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Petro-Canada is applying to the Alberta Energy and Utilities Board (EUB) and 
Alberta Environment (AENV) for an amendment to the current MacKay River 
Project approvals to expand the existing facilities and increase the nominal 
bitumen production from 5,240 m3/d (33,000 bpd) to 11,600 m3/d (73,000 bpd).  
This expansion project (referred to as the MacKay River Expansion or MRE) will 
include an expansion of the current Principal Development Area (PDA), 
construction, operation and reclamation of a new central processing facility 
adjacent to the current facility, the relocation of 17 approved pads and the 
addition of 4 new well pads and associated infrastructure to develop the 
additional resource. 
 
The MRE PDA is located in Townships 92 and 93, Range 12 W4M, 
approximately 25 km southwest of the community of Fort McKay and 45 km 
northwest of the city of Fort McMurray.  Petro-Canada holds Oil Sands Leases 
OSL 7283010T75, 728004AT22 and 7187060328 from the Province of Alberta 
for bitumen production in the PDA. 
 
Petro-Canada has been involved in various Athabasca oil sands in situ projects 
since 1978.  Many of these projects have focused on research and technology 
development.  These projects tested electric pre-heat, cyclic steam, and most 
recently Steam Assisted Gravity Drainage (SAGD) processes.  Petro-Canada 
continues to capture learnings from various pilots and its MacKay River Project 
(MRP), and these learnings will be applied to the MRE.  
 
The MRE will utilize the same SAGD process as that used by the MRP.  The new 
facility will be used to recover approximately 46,000 e3m3 (290 mmbbls) of 
bitumen from the Athabasca Oil Sands deposit at a nominal production rate of 
6,360 m3/d (40,000 bpd).  Multiple horizontal well pairs will be drilled from surface 
pads to access the McMurray Formation.  The central processing facility (CPF) 
will include steam generation, cogeneration, water treatment and bitumen 
handling facilities.  A Class II landfill will be constructed adjacent to the existing 
landfill site.  Above-ground distribution and gathering pipelines will supply steam 
to the injection wells, and return produced fluids to the central facility.  Produced 
fluids will be processed at the central facility, with produced water being recycled 
and produced gas being used to supplement fuel gas.  The processed bitumen 
will be shipped to market via an insulated pipeline.  
 
A total of approximately 230-250 additional well pairs and 21 additional surface 
pads will be required over the 20 plus year life of the combined MRP and MRE, 
to maintain the capacity of the two facilities.  Additional resource may be 
produced and processed at the facilities as it is discovered, delineated and ready 
for development, thus extending the facility and project life.  
 
Water for steam generation and other requirements will be sourced from the 
Birch Channel aquifer.  Petro-Canada is evaluating the disposal capability of the 
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Keg River, Basal McMurray and Wabiskaw formations.  If disposal capability is 
not demonstrated or approved, Petro-Canada is prepared to use a zero liquid 
discharge (ZLD) system, which will require additional landfill to accommodate the 
resulting salt cake.  The surface disturbance associated with this potential 
additional landfill has been assessed within the Environmental Impact 
Assessment (EIA).   
 
The infrastructure for the MRE includes an access road to the CPF, above 
ground pipelines for steam and bitumen between the pads and the CPF, 
pipelines for water source wells and water disposal wells, a natural gas supply 
pipeline, a product pipeline and power lines.  The CPF plot space includes a 
cogeneration facility.  Although some of the infrastructure listed above may be 
owned, operated and/or maintained by a third party, the EIA includes the 
associated disturbance.  
 
Subject to market environment, capital availability and both regulatory and 
corporate approvals, construction for the MRE is proposed to commence in Q1 
2007, with first production expected by the end of 2009.  Plant capacity will be 
maintained for more than 20 years before it is projected that declining production 
cannot be offset by drilling additional well pairs. 
 
An EIA for the MRE includes baseline conditions, potential impacts and a 
cumulative effects assessment on air quality, noise, human health, groundwater, 
surface water quantity, surface water quality, aquatic resources, soils and terrain, 
vegetation, wildlife, biodiversity, traditional land use, surface contemporary land 
use and historical resources.  A conceptual conservation and reclamation plan is 
also provided.  The EIA concludes that, taking into account the mitigation 
measures proposed by Petro-Canada, the MRE will not result in significant 
adverse environmental effects.  
 
A socio-economic impact assessment (SEIA) has also been completed according 
to the Terms of Reference issued by AENV.  It addresses baseline socio-
economic conditions and potential project impacts on the communities within the 
Regional Municipality of Wood Buffalo, focusing on Fort McKay, Fort McMurray 
and surrounding areas.  Stakeholder concerns, identified through the public 
consultation process, have also been addressed in a section entitled “Petro-
Canada’s Response to the SEIA” (Volume IIIB). 
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Enclosed are the final Terms of Reference, dated October 6, 2005, for this project’s Environmental 
Impact Assessment (EIA) report.  The Terms of Reference are issued by Alberta Environment under 
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requirements of the Energy and Utilities Board and the federal government pursuant to the Canada-
Alberta Agreement for Environmental Assessment Cooperation. 
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Safety Section of this Terms of Reference [Alex MacKenzie (780) 422-4549]. 
 
I appreciate your cooperation in the preparation of these final Terms of Reference and look forward to 
reviewing your EIA report upon its completion. 
 
Sincerely, 
 
 
“Original Signed by R. Ramcharita” 
 
 
Mike Boyd 
Regional Environmental Manager 
Northern Region 
(Designated Director Under the Act) 
 
Enclosure 
 
cc: T. Abel (EUB) 
 L. Coulson (CEAA) 
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1.0 INTRODUCTION 
1.1 Purpose 

The purpose of this document is to identify for Petro-Canada and for the public the information 
required by government agencies for an Environmental Impact Assessment (EIA) report.  
Petro-Canada will prepare and submit an EIA report that examines the environmental effects of 
the construction, operation and reclamation of its proposed MacKay River Expansion (MRE) 
Project (the Project). 
 
Petro-Canada is proposing to expand its operating MacKay River Project (MRP).  The proposed 
expansion will again be based on steam assisted gravity drainage (SAGD) technology.  The 
proposed expansion will consist of a new central plant which will include a diluent bitumen 
processing facility, a second water treatment system, a water supply/disposal system which may 
be tied to a potential new cogeneration unit, coupled with gas fired steam boilers and other utility 
systems.  Some of the originally planned and approved wellpads from MRP will be moved, and 
four new pads are planned to access additional resource.  The proposed expansion would allow 
for an additional 40,000 barrels of petroleum per day of production to be processed at the new 
facility.  The total design capacity of the existing operation and the proposed second facility is 
73,000 barrels of petroleum per day of bitumen.  The proposed Expansion Project would be 
located within the Regional Municipality of Wood Buffalo within Township 93, Ranges 11, 12, 
W4M. 
 

1.2 Scope of Environmental Assessment Report 
The EIA report shall be prepared in accordance with these Terms of Reference and the 
environmental information requirements prescribed under the Environmental Protection and 
Enhancement Act (EPEA) and Regulations, the Oil Sands Conservation Act (OSCA) and 
Regulations, and any federal legislation which may apply to the Project.  The EIA report will: 
a) assist the public and government in understanding the environmental consequences of the 

Project’s development, operation and reclamation plan and will assist Petro-Canada in its 
decision-making process; 

b) address: 
i) project impacts, 
ii) mitigation options, and 
iii) residual effects relevant to the assessment of the Project including, as appropriate, those 

related to the other industrial operations; 
c) discuss possible measures, including established measures and possible improvements based 

on research and development to: 
i) prevent or mitigate impacts, 
ii) assist in the monitoring of environmental protection measures, and 
iii) identify residual impacts and their significance including cumulative and regional 

development considerations.  As appropriate for the various types of impacts, 
discussion of the impact predictions should be presented in terms of magnitude, 
frequency, duration, seasonal timing, reversibility and geographic extent; 

d) include tables that cross-reference the report (subsections) to the EIA Terms of Reference and 
to any current applications submitted pursuant to the EPEA and the Water Act; and 

e) include a glossary of terms and list of abbreviations to assist the reader in understanding the 
material presented. 

 
The EIA report will form part of Petro-Canada’s application to the Alberta Energy and Utilities 
Board (EUB).  A summary of the EIA report should also be included as part of the EUB 
Application document. 
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1.3 Public Consultation 
The preparation of the EIA report will include a public consultation program to assist with project 
scoping and issue identification, documenting the results of these consultations (see Section 7.0).  
The public consultation program is to communicate with those members of the public who may 
be affected by the Project and to provide them with an opportunity to participate in the 
Environmental Assessment process. 
 

1.4 Proponent’s Submission 
Petro-Canada is responsible for the preparation of the EIA report and related applications.  The 
final submission will be based upon the Terms of Reference and issues raised during the public 
consultation process.  

2.0 PROJECT OVERVIEW 
2.1 The Proponent and Lease History 

Provide: 
a) the name of the proponent; 
b) the name of the legal entity that will develop, manage and operate the Project; 
c) a corporate profile; and 
d) an overview of the Project. 
 
Describe Petro-Canada and its history in Alberta’s oil and gas industry, with specific reference to 
the existing Petro-Canada oil and gas developments, proposed developments, resource 
characterization and environmental studies in the oil sands region. 

 
2.2 The Project Area and EIA Study Area 

The Principal Development Area (PDA) includes all lands subject to direct disturbance from the 
Project and associated infrastructure, including access and utility corridors.  For the PDA, 
provide: 
a) the legal land description; 
b) the boundaries of the PDA; 
c) a map that identifies the locations of all proposed development activities; and 
d) a map showing the area proposed to be disturbed in relation to existing topographic features, 

township grids, wetlands, watercourses and waterbodies. 
 
Study areas for the EIA report include the PDA and other areas based on individual 
environmental components where an effect from a proposed development can reasonably be 
expected.  Provide: 
a) the rationale used to define Local and Regional Study Areas (see also Section 4.5), 

considering the location and range of probable project and cumulative effects including those 
related to regional or cumulative effects consistent with the direction of the Regional 
Sustainable Development Strategy (RSDS) process where possible; and 

b) illustrate boundaries and identify Local and Regional Study Areas chosen to assess impacts 
on maps of appropriate scale. 

 
2.3 Project Components and Development Schedule 

Provide a development plan and overview of the project components proposed for approval, 
including: 
a) the phases of development; 
b) bitumen/heavy oil recovery; 
c) field maintenance operations; 
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d) processing facilities; 
e) buildings; 
f) transportation infrastructure; and  
g) utilities. 
 
Provide an outline and drawings of the project components and activities, including: 
a) temporary structures; 
b) processing/treatment facilities; 
c) buildings and infrastructure (roads, pipelines and utilities); 
d) transportation and access roads; 
e) containment structures such as berms and retention ponds; 
f) lime sludge pond(s); 
g) water source wells and intakes; 
h) aggregate resources and other road construction material required and onsite availability; 
i) types and amounts of waste materials, waste storage areas and disposal sites; 
j) activities associated with development of the area, operations, reclamation and development 

closure; and 
k) proposed method of product transportation to markets. 
 
Provide a development schedule outlining the proposed phasing and sequencing of components, 
including: 
a) pre-construction; 
b) construction; 
c) operation; 
d) decommissioning; 
e) reclamation; 
f) a detailed schedule for any reclamation and related activities envisaged during the first 

decade of operations and closure; and 
g) the key factors controlling the schedule and uncertainties.  
 

2.4 Project Need and Alternatives 
Discuss the need for the Project and consider the implications of not going ahead with the Project, 
specifically addressing the following: 
a) any alternative means of carrying out the Project that are technically and economically 

feasible and where applicable indicate their potential environmental effects and impacts; 
b) compare identified alternatives to the Project and the anticipated environmental effects and 

impacts of the alternatives.  Discuss reasons for not selecting any identified alternatives; 
c) identify potential cooperative development opportunities for the Project; and 
d) implications resulting from a delay in proceeding with the Project, or any phase of the 

Project. 
 

2.5 Regulatory Review 
Provide the following: 
a) identify the environmental and other specific regulatory approvals and legislation that are 

applicable to the Project at the municipal, provincial and federal government levels; 
b) identify government policies, resource management, planning or study initiatives pertinent to 

the Project and discuss their implications; and 
c) identify and delineate major components of the Project and identify those being applied for 

and constructed within the duration of approvals under the: 
i) EPEA, 
ii) Water Act, 
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iii) Public Lands Act (PLA), 
iv) Canada Fisheries Act, and 
v) Navigable Waters Protection Act. 
 

2.6 EIA Summary 
Provide a summary of the EIA report results that includes: 
a) a description of the development activities highlighting those which have the potential to 

affect the environment; 
b) the existing conditions in the relevant Study Area(s); 
c) any residual effects; 
d) proposed mitigation measures, monitoring and management plans; and 
e) the anticipated environmental effects including cumulative considerations. 
 
List and discuss the key environmental issues and the issues that are important for the 
achievement of sustainable environmental and resource management that were identified during 
the preparation of the EIA report and public consultation.  Differentiate between emerging issues 
(with ongoing uncertainties) with quantifiable and significant environmental effects, and issues 
that can be resolved through available technology and existing management approaches. 

3.0 PROJECT DESCRIPTION 
Describe activities and components of the Project and relevant management plans.  Provide 
sufficient scope and detail in the project description information to allow quantitative assessment 
of the environmental consequences.  If the scope of information varies among components or 
phases of the Project, provide rationale demonstrating that the information is sufficient for 
assessment purposes. 
 
Technical information required in this section may also be required under the EUB technical 
information requirements or information requirements for an EPEA Approval Application or a 
Water Act Application.  Information required in this section may be provided in other parts of 
Petro-Canada’s submission(s) provided that the location of the information is referenced in the 
EIA report.  Petro-Canada should ensure consistency in the information provided whenever it is 
discussed in more than one section of the submission. 
 

3.1 Site Development 
Describe the thermal recovery and other related processes, process facilities and waste 
management components of the Project, and: 
a) describe how the Project relates to the approved pilot facilities; 
b) provide a map showing any existing infrastructure (e.g., roads) and the location of all existing 

and proposed facilities; 
c) locate the buildings, road access, pipeline routes, water source wells/intakes, water pipelines, 

water storage structures, water treatment facilities, utility corridors and waste disposal sites 
associated with the Project; 

d) describe the process and criteria used to select the sites for facilities and infrastructure for the 
initial, best known project phases; 

e) show all existing leases and clearings including exploration clearings and illustrate how 
Petro-Canada intends to use these areas for project development to minimize additional 
disturbance; 

f) list the facilities for which locations will be determined later; 
g) describe the planned accommodation for the workforce during construction and operations; 
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h) provide a description and schedule of land clearing required for: 
i) central plant facilities,  
ii) field facilities, 
iii) well pads,  
iv) access roads,  
v) pipelines, 
vi) borrow areas; and 
vii) utilities and other site preparation activities; 

i) indicate the amount of surface disturbance from plant, field and infrastructure-related 
activities including: 
i) how surface disturbance (extent and duration) will be minimized; 
ii) opportunities to undertake progressive reclamation to offset new disturbance; 
iii) whether the timber is merchantable and if so, indicate anticipated volumes and timing of 

clearing activities; and 
iv) how visual aesthetics will be managed; 

j) discuss opportunities to integrate the proposed Project with other regional resource 
development activities (minerals and forestry); and 

k) identify any restrictions and, where appropriate, measures taken to control access to project 
areas while ensuring continued access to adjacent wildland areas. 

 
3.2 Infrastructure and Transportation 

Describe and locate on maps of appropriate scales the infrastructure and transportation (access) 
requirements for the Project and how it relates to local communities, and: 
a) discuss the amount and source of energy required for the Project; 
b) discuss the options considered for supplying the thermal energy and electric power required 

for the Project and their environmental implications; 
c) describe road access to and within the Project Area and identify needs to upgrade existing 

roads or construct new roads; 
d) describe any crossings of watercourses or waterbodies required (with appropriate maps and 

diagrams).  Include: 
i) timing,  
ii) construction standards or methods, and 
iii) environmental protection plans; 

e) discuss the route or site selection criteria for any linear or other infrastructure development or 
modification and provide the rationale for selecting the proposed alignment and design; 

f) discuss the need for, and plans to, address access management during and after project 
operations; 

g) provide the results of consultation with Alberta Transportation and discussions with other 
industry operators; 

h) describe access corridors needed and/or planned by other resource stakeholders including 
those responsible for Forest Management Areas and other timber quota holders, and those 
under consideration by the Regional Issues Working Group.  Describe how their needs are 
accommodated to reduce overall environmental impact from resource development.  Describe 
the steps taken to integrate their needs into the location and design of the access 
infrastructure; 

i) describe the anticipated changes to traffic (e.g., type, and volume) on local highways during 
the construction and operation of the Project.  Discuss any effect expected on the primary and 
secondary highway system and other regional roads.  Consider other existing and planned 
operations in the region; 

j) identify the type and location of road construction and restoration materials, the volume of 
material needed and the availability of materials in the area.  Discuss how the Project will 
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affect aggregate reserves that may be located on the company leases and reserves in the 
region.  Provide a plan on how these potentially-affected reserves will be salvaged and 
stockpiled with input provided by Alberta Transportation and Alberta Sustainable Resource 
Development; 

k) outline design features to prevent spills, contingencies for spill response and environmental 
risks associated with spills; and 

l) discuss secondary effects that may result from linear development such as increased hunter, 
angler and other recreational access and facilitated predator movement. 

 
3.3 Air Emissions Management 

Develop an emissions profile (type, rate and source) for each component of the Project including 
point sources, fugitive emissions, construction and vehicle emissions.  Consider both normal 
operating conditions and upset conditions.  Discuss the following: 
a) any National Pollutant Release Inventory (NPRI), Priority Substance List (PSL1), PSL2, 

and/or Accelerated Reduction/Elimination of Toxics (ARET) substances relevant to the 
Project; 

b) any odourous or visual emissions from the proposed facilities; 
c) the amount and nature of any acidifying emission, probable deposition patterns and rates and 

programs Petro-Canada may implement to monitor the effects of this deposition; 
d) control technologies used to minimize air emissions such as sulphur dioxide (SO2), hydrogen 

sulphide (H2S), oxides of nitrogen (NOX), volatile organic compounds (VOC), and particulate 
matter; 

e) use of low NOX technology for boilers.  The applicability of the Canadian Council of 
Ministers of the Environment (CCME) National Emissions Guidelines for Stationary 
Combustion Turbines and CCME National Emissions Guideline for Commercial/Industrial 
Boilers and Heaters; 

f) applicability of sulphur recovery, acid gas re-injection, or flue gas desulphurization to reduce 
sulphur emissions and applicability of the EUB sulphur recovery guidelines (Interim 
Directive ID 2001-03); 

g) emergency flaring scenarios (e.g., frequency and duration) and proposed measures to ensure 
flaring events are minimized; 

h) gas collection, conservation and applicability of technology for vapour recovery for the 
Project; 

i) fugitive emissions control program to detect, measure and control emissions and odours from 
equipment leaks and the applicability of the CCME Code of Practice for Measurement and 
Control of Fugitive VOC Emissions from Equipment Leaks and the CCME Environmental 
Guidelines for Controlling Emissions of Volatile Organic Compounds from Above Ground 
Storage Tanks; and 

j) describe the monitoring programs Petro-Canada will implement to assess air quality and the 
effectiveness of mitigation during the Project’s development and operation.  Discuss how 
these monitoring programs are compatible with those in use by regional multi-stakeholder air 
initiatives. 

 
3.3.1 Greenhouse Gas Emissions 

Provide the following: 
 a) the expected annual and total greenhouse gas (GHG) emissions over the construction, 

operation and decommissioning phases of the Project; 
 b) the Project’s marginal contribution to total provincial and national GHG emissions on an 

annual basis; 
 c) the intensity of GHG emissions per unit of product produced and discuss how it compares 

with similar projects and technology performance; 
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 d) how the project design and GHG management plans have taken into account the need for 
continuous improvement with respect to GHG emissions and their consideration of the 
national Climate Change Plan for Canada and Alberta’s Climate Change Action Plan; and 

 e) Petro-Canada’s overall GHG management plans, any plans for the use of offsets, (nationally 
or internationally) and the expected results of implementing the plans. 

 
3.4 Water and Wastewater Management 
3.4.1 Water Supply 

Describe the water supply requirements for the Project, including, but not limited to, the 
following: 
a) the annual and seasonal water balance prior to the project development and the expected 

water balance during project operations.  Discuss assumptions made or methods chosen to 
arrive at the water balances;  

b) the process, potable and non-potable water requirements and sources for construction, 
start-up, normal and emergency operating situations, decommissioning and reclamation.  
Include a description of the criteria for selecting the preferred source; 

c) the variability in the amount of water required on an annual and seasonal basis as the Project 
is implemented and report the expected cumulative effects on water losses/gains due to the 
project operations.  Show the location of sources/intakes and associated infrastructure 
(pipelines); 

d) describe contingency plans for water supply, including the potential effects of extended 
periods of drought on the proposed water supply;  

e) indicate options for using non-potable groundwater and provide the criteria used to assess the 
feasibility of its use; and 

f) describe Petro-Canada’s research and piloting of less water intensive technologies. 
 

3.4.2 Water Management 
Provide a Water Management Plan for construction, operation and reclamation phases, including, 
but not limited to, the following: 
a) factors considered in the design of water management systems, such as: 

i) site drainage, 
ii) road and well pad run-off, 
iii) containment, 
iv) erosion control, 
v) slumping areas, 
vi) groundwater protection, 
vii) groundwater seepage, 
viii) potable water, 
ix) produced water, and 
x) flood protection; 

b) measures for ensuring efficient use of water including alternatives to reduce freshwater 
consumption such as water use minimization, recycling, and conservation; 

c) permanent or temporary alterations or diversions to watercourses, wetlands including bogs 
and fens and other waterbodies; and 

d) potential downstream impact if water is removed from local surface waterbodies. 
 

3.4.3 Wastewater Management 
Provide a Wastewater Management Plan to address site runoff, groundwater protection, deep well 
disposal and wastewater discharge, including, but not limited to, the following: 
a) source, quantity and composition of each wastewater stream from the existing and proposed 

facilities; 
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b) NPRI, PSL1, PSL2, or ARET substances relevant to the Project; 
c) design of facilities that will handle, treat, store and release wastewater streams; 
d) type and quantity of chemicals used in water and wastewater treatment; 
e) options considered for treatment, wastewater management strategies and reasons (including 

water quality and environmental considerations) for selecting the preferred options (consider 
the Industrial Release Limits Policy when determining whether either technology or water 
quality standards will define acceptable release limits); 

f) the discharge of aqueous contaminants (quantity, quality and timing) beyond plant site 
boundaries and the potential environmental effects of such releases; 

g) formations for the disposal of wastewaters, including: 
i) formation characterization, 
ii) local and regional hydrodynamic flow regime, 
iii) water quality, 
iv) chemical compatibility, 
v) containment potential within the disposal zones, and 
vi) injection capacity; 

h) the chemical composition of disposal waters; 
i) wastewater disposal alternatives; 
j) current and proposed monitoring programs; 
k) potable water and sewage treatment systems that will be installed as components of the 

Project for both the construction and operation stages; and 
l) the principles that have been incorporated into the project design for pollution prevention, 

waste minimization and recycling. 
 

3.5 Hydrocarbon, Chemical and Waste Management 
Characterize and quantify the anticipated hazardous, non-hazardous, recyclables and dangerous 
goods wastes generated or used by the Project.  Demonstrate that the selected management 
options are consistent with the current regulatory requirements and industry practices, and 
address the following specifics: 
a) describe the composition and volume of specific waste streams generated by the Project, and 

identify how each stream will be managed.  Demonstrate that the selected practices for the 
plant and field operations comply with provincial and federal regulations including EPEA’s 
Waste Control Regulation and Alberta Environment’s Hazardous Waste Storage Guidelines; 

b) provide a listing of chemical products to be used for the Project.  Identify products containing 
substances that are: 
i) Canadian Environmental Protection Act (CEPA) toxics, 
ii) on the PSL2 or ARET, and those defined as dangerous goods pursuant to the federal 

Transportation of Dangerous Goods Act.  Classify the wastes generated and characterize 
each stream under the Alberta Environment User’s Guide for Waste Managers, 

iii) on the NPRI, and 
iv) on Track 1 substances targeted under Environment Canada’s Toxic Substances 

Management Policy for virtual elimination from the environment; 
c) describe, in general terms, how these items will be stored and managed.  Identify how future 

changes to this slate of chemical products will be handled to ensure adequate protection to 
both the environment and to employee health and safety; 

d) identify the location, nature and amount of onsite hydrocarbon storage.  Discuss containment, 
spill prevention and other environmental protection measures.  Discuss how selected 
practices comply with provincial and federal regulations including the EUB Guide 55 - 
Storage Requirements for Upstream Petroleum Industry; 

e) identify the amount of drilling wastes produced by the Project, the options considered for 
disposal and the option(s) chosen.  Determine the amount of surface disturbance caused by 
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drilling waste disposal and describe any mitigative options to reduce the disturbance.  
Describe how the disposal sites and sumps will be constructed in compliance with the Oil and 
Gas Conservation Regulation; 

f) identify the type and amount of water softening sludge associated with the Project, if any. 
Describe disposal plans; 

g) discuss the strategy for onsite waste disposal versus offsite waste disposal and identify: 
i) the location of onsite waste disposal, including landfills, if applicable, 
ii) the suitability of the site(s) from a groundwater protection perspective (provide 

geotechnical information to support the siting of disposal facilities), and 
iii) potential effects on the environment; and 

h) describe plans for waste minimization, recycling, and management over the life of the 
Project.  Discuss methods and technologies to reduce waste quantities to the lowest practical 
levels. 

 
3.6 Environmental Management Systems and Contingency Plans 

Summarize key elements of Petro-Canada’s environment, health and safety management system 
and discuss how the system will be integrated into the Project, addressing the following: 
a) outline plans for monitoring all inputs of the Project and associated facilities.  Discuss the key 

elements of the operating plans and performance standards to be developed prior to the 
commissioning of the plant, such as: 
i) policies and corporate procedures,  
ii) operator training, 
iii) emergency reporting procedures for spill containment and management, and 
iv) emergency response, public notification protocol and safety procedures; 

b) describe plans to minimize the production or release into the environment of substances that 
may have an adverse effect, including: 
i) modifying existing plans, or 
ii) developing a conceptual contingency plan that considers environmental effects associated 

with operational upset conditions such as serious malfunctions or accidents that represent 
deviations from normal operating performance; 

c) review proposed monitoring, including: 
i) monitoring done independently by Petro-Canada, 
ii) monitoring performed in conjunction with other stakeholders, 
iii) publicly-available monitoring information, and 
iv) new monitoring initiatives that may be required as a result of the Project; 

d) address air emissions, water emissions, waste tracking, process inputs and outputs.  Present 
conceptual contingency plans that consider the environmental effects of serious malfunctions 
or accidents; 

e) discuss how regional environmental management initiatives will be incorporated into 
Petro Canada’s management practices; 

f) include an emergency response system to deal with emergency situations and minimize 
adverse environmental effects, while protecting the safety of personnel.  Comment on 
contingency plans that have been or will be developed to respond to unpredicted negative 
impacts that are realized during and after project development; and 

g) provide a fire control plan highlighting: 
i) measures taken to ensure continued access for firefighters to adjacent wildland areas, 
ii) forest fire prevention measures,  
iii) measures for determining the clearing width of power line rights-of-way, and 
iv) using the FireSmart Wildfire Assessment System, assess areas adjacent to the proposed 

facilities to identify required mitigative measures. 
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3.7 Adaptation Planning 
Describe adaptive management plans that minimize the impact of the Project at the design stage.  
Describe how the adaptive management plans will be used throughout the life of the Project to 
site facilities and infrastructure associated with future phases of the Project. 
 

3.8 Participation In and Monitoring Through Cooperative Efforts 
Document Petro-Canada’s involvement in regional cooperative efforts to address environmental 
and socio-economic issues associated with oil sands development during the life of the Project, 
including: 
a) Petro-Canada’s current and planned participation in regional initiatives such as the Regional 

Issues Workshop Group (RIWG), Fort McKay First Nation (Fort McKay-IRC), Boreal 
Caribou Committee (BCC), Cumulative Environmental Management Association (CEMA), 
the Wood Buffalo Environmental Association (WBEA) and the Regional Aquatics 
Monitoring Program (RAMP).  Include Petro-Canada’s participation in regional air, water 
and other environmental monitoring programs, health studies, research, traditional ecological 
knowledge (TEK) and socio-economic studies; 

b) potential cooperative ventures that Petro-Canada has initiated, could initiate or could develop 
with other oil sands operators and other resource users (minerals and forestry) to minimize 
the environmental impact of the Project or the environmental impact of regional oil sands 
development; 

c) how Petro-Canada will work to develop and implement such cooperative opportunities; 
d) describe monitoring activities that will be undertaken to assist in managing environmental 

effects, confirm performance of mitigative measures and improve environmental protection 
strategies.  Discuss how any result will contribute to Petro-Canada’s participation in regional 
efforts; 

e) describe how Petro-Canada will rely upon CEMA, WBEA, RAMP, and CONRAD (Canadian 
Oilsands Network for Research and Development) to design and implement mitigation 
measures (to mitigate project specific effects and cumulative effects), monitoring programs 
(project specific monitoring and regional monitoring), and research programs; and 

f) describe how Petro-Canada would design and implement mitigation measures (to mitigate 
project specific effects and cumulative effects), monitoring programs (project-specific 
monitoring and regional monitoring), and research programs outside of these initiatives 
where necessary. 

