodies that are located close to the Utilities plant and have more 

suitable geology. 

Suncor's Resources Group owns the Burnt Lake property north of Cold Lake (which has geology 

more suitable for a SAGD process) and it has recently announced plans to develop a test SAGD 

facility on this site. Drilling and construction will begin in 1996. Steam injection should begin in 
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late 1996, with production expected to reach 2.5 kbpcd. If Phase 1 is successful construction of 

Phase 2 (designed for a production rate of 12.5 kbpcd) could begin in 1999. 

2.2 TACIUKPROCESS 

The Taciuk Process was developed in the late seventies by Mr. Bill Taciuk. A commercial 

arrangement was subsequently made with the Alberta Oil Sands Technology and Research Authority 

(AOSTRA) and the process has since been called the AOSTRA Taciuk Process (A TP). 

A TP technology is based on the retorting of oil sands in a rotating vessel. Products from the vessel 

are treated by conventional upgrading methods to produce a synthetic crude oil. A simplified 

schematic of the ATP process is shown in Figure I-2. 

This figure identifies the main features of the process. Oil sand is conveyed into the vessel and 

enters a pre-heat zone where oversize material is rejected. The remaining oil sand passes into the 

reaction area of the vessel where it is mixed with recycled hot sand. Then mixed material enters the 

combustion area \vhere most of the heat is generated by burning coke residue left on the sand 

(auxiliary heat is provided by natural gas). A hot, dry tailings is produced from the cooling zone and 

the hydrocarbon vapours are sent to a distillate recovery unit. The main advantage of this system 

is the utilization of coke to produce the heat necessary to separate the hydrocarbons from the sand. 

An A TP oil sands pilot plant was built in Calgary in 1992 to test this process. The capacity of the 

plant is five tonnes per day and resuits of the test work have been favourable, indicating that A TP 

may have commercial application. This development led to a joint venture task force being formed 

to examine the economics of ATP. The group (called the AOSTRA Taciuk Process (ATP) 

Demonstration Commercial Oil Sands Mining Joint Industry AEOSRD Task Force and including 

Suncor Inc. as a member) was formed in 1994 with its main purpose to determine the economics of 

this process when it is used on a commercial scale. 

Task force investigation estimated capital and operating costs for a plant capable of processing 

105 000 tpcd of oil sand (at an average grade of 10.54% bitumen) which would require five ATP 

processors (each with a rated capacity of 1029 t/h). Truck and shovel mining methods would be 

used to produce oil sand feed for the plant. Dry tailings from the ATP process would be mixed with 
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recycle water to produce a slurry suitable to be pumped to the mine for disposal. The A TP distillate 

product would be hydrotreated to produce 11 800 m3/d of synthetic crude oil. 

Capital costs of developing a new plant as described previom;ly cannot compete with costs of an 

existing facility. Additional or replacement capacity at the Suncor mine site can be developed at a 

much lower cost using the existing Extraction plant, Upgrader plant and up grader. Therefore A TP 

is not a competitive process for implementation at Steepbank Mine. In the future this process may 

prove to be a competitive method of developing a completely-new oil sand deposit on a stand-alone 

basis. Further testing is planned at a five-tonne-per-day pilot plant located on the Suncor mine site 

which will operate on run-of-mine ore for one year. 

2.3 TRUCK AND SHOVEL MINING 

Suncor has used bucketwheel mining methods for over twenty years to exploit its oil sand deposits. 

This method requires stripping of overburden with conventional truck and shovel technology and 

then excavating oil sand with bucketwheels from three active mining faces. Oil sand from the 

bucketwheels was transported (by a beltwagon onto a sloping grizzly positioned over a face 

conveyor) through a system of movable 1.5 m wide conveyors and more permanent 2.1 m wide 

trunk conveyors to the Extraction plant. By the late 1990s the limitations of this system were 

becoming evident: it was inflexible and was having difficulty handling more-complex geological 

conditions. Also, the system was expensive to operate and was not generating the cash flow 

necessary for a new mine development. These factors as well as others provided incentive to 

examine the viability of alternative mining methods for reduction of operating costs. 

By the early 1990s large, 44 m3 shovels and 218-t-capacity trucks were commonplace in the mining 

industry. This equipment had a reputation for achieving low operating costs and high productivities. 

In addition large, double-roll crushers had been developed to handle sticky or frozen oil sand at 

production rates of 5000 to 7000 t/h, providing a key link between truck and shovel mining and the 

conveyor feed system. 

In 1992 Suncor decided to evaluate the benefits of changing from a bucketwheel mining system to 

a truck and shovel mining method. This latter method would utilize 44 m3 shovels and 218-t trucks 

to remove overburden and oil sand. The mining equipment itself is interchangeable between the 

activities. Overburden is either hauled to waste dumps or is used to construct tailings dykes. Oil 
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sand is hauled by trucks to the in-pit double-roll crusher where the ore is reduced to 40 mm and then 

placed on 2.1 m wide conveyors, to be sent six kilometres to the Extraction plant. In order for a 

truck and shovel system to work successfully in oil sand good-quality roads have to be built and 

maintained. Wet weather can stop a truck and shovel operation in oil sand unless well-built haul 

roads are available. 

Truck and shovel mining has several advantages over bucketwheel mining. These advantages are 

summarized below: 

" high productivity and avaiiabiiity can be achieved; 

.. equipment can be interchanged between overburden and oil sand operations; 

.. truck and shovel methods can deal more effectively with complex geology and restrictive 

operating conditions; 

.. overburden haul distances are reduced (conveyors no longer interfere with haul routes); 

,. a steady and better-conditioned oil feed is provided to the Extraction plant; 

.. a reduced operating and maintenance workforce is required; 

" a change in technology provides opportunity to improve work practices; and 

e overall it's a simpler mining method for management and planningo 

The evaluation disclosed a savings of 50% in operating costs due to the advantages described above 

so the decision was made to implement the new mining scheme. By the end of 1993 a complete 

conversion to truck and shovel mining had taken place. A better-than-expected reduction in 

operating costs occurred in 1994. As a result ofthese improvements truck and shovel mining was 

selected as the best method for developing new mine sites and was incorporated into the subsequent 

pre-feasibility and Steepbank Mine-feasibility studies. 

2.4 HYDROTRANSPORT 

Hydrotransport is an oil sand processing and transportation system that has been under investigation 

by Syncrude Canada Ltd. for the past ten years through both pilot plant testing and operation of a 

full-scale system for two years. In this testing the oil sand is hauled to a Krupp double-roll crusher 

(capable of handling up to 5000 t/h) where it is reduced to 40 mm and then conveyed to the 

cyclofeeder where hot water and recycled slurry are added. The slurry is then screened to 10 mm, 

dropped into a pump box, and then pumped approximately 2 km through a 61-mm-diameter pipe to 

the Extraction plant where the slurry by-passes the tumblers and is distributed to the separation cells. 
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Operation of this test facility has been successful and it has become an important auxiliary source 

of Syncrude's plant feed. 

Hydrotransport of oil sand from the mine site to an Extraction plant has several advantages. 

Transportation costs are less than for a conveyor system. Hydrotransport eliminates the use of 

tumblers through the conditioning of the ore in the pipelines. The process uses less energy by 

allowing bitumen separation at 55°C instead of 85°C. Capacity of the system is not reduced by 

increased distances as it is in conveyor systems. Hydrotransport permits greater flexibility in 

planning so it can be used to exploit small and remote ore bodies. 

As a result of these advantages and the success of Syncrude's full-scale test Suncor has purchased 

this technology and is now a partner in its future development. The main objective of buying this 

technology is to reduce the costs of developing and operating off-site leases. 

2.5 DESANDING PLANT 

A desanding plant may be required where an ore body is located more than eight km from an 

Extraction plant as at these distances the cost of transporting oil sand and coarse sand tailings 

becomes very high. A desanding plant would be designed to remove the coarse portion of sands 

from conditioned slurry delivered by a hydrotransport system. Technical work completed to date 

indicates that a desanding plant would provide a less-costly means of transporting and processing 

oil sand at distances greater than eight km from an Extraction plant. Therefore while a desanding 

plant (working in tandem with a hydrotransport system) may provide an economical method of 

exploiting remote ore bodies (such as on the east side of the Athabasca River), this process has not 

been proven and a considerable amount of research work still has to be completed. Testing has to 

be done to determine if a hot water/bitumen mixture can even be pumped over long distances. Since 

this technology may have application in Suncor's long-term plans the company will continue to be 

involved in the development of this process. 



>
 ~ 

- ~
 

~
 

., 
,_. 
~
 

w
 

~
 

r
~
 

-
I 

I 

E-
\ 

\ 
\ \ 

rJJ 
~
 

T
""" 

I 
\ I I 

E-
w

 
c:: 

c. 
:::::> 
(.!J 

\ 
z 

u::: 
\ 

~
 

C· 
~
 

\ 
c: ~ ~ c. 

\ 
z 

\ 
-, 
Jo-t' 



,
~
·
 

C
J) 

C
J) 

Q
.) 

(.) 
·.......___; 

0 '-
(L

 

.::,t. 
:J 
'(3

 
co 
l-

·' 

0 
>

-Z
 

a:-<
 

O
C

I) 
z
C

I) 
<

{
<

.9
 

w
z
 

-
~
-

u::::! 
-< 
1

-

C\1 I 

LU 
a: 
::::> 
C!l 
u:: 



APPENDIX II 

LIST OF SUNCOR'S ENVIRONMENTAL 

ACTIVITIES AND INITIATIVES SINCE 1990 



Appendix II: List of Suncor's Environmental Activities and Initiatives Since 1990 
... .. ..... ..·. 

· .. · 

AIR EMISSIONS 

WATER 
EMISSIONS 

WATER 
TREATMENT AND 
POTABLE WATER 

. ProjectSummary 

Odour Abatement I 
Odour Abatement 2 
Superclaus 
Supplementary Emission Control 
Lichen Study 
Extraction Recovery Improvements 
NRU Improvements 
Reduction of S02 Emissions 
Flue Gas Desulphurization Plant 
Plant 35 Coker Gas Utilization 
Electrostatic Precipitator Reliability Upgrade 
Air Conditioner Coolant Changeover 

Total Expenditure on Air Activities and Initiatives: 

Wastewater System Upgrades 
Wastewater Characterization Study 
Toxicity Reduction Plan Development 
Tar Island Dyke Seepage Assessment Project 
Groundwater Monitoring Program 
Continuous Boiler Blowdown 
Sewage Treatment System Assessment 
Dyke Drainage Control Systems 
Pond 5 Liner 
Westfalia Recycle Water 
Dyke Seepage Water 
Seepage and Drainage System Telemetry 
Ring Dam Water Project 
Sewage Treatment System Upgrade 
Regional Groundwater Model 
TID Seepage Collection System Enhancement 
Mine Drainage System - Control Structure Upgrade 
Pond 5 Seepage Study 
Fish Health and Tainting Study 

Total Expenditure on Water Activities and Initiatives: 

Upgrade of Potable Water Plant 
Clarified Water to Water Treatment Facility 
Reverse Osmosis 
Emergency Water Supply 
Firewater System 

Total Expenditure on Water Treatment and Potable Water 
Activities and Initiatives: 

Value 

••••• ($k) 

3200 
16 735 
15 000 

750 
50 

125 
250 

2500 
120 000 

60 
80 

160 

158 910 

553 
150 
10 

195 
800 
214 
50 

3000 
700 
150 
500 
60 

150 
2045 

8 
860 
30 
85 

130 

9690 

2716 
53 

11 000 
400 

8000 

22169 



Appendix H: List of Suncor's Environmental Activities and Initiatives since 1990 (Continued) 

ENVIRONMENTAL 
DILIGENCE 

WASTE 
l'lli\NAGEMENT 

RECLAMATION 

Project Summary 

Environmental Auditing 
Community Consultation 

· .. 

Environmental Impact Assessment Projects 

Total Expenditure on Environmental Diligence Activities and 
Initiatives: 

Hazardous Waste Storage Building 
1 Waste inventory Work 

I 

Metals Reclaiming - Spent Catalysts 
Compressor Seal Oil Recovery 
Hydrocarbon Recovery Basin 

Total Expenditure on Waste Management Activities and 
Initiatives: 

Land Reclamation Activities 
Sulphur Pit Reclamation 
Coke Pile Modifications 
Fine Tailings Transfer 
Pond 1 Reclamation 
Wildlife Monitoring Programs and Raptor Enhancement Program 
Research- Wetlands Research 

Sustainable Lake Ftesearch 
- Environmental Implications of Dry Landscape 

Technologies 
- Reclamation Landscape Model 

Oil Sands Reclamation Performance Assessment Protocol 
Freeze-Thaw Treatment of Fine Tailings Project and 

Non-Segregating Tailings Field Assessment Projects 
Reclamation Rooting Study 
Erosional Resistance of Tailings Sand Dykes 
Ecological Sustainability ofRevegetated Areas of Tailings Sand 
Dykes 
TID Toe Berm Erosion Assessment 
Consolidated Tailings Commercial Trial 

Total Expenditure on Reclamation Activities and Initiatives: 

Total Expenditure on Environmental Activities and Initiatives 

. 

Value 
($k) 

329 
100 
654 

1083 

175 
50 

100 
55 
50 

430 

3343 
1332 
200 

7391 
780 
50 

3088 

260 
5970 

15 
175 
75 

47 
5000 

27 726 

220 008 

. 
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Appendix II: List of Suncor's Environmental Activities and Initiatives Since 1990 (Continued) 

Date·•···· ··•·value . .... 
· .. ·.. ·····• ·•··· .. ·······························. / ............ ········ 

. .· ·.· . 

Project ~e~cr~pti011 1···. .•· Illtpact 
. · · ... .· ... \ . . ($~)··· 

•• •••••••••• ······· ..... ······· .......... ········ ....... ········· .... :..:• ........................... .• .·· . ... · ... · 

AIR EMISSIONS 

Odour Abatement 1 1991 3200 Diluted bitumen/diluent sour oil streams Rerouted sour naphtha and other sour oils 
removed which previously went to diluted bitumen 

and diluent pool 

Odour Abatement 2 1993 1500 Added water boot to diluent accumulator Less water to remove in South Tank Farm 
diluent tanks and less oil in water routed to 

to Extraction 

1995 500 Added spare pump for sour water stripper Stripper effluent H2S on spec during 
(10C2) reflux overhead pump outages - reduced odours 

1000 Added piping to send stripped sour water Stripped sour waters sent to vacuum 
and slop tank pump-outs to Extraction stripper and cooled by tailings before 
Naphtha Recovery Unit release to Tailings Pond 1 - reduced odours 

10 700 Added vent collection and treatment system Reduced odours from vent releases to 
for South Tank Farm, Extraction Plant 4 and atmosphere 

J 

Naphtha Recovery Unit (NRU). (Vapour 
Recovery Project) 

10 NRU modifications made to improve NRU Diluent losses to tailings reduced; NRU 
recovery rates recovery improved from 65% to 68% 

25 Environmental line implemented Plant 4 controlled to minimize tails losses 

3000 Upgrade API and Slop Tank Systems Segregation and treatment of API, South 
Tank Farm and Flare waters separately, to 
reduce oil loss and odours 



-
Appendix II: List of Samco:r's Environmental Activities and Initiatives Since 1990 (Continued) 

Project Date Value Desc:tiption I Iiripact 

I ($k) 

AIR EMISSIONS (Continued) -
Superclaus 1994 15 000 Addition of a common 4th stage Superclaus Reduction of S02 emissions 

converter and coalescer to sulphur plant 

Supplementary Emission 1993 750 Upgrade of air monitoring stations, Program to allow Suncor to mitigate 
Control including real-time alarm systems; effects related to so2 emissions 

Installation of a computer program to 
predict and correlate S02 concentrations 

Lichen Study 1993 50 Study to assess the potential build-up of Provided Suncor with information 
contaminants in lichens necessary for assessment of impacts 

associated with air emissions -
Extraction Recovery 1989 25 Implementatiion of Optimal Predictive Reduction in losses of bitumen to tailings 
Improvements Control ofth'e separation cells ponds 

1989 100 Separation c<E~ll feed well modified to 
to improve plant performance; operating 

1994 procedures modified to improve plant 
; 

performance (both continuing). 