 
3.9 Reclamation (See Appendix) 

Provide a conceptual reclamation plan for the Project with consideration of the following: 
a) reclamation requirements specified by relevant regulatory organizations and stakeholder 

preferences; 
b) pre-development information with respect to land capability, vegetation, commercial forest 

land base by commercialism class, forest productivity, recreation, wildlife, aquatic resources, 
aesthetics, TEK and land use resources; 

c) project development phasing, and reclamation sequencing for each phase of development;  
d) integration of operations, reclamation planning and reclamation activities; 
e) a revegetation plan for the disturbed terrestrial and aquatic areas, identifying the species types 

that will be used for seeding or planting, and the vegetation management practices.  Include 
the rationale for selection based on the need for the development of self-sustaining 
biologically diverse ecosystems consistent with the appropriate sub-region of the Boreal 
Forest Natural Region with reference to the use of native vegetation species; 

f) soil and reclamation material salvage, soil storage areas and soil handling procedures; 
g) areas of soil replacement indicating depth, volume and type of reclamation material; 
h) identify any soil-related constraints or limitations that may affect reclamation; 
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i) re-establishment of self-sustaining topography, drainage and surface watercourses and 
vegetation communities representative of the surrounding area; 

j) pre-development and final reclaimed site drainage plans; 
k) management of waste, wastewater, and other waters; 
l) restoration of pre-development traditional use with consideration for traditional vegetation 

and wildlife species in the reclaimed landscape; 
m) post-development land capability; 
n) post-development reforestation and forest productivity, with information required for 

inclusion into the Forest Management Agreement (FMA) Detailed Forest Management Plan; 
o) wetlands or other alternatives to reclaim the land; 
p) a detailed monitoring plan (including soils, vegetation, wildlife and aquatic resources) with 

schedules and methodologies to measure and evaluate reclamation performance and success; 
q) reporting of reclamation progress through development of the Project, relating reclamation 

progress to pre-development expectations; 
r) discuss the conceptual reclaimed landscape design with reference to the following: 

i) appropriate productivity equivalent to pre-development levels having regard for 
regulatory requirements and stakeholder end land use preferences, 

ii) promotion of biodiversity, 
iii) integration and interconnectivity to the surrounding landscapes, 
iv) integrating surface and near-surface drainage within the development area, 
v) incorporating into project planning and development, 
vi) resemblance to the pre-disturbed landscape, 
vii) anticipated timeframes for completion of reclamation phases and release of lands back 

to the Crown, including an outline of the key milestone dates for reclamation and a 
discussion of how progress will be measured in the achievement of these targets.  
Discuss any constraints to reclamation such as timing of activities, availability of soil 
materials and influence of natural processes and cycles, and 

viii) development of a conceptual ecological land classification (ELC) map for the 
post-reclamation landscape considering all potential land uses and how the landscape 
and soils have been designed to accommodate future land use. 

 

4.0 ENVIRONMENTAL ASSESSMENT 
4.1 Assessment Scenarios 

Define assessment scenarios including: 
a) a Baseline Case∗, which includes existing environmental conditions, existing and approved 

projects or activities; 
b) an Application Case∗∗, which includes the Baseline Case plus the Project; and 
c) a Cumulative Effects Assessment (CEA) Case, which includes past studies, existing and 

anticipated future environmental conditions, existing projects or activities, plus other or 
planned∗∗∗ projects or activities. 

 
Note∗:  For the purposes of defining assessment scenarios, “approved” means approved by any 
federal, provincial or municipal regulatory authority.  The Baseline Case will include only the 
portion of the approved MRP that was constructed to March 31, 2005. 
Note∗∗:  The Application Case will include the as-yet unconstructed portion of the already 
approved MRP. 
Note∗∗∗:  “Planned” is considered any project or activity that has been publicly disclosed prior to 
the issuance of the Terms of Reference or up to six months prior to the submission of the Project 
Application and EIA report, whichever is sooner. 
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4.2 Assessment Requirements 
Provide information on the environmental resources and resource uses that could be affected by 
the construction, operation, and reclamation of the Project: 
a) provide a sufficient base for the prediction of positive and negative impacts and the extent to 

which negative impacts may be mitigated by planning, project design, construction 
techniques, operational practices and reclamation techniques.  Impact significance will be 
quantified where possible and assessed including consideration of spatial, temporal and 
cumulative aspects; 

b) discuss the sources of information used in the assessment including a summary of 
previously-conducted environmental assessments related to Petro-Canada’s operations: 
i) identify any limitations or deficiencies that the information may place on the analysis or 

conclusions in the EIA report.  Discuss how these limitations or deficiencies will be 
addressed within the current EIA report, 

ii) information sources will include literature and previous EIA reports and environmental 
studies, operating experience from current oil sands operations, industry study groups, 
traditional knowledge and government sources, and 

iii) identify where deficiencies in information exist, provide justification for the deficiencies, 
and describe Petro-Canada’s plan, including rationale, for providing the necessary 
information.  Where required, undertake studies and investigations to obtain additional 
information for establishing a sound baseline for the Study Area; 

c) from a broad-based examination of all ecosystem components including previous 
environmental assessment work, describe and rationalize the selection of environmental 
attributes, parameters, or properties examined;  

d) for each selected environmental attribute, parameter, or property: 
i) describe existing conditions.  Comment on whether the available data are sufficient to 

assess impacts and mitigative measures.  Identify environmental disturbance from 
previous activities that have now become part of the baseline conditions, 

ii) describe the nature and significance of the environmental effects and impacts associated 
with the development activities, 

iii) present plans to minimize, mitigate, or eliminate negative effects and impacts.  Discuss 
the key elements of such plans, 

iv) identify residual impacts and comment on their significance, 
v) present a plan to identify possible effects and impacts, monitor environmental impacts, 

and manage environmental changes to demonstrate the Project is operating in an 
environmentally-sound manner.  Identify any follow-up programs necessary to verify the 
accuracy of the environmental assessment and to determine the effectiveness of any 
measures taken to mitigate any adverse environmental effects; and 

e) present a plan that addresses the adverse impacts associated with the Project that may require 
joint resolution by government, industry and the community.  Describe how this plan will be 
implemented and how it will incorporate the participation of government, industry and the 
community. 

 
4.3 Modelling 

Provide justification for the models selected and document any assumptions used to obtain 
modelling predictions submitted as part of the EIA report.  Clearly identify the limitations of the 
model(s) including sources of error and relative accuracy. 
 

4.4 Cumulative Environmental Effects 
Assessment of cumulative effects will be an integral component of the EIA report.  Conduct a 
cumulative environmental effects assessment of the Project based on the EUB/AENV/NRCB 
Information Letter “Cumulative Effects Assessment in Environmental Impact Assessment 
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Reports under the Alberta Environmental Protection and Enhancement Act,” June 2000.  Include 
a summary of all proposed monitoring, research and other strategies or plans to minimize, 
mitigate and manage any potential adverse effects.  The identification and assessment of the 
likely cumulative environmental effects of the Project will: 
a) define the spatial and temporal Study Area boundaries with due consideration for the RSDS 

and CEMA recommendations, and provide the rationale for assumptions used to define those 
boundaries for each environmental component examined; 

b) describe the current (baseline) state of the environment in the Regional Study Area (used for 
the cumulative effects assessment); 

c) assess the incremental consequences that are likely to result from the Project in combination 
with other existing, approved and planned projects in the region.  A “planned” project is 
considered any project or activity that has been publicly disclosed prior to the issuance of the 
Terms of Reference or up to six months prior to the submission of the Project Application 
and EIA report, whichever is sooner; 

d) demonstrate that relevant information or data used from previous oil sands and other 
development projects is appropriate for use in this EIA report; 

e) consider and describe deficiencies or limitations in the existing database for relevant 
components of the environment; and 

f) explain the approach and methods used to identify and assess cumulative impacts, including 
cooperative opportunities and initiatives undertaken to further the collective understanding of 
cumulative impacts, and provide a record of relevant assumptions, confidence in data and 
analysis to support conclusions. 

 
4.5 EIA Study Area 

The EIA Study Area shall include the PDA and associated infrastructure, as well as, the spatial 
and temporal areas of individual environmental components outside the project boundaries where 
an effect can be reasonably expected.  The EIA Study Area includes both Regional and Local 
Study Areas. 
 
Illustrate boundaries and identify the Study Area(s) chosen to assess impacts.  Define temporal 
and spatial boundaries for the Study Areas.  Maps of these areas shall include township and range 
lines for easy identification and comparisons with other information within the EIA report.  
Describe the rationale and assumptions used in establishing the EIA Study Area boundaries, 
including those related to cumulative effects. 
 

4.6 Biodiversity and Fragmentation 
4.6.1 Biodiversity 

Using the definition for biodiversity provided in the Canadian Biodiversity Strategy (1995), 
determine and describe the metrics that will be used to assess biodiversity in terrestrial and 
aquatic ecosystems in order to characterize the existing ecosystems and probable effects of 
project development, and that will be used to represent broad taxonomic assemblages, and: 
a) describe the process and rationale used to select biotic and abiotic indicators for biodiversity; 
b) within selected taxonomic groups, determine the relative abundance of species in each 

ecological unit (e.g., ecosite phase).  Provide species lists and summaries of observed and 
estimated species richness and evenness for each ecosite phase; 

c) ensure that baseline information collected in each terrestrial and aquatic community is 
accompanied by sufficient plots in each ecosite phase to provide statistically sound data using 
a suitable proportional sampling method; 

d) provide a measure of biodiversity on baseline sites that are representative of the proposed 
reclamation ecosites; 
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e) rank each ecological unit for biodiversity potential by combining measures of species 
richness, overlap in species lists, significance of individual species or associations, 
uniqueness and other appropriate measures.  Describe the techniques used in the ranking 
process; 

f) discuss the contribution of the Project to any anticipated changes in regional biodiversity 
including measures to minimize such change; 

g) discuss how changes in biodiversity could potentially impact local and regional ecosystems; 
and 

h) discuss biodiversity monitoring programs and management thresholds that Petro-Canada will 
implement either individually or in cooperation with other operators or regional initiatives. 

 
4.6.2 Fragmentation 

Determine the current and proposed level of habitat fragmentation for the Study Areas.  Discuss 
project design approaches that minimize habitat fragmentation.  Describe the techniques used in 
the fragmentation analysis.  Describe the principle factors contributing to fragmentation.  Identify 
and evaluate the extent of potential effects from fragmentation (e.g., potential introduction of 
non-native plant species on native species composition and any changes to plant communities) 
that may result from the Project. 
 

4.7 Climate, Air Quality and Noise 
Discuss climatic and air quality conditions considering existing and approved emission sources 
(baseline case) alone and in combination with the Project’s proposed emissions (Application 
Case).  Review current and approved emission sources and discuss changes as a result of 
anticipated future development scenarios within the EIA Study Areas.  Consider emission point 
sources as well as fugitive emissions.  Identify components of the Project that will affect air 
quality from local and regional perspectives, and: 
a) discuss appropriate air quality parameters such as SO2, H2S, total hydrocarbons (THC), NOX, 

VOCs, individual hydrocarbons of concern in the THC and VOC mixtures, ground-level 
ozone (O3), visibility, representative heavy metals, and particulates (road dust, PM10 and 
PM2.5); 

b) discuss the formation of secondary pollutants such as ground-level O3, secondary particulate 
matter, and acid deposition; 

c) estimate ground-level concentrations of appropriate air quality parameters.  Discuss any 
expected changes to particulate deposition or acidic deposition patterns.  For any case of acid 
deposition modelling, provide deposition data from maximum levels to areas with 0.17 keq 
H+/ha/y Potential Acid Input (PAI) including analysis of PAI deposition levels consistent 
with the CEMA acid deposition management framework.  Justify the selection of the models 
used and identify any model shortcomings or constraints on findings.  Complete modelling in 
accordance with Alberta Environment’s Air Quality Modelling Guidelines; March 2003; 

d) identify the potential for reduced air quality (including odours and visibility) resulting from 
the Project and discuss any implications of the expected air quality for environmental 
protection and public health; 

e) discuss interactive effects that may occur as a result of co-exposure of a receptor to all 
emissions and discuss limitations in the present understanding of this subject; 

f) describe air quality impacts resulting from the Project, and their implications for other 
environmental resources, including habitat diversity and quantity, vegetation resources, water 
quality and soil conservation; 

g) describe how air quality impacts resulting from the Project will be mitigated;  
h) identify ambient air quality monitoring that will be conducted during construction and 

operation of the Project; 
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i) assess the cumulative effects on the air quality of the Study Areas and include any related 
emission increases from adjacent operations and publicly-disclosed projects in the area; 

j) identify any regional air monitoring underway in the area and describe Petro-Canada’s 
participation in any regional forums; and 

k) identify components of the Project that have the potential for creating increased noise levels 
and discuss the implications and measures to mitigate.  Present the results of a noise 
assessment (as specified by the EUB ID 99-8, Noise Control Directive).  Include: 
i) potentially-affected people and wildlife, 
ii) an estimate of the potential for increased noise resulting from the development, 
iii) the implications of any increased noise levels, and 
iv) proposed mitigation measures. 

 
4.7.1 Climate Change 

Discuss the following: 
a) review and discuss climate change and the local and/or regional, inter-provincial/territorial 

changes to environmental conditions resulting from climate conditions, including trends and 
projections where available; 

b) identify stages or elements of the Project that are sensitive to changes or variability in climate 
parameters.  Discuss what impacts the change to climate parameters may have on elements of 
the Project that are sensitive to climate parameters; and 

c) comment on the adaptability of the Project in the event the region’s climate changes.  Discuss 
any follow-up programs and adaptive management considerations. 

 
4.8 Water Resources 
4.8.1 Hydrogeology 

Provide an overview of the existing geologic and hydrogeologic setting in the Project and Study 
Areas from the ground surface down to and including the oil producing zones and disposal zones. 
Document any new hydrogeological investigations, including methodology and results, 
undertaken as part of the EIA Study.  Provide details on the observation well network used to 
calibrate any modelling efforts used in this assessment.  If figures, maps, diagrams, 
interpretations and concepts developed from previous work are submitted in the EIA report, 
demonstrate how, or if, they have been modified by the incorporation of any subsequent new 
data, and: 
a) present Regional and PDA-specific geology using structure contour maps, geologic 

cross-sections and isopach maps to illustrate depth, thickness and spatial extent of lithology, 
stratigraphic units and structural features including water table and potentiometric surfaces; 

b) present Regional and PDA-specific hydrogeology describing: 
i) the spatial distribution of aquifers and aquitards, their properties and the hydraulic 

connections between hydrostratigraphic units (include local and regional 
hydrostratographic cross sections), 

ii) the hydraulic head, hydraulic gradients and groundwater flow directions and velocities, 
iii) the chemistry of groundwater including background concentrations of major ions, 

metals and hydrocarbon indicators, 
iv) the potential discharge zones, potential recharge zones and sources, areas of 

groundwater-surface water interaction and areas of Quaternary aquifer-bedrock aquifer 
interaction, 

v) all water well development and groundwater use, including an inventory of all 
groundwater users, 

vi) the recharge potential for Quaternary aquifers, 
vii) the potential hydraulic connection between bitumen production zones and other 

aquifers, 
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viii) the locations of major facilities associated with the Project including facilities for waste 
storage, treatment and disposal (e.g., deep well disposal), 

ix) the site-specific aquifer, shallow groundwater and geotechnical conditions beneath 
these proposed facilities.  Identify the components and activities of the Project which 
have the potential to affect groundwater resource quantity and quality within the Study 
Areas during project development, operation and reclamation; 

c) describe the nature and significance of the potential project effects on groundwater with 
respect to: 
i) inter-relationship between groundwater and surface water in terms of surface water 

quantity and quality, 
ii) implications on terrestrial or riparian vegetation, wildlife and aquatic resources 

including wetlands, 
iii) changes in groundwater quality, 
iv) conflicts with other groundwater users, and proposed resolutions to these conflicts, and 
v) potential implications of seasonal variations; and 

d) describe programs to manage and protect groundwater resources including, but not limited to: 
i) monitoring programs, and 
ii) response plans that may be considered in the event that adverse effects on groundwater 

and/or groundwater users are detected. 
 
Discuss the cumulative effects of groundwater withdrawal by Petro-Canada and other 
groundwater users with respect to the Study Areas and the PDA. 

 
4.8.2 Hydrology 

Describe the surface hydrology in the Study Areas, including existing flow regimes of streams in 
the PDA and: 
a) provide available local and regional surface flow baseline data, including low, average and 

peak flows for key creeks, river locations, and low, average and peak levels for key lakes: 
i) describe and map the drainage patterns in the Study Areas, and 
ii) provide a topographic map of the Local Study Area with appropriate contour intervals; 

b) identify the extent of changes that will result from disturbances to groundwater and surface 
water movement: 
i) include changes to the quantity of surface flow, water levels and channel regime in local 

watercourses (during minimum, average and peak flows) and water levels in local 
waterbodies, 

ii) assess the potential impact of any alterations in flow on the local and regional hydrology 
and identify all temporary and permanent alterations, channel realignments, disturbances 
and surface water withdrawals, their magnitude, duration, frequency, and proposed 
mitigation measures, 

iii) discuss both the project and cumulative effect of these changes on hydrology (e.g., 
timing, volume, peak and minimum flow rates, river regime and lake levels), including 
the significance of effects for downstream watercourses, 

iv) discuss the potential for connection between surface water, groundwater, production 
zones and disposal zones, 

v) identify any potential erosion problems in the local creek channels due to existing or 
proposed project activities, and 

vi) discuss remedial measures to alleviate the anticipated erosion; 
c) discuss changes to watershed(s), including surface and near-surface drainage conditions, 

potential flow impediment, and potential changes in open water surface areas caused by 
construction of access roads, drilling and well pads, and other facilities; 
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d) discuss how potential impacts of temporary and permanent roads and well pads on 
peatland/wetland types will be minimized, mitigated and monitored.  Discuss plans to return 
disturbed areas to a self-sustaining habitat considering previous capability, biodiversity and 
land uses; 

e) discuss changes in sediment concentrations in receiving waters caused by construction and 
describe mitigation measures to reduce sediment loadings; 

f) if any surface water withdrawals are considered, describe the effects of withdrawal, including 
cumulative effects.  Identify any users who have existing approvals, permits or licenses and 
impact on users due to the Project.  Identify any potential water use conflicts and potential 
solutions; 

g) describe water management plans, mitigation measures and monitoring programs, including 
participation in regional initiatives, for surface water recommended for the start-up, 
operations, and reclamation phases; and 

h) identify and discuss any monitoring programs that may be considered to assess the impacts of 
potential changes to surface water on aquatic resources, wildlife and vegetation. 

 
4.8.3 Surface Water Quality 

Describe the baseline water quality of watercourses and waterbodies in the Study Areas before 
and after project development and operation.  The description of water quality will consider all 
appropriate water quality parameters, their seasonal variations and relationships to flow and other 
controlling factors, and a summary of existing water quality data, and: 
a) identify components within each phase of the Project that may influence or impact surface 

water quality; 
b) describe the potential impacts of the Project on surface water quality within the Study Areas: 

i) discuss any changes in water quality resulting from the Project that may indicate a 
potential adverse effect or non-compliance with the Surface Water Quality Guidelines for 
Use in Alberta (November 1999) or the Canadian Water Quality Guidelines, 

ii) discuss the significance of any impacts on water quality and implications to aquatic 
resources (e.g., biota, biodiversity and habitat), 

iii) assess the potential project related and cumulative impacts of acidifying and other air 
emissions on surface water quality; 

iv) the distinction between natural variation and project-related impacts to water quality; and 
v) discuss the effect of water quality in surface waterbodies due to the change in surface 

runoff or groundwater discharge; 
c) describe the proposed mitigation measures to be considered, during the construction, 

operation and reclamation phases of the Project, to maintain surface water quality.  For any 
monitoring implemented for the Project, justify the selection of monitoring locations, and the 
integration of these sites into an overall aquatic assessment and monitoring program.  
Describe how the methods are in accordance to Alberta Environment standards for surface 
water quality monitoring.  Identify any cooperative monitoring and assessment initiative(s), 
such as with regional stakeholders, that Petro-Canada may consider joining; and 

d) discuss the potential effects of seasonal variations and weather extremes on surface water 
quality.  Describe the cumulative effects of regional activities on surface water quality in the 
Study Areas. 

 
4.8.4 Aquatic Ecology 

Describe the existing fish and other aquatic resources (e.g., benthic invertebrate and aquatic 
vegetation) in the waters found in the Study Area and in other fish-bearing water likely to be  
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impacted by the Project.  Identify species composition, distribution, relative abundance, 
movements and general life history parameters, and: 
a) discuss the use of the fish resources as existing or potential Aboriginal, sport or commercial 

fisheries; 
b) describe and map, as appropriate, the fish habitat and aquatic resources of the lakes, rivers 

and other waters likely to be affected by the Project, and: 
i) identify key indicator species and provide the rationale and selection criteria used, 
ii) identify critical or sensitive areas such as spawning, rearing, and over-wintering habitats.  

Discuss seasonal habitat use including migration and spawning routes, 
iii) describe the existing baseline information, any deficiencies in information, how these 

deficiencies will be addressed and, as applicable, any studies proposed to evaluate and 
monitor the status of the fish and aquatic resources in the Study Areas, 

iv) describe the potential for adverse impacts on the lakes and streams in the area 
(e.g., stream alterations and changes to substrate conditions, water quality and quantity 
affecting fish, fish habitat, and other aquatic resources in the Study Areas), 

v) consider fish tainting, survival of eggs and fry, chronic or acute health effects, and 
increased stress on fish populations from release of contaminants, sedimentation, flow 
alterations and habitat changes, and 

vi) potential impacts on riparian areas that could impact aquatic biological resources and 
productivity;  

c) discuss, as applicable, the design, construction and operational factors to be incorporated into 
the Project for the protection of fish resources.  Identify residual impacts on fish, fish habitat, 
and aquatic communities and discuss their significance in the context of local and regional 
fisheries.  Identify plans proposed to offset any loss in the productivity of fish habitats.  
Indicate how environmental protection plans address applicable provincial and federal 
policies on fish habitat including the development of a “No Net Loss” fish habitat objective; 

d) discuss the potential for increased fishing pressures in the region that could arise from the 
increased workforce and improved access as a result of the Project.  Identify the implications 
for the fish resource and describe any mitigation strategies that might be planned to minimize 
these effects; 

e) discuss, as appropriate, any cooperative mitigation strategies that might be planned or 
continued with other oil sands and industrial operators; 

f) assess potential cumulative effects of the Project in combination with other proposed 
developments in the area on the fish and fish habitat resources of the Study Area; and 

g) identify and discuss, as applicable, any monitoring programs that have been initiated by 
Petro-Canada or conducted in cooperation with stakeholders to assess fisheries impacts from 
the Project.  Provide details of any programs and discuss how they would contribute to an 
overall understanding of Project impacts on fish resources. 

 
4.9 Terrestrial 
4.9.1 Land Use 

Identify the existing recreational, commercial, residential, institutional and traditional land uses, 
including oil and gas development, agriculture, forestry, tourism, cultural use, food collection, 
trapping, fishing, hunting and other outdoor recreational activities.  Identify the potential impact 
of the Project on these land uses and possible mitigative strategies, including: 
a) identify any anticipated impacts related to changes in public access; 
b) identify any land use policies and resource management initiatives that pertain to the Study 

Area and discuss how the proposed development will be consistent with the intent of the 
guidelines and objectives of these initiatives; 

c) discuss the implications of those land and resource use policies for the Project, including any 
constraints to development; 
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d) identify unique sites or special features in the Study Area such as Natural Areas, 
Environmentally Significant Areas, Heritage Rivers or Special Places candidate sites, and any 
potential impacts of the Project on these features; 

e) outline the process for addressing the needs of other users in the Local Study Area; 
f) describe the impact of development and reclamation on commercial forest harvesting in the 

PDA.  Include opportunities for timber salvage, revegetation, reforestation and harvest for the 
reduction of fuel hazard; and 

g) discuss implications of the Project individually and in combination with other existing and 
planned developments for regional recreational activities, public access and other land uses 
during and after development activities, including: 
i) how regional environmental management initiatives from RSDS and CEMA will be 

incorporated into Petro-Canada’s land use plan, 
ii) identifying measures to mitigate impacts created on land use by the Project.  Identify 

anticipated impacts on public access for land use in the region, and 
iii) discussing how reclamation will restore existing land use potentials considering any 

recommendations of the Reclamation Advisory Committee that are applicable to in-situ 
oil sands operations. 

 
4.9.2 Geology, Terrain and Soils 

Provide the geological, terrain and soils conditions for the Study Areas, including the following: 
a) describe surficial geology including surface topography of the Study Areas and the bedrock; 
b) describe and map the soil types and their distribution in the PDA and Local Study Area using 

appropriate survey intensity levels.  Provide an ecological context to the soil resource by 
supplying a soil survey report and maps following the Soil Survey Handbook, Volume 1 
(Agriculture Canada 1987) to include Survey Intensity Level (SIL) 1 for the development 
footprint; 

c) describe the local and regional soils that could be affected by the Project with emphasis on 
potential acidification (by soil type).  Identify these soils with a soil map.  Use modelled 
predictions of acid deposition patterns from the Project to assess the potential acidification 
impact on soils in the Local and Regional Study Areas.  Discuss the potential cumulative 
effects of acid deposition as related to this project and suggest possible mitigation actions; 

d) provide an inventory of the pre- and post-disturbance land capability classes for soils in the 
Local Study Area and describe the impacts to land capability due to the Project.  Identify the 
distribution and areas of pre-disturbance land capability classes on a map, and indicate the 
areas and locations of soil types and land capability classes that will be disturbed.  Suggest 
ways in which surficial disturbances can be minimized; 

e) describe the suitability and availability of soils within the PDA for reclamation.  Outline the 
criteria to be used in salvaging soils for reclamation and provide a soil balance for the 
Project; 

f) provide an assessment of the anticipated changes (type and extent) to baseline topography, 
elevations and drainage patterns within the Project Area resulting from disturbance during 
construction, operation and reclamation; 

g) present baseline biophysical information in a manner that enables an ELC of the PDA to be 
completed to the boreal ecosite classification; 

h) identify and locate erosion sensitive soils, discuss potential effects of the Project on these 
soils, and suggest mitigative actions; 

i) discuss any project activity and other related issues that could affect soil quality in the Study 
Areas (e.g., compaction, contaminants or other limitations to achieving vegetation restoration 
based on anticipated soil conditions);  

j) identify the environmental effects of proposed drilling methods on the surface landscape, 
surficial and bedrock geology over the life of the Project.  Consider the potential for new or 
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additional technology to increase resource recovery at later stages of the field development 
and to affect the number of wells required; 

k) discuss the potential for casing failures and their environmental effects.  Identify measures to 
reduce the environmental risks from casing failures.  Describe methods of detecting casing 
failures and propose an action plan in the event of a casing failure; and 

l) discuss the potential for changes in the ground surface during operations (e.g., ground heave 
and ground subsidence).  Summarize applicable experience with surface heaving and 
subsidence and the factors involved in their occurrence.  Describe the environmental 
implications of any terrain or temperature changes during the steaming and recovery 
operations.  Identify any activities with respect to drilling methods that may cause soil 
contamination and describe mitigative actions. 

 
4.9.3 Vegetation 

Map and describe vegetation communities affected by the Project using the Alberta Vegetation 
Inventory Standards Manual (AVI) Version 2.1, and according to the Field Guide to Ecosites of 
Northern Alberta (Beckingham and Archibald, 1996), and: 
a) map and describe peatlands and wetlands affected by the Project according to the Alberta 

Wetlands Inventory Standards Manual (AWI) Version 1.0; 
b) address the adequacy of the Study Areas, information sources and assessment methods for a 

cumulative effects assessment; 
c) describe how baseline information was collected to enable a detailed ELC of the Local Study 

Area to be completed; 
d) identify and verify the relative abundance of species of rare plants and the ecosite phases 

where they are found, using reliable survey methods.  Discuss any potential effects the 
Project may have on rare plants or endangered species, as listed by the Committee on the 
Status of Endangered Wildlife in Canada (COSEWIC) and the Alberta Natural Heritage 
Information Centre (ANHIC), for each landscape unit; 

e) discuss the ecosites in consideration of their potential to support rare plant species, plants for 
traditional and medicinal purposes, old growth forests and communities of limited 
distribution.  Consider their importance for local and regional habitat, sustained forest 
growth, rare plant habitat and the hydrologic regime; 

f) where landscape units are identified as rare, or where a significant percentage of a specific 
type may be removed by the Project from within the Local Study Area, describe their 
regional significance; 

g) identify the amount of vegetation and wetlands to be disturbed during each stage of the 
Project; 

h) discuss temporary (include timeframe) and permanent changes to vegetation and wetland 
communities: 
i) comment on the significance of the effects and their implications for other environmental 

resources (habitat diversity and quantity, water quality, erosion potential, soil 
conservation, recreation and other uses), 

ii) comment on the sensitivity to disturbance (including acid deposition), as well as the 
techniques used to estimate sensitivity to disturbance and reclamation, of each vegetation 
community and discuss permanent and temporary changes; 

i) produce an ELC map that shows the pre-disturbance and reclaimed land surfaces.  Comment 
on the importance of the size, distribution and variety of these landscape units from both a 
local and regional perspective; 

j) determine the distribution and relative abundance of wetlands in the Local Study Area; 
k) predict the anticipated effect of the Project on wetlands in conjunction with other 

project-induced variations in hydrology; 
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l) discuss the impact of any loss of peatlands or surface wetlands, as well as how this will affect 
land use, fragmentation and biodiversity.  Discuss measures and techniques that will be used 
to minimize the impact; 

m) determine the amount of commercial and non-commercial forest land base that will be 
disturbed by the Project.  Compare the pre-disturbance and reclaimed percentages and 
distribution of all forested communities in the PDA.  Provide Timber Productivity Ratings for 
the Local Study Area lands, including identification of productive forested, non-productive 
forested and non-forested lands; 

n) determine how the project disturbance impacts Annual Allowable Cuts and quotas within the 
FMA.  Discuss opportunities to integrate this project with other resource development 
activities such as logging; 

o) provide a detailed mitigation strategy that will minimize project impacts in the Study Areas; 
p)  discuss plans to return disturbed areas to a self-sustaining habitat equivalent to 

pre-disturbance conditions, considering factors such as biological capability and diversity and 
end land use objectives; 

q)   develop a plan to mitigate the adverse effects of site clearing on rare plants and plant 
communities.  Identify any setbacks proposed around environmentally sensitive areas such as 
surface waterbodies, riparian areas and peatlands/wetlands.  Discuss the potential for rare 
plant species to be restored; 

r)   comment on the significance of the residual effects on vegetation resources, peatlands and 
wetlands, and their implications for other environmental resources; and 

s)   in addition to equivalent land capability principle, discuss from an ecological perspective the 
expected timelines for establishment and recovery of vegetative communities and the 
expected differences in the resulting vegetation community structures. 

 
4.9.4 Wildlife 

Describe existing wildlife resources (amphibians, reptiles, birds and terrestrial and aquatic 
mammals), their use and potential use of habitats in the Study Areas.  Document the anticipated 
changes to wildlife in the Study Areas.  Specifically: 
a)  discuss the selection criteria used to determine the Study Areas, including information 

sources and assessment methods; 
 

 

 
 

 

b)  identify key indicator species and provide rationale and selection criteria.  Identify 
composition, distribution, relative abundance, seasonal movements, movement corridors, 
habitat requirements, key habitat areas, and general life history in the Study Areas.  Address 
those species listed by Alberta Fish and Wildlife (at risk, may be at risk and sensitive species 
in the General Status of Alberta Wild Species 2000), COSEWIC (endangered, threatened, 
vulnerable in Canadian Species at Risk 2002), relevant species identified by CEMA and 
important traditional use species; 

c)  include field data, using recognized sampling protocols; 
d)  evaluate potential impacts on wildlife populations, habitat use, habitat availability/quality and 

food supply during all phases of the Project.  Consider habitat loss, abandonment, reduced 
effectiveness, fragmentation or alteration as it relates to reproductive potential and 
recruitment for regional wildlife populations over the life of the Project.  If habitat models are 
used to evaluate impacts, the models will be modified/calibrated by comparing model 
predictions with wildlife data from the Study Areas; 

e)  describe the spatial and temporal changes to habitat (type, quality, quantity, diversity and 
distribution) and to wildlife distribution, relative abundance, movements, habitat availability 
and the potential to return the area to pre-disturbed wildlife habitat/population conditions, 
including: 
i)  anticipated effects on wildlife as a result of changes to air, water, including both acute 

and chronic effects on animal health, 
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ii) anticipated effects on wildlife due to improved or altered access into the area; 
e.g., vehicle collisions with wildlife, obstructions to daily or seasonal movements, 
predation, noise and hunting mortality during operations and after project reclamation, 
and 

iii) anticipated effects of habitat fragmentation and the implications to wildlife, by mapping 
the changes anticipated by the Project and other planned activities on a local and regional 
scale; 

f) discuss the use of setbacks to provide for the protection of riparian habitats, interconnectivity 
of such habitat and the unimpeded movement by wildlife species using the habitat; 

g)  indicate what measures will be taken to prevent habituation of wildlife and increasing the 
potential for human-wildlife encounters and consequent destruction of wildlife , including 
any staff training program, garbage containment or regular follow-up;  

h)  provide an impact assessment for wildlife in the Study Areas.  Identify residual impacts to 
wildlife and wildlife habitat and discuss their significance in local and regional contexts; and 

i)    provide a strategy and mitigation plan to minimize impacts on wildlife habitat through the life 
of the Project and to return productive wildlife habitat to the area, considering: 
i) habitat enhancement measures and a schedule for the return of habitat capability to areas 

impacted by the Project, 
ii) consistency of the plan with applicable regional, provincial and federal wildlife habitat 

objectives and policies, 
iii) the need for access controls or other management strategies to protect wildlife during and 

after project operations, and 
iv) monitoring programs to assess wildlife impacts from the Project and the effectiveness of 

mitigation strategies and habitat enhancement measures, giving special attention to 
sensitive species in the Study Areas. 

 
4.10 Traditional Ecological Knowledge and Land Use 

Provide detail on the consultation undertaken with Aboriginal communities with respect to TEK 
and traditional land use: 
a) provide results of consultation with Aboriginal stakeholders to determine the extent of 

traditional land use of the Local Study Area.  Discuss the vegetation and wildlife used for 
nutritional and medicinal purposes, and any potential effects the Project may have; and 

b) identify the traditional land uses including fishing, hunting, plant harvesting (nutritional or 
medicinal), and cultural use with specific regard given to local Aboriginal stakeholders.  
Identify cabin sites, spiritual sites and graves.  Determine the project and cumulative impact 
of development on these uses and identify possible mitigation strategies. 

 
 

5.0 HISTORICAL RESOURCES AND LAND USE ASSESSMENT 
Detail consultation with Alberta Community Development and Aboriginal communities and 
provide a Historical Resource Impact Assessment (HRIA) for the Project.  Provide Alberta 
Community Development with a copy of the HRIA report, and: 
a) provide a general overview of the results of any previous historical resource studies that have 

been conducted in the Study Area, including archaeological resources, palaeontological 
resources, historical period sites, and any other historical resources as defined within the 
Historical Resources Act:  

i) summarize the results from the field program performed to assess archaeological, 
palaeontological and historical significance of the Project, and 

ii) provide an outline of the program and schedule of field investigations that may be 
required to further assess and mitigate the effects of the Project on historical resources; 
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b) document any stakeholder concerns with respect to the development of the Project based on 
the historical significance of the Study Areas; and 

c) identify the land uses including oil sands development, fishing and hunting.  Determine the 
impact of development on these uses and identify possible mitigation strategies. 

 
 

6.0 PUBLIC HEALTH AND SAFETY ISSUES 
Describe those aspects of the Project that may have implications for public health.  Determine 
whether there may be implications for public health arising from the Project.  Specifically: 
a) identify and discuss the data and methods Petro-Canada used to assess impacts of the Project 

on human health and safety; 
b) assess the potential health implications of the compounds that will be released to the 

environment from the proposed operation in relation to exposure limits established to prevent 
acute and chronic adverse effects on human health; 

c) identify the human health impact of the potential contamination of country foods and natural 
food sources taking into consideration all project activities; 

d) provide the information on samples of selected species of vegetation known to be consumed 
by humans; 

e) discuss the potential to increase human exposure to contaminants from changes to water 
quality, air quality and soil quality taking into consideration all project activities; 

f) during consultation on the project, document any health concerns identified by Aboriginal 
stakeholders due to the impacts of existing industrial development and of the Project 
specifically on their traditional lifestyle.  Determine the impact of the Project on the health of 
Aboriginal stakeholders and identify possible mitigation strategies; 

g) assess the cumulative health effects that are likely to result from the Project in combination 
with other existing, approved and planned projects; 

h) identify, as appropriate, the anticipated follow-up work, including regional cooperative 
studies.  Identify how such work will be implemented and coordinated with ongoing air, soil 
and water quality initiatives; 

i) identify and discuss the potential health and safety impacts due to higher regional traffic 
volumes and the increased risk of accidental leaks and spills; 

j) document the health and safety concerns raised by stakeholders during consultation on the 
Project; 

k) provide a summary of Petro-Canada’s emergency response plan and discuss mitigation plans 
to ensure workforce and public safety during pre-construction, construction, operation and 
reclamation of the Project.  Include prevention and safety measures for wildfire occurrences, 
accidental release or spill of chemicals to the environment and failures of structures retaining 
water or fluid wastes;  

l) describe how local residents will be contacted during an emergency and the type of 
information that will be communicated to them; and 

m) describe the existing agreements with area municipalities or industry groups such as safety 
cooperatives, emergency response associations and municipal emergency response agencies. 

 
 

7.0 PUBLIC CONSULTATION 
Document the public consultation program implemented for the Project including methods, the 
type of information provided and the level and nature of Petro-Canada’s response, and provide 
the following: 
a) describe the consultative process and show how public input was obtained and addressed; 
b) document individual participation and attendance at each meeting and record specific 

comments or issues raised by individuals present at the meetings; 
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c) describe and document the concerns and issues expressed by the public, Petro-Canada’s 
analysis of those concerns and issues, and the actions taken to address those concerns and 
issues;  

d) describe how resolution of the concerns and issues was incorporated into the project 
development, impact mitigation and monitoring; 

e) describe plans to maintain the public consultation process following completion of the EIA 
review to ensure that the public will have an appropriate forum for expressing their views on 
the ongoing development, operation and reclamation of the Project; and 

f) the EIA report will document the public consultation process, record any concerns or 
suggestions made by the public and will demonstrate how these concerns have been 
addressed.  Consultation will include discussions with: 
i)  Alberta provincial representatives,  
ii)  federal government representatives, 
iii) residents of Conklin, Chard, Janvier, Fort McMurray, the Regional Municipality of Wood 

Buffalo and others as identified during the consultative process, 
iv) First Nations and Métis organizations, 
v)  commercial, industrial, recreational and traditional users, and 
vi) other potentially-affected parties. 

 
 

8.0 SOCIO-ECONOMIC ASSESSMENT 
Provide information on the socio-economic effects of the Project.  Specifically address the 
following: 
a) document baseline (existing) socio-economic conditions and trends (e.g., changes in 

population and labour force) for the region and for communities within the region; 
b) identify any concerns related to socio-economics that have been raised by the local 

municipality or any other stakeholder in the region; 
c) provide information on the socio-economic impacts of the Project and, where appropriate, 

discuss mitigation plans related to: 
i)  local employment opportunities and training, 
ii)  local business opportunities and procurement, 
iii) stresses placed on local and regional infrastructure and community services, 
iv)  housing and availability of affordable housing, 
v) medical facilities and health services, 
vi) traffic and traffic safety, 
vii) effects on recreational activities, 
viii) effects on trapping, hunting and fishing, 
ix)    effects on First Nations and Métis, and 
x) regional and provincial economic benefits; 

d) if a construction camp is needed, identify its location, the number of workers it is intended to 
house and outline what services will be provided in the camp (e.g., security, recreation and 
leisure and medical); 

e) summarize Petro-Canada’s policies and programs regarding the use of regional and Alberta 
goods and services; 

f) provide a summary of estimated industrial benefits including Alberta, other Canadian, and 
non-Canadian percentages of total project cost for engineering and project management, 
equipment and materials, construction labour and total overall project; 

g) provide a description of the overall engineering and contracting plan for the Project; 
h) discuss the timing of workforce requirements for construction and operation.  Include a 

breakdown of the total number of jobs to be created along with a description of when peak 
activity periods will occur; 
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i) outline current and ongoing plans to work with Aboriginal stakeholders and other local 
residents and local businesses with regards to employment, training needs, and other 
economic development opportunities arising from the construction and operation of the 
Project; 

j) describe and discuss the impacts of the proposed Project on the availability of affordable 
housing and the quality of health care services.  Identify and discuss the mitigation plans that 
will be undertaken to address these issues.  Provide a summary of any discussions that have 
taken place with the Municipality and Regional Health Authority concerning housing 
availability and health care services respectively; 

k) evaluate the need for additional public services or infrastructure taking into consideration the 
potential for overlap with other projects that are reasonably anticipated during the life of the 
Project.  This will include consideration of housing, transportation, education/training, health 
and social services, urban and regional recreation use, municipal infrastructure, medical 
facilities, health services, law enforcement and emergency preparedness; and 

l) provide an analysis of the significance of socio-economic impacts, discuss strategies to 
mitigate the socio-economic impacts and document any steps that have been undertaken by 
industry and the Regional Municipality of Wood Buffalo and provincial government and 
others to identify and address socio-economic concerns. 
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APPENDIX 
The following information is necessary to be submitted as part of the Application under the EPEA.  The 
information may not be necessary for consideration as part of the EIA report completeness decision-
making process under Section 53 of EPEA. Upon review of the information submitted, a final 
determination will be made if it is necessary for the following information to be considered as part of the 
EIA report completeness decision. 

AIR QUALITY ASSESSMENT 
Provide via modelling maximum ground-level concentration locations of nitrogen dioxide (NO2) and SO2 

near the vicinity of the central processing facility, plant or project.  Provide ground-level concentrations 
in 50 or 100 m increments extending out from the central processing facility to 2 or 5 km. 
 
RECLAMATION PLAN 
The reclamation plan in the Application will address the following: 
a) provide a soil conservation and reclamation plan for progressive reclamation in the Project Areas.  

Outline the anticipated major timelines for reclamation activities with reference to the life span of the 
proposed Project; 

b) provide details about soil salvage indicating areas where salvage will occur (for the well pads, 
transportation routes, and any other similar activities), the depth and volume of soil to be salvaged, 
soil storage locations and methods and relate the information to predevelopment conditions; 

c) provide details on area of soil replacement indicating techniques, timing, depth, volume and type of 
reclamation material; 

d) discuss the potential to retain coarse woody debris for use in reclamation and to reduce the need for 
slash burning after clearing; 

e) provide information about the reclaimed topography for well pads, roads, and facilities.  Identify 
contouring objectives, drainage restoration (surface and near-surface flow) and erosion control; 

f) discuss the methods that may be used to deal with potential soil compaction and contamination 
problems in the Project Areas; 

g) identify the location and distribution of post-disturbance land capability on this map; 
h) compare the pre-disturbance and post reclamation percentages and distribution of all forested 

communities in the Local Study Area; 
i) provide a timber salvage plan, highlighting end land users and identifying proposed volumes for 

removal by species and year for the Project.  Provide a tracking mechanism to ensure the appropriate 
utilization of the timber volumes by species to salvage per year, or periodically as the Project 
progresses.  Include opportunities for timber salvage, revegetation, reforestation and harvest for the 
reduction of fuel hazards; 

j) provide a weed management plan including provisions such as those outlined in the Guidelines for 
Weed Management in Forestry Operations (Forest Management Division Directive - 2001-06).  This 
will detail how Petro-Canada will prevent the establishment and control the spread of restricted and 
noxious weeds (as listed in the Alberta Weed Control Act) within the PDA; and 

k) provide appropriately scaled maps of the area highlighting (where possible) the preceding points. 
 

WATER SUPPLY, WATER MANAGEMENT AND WASTEWATER MANAGEMENT 
Provide the following information: 
a) how the water requirements for the Project will be met, including annual volumes from each source 

(for groundwater sources, consider Alberta Environment’s Groundwater Evaluation Guideline); 
b) the design details of facilities that will handle, treat and store wastewater streams and runoff and 

include appropriate annual volumes; 
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c) the type and quantity of any chemicals used in water/wastewater treatment; and 
d) design details for the potable water and sewage treatment systems for both the construction and 

operation stages. 
 

GROUNDWATER 
Provide a detailed plan and implementation program for the protection of groundwater resources, 
addressing: 
a) a groundwater monitoring program for early detection of potential contamination and assistance in 

remediation planning; 
b) groundwater remediation options to be considered for implementation in the event that adverse effects 

are detected; and 
c) a program to monitor the sustainability of groundwater production. 

 
SURFACE WATER 
Provide a detailed plan and implementation program for the protection of surface water addressing: 
a) a surface water monitoring program to assess the performance of water management systems; and 
b) a water quality monitoring program for relevant substances. 
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1. CONCORDANCE TABLE 

Terms of Reference Petro-Canada MacKay River 
Cross Reference Terms of Reference Conditions to Location in Application 

TOR 
No. 

 Reference 
Section in 
Application 

   
1.0 INTRODUCTION  

   
1.1 PURPOSE  
 The purpose of this document is to identify for Petro-Canada and for the public 

the information required by government agencies for an Environmental Impact 
Assessment (EIA) report.  Petro-Canada will prepare and submit an EIA report 
that examines the environmental effects of the construction, operation and 
reclamation of its proposed MacKay River Expansion (MRE) Project (the 
Project). 
 
Petro-Canada is proposing to expand its operating MacKay River Project 
(MRP).  The proposed expansion will again be based on steam assisted gravity 
drainage (SAGD) technology.  The proposed expansion will consist of a new 
central plant which will include a diluent bitumen processing facility, a second 
water treatment system, a water supply/disposal system which may be tied to a 
potential new cogeneration unit, coupled with gas fired steam boilers and other 
utility systems.  Some of the originally planned and approved wellpads from 
MRP will be moved, and four new pads are planned to access additional 
resource.  The proposed expansion would allow for an additional 40,000 barrels 
of petroleum per day of production to be processed at the new facility.  The total 
design capacity of the existing operation and the proposed second facility is 
73,000 barrels of petroleum per day of bitumen.  The proposed Expansion 
Project would be located within the Regional Municipality of Wood Buffalo 
within Township 93, Ranges 11, 12, W4M. 
 

Cover Letter to 
AENV 
 
 
 
 
 
 
Vol IA: Sec: 1.0 

1.2 SCOPE OF THE ENVIRONMENTAL ASSESSMENT 
REPORT 

 

 The EIA report shall be prepared in accordance with these Terms of Reference 
and the environmental information requirements prescribed under the 
Environmental Protection and Enhancement Act (EPEA) and Regulations, the 
Oil Sands Conservation Act (OSCA) and Regulations, and any federal 
legislation which may apply to the Project.  The EIA report will: 

Vol IA: Sec: 1.1 
Vol IB: EPEA 
Vol IIA: Sec: 1-4 
Vol IIB: Sec: 1–5 
Vol IIC: Sec:1-8 

 a) assist the public and government in understanding the environmental 
consequences of the Project’s development, operation and reclamation plan 
and will assist Petro-Canada in its decision-making process; 

b) address: 
i) project impacts, 
ii) mitigation options, and 
iii) residual effects relevant to the assessment of the Project including, as 

appropriate, those related to the other industrial operations; 

Vol IIA: Sec: 1-4 
Vol IIB: Sec: 1–5 
Vol IIC: Sec: 1-8 
Vol IIIA: Sec: 1.0 
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 c) discuss possible measures, including established measures and possible 
improvements based on research and development to: 

i) prevent or mitigate impacts, 
ii) assist in the monitoring of environmental protection measures, and 
iii) identify residual impacts and their significance including cumulative and 

regional development considerations.  As appropriate for the various 
types of impacts, discussion of the impact predictions should be 
presented in terms of magnitude, frequency, duration, seasonal timing, 
reversibility and geographic extent; 

d ) include tables that cross-reference the report (subsections) to the EIA Terms 
of Reference and to any current applications submitted pursuant to the 
EPEA and the Water Act; and 

 
e ) include a glossary of terms and list of abbreviations to assist the reader in 

understanding the material presented. 
 
 
 
 
The EIA report will form part of Petro-Canada’s application to the Alberta 
Energy and Utilities Board (EUB).  A summary of the EIA report should also be 
included as part of the EUB Application document. 

 
 
 
 
 
 
 
 
Vol I: TOR 
Vol IIA, B, C: 
App. 1 
 
Vol. IA :Glossary 
Vol. IA: Acronyms 
Vol. II A, B, C: 
Acronyms & 
Abbreviations 
 
Vol. IB: EPEA 

   
1.3 PUBLIC CONSULTATION  
 The preparation of the EIA report will include a public consultation program to 

assist with project scoping and issue identification, documenting the results of 
these consultations (see Section 7.0).  The public consultation program is to 
communicate with those members of the public who may be affected by the 
Project and to provide them with an opportunity to participate in the 
Environmental Assessment process. 

Vol. IC  
 

   
1.4 PROPONENT’S SUBMISSION  
 Petro-Canada is responsible for the preparation of the EIA report and related 

applications.  The final submission will be based upon the Terms of Reference 
and issues raised during the public consultation process. 

Vol  I TOR 
Vol  IC 
Vol  III A 

   

2.0 PROJECT OVERVIEW  

   
2.1 THE PROPONENT AND LEASE HISTORY  
 Provide: 

a) the name of the proponent; 

b) the name of the legal entity that will develop, manage and operate the 
Project; 

Vol I 
Cover Letter to 
AENV,  
Preface 
Vol IA: Sec1.2 
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c) a corporate profile; and 

d) an overview of the Project. 
Describe Petro-Canada and its history in Alberta’s oil and gas industry, with 
specific reference to the existing Petro-Canada oil and gas developments, 
proposed developments, resource characterization and environmental studies in 
the oil sands region. 

Vol IA: Sec 1.4, 
4.1 
 
Vol  1A: Sec1-10 
Vol IA: Sec 1 
 

   
2.2 THE PROJECT AREA AND EIA STUDY AREA  
 The Principal Development Area (PDA) includes all lands subject to direct 

disturbance from the Project and associated infrastructure, including access and 
utility corridors.  For the PDA, provide: 

Vol IA: Sec 1.2 

 
 a) the legal land description; 
 b) the boundaries of the PDA; 
b) a map that identifies the locations of all proposed development activities; 

and 
 a) a map showing the area proposed to be disturbed in relation to existing 

topographic features, township grids, wetlands, watercourses and 
waterbodies. 

Study areas for the EIA report include the PDA and other areas based on 
individual environmental components where an effect from a proposed 
development can reasonably be expected.  Provide: 
a) the rationale used to define Local and Regional Study Areas (see also 

Section 4.5), considering the location and range of probable project and 
cumulative effects including those related to regional or cumulative effects 
consistent with the direction of the Regional Sustainable Development 
Strategy (RSDS) process where possible; and 

b) illustrate boundaries and identify Local and Regional Study Areas chosen to 
assess impacts on maps of appropriate scale 

 
Vol IA: Sec 1.3 
Vol IA: Sec 1.3 
Vol IA: Fig 7.1 
 
Vol IIA: Sec 1-4 
Vol IIB: Sec 1–5 
Vol IIC: Sec 1-8 
 

   
2.3 PROJECT COMPONENTS AND DEVELOPMENT 

SCHEDULE 
Volume 1A 

 Provide a development plan and overview of the project components proposed 
for approval, including: 

 

 a) the phases of development; 
 b) bitumen/heavy oil recovery; 
 c) field maintenance operations; 
 d) processing facilities; 
 
 e) buildings; 
 f) transportation infrastructure; and  
 g) utilities. 
 

Vol IA: Sec. 5.2, 
Fig 5.2- 5.3 
Vol IA: Sec 3-5 
Vol IA: Sec 7; 
Vol IB: App. I 
Vol IA; Sec 9.2 
9.3, S9.4 
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Provide an outline and drawings of the project components and activities, 
including: 
a) temporary structures; 
b) processing/treatment facilities; 
c) buildings and infrastructure (roads, pipelines and utilities); 
d) transportation and access roads; 
e) containment structures such as berms and retention ponds; 
f) lime sludge pond(s); 
g) water source wells and intakes; 
h) aggregate resources and other road construction material required and onsite 

availability; 
i) types and amounts of waste materials, waste storage areas and disposal sites; 
j) activities associated with development of the area, operations, reclamation 

and development closure; and 
k) proposed method of product transportation to markets. 

 
Provide a development schedule outlining the proposed phasing and sequencing 
of components, including: 
a) pre-construction; 
b) construction; 
c) operation 
d) decommissioning 
e) reclamation 
f) a detailed schedule for any reclamation and related activities envisaged 

during the first decade of operations and closure; and 
g) the key factors controlling the schedule and uncertainties.  

 
 
Vol IA: Sec 7 
Vol IA: Sec 9 
Vol IA: Sec 9 
Vol IA: Sec 9 
Vol IA: Sec 8 
Not Applicable 
Vol IA: Sec 6.2 
Vol IA: Sec 9.7 
Vol IIC: Sec 5 
Vol IB: App VI 
Vol IA: Sec 5 
Vol IB: App XI 
Vol IA: Sec 9.5 
 
 
 
 
Vol IA: Fig 5.1 
 
 
 
 
 
Vol IB: App XI 
 
Vol IA: Sec 5.1 
 

   
2.4 PROJECT NEED AND ALTERNATIVES  
 Discuss the need for the Project and consider the implications of not going ahead 

with the Project, specifically addressing the following: 
Vol 1A: Sec. 1-10 

 a) any alternative means of carrying out the Project that are technically and 
economically feasible and where applicable indicate their potential 
environmental effects and impacts; 

b) compare identified alternatives to the Project and the anticipated 
environmental effects and impacts of the alternatives.  Discuss reasons for 
not selecting any identified alternatives; 

c) identify potential cooperative development opportunities for the Project; and 
d) implications resulting from a delay in proceeding with the Project, or any 

phase of the Project 

Vol IA: Sec 4.0 
 
 
Vol IA: Sec 1.5, 
4.0 
 
Vol IA: Sec 5.0 
 
Vol IA: Sec 5.1 
 

   
2.5 REGULATORY REVIEW  
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 Provide the following:  
 a) identify the environmental and other specific regulatory approvals and 

legislation that are applicable to the Project at the municipal, provincial and 
federal government levels; 

b) identify government policies, resource management, planning or study 
initiatives pertinent to the Project and discuss their implications; and 

c) identify and delineate major components of the Project and identify those 
being applied for and constructed within the duration of approvals under 
the: 
i) EPEA, 
ii) Water Act, 
iii) Public Lands Act (PLA), 
iv) Canada Fisheries Act, and 
v) Navigable Waters Protection Act. 

Cover Letter 
Vol IA: Sec 1.1; 
Table 1.1 
Vol IB: App. IX 
 
 
 
 
Vol IB: EPEA 
Vol IB: App. VII,  
 
Vol IIB: Sec 5.0 
Vol IIB: Sec 5.0 

   
 EIA SUMMARY  
 Provide a summary of the EIA report results that includes: 

a) a description of the development activities highlighting those which have 
the potential to affect the environment; 

b) the existing conditions in the relevant Study Area(s); 
c) any residual effects; 
d) proposed mitigation measures, monitoring and management plans; and 
e) the anticipated environmental effects including cumulative considerations. 
 
List and discuss the key environmental issues and the issues that are important 
for the achievement of sustainable environmental and resource management that 
were identified during the preparation of the EIA report and public consultation.  
Differentiate between emerging issues (with ongoing uncertainties) with 
quantifiable and significant environmental effects, and issues that can be 
resolved through available technology and existing management approaches. 
 

Vol II A, B, C: 
Sec 1.0 

3.0 PROJECT DESCRIPTION  

 Describe activities and components of the Project and relevant management 
plans.  Provide sufficient scope and detail in the Project description to allow 
quantitative assessment of the environmental consequences.  If the scope of 
information varies among components or phases of the Project, provide rationale 
demonstrating that the information is sufficient for assessment purposes. 
 
Technical information required in this section may also be required under the 
EUB technical information requirements or information requirements for an 
EPEA Approval Application or a Water Act Application.  Information required 
in this section may be provided in other parts of Petro-Canada’s submission(s) 
provided that the location of the information is referenced in the EIA report.  
Petro-Canada should ensure consistency in the information provided whenever it 
is discussed in more than one section of the submission. 

Vol IA: Sec 1.1 
 
 
 
 
 
 
Vol IA: Sec 1-10 
Vol IB: EPEA 
Vol IB: Water Act 
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3.1 SITE DEVELOPMENT  
 Describe the thermal recovery and other related processes, process facilities and 

waste management components of the Project, and: 
a) describe how the Project relates to the approved pilot facilities; 
b) provide a map showing any existing infrastructure (e.g., roads) and the 

location of all existing and proposed facilities; 
c) locate the buildings, road access, pipeline routes, water source 

wells/intakes, water pipelines, water storage structures, water treatment 
facilities, utility corridors and waste disposal sites associated with the 
Project; 

d) describe the process and criteria used to select the sites for facilities and 
infrastructure for the initial, best known project phases; 

e) show all existing leases and clearings including exploration clearings and 
illustrate how Petro-Canada intends to use these areas for project 
development to minimize additional disturbance; 

f) list the facilities for which locations will be determined later; 
 
g) describe the planned accommodation for the workforce during construction 

and operations; 
h) provide a description and schedule of land clearing required for: 

i) central plant facilities,  
ii) field facilities, 
iii) well pads,  
iv) access roads,  
v) pipelines, 
vi) borrow areas; and 
vii) utilities and other site preparation activities; 

i) indicate the amount of surface disturbance from plant, field and 
infrastructure-related activities including: 
i) how surface disturbance (extent and duration) will be minimized; 
 
ii) opportunities to undertake progressive reclamation to offset new 

disturbance; 
 
iii) whether the timber is merchantable and if so, indicate anticipated 

volumes and timing of clearing activities; and 
iv) how visual aesthetics will be managed; 
 

j) discuss opportunities to integrate the proposed Project with other regional 
resource development activities (minerals and forestry); and 

 
k) identify any restrictions and, where appropriate, measures taken to control 

access to project areas while ensuring continued access to adjacent 
wildland areas. 

 
 
Vol IA: Sec 4 
Vol IA: Sec 1.2 
Fig 1.2 
Vol IB: App. I 
 
 
 
Vol IA: Sec 1.5, 
5. 9 
Vol IA: Sec 1.0, 
9.1-9.2 
 
Vol 1A: Fig 1.5 
and Fig. 1.6 
Vol IA: Sec 7 
 
 
Vol IA: Sec 9 
Vol IA: Sec 9 
Vol IA: Sec 9 
Vol IA: Sec 9 
Vol IA: Sec 9 
Vol IB: App XI 
 
Vol 1A: Table 1.2 
Vol IB: App XI 
Vol IIC: Sec 6-7 
 
 
 
 
Vol IB: App XI;  
 
Vol IIC: Sec 6.2 
 
Vol IIC: Sec 7.7.2 
 
 
Vol IIC: Sec 7.5.2.2 
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3.2 INFRASTRUCTURE AND TRANSPORTATION  
 Describe and locate on maps of appropriate scales the infrastructure and 

transportation (access) requirements for the Project and how it relates to local 
communities, and: 

Vol. IA: Fig. 1.5 
Fig. 1.7 
Vol IIIA: Sec 1 & 
Fig.1 

 a) discuss the amount and source of energy required for the Project; 
b) discuss the options considered for supplying the thermal energy and 

electric power required for the Project and their environmental 
implications; 

c) describe road access to and within the Project Area and identify needs to 
upgrade existing roads or construct new roads; 

d) describe any crossings of watercourses or waterbodies required (with 
appropriate maps and diagrams).  Include: 
i) timing,  
ii) construction standards or methods, and 
iii) environmental protection plans; 

e) discuss the route or site selection criteria for any linear or other 
infrastructure development or modification and provide the rationale for 
selecting the proposed alignment and design; 

f) discuss the need for, and plans to, address access management during and 
after project operations; 

g) provide the results of consultation with Alberta Transportation and 
discussions with other industry operators; 

h) describe access corridors needed and/or planned by other resource 
stakeholders including those responsible for Forest Management Areas and 
other timber quota holders, and those under consideration by the Regional 
Issues Working Group.  Describe how their needs are accommodated to 
reduce overall environmental impact from resource development.  
Describe the steps taken to integrate their needs into the location and 
design of the access infrastructure; 

i) describe the anticipated changes to traffic (e.g., type, and volume) on local 
highways during the construction and operation of the Project.  Discuss 
any effect expected on the primary and secondary highway system and 
other regional roads.  Consider other existing and planned operations in the 
region; 

j) identify the type and location of road construction and restoration 
materials, the volume of material needed and the availability of materials in 
the area.  Discuss how the Project will affect aggregate reserves that may 
be located on the company leases and reserves in the region.  Provide a 
plan on how these potentially-affected reserves will be salvaged and 
stockpiled with input provided by Alberta Transportation and Alberta 
Sustainable Resource Development; 

k) outline design features to prevent spills, contingencies for spill response 
and environmental risks associated with spills; and 

Vol IA: Sec 9.3 
Vol IA: Sec 9.3 
 
 
Vol IA: Sec 9.2 
 
Vol IA: Sec 9.1;  
 
Vol IIC: Sec 5.5 
Vol IIB: Sec 5.5 
Vol IIB: Sec 5.5 
Vol IA: Sec 9;  
 
 
Vol IIC: Sec 6.5.5 
Vol IIIA: Sec 3 
Vol IIIA: Sec 3 
 
Vol IIIA: Sec 3  
Vol IIIA: App. B 
Vol IIC: Sec 7.5.2 
 
 
 
 
Vol IIIA: Sec 3 
Vol IIIA: Sec 3 
Vol IIIA: App. J 
 
 
Vol 1A: Sec 7 
Vol IB: App. XI 
Vol IIC: Sec 7.5.2 
 
 
 
 
Vol IB: App. VIII  
 



 
AMMENDMENT APPLICATION FOR 
MACKAY RIVER EXPANSION 
VOLUME 1  CONCORDANCE TABLE 
 
 

November 2005CON   viii

Terms of Reference Petro-Canada MacKay River 
Cross Reference Terms of Reference Conditions to Location in Application 

TOR 
No. 