NRU Improvements 1994 250 Relocation of Plant 16 steam sparge nozzle Estimated recovery improvement of 5% 
below liquid level, to enhance NRU (from 68% to 73%) 
recovery rates 

Reduction of S02 1994 2500 Burning of natural gas rather than coke; Reduction of S02 emissions from Power 
Emissions to purchase of power house to ensure compliance with 90-day 

1995 rolling average 



, Appendix II: List of Suncor's Environmental Activities and Initiatives Since 1990 (Continued) 

AIR EMISSIONS (Continued) 

Flue Gas 1994 120 000 FGD plant site assessment and Commencement of construction of new 
Desulphurization (FGD) preparation; initiation of plant plant to reduce Utilities S02 emissions 
Plant construction 

Plant 35 Coker Gas ,1993 60 Provision of piping control changes and Energy conservation through improvement 
Utilization combustion control changes on Plant 35 to coker gas usage, reduction in usage of 

boilers to allow combustion of additional imported natural gas and reduction in 
coker gas from Upgrader instances where coker gas must be flared 

Electrostatic Precipitator 1993 80 Installation of new rappers, rapper control Improvement in reliability and capability of 
(ESP) Reliability to system and field control cabinets ESPs; improved ESP performance in 
Upgrade 1994 capturing flyash emissions 

Air Conditioner Coolant 1995 160 Replacement of ozone-depleting Part ofSuncor's program to eliminate 
Changeover subtances in mine equipment air- regulated ozone-depleting subtances 

conditioning units i 

Total Expenditures on Air 
Activities and Initiatives: 
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Appeuudix H: List of Sumcor's EnvironmeJrntal Activities and Initiatives SiJrnce 1990 (Continued) 

Project Date Value "i.J> ... rip~~.· I Impact 

I ($1<) 
' : ... =·· .·. .. . · ... 

WATER EMISSIONS -
Wastewater System 1992 150 Installation of new outfall weir Accurate,. continuous logging of outfall 
Upgrades flow, temperature and pH -

3 Upgrade of slops handling system Improved oily-water handling 
-

1995 HO Installation of rotary drum skimmer on API Improved oil recovery 
cell 

-
260 Pond D - clearing and dredging activities. Increased holding capacity. . 
30 Dredging of the Flare Pond Increased holding capacity 

-
Wastewater 1993 150 Detailed detenn.ination of current Allows Suncor to set maintenance and 
Characterization Study performance ~fwastewater treatment system engineering upgrade priorities 

' 
Toxiciity Reduction Plan 1993 I 10 Develop plan to determine potential sources Implementation of plan allows Sun cor to 
Development of acute toxidty recorded in wastewater determine sources of toxicity and to 

system implement mitigative actions -
Tar Isiland Dyke 1993 195 Assessment of seepage from Tar Island Allows Suncor and reviewing Regulators to 
Seepage Assessment to Dyke, efficiency of the dyke seepage assess potential impact of any seepage from 
Project 1995 collection syst,em, and potential impact of Tar Island Dyke to Athabasca River. 

seepage on Athabasca River. 

Groundwater 1990 800 Development and monitoring of network of Allows for detection of potential impacts to 
Monitoring Program to groundwater monitoring wells groundwaters from oil sands development 

1995 activities -
Continuous Boiler 1993 214 Project to rout~~ continuous boiler blowdown Energy and water conservation ' 

Blowdown to waters to Extraction 
1994 -

Sewage Treatment 1994 50 Evaluation of a variety of sewage treatment Selection of best applicable technology for 
System Assessment concepts upgrading Suncor's sewage treatment 

system 
: 



Appendix II: List ofSuncor's Environmental Activities and Initiatives Since 1990 (Continued) 

Date ...... ·. ·.······vati.e .·. .. •· .· ... .. 
········ 

... ·•· . 
Project 

Description ····.·····•••••• •• < 
··········.···•.··Impact 

... ($k) .. 
............ ······· .. . ...... ·••· ..... . ·· .. .•. •........ . .. . ... 

WATER EMISSIONS (Continued) 

Dyke Drainage Control 1991 3 000 Dyke drainage collection systems installed Dyke drainage controlled and returned to 
Systems to for Ponds 2/3 and 4, including coke tailings ponds 

1994 filters, piping networks and water return 
systems 

Pond 5 Liner 1994 700 Low-permeability liner placed on floor of Minimization of potential for groundwater 
future Pond 5. contamination 

Westfalia (Disc 1993 150 Conversion to Hot Process Water for Improved separation in Westfalia 
Centrifuge) Recycle Westfalia make-up water, to improve centrifuges, improved product quality and 
Water centrifuge performance better recycle water control; eliminated use 

of fresh river water in Extraction 

Dyke Seepage Water 1991 500 Installation of system to allow use of dyke Flow of fresh water for use as seal water 
seepage water to replace gland seal water reduced; system had to be abandoned 

because of bacterial contamination 

Seepage and Drainage 1994 60 Alarms located in dispatch office for Allows for rapid response to potential 
System Telemetry monitoring drainage and dyke seepage problems in drainage systems·which may 

systems potentially impact environment 

Ring Dam Water Project 1993 150 Elimination of fresh water addition to disc Improved recovery and water conservation 
to centrifuge process 

1994 

Sewage Treatment 1995 2045 Improvements to Suncor Sewage Enhancement of control and treatment of j 

System Upgrade Treatment System sewage wastes 

Regional Groundwater 1995 8 Development of integrated Allows greater understanding of r~gional 
I 

Model Suncor/Syncrude regional groundwater groundwater situation 
model 



-
Appendix II: List of Sumcor's Environmental Activities :and Initiatives Since 1990 (Continued) 

I Date I V~h1e I : ~J!e<<tiption I 
I 

Project Impact I . ($k) 

WATER EMISSIONS (Continued) -
TID Seepage Collection 1995 860 Upgrading of seepage interceptor system at Reduced seepage to Athabasca River 
System Enhancement toe ofTID. -
Mine Drainage System ·· 1995 30 Initiation of work to enhance the mine Improved control of mine drainage system 
Control Structure drainage systc~ms to allow continuous discharges 
Upgrade monitoring and to install improved 

sampling poi~1ts 

Pond 5 Seepage Study 1995 85 Assessment of the potential for seepage Allows Suncor to assess impacts and 
from Pond 5 mitigative opportunities associated with 

potential seepage from Pond 5 -
Fish Health and Tainting 1995 130 Evaluation of potential effects of TID Allows Suncor and reviewing Regulators to 
Study seepage and wastewater treatment system assess potential impact of seepage and 

waters on health of fish and other aquatic wastewater discharge on health of fish and 
biota other aquatic biota 

Total Expendihu-es on Water 9690 I Activities and Initiatives: 
' 

; 
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Appendix II: List of Suncor's Environmental Activities and Initiatives Since 1990 (Continued) 

·• ..... ::.:::: . .::: .. ::. ::, ........... ................................ ·.·. . ...................... . )> ..•. ·. ·• .. · .... 
•• ••• • ••••••• • •• 

. ... 
~ . . . . . . .. 

Project Date vame 
I > > 

))~s~ripth>n Impact 
($k) 

········• .. ····••••• > ···< < 
.. .. . ..... . .. . 

··•····•····• > 
. ...... . .... . ... 

WATER TREATMENT AND POTABLE WATER 

Upgrade of Potable 1993 2716 Improvements to filtration and chlorination Improvement in consistency of potable 
Water Plant to systems, system automation and water quality 

1995 distribution system 

Clarified Water to Water 1994 53 Installation of piping and control systems Resulted in net reduction of water to 
Treatment Facility to redirect clarifier overflow wastewater system for 7 mos of year (of 

(approximately 4900 m3/d) to water approximately 3,270 m3/d) while achieving 
treatment reverse osmosis units, with reject better clarifier stability and pH/turbidity 
stream directed to plant utility water control 
system 

Installation of Reverse 1995 11 000 Construction of reverse osmosis unit, to Improvement in consitency of water 
Osmosis Unit improve water feed quality treatment product; minimization of waste 

streams produced by enhanced water 
treatment 

Emergency Water 1995 400 Development of system to assure water Improvement in assurance of water supply, 
Supply System supply when standard system is non- with minimization of potentittl 

operational; replacement of old diesel environmental impacts when bypass system 
pump system with electric pumps is in use 

Firewater System 1995 8000 Upgrading ofSuncor's firewater system- Improvement in Suncor's capability to 
improved provision of water supply for address emergencies 
emergencies 

... 
Total Expenditures on Water 22169 
Treatment and Potable Water 

!}.···············.·············· 

, 

Activities and Initiatives: ...... 
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Appe!l]dix II: List of Samcor's EmrirOJ!]ffie!l]tal Activities and Initiatives Since 1990 (Continued) 

Project Date Value : )••~ri~tion 
•····I 

Impact. 

I .. ($k) 
••••••••• 

ENVIRONMENTAL DILIGENCE -
Environmental Auditing 1993 329 Completion of environmental auditing Assessment of environmental management 

to training program and environmental audits and compliance activities; follow-up actions 
1995 of Business Units to effect improvements -

Community 1995 100 Increased communication of environmental Improved understanding by Suncor of 
Consultation issues and initatives with Suncor's information requirements of its community. 

community; includes workshops, trade fairs Improved understanding by community of 
and distribution of information documents Suncor, i1ts current and planned activities 

-
Environmental Impact 1995 161 Assessment of biophysical conditions (soils, Improved understanding and definition of 
Assessment Projects vegetation and terrain) on local study area environmental consitions in area of Suncor 

(i.e., Leases 86/17, 23, 97 and fee lots) operation 
-

271 Assessment of hydrological and 
hydrogeological conditions associated with 
local study an~a 

-
88 Assessment of environmental conditions 

associated with air emissions from Suncor 
operation 

134 Environmental and human health risk 
assessment (cumulative impact assessment) 
associated with current and proposed 
Suncor operations 

Total Expenditmres on I . 
EJ!]viro!l]mental Dilige!l]ce 1083 
Activities and Initiatives: 



Appendix II: List of Suncor's Environmental Activities and Initiatives Since 1990 (Continued) 

Project 

WASTE MANAGEMENT 

Hazardous Waste 

I 
1992 175 30m x 15 m storage building constructed in Improved protection of hazardous waste 

Storage Building to Hazardous Waste Storage Yard; coating of materials being held in Hazardous Waste 
1993 building floor Storage Yard pending disposal or recycling 

at approved off-site locations 

Waste Inventory Work 1993 50 Identification and quantification of Improved disposal practices and 
to hazardous waste streams identification of reduction/reuse/recycle 

-1995 opportunities 

Metals Reclaiming - 1994 100 Catalyst sent to reclaimers for recovery of Elimination of mobile heavy metals from 
Spent Catalysts metals Industrial Landfill 

Compressor Seal Oil 1994 55 Used seal oil sent through Upgrading for I Diversion of waste oils from tailings ponds 
Recovery recovery of resource 

Hydrocarbon Recovery 1994 50 Contaminated hydrocarbons processed I Diversion of hydrocarbons from tailings 
Basin through Upgrading for recovery of resource ponds 

.. ·•.··· ········ Total Waste Management 
Activities and Initiatives: 



11 Appendix H: List of Samcor's Environmental Activities ~:nd Initiatives Since 1990 (Continued) 

Project Date Value Description I Imth•ct 

I ($k) 
-

RECLAMATION 
-

Land Reclamation 1990 3343 Land reclamation involves placement of Creating self-sustaining vegetative cover 
Activities to topsoil on reclamation areas, fertilization, on lands disturbed by mining 

1994 revegetation and tree planting; 
performance of reclaimed sites is assessed 
on an annua[ basis, to ensure site 
development is consistent with undisturbed 
reference sit{~S 

-
Sulphur Pit 1993 1332 Reclamation of former sulphur storage Removal of contaminant with potential for 
Reclamation area causing environmental impact; disposal of 

recovered sulphur and sulphur/soils within 
approved sulphur deposition pit 

-
Coke Pile 1994 250 Modifications to coke stockpile through Reduction of dust emissions from coke 
Modifications to slope flattening, vegetating slopes and stockpile; reduction of fugitive sulphur 

1995 improvements in coke stockpile drainage emissions and minimization pf risk of 
collection system; also includes contaminated water reaching river 
installation of irrigation system 

Fine Tailings Transfer 1990 7391 Construction of facilities for transfer of Lowers mud-line in Pond lA to maintain 
to fine tailings from Ponds 1 A and 2/3; cleaner Extraction recycle water quality 

1995 includes transfer activities from Ponds 1 
and lA 

-
' 

Pond I Reclamation 1993 780 Research and development for final All fluids: to be removed from Tailings 
to reclamation plan and long-term stability of Pond 1 and preparation for infilling of 

1995 Tar Island Dyke Pond 1 such that a dry, reclaimable surface 
is obtained within a geotechnically-secure 
structure 

-



Appendix II: List of Sucnor's Environmental Activities and Initiatives Since 1990 (Continued) 

Project 

RECLAMATION (Continued) 

Wetlands Research 

Sustainable Lake 
Research 

Environmental 
Implications of Dry 
Landscape 
Technologies 

Reclamation Landscape 
Model 

1991 
to 

1995 

1992 
to 

1994 

1991 
to 

1995 

1991 
to 

1995 

3088 
Evaluation of potential for employment of 
constructed wetlands for treatment of 
wastewaters from oil sands reclamation 
projects 

Evaluation of sustainment of water-capped 
fine tailings ponds 

Evaluation of leachates from various oil 
sands materials which will be employed in 
lease reclamation scenarios 

Evaluation of toxicological impacts and 
impacts to plant productivity from various 
oil sands reclamation materials and 
material mixes 

Development of model to track movement 
of water-borne constituents throughout 
reclamation landscape and from reclaimed 
lease to external environment 

Employment of constructed wetlands for 
treatment of waters from oil sands 
reclamation schemes would mean that cost
effective, self-sustaining, productive 
ecosystem would function as treatment 
system 

Reclamation of fine tailings through 
placement under capping layer of water 
may provide cost-effective, 
environmentally-sound reclamation 
method for volumes of fine tailings 

Knowledge of potentialleachates from 
various materials which will be employed 
in reclamation scenarios con~ributes to 
reclamation planning activities 

Knowledge of potential impacts from 
various reclamation materials contributes 
to reclamation planning activities 

Development of model which allows 
tracking and evaluation of various oil sands 
constituents which will move between 
reclaimed landscape units and from 
reclaimed lease; also has predictive 
capabilities 
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Appendix II: List ofSuncor's Environmental Activities and Initiatives Since 1990 (Continued) 

-. 

bescrl~~-~ I 
Project Date Value Impact·· 

($k) .. 
... : -

RECLAMATION (Continued) 
-

Oil Sands Reclamation 1993 260 Development of performance assessment This risk assessment protocol will be 
Performance to protocol to evaluate geotechnical and employe:d as part of risk management 
Assessment Protocol 1995 environmental components of reclaimed oil program; it also allows users to predict 

sands lease future pc~rformance of reclamation areas 
-

Wildlife Monitoring 1991 50 Assessment of wildlife (bird and mammal) Allows assessment of impact of oil sands 
Programs and Raptor to interactions on developed oil sands lease development on lease (and lease area) 
Enhancement Program 1995 populations of birds and mammals 

-
Freeze-Thaw Treatment 1991 Assessment of technique to enhance Potential reduction ofvolumes of fluid 
of Fine Tailings Project to removal of water from fine tailings tailings; this will result in increase in dry 

1994 5970 landscape areas 
-

Non-Segregating 1993 Assessment of technique which results in Potential reduction of volumes of fluid 
Tailings Field to tailings mixture with little entrapped water tailings; this will result in increase in dry 
Assessment Project 1994 landscape areas ' -
Reclamation Rooting 1993 15 Assessment of rooting patterns of trees Review of rooting patterns for reclamation 
Study to growing on Suncor reclamation areas and area trees allows assessment of capability 

1994 adjacent non-disturbed areas of these trees to resist blowdown and to 
function effectively for erosion control 

Erosional Resistance of 1995 175 Assessment of rates of erosion on Provision of information to allow 
Tailings Sand Dykes reclaimed tailings sand dyke areas (TID), calculation of normal rates of erosion to be 

including area subjected to simulated forest expected on reclaimed tailings sand dykes; 
fire this information will allow evaluation of 

sustainability of these reclamation areas -



Appendix II: List of Suncor's Environmental Activities and Initiatives Since 1990 (Continued) 

Project Date Value Description Impact 
($k) 

' 

RECLAMATION (Continued) 

Ecological Sustainment 1995 75 Assessment of ecological development of Provision of information to allow 
of Revegetated Areas of revegetated areas of Tar Island Dyke, evaluation of sustainment of revegetated 
Tailings Sand Dykes including assessment of soil depths oil sands lease areas 

TID Toe Berm Erosion 1995 47 Assessment of erosional resistance of toe Identification of requirement or potential 
Assessment berm area of TID requirement for enhancement of erosional 

resistance of lease/river interface adjacent 
at TID 

Consolidated Tailings 1995 5000 Initiation of project to assess full Elimination of fine tailings 
Commercial Trial implementation of consolidated tailings 

technology 

Total Expenditures on 
Reclamation Activities and 27726 
Initiatives: 

; 



APPENDIX III 

PLANT PROCESS BALANCES 



Steepbank Mine Project Application - 1 - APPENDIX III 

PLANT PROCESS BALANCES 

1.0 INTRODUCTION 

1.1 PROPOSED EXPANSION 

Suncor is proposing the expansion of its plant capacity from its current gross production capacity 

of79.5 kbpcd (12 639m3/cd) to 107 kbpcd (17 012 m3/cd) by late 1998, with an intermediate step 

of87 kbpcd (13 832 m3/cd) by mid-1987. Average net production (products marketed) is less than 

gross production by up to 2 kbpcd due to internal consumption. 