 Reference 
Section in 
Application 

l) discuss secondary effects that may result from linear development such as 
increased hunter, angler and other recreational access and facilitated 
predator movement. 

 

Vol IIC: Sec 
7.5.2.1.5 

3.3 AIR EMISSIONS MANAGEMENT  
 Develop an emissions profile (type, rate and source) for each component of the 

Project including point sources, fugitive emissions, construction and vehicle 
emissions.  Consider both normal operating conditions and upset conditions.  
Discuss the following: 

Vol IIA: Sec 2: 
App.  III and App. 
IV 

 a) any National Pollutant Release Inventory (NPRI), Priority Substance List 
(PSL1), PSL2, and/or Accelerated Reduction/Elimination of Toxics 
(ARET) substances relevant to the Project; 

b) any odourous or visual emissions from the proposed facilities; 
c) the amount and nature of any acidifying emission, probable deposition 

patterns and rates and programs Petro-Canada may implement to monitor 
the effects of this deposition; 

d) control technologies used to minimize air emissions such as sulphur 
dioxide (SO2), hydrogen sulphide (H2S), oxides of nitrogen (NOX), 
volatile organic compounds (VOC), and particulate matter; 

e) use of low NOX technology for boilers.  The applicability of the Canadian 
Council of Ministers of the Environment (CCME) National Emissions 
Guidelines for Stationary Combustion Turbines and CCME National 
Emissions Guideline for Commercial/Industrial Boilers and Heaters; 

f) applicability of sulphur recovery, acid gas re-injection, or flue gas 
desulphurization to reduce sulphur emissions and applicability of the EUB 
sulphur recovery guidelines (Interim Directive ID 2001-03); 

g) emergency flaring scenarios (e.g., frequency and duration) and proposed 
measures to ensure flaring events are minimized; 

h) gas collection, conservation and applicability of technology for vapour 
recovery for the Project; 

i) fugitive emissions control program to detect, measure and control 
emissions and odours from equipment leaks and the applicability of the 
CCME Code of Practice for Measurement and Control of Fugitive VOC 
Emissions from Equipment Leaks and the CCME Environmental 
Guidelines for Controlling Emissions of Volatile Organic Compounds from 
Above Ground Storage Tanks; and, 

j) describe the monitoring programs Petro-Canada will implement to assess 
air quality and the effectiveness of mitigation during the Project’s 
development and operation.  Discuss how these monitoring programs are 
compatible with those in use by regional multi-stakeholder air initiatives. 

Vol IIA: Sec 2.1-
2.3 

   
3.31 GREENHOUSE GAS EMISSIONS  
 Provide the following:  
 a) the expected annual and total greenhouse gas (GHG) emissions over the 

construction, operation and decommissioning phases of the Project; 
Vol IB: App. XII 



 
AMMENDMENT APPLICATION FOR 
MACKAY RIVER EXPANSION 
VOLUME 1  CONCORDANCE TABLE 
 
 

November 2005CON   ix

Terms of Reference Petro-Canada MacKay River 
Cross Reference Terms of Reference Conditions to Location in Application 

TOR 
No. 

 Reference 
Section in 
Application 

b) the Project’s marginal contribution to total provincial and national GHG 
emissions on an annual basis; 

c) the intensity of GHG emissions per unit of product produced and discuss 
how it compares with similar projects and technology performance; 

d) how the project design and GHG management plans have taken into 
account the need for continuous improvement with respect to GHG 
emissions and their consideration of the national Climate Change Plan for 
Canada and Alberta’s Climate Change Action Plan; and 

e) Petro-Canada’s overall GHG management plans, any plans for the use of 
offsets, (nationally or internationally) and the expected results of 
implementing the plans. 

   
3.4 WATER SUPPLY, WATER MANAGEMENT AND WASTEWATER 

MANAGEMENT 
 

3.4.1 WATER SUPPLY  
 Describe the water supply requirements for the Project, including, but not 

limited to, the following: 
Vol IA: Sec 8 

 a) the annual and seasonal water balance prior to the project development and 
the expected water balance during project operations.  Discuss assumptions 
made or methods chosen to arrive at the water balances; 

 
b) the process, potable and non-potable water requirements and sources for 

construction, start up, normal and emergency operating situations, 
decommissioning and reclamation.  Include a description of the criteria for 
selecting the preferred source; 

 
c) the variability in the amount of water required on an annual and seasonal 

basis as the Project is implemented and report the expected cumulative 
effects on water losses/gains due to the project operations.  Show the 
location of sources/intakes and associated infrastructure (pipelines); 

 
d) describe contingency plans for water supply, including the potential effects 

of extended periods of drought on the proposed water supply;  
 
e) indicate options for using non-potable groundwater and provide the criteria 

used to assess the feasibility of its use; and 
 
f) describe Petro-Canada’s research and piloting of less water intensive 

technologies. 

Vol IIB: Sec 3: 
3.5.1, 3.5.1.2 
App. II 
 
Vol IIB: Sec 2: 
2.4.4.4; 2.5.1.5 
 
 
 
Vol IIB: Sec 2: 
2.2; 2.5.2 
 
 
 
 
Vol IIB: Sec 2: 
2.2.4: App. II 
 
Vol IIB: Sec 2: 
2.2 
 
Vol IA: Sec 1.5  
 

   
3.4.2 WATER MANAGEMENT  
 Provide a Water Management Plan for construction, operation and reclamation 

phases, including, but not limited to, the following: 
Vol I A: Sec 8 

 a) factors considered in the design of water management systems, such as: Vol IA: Sec 8 
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i) site drainage, 
ii) road and well pad run-off, 
iii) containment, 
iv) erosion control, 
v) slumping areas, 
vi) groundwater protection, 
vii) groundwater seepage, 
viii) potable water, 
ix) produced water, and 
x) flood protection; 

b) measures for ensuring efficient use of water including alternatives to 
reduce freshwater consumption such as water use minimization, recycling, 
and conservation; 

c) permanent or temporary alterations or diversions to watercourses, wetlands 
including bogs and fens and other waterbodies; and 

d) potential downstream impact if water is removed from local surface 
waterbodies. 

Vol IIB: Sec 3.5 
Vol IIB: Sec 3 
Vol IIB: Sec 3 
Vol IIB: Sec 3 
Vol IIB: Sec 2-3 
Vol IIB: Sec 2 
Vol IIB: Sec 4 
Vol IIB: Sec 4 
Vol IIB: Sec 3 
Vol IA: Sec 8 
Vol IIB: Sec 3.5 
Vol IA: Sec 8 
 
Vol IIB: Sec 3.5 
 
Vol IIB: Sec 3.5 

   
3.4.3 WASTEWATER MANAGEMENT  

 Provide a Wastewater Management Plan to address site runoff, groundwater 
protection, deep well disposal and wastewater discharge, including, but not 
limited to, the following: 

Vol IIB: Sec 2 

 a) source, quantity and composition of each wastewater stream from the 
existing and proposed facilities; 

 
b) NPRI, PSL1, PSL2, or ARET substances relevant to the Project; 
c) design of facilities that will handle, treat, store and release wastewater 

streams; 
d) type and quantity of chemicals used in water and wastewater treatment; 
e) options considered for treatment, wastewater management strategies and 

reasons (including water quality and environmental considerations) for 
selecting the preferred options (consider the Industrial Release Limits 
Policy when determining whether either technology or water quality 
standards will define acceptable release limits); 

f) the discharge of aqueous contaminants (quantity, quality and timing) 
beyond plant site boundaries and the potential environmental effects of 
such releases; 

g) formations for the disposal of wastewaters, including: 
i) formation characterization, 
ii) local and regional hydrodynamic flow regime, 
iii) water quality, 
iv) chemical compatibility, 
v) containment potential within the disposal zones, and 
vi) injection capacity; 

h) the chemical composition of disposal waters; 

Vol IIB: Sec 2: 
2.5.2.1 
 
Vol IB: App. VI 
Vol IA: Sec 8 
 
Vol IB: App. VI 
Vol IIB: Sec 3.2. 
 
 
 
 
Vol IIB: Sec 2: 
App. I 
 
Vol IIB: Sec 2: 
App. II 
 
 
 
 
 
Vol IIB: Sec 2: 
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i) wastewater disposal alternatives; 
 
j) current and proposed monitoring programs; 
 
k) potable water and sewage treatment systems that will be installed as 

components of the Project for both the construction and operation stages; 
and, 

 
l) the principles that have been incorporated into the project design for 

pollution prevention, waste minimization and recycling. 

2.5.2.1; App. II 
Vol IIB: Sec 2: 
2.5.2.1; App. II 
Vol IB: App. VII 
 
Vol IIB: Sec 2: 
2.5.1.4; 2.6;  
App. II 
 
Vol IIB: Sec 2: 
2.5.1.4; 2.6;  
App. II 
 
 

   
3.5 HYDROCARBON, CHEMICAL AND WASTE MANAGEMENT  
 Characterize and quantify the anticipated hazardous, non-hazardous, recyclables 

and dangerous goods wastes generated or used by the Project.  Demonstrate that 
the selected management options are consistent with the current regulatory 
requirements and industry practices, and address the following specifics: 

Vol IB: App. VI 

 a) describe the composition and volume of specific waste streams generated 
by the Project, and identify how each stream will be managed.  
Demonstrate that the selected practices for the plant and field operations 
comply with provincial and federal regulations including EPEA’s Waste 
Control Regulation and Alberta Environment’s Hazardous Waste Storage 
Guidelines; 

b) provide a listing of chemical products to be used for the Project.  Identify 
products containing substances that are: 
i) Canadian Environmental Protection Act (CEPA) toxics, 
ii) on the PSL2 or ARET, and those defined as dangerous goods 

pursuant to the federal Transportation of Dangerous Goods Act.  
Classify the wastes generated and characterize each stream under the 
Alberta Environment User’s Guide for Waste Managers, 

iii) on the NPRI, and 
iv) on Track 1 substances targeted under Environment Canada’s Toxic 

Substances Management Policy for virtual elimination from the 
environment; 

c) describe, in general terms, how these items will be stored and managed.  
Identify how future changes to this slate of chemical products will be 
handled to ensure adequate protection to both the environment and to 
employee health and safety; 

d) identify the location, nature and amount of on-site hydrocarbon storage.  
Discuss containment, spill prevention and other environmental protection 
measures.  Discuss how selected practices comply with provincial and 
federal regulations including the EUB Guide 55 - Storage Requirements 

Vol. IB: App. IV 
 
 
 
 
 
 
 
Vol IB: App. IV 
Vol IB: App. IV 
 
 
 
Vol IB: App. IV 
Vol IB: App. IV 
 
 
Vol IB: App. IV 
 
 
 
Vol IB: App. IV 
Vol IB: App. VII   
Vol IA: Sec7-8 
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for Upstream Petroleum Industry; 
e) identify the amount of drilling wastes produced by the Project, the options 

considered for disposal and the option(s) chosen.  Determine the amount of 
surface disturbance caused by drilling waste disposal and describe any 
mitigative options to reduce the disturbance.  Describe how the disposal 
sites and sumps will be constructed in compliance with the Oil and Gas 
Conservation Regulation; 

f) identify the type and amount of water softening sludge associated with the 
Project, if any. Describe disposal plans; 

g) discuss the strategy for onsite waste disposal versus offsite waste disposal 
and identify: 
i) the location of onsite waste disposal, including landfills, if applicable, 
ii) the suitability of the site(s) from a groundwater protection perspective 

(provide geotechnical information to support the siting of disposal 
facilities), and 

iii) potential effects on the environment; and, 
 

h) describe plans for waste minimization, recycling, and management over the 
life of the Project.  Discuss methods and technologies to reduce waste 
quantities to the lowest practical levels. 

 
Vol IA: Sec 9 
Vol IB: App. IV 
 
 
 
 
 
Vol IA: Sec 8 
 
 
Vol IA: App. IV 
Vol IA: Sec 9 
Vol IIA: Sec 2: 
2.5.2.1 
 
Vol IIA: Sec 2: 
2.5.2.1 
Vol IB: App. IV 
 

   
3.6 ENVIRONMENTAL MANAGEMENT SYSTEMS AND CONTINGENCY 

PLANS 
 

 Summarize key elements of Petro-Canada’s environment, health and safety 
management system and discuss how the system will be integrated into the 
Project, addressing the following: 

Vol 1B: EPEA 
Vol IB: App. X 

 a) outline plans for monitoring all inputs of the Project and associated 
facilities.  Discuss the key elements of the operating plans and performance 
standards to be developed prior to the commissioning of the plant, such as: 
i) policies and corporate procedures,  
ii) operator training, 
iii) emergency reporting procedures for spill containment and 

management, and 
iv) emergency response, public notification protocol and safety 

procedures; 
b) describe plans to minimize the production or release into the environment 

of substances that may have an adverse effect, including: 
i) modifying existing plans, or 
ii) developing a conceptual contingency plan that considers 

environmental effects associated with operational upset conditions 
such as serious malfunctions or accidents that represent deviations 
from normal operating performance; 

c) review proposed monitoring, including: 
i) monitoring done independently by Petro-Canada, 
ii) monitoring performed in conjunction with other stakeholders, 

Vol IA: Sec 7 
Vol IB: App. VII 
 
 
 
Vol IB: App. VII 
Vol IB: App. VII 
App. X 
App. X 
 
 
Vol IB: EPEA 
Vol IB: App. X 
 
 
 
 
 
Vol IB: App.VII 



 
AMMENDMENT APPLICATION FOR 
MACKAY RIVER EXPANSION 
VOLUME 1  CONCORDANCE TABLE 
 
 

November 2005CON   xiii

Terms of Reference Petro-Canada MacKay River 
Cross Reference Terms of Reference Conditions to Location in Application 

TOR 
No. 

 Reference 
Section in 
Application 

iii) publicly-available monitoring information, and 
iv) new monitoring initiatives that may be required as a result of the 

Project; 
d) address air emissions, water emissions, waste tracking, process inputs and 

outputs.  Present conceptual contingency plans that consider the 
environmental effects of serious malfunctions or accidents; 

e) discuss how regional environmental management initiatives will be 
incorporated into Petro-Canada’s management practices; 

f) include an emergency response system to deal with emergency situations 
and minimize adverse environmental effects, while protecting the safety of 
personnel.  Comment on contingency plans that have been or will be 
developed to respond to unpredicted negative impacts that are realized 
during and after project development; and 

g) provide a fire control plan highlighting: 
i) measures taken to ensure continued access for firefighters to adjacent 

wildland areas, 
ii) forest fire prevention measures,  
iii) measures for determining the clearing width of power line rights-of-

way, and 
iv) using the FireSmart Wildfire Assessment System, assess areas 

adjacent to the proposed facilities to identify required mitigative 
measures. 

Vol IB:App. IX 
Vol IB: App. IX 
Vol IB: App.VII 
 
Vol IB: App. IX 
Vol IB: App. VII 
 
Vol IB: App. IX 
Vol IB: App. X 
 
Vol IB: App. IX 
 
 
 
Vol IB: App.X 
 
 
 
 
 
 
 
 
 

   
3.7 ADAPTATION PLANNING  
 Describe adaptive management plans that minimize the impact of the Project at 

the design stage.  Describe how the adaptive management plans will be used 
throughout the life of the Project to site facilities and infrastructure associated 
with future phases of the Project. 

Vol IA: Sec 1 
Vol IB: App. XI 

   
3.8 PARTICIPATION IN & MONITORING THROUGH COOPERATIVE 

EFFORTS 
 

 Document Petro-Canada’s involvement in regional cooperative efforts to address 
environmental and socio-economic issues associated with oil sands development 
during the life of the Project, including: 

Vol IB: App. IX 
Vol IC 
Vol III: Sec 3 
Vol III B 

 a) Petro-Canada’s current and planned participation in regional initiatives 
such as the Regional Issues Workshop Group (RIWG), Fort McKay First 
Nation (Fort McKay-IRC), Boreal Caribou Committee (BCC), Cumulative 
Environmental Management Association (CEMA), the Wood Buffalo 
Environmental Association (WBEA) and the Regional Aquatics 
Monitoring Program (RAMP).  Include Petro-Canada’s participation in 
regional air, water and other environmental monitoring programs, health 
studies, research, traditional ecological knowledge (TEK) and socio-

Vol IB: App. IX 
Vol IC 
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economic studies; 
b) potential cooperative ventures that Petro-Canada has initiated, could 

initiate or could develop with other oil sands operators and other resource 
users (minerals and forestry) to minimize the environmental impact of the 
Project or the environmental impact of regional oil sands development; 

c) how Petro-Canada will work to develop and implement such cooperative 
opportunities; 

d) describe monitoring activities that will be undertaken to assist in managing 
environmental effects, confirm performance of mitigative measures and 
improve environmental protection strategies.  Discuss how any result will 
contribute to Petro-Canada’s participation in regional efforts; 

e) describe how Petro-Canada will rely upon CEMA, WBEA, RAMP, and 
CONRAD (Canadian Oilsands Network for Research and Development) to 
design and implement mitigation measures (to mitigate project specific 
effects and cumulative effects), monitoring programs (project specific 
monitoring and regional monitoring), and research programs; and 

f) describe how Petro-Canada would design and implement mitigation 
measures (to mitigate project specific effects and cumulative effects), 
monitoring programs (project specific monitoring and regional 
monitoring), and research programs outside of these initiatives where 
necessary. 

 
Vol IIC: Sec 7 
Vol IIC: Sec 7 
 
 
 
Vol IA: App. VII 
 
Vol II A, B, C: 
Sec 1 App. III 
Vol IA: App. IX 
 
 
Vol IA: App. IX 
 
 
 
 
 
Vol II A, B, C: 
Sec 1, App. III 
 

   
3.9 RECLAMATION (SEE APPENDIX)  
 Provide a conceptual reclamation plan for the Project with consideration of the 

following: 
 

 a) reclamation requirements specified by relevant regulatory organizations 
and stakeholder preferences; 

b) pre-development information with respect to land capability, vegetation, 
commercial forest land base by commercialism class, forest productivity, 
recreation, wildlife, aquatic resources, aesthetics, TEK and land use 
resources; 

c) project development phasing, and reclamation sequencing for each phase of 
development;  

d) integration of operations, reclamation planning and reclamation activities; 
e) a revegetation plan for the disturbed terrestrial and aquatic areas, identifying 

the species types that will be used for seeding or planting, and the vegetation 
management practices.  Include the rationale for selection based on the need 
for the development of self-sustaining biologically diverse ecosystems 
consistent with the appropriate sub-region of the Boreal Forest Natural 
Region with reference to the use of native vegetation species; 

f) soil and reclamation material salvage, soil storage areas and soil handling 
procedures; 

g) areas of soil replacement indicating depth, volume and type of reclamation 
material; 

Vol IB: App. XI 
 
Vol IIC: Sec 2.5; 
Vol IIC: Sec 3.5; 
Vol IB: App. XI; 
Vol IIC: Sec 7.5 
Vol IIC: Sec 4.5; 
 
Vol IIB: Sec 5.5; 
Vol IIC Sec 6.5 
Vol IB: App.XI 
 
Vol IB: App. XI 
Vol IIC: Sec 
5.5.2.2 
 
 
Vol IB: App. XI 
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h) identify any soil-related constraints or limitations that may affect 
reclamation; 

i) re-establishment of self-sustaining topography, drainage and surface 
watercourses and vegetation communities representative of the surrounding 
area; 

j) pre-development and final reclaimed site drainage plans; 
 
k) management of waste, wastewater, and other waters; 
 
 
l) restoration of pre-development traditional use with consideration for 

traditional vegetation and wildlife species in the reclaimed landscape; 
m) post-development land capability; 
n) post-development reforestation and forest productivity, with information 

required for inclusion into the Forest Management Agreement (FMA) 
Detailed Forest Management Plan; 

o) wetlands or other alternatives to reclaim the land; 
p) a detailed monitoring plan (including soils, vegetation, wildlife and aquatic 

resources) with schedules and methodologies to measure and evaluate 
reclamation performance and success; 

q) reporting of reclamation progress through development of the Project, 
relating reclamation progress to pre-development expectations; 

r) discuss the conceptual reclaimed landscape design with reference to the 
following: 
i) appropriate productivity equivalent to pre-development levels having 

regard for regulatory requirements and stakeholder end land use 
preferences, 

ii) promotion of biodiversity, 
iii) integration and interconnectivity to the surrounding landscapes, 
iv) integrating surface and near-surface drainage within the development 

area, 
v) incorporating into project planning and development, 
vi) resemblance to the pre-disturbed landscape, 
vii) anticipated timeframes for completion of reclamation phases and 

release of lands back to the Crown, including an outline of the key 
milestone dates for reclamation and a discussion of how progress will 
be measured in the achievement of these targets.  Discuss any 
constraints to reclamation such as timing of activities, availability of 
soil materials and influence of natural processes and cycles, and 

viii) development of a conceptual ecological land classification (ELC) 
map for the post reclamation landscape considering all potential land 
uses and how the landscape and soils have been designed to 
accommodate future land use. 

Vol IB: App. XI 
 
Vol IB: App. XI; 
Vol IIC Sec 2.5 
Vol IIB: App. XI 
 
 
Vol IIA: Sec 
3.5.2.8 
Vol IB: App.VI;  
Vol IA: Sec 8 
Vol IB: App. XI 
Vol IB: App. XI;  
Vol IB: App. XI 
Vol IB: App. XI 
Vol IB: App. XI 
 
 
Vol IB: App. XI 
Vol IB: App XI 
 
 
Vol IB: App XI 
 
Vol IB: App XI 
 
Vol IB: App XI 
Vol IIC: Sec 2-5 

   
4.0 ENVIRONMENTAL ASSESSMENT  
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4.1 ASSESSMENT SCENARIOS  
 Define assessment scenarios including:  
 a) a Baseline Case*, which includes existing environmental conditions, 

existing and approved projects or activities; 
b) an Application Case**, which includes the Baseline Case plus the Project; 

and 
c) a Cumulative Effects Assessment (CEA) Case, which includes past studies, 

existing and anticipated future environmental conditions, existing projects 
or activities, plus other or planned*** projects or activities. 

 
Note∗:  For the purposes of defining assessment scenarios, “approved” means 
approved by any federal, provincial or municipal regulatory authority.  The 
Baseline Case will include only the portion of the approved MRP that was 
constructed to March 31, 2005. 
Note∗∗:  The Application Case will include the as-yet unconstructed portion of 
the already approved MRP. 
Note∗∗∗:  “Planned” is considered any project or activity that has been publicly 
disclosed prior to the issuance of the Terms of Reference or up to six months 
prior to the submission of the Project Application and EIA report, whichever is 
sooner. 

Vol IIA, B, C: 
Sec 1.5 
Vol IIIA: Sec 1-4 
 

   
4.2 ASSESSMENT REQUIREMENTS  
 Provide information on the environmental resources and resource uses that could 

be affected by the construction, operation, and reclamation of the Project: 
 

 a) provide a sufficient base for the prediction of positive and negative impacts 
and the extent to which negative impacts may be mitigated by planning, 
project design, construction techniques, operational practices and 
reclamation techniques.  Impact significance will be quantified where 
possible and assessed including consideration of spatial, temporal and 
cumulative aspects; 

b) discuss the sources of information used in the assessment including a 
summary of previously-conducted environmental assessments related to 
Petro-Canada’s operations: 
i) identify any limitations or deficiencies that the information may place 

on the analysis or conclusions in the EIA report.  Discuss how these 
limitations or deficiencies will be addressed within the current EIA 
report, 

ii) information sources will include literature and previous EIA reports 
and environmental studies, operating experience from current oil 
sands operations, industry study groups, traditional knowledge and 
government sources, and 

iii) identify where deficiencies in information exist, provide justification 
for the deficiencies, and describe Petro-Canada’s plan, including 
rationale, for providing the necessary information.  Where required, 

Vol IIA: Sec 1-4 
Vol IIB: Sec 1–5 
Vol IIC: Sec 1-8 
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undertake studies and investigations to obtain additional information 
for establishing a sound baseline for the Study Area; 

c) from a broad-based examination of all ecosystem components including 
previous environmental assessment work, describe and rationalize the 
selection of environmental attributes, parameters, or properties examined;  

d) for each selected environmental attribute, parameter, or property: 
i) describe existing conditions.  Comment on whether the available data 

are sufficient to assess impacts and mitigative measures.  Identify 
environmental disturbance from previous activities that have now 
become part of the baseline conditions, 

ii) describe the nature and significance of the environmental effects and 
impacts associated with the development activities, 

iii) present plans to minimize, mitigate, or eliminate negative effects and 
impacts.  Discuss the key elements of such plans, 

iv) identify residual impacts and comment on their significance, 
v) present a plan to identify possible effects and impacts, monitor 

environmental impacts, and manage environmental changes to 
demonstrate the Project is operating in an environmentally-sound 
manner.  Identify any follow-up programs necessary to verify the 
accuracy of the environmental assessment and to determine the 
effectiveness of any measures taken to mitigate any adverse 
environmental effects; and 

e) present a plan that addresses the adverse impacts associated with the 
Project that may require joint resolution by government, industry and the 
community.  Describe how this plan will be implemented and how it will 
incorporate the participation of government, industry and the community. 

   
4.3 MODELLING  
 Provide justification for the models selected and document any assumptions used 

to obtain modelling predictions submitted as part of the EIA report.  Clearly 
identify the limitations of the model(s) including sources of error and relative 
accuracy. 

Vol IIA: Sec 1-4 
Vol IIB: Sec 1–5 
Vol IIC: Sec 1-8 

   
4.4 CUMULATIVE ENVIRONMENTAL EFFECTS  
 Assessment of cumulative effects will be an integral component of the EIA 

report.  Conduct a cumulative environmental effects assessment of the Project 
based on the EUB/AENV/NRCB Information Letter “Cumulative Effects 
Assessment in Environmental Impact Assessment Reports under the Alberta 
Environmental Protection and Enhancement Act,” June 2000.  Include a 
summary of all proposed monitoring, research and other strategies or plans to 
minimize, mitigate and manage any potential adverse effects.  The identification 
and assessment of the likely cumulative environmental effects of the Project 
will: 

Vol IIA: Sec 1-4 
Vol IIB: Sec 1–5 
Vol IIC: Sec 1-8 

 a) define the spatial and temporal Study Area boundaries with due 
consideration for RSDS and CEMA recommendations, and provide the 

Vol IIA: Sec 1-4 
Vol IIB: Sec 1–5 
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rationale for assumptions used to define those boundaries for each 
environmental component examined; 

b) describe the current (baseline) state of the environment in the Regional 
Study Area (used for the cumulative effects assessment); 

c) assess the incremental consequences that are likely to result from the 
Project in combination with other existing, approved and planned projects 
in the region.  A “planned” project is considered any project or activity that 
has been publicly disclosed prior to the issuance of the Terms of Reference 
or up to six months prior to the submission of the Project Application and 
EIA report, whichever is sooner; 

d) demonstrate that relevant information or data used from previous oil sands 
and other development projects is appropriate for use in this EIA report; 

e) consider and describe deficiencies or limitations in the existing database 
for relevant components of the environment; and 

f) explain the approach and methods used to identify and assess cumulative 
impacts, including cooperative opportunities and initiatives undertaken to 
further the collective understanding of cumulative impacts, and provide a 
record of relevant assumptions, confidence in data and analysis to support 
conclusions. 

Vol IIC: Sec 1-8 

   
4.5 EIA STUDY AREAS  
 The EIA Study Area shall include the PDA and associated infrastructure, as well 

as, the spatial and temporal areas of individual environmental components 
outside the project boundaries where an effect can be reasonably expected.  The 
EIA Study Area includes both Regional and Local Study Areas. 
 
Illustrate boundaries and identify the Study Area(s) chosen to assess impacts.  
Define temporal and spatial boundaries for the Study Areas.  Maps of these areas 
shall include township and range lines for easy identification and comparisons 
with other information within the EIA report.  Describe the rationale and 
assumptions used in establishing the EIA Study Area boundaries, including 
those related to cumulative effects. 

Vol IIA: Sec 1-4 
Vol IIB: Sec 1–5 
Vol IIC: Sec 1-8 

   
4.6 BIODIVERSITY AND FRAGMENTATION  
4.6.1 BIODIVERSITY  
 Using the definition for biodiversity provided in the Canadian Biodiversity 

Strategy (1995), determine and describe the metrics that will be used to assess 
biodiversity in terrestrial and aquatic ecosystems in order to characterize the 
existing ecosystems and probable effects of project development, and that will 
be used to represent broad taxonomic assemblages, and: 

Vol. IIC: Sec 5 

 a) describe the process and rationale used to select biotic and abiotic indicators 
for biodiversity; 

 
b) within selected taxonomic groups, determine the relative abundance of 

species in each ecological unit (e.g., ecosite phase).  Provide species lists 

Vol. IIC: Sec 
5.4.2 
 
 
Vol. IIC: Sec 
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and summaries of observed and estimated species richness and evenness for 
each ecosite phase; 

 
c) ensure that baseline information collected in each terrestrial and aquatic 

community is accompanied by sufficient plots in each ecosite phase to 
provide statistically sound data using a suitable proportional sampling 
method; 

 
d) provide a measure of biodiversity on baseline sites that are representative of 

the proposed reclamation ecosites; 
 
e) rank each ecological unit for biodiversity potential by combining measures 

of species richness, overlap in species lists, significance of individual 
species or associations, uniqueness and other appropriate measures.  
Describe the techniques used in the ranking process; 

 
f) discuss the contribution of the Project to any anticipated changes in regional 

biodiversity including measures to minimize such change;  
 
g) discuss how changes in biodiversity could potentially impact local and 

regional ecosystems; and, 
 
h) discuss biodiversity monitoring programs and management thresholds that 

Petro-Canada will implement either individually or in cooperation with 
other operators or regional initiatives. 