1.2 CALCULATION BASIS 

All balances are reported in gross measurements per calendar day. Stream day data is also provided 

for hydrocarbon, sulphur and Extraction balances. All balances were derived through use of best 

professional judgment and are based on process engineering models of plant performance and plant 

operating experience. Actual operating data may differ from that presented in the balances as a result 

of potential inaccuracies in model assumptions, design expectations and measurements. The 

component and energy balances for the 87 kbpcd and 107 kbpcd cases are compared to the 

79.5 kbpcd (12 639 m3/cd) base case. 

1.3 PURPOSE OF CALCULATIONS 

Suncor maintains production control and measurement practices in its operations. Primary emphasis 

is given to operating criteria in the areas of: 

• products and production; 

• bitumen extraction and hydrocarbon recovery; 

• sulphur recovery; 

• water intake, disposal and recycle; 

• waste processing and disposal; 

• energy consumption; and 

• air emissions. 
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Systems have been developed to measure, monitor, and report data that will ensure that: 

e operations are effective; and 

• Suncor meets its licence requirements. 

Three of the existing operating criteria are: 

e 91% overall bitumen extraction recovery; 

• 98% sulphur recovery; and 

* 99.1% diluent recovery. 

1.4 KEY ASSUMPTIONS 

The following key assumptions were used in determining the material and energy balances: 

.. bitumen in oil sand is 12% for the 79.5 kbpcd and 87 kbpcd cases, and 11.7% for the 

1 07 kbpcd case; 

• all surplus generated power can be exported; and 

@ the diluent to bitumen ratio is 0.86 by volume. 

Although not part of the expansion project, the following projects are implemented by the time 

107 kbpcd capacity is reached: 

" a third turbo-generator unit; 

.. a system to capture and re-use continuously flared emissions; 

" ammonia destruct modifications to the sulphur plant; 

" hydrogen purification vent condensers; 

" hot diluent coupling projects; and 

18 days of flue gas desulphurization outage effect is based on seven planned summer days 

during a main boiler outage and 11 unplanned days. 
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1.5 STANDARDS FOR MEASUREMENT 

Systems and equipment installed and used to obtain operational data for regulatory reporting are 

based on sound engineering practices and meet or exceed the following standards: 

• regulatory specifications where applicable (e.g., CSEM calibration and survey standards); 

• American Petroleum Institute Manual of Petroleum Measurement Standards (API -

MPMS); and 

• recognized and frequently used industrial recommended practices (e.g., API) standards. 

Specifications and standards of conformity apply to: 

• installation, 

• calibration, 

a data collection, and 

• data calculation and conversion. 

1.6 TESTING AND RECONCILIATION 

Supporting data is collected, evaluated and made available, when required, to regulatory authorities 

and the public, to demonstrate applicability and accuracy of measurement systems and equipment. 

The AEUB and Suncor are currently developing a methodology which will demonstrate the validity 

of the bitumen and diluent measurement. 

Field monitoring programs include material sampling, analysis, and data verification. This is 

supported by field (operational) and laboratory services. Laboratory and other external services, such 

as metre proving, conform to recognized and certifiable standards. Monitoring programs are in place 

to identify deviations from expected recoveries or potential metering issues. 

1.7 RECORDS AND REPORTING 

The Monthly Oil Sands Processing Plant Statement, or the S-23, is the basis upon which data is 

reported externally. This reporting statement was developed jointly by the AEUB, Suncor, and 

Syncrude to meet the information needs of all regulatory agencies. The S-23 summarizes operational 
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information based upon the defined production and processing activities. The report is organized by 

specific products and feedstocks. 

2.0 PLANT BALANCES 

2.1 HYDROCARBON BALANCE 

The hydrocarbon balances are shown in: 

.. Figure III-I and Table III-1 for the 79.5 kbpcd (12 639 m3/cd) production rate, 

.. Figure III-2 and Table III-2 for the 87 kbpcd (13 832 m3/cd) production rate, and 

.. Figure III-3 and Table III-3 for the 107 kbpcd (17 012 m3/cd) production rate. 

The hydrocarbon balance changes proportionally when production is increased to 87 kbpcd. The 

hydrocarbon balance changes most significantly in the 107 kbpcd case with the implementation of 

hydrotransport of oil sand and vacuum stripping of bitumen. 

The extraction process fraction of feed bitumen lost to rejects is not expected to change in the 87 

kbpcd) case as the 6-foot by 16-foot (1.8 m by 4.9 m) reject screens will be replaced with 8-foot by 

20-foot (2.4 m by 6.1 m) screens. The loss of bitumen to rejects will decrease at the 107 kbpcd stage 

with the recrushing and rescreening process that will be implemented as a part of the Steep bank 

Mine operation. 

The recovery of diluent fed to the extraction process will be enhanced in the 87 kbpcd case to 99.3%. 

This will be sustained at 99.3% for the 107 kbpcd production level. 

A potential reduction in average bitumen recovery is expected as a result of the lower average grade 

ore (higher fines) in the Steepbank Mine. A number of options for increasing bitumen recovery are 

being pursued to ensure suitable resource recovery is achieved 

Virgin oil production increases in the 87 kbpcd case with the introduction of the heavy atmospheric 

gas-oil draw. The vacuum unit will significantly increase virgin oil production in the 107 kbpcd 
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stage of the expansion. This will reduce the load on the cokers and will change the yield structure 

of the coker products. 

Gross liquid yield on bitumen across upgrading will remain unchanged from current in the 87 kbpcd. 

At the 107 kbpcd stage, the gross liquid yield on bitumen will improve to 85.4% (from 83.9%) 

contributing to overall site energy efficiency. This is attributed to the vacuum unit removing the 

virgin oil from the coker charge. If it were not removed, the virgin oil would crack into fuel gas and 

coke. 

The amount of coke produced will increase proportionally with production during the 87 kbpcd stage 

of expansion, while the quantity of coke used as fuel in utilities will increase by 3.3% from the base 

case. The net effect is that the quantity of coke stockpiled will increase by 20% from the base case 

during the 87 kbpcd stage of expansion. 

With the addition of the vacuum unit and increased use of atmospheric draws in the 107 kbpcd stage 

of expansion, the coke yield on a bitumen feed basis (to upgrading) will decrease by 5.5%. The 

quantity of coke used as fuel in utilities will increase by 14% from the base case for the 107 kbpcd 

stage of expansion. The net effect is the quantity of coke stockpiled will increase by 40% from the 

base case during the 1 07 kbpcd stage of expansion. 

There will be no changes in the Unifiner yields from the base case. 

Coker blends and virgin oil sales will increase to 34% of total sales by the 107 kbpcd stage of 

expansion. 

2.2 WATERBALANCE 

The water balance for 79 kbpcd, 87 kbpcd and 107 kbpcd is shown in Figure III-4 and Table III-4. 

At the 87 kbpcd stage of expansion, the total water intake from the Athabasca River will decrease 

by 28 272 m3/cd (25%) from the base case as a result of modifications in extraction, upgrading, and 

utilities. Similarly, the total water intake will decrease a further 1214 m3/cd (29 486 m3/cd, 26%, 

overall from base case) at the I 07 kbpcd. 
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Changes to the fresh water pond in the 87 kbpcd) case will reduce the quantity of once-through 

cooling water by about 36 750 m3/d (70%) through increased on-site recycle. This will be maintained 

at the 107 kbpcd production level. 

Wastewater outfall will decrease by 7000 m3/d (24%) by the time 107 kbpcd production level is 

reached as a result of reuse and recycling initiatives. Total water discharge to the Athabasca River 

will decrease by about 33 750 m3/cd (37%) from the base case at the 87 kbpcd production level. The 

total water discharge will decrease by 42 630 m3/cd (46%) from the base case at the I 07 kbpcd case. 

The net accumulation of water in the tailings pond system will increase by about 13 000 m3/d from 

the base case to the 107 kbpcd case, commensurate with the increase in production rate. 

Consolidated tailings technology will, within 8 to 10 years, decrease external water consumption as 

make-up water will be replaced by water released from the tailings solids as they consolidate. 

In primary extraction, sparge steam will be eliminated with the introduction of hydrotransport 

technology, thereby reducing vent water losses. Vent water losses from froth heating will increase 

as a resuit of a higher temperature differentiai (separation ceiis wiii be run at cooier temperatures) 

and increased throughput at the 107 kbpcd production level. The net effect will be a 696 m3/cd 

reduction in extraction vent water losses. 

Total vent water losses from the upgrader will decrease by 1443 m3/cd (70%), largely as a result of 

modifications to condense the process vent stream from the hydrogen purification unit (part of 

Suncor's submission to the Canadian Climate Change Voluntary Challenge and Registry Program, 

a program to reduce greenhouse gas emissions). 

The quality of water discharged to the Athabasca River will be unaffected by the fixed plant 

expansion modifications. 

A breakdown of streams 13 (steam and water supply to Upgrading), 17 (steam and process water 

from upgrading to Extraction) and 24 (steam and water from Utilities to Extraction) of the water 

balance is shown in Table III-5. 
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2.3 SULPHUR BALANCE 

The sulphur balances are shown in: 

• Figure III-5 and Table III-6 for the 79.5 kbpcd production rate, 

• Figure III-6 and Table III-7 for the 87 kbpcd production rate, and 

• Figure III-7 and Table III-8 for the 107 kbpcd production rate. 

The sulphur being sent to the utilities plant will be removed in the gypsum once the flue gas 

desulphurization plant is on line. This will reduce the S02 emissions from the utilities stack by 91% 

to 95% (75% plant wide). 

The tail gas and elemental sulphur will increase proportionally to production rate at the 87 kbpcd 

stage of expansion. There is essentially no change in these from 87 kbpcd to 107 kbpcd as a result 

of increased sales of sour products. 

The continuously flared emissions from vessels within the upgrader (sour water separator, gas-oil 

Unifier fractionator receiver, and the oil and water separator) will be significantly reduced when the 

system to capture and re-use these gases is installed. This proposal is currently under engineering 

evaluation and will be the subject of a separate application. 

2.4 ENERGY BALANCE 

The overall energy efficiency for Suncor's operations is shown in Table III-9. The energy balance 

for the 79.5 kbpcd, 87 kbpcd, and 107 kbpcd production rates are shown in Figure III-8 and 

Table III-1 0. 

Energy-saving initiatives in the second stage of expansion, such as recovering waste heat from 

upgrading plant 25 for use in extraction, will increase the overall site energy efficiency. 

Natural gas consumption will increase by 1.4% at the 87 kbpcd production level and by another 6% 

at the 1 07 kbpcd level. This incremental increase in natural gas use is required as a result of the 

increased use of fuel gas in upgrading plant 25 and to maintain the utility plant's gas-fired boilers 

at a minimum rate for reliability. 
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The overall energy efficiency will increase from 72.4% to 74% as a result ofthe waste heat recovery 

project, hydrotransportation of oii sand, vacuum stripping of bitumen, and efficiency improvements 

in utilities, upgrading and extraction. 

Internal Suncor measurement, testing, and reconciliation provide the necessary supporting data and 

records to meet reporting requirements. 

2.5 EXTRACTION MATERIAL BALANCE 

The Extraction process flow sheet is shown in Figure III-9. 

Extraction material balances on a calendar basis are shown in: 

.. Table III-II for 79.5 kbpcd 

.. Table III~13 for 87 kbpcd 

.. Table III-15 for 107 kbpcd 

Extraction material balances on a stream day basis are shown in: 

.. Table HI-12 for 79.5 kbpcd 

.. Table III-14 for 87 kbpcd 

" Table III-16 for 107 kbpcd 

Extraction operations at 107 kbpcd will incorporate three major changes relative to current 

operations: 

" Overland transport of oil sand, currently accomplished with conveyors, and oil sand 

conditioning, currently accomplished with conditioning drums, will be simultaneously 

achieved in two oil sand slurry pipelines. The slurry pipelines move oil sand from the 

Steepbank mine to an expanded operation on the current plant site. 

.. Oil sand conditioning and bitumen separation will be accomplished at 50 to 55 °C, rather 

than 70 to 74°C. 

" The average Steepbank mine ore is expected to contain higher fines relative to current 

operations. Higher fines ore typically requires a higher water to ore ratio in the feed to the 

separation circuit. 
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WATER BALANCE STREAM DETAILS 
I 

Stream 13 (Ucd) Stream 17 (Ucd) Stream 24 (Ucd) 

i 

79,500 87,000 107,000 79,500 87,000 107,000 79,500 87,000 107,000 
bbl/cd bbl!cd bbl/cd bbllcd bbl/cd bbl/cd bbl/cd bbl/cd bbllcd 

(12,639 (13,832 (17,012 (12,639 (13,832 (17,012 (12,639 (13,832 (17,012 
"\ \ 

m 3/cd) m 3/cd) m 3/cd) m 3/cd) m 3/cd) m3/cd) m 3/cd) m 3/cd) nl'/cd) 

Components (Ucd) 

Steam 8,158 9,301 8,504 5,499 5,499 5,352 7,967 9,426 12,114 

Boiler 2,895 2,046 2,427 - - - - - -

Feed water 

Utility Water 9,562 9,568 9,869 - - - 13,257 14,503 22,084 

Continuous - - - 1,621 1,621 1,621 849 909 1,039 
Blowdown 

Process Water - - - 2,861 2,981 3,819 - - -

TABLE 111-5 
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Table 111-9: OVERALL ENERGY EFFICIENCY 

CASE 79,500 BBL 87,000 BBL 107,000 BBL 

(12,639 m3/cd) (13,832 m3/cd) (17,012 m 31/cd) 

104 MW 104 MW 104 MW 

Input: 

Bitumen 762.0 836.5 1,014.5 

Natural Gas 28.0 28.5 30.3 

Power import (export) 1.7 3.3 (0.7) 

Output: 

Hydrocarbon products 534.2 584.3 718.6 

Sulphur 5.3 5.9 5.9 

Coke to stockpile 39.2 47.1 54.8 

Losses: 

Bitumen to tails 52.1 58.1 78.3 

Diluent to tails 4.4 4.4 4.4 

Onsite fuels 65.8 67.9 74.9 

To air and cooling 96.2 106.2 113.6 

water 

Overall energy 

efficiency % 73.1 73.4 74.6 

TABLE 111-9 
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LEASE 86/17 AND STEEPBANK MINE RECLAMATION 

PLAN DETAIL 

Suncor's reclamation strategy and conceptual plan was outlined in the February I995 Application 

for Renewal of Environmental Operating Approval (Suncor I995a). Major components of this 

discussion as well as specific applications to Steepbank Mine are presented below. 

1.0 RECLAMATION AREA PREPARATION 

Reclamation area preparation includes three components: structure construction, capping (where 

required) and soil amendment application. Reclamation areas are initially prepared through 

placement of three primary types of landform materials: tailings sand (found within tailings sand 

dykes, plateaus and sand storage areas); consolidated tailings (which will be placed within Ponds 

I, 5 and 6 on Lease 86/I7 and in Ponds 7 and 8 in Steepbank Mine); and overburden materials 

(which are used to construct waste dumps and dykes structures). 

a) Landscape Structure Construction 

Land surfaces created on the mined-out areas of Lease 86/I7 have been constructed to provide long

term geotechnical stability while functioning as integral components of Sun cor's tailings and recycle 

water management process. Waste dumps and dykes are constructed on dry, firm foundations for 

which suitable geotechnical stability evaluations have been conducted. Preparation for waste dump 

construction includes surface clearing and grubbing (i.e., removal of roots and surface organic 

layers) on dry waste dump sites, and draining and removal of all unstable and muskeg-type materials 

on wet sites. Structures are bounded by large dykes constructed of overburden, tailings sand or a 

combination of materials. All dykes are configured with 2.5H: 1 V slopes interrupted by berms to 

form overall slopes of 3H: 1 V. Most dyke slopes on Lease 86/17 are configured with regular (even) 

slope faces. 

Activities associated with movement of earthen materials and construction of waste dumps and 

dykes will begin on Steepbank Mine in 2000. Recovery and stockpiling of muskeg soil reserves will 

also begin in 2000 and will continue through 2020. Table IV-I details materials to be placed in 

dykes, waste piles and muskeg storage areas on a yearly basis between 2000 and 20 I 0 then for the 

periods 2011-2015 and 2016-2020. 
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A proposed overburden dyke (which will recreate the Athabasca River valley escarpment wall for 

Steep bank Mine) will also be constructed with 2.5H: 1 V slopes interrupted by berms to form overal! 

slopes of 3H: 1 V. 

TABLEIV-1 

MATERIAL MOVEMENT AND DESTINATIONS 

Year Dyke Waste Dump Muskeg Total 

Construction Disposal Stockpile Materials 

' 

2000 0 10 200 300 10 500 

2001 950 9150 400 10 500 

2002 7722 21 278 400 29 400 

2003 14 587 14 413 400 29400 

2004 15 767 13 233 400 29 400 

2005 20 575 37 825 400 58 800 

2006 34 105 34 795 400 69 300 

2007 31 887 26 513 400 58 800 

2008 17 970 40 430 400 58 800 

I 2009 I 21 700 36 700 400 I 58 800 . . 
2010 38 000 20 400 400 58 800 

2011-2015 112 950 246 350 2000 361 300 

2016-2020 166 690 196 310 2000 365 000 

Total kt: 482 903 707 597 8300 1198 800 

The majority of landscape structures on Lease 86/17 have been completed. Table IV -2 details 

structures remaining to be constructed or completed on Lease 86/17 (as of 1996) and structures for 

Steepbank Mine. 

Overburden dyke and dump structures (which will form parts of the new Athabasca River valley 

escarpment in Steep bank Mine) will be designed and constructed to minimize erosion. Whenever 

possible design variations v·;ill be incorporated to allow development of an escarpment face which 

more closely resembles the current escarpment. However, the primary focus of the dyke and dump 

construction remains the achievement of a stable structure with a surface that is as erosion-resistant 

as possible. 
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disturbance was minimal. Undisturbed material was excavated, hauled and dumped directly on the 

reclamation site. A refinement to the process of depositing topsoil was to excavate and haul soil

building materials during the winter months, noteworthy because dormant, in situ nativ.e seed and 

root fragments were transferred with the partially-frozen in,.situ pockets of soil. Spreading of 

muskeg soil on the reclamation site is completed in early spring with the usual result the emergence 

of a variety of native, woody-stemmed plants, forbs, wildflowers and grasses. This prolific 

vegetative growth provides an erosion-controlling cover which is diverse and consistent with that 

of regional ecosystems. 

Current soil reconstruction technique has been used on an operational scale since 1984. Suncor's 

reclamation focus is to amend reclamation sites with quality soil-building material. The technique 

involves stripping muskeg to include 25% to 50% (by volume) of mineral overburden. This peat/till 

mixture is designated as Type 1 muskeg soil when muskeg is mixed with fine-textured till, clay or 

silt (fines) and is designated as Type 2 muskeg soil when muskeg is mixed with coarse- textured 

material (sand and gravel). Key chemical and physical properties of materials to be covered and of 

Type 1 and Type 2 muskeg soils are shown in Table IV-3. Type 1 muskeg soil is the principal soil 

amendment for tailings sand, consolidated tailings and overburden. Type 2 muskeg soil is primarily 

used to amend overburden spoil when Type 1 supply is exhausted or mine logistics dictate Type 2 

utilization. Muskeg soils have enhanced fines content and cation exchange capacity (CEC) 

compared to unamended tailings sand and consolidated tailings. 

2.0 REVEGETATION PROGRAM 

Once the reclamation landform and structure surface is prepared, revegetation activities are initiated; 

the methodology is described in Subsection D3.5 of the Application. 

Reclamation activities planned for Lease 86117 during the period 1996 to 2000 will focus on 

reclaiming the oversize dump, completed tailings plateaus and some small overburden dump sites. 

Reclamation maintenance activities (including fertilizer application and infill tree planting) will 

continue for all previously-reclaimed sites. Muskeg salvaged as part of the stripping operation will 

be applied as a soil amendment to available sites with surplus being stockpiled for later use. 

Revegetation of overburden storage areas and tailings sand slopes will also continue throughout 

1996 to 2000. Generally, revegetation of various sites immediately follows their reclamation. 
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TABLEIV-3 

KEY CHEMICAL AND PHYSICAL PROPERTIES OF SOIL BUILDING MATERIALS 

Soil Materials 

Parameters Tailings Overburden Consolidated Type 1 

Sand • Spoil b 

Texture(%) Clay 3 26 

Silt 
2 22 

95 52 
Sand 

pH 7.5 7.5 

Electrical Conductivity 

(mS/cm) 0.1 2.0 

Organic Carbon(%) 0.2 4.2 

Total Nitrogen(%) O.Ql 0.6 

Carbon I Nitrogen Ratio 20 69 

Cation Exchange Capacity 

(meq/100 g) 0.3 11.5 
. - - . ·-- .. 

" :soamm AdsorptiOn RatiO j ND j 6.3 I 

b 

Adapted from Rowell1979 (from Suncor 1995). 

From 1987 operational areas (from Suncor 1995). 

From Xu 1996. 

From 1984 operational areas (from Suncor 1995). 

ND NoData. 

Tailings• Muskeg Soil d 

7 19 

8 25 

85 56 

8.2 7.4 

2.8 0.7 

ND 7.6 

ND 0.3 

ND 28 

2.4 26.0 

ND i 4.4 

' 

Type2 

Muskeg Soil 
d 

15 

15 

70 

5.6 

1.2 

13.5 

0.6 

23 

40.7 

i 2.2 

Planned reclamation activities for Lease 86/17 during the period 1996 through 2020 are detailed in 

Table IV-4 while reclamation progression to 2001 is shown in Figure IV-2. The reclamation 

progression for the Tar Island Reclaimed Area (TIRA) between 1996 and 2010 is shown in 

Figure IV-3. 

Progression of reclamation activities for both Lease 86/17 and Steep bank Mine is shown for the 

period to 2010 in Figure IV-3; and for the period to 2020 in Figure IV-4. 
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Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year; Reclamation Area Muskeg Seed Type Fertilizer Tree Planting-.% ofType 
Type and Location (ha) Source and Rate Rate .. 

(kg/ha) (kg/ha) Pine ·Spruce Poplar Shrub 

1996- New Reclamation 

Tar Island Dyke 16 in situ barley- 62 300 50 -- 25 25 

Dyke4 21 in situ barley- 62 300 50 10 20 20 

DykeS 7 in situ barley- 62 300 10 50 20 20 

1996- Maintenance Activities 

DykeS 7.2 -- -- 200 -- -- -- --
WA"I6 5.3 -- -- 200 -- -- -- --
DykeS 6.6 -- -- 200 -- -- -- --
WA" 8 Extension 7.3 -- -- 200 -- -- -- --
WA"I8 5.8 -- -- 200 -- -- -- --
1997- New Reclamation 

Dyke6 63 in situ barley- 62 300 20 50 10 20 

DykeS 49 in situ barley- 62 300 20 50 10 20 

East/West Dyke 18 in situ barley- 62 300 20 50 10 20 

Dyke 5 Oversize 8.2 in situ barley- 62 300 20 50 10 20 

Dyke 2- Top 40 in situ barley- 62 300 20 50 10 20 

1997- Maintenance Activities 

DykeS 20.8 -- -- 200 -- -- -- --
WA"I6 5.3 -- -- 200 -- -- -- --
Horseshoe - Site 16 7.3 -- -- 200 -- -- -- --
WA"I8 5.8 -- -- 200 -- -- -- --
Tar Island Dyke 16 -- -- 200 -- -- -- --
Dyke4 21 -- -- 200 -- -- -- --
1998- New Reclamation 

Dyke 7 38 in situ barley- 62 300 50 10 20 20 

Tar Island Dyke 19.5 stockpile barley- 62 300 20 50 10 20 

a Waste Area 



Steepbank Mine Project Application - 7- APPENDIX IV 

Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year, Reclamation . Area Muskeg Seed Type Fertilizer Tree Planting - % of Type 
Type and Location (ha) .· .Source and Rate Rate 

(kglha) (kg/ha}· Pine Spruce Poplar Shrub 

1998- Maintenance Activities 

WN18 5.8 -- -- 200 -- -- -- --
Tar Island Dyke 16 -- -- 200 -- -- -- --
Dyke4 21 -- -- 200 -- -- -- --
DykeS 56 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --
Dyke 2- Top 40 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
1999 - New Reclamation 

Pond 5 West 33 in situ barley- 62 300 -- 50 25 25 

Tar Island Dyke 18.8 stockpile barley- 62 300 20 50 10 20 

, 1999- Mai!"!temmce Activities 
' 
I 

Tar Island Dyke 35.5 -- -- 200 -- -- -- --

Dyke4 21 -- -- 200 -- -- -- --

Dyke 5 68 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --

Dyke 2- Top 40 -- -- 200 -- -- -- --
38 -- -- 200 -- -- -- --

Waste Area 
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Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year, .Reclamation Area Muskeg Seed Type Fertilizer. Tree Planting - % ofJype 
Type and.Location (ha)••••·• <Source and Rate Rate 

••••••• 
.. I· (kg/ha) ·.· 

·••·•· (kg/ba) 
Pine Spruce Poplar Shrub . ... 

2000 - New Reclamation 

Tar Island Dyke 29.8 stockpile barley- 62 300 20 50 10 20 

2000 - Maintenance Activities 

Tar Island Dyke 54.3 -- -- 200 -- -- -- --
Dyke4 21 -- -- 200 -- -- -- --
Dyke5 68 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --
Dyke 2- Top 40 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
Pond 5 West 33 -- -- 200 -- -- -- --
2001 -New Reclamation 

Tar Island Dyke 26 stockpile barley- 62 300 20 50 10 20 

2001 -Maintenance Activities 

Tar Island Dyke 68.1 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
Dyke5 61 -- -- 200 -- -- -- --
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --
Dyke 2- Top 40 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
Pond 5 West 33 -- -- 200 -- -- -- --
2002- New Reclamation 

Tar Island Dyke 22.1 stockpile barley- 62 300 20 50 10 



Steepbank Mine Project Application - 9 - APPENDIX IV 

Table IV -4: Lease 86/17 Planned Reclamation Activities 

Year, Reclamation .••. Area Muskeg Seed Type Fertilizer Tree Planting- % ofJype 
Type and Location (ha) Source and Rate Rate 

. (kg/ba) (kg/ba) Pine Spruce Poplar Shrub 
.. 

2002 - Maintenance Activities 

Tar Island Dyke 94.1 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
Dyke5 12 -- -- 200 -- -- -- --

I T 
Pond 5 West 33 -- -- 200 -- -- -- i --
2003 - New Reclamation 

Tar Island Dyke 19.7 stockpile barley- 62 300 20 50 10 20 

2003 - Maintenance Activities 

Tar Island Dyke 96.7 -- -- 200 -- -- -- --
2004- New Reclamation 

Tar Island Dyke 17 stockpile barley- 62 300 20 50 10 20 

2004 - Maintenance Activities 

Tar Island Dyke 97.6 -- -- 200 -- -- -- --
I. 2005 - New Reclamation . 
lli~rdDyko "·' stockpile barley- 62 300 20 50 10 20 

- Maintenance Activities 

Tar Island Dyke 84.8 -- -- 200 -- -- -- --
2006 ., New Reclamation 

Tar Island Dyke 15 stockpile barley- 62 300 20 50 10 20 

2006 -Maintenance Activities 

Tar Island Dyke 77.5 -- -- 200 -- -- -- --
2007 - New Reclamation 

Tar Island Dyke 15.8 stockpile barley- 62 300 20 50 10 20 

2007- Maintenance Activities 

Tar Island Dyke 70.4 -- -- 200 -- -- -- --
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Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year, Reclamation .Area,· Muskeg Seed Type' Fertilizer Tree Planting -% ofT.ype 
Type and Location ,. (ha) Source and Rate Rate 

·, .. ,_ 

... (kg/ha) (kglha) ;;pine Spruce Poplar Shrub 

2008 - New Reclamation 

Tar Island Dyke 15.8 stockpile barley- 62 300 20 50 10 20 

Pond 6 West 76 stockpile barley- 62 300 -- 50 25 25 

Pond 6 East 191 stockpile barley- 62 300 -- 50 25 25 

2008 - Maintenance Activities 

Tar Island Dyke 66.5 -- -- 200 -- -- -- --
2009 - No New Reclamation 

2009 - Maintenance Activities 

Tar Island Dyke 67.2 -- -- 200 -- -- -- --
Pond 6 West 76 -- -- 200 -- -- -- --
Pond 6 East 191 -- -- 200 -- -- -- --
2010- New Reclamation 

WN8-West 93 stockpile barley- 62 300 -- 50 25 25 

2010- Maintenance Activities 

Tar Island Dyke 48.5 -- -- 200 -- -- -- --
Pond 6 West 76 -- -- 200 -- -- -- --
Pond 6 East 191 -- -- 200 -- -- -- --
Activities During the Period 2011-2019 Are Not Detailed in This Table. 

2020 - New Reclamation 

Pond4 121 stockpile barley- 62 300 20 50 15 15 

Pond5 409 stockpile barley- 62 300 20 50 15 15 

Pond6 481 stockpile barley- 62 300 20 50 15 15 

a WasteArea 
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Distribution of vegetation types in the Steepbank Mine area is detailed in Section E5 (EIA 

Biophysical Impact Assessment) of this Application. The revegetation program for the Steep bank 

Mine area will follow the principles for revegetation of Lease 86/17, namely areas will be restored 

using techniques and planting schemes which allow rapid return of the area to an ecosystem similar 

to that before development. 

Ecosystem development on reclaimed areas of Steepbank Mine will be dependent on topography, 

parent material, drainage, climate and time. However, with the use of current site and soil 

preparation methodoiogies it is expected that areas of primary focus (e.g., the new vailey escarpment 

areas) will quickly return to a condition similar to that which existed prior to development. It is 

anticipated that an early successional Mixed-Wood Forest (Deciduous Dominant) will cover 

overburden dyke and waste dump faces in the Athabasca River valley within ten to twenty years. 

Commencement of mining activities on Steep bank Mine in 2001 means that reclamation activities 

will be taking place concurrently for areas ofLease 86/17 and Steepbank Mine during 2001 to 2020. 

Table IV-5 details the timing, locations and areas of reclamation activities for Steepbank Mine 

during the years 2001- 2020. Additional activities are planned to complete reclamation efforts for 

remaining areas in Steepbank Mine following 2020. These areas (a further 1185 ha of Steepbank 

Mine) are scheduled for completion of reclamation by 2030. 

Progression of reclamation for the Steepbank Mine area is detailed in Figures IV-3 and IV-4. 

a) Methodology 

Revegetation methodology includes consideration of factors such as fertilizer application, 

herbaceous ground cover establishment, woody plant establishment and revegetation area 

maintenance. 

i) Fertilization 

Fertilizer is applied during the initial years of area reclamation as an aid to rapid development of an 

erosion-controlling vegetative cover. Once cover is established annual fertilization is discontinued 

so the developing herbaceous cover will not compete too vigorously with planted woody seedlings. 

Starter fertilizers incorporated into the seedbed are essentially the same for tailings sand and 
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TABLE IV-5 Steepbank Mine - New Reclamation Activities 

Year Areas Reclaimed (Numbers in brackets indicate size of reclaimed area) Annual Area (ha) Total Area (ha) 

2001 . North Overburden Dump (10) 10 10 

2002 . North Overburden Dump (30) .. 40 so . East Overburden Dump (I 0) 

2003 . No new reclamation activities -- 50 

2004 . East Overburden Dump (10) 35 85 . Dyke 10 (25) 

2005 . East Overburden Dump (10) so 135 . Dyke 10 (40) 

2006 . West Overburden Dump (30) 90 225 . East Overburden Dump (10) . Dyke 10 (50) 

2007 . West Overburden Dump (30) 110 335 . East Overburden Dump (20) . Dyke 10 (60) 

2008 . West Overburden Dump (60) 140 475 . East Overburden Dump (20) . Dyke 10 (60) 

2009 . West Overburden Dump (80) 170 645 . South Overburden Dump (90) 

2010 . South Overburden Dump (90) 120 765 . Dyke II (30) 

2011 . South Overburden Dump (90) 132 897 . Dyke II (30) . North Overburden Dump (12) 

2012 • South Overburden Dump (90) 132 1029 . Dyke II (30) . North OVerburden Dump (12) 

2013 . South Overburden Dump (90) 132 1161 . Dyke II (30) . North Overburden Dump (12) 

2014 . South Overburden Dump (90) 132 1293 . Dyke II (30) . North Overburden Dump (12) 

2015 . South Overburden Dump (90) 132 1425 . Dyke II (30) . North Overburden Dump (12) 

2016 . South Overburden Dump (120) 162 1587 . Dyke II (30) , 
• North Overburden Dump (12) 

2017 . North Overburden Dump (12) 52 1639 
• Dyke 12 (40) 

2018 . North Overburden Dump (12) 57 1696 . Dyke 12 (30) . East Overburden Dump (IS) 

2019 . North Overburden Dump (12) 77 1773 . Dyke 12 (30) . East Overburden Dump (20) . Dyke II (IS) 

2020 . North Overburden Dump (12) 242 2015 . Dyke 12 (50) . East Overburden Dump (30) . Pond 7 (ISO) 
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overburden. Typical rates and composition (determined from field trials and results of annual 

monitoring) are provided in Table IV -6. 