5.5.1 
Vol. IIC: Sec 5: 
App. I & II 
Vol. IIC: App. I 
& II 
 
 
 
Vol. IIC: Sec 
5.5.1 
App. I & II 
Vol. IIC: Sec 
5.5.1; 
App. I & II 
 
 
Vol. IIC: Sec 
5.5.2; 5.5.3 
 
Vol. IIC: Sec 
5.5.2; 5.5.3 
 
Vol. IIC: Sec 5.6; 
5.6.2 
 

   
4.6.2 FRAGMENTATION  
 Determine the current and proposed level of habitat fragmentation for the Study 

Areas.  Discuss project design approaches that minimize habitat fragmentation.  
Describe the techniques used in the fragmentation analysis.  Describe the 
principle factors contributing to fragmentation.  Identify and evaluate the extent 
of potential effects from fragmentation (e.g., potential introduction of non-native 
plant species on native species composition and any changes to plant 
communities) that may result from the Project. 

Vol. IIC: Sec  
5.5.1, 5.5.2, 5.5.3, 
5.6.1 

   

4.7 CLIMATE, AIR QUALITY AND NOISE  

 Discuss climatic and air quality conditions considering existing and approved 
emission sources (baseline case) alone and in combination with the Project’s 
proposed emissions (Application Case).  Review current and approved emission 
sources and discuss changes as a result of anticipated future development 
scenarios within the EIA Study Areas.  Consider emission point sources as well 
as fugitive emissions.  Identify components of the Project that will affect air 
quality from local and regional perspectives, and: 

Vol IIA: Sec 
2.5.1; 2.5.2; 2.5.3 
Tables: 2-9 to 2-
12; 2-21 to 2-25 
Figs: 2-7 to 2-22 

 a) discuss appropriate air quality parameters such as SO2, H2S,  total Vol IIA: Sec 2.4.2 
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hydrocarbons (THC), NOX, VOCs, individual hydrocarbons of concern in 
the THC and VOC mixtures, ground-level ozone (O3), visibility, 
representative heavy metals, and particulates (road dust, PM10 and PM2.5); 

 
b) discuss the formation of secondary pollutants such as ground-level O3, 

secondary particulate matter, and acid deposition; 
 
c) estimate ground-level concentrations of appropriate air quality parameters.  

Discuss any expected changes to particulate deposition or acidic deposition 
patterns.  For any case of acid deposition modelling, provide deposition 
data from maximum levels to areas with 0.17 keq H+/ha/y Potential Acid 
Input (PAI) including analysis of PAI deposition levels consistent with the 
CEMA acid deposition management framework.  Justify the selection of 
the models used and identify any model shortcomings or constraints on 
findings.  Complete modelling in accordance with Alberta Environment’s 
Air Quality Modelling Guidelines; March 2003; 

 
d) identify the potential for reduced air quality (including odours and 

visibility) resulting from the Project and discuss any implications of the 
expected air quality for environmental protection and public health; 

 
 
e) discuss interactive effects that may occur as a result of co-exposure of a 

receptor to all emissions and discuss limitations in the present 
understanding of this subject; 

 
f) describe air quality impacts resulting from the Project, and their 

implications for other environmental resources, including habitat diversity 
and quantity, vegetation resources, water quality and soil conservation; 

 
 
 
 
 
 
 
 
g) describe how air quality impacts resulting from the Project will be 

mitigated;  
 
h) identify ambient air quality monitoring that will be conducted during 

construction and operation of the Project; 
 
i) assess the cumulative effects on the air quality of the Study Areas and 

include any related emission increases from adjacent operations and 

; 2.4.4 
 
 
 
 
Vol IIA: Sec 
2.5.1.3 
 
Vol IIA: Sec 
2.4.3; 2.5.1.4.3; 
2.5.2.1.3; 2.5.3.3; 
Figs: 2-14; 2-22; 
2-26 
App. I 
 
 
 
 
 
Vol IIA: Sec 2, 
Table 2.3 
 
 
 
Vol IIA: Sec 4: : 
4.7.4; 4.7.5 
 
 
Vol IIA: Sec 4: 
4.7.1; 4.7.2 
Table 2-3, 2.4.4 
2.5.2.1 
Vol IIB: Sec 4: 
4.5.2.1; 4.5.2.3 
Vol IIC: Sec 2:  
2.5.2.6 
Vol IIC: Sec 3:  
3.5.3.2 
Vol IIB 2.5.2.2; 
2.6 
Vol II A: Sec 2.6 
 
 
Vol II A: Sec 2.6 
Table 2-26 
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publicly-disclosed projects in the area; 
 
j) identify any regional air monitoring underway in the area and describe 

Petro-Canada’s participation in any regional forums; and 
 
k) identify components of the Project that have the potential for creating 

increased noise levels and discuss the implications and measures to 
mitigate.  Present the results of a noise assessment (as specified by the 
EUB ID 99-8, Noise Control Directive).  Include: 
i) potentially-affected people and wildlife, 
ii) an estimate of the potential for increased noise resulting from the 

development, 
iii) the implications of any increased noise levels, and 
iv) proposed mitigation measures. 
 

Appendix III 
Vol IIA: Sec 
2.5.1.3;  
 
 
Vol IIA: Sec 2.6 
Vol IB: IX 
 
Vol IIA: Sec 3:  
 
 
 
3.5.2.1;  
3.5.2.2;  
 
3.5.2.3 
3.5.2.2 

4.7.1 CLIMATE CHANGE  
 Discuss the following:  
 a) review and discuss climate change and the local and/or regional, inter-

provincial/territorial changes to environmental conditions resulting from 
climate conditions, including trends and projections where available; 

 
b) identify stages or elements of the Project that are sensitive to changes or 

variability in climate parameters.  Discuss what impacts the change to 
climate parameters may have on elements of the Project that are sensitive 
to climate parameters; and 

 
c) comment on the adaptability of the Project in the event the region’s climate 

changes.  Discuss any follow-up programs and adaptive management 
considerations. 

Vol IIA: Sec 
1.6.2; 1.6.3 
 
 
 
Vol IIA: Sec 1.6.5 
 
 
 
Vol IIA: Sec 1.6.4 

   
4.8 WATER RESOURCES  
4.8.1 HYDROGEOLOGY  
 Provide an overview of the existing geologic and hydrogeologic setting in the 

Project and Study Areas from the ground surface down to and including the oil 
producing zones and disposal zones. Document any new hydrogeological 
investigations, including methodology and results, undertaken as part of the EIA 
study.  Provide details on the observation well network used to calibrate any 
modeling efforts used in this assessment.  If figures, maps, diagrams, 
interpretations and concepts developed from previous work are submitted in the 
EIA report, demonstrate how, or if, they have been modified by the 
incorporation of any subsequent new data, and: 

Vol IIB: Sec 2.5 
Vol IIB: Sec 2: 
App. II 
App. III 

 a) present Regional and PDA-specific geology using structure contour maps, 
geologic cross sections and isopach maps to illustrate depth, thickness and 

Vol IIB Sec: 2.5.1.2 
Vol IIB: Sec 2 
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spatial extent of lithology, stratigraphic units and structural features 
including water table and potentiometric surfaces; 

 
b) present Regional and PDA-specific hydrogeology describing: 
 

i) the spatial distribution of aquifers and aquitards, their properties and 
the hydraulic connections between hydrostratigraphic units (include 
local and regional hydrostratographic cross sections), 

 
ii) the hydraulic head, hydraulic gradients and groundwater flow 

directions and velocities, 
iii) the chemistry of groundwater including background concentrations of 

major ions, metals and hydrocarbon indicators, 
iv) the potential discharge zones, potential recharge zones and sources, 

areas of groundwater-surface water interaction and areas of 
Quaternary aquifer-bedrock aquifer interaction, 

v) all water well development and groundwater use, including an 
inventory of all groundwater users, (field verified survey), 

 
vi) the recharge potential for Quaternary aquifers, 
 
vii) the potential hydraulic connection between bitumen production zones 

and other aquifers, 
viii) the locations of major facilities associated with the Project including 

facilities for waste storage, treatment and disposal (e.g., deep well 
disposal), 

ix) the site-specific aquifer, shallow groundwater and geotechnical 
conditions beneath these proposed facilities.  Identify the components 
and activities of the Project which have the potential to affect 
groundwater resource quantity and quality within the Study Areas 
during project development, operation and reclamation; 

 
c) describe the nature and significance of the potential project effects on 

groundwater with respect to: 
i) inter-relationship between groundwater and surface water in terms of 

surface water quantity and quality, 
ii) implications on terrestrial or riparian vegetation, wildlife and aquatic 

resources including wetlands, 
 
 
iii) changes in groundwater quality, 
 
iv) conflicts with other groundwater users, and proposed resolutions to 

these conflicts, and 
v) potential implications of seasonal variations; and 

App II 
 
Vol IIB Sec: 
2.5.1.3; 2.5.1.4 
Figs: 2-5, 2-17; 2-
18 
 
 
Vol IIB Sec: 
2.5.1.3; 2.5.1.4 
Vol IIB Sec: 
2.5.1.3; 2.5.1.4 
Vol IIB Sec: 
2.5.1.3; 2.5.1.4; 
2.5.1.6 
Volume IIB Sec: 
2.5.1.5 (not field 
verified) 
Volume IIB Sec: 
2.5.2.1 
Volume IIB Sec: 
2.5.1.4 
Volume IIB Sec: 
3; Figs 2-2, 2-3 
 
Volume IIB Sec: 
2.5.2.1 
(no geotechnical 
information 
available) 
Volume IIB Sec: 
2.5.2.1 
 
 
Volume IIB Sec: 
2.5.2.1 
Vol IIC: Sec  
3.5.2.1.2 
Vol IIC: Sec  
4.5.2.1.1 
Vol IIB: Sec 
2.5.2.1 
Vol IIB: Sec 2.5.3 
Vol IIB: Sec 2.2 
Vol IIB:App I 
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d) describe programs to manage and protect groundwater resources including, 

but not limited to: 
i) monitoring programs, and 
ii) response plans that may be considered in the event that adverse 

effects on groundwater and/or groundwater users are detected. 

 
 
Vol IIB Sec: 2.6 
Vol IIB Sec: 2.6 

 Discuss the cumulative effects of groundwater withdrawal by Petro-Canada and 
other groundwater users with respect to the Study Areas and the PDA. 

Vol IIB Sec: 
2.5.2.1; 2.5.3 
Vol IIB: Sec 2: 
App  I: 2.2.1 

   
4.8.2 HYDROLOGY  
 Describe the surface hydrology in the Study Areas, including existing flow 

regimes of streams in the PDA and: 
Vol IIB Sec: 
3.5.1.3; 3.5.1.4 

 a) provide available local and regional surface flow baseline data, including 
low, average and peak flows for key creeks, river locations, and low, 
average and peak levels for key lakes: 
i) describe and map the drainage patterns in the Study Areas, and 
 
ii) provide a topographic map of the Local Study Area with appropriate 

contour intervals; 
 

b) identify the extent of changes that will result from disturbances to 
groundwater and surface water movement: 
i) include changes to the quantity of surface flow, water levels and 

channel regime in local watercourses (during minimum, average and 
peak flows) and water levels in local waterbodies, 

 
ii) assess the potential impact of any alterations in flow on the local and 

regional hydrology and identify all temporary and permanent 
alterations, channel realignments, disturbances and surface water 
withdrawals, their magnitude, duration, frequency, and proposed 
mitigation measures, 

 
iii) discuss both the project and cumulative effect of these changes on 

hydrology (e.g., timing, volume, peak and minimum flow rates, river 
regime and lake levels), including the significance of effects for 
downstream watercourses, 

 
iv) discuss the potential for connection between surface water, 

groundwater, production zones and disposal zones, 
 
v) identify any potential erosion problems in the local creek channels 

due to existing or proposed project activities, and 
 

Vol IIB Sec: 
3.5.1.3; 3.5.1.4 
 
Vol IIB Sec: 
3.5.1.3; 3.5.1.4 
Vol IIB Sec 3: 
Fig. 3.2 
 
 
 
Vol IIB Sec: 
3.5.2.1 
 
 
Vol IIB Sec: 
3.2.1; 3.5.2.1; 
3.5.2.2; 3.5.2.3 
 
 
 
Vol IIB Sec: 
3.5.2.1; 3.5.2.3; 
3.5.3 
 
 
Vol IIB: Sec 2 
 
 
Vol IIB Sec: 
3.5.2.1.8; 
3.5.2.2.1; 
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vi) discuss remedial measures to alleviate the anticipated erosion; 
 

c) discuss changes to watershed(s), including surface and near-surface 
drainage conditions, potential flow impediment, and potential changes in 
open water surface areas caused by construction of access roads, drilling 
and well pads, and other facilities; 

 
d) discuss how potential impacts of temporary and permanent roads and well 

pads on peatland/wetland types will be minimized, mitigated and 
monitored.  Discuss plans to return disturbed areas to a self-sustaining 
habitat considering previous capability, biodiversity and land uses; 

 
e) discuss changes in sediment concentrations in receiving waters caused by 

construction and describe mitigation measures to reduce sediment loadings; 
 
f) if any surface water withdrawals are considered, describe the effects of 

withdrawal, including cumulative effects.  Identify any users who have 
existing approvals, permits or licenses and impact on users due to the 
Project.  Identify any potential water use conflicts and potential solutions; 

 
g) describe water management plans, mitigation measures and monitoring 

programs, including participation in regional initiatives, for surface water 
recommended for the start-up, operations, and reclamation phases; and 

 
h) identify and discuss any monitoring programs that may be considered to 

assess the impacts of potential changes to surface water on aquatic 
resources, wildlife and vegetation. 

3.5.2.3.9 
Vol IIB Sec: 
3.5.2.2.1 
Vol IIB Sec: 
3.2.1; 3.5.2.1 
 
 
 
Vol IIB Sec: 
3.5.2.2.1; 
3.5.2.2.2 
 
 
Vol IIB Sec: 
3.5.2.1.8; 
3.5.2.3.9 
 
Vol IIB Sec: 
3.2.1; 3.5.2.1; 
3.5.2.3 
 
 
 
Vol IIB Sec: 
3.5.2.2; 3.6 
 
 
 
Vol IIB Sec: 3.6 

   
4.8.3 SURFACE WATER QUALITY  
 Describe the baseline water quality of watercourses and waterbodies in the Study 

Areas before and after project development and operation.  The description of 
water quality will consider all appropriate water quality parameters, their 
seasonal variations and relationships to flow and other controlling factors, and a 
summary of existing water quality data, and: 

 

 a) identify components within each phase of the Project that may influence or 
impact surface water quality; 

 
b) describe the potential impacts of the Project on surface water quality within 

the Study Areas: 
i) discuss any changes in water quality resulting from the Project that may 

indicate a potential adverse effect or non-compliance with the Surface 
Water Quality Guidelines for Use in Alberta (November 1999) or the 
Canadian Water Quality Guidelines, 

Vol IIB Sec: 4.2 
 
 
 
 
Vol IIB Sec: 4.5.1 
 
 
Vol IIB Sec: 
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ii) discuss the significance of any impacts on water quality and implications 
to aquatic resources (e.g., biota, biodiversity and habitat), 

iii) assess the potential project related and cumulative impacts of acidifying 
and other air emissions on surface water quality, 

 

iv) the distinction between natural variation and project-related impacts to 
water quality;  and 

v) discuss the effect of water quality in surface waterbodies due to the 
change in surface runoff or groundwater discharge; 

 
c) describe the proposed mitigation measures to be considered, during the 

construction, operation and reclamation phases of the Project, to maintain 
surface water quality.  For any monitoring implemented for the Project, 
justify the selection of monitoring locations, and the integration of these 
sites into an overall aquatic assessment and monitoring program.  Describe 
how the methods are in accordance to Alberta Environment standards for 
surface water quality monitoring.  Identify any cooperative monitoring and 
assessment initiative(s), such as with regional stakeholders, that Petro-
Canada may consider joining; and 

 
d) discuss the potential effects of seasonal variations and weather extremes on 

surface water quality.  Describe the cumulative effects of regional activities 
on surface water quality in the Study Areas 

Table 4-2 
 
 
Vol IIB Sec: 
4.5.3.1; 4.5.2.3; 
4.5.3 
 
Vol IIB Sec: 
4.5.2.1; 4.5.2.3 
 
Vol IIB Sec: 
4.5.2.1; 4.5.2.3 
 
Vol IIB Sec: 
4.5.2.2; 4.6 
 
 
 
 
 
 
 
 
Vol IIB Sec: 
4.5.2.1; 4.5.2.3; 
4.5.3 

   
4.8.4 AQUATIC ECOLOGY  
 Describe the existing fish and other aquatic resources (e.g., benthic invertebrate 

and aquatic vegetation) in the waters found in the Study Area and in other fish-
bearing water likely to be impacted by the Project.  Identify species composition, 
distribution, relative abundance, movements and general life history parameters, 
and: 

Vol IIB Sec: 5.5.1 
Table: 5-6, 5-8 
 
 

 a) discuss the use of the fish resources as existing or potential Aboriginal, 
sport or commercial fisheries; 

 
b) describe and map, as appropriate, the fish habitat and aquatic resources of 

the lakes, rivers and other waters likely to be affected by the Project, and: 
 

i) identify key indicator species and provide the rationale and selection 
criteria used, 

ii) identify critical or sensitive areas such as spawning, rearing, and over-
wintering habitats.  Discuss seasonal habitat use including migration and 
spawning routes, 

iii) describe the existing baseline information, any deficiencies in 

Vol IIB Sec: 
5.5.2.1.3 
 
Vol IIB Sec: 
5.3.1: 
Figs: 5-1, 5-2 
 
Vol IIB Sec: 5.2 
 
Vol IIB Sec: 
5.5.1; 5.4.2; 
5.5.1.1 
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information, how these deficiencies will be addressed and, as applicable, 
any studies proposed to evaluate and monitor the status of the fish and 
aquatic resources in the Study Areas, 

iv) describe the potential for adverse impacts on the lakes and streams in the 
area (e.g., stream alterations and changes to substrate conditions, water 
quality and quantity affecting fish, fish habitat, and other dquatic 
resources in the Study Areas);  

v) consider fish tainting, survival of eggs and fry, chronic or acute health 
effects, and increased stress on fish populations from release of 
contaminants, sedimentation, flow alterations and habitat changes, and 

vi) potential impacts on riparian areas that could impact aquatic biological 
resources and productivity;  

 
 c) discuss, as applicable, the design, construction and operational factors to be 

incorporated into the Project for the protection of fish resources.  Identify 
residual impacts on fish, fish habitat, and aquatic communities and discuss 
their significance in the context of local and regional fisheries.  Identify 
plans proposed to offset any loss in the productivity of fish habitats.  
Indicate how environmental protection plans address applicable provincial 
and federal policies on fish habitat including the development of a “No Net 
Loss” fish habitat objective; 

 
 d) discuss the potential for increased fishing pressures in the region that could 

arise from the increased workforce and improved access as a result of the 
Project.  Identify the implications for the fish resource and describe any 
mitigation strategies that might be planned to minimize these effects; 

 
 e) discuss, as appropriate, any cooperative mitigation strategies that might be 

planned or continued with other oil sands and industrial operators; 
 
 f) assess potential cumulative effects of the Project in combination with other 

proposed developments in the area on the fish and fish habitat resources of 
the Study Area; and 

 
 g) identify and discuss, as applicable, any monitoring programs that have been 

initiated by Petro-Canada or conducted in cooperation with stakeholders to 
assess fisheries impacts from the Project.  Provide details of any programs 
and discuss how they would contribute to an overall understanding of 
Project impacts on fish resources 

Vol IIB Sec: 5.5.1 
 
 
Vol IIB Sec: 
5.5.2.1; 5.5.2.3 
 
 
Vol IIB Sec: 5.2; 
5.5.2.1.2 
 
 
Vol IIB Sec: 
5.5.2.1.1 
 
Vol IIB Sec: 
5.5.2.3; 5.5.2.2 
 
 
 
 
 
 
 
Vol IIB Sec: 
5.5.2.3.3 
 
 
 
 
Vol IIB Sec: 
5.5.2.2 
 
Vol IIB Sec: 5.5.3 
 
 
Vol IIB Sec: 5.6 

4.9 TERRESTRIAL  
4.9.1 LAND USE  
 Identify the existing recreational, commercial, residential, institutional and 

traditional land uses, including oil and gas development, agriculture, forestry, 
tourism, cultural use, food collection, trapping, fishing, hunting and other 
outdoor recreational activities.  Identify the potential impact of the Project on 

Vol IIC Sec: 
7.4.1; 
7.4.2.1; 7.4.2.3 
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these land uses and possible mitigative strategies, including:  
 a) identify any anticipated impacts related to changes in public access; 

 
b) identify any land use policies and resource management initiatives that 

pertain to the Study Area and discuss how the proposed development will be 
consistent with the intent of the guidelines and objectives of these 
initiatives; 

 
c) discuss the implications of those land and resource use policies for the 

Project, including any constraints to development; 
 
d) identify unique sites or special features in the Study Area such as Natural 

Areas, Environmentally Significant Areas, Heritage Rivers or Special Places 
candidate sites, and any potential impacts of the Project on these features; 

 
e) outline the process for addressing the needs of other users in the Local 

Study Area; 
 
f) describe the impact of development and reclamation on commercial forest 

harvesting in the PDA.  Include opportunities for timber salvage, 
revegetation, reforestation and harvest for the reduction of fuel hazard; and 

 
g) discuss implications of the Project individually and in combination with 

other existing and planned developments for regional recreational activities, 
public access and other land uses during and after development activities, 
including: 

i) how regional environmental management initiatives from RSDS and 
CEMA will be incorporated into Petro-Canada’s land use plan, 

ii) identifying measures to mitigate impacts created on land use by the 
Project.  Identify anticipated impacts on public access for land use in the 
region, and 

iii) discussing how reclamation will restore existing land use potentials 
considering any recommendations of the Reclamation Advisory 
Committee that are applicable to in-situ oil sands operations. 

 

Vol IIC Sec: 
7.4.2.1.1 
Vol IIC Sec: 
7.4.2.1 
 
 
 
Vol IIC Sec: 7.5 
 
 
Vol IIC 
Sec:.4.1.3;  
Sec: 7.4.2.1.3 
 
 
Vol IIC Sec: 7.5 
 
 
Vol IIC Sec: 
7.4.2.1.4; 
7.4.2.2.2 
 
 
Vol IIC Sec: 
7.4.2.2.3 
 
 
Vol IIC Sec: 
7.4.2.2; 7.4.2.1.1 
Vol IIC Sec: 7.5 
 
 
Vol IB: App. XI 

   
4.9.2 GEOLOGY, TERRAIN AND SOILS  
 Provide the geological, terrain and soils conditions for the Study Areas, 

including the following: 
 

 a) describe surficial geology including surface topography of the Study Areas 
and the bedrock; 

 
b) describe and map the soil types and their distribution in the PDA and Local 

Study Area using appropriate survey intensity levels.  Provide an ecological 
context to the soil resource by supplying a soil survey report and maps 

Vol IIC Sec: 2.5.1 
 
Vol IIC Sec: 
2.5.1.2 
Figs: 2-4; 2-5 
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following the Soil Survey Handbook, Volume 1 (Agriculture Canada 1987) 
to include Survey Intensity Level (SIL) 1 for the development footprint; 

 
c) describe the local and regional soils that could be affected by the Project 

with emphasis on potential acidification (by soil type).  Identify these soils 
with a soil map.  Use modelled predictions of acid deposition patterns from 
the Project to assess the potential acidification impact on soils in the Local 
and Regional Study Areas.  Discuss the potential cumulative effects of acid 
deposition as related to this project and suggest possible mitigation actions; 

 
d) provide an inventory of the pre- and post-disturbance land capability classes 

for soils in the Local Study Area and describe the impacts to land capability 
due to the Project.  Identify the distribution and areas of pre-disturbance 
land capability classes on a map, and indicate the areas and locations of soil 
types and land capability classes that will be disturbed.  Suggest ways in 
which surficial disturbances can be minimized; 

 
e) describe the suitability and availability of soils within the PDA for 

reclamation.  Outline the criteria to be used in salvaging soils for 
reclamation and provide a soil balance for the Project; 

 
f) provide an assessment of the anticipated changes (type and extent) to 

baseline topography, elevations and drainage patterns within the Project 
Area resulting from disturbance during construction, operation and 
reclamation; 

 
g) present baseline biophysical information in a manner that enables an ELC of 

the PDA to be completed to the boreal ecosite classification; 
 
 
h) identify and locate erosion sensitive soils, discuss potential effects of the 

Project on these soils, and suggest mitigative actions; 
 
 
 
 
i) discuss any project activity and other related issues that could affect soil 

quality in the Study Areas (e.g., compaction, contaminants or other 
limitations to achieving vegetation restoration based on anticipated soil 
conditions);  

 
j) identify the environmental effects of proposed drilling methods on the 

surface landscape, surficial and bedrock geology over the life of the Project.  
Consider the potential for new or additional technology to increase resource 
recovery at later stages of the field development and to affect the number of 

 
 
 
Vol IIC Sec: 
2.5.1.2; 2.5.2.1; 
2.5.2.3; 2.5.2.5; 
2.5.2.5.2 
Figs: 2-4; 2-5 
 
 
 
Vol IIC Sec: 
2.4.4.1.2; 2.5.1.4; 
2.5.2.2 
Figs: 2-7; 2-9 
 
 
 
Vol IIC Sec: 
2.4.4.2 
Figs 2-8; 2-9 
Vol IB: App. XI 
Vol IIC Sec: 
2.5.2.1; 2.5.2.1.2; 
2.5.2.1.4 
Figs: 2-15; 2-16 
 
Vol IB: App. XI 
Appendix. II 
 
 
Vol IIC Sec: 
2.4.4.4; 2.5.1.7; 
2.5.2.3.3 
Tables: 2-17; 2-18 
Figs:  2-12; 2-15 
Vol IIC Sec: 
2.5.2.3 
 
 
 
Vol IIC Sec: 
2.5.2.3 
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wells required; 
 
k) discuss the potential for casing failures and their environmental effects.  

Identify measures to reduce the environmental risks from casing failures.  
Describe methods of detecting casing failures and propose an action plan in 
the event of a casing failure; and 

 
l) discuss the potential for changes in the ground surface during operations 

(e.g., ground heave and ground subsidence).  Summarize applicable 
experience with surface heaving and subsidence and the factors involved in 
their occurrence.  Describe the environmental implications of any terrain or 
temperature changes during the steaming and recovery operations.  Identify 
any activities with respect to drilling methods that may cause soil 
contamination and describe mitigative actions. 

 
 
Vol IIC Sec: 
2.5.2.3.4 
 
 
 
Vol IIC Sec: 
2.5.2.4; 
2.5.2.3.4; 
2.5.2.3.5 

   
4.9.3 VEGETATION  
 Map and describe vegetation communities affected by the Project using the 

Alberta Vegetation Inventory Standards Manual (AVI) Version 2.1, and 
according to the Field Guide to Ecosites of Northern Alberta (Beckingham and 
Archibald, 1996), and: 

Vol IIC Sec: 
3.5.1.2, 
App. I, 
Fig: 3-4 

 a) map and describe peatlands and wetlands affected by the Project according 
to the Alberta Wetlands Inventory Standards Manual (AWI) Version 1.0; 

 
b) address the adequacy of the Study Areas, information sources and 

assessment methods for a cumulative effects assessment; 
 
c) describe how baseline information was collected to enable a detailed ELC of 

the Local Study Area to be completed; 
 
d) identify and verify the relative abundance of species of rare plants and the 

ecosite phases where they are found, using reliable survey methods.  
Discuss any potential effects the Project may have on rare plants or 
endangered species, as listed by the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) and the Alberta Natural Heritage 
Information Centre (ANHIC), for each landscape unit; 

 
e) discuss the ecosites in consideration of their potential to support rare plant 

species, plants for traditional and medicinal purposes, old growth forests 
and communities of limited distribution.  Consider their importance for local 
and regional habitat, sustained forest growth, rare plant habitat and the 
hydrologic regime; 

 
f) where landscape units are identified as rare, or where a significant 

percentage of a specific type may be removed by the Project from within the 
Local Study Area, describe their regional significance; 

Vol IIC Sec: 
3.5.1.3, App. II, 
Fig 3-5 
 
Vol IIC Sec:3.4.6  
 
 
Vol IIC Sec: 3.4.2 
 
Vol IIC Sec: 
3.5.1.5; 
3.5.2.3.1.3; 
3.5.2.3.2.3; 
Figs. 3-8, 3-22, 3-
28 
 
Vol IIC Sec: 
3.5.1.4; 3.5.1.5; 
3.5.1.6; 3.5.1.7; 
3.5.1.8; 3.5.1.9 
 
 
Vol IIC Sec: 
3.5.3.1.1; 
3.5.3.1.3; 
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f) identify the amount of vegetation and wetlands to be disturbed during each 

stage of the Project; 
 
 
 
 
 
g) discuss temporary (include timeframe) and permanent changes to vegetation 

and wetland communities: 
i) comment on the significance of the effects and their implications for 

other environmental resources (habitat diversity and quantity, water 
quality, erosion potential, soil conservation, recreation and other uses), 

 
 
ii) comment on the sensitivity to disturbance (including acid deposition), as 

well as the techniques used to estimate sensitivity to disturbance and 
reclamation, of each vegetation community and discuss permanent and 
temporary changes; 

 
 i) produce an ELC map that shows the pre-disturbance and reclaimed land 

surfaces.  Comment on the importance of the size, distribution and variety of 
these landscape units from both a local and regional perspective; 

 
 j) determine the distribution and relative abundance of wetlands in the Local 

Study Area; 
 
 k) predict the anticipated effect of the Project on wetlands in conjunction with 

other project-induced variations in hydrology; 
 
 l) discuss the impact of any loss of peatlands or surface wetlands, as well as 

how this will affect land use, fragmentation and biodiversity.  Discuss 
measures and techniques that will be used to minimize the impact; 

 
 m) determine the amount of commercial and non-commercial forest land base 

that will be disturbed by the Project.  Compare the pre-disturbance and 
reclaimed percentages and distribution of all forested communities in the 
PDA.  Provide Timber Productivity Ratings for the Local Study Area lands, 
including identification of productive forested, non-productive forested and 
non-forested lands; 

 
 n) determine how the project disturbance impacts Annual Allowable Cuts and 

quotas within the FMA.  Discuss opportunities to integrate this project with 
other resource development activities such as logging; 

 

3.5.3.1.4; 
Vol IIC Sec: 
3.5.2.3.1.1; 
3.5.2.3.1.2; 
Figs 3-17, 3-18; 
320; 3-21; 
App. VII 
 
 
 
Vol IIC Sec: 
3.5.2.3.1; 
3.5.2.3.2; 
3.5.2.3.3; 
3.5.2.3.4;  
 
Vol IIC Sec: 
3.5.2.3.5; 3.5.3.2 
 
 
 
Vol IIC Sec: Figs. 
3-4; 3-13; 3-17; 
3-33. 
3.5.1.2; 3.5.1.11 
 
Vol IIC Sec: 
3.5.1.3 
Fig. 3-4 
Vol IIC Sec: 
3.5.2.3.1.2; 
3.5.2.3.2.2 
Vol IIC Sec: 
3.5.2.3.2.2 
 
 
Vol IIC: Sec 
7.4.4; 7.5.4 
 
 
 
 
 
Vol IIC:  7.4.4; 
7.5.4; 7.6.4; 7.6.2; 
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 o) provide a detailed mitigation strategy that will minimize project impacts in 

the Study Areas; 
 
 p) discuss plans to return disturbed areas to a self-sustaining habitat equivalent 

to pre-disturbance conditions, considering factors such as biological 
capability and diversity and end land use objectives; 

 
 q) develop a plan to mitigate the adverse effects of site clearing on rare plants 

and plant communities.  Identify any setbacks proposed around 
environmentally sensitive areas such as surface waterbodies, riparian areas 
and peatlands/wetlands.  Discuss the potential for rare plant species to be 
restored; 

 
 r) comment on the significance of the residual effects on vegetation resources, 

peatlands and wetlands, and their implications for other environmental 
resources; and 

 
 s) in addition to equivalent land capability principle, discuss from an 

ecological perspective the expected timelines for establishment and recovery 
of vegetative communities and the expected differences in the resulting 
vegetation community structures. 