TABLEIV-6 

TYPICAL RECLAMATION FERTILIZATION PROGRAM 

Starter Fertilizer Fertilizer (kg/ha) • 

(First Growing Season) Nitrogen Phosphorus Potassium 

Tailings Sand and 55 80 80 

Consolidated Tailings 60 b -- --
Overburden Spoil 55 70 20 

50 b -- --
a Fertilizer blend will depend on commercial availability. 

b To be applied after emergence of seedlings if deficiency symptoms appear critical. 

ii) Herbaceous Ground Cover Establishment 

Suncor's strategy for ground cover establishment has been to develop a vegetative cover that does 

not become overly-competitive with out-planted woody stock yet still provides erosion control. The 

original Sun cor reclamation program specified high seeding rates of agronomic species which easily 

became established (providing nearly-immediate erosion control) but which also impeded both 

establishment of trees and shrubs and invasion of native plant species. 

The current approach for ground cover establishment is to seed a barley crop either by helicopter 

(primary method) or by hydroseeding. Barley (an annual cereal species) provides nearly-immediate 

erosion control in its first growing season. Additionally, it produces a litter and root biomass that 

further controls erosion in succeeding growing seasons. Native plants may easily spring up either 

from invasion of reclaimed areas or from muskeg soil applied during seedbed preparation. Out

planted woody stock performance is also greatly enhanced. Results from a study conducted by 

Hardy BBT Limited (1990) for the Alberta Reclamation Research Technical Advisory Committee 

(RRTAC) as weii as resuits from Suncor's Annual Reclamation Monitoring Program continue to 

attest to the success of this approach. 
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iii) Woody-Plant Establishment 

Suncor began activities in 1972 to establish woody plants on reclamation areas (i.e., afforestation). 

Since that time over 1.6 million trees and shrubs of various species have been planted.on Suncor 

reclamation sites. Various company research projects on woody-plant establishment have included 

evaluation of plant container types, planting time, effect of ground cover density on woody-plant 

survival, fertilizer amendments, species selection, direct seeding and planting of hardwood cuttings. 

Assessment plots established in reclamation operational areas yield results for the annual Suncor 

reclamation monitoring program which are used to refine the operational afforestation program. 

Selection of species and proportions of each species in the planting mix are based on existing field 

conditions and the vegetative type expected to develop on the site. The species selected are 

representative of different stages of vegetative succession in the region so that, as woody cover 

develops and the micro-environment evolves (providing favourable conditions for later successional 

and mature species), these species are already present, established and capable of taking advantage 

of condition changes. This methodology accelerates the process of natural succession towards 

optimal vegetation covers. 

Seedlings are propagated from either seed or cuttings collected in the Fort McMurray area. Out

planting periods occur in both early spring and late summer depending on logistics and availability 

of reclaimed areas. Planting of tree and shrub seedlings (which are out-planted at an average total 

density of2500 stemslha) is undertaken as soon as possible after soil reconstruction. This planting 

density is used to ensure sufficient seedlings are planted to permit establishment of volunteer plants 

and to provide adequate stocking of each species after reductions from initial mortality. The 

proposed composition of afforestation stock planned for the balance of reclamation activities on 

Lease 86/17 is detailed in Table IV -4. 

3.0 RECLAMATION MAINTENANCE PROGRAM 

Reclamation area maintenance activities involve fertilization of revegetated areas, erosion repair and 

control, and reseeding of areas with poor performance. 

Fertilizer maintenance rates are determined by criteria such as results of soil tests and cover 

performance. Maintenance periods (which depend on the rate of ground cover establishment) are two 
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to three years for overburden and three to four years for tailings sand. Typical fertilizer components 

and application rates are provided in Table IV-7. 

TABLEIV-7 

TYPICAL MAINTENANCE FERTILIZATION PROGRAM 

Fertilizer Fertilizer (kg/ha) • 

(Second Growing 

Season and Older) 
Nitrogen Phosphorus Potassium 

Tailings Sand and 
80 30 10 

Consolidated Tails 

Overburden Spoil 80 30 10 

a Fertilizer blend will depend on commercial availability. 

4.0 RESTORATION OF CAPABILITY 

Suncor's reclamation goal changed during the early 1980s from rapid generation of an erosion

controlling vegetative cover (through use of agronomic grass mixtures) to development of a self

sustaining ecosystem consistent with others in the region. One of the primary changes associated 

with the new goal is a shift in the soil amendment type. Rather than utilizing peat alone, a portion 

of the underlying soil is also taken as a reclamation amendment which results in more fine 

components to the amendment and produces a better-quality soil for the reclamation site. Depth of 

soil application layer was increased to 15 em in an attempt to reduce the number of areas where 

insufficient soil amendment had been placed. 

As part of its reclamation strategy Suncor has adopted a planting program designed to provide a 

diverse mixture of woody-stemmed species in reclaimed areas. The species mixture includes wild 

rose, raspberry, gooseberry, saskatoon and chokecherry, all of which are used by wildlife species. 

Tree species are also selected to provide ecosystem diversity and health. Vegetation from the 

planting program (together with the profusion of native plants developing from soil amendment) 

provide a diverse vegetative community for reclamation sites. Sufficient numbers of trees are 

planted to meet the Alberta Environmental Protection- Lands and Forest Service's establishment 

criteria for marketable forests. 
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a) Pre-Mining Land Use and Capability 

Information on pre-mining land use and capabilities for Lease 86/17 is found in Suncor's 

Application for Renewal of Environmental Operating Approval (Suncor 1995a) while Section E5 

of this Application provides corresponding information for Swepbank Mine area. 

b) Post-Reclamation Land Use and Capability 

Representatives from the oil sands industry, regulatory agencies and private consultants participated 

in a working group in 1995/96 to develop a land capability classification system for forest 

ecosystems in the oil sands region (CAN-AG 1996a). The intent of this classification system is to 

provide a methodology for evaluation of the contributions of two primary components (i.e., soil and 

landscape, individually or in combination) to the capability of reclaimed areas. 

Developers of this system recognized that: 

"Successful reclamation is dependent upon reconstructing favourable growing 

conditions in the soil profile, with emphasis on the root-zone, which is primarily the 

upper 50 em. Key factors relating to root zone quality that are used in this system 

include: available water holding capacity, organic carbon content, nutrient retention 

capacity, surface peat thickness, structure and consistence, salinity, sodicity, soil 

reaction, and moisture and nutrient regimes." (CAN-AG 1996a). 

The capability classification system involves giving each component (soil and landscape) a 

numerical rating derived from values assigned to defined categories for all the key factors mentioned 

above. Soils are assigned a rating based on characteristics of the three principal layers in the upper 

1 m of soil (which includes topsoil, upper subsoil and lower subsoil). Landscape factors affecting 

forest growth, sustainability and land management include slope, exposure, stoniness and erosion. 

Assigning a soil capability rating requires collection of a variety of information. These data (which 

are defined in detail in CAN-AG 1996a) include: 

• soil survey - determination of available soils in area of interest; 

• soil sampling - collection of representative samples of topsoils and subsoils; 

• soil analyses - required for baseline characterizations; 
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soil factor recording (for both surface and subsurface) - including moisture, structure, 

organic carbon, organics (peat), soil reaction, salinity, sodicity and saturation percentages, 

and nutrient retention capacity; and 

soil edaphic grid - linkage of moisture and nutrient profiles. 

Tables IV -8 and IV -9 provide examples of soil capability work-sheets for reclamation soils on Lease 

86/17 and Steepbank Mine. 

Use of the capability classification system also requires consideration of landscape factors (which 

can enhance or limit commercial forestry) including topographic features which are modified by 

criteria such as exposure, stoniness and visible erosion. Calculation of landscape capability requires: 

• determination of average slope steepness; 

.. assignment of an exposure rating; 

• assignment of a stoniness/rock outcrop factor; and 

"' determination of an erosion category. 
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Table IV-8: Soil Capability- for a 20-cm peat-mineral mix (Type 1, Table 3.4-2) over 80 em 
of sandy clay loam overburden spoil (Table 3.4-2). Location: Lease 86/17 (from 
CAN-AG 1996b). 

•< Factors················ .·· Vallie Point Deduction · .. TOTAL ......... ·. 
·~· 

1. Profile A WHC (M) 
50- (TS24 +.US 45 + LS 75) = 48 2 2 

3 

2. Topsoil Factors 

fh~~ic"l: !:;hQQ~e most-limiting 
- structure/consistency (D) peat mix 0 
- organic equivalent (F) >80 tlha 0 
-peaty surface (0) --- 0 0 

!:h~mi~<al: ChQQ~~ WQ!:i1-limiting %deduction 
- acidity (V) 7.4 (H20) 10 
- salinity (N) 0.7 0 
- sodicity I saturation % (Y) SAR4.4 10 
- nutrient retention (K) High 0 10 

Basic Soil Rating= (80 M+D, For 0](100%-% deduction for V, N, YorK]= (a) ...••... 70 

3. Upper Subsoil Factors - Choose most- %deduction 
limiting 

-structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) 2 10 
- sodicity I saturation % (Y) SAR 6.3 15 

Upper Subsoil Deduction = 20 % of (a) x 0.67 =(b) :9 

4. Lower Subsoil Factors - Choose most- %deduction 
limiting 

-structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) 2 10 
- sodicity I saturation % (Y) SAR6.3 15 

Lower Subsoil Deduction = 20 % of(a) x 0.33 = (c) 5 
1

lllterimSoiLRating =(a) 70 ~lb)-2...._ -{c}_L_ =(d) 
·•· 

56 

5. Edaphic Grid (R) multiplier 
-moisture dry 
-nutrients medium 1.0 

Edaphic Grid = (R) =(e) 1.0 

1 FINAL SOIL RATING (S) = (d) 56 x(e) 1.0 = 56 CLASS 3 SUBCLASS D 
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Table IV-9: Soil Capability- for a 20-cm peat-mineral mix over 80 em of "clean" sandy day 
loam overburden spoil. Location: Steepbank Mine (from CAN-AG 1996b). 

Factors 
...... 

·.··· Value .TOTAL 

1. ProfileAWHC(M) ~ 

50 - (TS 24 + :US 45 + LS 75) = 48 2 2 
3 

2. Topsoil Factors 

Ph):sical: ~hQose mQ::!t-Iimiting 
-structure/consistency (D) peat mix 0 
- organic equivalent (F) 1 >80 tlha I 0 I 

-peaty surface (0) --- 0 0 

~h~mi!;;al: ~hoQ~e mQst-Iimiting %deduction 
- acidity (V) 5.0-7.0 (H20) 0 
- salinity (N) 0.7 0 
- sodicity I saturation % (Y) SAR<4 0 
- nutrient retention (K) High 0 0 

Basic Soil Rating= [80 M+D, For 0)[100%-% deduction for V, N, YorK]= (a) 78 

3. Upper Subsoil Factors - Choose most- %deduction 
limiting 

- structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) EC<2 

I 
0 

I - sodicity I saturation % (Y) I ~AR<.:i 0 . .. I~ .... - . I 
Upper Subsoil Deduction= 20 % of (a) x 0.67 =(b) 10 

4. Lower Subsoil Factors - Choose most- %deduction 
limiting 

- structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) EC<2 0 
- sodicity I saturation % (Y) SAR<4 0 

Subsoil Deduction= 20 %of (a) x 0.33 =(c) 5 

lnterimSoiiRating ={a ) 78 -(b) 10 -(c)_.5___ =(d) 63 

5. Edaphic Grid (R) Multiplier 
-moisture dry 
-nutrients medium 1.0 

Edaphic Grid = (R) =(e) 1.0 

FINAL SOIL RATING (S) = (d) _!i3._ x (e) _L!L = ~ CLASS _2 _ SUBCLASS D 
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LEASE 86/17 AND STEEPBANK MINE RECLAMATION 

PLAN DETAIL 

Suncor's reclamation strategy and conceptual plan was outlined in the February I995 Application 

for Renewal of Environmental Operating Approval (Suncor I995a). Major components of this 

discussion as well as specific applications to Steepbank Mine are presented below. 

1.0 RECLAMATION AREA PREPARATION 

Reclamation area preparation includes three components: structure construction, capping (where 

required) and soil amendment application. Reclamation areas are initially prepared through 

placement of three primary types of landform materials: tailings sand (found within tailings sand 

dykes, plateaus and sand storage areas); consolidated tailings (which will be placed within Ponds 

1, 5 and 6 on Lease 86/I7 and in Ponds 7 and 8 in Steepbank Mine); and overburden materials 

(which are used to construct waste dumps and dykes structures). 

a) Landscape Structure Construction 

Land surfaces created on the mined-out areas of Lease 86/I7 have been constructed to provide long

term geotechnical stability while functioning as integral components of Suncor' s tailings and recycle 

water management process. Waste dumps and dykes are constructed on dry, firm foundations for 

which suitable geotechnical stability evaluations have been conducted. Preparation for waste dump 

construction includes surface clearing and grubbing (i.e., removal of roots and surface organic 

layers) on dry waste dump sites, and draining and removal of all unstable and muskeg-type materials 

on wet sites. Structures are bounded by large dykes constructed of overburden, tailings sand or a 

combination of materials. All dykes are configured with 2.5H: IV slopes interrupted by berms to 

form overall slopes of 3H: IV. Most dyke slopes on Lease 86/17 are configured with regular (even) 

slope faces. 

Activities associated with movement of earthen materials and construction of waste dumps and 

dykes will begin on Steepbank Mine in 2000. Recovery and stockpiling of muskeg soil reserves will 

also begin in 2000 and will continue through 2020. Table IV-I details materials to be placed in 

dykes, waste piles and muskeg storage areas on a yearly basis between 2000 and 201 0 then for the 

periods 2011-2015 and 2016-2020. 
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A proposed overburden dyke (which will recreate the Athabasca River valley escarpment wall for 

Steep bank :Mine) wili also be constructed with 2.5H: 1 V slopes interrupted by berms to form overaii 

slopes of 3H: 1 V. 

TABLEIV-1 

MATERIAL MOVEMENT AND DESTINATIONS 

Year Dyke Waste Dump Muskeg Total 

Construction Disposal Stockpile Materials 

2000 0 10 200 300 10 500 

2001 950 9150 400 10 500 

2002 7722 21 278 400 29 400 

2003 14 587 14 413 400 29 400 

2004 15 767 13 233 400 29 400 

2005 20 575 37 825 400 58 800 

2006 34 105 34 795 400 69 300 

2007 31 887 26 513 400 58 800 

I 
2008 17 970 40 430 400 58 800 

I 2009 21 700 36 700 400 58 800 

2010 38 000 20 400 400 58 800 

2011-2015 112 950 246 350 2000 361 300 

2016-2020 166 690 196 310 2000 365 000 

Total kt: 482 903 707 597 8300 1198 800 

The majority of landscape structures on Lease 86/17 have been completed. Table IV-2 details 

structures remaining to be constructed or completed on Lease 86/17 (as of 1996) and structures for 

Steepbank Mine. 

Overburden dyke and dump structures (which will form parts of the new Athabasca River valley 

escarpment in Steep bank Mine) will be designed and constructed to minimize erosion. Whenever 

possible design variations will be incorporated to allow development of an escarpment face which 

more closely resembles the current escarpment. However, the primary focus of the dyke and dump 

construction remains the achievement of a stable structure with a surface that is as erosion-resistant 

as possible. 
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Lease 86/17 reclamation progression to 1996 is shown in Figure IV -I. 

b) Capping of Materials Used to Construct Landforms 

Some materials available for use in construction of reclamation landforms include concentrations 

of chemicals which make them less suitable for the purpose. Where these materials are located near 

a structure's surface, a capping layer of materials such as overburden, tailings sand or lean 

consolidated tailings (8: I sand:fines ratio) will be deposited prior to placement of any soil 

amendment. 

TABLEIV-2 

LANDSCAPE STRUCTURES 

Lease/Mine Area Structures to be Completed Structures to be Constructed 

Lease 86/17 Dyke 8 Dyke 9 

Steep bank Mine 

* designates an area 

which will form 

part of the 

Athabasca River 

valley escarpment 

r------------------------+--------------------------~1 Infilling of Ponds 1, IA, 2/3, 4, Northeast Sand Storage Area 

5 and 6 

North Waste Dump* 

Dykes 10 and 11 * 

>< << <>I West Waste Dump* 

Dyke lOA 

Dykes llA and llB 

Dyke 12 

South Waste Dump 

lnfilled Ponds 7 and 8 

c) Soil Amendment 

For restoration of soil capabilities to a state equal to or superior than pre-disturbed conditions, 

definitions of reconstructed soil conditions are required. Design specifications ensure that 

reconstructed soil provides adequate moisture and nutrient supplies as well as acceptable erosion 

control. 

Suncor originally excavated and stockpiled muskeg soils from which annual reclamation 

requirements for spreading were drawn. The source of muskeg soil changed during the 1983 and 

1984 reclamation programs from stockpiles to muskeg deposits located in unmined areas where 
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disturbance was minimal. Undisturbed material was excavated, hauled and dumped directly on the 

reclamation site. A refinement to the process of depositing topsoii was to excavate and haul soH

building materials during the winter months, noteworthy because dormant, in situ nativ.e seed and 

root fragments were transferred with the partially-frozen in.situ pockets of soil. Spreading of 

muskeg soil on the reclamation site is completed in early spring with the usual result the emergence 

of a variety of native, woody-stemmed plants, forbs, wildflowers and grasses. This prolific 

vegetative growth provides an erosion-controlling cover which is diverse and consistent with that 

of regional ecosystems. 

Current soil reconstruction technique has been used on an operational scale since 1984. Suncor's 

reclamation focus is to amend reclamation sites with quality soil-building material. The technique 

involves stripping muskeg to include 25% to 50% (by volume) of mineral overburden. This peat/till 

mixture is designated as Type 1 muskeg soil when muskeg is mixed with fine-textured till, clay or 

silt (fines) and is designated as Type 2 muskeg soil when muskeg is mixed with coarse- textured 

material (sand and gravel). Key chemical and physical properties of materials to be covered and of 

Type 1 and Type 2 muskeg soils are shown in Table IV-3. Type 1 muskeg soil is the principal soil 

amendment for taiiings sand, consoiidated taiiings and overburden. Type 2 muskeg soii is primarily 

used to amend overburden spoil when Type 1 supply is exhausted or mine logistics dictate Type 2 

utilization. Muskeg soils have enhanced fines content and cation exchange capacity (CEC) 

compared to unamended tailings sand and consolidated tailings. 

2.0 REVEGETATION PROGRAM 

Once the reclamation landform and structure surface is prepared, revegetation activities are initiated; 

the methodology is described in Subsection D3.5 of the Application. 

Reclamation activities planned for Lease 86/17 during the period 1996 to 2000 will focus on 

reclaiming the oversize dump, completed tailings plateaus and some small overburden dump sites. 

Reclamation maintenance activities (including fertilizer application and infill tree planting) will 

continue for all previously-reclaimed sites. Muskeg salvaged as part of the stripping operation will 

be applied as a soil amendment to available sites with surplus being stockpiled for later use. 

Revegetation of overburden storage areas and tailings sand slopes will also continue throughout 

1996 to 2000. Generally, revegetation of various sites immediately follows their reclamation. 
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TABLEIV-3 

KEY CHEMICAL AND PHYSICAL PROPERTIES OF SOIL BUILDING MATERIALS 

Soil Materials 

Parameters Tailings Overburden Consolidated Type 1 Type2 

Sand • Spoil b Tailings< Muskeg Soil d Muskeg Soil 
d 

Texture(%) Clay 3 26 7 19 15 

Silt 
2 22 8 25 15 

95 52 85 56 70 
Sand 

pH 7.5 7.5 8.2 7.4 5.6 

Electrical Conductivity 

(mS/cm) 0.1 2.0 2.8 0.7 1.2 

Organic Carbon (%) 0.2 4.2 ND 7.6 13.5 

Total Nitrogen(%) 0.01 0.6 ND 0.3 0.6 

Carbon I Nitrogen Ratio 20 69 ND 28 23 

Cation Exchange Capacity 

(meq/100 g) 0.3 11.5 2.4 26.0 40.7 

Sodium Adsorption Ratio ND 6.3 ND 4.4 2.2 

a Adapted from Rowell 1979 (from Suncor 1995). 

b From 1987 operational areas (from Suncor 1995). 

c From Xu 1996. 

d From 1984 operational areas (from Suncor 1995). 

ND No Data. 

Planned reclamation activities for Lease 86/17 during the period 1996 through 2020 are detailed in 

Table IV-4 while reclamation progression to 2001 is shown in Figure IV-2. The reclamation 

progression for the Tar Island Reclaimed Area (TIRA) between 1996 and 2010 is shown in 

Figure IV-3. 

Progression of reclamation activities for both Lease 86/17 and Steep bank Mine is shown for the 

period to 2010 in Figure IV-3; and for the period to 2020 in Figure IV-4. 
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Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year, Reclamation Area Muskeg Seed Type Fertilizer Tree Planting-% of Type 
.. 

Type and Location (ha) Source and Rate Rate . 
(kg/ha) (kg/ha) Pine Spruce Poplar Shrub ... 

1996- New Reclamation 

Tar Island Dyke 16 in situ barley- 62 300 50 -- 25 25 

Dyke4 21 in situ barley- 62 300 50 10 20 20 

DykeS 7 in situ barley- 62 300 10 50 20 20 

1996 - Maintenance Activities 

Dyke 5 7.2 -- -- 200 -- -- -- --
WN!6 5.3 -- -- 200 -- -- -- --
Dyke5 6.6 -- -- 200 -- -- -- --
WA• 8 Extension 7.3 -- -- 200 -- -- -- --
WA• !8 5.8 -- ,- 200 -- -- -- --

1997- New Reclamation 

Dyke6 63 in situ barley- 62 300 20 50 10 20 

Dyke5 49 in situ barley- 62 300 20 50 10 20 

t/West Dyke 18 in situ barley- 62 300 20 50 lO 20 I 
Dyke 5 Oversize 8.2 in situ barley- 62 300 20 50 10 20 

Dyke 2- Top 40 in situ barley- 62 300 20 50 10 20 

1997- Maintenance Activities 

Dyke 5 20.8 -- -- 200 -- -- -- --
WNI6 5.3 -- -- 200 -- -- -- --
Horseshoe - Site 16 7.3 -- -- 200 -- -- -- --
WA"l8 5.8 -- -- 200 -- -- -- --
Tar Island Dyke 16 -- -- 200 -- -- -- --
Dyke4 21 00 -- 200 -- -- -- --
1998- New Reclamation 

Dyke 7 38 in situ barley- 62 300 50 10 

~ 
20 

Tar Island Dyke 19.5 stockpile barley- 62 300 20 50 20 

a Waste Area 
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Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year, Reclamation Area Muskeg Seed Type Fertilizer Tree Planting - %.of Type 
Type and Location (ha) Source and Rate Rate 

(kglha) (kg/ha)· Pine Spruce Poplar Shrub 

1998 - Maintenance Activities 

WA" 18 5.8 -- -- 200 -- -- -- --
Tar Island Dyke 16 -- -- 200 -- -- -- --
Dyke4 21 -- -- 200 -- -- -- --
Dyke5 56 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --
Dyke 2 -Top 40 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
1999- New Reclamation 

Pond 5 West 33 in situ barley- 62 300 -- 50 25 25 

Tar Island Dyke 18.8 stockpile barley- 62 300 20 50 10 20 

1999- Maintenance Activities 

Tar Island Dyke 35.5 -- -- 200 -- -- -- --
Dyke4 21 -- -- 200 -- -- -- --
Dyke5 68 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
East!W est Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --
Dyke 2- Top 40 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --

Waste Area 
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I Table IV-4: Lease 86/17 Planned Reclamation Activities I 

Year, ReClamation Area Muskeg ·Seed.Type Fertilizer Tree Planting - % of:rype 
Type and Location (ha) .·•·· Source and Rate Rate 

··.· 
(kg/ha) (kg/ha) Pine Spruce Poplar Shrub 

. 

2000 - New Reclamation 

Tar Island Dyke 29.8 stockpile barley- 62 300 20 50 10 20 

2000 - Maintenance Activities 

Tar Island Dyke 54.3 -- -- 200 -- -- -- --
Dyke4 21 -- -- 200 -- -- -- --
DykeS 68 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --

Dyke 2- Top 40 -- -- 200 -- -- -- --
Dyke 7 38 -- -- 200 -- -- -- .. 

Pond 5 West 33 -- -- 200 -- -- -- --
2001 - New Reclamation 

I Tar Island Dyke 26 stockpile barley- 62 300 20 50 10 20 

2001 - Maintenance Activities 

Tar Island Dyke 68.1 -- -- 200 -- -- -- --
Dyke6 63 -- -- 200 -- -- -- --
Dyke 5 61 -- ="' 200 '""· -- -- --

-
East/West Dyke 18 -- -- 200 -- -- -- --
Dyke 5 Oversize 8.2 -- -- 200 -- -- -- --
Dyke 2- Top 40 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
Pond 5 West 33 -- -- 200 -- -- -- --
2002 - New Reclamation 

Tar Island Dyke 22.1 stockpile barley- 62 300 20 50 10 
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Table IV-4: Lease 86/17 Planned Reclamation Activities 

Year, Reclamation Area Muskeg Seed Type Fertilizer Tree Planting - %of jype 
Type and· Location (ha) Source and Rate Rate 

.. (kg/ba) (kg/ba) Pine Spruce Poplar Shrub 
·.· 

2002 - Maintenance Activities 

Tar Island Dyke 94.1 -- -- 200 -- -- -- --
Dyke7 38 -- -- 200 -- -- -- --
DykeS I2 -- -- 200 -- -- -- --
Pond 5 West 33 -- -- 200 -- -- -- --
2003- New Reclamation 

Tar Island Dyke 19.7 stockpile barley- 62 300 20 50 10 20 

2003 - Maintenance Activities 

Tar Island Dyke 96.7 -- -- 200 -- -- -- --
2004 - New Reclamation 

Tar Island Dyke 17 stockpile barley- 62 300 20 50 10 20 

2004 - Maintenance Activities 

Tar Island Dyke 97.6 -- -- 200 -- -- -- --
2005 - New Reclamation 

Tar Island Dyke 18.7 stockpile barley- 62 300 20 50 10 20 

2005 - Maintenance Activities 

Tar Island Dyke 84.8 -- -- 200 -- -- -- --
2006- New Reclamation 

Tar Island Dyke 15 stockpile barley- 62 300 20 50 10 20 

2006 - Maintenance Activities 

Tar Island Dyke 77.5 -- -- 200 -- -- -- --
2007 - New Reclamation 

Tar Island Dyke 15.8 stockpile barley- 62 300 20 50 10 20 

2007- Maintenance Activities 

Tar Island Dyke 70.4 -- -- 200 -- -- -- --
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I Table IV-4: Lease 86/17 Planned Reclamation Activities 
,, 

Year, Reclamation Area Muskeg Seed Type Fertilizer Tree Planting~ % of'l:ype .. 
Type andLocation (ha) Source. and Rate Rate 

(kglha) (kg/ha) 'Pine Spruce •Poplar Shrub 
· .. 

2008 - New Reclamation 

Tar Island Dyke 15.8 stockpile barley- 62 300 20 50 10 20 

Pond 6 West 76 stockpile barley- 62 300 -- 50 25 25 

Pond 6 East 191 stockpile barley- 62 300 -- 50 25 25 

2008 - Maintenance Activities 

Tar Island Dyke 66.5 -- -- 200 -- -- -- --

2009- No New Reclamation 

2009 - Maintenance Activities 

Tar Island Dyke 67.2 -- -- 200 -- -- -- --
Pond 6 West 76 -- -- 200 -- -- -- --
Pond 6 East 191 -- -- 200 -- -- -- --
2010 - New Reclamation 

WN8-West 93 stockpile barley- 62 300 -- 50 25 25 

2010- Maintenance Activities 

Tar Island Dyke 48.5 -- -- 200 -- -- -- --
Pond 6 West 76 -- -- 200 -- -- -- --
Pond 6 East 191 -- -- 200 -- -- -- --
Activities During the Period 2011-2019 Are Not Detailed in This Table. 

2020 - New Reclamation 

Pond 4 121 stockpile barley- 62 300 20 50 15 15 

Pond 5 409 stockpile barley- 62 300 20 50 15 15 

Pond 6 481 stockpile barley- 62 300 20 50 15 15 

a Waste Area 
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Distribution of vegetation types in the Steepbank Mine area is detailed in Section E5 (EIA 

Biophysical Impact Assessment) of this Application. The revegetation program for the Steepbank 

Mine area will follow the principles for revegetation of Lease 86/17, namely areas will be restored 

using techniques and planting schemes which allow rapid return of the area to an ecosystem similar 

to that before development. 

Ecosystem development on reclaimed areas of Steepbank Mine will be dependent on topography, 

parent material, drainage, climate and time. However, with the use of current site and soil 

preparation methodologies it is expected that areas of primary focus (e.g., the new valley escarpment 

areas) will quickly return to a condition similar to that which existed prior to development. It is 

anticipated that an early successional Mixed-Wood Forest (Deciduous Dominant) will cover 

overburden dyke and waste dump faces in the Athabasca River valley within ten to twenty years. 

Commencement of mining activities on Steep bank Mine in 2001 means that reclamation activities 

will be taking place concurrently for areas ofLease 86/17 and Steepbank Mine during 2001 to 2020. 

Table IV-5 details the timing, locations and areas of reclamation activities for Steepbank Mine 

during the years 2001 - 2020. Additional activities are planned to complete reclamation efforts for 

remaining areas in Steepbank Mine following 2020. These areas (a further 1185 ha ofSteepbank 

Mine) are scheduled for completion of reclamation by 2030. 

Progression of reclamation for the Steepbank Mine area is detailed in Figures IV-3 and IV-4. 

a) Methodology 

Revegetation methodology includes consideration of factors such as fertilizer application, 

herbaceous ground cover establishment, woody plant establishment and revegetation area 

maintenance. 

i) Fertilization 

Fertilizer is applied during the initial years of area reclamation as an aid to rapid development of an 

erosion-controlling vegetative cover. Once cover is established annual fertilization is discontinued 

so the developing herbaceous cover will not compete too vigorously with planted woody seedlings. 

Starter fertilizers incorporated into the seedbed are essentially the same for tailings sand and 
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TABLE IV-5 Steepbank Mine - New Reclamation Activities 

Year Areas Reclaimed (Numbers in brackets indicate size of reclaimed area) Annual Area (ha) Total Area (ha) 

2001 . North Overburden Dump (10) 10 10 

2002 . North Overburden Dump (30) - 40 50 . East Overburden Dump (I 0) 

2003 . No new reclamation activities -- 50 

2004 . East Overburden Dump (10) 35 85 . Dyke 10 (25) 

2005 . East Overburden Dump (I 0) 50 135 . Dyke 10 (40) 

2006 . \Vest Overburden Dump (30) (\(\ 225 7V . East Overburden Dump (10) . Dyke 10 (50) 

2007 . West Overburden Dump (30) 110 335 . East Overburden Dump (20) . Dyke 10 (60) 

2008 . West Overburden Dump (60) 140 475 . East Overburden Dump (20) . Dyke 10 (60) 

2009 . West Overburden Dump (80) 170 645 . South Overburden Dump (90) 

2010 . South Overburden Dump (90) 120 765 . Dyke II (30) 

2011 . South Overburden Dump (90) 132 897 . Dyke 11 (30) . North Overburden Dump (12) 

2012 . South Overburden Duntp (90) 132 I i029 . Dyke II (30} . North Overburden Dump (12) 

2013 . South Overburden Dump (90) 132 1161 . Dyke II (30) . North Overburden Dump (12) 

2014 . South Overburden Dump (90) 132 1293 . Dyke 11 (30) . North Overburden Dump (12) 

2015 . South Overburden Dump (90) 132 1425 . Dyke 11 (30) . North Overburden Dump (12) 

2016 . South Overburden Dump (120) 162 1587 . Dyke II (30) . . North Overburden Dump (12) 

2017 . North Overburden Dump (12) 52 1639 . Dyke 12 (40) 

2018 . North Overburden Dump (12) 57 1696 . Dyke 12 (30) . East Overburden Dump (15) 

2019 . North Overburden Dump (12) 77 1773 . Dyke 12 (30) . East Overburden Dump (20) . Dyke II (IS) 

2020 . North Overburden Dump (12) 242 2015 . Dyke 12 (50) . East Overburden Dump (30) . Pond 7 (!50) 
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overburden. Typical rates and composition (determined from field trials and results of annual 

monitoring) are provided in Table IV -6. 