7.6.3 
Vol IIC Sec: 
3.5.2.2.1 
 
Vol IIC Sec: 
3.5.2.2 
 
Vol IB: App. XI 
 
 
 
Vol IIC Sec: 
3.5.2.2.1.1 
 
 
 
 
Vol IIC Sec: 
3.5.2.3 
Table 3-42; 3-43 
 
Vol IB: App. XI 
 

   
4.9.4 WILDLIFE  
 Describe existing wildlife resources (amphibians, reptiles, birds and terrestrial 

and aquatic mammals), their use and potential use of habitats in the Study Areas.  
Document the anticipated changes to wildlife in the Study Areas.  Specifically: 

Vol IIC Sec: 4.5, 
4.5.1 

 a) discuss the selection criteria used to determine the Study Areas, including 
information sources and assessment methods; 

 
b) identify key indicator species and provide rationale and selection criteria.  

Identify composition, distribution, relative abundance, seasonal movements, 
movement corridors, habitat requirements, key habitat areas, and general life 
history in the Study Areas.  Address those species listed by Alberta Fish and 
Wildlife (at risk, may be at risk and sensitive species in the General Status 
of Alberta Wild Species 2000), COSEWIC (endangered, threatened, 
vulnerable in Canadian Species at Risk 2002), relevant species identified by 
CEMA and important traditional use species; 

 
c) include field data, using recognized sampling protocols; 

 
 
d) evaluate potential impacts on wildlife populations, habitat use, habitat 

availability/quality and food supply during all phases of the Project.  

Vol IIC Sec: 4.3; 
4.4 
 
Vol IIC Sec: 
4.4.4; 4.5; 
Table 4-2 
 
 
 
 
 
 
 
Vol IIC Sec: 
4.4.2; 4.5; 4.5.1.7; 
4.5.2 
Vol IIC Sec: 
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Consider habitat loss, abandonment, reduced effectiveness, fragmentation or 
alteration as it relates to reproductive potential and recruitment for regional 
wildlife populations over the life of the Project.  If habitat models are used 
to evaluate impacts, the models will be modified/calibrated by comparing 
model predictions with wildlife data from the Study Areas; 

 
e) describe the spatial and temporal changes to habitat (type, quality, quantity, 

diversity and distribution) and to wildlife distribution, relative abundance, 
movements, habitat availability and the potential to return the area to pre-
disturbed wildlife habitat/population conditions, including: 

i) anticipated effects on wildlife as a result of changes to air, water, 
including both acute and chronic effects on animal health, 

ii) anticipated effects on wildlife due to improved or altered access into the 
area; e.g., vehicle collisions with wildlife, obstructions to daily or 
seasonal movements, predation, noise and hunting mortality during 
operations and after project reclamation, and 

iii) anticipated effects of habitat fragmentation and the implications to 
wildlife, by mapping the changes anticipated by the Project and other 
planned activities on a local and regional scale; 

 
 f) discuss the use of setbacks to provide for the protection of riparian habitats, 

interconnectivity of such habitat and the unimpeded movement by wildlife 
species using the habitat; 

 
 g) indicate what measures will be taken to prevent habituation of wildlife and 

increasing the potential for human-wildlife encounters and consequent 
destruction of wildlife , including any staff training program, garbage 
containment or regular follow-up;  

 
 h) provide an impact assessment for wildlife in the Study Areas.  Identify 

residual impacts to wildlife and wildlife habitat and discuss their 
significance in local and regional contexts; and 

 
 i) provide a strategy and mitigation plan to minimize impacts on wildlife 

habitat through the life of the Project and to return productive wildlife 
habitat to the area, considering: 

i) habitat enhancement measures and a schedule for the return of habitat 
capability to areas impacted by the Project, 

ii) consistency of the plan with applicable regional, provincial and federal 
wildlife habitat objectives and policies, 

iii) the need for access controls or other management strategies to protect 
wildlife during and after project operations, and 

iv) monitoring programs to assess wildlife impacts from the Project and the 
effectiveness of mitigation strategies and habitat enhancement measures, 
giving special attention to sensitive species in the Study Areas. 

4.2.1; 4.2.2; 4.2.3; 
4.2.4; 4.5.1.7 
 
 
 
 
 
Vol IIC Sec: 
4.5.2.1; 4.5.2.3 
 
 
Vol IIC Sec: 
4.5.2.1; 4.5.2.3 
Vol IIC Sec: 
4.5.2.1; 4.5.2.3 
 
 
Vol IIC Sec: 
4.5.2.1; 4.5.2.3; 
4.5.3 
 
Vol IIC Sec: 
4.2.2; 4.5.2.2.2 
 
 
Vol IIC Sec: 
4.5.2.2 
 
 
 
Vol IIC Sec: 
4.5.2.1; 4.5.2.3; 
4.5.3; Table 4-31 
 
Vol IIC Sec: 
4.5.2.2; 4.6 
 
Vol IIC Sec: 
4.5.2.3 
Vol IIC Sec: 
4.5.2.2 
Vol IIC Sec: 
4.5.2.2 
Vol IIC Sec: 4.6 
 



 
AMMENDMENT APPLICATION FOR 
MACKAY RIVER EXPANSION 
VOLUME 1  CONCORDANCE TABLE 
 
 

November 2005CON   xxxiii

Terms of Reference Petro-Canada MacKay River 
Cross Reference Terms of Reference Conditions to Location in Application 

TOR 
No. 

 Reference 
Section in 
Application 

   
4.10 TRADITIONAL ECOLOGICAL KNOWLEDGE AND LAND 

USE 
 

 Provide detail on the consultation undertaken with Aboriginal communities with 
respect to TEK and traditional land use: 

 

 a) provide results of consultation with Aboriginal stakeholders to determine 
the extent of traditional land use of the Local Study Area.  Discuss the 
vegetation and wildlife used for nutritional and medicinal purposes, and any 
potential effects the Project may have; and 

 
b) identify the traditional land uses including fishing, hunting, plant harvesting 

(nutritional or medicinal), and cultural use with specific regard given to 
local Aboriginal stakeholders.  Identify cabin sites, spiritual sites and 
graves.  Determine the project and cumulative impact of development on 
these uses and identify possible mitigation strategies. 

Vol IIC Sec: 
6.5.4; 6.5.3; 6.6 
 
 
 
Vol IIC Sec: 
6.5.3; 6.5.4; 6.6; 
6.7 

   

5.0 HISTORICAL RESOURCES ASSESSMENT  

 Detail consultation with Alberta Community Development and Aboriginal 
communities and provide a Historical Resource Impact Assessment (HRIA) for 
the Project.  Provide Alberta Community Development with a copy of the HRIA 
report, and: 

Vol IIC Sec: 8.2 
and Vol IIC: Sec 
6: TLU 

 a) provide a general overview of the results of any previous historical resource 
studies that have been conducted in the Study Area, including 
archaeological resources, palaeontological resources, historical period sites, 
and any other historical resources as defined within the Historical 
Resources Act:  

i) summarize the results from the field program performed to assess 
archaeological, palaeontological and historical significance of the 
Project, and 

ii) provide an outline of the program and schedule of field investigations 
that may be required to further assess and mitigate the effects of the 
Project on historical resources; 

 
 b) document any stakeholder concerns with respect to the development of the 

Project based on the historical significance of the Study Areas; and 
 
 c) identify the land uses including oil sands development, fishing and hunting.  

Determine the impact of development on these uses and identify possible 
mitigation strategies 

Vol IIC Sec: 
8.5.1; 8.5.1.2 
 
 
 
Vol IIC Sec: 
8.5.1.4 
Table 8-3 
Vol IIC Sec: 8.6 
 
 
 
Vol IIC Sec 6: 
6.5.5 
Vol IIC Sec 6: 
6.5.3; 6.6.3 

   
6.0 PUBLIC HEALTH AND SAFETY ISSUES  

 Describe those aspects of the Project that may have implications for public 
health.  Determine whether there may be implications for public health arising 
from the Project.  Specifically: 

Vol IIA Sec: 4.2 
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a) identify and discuss the data and methods Petro-Canada used to assess 
impacts of the Project on human health and safety; 

 
b) assess the potential health implications of the compounds that will be 

released to the environment from the proposed operation in relation to 
exposure limits established to prevent acute and chronic adverse effects on 
human health; 

 
c) identify the human health impact of the potential contamination of country 

foods and natural food sources taking into consideration all project 
activities; 

 
d) provide the information on samples of selected species of vegetation known 

to be consumed by humans; 
 
e) discuss the potential to increase human exposure to contaminants from 

changes to water quality, air quality and soil quality taking into 
consideration all project activities; 

 
f) during consultation on the project, document any health concerns identified 

by Aboriginal stakeholders due to impacts of existing industrial 
development and of the Project specifically on their traditional lifestyle.  
Determine the impact of the Project on the health of Aboriginal stakeholders 
and identify possible mitigation strategies; 

 
g) assess the cumulative health effects that are likely to result from the Project 

in combination with other existing, approved and planned projects; 
 
h) identify, as appropriate, the anticipated follow-up work, including regional 

cooperative studies.  Identify how such work will be implemented and 
coordinated with ongoing air, soil and water quality initiatives; 

 
i) identify and discuss the potential health and safety impacts due to higher 

regional traffic volumes and the increased risk of accidental leaks and spills; 
 
 
j) document the health and safety concerns raised by stakeholders during 

consultation on the Project; 
 
 
 
k) provide a summary of Petro-Canada’s emergency response plan and discuss 

mitigation plans to ensure workforce and public safety during pre-
construction, construction, operation and reclamation of the Project.  
Include prevention and safety measures for wildfire occurrences, accidental 

Vol IIA Sec: 4.4 
 
 
Vol IIA Sec: 
4.6.2; 4.6.3; 4.6.4 
 
 
 
Vol IIA Sec: 
4.4.4.4; 4.4.4.5 
 
 
Vol IIA Sec: 
4.4.4.7 
App. II 
 
Vol IIA Sec: 
4.4.4.1; 4.4.4.2; 
4.4.4.3 
Vol IIC: Sec: 
6.5.4.6; 6.5.4.9 
 
 
 
 
Vol IIA Sec: 4.7.5 
 
 
Vol IIA Sec: 4.8 
 
 
 
 
Vol IIA Sec: 
4.4.4.2 
Vol IIC: Sec 6: 
6.5.5.5; 6.5.5.6; 
6.6.2.1 
Vol IIC: Sec 6:  
6.5.5.5; 6.5.5.6 
Vol IC 
Vol IIIA: Sec 3 
 
Vol IB: EPEA 
Vol IB : APP. X 
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release or spill of chemicals to the environment and failures of structures 
retaining water or fluid wastes;  

 
l) describe how local residents will be contacted during an emergency and the 

type of information that will be communicated to them; and 
 
m) describe the existing agreements with area municipalities or industry groups 

such as safety cooperatives, emergency response associations and municipal 
emergency response agencies. 

 

 
 
 
 
 
Vol IB : APP. X 
 
 
Vol IB : APP. X 
 

7.0 PUBLIC CONSULTATION  

 Document the public consultation program implemented for the Project 
including methods, the type of information provided and the level and nature of 
Petro-Canada’s response, and provide the following: 

Vol IC 
Vol IIIB 

 a) describe the consultative process and show how public input was obtained 
and addressed; 

 
 b) document individual participation and attendance at each meeting and 

record specific comments or issues raised by individuals present at the 
meetings; 

 
 c) describe and document the concerns and issues expressed by the public, 

Petro-Canada’s analysis of those concerns and issues, and the actions taken 
to address those concerns and issues;  

 
 d) describe how resolution of the concerns and issues was incorporated into the 

project development, impact mitigation and monitoring; 
 
 e) describe plans to maintain the public consultation process following 

completion of the EIA review to ensure that the public will have an 
appropriate forum for expressing their views on the ongoing development, 
operation and reclamation of the Project; and 

 
 f) the EIA report will document the public consultation process, record any 

concerns or suggestions made by the public and will demonstrate how these 
concerns have been addressed.  Consultation will include discussions with: 

i) Alberta provincial representatives, 
ii) federal government representatives, 
iii) residents of Conklin, Chard, Janvier, Fort McMurray, the Regional 

Municipality of Wood Buffalo and others as identified during the 
consultative process, 

iv) First Nations and Métis organizations, 
v) commercial, industrial, recreational and traditional users, and 
vi) other potentially-affected parties. 

Vol IC: Sec 2 
 
 
Vol IC: Sec 3 
 
 
 
Vol IC: Sec 3 
Vol III B 
 
 
Vol IC  Sec 3: 
Table 1 
 
Vol IC: Sec 4 
 
 
 
 
Vol IC: Sec 2 - 3 
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8.0 SOCIO-ECONOMIC ASSESSMENT  

 Provide information on the socio-economic effects of the Project.  Specifically 
address the following: 

 

 a) document baseline (existing) socio-economic conditions and trends (e.g., 
changes in population and labour force) for the region and for communities 
within the region; 

 
b) identify any concerns related to socio-economics that have been raised by 

the local municipality or any other stakeholder in the region; 
 
c) provide information on the socio-economic impacts of the Project and , 

where appropriate, discuss mitigation plans related to:: 
i) local employment opportunities and training, 
ii) local business opportunities and procurement, 
iii) stresses placed on local and regional infrastructure and community 

services, 
iv) housing and availability of affordable housing, 
v) medical facilities and health services, 
vi) traffic and traffic safety, 
vii) effects on  recreational activities, 
viii) effects on trapping, hunting and fishing, 
ix) effects on First Nations and Métis, and 
x) regional and provincial economic benefits; 
 

 d) if a construction camp is needed, identify its location, the number of 
workers it is intended to house and outline what services will be provided in 
the camp (e.g., security, recreation and leisure and medical); 

 
 e) summarize Petro-Canada’s policies and programs regarding the use of 

regional and Alberta goods and services; 
 
 f) provide a summary of estimated industrial benefits including Alberta, other 

Canadian, and non-Canadian percentages of total project cost for 
engineering and project management, equipment and materials, construction 
labour and total overall project; 

 
 g) provide a description of the overall engineering and contracting plan for the 

Project; 
 
 h) discuss the timing of workforce requirements for construction and 

operation.  Include a breakdown of the total number of jobs to be created 
along with a description of when peak activity periods will occur; 

 

Vol.  IIIA: Sec 
1.2 
App. P 
 
Vol. IIIA: Sec 3 
 
 
Vol IIIA: Sec 3 
Vol IIIA: App. P 
 
 
 
 
 
 
 
 
 
 
 
 
Vol IIIA: App. P 
 
 
 
Vol IIIA: App. P 
 
 
Vol IC Sec 2 
 
 
 
 
Vol IC Sec 2 
 
 
Vol IIIA: App P 
Vol IIIB 
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 i) outline current and ongoing plans to work with Aboriginal stakeholders and 
other local residents and local businesses with regards to employment, 
training needs, and other economic development opportunities arising from 
the construction and operation of the Project; 

 
 j) describe and discuss the impacts of the proposed Project on the availability 

of affordable housing and the quality of health care services.  Identify and 
discuss the mitigation plans that will be undertaken to address these issues.  
Provide a summary of any discussions that have taken place with the 
Municipality and Regional Health Authority concerning housing availability 
and health care services respectively; 

 
 k) evaluate the need for additional public services or infrastructure taking into 

consideration the potential for overlap with other projects that are 
reasonably anticipated during the life of the Project.  This will include 
consideration of housing, transportation, education/training, health and 
social services, urban and regional recreation use, municipal infrastructure, 
medical facilities, health services, law enforcement and emergency 
preparedness; and 

 
l) provide an analysis of the significance of socio-economic impacts, discuss 

strategies to mitigate the socio-economic impacts and document any steps 
that have been undertaken by industry and the Regional Municipality of 
Wood Buffalo and provincial government and others to identify and address 
socio-economic concerns. 

Vol IIIA: Sec 3 
Vol IIIA: App P 
 
 
 
Vol IIIA: Sec 3 
Vol IIIA: App P 
 
 
 
 
 
Vol IIIA: Sec 3-4 
Vol IIIB 
 
 
 
 
 
 
Vol IIIA: Sec 3-4 
Vol IIIB 
 

   

APPENDIX   
 The following information is necessary to be submitted as part of the 

Application under the EPEA.  The information may not be necessary for 
consideration as part of the EIA report completeness decision-making process 
under Section 53 of EPEA. Upon review of the information submitted, a final 
determination will be made if it is necessary for the following information to be 
considered as part of the EIA report completeness decision. 

 

 Air Quality Assessment 
Provide via modelling maximum ground-level concentration locations of 
nitrogen dioxide (NO2) and SO2 near the vicinity of the central processing 
facility, plant or project.  Provide ground-level concentrations in 50 or 100 m 
increments extending out from the central processing facility to 2 or 5 km. 

Vol IIA: Sec 2: 
Figs: 2-7 to 2-12; 
2-16 to 2-21; 2-23 
to 2-25; 2-27 
Appendix IV: 
Fig:A4-4 to A4-6; 
A4-10 to A4-12; 
A4-16 to A4-18; 
A4-22 to A4-24; 
A4-28 to A4-30 

 Reclamation Plan  
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The reclamation plan in the Application will address the following: 
a) provide a soil conservation and reclamation plan for progressive reclamation 

in the Project Areas.  Outline the anticipated major timelines for reclamation 
activities with reference to the life span of the proposed Project; 

b) provide details about soil salvage indicating areas where salvage will occur 
(for the well pads, transportation routes, and any other similar activities), the 
depth and volume of soil to be salvaged, soil storage locations and methods 
and relate the information to predevelopment conditions; 

c) provide details on area of soil replacement indicating techniques, timing, 
depth, volume and type of reclamation material; 

d) discuss the potential to retain coarse woody debris for use in reclamation 
and to reduce the need for slash burning after clearing; 

e) provide information about the reclaimed topography for well pads, roads, 
and facilities.  Identify contouring objectives, drainage restoration (surface 
and near-surface flow) and erosion control; 

f) discuss the methods that may be used to deal with potential soil compaction 
and contamination problems in the Project Areas; 

g) identify the location and distribution of post-disturbance land capability on 
this map; 

h) compare the pre-disturbance and post reclamation percentages and 
distribution of all forested communities in the Local Study Area; 

i) provide a timber salvage plan, highlighting end land users and identifying 
proposed volumes for removal by species and year for the Project.  Provide 
a tracking mechanism to ensure the appropriate utilization of the timber 
volumes by species to salvage per year, or periodically as the Project 
progresses.  Include opportunities for timber salvage, revegetation, 
reforestation and harvest for the reduction of fuel hazards; 

j) provide a weed management plan including provisions such as those 
outlined in the Guidelines for Weed Management in Forestry Operations 
(Forest Management Division Directive - 2001-06).  This will detail how 
Petro-Canada will prevent the establishment and control the spread of 
restricted and noxious weeds (as listed in the Alberta Weed Control Act) 
within the PDA; and 

k) provide appropriately scaled maps of the area highlighting (where possible) 
the preceding points. 

 

Volume IB: App. 
XI 

 Water Supply, Water Management and Wastewater Management 
Provide the following information: 
a) how the water requirements for the Project will be met, including annual 

volumes from each source (for groundwater sources, consider Alberta 
Environment’s Groundwater Evaluation Guideline); 

b) the design details of facilities that will handle, treat and store wastewater 
streams and runoff and include appropriate annual volumes; 

c) the type and quantity of any chemicals used in water/wastewater treatment; 
and 

Vol IA Sec 7-9,  
Vol IB: App VI 
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d) design details for the potable water and sewage treatment systems for both 
the construction and operation stages. 

 Groundwater 
Provide a detailed plan and implementation program for the protection of 
groundwater resources, addressing: 
a) a groundwater monitoring program for early detection of potential 

contamination and assistance in remediation planning; 
 
b) groundwater remediation options to be considered for implementation in the 

event that adverse effects are detected; and 
c) a program to monitor the sustainability of groundwater production. 

 
 
 
Vol IA Sec 7-9,  
Vol IIB: 2.6 
 
Vol IIB 2.5.2.2; 
2.5.2.3; 2.6 
2.6 
Vol IB: App VII 

 Surface Water 
Provide a detailed plan and implementation program for the protection of surface 
water addressing: 
a) a surface water monitoring program to assess the performance of water 

management systems; and 
b) a water quality monitoring program for relevant substances. 

 
 
 
Vol IA:  Sec 7-9  
 
Vol IB: App VII 

 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IA 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
PROJECT DESCRIPTION 

 
 

November 2005   



 
 
 
 
 
AMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION   
VOLUME IA:  PROJECT DESCRIPTION  TABLE OF CONTENTS 
 
 

November 2005  Page TOC-i  

 

CONTENTS 
1. INTRODUCTION   ........................................................................ 1-1
 1.1 APPLICATION:  AMENDMENTS AND APPROVALS ....................................... 1-1
 1.2 PROJECT OVERVIEW  ........................................................................ 1-3
 1.3 PROJECT LOCATION  ........................................................................ 1-5
 1.4 THE PROPONENT  ........................................................................ 1-5 
 1.5 NEED FOR THE PROJECT AND ALTERNATIVES .......................................... 1-6 
2. GEOLOGY    ........................................................................ 2-1  
 2.1 INTRODUCTION  ........................................................................ 2-1  
 2.2 GEOLOGICAL OVERVIEW ........................................................................ 2-1  
 2.3 HISTORICAL BACKGROUND ........................................................................ 2-2  
 2.4 AVAILABLE DATA (LOGS, CORES, GEOPHYSICAL) ..................................... 2-2  
 2.5 GENERAL STRATIGRAPHY ........................................................................ 2-3  
  2.5.1 Paleozoic  ........................................................................ 2-3  
  2.5.2 McMurray Formation ........................................................................ 2-5  
  2.5.3 Clearwater Formation ........................................................................ 2-5  
   2.5.3.1 Wabiskaw Member................................................................... 2-6 
   2.5.3.2 Clearwater Member.................................................................. 2-7 
  2.5.4 Glacial Drift  ........................................................................ 2-7  
 2.6 MCMURRAY LITHOFACIES ........................................................................ 2-7  
 2.7 POTENTIAL GEOPHYSICAL - ERT .................................................................. 2-8  
 2.8 GAS AND WATER DISTRIBUTIONS ................................................................ 2-8  
  2.8.1 Gas   ........................................................................ 2-8  
  2.8.2 Water   ........................................................................ 2-9  
 2.9 BASE OF PAY   ........................................................................ 2-9  
 2.10 REFERENCES   ...................................................................... 2-10 
3. RESOURCE BASE   ........................................................................ 3-1  
 3.1  BITUMEN PAY   ........................................................................ 3-1  
 3.2 BITUMEN RESERVOIR PARAMETERS ........................................................... 3-1  
 3.3 BITUMEN RESERVOIR VOLUMETRICS.......................................................... 3-2  
4. RECOVERY PROCESS   ........................................................................ 4-1  
 4.1 IN SITU RECOVERY PROCESS SELECTION ................................................. 4-1  
 4.2 MACKAY RIVER RECOVERY PROCESS ........................................................ 4-3  
 4.3 START-UP STRATEGY  ........................................................................ 4-4  
 4.4 STEADY STATE OPERATING STRATEGY...................................................... 4-4  
 4.5 WIND-DOWN STRATEGY ........................................................................ 4-5  
 4.6 FUTURE IMPROVEMENTS ........................................................................ 4-6  
5. DEVELOPMENT PLAN   ........................................................................ 5-1  
 5.1 PROJECT SCHEDULE  ........................................................................ 5-1  
 5.2 DEVELOPMENT PLAN  ........................................................................ 5-1  
 5.2.1 Development Plan – Existing MRP 

Processing Facility ........................................................................ 5-2  



 
AMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION   
VOLUME IA:  PROJECT DESCRIPTION  TABLE OF CONTENTS 
 
 

November 2005  Page TOC-ii 

 5.2.2 Development Plan – New MRE  
Processing Facility ........................................................................ 5-2  

 5.2.3 Pad Development Schedule 
MacKay River Expansion ...................................................................... 5-3  

  5.2.4 Well Pair Spacing and Placement ......................................................... 5-4  
  5.2.5 Observation Wells and Heave Monitoring............................................. 5-4  
  5.2.6 Central Processing Facility Location ..................................................... 5-4  
  5.2.7 Optimum Technology ........................................................................ 5-4  
  5.2.8 Decommissioning and Reclamation ...................................................... 5-5  
 5.3 PRODUCTION FORECAST ........................................................................ 5-5  
6. WELLS     ........................................................................ 6-1  
 6.1  WELL PADS   ........................................................................ 6-1  

6.1.1  Well Pad Layout ........................................................................ 6-1  
6.1.2 Well Pad Design ........................................................................ 6-1  

 6.2  DRILLING AND COMPLETIONS ....................................................................... 6-2  
6.2.1  Drilling   ........................................................................ 6-2  
6.2.2 Completions  ........................................................................ 6-4  

   6.2.2.1 Production Well Completions ................................................... 6-4 
   6.2.2.2 Injection Well Completions ....................................................... 6-4 
 6.3  OBSERVATION WELLS ........................................................................ 6-4  
 6.4  WATER SOURCE AND DISPOSAL WELLS ..................................................... 6-5  

6.4.1 Source Wells  ........................................................................ 6-5  
6.4.2 Water Disposal Wells ........................................................................ 6-5  

 6.5 WELLHEADS   ........................................................................ 6-5  
 6.6 FIELD FACILITIES  ........................................................................ 6-6  
 6.7 SAGD WELL INTEGRITY ........................................................................ 6-7  
7. FACILITIES    ........................................................................ 7-1  

7.1  INTRODUCTION  ........................................................................ 7-1  
7.2 ROADS AND PRODUCTION PADS.................................................................. 7-1  
7.3 STEAM GENERATION  ........................................................................ 7-2  
7.4 DISTRIBUTION AND GATHERING SYSTEMS................................................. 7-4  
7.5 PAD LAYOUT AND FACILITIES ........................................................................ 7-4  
7.6 PRODUCTION TREATMENT SYSTEM ............................................................ 7-6  
7.7 PRODUCT STORAGE  ........................................................................ 7-9  
7.8 PRODUCED GAS SYSTEM ........................................................................ 7-9  
7.9 UTILITIES   ...................................................................... 7-10  

7.9.1 Glycol System  ...................................................................... 7-10  
7.9.2 Fuel Gas Systems ...................................................................... 7-10  
7.9.3 Instrument Air System ...................................................................... 7-11  
7.9.4 Electrical Distribution Systems ............................................................ 7-11  
7.9.5 Vapour Recovery System.................................................................... 7-12  
7.9.6 Flare Systems  ...................................................................... 7-12  

 7.10 VOLUMETRIC MEASUREMENT..................................................................... 7-13  
8. WATER MANAGEMENT PLAN AND SYSTEMS ........................................................... 8-1  

8.1 WATER USES   ........................................................................ 8-1  
8.2 WATER SOURCE  ........................................................................ 8-2  
8.3 SURFACE WATER MANAGEMENT ................................................................. 8-3  
8.4 WASTE WATER MANAGEMENT...................................................................... 8-3  
8.5  WATER TREATMENT SYSTEMS ..................................................................... 8-4  



 
AMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION   
VOLUME IA:  PROJECT DESCRIPTION  TABLE OF CONTENTS 
 
 

November 2005  Page TOC-iii  

8.5.1 Produced Water Oil Removal System................................................... 8-5  
8.5.2 Water Softening Treatment System ...................................................... 8-6  
8.5.3 Plant Utility Water System..................................................................... 8-7  

 8.6 WATER DISSOLVED SOLIDS BALANCE & MANAGEMENT .......................... 8-7  
8.6.1 Evaporator System ........................................................................ 8-8  
8.6.2 Lime Sludge Disposal ........................................................................ 8-9  

 8.7 WATER BALANCE  ........................................................................ 8-9  
8.8 WATER USE OPTIMIZATION ........................................................................ 8-9  
8.9 WATER ACT APPLICATION ........................................................................ 8-9  