TABLEIV-6 

TYPICAL RECLAMATION FERTILIZATION PROGRAM 

Starter Fertilizer Fertilizer (kg/ha) a 

(First Growing Season) Nitrogen Phosphorus Potassium 

Tailings Sand and 55 80 80 

Consolidated Tailings 60 b -- --
Overburden Spoil 55 70 20 

50 b -- --
a Fertilizer blend will depend on commercial availability. 

b To be applied after emergence of seedlings if deficiency symptoms appear critical. 

ii) Herbaceous Ground Cover Establishment 

Suncor's strategy for ground cover establishment has been to develop a vegetative cover that does 

not become overly-competitive with out-planted woody stock yet still provides erosion control. The 

original Suncor reclamation program specified high seeding rates of agronomic species which easily 

became established (providing nearly-immediate erosion control) but which also impeded both 

establishment of trees and shrubs and invasion of native plant species. 

The current approach for ground cover establishment is to seed a barley crop either by helicopter 

(primary method) or by hydroseeding. Barley (an annual cereal species) provides nearly-immediate 

erosion control in its first growing season. Additionally, it produces a litter and root biomass that 

further controls erosion in succeeding growing seasons. Native plants may easily spring up either 

from invasion of reclaimed areas or from muskeg soil applied during seedbed preparation. Out

planted woody stock performance is also greatly enhanced. Results from a study conducted by 

Hardy BBT Limited (1990) for the Alberta Reclamation Research Technical Advisory Committee 

(RRTAC) as well as results from Suncor's Annual Reclamation Monitoring Program continue to 

attest to the success of this approach. 
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iii) Woody-Plant Establishment 

Suncor began activities in 1972 to establish woody plants on reclamation areas (i.e., afforestation). 

Since that time over 1.6 million trees and shrubs of various species have been planted.on Suncor 

reclamation sites. Various company research projects on woody-plant establishment have included 

evaluation of plant container types, planting time, effect of ground cover density on woody-plant 

survival, fertilizer amendments, species selection, direct seeding and planting of hardwood cuttings. 

Assessment plots established in reclamation operational areas yield results for the annual Suncor 

reclamation monitoring program which are used to refine the operationai afforestation program. 

Selection of species and proportions of each species in the planting mix are based on existing field 

conditions and the vegetative type expected to develop on the site. The species selected are 

representative of different stages of vegetative succession in the region so that, as woody cover 

develops and the micro-environment evolves (providing favourable conditions for later successional 

and mature species), these species are already present, established and capable of taking advantage 

of condition changes. This methodology accelerates the process of natural succession towards 

optimal vegetation covers~ 

Seedlings are propagated from either seed or cuttings collected in the Fort McMurray area. Out

planting periods occur in both early spring and late summer depending on logistics and availability 

of reclaimed areas. Planting of tree and shrub seedlings (which are out-planted at an average total 

density of2500 stems/ha) is undertaken as soon as possible after soil reconstruction. This planting 

density is used to ensure sufficient seedlings are planted to permit establishment of volunteer plants 

and to provide adequate stocking of each species after reductions from initial mortality. The 

proposed composition of afforestation stock planned for the balance of reclamation activities on 

Lease 86117 is detailed in Table IV -4. 

3.0 RECLAMATION MAINTENANCE PROGRAM 

Reclamation area maintenance activities involve fertilization of revegetated areas, erosion repair and 

control, and reseeding of areas with poor performance. 

Fertilizer maintenance rates are determined by criteria such as results of soil tests and cover 

performance. Maintenance periods (which depend on the rate of ground cover establishment) are two 
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to three years for overburden and three to four years for tailings sand. Typical fertilizer components 

and application rates are provided in Table IV -7. 

TABLEIV-7 

TYPICAL MAINTENANCE FERTILIZATION PROGRAM 

Fertilizer Fertilizer (kg/ha) • 

(Second Growing 
Nitrogen Phosphorus Potassium 

Season and Older) 

Tailings Sand and 
80 30 10 

Consolidated Tails 

Overburden Spoil 80 30 10 

a Fertilizer blend will depend on commercial availability. 

4.0 RESTORATION OF CAPABILITY 

Suncor's reclamation goal changed during the early 1980s from rapid generation of an erosion

controlling vegetative cover (through use of agronomic grass mixtures) to development of a self

sustaining ecosystem consistent with others in the region. One of the primary changes associated 

with the new goal is a shift in the soil amendment type. Rather than utilizing peat alone, a portion 

of the underlying soil is also taken as a reclamation amendment which results in more fine 

components to the amendment and produces a better-quality soil for the reclamation site. Depth of 

soil application layer was increased to 15 em in an attempt to reduce the number of areas where 

insufficient soil amendment had been placed. 

As part of its reclamation strategy Suncor has adopted a planting program designed to provide a 

diverse mixture of woody-stemmed species in reclaimed areas. The species mixture includes wild 

rose, raspberry, gooseberry, saskatoon and chokecherry, all of which are used by wildlife species. 

Tree species are also selected to provide ecosystem diversity and health. Vegetation from the 

planting program (together with the profusion of native plants developing from soil amendment) 

provide a diverse vegetative community for reclamation sites. Sufficient numbers of trees are 

planted to meet the Alberta Environmental Protection- Lands and Forest Service's establishment 

criteria for marketable forests. 
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a) Pre-Mining Land Use and Capability 

Information on pre-mining land use and capabilities for Lease 86/17 is found in Suncor's 

Application for Renewal of Environmental Operating Approval (Suncor 1995a) while Section ES 

of this Application provides corresponding information for Steep bank Mine area. 

b) Post-Reclamation Land Use and Capability 

Representatives from the oil sands industry, regulatory agencies and private consultants participated 

in a working group in 1995/96 to develop a land capability classification system for forest 

ecosystems in the oii sands region (CAN-AG 1996a). The intent of this classification system is to 

provide a methodology for evaluation of the contributions of two primary components (i.e., soil and 

landscape, individually or in combination) to the capability of reclaimed areas. 

Developers ofthis system recognized that: 

"Successful reclamation is dependent upon reconstructing favourable growing 

conditions in the soil profile, with emphasis on the root-zone, which is primarily the 

upper 50 em. Key factors relating to root zone quality that are used in this system 

include: available water holding capacity, organic carbon content, nutrient retention 

capacity, surface peat thickness, structure and consistence, salinity, sodicity, soil 

reaction, and moisture and nutrient regimes." (CAN-AG 1996a). 

The capability classification system involves giving each component (soil and landscape) a 

numerical rating derived from values assigned to defined categories for all the key factors mentioned 

above. Soils are assigned a rating based on characteristics of the three principal layers in the upper 

1 m of soil (which includes topsoil, upper subsoil and lower subsoil). Landscape factors affecting 

forest growth, sustainability and land management include slope, exposure, stoniness and erosion. 

Assigning a soil capability rating requires collection of a variety of information. These data (which 

are defined in detail in CAN-AG 1996a) include: 

soil survey ~ determination of availabie soiis in area of interest; 

® soil sampling - collection of representative samples of topsoils and subsoils; 

e soil analyses - required for baseline characterizations; 
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• soil factor recording (for both surface and subsurface) - including moisture, structure, 

organic carbon, organics (peat), soil reaction, salinity, sodicity and saturation percentages, 

and nutrient retention capacity; and 

• soil edaphic grid - linkage of moisture and nutrient profiles. 

Tables IV -8 and IV -9 provide examples of soil capability work-sheets for reclamation soils on Lease 

86/17 and Steepbank Mine. 

Use of the capability classification system also requires consideration of landscape factors (which 

can enhance or limit commercial forestry) including topographic features which are modified by 

criteria such as exposure, stoniness and visible erosion. Calculation oflandscape capability requires: 

• determination of average slope steepness; 

• assignment of an exposure rating; 

• assignment of a stoniness/rock outcrop factor; and 

• determination of an erosion category. 
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Table IV-8: Soil Capability- for a 20-cm peat-mineral mix (Type 1, Table 3.4-2) over 80 em 
of sandy day loam overburden spoil (Table 3.4-2). Location: Lease 86/17 (from 
CAN-AG 1996b). 

Factors Value PointDed uction TOTAL 

1. Profile A WHC (M) 
50 - (TS 24 +US 45 + LS 75) = 48 2 2 

3 

2. Topsoil Factors 

Ph:y§ical: Choose most-limiting 
- structure/consistency (D) peat mix 0 
- organic equivalent (F) >80 tlha 0 
-peaty surface (0) --- 0 0 

Chemical: ChQQ:l!< mo:iHimiting %deduction 
- acidity (V) 7.4 (H20) 10 
- salinity (N) 0.7 0 
- sodicity I saturation % (Y) SAR4.4 10 
- nutrient retention (K) High 0 10 

Basic Soil Rating= [80 M+D, For 0][100% -%deduction for V, N, YorK] = (a) 70 

3. Upper Subsoil Factors- Choose most- %deduction 
limiting 

I 
-structure (D) I ~~~~~~~l 

I 

20 

I - acidity (V) 10 
- sa!i.'lity (N) 1{\ I ;AR6.3 

lV 

- sodicity I saturation % (Y) 15 

Upper Subsoil Deduction= 20 % of (a) x 0.67 =(b) 9 
··-

4. Lower Subsoil Factors- Choose most- %deduction 
limiting 

- structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) 2 10 
- sodicity I saturation % (Y) SAR6.3 15 

Lower Subsoil Deduction= 20 0/o of (a) x 0.33 =(c) 5 

' b )...JL_ -(c)--.S_ =(d) 56 

5. Edaphic Grid (R) multiplier 
-moisture dry 
-nutrients medium 1.0 

Edaphic Grid = (R) =(e) 1.0 

FINAL SOIL RATING (S) = (d)~ x (e) _L!L_ = ~ CLASS _3 _ SUBCLASS D 
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Table IV-9: Soil Capability- for a 20-cm peat-mineral mix over 80 em of "clean" sandy clay 
loam overburden spoil. Location: Steepbank Mine (from CAN-AG 1996b). 

Factors Value Point Ded uct4on TOTAL 

1. Profile A WHC (M) .• 
50 - {TS 24 + US 45 + LS 75

) = 48 2 2 
3 

2. Topsoil Factors 

Ph):sical: !:;hoos!,l mQ~t-limiting 
- structure/consistency (D) peat mix 0 
- organic equivalent (F) >80 tlha 0 
-peaty surface (0) --- 0 0 

!:;h!,lmical: Choose mQst-limiting %deduction 
- acidity (V) 5.0-7.0 (H20) 0 
- salinity (N) 0.7 0 
- sodicity I saturation % (Y) SAR<4 0 
- nutrient retention (K) High 0 0 

Basic Soil Rating= (80 M+D, For 0](100%-% deduction for V, N, YorK]= (a) 78 

3. Upper Subsoil Factors - Choose most- %deduction 
limiting 

- structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) EC<2 0 
- sodicity I saturation % (Y) SAR<4 0 

Upper Subsoil Deduction= 20 % of (a) x 0.67 =(b) 10 

4. Lower Subsoil Factors - Choose most- %deduction 
limiting 

- structure (D) 2-10, firm 20 
- acidity (V) 7.5 (H20) 10 
- salinity (N) EC<2 0 
- sodicity I saturation % (Y) SAR<4 0 

Lower Subsoil Deduction = 20 %of (a) x 0.33 =(c) 5 

Interim Soil Rating ={a) 78 ··-(b) 10 -(c) 5 =(d) 63 

5. Edaphic Grid (R) Multiplier 
-moisture dry 
-nutrients medium 1.0 

Edaphic Grid = (R) =(e) 1.0 

FINAL SOIL RATING (S) = (d) 63 x(e)_j_JL = __@_ CLASS 2 SUBCLASS D 
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Adverse Effect 

Airshed 

Aquifer 

Archaeology 

Artifact 

ASL 

Aspect 

Background 

Concentration 

(environmental) 

Baseline 

Beaver River 

Sandstone 

Bedrock 

GLOSSARY 

An undesirable or harmful effect to an organism (human, animal or 

plant), indicated by some result such as mortality, altered food 

consumption, altered body and organ weights, altered enzyme 

concentrations or visible pathological changes. 

A term to describe the geographic area requiring unified management for 

achieving air pollution control. 

A body of rock or soil which contains sufficient amounts of saturated 

permeable material to yield economic quantities of water to wells or 

springs. 

The scientific discipline responsible for studying the unwritten portion of 

man's historic and prehistoric past. 

Any portable object modified or manufactured by man. 

Above sea level. 

Compass orientation of a slope as an inclined element of the ground 

surface. 

The concentration of a chemical in a defined control area during a fixed 

period of time before, during, or after a data-gathering operation. 

A surveyed condition which serves as a reference point to which later 

surveys are coordinated or correlated. 

A light gray, medium to fine-grained quartz sandstone cemented in a 

silica matrix. 

The body of rock which underlies the gravel, soil or other superficial 

material. 
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Benthic Invertebrates Invertebrate organisms living at, in, or associated with the bottom 

(benthic) substrate of lakes, ponds and streams. Examples of benthic 

invertebrates include some aquatic insect species (such as" caddisfly 

larvae) which spend at least part oftheir lifestages dwelling on bottom 

sediments in the river. These organisms play several important roles in 

the aquatic community. They are involved in the mineralization and 

recycling of organic matter produced in the open water above or brought 

in from external sources, and they are important second and third links in 

the trophic sequence of aquatic communities. Many benthic invertebrates 

are major food sources for small fishes. 

Bioaccumulation 

Bioavailability 

B ioconcentration 

Biodiversity 

Biomarker 

A general term, meaning that an organism stores within its body, a higher 

concentration of a substance than is found in the environment. This is not 

necessarily harmful. For example, freshwater fish must bioaccumulate 

salt to survive in intertidal waters. Many toxicants, such as arsenic, are 

not included among the dangerous bioaccumulative substances because 

they can be handled and excreted by aquatic organisms. 

The amount of chemical that enters the general circulation of the body 

following administration or exposure. 

A process where there is a net accumulation of a chemical directly from 

an exposure medium into an organism. 

The variety of organisms and ecosystems which comprise both the 

communities of organisms within particular habitats and the physical 

conditions under which they live. 

Biomarker refers to a chemical, physiological or pathological 

measurement of exposure or effect in an individual organism from the 

laboratory or the field. Examples include: contaminants in liver enzymes, 

bile, and sex steroids. 
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Bitumen A highly viscous, tarry, black hydrocarbon material having an API 

gravity of about 9° (specific gravity about 1.0). It is a complex mixture 

of organic compounds. Carbon accounts for 80 to 85% of the ·elemental 

composition of bitumen, hydrogen about 1 0%, sulphur about 5%, and 

nitrogen, oxygen, and trace elements the remainder. 

Bottom-feeding Fish Fish which feed on the substrates and/or organisms associated with the 

river bottom. 

Cancer 

Carcinogen 

Chert 

Climax 

Community 

Concentration 

Conceptual Model 

A disease characterized by the rapid and uncontrolled growth of aberrant 

cells into malignant tumours. 

An agent that is reactive or toxic enough to act directly to cause cancer. 

A fine-grained siliceous rock. Impure variety of chalcedony which is 

generally light coloured. 

The culminating stage in plant succession for a given site where the 

vegetation has reached a stable condition. 

Pertaining to plant or animal species living in close association or 

interacting as a unit. 

Quantifiable amount of a chemical in environmental media. 

A model developed at an early stage of the risk assessment process that 

describes a series of working hypotheses of how the chemicals of concern 

may affect potentially exposed populations. The model identifies and 

describes the populations potentially at risk and exposure pathways and 

scenarios. 

Conditioning Drums Large inclined cylindrical tumblers that rotate slowly used for preparing 

(conditioning) oil sand for primary extraction by mixing it with hot water 

and steam. 

Conifers White and black spruce, balsam fir, jack pine and tamarack. 
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Consolidated 

Tailings (CT) 

Consolidated 

Tailings Release 

Water 

Contaminants 

Cyclofeeder 

Dendritic Drainage 

Pattern 

Diameter at breast 

height (DBH) 

Disturbance 

[Terrestrial] 

Disturbance 

[Historic] 

Consolidated tailings (CT) is a non-segregating mixture of plant tailings 

which consolidates relatively quickly in tailings deposits. At Suncor, 

consolidated tailings are prepared by combining mature fine tails with 

thickened ( cycloned) fresh sand tailings. This mixture is chemically 

stabilized to prevent segregation of fine and coarse mineral solids using 

gypsum (CaS04). 

Water is expelled from consolidated tailings mixtures during the course 

of consolidation. The water is referred to as consolidated tailings (or CT) 

release water. 

A general term referring to any chemical compound added to a receiving 

environment in excess of natural concentrations. The term includes 

chemicals or effects not generally regarded as "toxic", such as nutrients, 

colour and salts. 

A cyclofeeder is a vertical, open topped cylindrical vessel with a conical 

bottom. The purpose of a cyclofeeder is to mix oil sand with warm water 

to form a slurry which can be pumped via a pipeline to Extraction. Warm 

water is introduced through horizontal ports situated at the bottom of the 

vertical portion to produce a vortex inside the vessel into which incoming 

oil sands falls. The energy imparted to the oil sand forms a slurry, which 

is withdrawn at the bottom of the cone. 

A drainage pattern characterized by irregular branching in all directions 

with the tributaries joining with the main stream at all angles. 

The di~meter of a tree 1.5 m above the ground on the uphill side of the 

tree. 

A force that causes significant change in structure and/or composition of 

a habitat. 

A cultural deposit is said to be disturbed when the original sequence of 

deposition has been altered. Agents of disturbance include erosion, plant 

or animal activity, cultivation, excavations, etc. 
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Diversity 

Dry Landscape 

Reclamation 

Ecological Land 

Classification 

Ecoregion 

Ecosection 

Ecosite 

Ecosystem 

Environmental 

Impact Assessment 

Escarpment 

Exposure 

The variety, distribution and abundance of different plant and animal 

communities and species within an area. 

A reclamation approach that involve~ dewatering or incorporation of fine 

tailings into a solid deposit capable of being reclaimed as a land surface, 

or a wetland. 

A means of classifying landscapes by integrating landforms, soils and 

vegetation components in a hierarchical manner. 

Ecological regions that have broad similarities with respect to soil, relief, 

and dominant vegetation. 

Clearly recognizable landforms such as river valleys and wetlands at a 

broad level of generalization. 

Subdivisions of the ecosection described and analyzed in greater detail 

(e.g., subdivisions of the river valley). The focus at this level is on 

specific vegetation associations (e.g., wetland shrub) and the particular 

soil, drainage and site conditions which support it. 

An integrated and stable association of living and nonliving resources 

functioning within a defined physical location. 

A review of the effects that a proposed development will have on the 

local and regional environment. 

A cliff or steep slope at the edge of an upland area. The steep face of a 

river valley. 

The contact reaction between a chemical and a biological system, or 

organism. 

Exposure Pathway or The route by which a receptor comes into contact with a chemical or 

Route physical agent. Examples of exposure pathways include the ingestion of 

water, food and soil, the inhalation of air and dust, and dermal absorption. 
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Exposure Ratio (ER) A comparison between total exposure from all predicted routes of 

exposure and the exposure limits for chemicals of concern. This 

comparison is calculated by dividing the predicted exposure by the 

exposure limit. 

Exposure Scenario 

Fine Tailings 

Fines 

Fish Health 

Parameters 

Floodplain 

Flue Gas 

Desulphurization 

(FGD) 

Fluvial 

A set of facts, assumptions and inferences about how exposure takes 

place that aid the risk assessor in evaluating, estimating and quantifying 

exposures. 

A suspension of fine silts, clays, residual bitumen and water forms in 

course of bitumen extraction from oil sands using the hot water extraction 

process. This material segregates from coarse sand tailings during 

placement into tailings ponds and accumulates in a layer, referred to as 

fine tailings, that dewaters very slowly. The top of the fine tailings 

deposit is typically about 85% water, 13% fine minerals and 2% bitumen 

by weight. 

Silt and clay particles. 

Parameters used to indicate the health of an individual fish. May include, 

for example, short-term response indicators such as changes in liver 

mixed function oxidase activity and the levels of plasma glucose, protein 

and lactic acid. Longer-term indicators include internal and external 

examination of exposed fish, changes in organ characteristics, hematocrit 

and hemoglobin levels. May also include challenge tests such as disease 

resistance and swimming stamina. 

Land near rivers and lakes that may be inundated during seasonally high 

water levels (i.e. floods). 

A process involving removal of a substantial portion of S02 from the 

combustion gas (flue gas) formed from burning petroleum coke. 

Desulphurization is accomplished by contacting the combustion gases 

with a solution of limestone. Gypsum (Ca S04) is formed as a by-product 

of this process. 

Relating to a stream or river. 
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Forest Succession 

Fragmentation 

Froth 

Fugitive Emissions 

Geomorphology 

GIS 

Glacial Till 

Glacio-Lacustrine 

Groundwater 

Herb 

The orderly process of change in a forest as one plant community or stand 

condition is replaced by another, evolving toward the climax type of 

vegetation. 

The process of reducing size and connectivity of stands that compose a 

forest. 

Refers to an air entrained bitumen with a froth like appearance that is the 

product of the primary extraction step in the hot water extraction process. 

Contaminants emitted from any source except those from stacks and 

vents. Typical sources include gaseous leakages from valves, flanges, 

drains, volatilization from ponds and lagoons, and open doors and 

windows. Typical particulate sources include bulk storage areas, open 

conveyors, construction areas or plant roads. 

That branch of science that deals with the form of the earth, the general 

configurations of its surface, and the changes that take place in the 

evolution of landforms. 

Geographical Information System. Pertains to a type of computer 

software that is designed to develop, manage, analyze and display 

spatially referenced data. 

Unsorted and unstratified glacial drift, generally unconsolidated, 

deposited directly by a glacier without subsequent reworking by water 

from the glacier. Consisting of a heterogeneous mixture of clay, silt, sand, 

gravel and boulders (i.e. drift) varying widely in size and shape. 

Relating to the lakes that formed of the edge of glaciers as the glaciers 

receded. Glacio-lacustrine sediments are commonly laminar deposits of 

fine sand, silt and clay. 

That part of the subsurface water which occurs beneath the water table, 

in soils and geologic formations that are fully saturated. 

Tender plant, lacking woody stems, usually small or low; it may be 

annual or perennial, broad leaf (forb), or graminoid (grass). 
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Historical Resources A review of the effects that a proposed development will have on the 

Impact Assessment local and regional historic and prehistoric heritage of an area. 

Historical/Heritage Works of nature or of man, ~alued for their palaeontological, 

Resources archaeological, prehistoric, historic, cultural, natural, scientific, or 

aesthetic interest. 

Human Health Risk The process of defining and quantifying risks and determining the 

Assessment acceptability of those risks to human life. 

Hydrocyclone A device for separating out sand from extraction tailings slurry by 

imparting a rotating (cyclone) action to the slurry. Water, fine tailings 

and residual bitumen report to the overflow of the device. Sand flows out 

the bottom of the device in a dense slurry. 

Hydrogeology 

Hydrotransport 

Integrated resource 

management 

Interspersion 

Isolated Find 

Landform 

LANDSAT 

Landscape 

The study of the factors that deal with subsurface water (groundwater), 

and the related geologic aspects of surface water. 

Refers to the transport of granular materials, e.g., oil sands ore or 

extraction tailings, in a water based slurry in a pipeline. 

A coordinated approach to land and resource management, which 

encourages multiple-use practices. 

The percentage of map units containing categories different from the map 

unit surrounding it. 

The occurrence of a single artifact with no associated artifacts or features. 

General term for the configuration of the ground surface as a factor in soil 

formation; it includes slope steepness and aspect as well as relief. Also, 

configurations of land surface taking distinctive forms and produced by 

natural processes (e.g., hill, valley, plateau). 

A specific satellite or series of satellites used for earth resource remote 

sensing. Satellite data can be converted to visual images for resource 

analysis and planning. 

A heterogeneous land area with interacting ecosystems. 
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Landscape diversity 

Mature Fine Tailings 

(MFT) 

Mature Forest 

Mature Stand 

MFO 

Microclimate 

Microtox© 

Nutrients 

Oil Sands 

The size, shape and connectivity of different ecosystems across a large 

area. 

Cubic metres per second. The stand~d measure of water flow in rivers; 

i.e., the volume of water in cubic metres that passes a given point in one 

second. 

These are fine tailings that have dewatered to a level of about 30% solids 

over a period of about three years after deposition. The rate of 

consolidation beyond this point is substantially reduced. Mature fine 

tailings behave like a viscous fluid. 

A forest greater than rotation age with moderate to high canopy closure; 

a multilayered, multispecies canopy dominated by large overstory trees; 

some with broken tops and other decay; numerous large snags and 

accumulations of downed woody debris. 

A stand of trees for which the annual net rate of growth has peaked. 

Mixed Function Oxidase. A term for reactions catalyzed by the 

Cytochrome P450 family of enzymes, occurring primarily in the liver. 

These reactions transform organic chemicals, often altering toxicity of the 

chemicals. 

The temperature, precipitation and wind velocity m a restricted or 

localized area, site or habitat. 

A toxicity test which includes an assay of light production by a strain of 

luminescent bacteria (Photobacterium phosphoreum). 

Environmental substances (elements or compounds) such as nitrogen or 

phosphorus, which are necessary for the growth and development of 

plants and animals. 

A sand deposit containing a heavy hydrocarbon (bitumen) in the 

intergranular pore space of sands and fine grained particles. Typical oil 

sands comprise approximately 10 wt% bitumen, 85% coarse sand 

(>44J.tm) and a fines ( <44J.tm) fraction, consisting of silts and clays. 
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Organics 

Overburden 

Overstory 

Overwintering 

Habitat 

PAH(s) 

Patch 

Pathology 

Permit Holder 

Piezometer 

Plant Community 

Population 

Rearing Habitat 

Chemical compounds, naturally occurring or otherwise, which contain 

carbon, with the exception of carbon dioxide (C02) and carbonates (e.g., 

CaCo3). 

The soil, sand, silt, or clay that overlies bedrock. In mining terms, this 

includes all material which has to be removed to expose the ore. 

Those trees that form the upper canopy in a multi-layered forest. 

Habitat used during the winter as a refuge and for feeding. 

Polycyclic Aromatic Hydrocarbon. A chemical by-product of petroleum

related industry. Aromatics are considered to be highly toxic components 

of petroleum products. P AHs are composed of at least two fused benzene 

rings, many of which are potential carcinogens. Toxicity increases along 

with molecular size and degree of alkylation of the aromatic nucleus. 

This term is used to recognize that most ecosystems are not 

homogeneous, but rather exist as a group of patches or ecological islands 

that are recognizably different from the parts of the ecosystem that 

surround them but nevertheless interact with them. 

The science which deals with the cause and nature of disease or diseased 

tissues. 

The director of an Historical Resource Impact Assessment. Responsible 

for the satisfactory completion of ali field and laboratory work and author 

of the technical report. 

A pipe in the ground in which the elevation of water level can be 

measured. 

An association of plants of various species found growing together. 

A collection of individuals of the same species that potentially interbreed. 

Habitat used by young fish for feeding and/or as a refuge from predators. 
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Receptor 

Reclamation 

Regeneration 

Rejects 

Remote Sensing 

Riparian Area 

Risk 

Risk Assessment 

The person or organism subjected to exposure to chemicals or physical 

agents. 

The restoration of disturbed or wast~ land to a state of useful capability. 

At Suncor, reclamation is the initiation of the process that leads to a 

sustainable landscape (see definition), including the construction of stable 

landforms, drainage systems, wetlands, soil reconstruction, addition of 

nutrients and revegetations. This provides the basis for natural 

succession to mature ecosystems suitable for a variety of end uses. 

The natural of artificial process of establishing young trees. 

Hard clusters of clays or lean oil sands that do not pass sizing screens in 

the extraction process and are rejected. Rejects contain residual bitumen 

and account for a portion of extraction recovery loss. 

Measurement of some property of an object or surface by means other 

than direct contact; usually refers to the gathering of scientific 

information about the earth's surface from great heights and over broad 

areas, using instruments mounted on aircraft or satellites. 

A geographic area containing an aquatic ecosystem and adjacent upland 

areas that directly affect it. 

The likelihood or probability, that the toxic effects associated with a 

chemical or physical agent will be produced in populations of individuals 

under their actual conditions of exposure. Risk is usually expressed as the 

probability of occurrence of an adverse effect, i.e., the expected ratio 

between the number of individuals that would experience an adverse 

effect at a given time and the total number of individuals exposed to the 

factor. Risk is expressed as a fraction without units and takes values from 

0 (absolute certainty that there is no risk, which can never be shown) to 

1.0, where there is absolute certainty that a risk will occur. 

Process that evaluates the probability of adverse effects that may occur, 

or are occurring on target organism(s) as a result of exposure to one or 

more stressors. 
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Run-off 

Run-on 

Scale 

Screening 

The portion of water from rain and snow which flows over land to 

streams, ponds or other surface water bodies. It is the portion of water 

from precipitation which does not infiltrate into the ground, or evaporate. 

Essentially the same thing as run-off, but referring to water that flows 

onto a property, or any piece of land of interest. Includes only those 

waters which have not been in contact with exposed oil sands, or with oil 

sands operational areas. 

Level of spatial resolution. 

The process offiltering and removal of implausible or unlikely exposure 

pathways, chemicals or substances, or populations from the risk 

assessment process to focus the analysis on the chemicals, pathways and 

populations of greatest concern. 

Secondary Extraction In this step, bitumen froth from the primary extraction step is diluted with 

light hydrocarbon and water and fine solids are removed by centrifuges 

Sedimentation 

Separation Cells 

Site 

[Human Health] 

Site 

[Historic] 

Snag 

in tvvo stages. 

The process of subsidence and deposition of suspended matter carried by 

water, wastewater, or other liquids, by gravity. It is usually accomplished 

by reducing the velocity of the liquid below the point at which it can 

transport the suspended material. 

Large cylindrical open top vessels which are used as the pnmary 

extraction device in the hot water extraction process. Bitumen is 

recovered from the top of the vessel (as well as from a side stream in a 

secondary circuit). Tailings are removed from the bottom. 

The area determined to be significantly impacted after the iterative 

evaluations of the risk assessment. Also can be applied to political or 

legal boundaries. 

Any location with detectable evidence of past human activity. 

Any standing dead, or partially dead tree. 
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Soil Structure 

Spawning Habitat 

Species 

The combination or arrangement of primary soil particles into secondary 

particles, units or peds. 

A particular type of area where a fish species chooses to reproduce. 

Preferred habitat (substrate, water flow, temperature) varies from species 

to species. 

A group of organisms that actually or potentially interbreed and are 

reproductively isolated from all other such groups; a taxonomic grouping 

of genetically and morphologically similar individuals; the category 

below genus. 

Species Composition A term that refers to the species found in the sampling area. 

Species Distribution Where the various species in an ecosystem are found at any given time. 

Species Diversity 

Species Richness 

Stand 

Stand Age 

Stand Density 

Structure (Stand 

Structure) 

Species distribution varies with season. 

A description of a biological community that includes both the number 

of different species and their relative abundances. Provides a measure of 

the variation in number of species in a region. This variation depends 

partly on the variety of habitats and the variety of resources within 

habitats and, in part, on the degree of specialization to particular habitats 

and resources. 

The number of different species occupying a given area. 

An aggregation of trees occupying a specific area and sufficiently 

uniform in composition, age, arrangement, and condition so that it is 

distinguishable from trees in adjoining areas. 

The number of years since a stand experienced a stand replacing 

disturbance event (i.e., fire, logging). 

The number and size of trees on a forest site. 

The various horizontal and vertical physical elements of the forest. The 

physical appearance of canopy and subcanopy trees and snags, shrub and 

herbaceous strata and downed woody material. 
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Wetlands 

Wet Landscape 

Reclamation 

Term for a broad group of wet habitats. Wetlands transitional between 

terrestrial and aquatic systems where the water table is usually at or near 

the surface or the land is covered by shallow water. Wetlanas include 

features that are permanently wet, or intermittently water covered such 

as swamps, marshes, bogs, muskegs, potholes, swales, glades, slashes and 

overflow land of river valleys. 

A reclamation approach that involves a lake system, whereby contained 

fluid tailings are capped with a layer of water of sufficient depth to isolate 

fine tailings from direct contact with the surrounding environment. 

A semi-quantitative term referring to the maximum possible exposure, 

dose or risk, that can conceivably occur, whether or not this exposure, 

dose, or risk actually occurs is observed in a specific population. It should 

refer to a hypothetical situation in which everything that can plausibly 

happen to maximize exposure, dose, or risk does happen. The worst-case 

may occur in a given population, but since it is usually a very unlikely set 

of circumstances in most cases, a worst-case estimate will be somewhat 

higher than what occurs in a specific population. 
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