9. INFRASTRUCTURE   ........................................................................ 9-1  
9.1 INTRODUCTION  ........................................................................ 9-1  
9.2 ROADS    ........................................................................ 9-1  
9.3 ELECTRICAL TRANSMISSION LINES AND SUBSTATIONS .......................... 9-2  
9.4 NATURAL GAS PIPELINES ........................................................................ 9-3  
9.5 BITUMEN PRODUCT  ........................................................................ 9-3  
9.6 DILUENT STORAGE  ........................................................................ 9-4  
9.7 GRAVEL REQUIREMENTS ........................................................................ 9-4  
9.8 LANDFILL    ........................................................................ 9-4  

10. MATERIAL AND ENERGY BALANCE ...................................................................... 10-1 
 10.1 MATERIAL BALANCE  ...................................................................... 10-1 
 10.2 ENERGY BALANCE  ...................................................................... 10-1 
LIST OF TABLES 

LIST OF FIGURES 
 



 
 
 
 
 
AMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION   
VOLUME IA:  PROJECT DESCRIPTION  LIST OF TABLES 
 
 

November 2005  Page LOT-i 

 

LIST OF TABLES 
 
Section Table 

Number 
Description 

1 1.1 Regulatory Approvals 
 1.2 Land Use Summary 
5 5.1 MRE New Facility – Development Plan Parameters 
8 8.1 MRE Facility Water Usage 

 



 
 
 
 
 
AMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION   
VOLUME IA:  PROJECT DESCRIPTION  LIST OF FIGURES 
 

November 2005  Page LOF-i 

 

LIST OF FIGURES 
 
Section Figure 

Number 
Description 

1 1.1 MacKay River Original Development Plan 
 1.2 MacKay River Project – Existing Pads, Roads and Landfill (Existing 

MacKay River Facility) 
 1.3 MacKay River Expansion – Future Pads and Roads  (Existing 

MacKay River Facility) 
 1.4 MacKay River Expansion – Future Pads, Roads and Landfill (New 

MacKay River Facility) 
 1.5 MacKay River Expansion Development Plan 
 1.6 MacKay River and Dover Oil Sands Leases 
 1.7 MacKay River Topographic Feature Map 
 1.8 MacKay River Aerial Photograph 
2 2.1 Athabasca Oil Sands Deposits Regional Trend 
 2.2 MacKay River Stratigraphic Column 
 2.3 MacKay River Type Well with Stratigraphic Markers 
 2.4 MacKay River Beaverhill Lake Structure 
 2.5 MacKay River Middle McMurray Net Pay Isopach 
 2.6 MacKay River Wabiskaw D Sand Isopach 
 2.7 MacKay River Wabiskaw C Sand Isopach 
 2.8 MacKay River Top Wabiskaw C Structure 
 2.9 MacKay River Facies 
 2.10 Facies Core Photos 
 2.11 MacKay River Wabiskaw C Gas Isopach 
 2.12 MacKay River Wabiskaw D Gas Isopach 
 2.13 MacKay River Water Source and Water Disposal Test Well Locations 
 2.14 MacKay River Lower McMurray Basal Water Gross Thickness 
 2.15 MacKay River Lower McMurray Basal Water Net Thickness 
 2.16 MacKay River Middle McMurray Base of Pay Structure 
5 5.1 MacKay River Expansion Project Schedule 
 5.2 Existing MacKay River Facility Pad Development Schedule (South of 

Existing Pads) 
 5.3 New MacKay River Facility Pad Development Schedule (North of 

Existing Pads) 
 5.4 MacKay River Expansion Sequence of Pad Development 
 5.5 Existing MacKay River Facility Predicted Bitumen Production 



 
AMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION   
VOLUME IA:  PROJECT DESCRIPTION  LIST OF FIGURES 
 
 

November 2005  Page LOF-ii 

Section Figure 
Number 

Description 

Forecast  
 5.6 New MacKay River Facility Predicted Bitumen Production Forecast  
 5.7 Total MacKay River Development Predicted Bitumen Production 

Forecast  
 5.8 Existing MacKay River Facility Predicted Steam Injection Forecast  
 5.9 New MacKay River Facility Predicted Steam Injection Forecast  
 5.10 Total MacKay River Development Predicted Steam Injection Forecast 
 5.11 Existing MacKay River Facility Predicted Water Production Forecast  
 5.12 New MacKay River Facility Predicted Water Production Forecast  
 5.13 Total MacKay River Development Predicted Water Production 

Forecast  
6 6.1 MacKay River Expansion Well Trajectories 
 6.2 MacKay River Expansion Surface Well Spacing 
 6.3 MacKay River Expansion Horizontal Well Schematic 
 6.4 MacKay River Expansion Observation Well Schematic 
 6.5 MacKay River Expansion Water Source Well Schematic 
 6.6 MacKay River Expansion Water Disposal Well Schematic 
 6.7 MacKay River Expansion Water Source Wellhead Schematic 
 6.8 MacKay River Expansion Water Disposal Wellhead Schematic 
 6.9 MacKay River Expansion Production Wellhead Schematic 
 6.10 MacKay River Expansion Injection Wellhead Schematic 
7 7.1 MacKay River Development Plan 
 7.2 MacKay River Expansion Steam Generation System 
 7.3a MacKay River Expansion Typical 20 Well Pair Plot Plan 
 7.3b MacKay River Expansion Typical 10 Well Pair Plot Plan 
 7.4 MacKay River Expansion Wellhead and Pad Facilities 
 7.5 MacKay River Expansion Production Treatment System 
 7.6 MacKay River Expansion Produced Gas System 
8 8.1 MacKay River Expansion Facilities Water Balance 
 8.2a MacKay River Expansion Produced Water Oil Removal System 
 8.2b MacKay River Expansion Water Softening Treatment System 
 8.3 MacKay River Expansion Evaporator & Brine Disposal System 
9 9.1 MacKay River Connection Alberta Grid  
 9.2 MacKay River Natural Gas Supply  
 9.3 MacKay River Pipeline  

10 10.1 MacKay River Expansion – Material Balance With No Reservoir 
Retention 



 
 
 
 
AMENDMENT APPLICATION FOR  SECTION 1 
MACKAY RIVER EXPANSION  INTRODUCTION 
VOLUME IA:  PROJECT DESCRIPTION   
 
 

November 2005  Page 1-1 

 

1. INTRODUCTION 

1.1 APPLICATION: AMENDMENTS AND APPROVALS 

Petro-Canada is submitting this application to the Alberta Energy and Utilities 
Board (EUB or the Board) and Alberta Environment (AENV) seeking approval 
pursuant to section 13 of the Oil Sands Conservation Act, R.S.A 2000, c.0-7, 
and section 70 of the Environmental Protection and Enhancement Act, R.S.A. 
2000, c.E-12 (EPEA) to amend the existing MacKay River Project (the MacKay 
River Project or MRP).  Petro-Canada is also applying for a new water license.  
Petro-Canada is requesting approval to produce an additional nominal 6,360 
m3/day (40,000 barrels per day - bpd) of bitumen (the MacKay River Expansion 
or MRE) using Steam Assisted Gravity Drainage (SAGD) technology.  This will 
allow the expanded MacKay River development to produce 11,600 m3/day 
(73,000 bpd) of bitumen. 

As directed in the letter from the EUB on December 10th, 2004 (Volume I, 
Preface), Petro-Canada has prepared this amendment application to construct a 
new processing facility, expand the Principal Development Area (PDA) and 
increase production capacity.  Petro-Canada requests approval to expand the 
PDA to encompass the resource required to support the second processing 
facility.   

As directed in the letter from AENV dated December 7, 2004 (Volume I, 
Preface), an Environmental Impact Assessment (EIA) has been completed for 
the MRE based on the Terms of Reference issued by AENV.  This EIA forms an 
integral part of this amendment application.  This application seeks approval for 
the construction, operation and reclamation of the proposed MacKay River 
Expansion.  The regulatory approvals being requested are outlined in Table 1.1. 

Other approvals required, including development plan approval from the Rural 
Municipality of Wood Buffalo (RMWB), pipeline approvals and individual well 
licenses will vary in scope.  These will be the subject of subsequent 
applications. 

In addition to the project approvals outlined above, several third party approvals 
are needed for facilities that will be built to support the MRE including: 

• approval to build and operate a cogeneration facility, 
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• approval for the supporting sub-station and interconnection of the electric 
power plant to the provincial power grid, and 

• approval to construct a Class II landfill.  

Application for these facilities, if required, will be made in separate submissions. 

Table 1.1 − Regulatory Approvals 

Approval Relevant Legislation or 
Regulation 

Application 
Timing 

EUB Approvals: (Note 1) 
1.   Amendment of MacKay River Project 
 Approval No. 8668 to expand the 
 MacKay River Project to allow 
 increased production 

 
 
Section 13 – Oil Sands 
Conservation Act 

 
 
November 2005 

2.  Approval for Disposal Well EUB Guide 51 Note 2 
Alberta Environment Approvals:  

 
 
 

1.   EPEA Approval to construct, operate a 
 second central plant facility 

• Approval of 10 Year 
Conservation and Reclamation 
Plan 

 
Part 2, Division 2 - EPEA  

 
November 2005 

2.   Approval for groundwater      
 withdrawal  

 
Section 50 - Water Act 

 
November 2005 

3.   Approval for the diversion of 
 surface runoff 

 
Section 37 – Water Act 

 
November 2005 

4.  Approval for Disposal Well EUB Guide 51 Note 2 
Alberta Community Development: 
1.  Clearance letter 

 
Historical Resources Act 

 
November 2005 

Notes: 
1. Excludes well licenses, surface dispositions, development permits, and facility 

licenses, which will be applied for separately. 
2. Petro-Canada prefers water disposal and is evaluating three subsurface water 

disposal alternatives.  If disposal is not feasible, Petro-Canada is prepared to use a 
zero liquid discharge (ZLD) system, which will require a larger landfill to accommodate 
the resulting salt cake.  The surface disturbance associated with the larger landfill has 
been assessed within the EIA.  A landfill application will be the subject of a separate 
application to be submitted one year prior to landfill commissioning as per regulatory 
guidance. 
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1.2 PROJECT OVERVIEW 

Petro-Canada proposes to expand the existing MRP.  The MacKay River 
Expansion will involve: 

• construction of a second central processing facility adjacent to, and 
immediately north of, the existing facility, 

• expansion of the PDA for the recovery of resource not previously 
identified as recoverable, and 

• the addition of four additional well pads and the relocation of seventeen 
currently approved pads.  

There are currently two well pads which have been producing since 2002. In 
September 2004, two additional pads were cleared followed by horizontal well 
drilling and facility construction in early 2005.  The first wells on these pads will 
commence steam circulation in early 2006.  

Additional resource has been identified that lies north, south and east of the 
originally identified resource.  Consequently, the proposed expansion 
contemplates both facilities producing the initial resource and the new resource.  
The currently approved 25 year pad layout has changed, so that the resource 
can be efficiently directed to each plant.  This has resulted in some well pads 
that were originally planned to be produced to the existing MRP plant, being 
produced to the new MRE plant.  As a result, seventeen of the original well pads   
have been repositioned and an additional 4 well pads will be required to access 
the resource in the southern portion of the expanded PDA.  In addition, the pads 
were relocated to avoid rare plants that were identified in the baseline 
environmental survey. 

Figure 1.1 shows the MacKay River original development plan that is currently 
approved.  Figure 1.2 is a map that shows the proposed PDA and the existing 
facilities, well pads, roads and landfill.  The resource to the south of the existing 
well pads will be produced to the existing facility, as shown in Figure 1.3.  Figure 
1.4 shows that the resource to the north of the existing well pads will be 
produced to the new MRE facility.  Finally, Figure 1.5 is a composite 
development plan for Petro-Canada’s MacKay River lands. 

The expanded development will have a combined total of 26 producing well 
pads over the life of both facilities; 5 existing pads and 21 future pads   The 
existing MRP pads include: 
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• 2 producing commercial pads with 25 well pairs,  
• a third pad with 14 well pairs near construction completion and planned to 

start circulation in 2006,  
• a fourth pad which has been cleared, with 7 well pairs predrilled and  
• a small well pad designed to accommodate a 2 well pair test which is 

currently underway. 

Table 1.2 provides a summary of the land use as of March 31, 2005, the land 
use associated with the expansion and the combined land use for the total 
MacKay River development.  It also provides, as a comparison, the land use 
that was applied for and is currently approved. 

Table 1.2: Land Use Summary 

 Existing 
Approval 

MacKay River 
Project 

(existing) 

MacKay River 
Expansion 

MacKay River 
Development 

Well Pads Twenty one Five Twenty one Twenty six 

Central 
Processing 
Facilities 

One One One Two 

Principal 
Development 
Area (PDA) 
(hectares, ha) 

1,829 1,829 
 

4,099 
 

4,099 

Land Use (ha) 152 123 195 318 
 

The proposed MRE will increase production capacity at the MacKay River 
development from 5,240 m3/d (33,000 bpd) to 11,600 m3/d (73,000 bpd).  The 
additional 6,360 m3/d (40,000 bpd) will be produced to the proposed second 
processing facility. The new facility will include a diluent bitumen treating system 
which may be integrated with a potential new cogeneration unit, coupled with 
gas fired steam boilers and other utility systems.  Steam will be supplied to the 
overall development from both of the facilities.   

In summary, the MRP refers to the existing Central Processing Facility (CPF), 
the existing 5 well pads, the existing 48 wellpairs and related observation wells 
and infrastructure.  The MRE refers to the second, new facility and all future 
pads, well pairs, roads, etc required to support both facilities. 
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1.3 PROJECT LOCATION 

Petro-Canada’s MacKay River Oil Sands leases are located approximately 45 
kilometers (km) northwest of the city of Fort McMurray, and 25 km southwest of 
the hamlet of Fort McKay in the Rural Municipality of Wood Buffalo. 

The proposed expanded PDA for the MacKay River Expansion will be on Oil 
Sands Leases (OSL) 7282030T75, 728004AT22 and 7187060328.  It is 
comprised of 4,099 hectares (ha) within Sections 20, 21, 27, 28, 29, 32, 33 and 
34 of Township 92 Range 12, West of the Fourth Meridian, and Sections 3, 4, 5, 
6, 7, 8, 9, 10, 15, 16, 17, 20, 21 and 29  of Township 93, Range 12, West of the 
Fourth Meridian, as shown on Figure 1.6. 

Figure 1.7 is a topographic feature map and Figure 1.8 is an aerial photograph 
showing the proposed and existing PDA outlines. 

The proposed central processing facility will be located at the intersection of 
Sections 5, 6, 7 and 8 Township 93, Range 12, West of the Fourth Meridian. 

The land use required for the existing CPF, the proposed CPF, the existing well 
pads, future well pads and associated interconnecting access is approximately 
318 ha based on the current development plan. 

1.4 THE PROPONENT 

Petro-Canada has operated and participated in several Athabasca oil sands in 
situ bitumen recovery projects since 1978.  Many of these in situ projects have 
been focused on research and technology development, and include: 

• ARCO Pony Creek Project, 
• Mine-Assisted In Situ Project (MAISP), 
• Dover Project, (formerly known as the Underground Test Facility (UTF), 

Northstar, or Devon Dover Project), 
• Dover Vapex Pilot, (DOVAP), 
• Gregoire Lake In Situ Pilot, (GLISP), 
• PCEJ Electric-Preheat Pilot (Petro-Canada, Canadian Occidental, Esso, 

Japan Canada Oil Sands Ltd. [JACOS]), 
• Hangingstone In Situ Recovery Scheme Pilot, including 3 Single Well 

Tests and Multiwell Cyclic Steam Stimulation (CSS) Pilot,  
• JACOS Hangingstone Project, 
• Petro-Canada MacKay River Section 16 Project, and 
• Petro-Canada MacKay River Project. 
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Additional information on these projects can be found in Volume I, Section 4.1. 
This knowledge gives Petro-Canada confidence that bitumen production using 
the SAGD process will succeed commercially for the additional resource 
identified on the MacKay River leases. 

In mid-2000, Petro-Canada’s original MacKay River Project received regulatory 
approval and clearing activities commenced in September of that year.  Drilling 
of the horizontal well pairs began in February 2001 and general construction 
activities commenced in April 2001.  With recent de-bottlenecking activities, and 
changes to the water recycle system complete, the project is currently producing 
an average of 3,970 m3/d (25,000 bpd) of bitumen.  Additional well pairs planned 
for an early 2006 start-up will provide the additional production to attain the 
approved plant capacity of 5,240 m3/d (33,000 bpd). 

1.5 NEED FOR THE PROJECT AND ALTERNATIVES 

Petro-Canada is applying to amend the regulatory approval for the MacKay 
River Project based on the need to produce its bitumen resource in an efficient 
and orderly manner and by building on synergies with its other activities.  Petro-
Canada’s Edmonton refinery is currently being converted from light crude to 
bitumen feedstock.  This MRE bitumen will be used as one of the feedstock 
streams for the refinery. 

The mechanism of recovery will be the Steam Assisted Gravity Drainage 
(SAGD) technology.  Alternative recovery methods were considered, and the 
use of SAGD was determined to be the most appropriate for the depth of the 
reservoir (80 to 125 m to the top of the reservoir).  Alternative recovery 
techniques such as solvent vapour extraction (VAPEX) or solvent co-injection 
are not yet proven to be commercially viable. 

Alternate central processing facility locations were considered.  The proposed 
location was chosen as the optimum location based on: 

• key learnings from the existing facility,  
• ability to use existing infrastructure, 
• future integration opportunities, and 
• reduction of land use through the use of common corridors. 
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2. GEOLOGY 

2.1 INTRODUCTION 

The MRE project will continue to produce bitumen from the McMurray 
Formation. The proposed expanded PDA has a well density of approximately 
one well per LSD (16 wells/section) over 80% of the estimated resource area.  
Delineation drilling is planned for the 2005/2006/2007 winter drilling seasons to 
bring this to over 90%. 

Based on current mapping there is a sufficiently large resource base (177 million 
cubic meters (1.1 billion barrels) OBIP) to support the MRE project. 

2.2 GEOLOGICAL OVERVIEW 

The PDA is situated along the western edge of the subsurface Athabasca 
McMurray Formation main valley trend, Figure 2.1, within the Athabasca oil 
sands area (Wightman et al, 1995).  The main valley was created by differential 
erosion of southwest-dipping Paleozoic carbonates enhanced by dissolution 
collapse of Prairie Evaporite Formation salts (Wightman et al, 1995).  Lower 
Cretaceous McMurray Formation sandstones comprise the primary bitumen 
reservoir. 

Within the main valley, McMurray Formation sedimentation is attributed to a 
northward flowing river and associated fluvial/tidal estuary.  Following deposition 
of fluvial and estuarine McMurray sediments, a relative drop in sea level caused 
erosion of the upper part of the McMurray.  With a subsequent relative rise in 
sea level, marine Wabiskaw Member sandstones and shales were deposited 
above the McMurray Formation.  Clearwater Formation marine shales and 
siltstones cap the Wabiskaw Member and form an effective seal to the reservoir 
units.  Pleistocene glacial till blankets the Clearwater Formation shales.  The 
thick Birch Channel aquifer cuts through the glacial deposits and into the 
Clearwater Formation shales. 
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2.3 HISTORICAL BACKGROUND 

The depositional interpretation of the McMurray Formation has evolved from the 
1980’s when the McMurray was characterized as a simple three-component 
system: basal sands, cross-stratified sands, and muds.  By 1997, knowledge of 
the McMurray stratigraphy had grown, largely advanced by mineface and 
outcrop work.  It is now interpreted as a more complex multi-stage deposit with 
significant vertical and lateral heterogeneity.  Wightman and Pemberton (1993) 
portray a depositional model using base level change, migration and avulsion of 
channels, and gradual filling of the valley complex punctuated by episodic 
growth. 

2.4 AVAILABLE DATA (LOGS, CORES, GEOPHYSICAL) 

A total of 178 wells have been drilled within the proposed MacKay River PDA. 
For over 90% of these wells, core was cut and recovered from the interval from 
the Wabiskaw Member of the Clearwater Formation to the Beaverhill Lake 
(approximately 60 m per well).  The wells vary in age, having been drilled from 
the 1950’s to the present, with the majority of wells slabbed and analyzed with 
the Dean Stark method. Only a few of the wells have been retained as 
observation wells, the remainder were abandoned immediately following drilling 
operations. 

The petrophysical program for the majority of wells includes the following 
standard suite of logs: 

• deep, medium, and shallow resistivity, 
• gamma ray, 
• spontaneous potential, 
• density porosity, 
• neutron porosity, 
• caliper, and 
• occasionally sonic. 

Some special logging services were conducted within the PDA including 
formation micro imager (FMI), dipmeter, dipole sonic and reservoir saturation 
tool (RST). 

There are 72 km of 2-D seismic and 86 km of Electrical Resistivity Tomography 
(ERT) surveys in and around the MRE PDA.  The 2D seismic was done in 1997 
and 1998.  The ERT surveys were done in the winter and spring of 2005 in 2 
separate programs.  The winter program (14 km) was designed to provide 
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images of the Birch Channel while the purpose of the spring program (72 km) 
was to provide images of the McMurray bitumen filled channel. 

2.5 GENERAL STRATIGRAPHY 

Figure 2.2 depicts the stratigraphic column in the MRE PDA.   Precambrian 
basement rocks are overlain by a 400 m thick section of Devonian clastic, 
evaporite, and carbonate sediments.  In this area, Beaverhill Lake limestones 
are unconformably overlain by the Cretaceous McMurray and Clearwater 
formations, see type well, Figure 2.3.  The Pleistocene glacial deposits 
unconformably overlie the Cretaceous section.     

 The base of the Lower Cretaceous McMurray Formation occurs at measured 
depths ranging from 105 to 155 m.  The McMurray Formation siliciclastic 
sediments are overlain by Wabiskaw Member sandstones and shales that are 
part of the Clearwater Formation.  Four marine flooding surfaces of the 
Wabiskaw are correlated regionally (Wightman et al., 1995).  The top of the 
Wabiskaw is marked by a major flooding surface and deposition of the marine 
Clearwater Formation shales.  Pleistocene glacial deposits up to 70 m thick 
overlie the Clearwater Formation shales. 

2.5.1 Paleozoic 

Figure 2.2 illustrates the Devonian stratigraphy in the general MacKay River 
region.  A total of 4 wells have been drilled to depths of greater than 525 m 
intersecting the Precambrian basement.  Petro-Canada drilled 3 of these wells 
to evaluate the water disposal potential of the deeper Paleozoic formations.   

The Precambrian forms an irregular crystalline basement topography that is 
most likely block faulted.  The basal Paleozoic, consisting of the Granite Wash 
and Basal Red Beds, are composed of fine to coarse quartzose sandstones 
grading upward to red carbonaceous silty shales. These units vary between 3-
16 m in thickness and fill in the lows on the Precambrian paleo-topography.  The 
Granite Wash can have porosities of up to 15% and represents a potential water 
disposal zone if present. 

The Lower Devonian Lotsberg Formation overlies the basal Paleozoic units and 
is locally thickened in the Precambrian basement lows.  It has a diverse lithology 
including red bed sandstones, halite, shale, dolostone, siltstone and anhydrite 
indicative of non-marine, lacustrine and marginal marine sedimentation.   
It varies in thickness from 0-16 m. 
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The Contact Rapids of the Middle Devonian is a widespread unit grading 
upwards from marginal to non-marine sandstones and evaporites into 
increasingly marginal marine dolomitic and shaley sediments.  This progression 
suggests a gradual transgression across a low relief ramp.  The upper contact is 
disconformable with the Lower Keg River Formation. 

 The Middle Devonian Keg River Formation can be subdivided into the Lower 
and Upper Keg River units.  The Lower Keg River basal contact is a hardground 
signifying a major transgressive event over the Contact Rapids platform.  The 
basal facies are nodular limestones grading upwards into organic-rich, 
argillaceous, laminated limestone to dolostone representing deep, open marine, 
conditions.  The unit is generally 4-8 m thick. 

 The Upper Keg River unit is highly variable in thickness (10-50 m) and facies.  
The contact with the Lower Keg River is sharply gradational starting with an 
argillaceous dolomite followed by a stromatoporoid dolostone facies that then 
grades into a nodular dolostone.  Overlying is a fossiliferous to amphipora-rich 
dolostone unit with good vuggy to intercrystalline porosity at its base. Drilling to 
date indicates that the porosity is partly to completely occluded with halite. The 
upper surface of the Keg River is marked by a hardground in contact with the 
anhydrites of the Prairie Evaporites.  The Keg River represents an overall 
shallowing-upwards sequence. The Keg River represents a potential water 
disposal zone where porosity is present. 

 The Prairie Evaporite Formation is a sequence of salt, anhydrite, and dolomite 
that dramatically varies in thickness from 110-200 m in the MacKay River area 
due to salt dissolution.  As a result it indirectly controls the distribution and 
variation of the McMurray Formation.  Selective salt dissolution created collapse 
features that modified the topographic relief on the Pre-Cretaceous unconformity 
surface. 

 The Muskeg, Watt Mountain and Slave Point formations overlie the Prairie 
Evaporites and form a generally uniform thickness throughout the project area.  
The Muskeg consists of dolomites, anhydrites and shales 20 m thick followed by 
a 10 m thick green shale unit of the Watt Mountain, which lies unconformably on 
the Muskeg. The Watt Mountain is subsequently underlain by the Slave Point 
limestone with a thickness of about 18 m. 

 In the Petro-Canada MacKay River lease area, the top of the Beaverhill Lake 
Group forms an erosional unconformity on which the McMurray Formation is 
deposited.  It is comprised of the Firebag, Calamut, Christina, Moberly, and the 
Mildred members. These Members consist of argillaceous limestones 
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interbedded with bluish gray shales that vary in thickness due to erosional 
truncation along the pre-Cretaceous unconformity.  The overall thickness of the 
Beaverhill Lake Group in the MacKay River area is 130–140 m.  The 
argillaceous limestones immediately underlying the McMurray Formation are 
generally tight in this area and form an effective base to SAGD operations.  It is 
the paleotopography on the unconformity surface that directly influences the 
deposition of the overlying McMurray sediments. 

2.5.2 McMurray Formation 

The McMurray Formation is generally regarded as having been deposited within 
a fluvial to estuarine system (Wightman et al., 1995).  Continental Lower 
McMurray shales and wet sandstones fill paleotopographic lows in the Paleozoic 
surface as shown in Figure 2.4.  As such, the aerial extents of the Lower 
McMurray deposits are laterally constrained.  The thickness of the Lower 
McMurray varies from 0–10 m in the MacKay River area.  Middle McMurray 
estuarine sandstones, siltstones and shales sit above the Lower McMurray 
continental sediments as well as lying directly on the Paleozoic unconformity.   
Middle McMurray sediments in the expanded PDA range from 15 to 35 m thick, 
Figure 2.5. 

The base of the Middle McMurray is composed of stacked channel sandstones 
interpreted as fluvial/tidal estuarine deposits.  These trough cross-bedded 
sandstones can also include minor amounts of interbedded siltstones and 
mudstones that make up less than 5% of the total rock volume.  The estuarine 
channel sandstones are bitumen saturated and comprise the primary reservoir 
unit.   

Minor amounts of mud-clast breccia sandstones are formed due to channel 
bank collapse and/or cutting and filling of older channel complexes. These were 
deposited along the margins of the channel. The breccias are sandstone 
supported with high bitumen saturations within the sandstone matrix. Vertical 
permeabilities in the sandstone-supported breccias are sufficiently high to allow 
breccia to be included in the OBIP estimate. 

Individual sand-body geometries are difficult to differentiate and quantify 
laterally.  This includes difficulty in confidently differentiating individual genetic 
units within the highly bitumen-saturated reservoir sandstones, even with core.  
Flach and Mossop (1985, cited below) describe outcrop examples of individual 
point bars in the Middle McMurray as being in the range of several hundred 
meters to two kilometers wide.  They further state that these point bars can 
laterally coalesce into channel deposits several kilometers wide, thus becoming 
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wide channel complexes.  Sand bodies can reach dimensions that are 
kilometers in length, parallel to paleoflow.  The scale of such genetic units can 
only be reliably ascertained by inference from outcrop analogues, or from leases 
with adequate well control. 

Clean channel sandstones typically grade laterally and vertically into 
interbedded sandstones, siltstones and mudstones.  In this context, mudstone 
and siltstone interbeds generally make up less than 15% of the total rock 
volume but locally may be as high as 20%.  The interbedded sandstone unit has 
lower vertical permeability, and is expected to slow the SAGD steam rise rate.   

The channel and interbedded sandstone units are typically capped by 
interbedded mudstones, siltstones  and  sandstones  interpreted  as having 
been  deposited  in  mixed  flat  or  mud  flat environments.   

2.5.3 Clearwater Formation 

 The Lower Cretaceous Clearwater Formation includes marine sandstones, 
siltstones and shales.  It is divided into the Wabiskaw and Clearwater Members.  
The Wabiskaw Member is further subdivided into the Wabiskaw A, B, C and D.  
The sandstones and siltstones of the Wabiskaw Member are identified by the 
presence of glauconitic sands, feldspar and lithic grains.   

2.5.3.1 Wabiskaw Member 

The Wabiskaw D was deposited as marine shoreface sandstones eroded into 
the underlying McMurray Formation.  Throughout the MacKay River lease, the 
Wabiskaw D stacked shoreface sandstones range from 0 to 22 m in total 
thickness.  In the PDA, the Wabiskaw D varies from 0 to 8 m in thickness as 
shown in Figure 2.6   

The Wabiskaw C consists of a regionally continuous marine shales unit capped 
by shoreface to foreshore sandstones and siltstones. The shale unit acts as the 
caprock for the bitumen resource and ranges in thickness from 1 to 5 m over the 
expanded PDA.  It lies conformably on the Wabiskaw D sandstones or 
unconformably on the Middle McMurray where the Wabiskaw D is absent.  The 
uppermost Wabiskaw C is 1 to 5 m thick consisting of fine to medium-grained 
burrowed sandstone.  The Wabiskaw C sand isopach and structure maps are 
shown in Figures 2.7 and 2.8.   

In the expanded PDA, the Middle McMurray oil sand unit is capped by at least 
13 m of Wabiskaw Member marine sandstones and shales.  The Wabiskaw B 
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and A units are composed of 6 to 8 m thick marine shales capping the 
Wabiskaw C sandstone unit.   

2.5.3.2 Clearwater Member 

Most of the Clearwater Formation is composed of marine shales and minor 
siltstones lying directly above the Wabiskaw Member.  In the MacKay River area 
these shales range between 17 and 86 m thick.  

2.5.4 Glacial Drift 

Unconsolidated Pleistocene glacial drift, averaging 15 to 25 m in thickness, has 
been deposited above the Clearwater shales.  This glacial drift comprises clay, 
silt and sand.  The glacial fluvial Birch Channel (Andriashek, 2000) incises up to 
70 m through the drift and into Clearwater shales.  The Birch Channel is filled 
mostly with medium- to coarse-grained feldspathic sand and is capped by a clay 
till aquitard.  Gravel lenses are interspersed within the channel fill.   

 The aquifer has been mapped by the Alberta Geological Survey as an east-west 
trending channel approximately 2 km wide and extending 20 km across the 
Dover and MacKay River project areas (Volume IIB, Groundwater, Figure 2.19) 

2.6 MCMURRAY LITHOFACIES 

The McMurray exhibits a complex and variable assemblage of litho-facies types, 
associations and stacking patterns. The McMurray facies succession owes its 
complexity to the variety of depositional environments contained within the 
formation.  Hein, Cotterill and Barhane (2000) presented a comprehensive and 
complex lithofacies classification for the purpose of categorizing the McMurray 
succession that is very similar to the one set forth by Petro-Canada. 

 Petro-Canada has classified the McMurray at MacKay River using 6 lithofacies 
units largely predicated on the percentage of interbedded mudstone.  These 
units are: 

• Facies 1: Massive to cross-bedded sandstone (<5% mudstone) 
• Facies 2: Sand-dominated IHS (5 – 15% mudstone) 
• Facies 3: IHS (15 – 30% mudstone) 
• Facies 4: Mud-dominated IHS (30 – 70% mudstone) 
• Facies 5: Mudstone (>70% mudstone) 
• Facies 10: Breccias (mudclasts in a sand matrix) 
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Facies 1, 2 and 10 are considered reservoir facies in the calculation of net 
bitumen pay.  

A table of the lithofacies and their associated properties is shown in Figure 2.9.  
Figure 2.10 shows the core photos of each distinct facies type. 

2.7 POTENTIAL GEOPHYSICAL - ERT 

Recent geophysical surveying using ERT in the MacKay River area has yielded 
encouraging results.  The premise of the technology is to image highly resistive 
McMurray bitumen sands that are surrounded by conductive shales and wet 
sands.   This geophysical technique is cost effective and has low environmental 
impact.   

A total of 72 km of ERT was acquired by Petro-Canada in late spring 2005 to 
provide images of the McMurray bitumen filled channel.  The program was 
completed within a month and was conducted along existing roads, right-of-
ways, trails and cut lines.   Additional lines were shot over the existing MacKay 
River Project site to test the viability of imaging the steam chamber and also 
over the Section 16 Project to attain a baseline before steam injection 
commences later this year. 

2.8 GAS AND WATER DISTRIBUTIONS 

2.8.1 Gas 

Minor amounts of natural gas are present in both the Wabiskaw C and D 
sandstones as illustrated in Figures 2.11 and 2.12.  Top gas in the Wabiskaw D 
sandstone and the sandstone itself are both limited to the northern part of the 
MRE PDA.  The gas sand ranges in thickness from less than 1 m to 5 m.  It is 
separated from the McMurray bitumen sand by 1 – 3 m of Wabiskaw D shale. 

Gas in the Wabiskaw C sand is more prevalent but is considerably thinner over 
much of the area ranging between 0 to 2 m in thickness occupying local 
structural highs. In the southern portion of the PDA (92-12W4) the thickness 
ranges from 1-4 m. The Wabiskaw C sand is separated from the McMurray 
bitumen resource by 3–10 m of Wabiskaw C and D shales that thicken to the 
south.   

Petro-Canada owns the overlying Petroleum and Natural Gas rights above both 
OSLs from those lands falling outside the surface mineable boundary.    
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2.8.2 Water 

The Pleistocene Birch Channel is a potable water aquifer. The Birch Channel is 
separated from the underlying Wabiskaw C sandstone by at least 23 m of 
Wabiskaw and Clearwater shales which act as an aquitard.  Well log data and 
piezometer surveys confirm the Birch Channel is unsaturated at the top and is 
an unconfined aquifer at the location of the MacKay River water source test well 
at 02-08-093-12 W4M, Figure 2.13.   

Non-potable water is present in the Wabiskaw C sands underlying the gas 
zones and in the basal McMurray.  In the Lower McMurray, continental 
sandstones are discontinuous and wet.  These wet sandstones are illustrated in 
gross and net thickness maps in Figures 2.14 and 2.15 and are most significant 
in the southern part of the expanded PDA.   Both the Wabiskaw and the wet 
basal McMurray sands are being considered and evaluated as potential water 
disposal candidates.   

Testing of the Paleozoic, specifically the Keg River Formation, as a potential 
deep disposal horizon has been ongoing.  Preliminary results at wells 06-16-
093-12W4 and 09-10-093-12W4, Figure 2.13, indicate that the Keg River has 
limited areal porosity and permeability, much of which is occluded with salt. 

2.9 BASE OF PAY 

 For the expanded PDA, the base of pay structure is shown in Figure 2.16.  The 
base of pay contact may be the Beaverhill Lake Group carbonates, Lower 
McMurray mudstone, or, in very rare instances, Lower McMurray water 
sandstones.  Delineation and potential observation wells will be used to locate 
horizontal well path trajectories along the base of pay interface. 
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3. RESOURCE BASE 

3.1  BITUMEN PAY 

In the MacKay River area, the McMurray Formation is the primary bitumen 
reservoir.  As was discussed in Section 2.5.2, the clean channel sandstones 
typically grade laterally and vertically into interbedded sandstones, siltstones 
and mudstones.  Mudstones generally make up less than 15% of the total rock 
volume within the bitumen pay.  The interbedded sandstone unit has lower 
vertical permeability, and is expected to slow the SAGD steam rise rate.  
Bitumen in the interbedded sandstones is included in OBIP, however a lower 
ultimate recovery is applied.  Testing of the interbedded sandstone at the 
Section 16 project will evaluate its production effectiveness. 

Wabiskaw D sandstones are typically bitumen-saturated, however within the 
PDA these sandstones are less than 5 meters thick and are, on their own, 
uneconomic for a SAGD project.  Wabiskaw D sandstones may have economic 
value where they are in stratigraphic contact with McMurray pay sandstones.  
This occurs on the northern and southern edges outside the PDA.  There may 
be limited contact of the Wabiskaw D during SAGD operations.  The added 
resources are expected to be minimal, therefore the Wabiskaw D has not been 
included in the bitumen volumetrics.   

Wabiskaw C sandstones contain minor and uneconomic amounts of bitumen 
which are separated from the main bitumen reservoir and are not included in 
bitumen volumetrics.  

The channel and interbedded sandstone units are typically capped by the 
Wabiskaw shales. 

3.2 BITUMEN RESERVOIR PARAMETERS  

The Middle McMurray net bitumen pay map, Figure 2.5, illustrates the economic 
distribution of bitumen in the MacKay River area.  The reservoir parameters 
used to develop this map are: 

• Resistivity > 30 ohm-meters (oil saturation > 60%) for clean sands, 
• porosity > 27% (from the density log), 
• gamma ray < 75% API, 
• thickness > 15 meters, and 
• mudstone beds < 2 meters thick. 
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These parameters conform with ID 99-1, EUB Decision 2000-22 and are 
generally accepted within industry. 

Petro-Canada applies a 2 m thickness cutoff as criteria to lateral continuity of 
mudstones.  Mudstones below this cutoff are expected to have limited lateral 
extent and therefore act as baffles to a rising steam chamber.   Reservoir sands 
above these thinner mudstones would be included in the net pay.   However, 
mudstones that exceed 2 m have a higher probability of lateral continuity and 
may impact steam chamber growth.  As a result, sands above these thicker 
mudstone beds are excluded from the net pay. 

McMurray bitumen pay can be defined using a 20 ohm-m resistivity cutoff in 
intervals containing mudstone breccias (Facies 10).  Breccia zones are not 
expected to be laterally extensive and due to the high permeability of the sand 
matrix they are considered to be a reservoir facies.  However, the mud clasts 
volume are subtracted from the rock volume calculations. 

Porosity is derived from the density log to determine net bitumen thickness.  
Porosity from core analysis is commonly too high due to core expansion after 
the removal of overburden pressure when the core is brought to surface.  The 
density log gives a better estimate of in situ porosity. 

The main reservoir facies in the expanded MacKay River PDA is the massive to 
cross-bedded sandstones (Facies 1) with less than 5% mudstone beds.  This 
facies has an average porosity of 33%, bitumen saturation in excess of 12% by 
weight (>70% So) and an expected recovery factor in the order of 70%.  Also 
included in the net pay is the sand-dominated Inclined Heterolithic Strata (IHS) 
(Facies 2) where the mudstone beds are thin and do not exceed 15% of the rock 
volume.  Porosity and weight percent bitumen in this facies is similar to Facies 
1, however, it is understood that the mudstone interbeds may act as baffles to 
steam rise and as a result the recovery factor applied to Facies 2 is 20%.  The 
mudstone volume is subtracted from the rock volume in the OBIP calculation. 

3.3 BITUMEN RESERVOIR VOLUMETRICS 

Original bitumen in place (OBIP) for the McMurray Formation in the expanded 
MacKay River PDA based on the Bitumen Net Pay Isopach map, Figure 2.5, is 
in excess of 177 million cubic meters (1.1 billion barrels).  Applying the recovery 
factors as discussed above, the recoverable bitumen using SAGD technology is 
98 million cubic meters (616 million barrels). 
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4. RECOVERY PROCESS 

4.1 IN SITU RECOVERY PROCESS SELECTION 

The McMurray oil sands formation in the MacKay River area is situated at a true 
vertical depth (TVD) of deeper than 80 m, and is considered more economical 
for in situ production than for current oil sands mining technology. 

For more than 28 years, Petro-Canada and its predecessor companies have 
been assessing in situ technologies suitable for recovering bitumen from the 
Athabasca reservoir.  Some of the major in situ pilots and SAGD development 
projects in which Petro-Canada is involved were previously mentioned in 
Section 1.4 and are described in more detail below. 

 ARCO Pony Creek Cyclic Steam Stimulation (CSS) 
• The Pony Creek In Situ Pilot involved fracturing followed by steam injection. 

 MAISP Mine-Assisted In Situ Project 
• The Mine-Assisted In Situ Project (MAISP) was conducted by Petro-Canada 

on the Suncor mineable lease.  The project used horizontal wells with steam 
based recovery technology.  Due to the relative success of MAISP, it led to 
further research using horizontal wells at the Underground Test Facility (UTF) 
site. 

 Amoco Gregoire Lake In Situ Pilot 
• Petro-Canada participated in the Gregoire Lake In Situ Project (GLISP).  The 

main recovery mechanism studied at GLISP was in situ combustion. 

 PCEJ Hangingstone Electric Pre-Heat Pilot 
• Petro-Canada operated the PCEJ Electric Pre-heat Pilot in the Stony 

Mountain Region of the Hangingstone property.  Electric heat was used to 
create preferential heating paths in the oil sands, and steam was used as the 
drive mechanism for production. 
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PCEJ Hangingstone Single Well and Multiwell CSS Pilots 
• Petro-Canada operated the Hangingstone In Situ Recovery Scheme Pilot, 

which used CSS with vertical and slant wells. 

 Dover Project or Underground Test Facility (UTF) (ongoing) 
• Petro-Canada had an 8.3% working interest in the Dover Project since its 

inception in 1985.  On March 1, 2005, Petro-Canada purchased the 
remaining interest in this project and lease from Devon Canada and became 
the operator and sole working interest owner.  The Dover Project is the first 
pilot in the Athabasca area using dual horizontal well Steam Assisted Gravity 
Drainage (SAGD) technology.  The original wells were drilled from a mine 
shaft.  Subsequent horizontal wells were drilled from the surface to recover 
the bitumen.  It is the longest running SAGD pilot project.   

 JACOS Hangingstone SAGD pilot (ongoing) 
• Petro-Canada receives proprietary information from the JACOS 

Hangingstone Project operated by Japan Canada Oil Sands.  It is located 
approximately 25 km south of Fort McMurray.  Petro-Canada’s Meadow 
Creek property is located approximately 10 km west of the JACOS 
Hangingstone Project.   This ongoing project currently consists of 15 
horizontal well pairs using the dual horizontal well SAGD process. 

 Dover VAPEX Project (DOVAP) (ongoing) 
• Petro-Canada has historically been a 2.063% working interest participant in 

the Dover Vapour Extraction (VAPEX) Project since its inception.  As with the 
Dover project, Petro-Canada purchased Devon’s interest and assumed 
operatorship March 1, 2005.  This increased Petro-Canada’s working interest 
in the pilot to 38.751%.  This two well pair project is field testing the Vapex 
process in the McMurray Formation.  VAPEX utilizes a cold, vapourized 
solvent instead of steam to mobilize bitumen.  The well pairs have been 
started up differently (one cold and one hot) to determine the optimum start-
up strategy for this process.   

 Petro-Canada MacKay River - Section 16 Project (ongoing) 
• In addition to the existing MacKay River Project operations, Petro-Canada 

has also initiated circulation in two additional well pairs on MacKay River 
Project lands on October 5, 2005.  This project’s objective is to demonstrate 
and understand SAGD steam chamber development and bitumen productivity 
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in a reservoir that is more geologically complex than the currently producing 
MacKay River reservoir.  Small volumes of methane will be injected with the 
steam to field test the Steam and Gas Push (SAGP) process in this 
geological environment.  Higher steam injection pressures may also be 
tested, to develop an understanding of the geomechanical effects and 
impacts on SAGD performance. 

 Petro-Canada MacKay River Project (ongoing) 
• Petro-Canada is the 100% owner of the current MacKay River Project.  

Steam circulation commenced in September 2002 into the original 25 well 
pairs.  Two production pads were constructed and produce to the CPF.  Peak 
production to date is 4,130 m3/d (26,000 bpd).  An additional 21 well pairs 
have recently been drilled from two surface pads; pad construction is 
ongoing.  Fourteen well pairs are expected to start circulation in early 2006.  
The remaining 7 well pairs will be placed on production in the future as 
required. 

Based on Petro-Canada’s experience, Petro-Canada believes that SAGD is the 
only field-proven in situ technology capable of economically recovering bitumen 
at the MacKay River Development. 

Petro-Canada acquires the technical data from the Hangingstone and Dover 
pilots and will continue to monitor and apply knowledge gained from these and 
similar pilots to the MacKay River Expansion.  Information from the Dover pilot 
and the current MacKay River Project have been used in the preliminary design 
of the proposed expansion.  The results of the Section 16 Test Project will be 
incorporated into the design as appropriate. 

4.2 MACKAY RIVER RECOVERY PROCESS 

The SAGD in situ recovery process planned for the MacKay River Expansion is 
the same process used at the existing MacKay River Project.  Horizontal well 
pairs are drilled sequentially to meet facility production capability.  An injection 
well is located 5 m directly above a producer, which in turn will be placed as 
close to the base of the bitumen pay section as possible based on local 
geological conditions.  Based on learnings from the MRP and participation in the 
above mentioned projects, well pairs will be drilled as flat as possible, and will 
not follow the undulating base of the reservoir. 

During SAGD, saturated steam is injected into the injection well and mobilized 
bitumen is produced from the production well situated directly below.  The 
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process will be continuous and will avoid fracturing the reservoir.  A field 
bitumen recovery factor in the order of 50-70% of OBIP is expected based on 
pilot performance.  Numerical modeling predicts the bitumen recovery factor 
could reach approximately 80% in the high quality McMurray reservoirs.  
Anticipated recoveries at MacKay River were discussed in Section 3.2. 

The horizontal sections of the wells will range from 500-750 m.  The actual 
horizontal well length will depend on reservoir geology and the drilling pattern 
used for the specific site.  The distance between well pairs (inter-well pair 
spacing) will be between 75-125 m with an approximate 25-50 m separation 
between well pair ends (or tip to tip spacing). 

4.3 START-UP STRATEGY 

The MacKay River area McMurray formation bitumen has an estimated viscosity 
of more than one million centipoise (cp) at original reservoir temperature of 7°C, 
and therefore has no initial mobility.  Bitumen production will begin when 
communication between an injector and its corresponding producer has been 
established as a result of heating the reservoir by steam circulation.  The SAGD 
start-up strategy consists of circulating up to 1750 kPaa saturated steam at 
206°C to raise the reservoir temperature between an injector and producer pair 
to at least the bitumen mobilization temperature.  An estimated two to three 
months of circulation at each well will be necessary to achieve injector producer 
fluid communication.  The steam is usually injected into the long tubing and 
returns to surface via the casing/tubing annulus or short tubing during 
circulation.  From time to time, this specific circulation mode and the circulation 
pressure (hence, temperature) may be varied to optimize the temperature 
distribution in the wells and reservoir. 

4.4 STEADY STATE OPERATING STRATEGY 

Once injector producer fluid communication is achieved, high-quality steam will 
be continuously injected into the injector and bitumen and steam condensate will 
be continuously withdrawn from the producer.  This will allow the formation of a 
steam chamber, the portion of the reservoir from which most of the bitumen has 
been produced and mainly steam vapor remains.  Depending on the geology 
and reservoir quality at the specific location, this SAGD steam chamber will be 
maintained at approximately 1750 kPaa (206°C steam temperature) to ensure 
adequate reservoir heating and to avoid fracturing the reservoir.   

Steam will be injected into both the casing/tubing annulus and the long tubing of 
the injector.  The volume split and the operating pressure may vary between 
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individual well pairs or between well pads to achieve optimum performance.  
The production stream and the pressure drawdown from each well pair will be 
monitored and adjusted continuously to avoid excessive steam production and 
flashing and to yield the optimum steady state bitumen production and steam-oil 
ratio (SOR).  All production wells for the MRE will be equipped with gas lift; the 
provision for incorporation of other lifting options (i.e. pumps) has been included 
in the MRE design.  The field operating strategy will be refined using 
temperature and pressure information collected from potential observation wells 
and from selected production and injection wells.  The data will provide 
information on steam chamber growth and conformance, direction of preferential 
steam movement (if any), injector producer steam coning, and other pertinent 
conditions.  The information can then be used to tune and optimize the SAGD 
recovery process for each individual well pair and pad. 

4.5 WIND-DOWN STRATEGY 

Bitumen production from a horizontal well pair can continue following the 
cessation of steam injection in a SAGD operation.  The length of this wind-down 
production period and the quantity of oil recovered depend on the duration of the 
preceding SAGD operation and on the wind-down strategy adopted.  The 
optimum wind-down strategy and the best time for abandonment of a SAGD well 
pair is an area of ongoing research by Petro-Canada and by industry.  

The wind-down strategy will need to take into account, but not be limited to, the 
following factors:  

• effects of abandoned SAGD steam chambers on the behavior of adjacent 
active SAGD wells,  

• the timing of the wind-down,  
• whether a full or partial pressure maintenance program accompanies the 

wind-down when steam injection is stopped, and  
• what type of fluid is involved, if any, for pressure maintenance during 

wind-down. 

The wind-down strategy implemented for the MacKay River Expansion will 
depend on: 

• field pilot tests,  
• the economic parameters at the time of the wind-down,  
• regulatory requirements, and  
• fuel and commodity prices.  
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The first pads of the MRE will reach their wind-down period approximately eight 
to ten years after first production, or between 2017 and 2019.  The currently 
producing MRP wells will be winding down between 2010 and 2015.  The wind-
down strategy for the new wells will incorporate learnings from the MRP.   

The MRE may adopt one or a combination of the following wind-down strategies 
before a SAGD well pair is abandoned and a well pad reclaimed:   

• no pressure maintenance − blowdown following termination of steam 
injection. 

• no pressure maintenance − periodic steam stimulation followed by 
blowdown once steam injection is stopped. 

• partial pressure maintenance − injection of saline or disposal water, 
followed by blowdown. 

• partial pressure maintenance − injection of non-condensable gas, 
followed by blowdown. 
 

4.6 FUTURE IMPROVEMENTS 

As previously stated, Petro-Canada has a long history of assessing in situ 
technologies suitable for recovering Athabasca oil sands, and continues to be 
engaged in key research projects.  There will be continuous improvements in 
SAGD technology in the future as the industry gains more operating experience.  
Other technologies may provide viable improvements such as: 

• Steam and Gas Push (SAGP), 
• Vapour Extraction (VAPEX), 
• steam injection with additives or solvents, 
• low pressure operations, and 
• heat recovery systems. 

Petro-Canada is currently engaged in research projects on the above 
technologies.  These are key areas that may provide information on viable 
improvements which could be incorporated into the MRE at an appropriate time 
in the future. 
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5. DEVELOPMENT PLAN 

5.1 PROJECT SCHEDULE 

The proposed project schedule, shown in Figure 5.1, is for the initial years of the 
MacKay River Expansion, extending until first steam planned for September 
2009.  This schedule is subject to a number of conditions and uncertainties, 
including availability of capital, internal and external approvals, labour and 
equipment availability, drilling rig availability, market environment and project 
economics.  

5.2 DEVELOPMENT PLAN 

The MRE will increase the total production capability from the MacKay River 
area from the current approved 5,240 m3/d (33,000 bpd) up to 11,600 m3/d 
(73,000 bpd) annual average.   

5.2.1 Development Plan – Existing MRP Processing Facility 

Bitumen for the existing MRP processing facility will continue to be produced 
from the 48 existing well pairs (25 producing, 2 circulating and 21 to be started) 
at Pads 20, 21, 22, 23 and 40 (Section 16).  As production declines from these 
well pairs, new well pairs (located south-west of the current ones and in the 
proposed PDA) will be added.  Approximately 50 well pairs drilled from four new 
pads will be added to develop this bitumen.  The first of these well pads are 
planned for development in 2010.    Following development and depletion of this 
area, drilling will occur directly south of Pads 20 and 21, in an area identified 
and approved as part of the originally approved MacKay River Project.  
Approximately 43 additional wells will be drilled from 7 well pads to develop this 
resource, Figure 1.3.  Therefore the total number of future well pads will be 11. 

The pad development schedule, based on the year of initial clearing, for 
production to the existing MacKay River facility, is shown in Figure 5.2.  The pad 
development sequence will be presented in Section 5.2.3. 

5.2.2 Development Plan – New MRE Processing Facility 

 Preliminary reservoir engineering studies undertaken for the development plan 
for the MRE indicate that during the project life, approximately 145 to 150 well 
pairs may be drilled from 10 surface pad locations, Figure 1.4.  The proposed 
development plan of the new facility assumes approximately 40 horizontal well 
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pairs will be drilled in 2007–2008 from two pad locations.  Clearing activities will 
commence in late 2006.  It is expected that these two well pads will be 
constructed in Sections 16, 17, 20 and 21-93-12 W4M.  An average of twenty 
well pairs will be drilled from each surface pad depending on reservoir 
constraints.  The actual number of well pairs per pad may vary to accommodate 
the results of ongoing engineering studies.  Additional well pairs will be drilled in 
years 2009 to 2032 to the north of the facilities to maintain the plateau 
production rate of the new plant.     

The initial well pairs for the new MRE facility are approximately 1.25 km to the 
north of the new facility, 0.2 km away from the Section 16 Project well pairs, and 
1 km away from the next closest existing well pair at MacKay River Project Pad 
22.  Wells will be drilled sequentially outward from these initial pads to the north 
and south, to minimize the potential for inter-pad interaction.  The existing Pad 
22 and 23 well pairs should be depleted and abandoned prior to the 
development of pads immediately to the north of these pads.   

The proposed pad development schedule for the production going to the new 
facility is shown in Figure 5.3.  The pad development sequence will be 
presented in Section 5.2.3. 

The key development plan parameters for the new facility at the MRE are listed 
in Table 5.1 below: 

Table 5.1 − MRE New Facility – Development Plan Parameters 

Nominal Plant Design Size 6,360 m3/d (40,000 bpd) annual average 
Design Field SOR 2.6 m3/m3

Facility Design Life 20+ years  
Cumulative Oil Recovered 46,000 e3m3 (290 million bbls) 
Initial Well Pairs Required 40 (approximately)  
Well Pair Spacing 75-125 m 
Initial Number of Well Pads 2 pads 
Total Number of Well Pairs 145 – 150 pairs  
Total Number of Well Pads 10  
Individual Well Producing Life 8-12 years (depends on geology & economic 

criteria) 
Individual Well Bitumen Recovery 50-80% of OBIP depending on reservoir 

properties 
Overall Field Bitumen Recovery 50-70% of OBIP 
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The average peak bitumen production rate for each well pair is anticipated to be 
between 120 and 200 m3/d, depending on reservoir properties.  Economic 
conditions such as oil and gas prices and other operating cost components will 
ultimately determine when a well pair will reach its economic limit and be wound 
down and shut in, and when new well pairs will be added. 

As was discussed in Section 2.1, at this time, 80% of the resource area in the 
PDA is delineated and drilled to a density of one well per LSD, which is the 
guideline suggested prior to drilling horizontal wells.  Petro-Canada plans to 
further delineate the area within the next few years.  Based on the currently 
available data, there are sufficient bitumen reserves to sustain a second facility 
at MacKay River for at least 20 years.   

5.2.3 Pad Development Schedule – MacKay River Expansion 

 The proposed sequence for development of all the well pads for the existing and 
new facilities is shown in Figure 5.4.   

5.2.4 Well Pair Spacing and Placement 

The spacing between the existing well pairs is about 100 m.  For the MRE, well 
pair spacing will range from 75-125 m based on local reservoir quality and 
thickness.   

The horizontal well pairs will be drilled as flat as possible with the placement of 
the horizontal producing well at approximately 1-2 m above the base of bitumen 
pay.  Adjustments to the stand-off of the producer will be made based on the 
highest structural elevation of any given well pair, considering the need to 
maintain a level horizontal trajectory.   

5.2.5 Observation Wells and Heave Monitoring 

 There are 13 observation wells associated with the first 2 production pads at the 
MRP.  Six observation wells have been drilled for the next two pads, which will 
be placed on production in 2006 and 2010.  Based on the learnings from these 
pads, and the Section 16 test project (which has 29 observation wells), the 
number of observation wells will be optimized for new pads. 

 At the existing MRP, heave monitoring monuments are in place.  This 
monitoring will continue and the results will be used in future development 
optimization. 



 
AMENDMENT APPLICATION FOR  SECTION 5 
MACKAY RIVER EXPANSION  DEVELOPMENT PLAN 
VOLUME IA:  PROJECT DESCRIPTION   
 
 

November 2005  Page 5-4 

5.2.6 Central Processing Facility Location 

The proposed location for the CPF is directly north of and adjacent to the 
existing facility, at the intersection of sections 5, 6, 7 and 8-93-12 W4M.  Several 
other sites were evaluated. The proposed location was selected primarily 
because the proximity of the two CPF’s will facilitate potential integration 
between the two facilities and the use of existing infrastructure.  Following well 
pad and plant construction, commissioning is scheduled to begin in the third 
quarter of 2009. 

5.2.7 Optimum Technology  

 As previously stated in Section 4, Petro-Canada continues to evaluate 
technologies, with one objective being to lower the project SOR and water 
requirements.  These technologies include non-condensable gas injection 
(Steam and Gas Push – SAGP), solvent co-injection and heat recovery.  These 
technologies may be incorporated into the MRE in the future.  Any 
implementation of different technology or recovery techniques will be the subject 
of separate applications.  The MRE has been designed to accommodate the 
implementation of future technologies.    

5.2.8 Decommissioning and Reclamation 

There is no decommissioning or reclamation of MRE surface facilities planned 
during the first 10 years of operations.  Individual well pairs and therefore pad 
facilities will be operating for 8-10 years after first steam, so initial abandonment 
of wells producing to the new facility is not expected until at least 2017.  As well 
pairs are abandoned, surface facilities and construction materials will be 
relocated and reused as much as practical.  Further details on the abandonment 
and reclamation can be found in the Conceptual Conservation and Reclamation 
Plan in Volume IB, Appendix XI. 

Existing MRP well pairs and pads may be abandoned within the next 10 years.   
The abandonment procedure for the MRP is included as part of the original 
application in the detailed conservation and reclamation plan submitted in 
August 2000. 

5.3 PRODUCTION FORECAST 

 The bitumen production forecasts for the entire MacKay River development are 
shown in Figures 5.5, 5.6 and 5.7.  Figure 5.5 shows the profile for the existing 
MacKay River facility, where production will be 4,770-5,140m3/d (30,000-33,000 
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bpd) after the addition of new wells, until 2024, when decline begins.  For the 
new MRE facility, Figure 5.6, production ramps up, reaching 6,360 m3/d (40,000 
bpd) of bitumen by late 2011.  This production rate is then sustained for 
approximately 18 years, followed by a decline period of several years.  Total 
production from the MacKay River Development is shown in Figure 5.7.  
Additional resource may be produced and processed at the MRP and MRE 
facilities as it is discovered, delineated and ready for development, thus 
extending the facility life.   

 The steam injection profiles for the existing facility, new facility and total MacKay 
River development are shown in Figures 5.8, 5.9 and 5.10, and the produced 
water profiles are in Figures 5.11, 5.12 and 5.13. 

 Operating records and reporting procedures will comply with Part 4 of the Oil 
Sands Conservation Regulations. 
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MacKay River Expansion
Project Schedule

2005 2006 2007 2008 2009 2010 
Activity 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Delineation                         
Feasibility Evaluation                         

Amendment Preparation                         
Amendment Application 

Approval Process 
                        

Clearing                         
Detailed Engineering                         

Procurement                         
Horizontal Well 

Drilling/Completion 
                        

Plant Construction                         
Commissioning                         

1st Steam, Plant Start-up                         
SAGD Operations 

Commence 
                        

FEED & Detailed Engineering

Clearing/Pad Construction

Figure 5.1
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Existing MacKay River Facility
Pad Development Schedule (South of Existing Pads)

Figure 5.2
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New MacKay River Facility
Pad Development Schedule (North of Existing Pads)

Figure 5.3
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MacKay River Expansion
Sequence of Pad Development

Figure 5.4
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Existing MacKay River Facility
Predicted Bitumen Production Forecast

Figure 5.5

Current Well Pairs and Proposed New Well Pairs 
30 kbopd, 4770 m3/d
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New MacKay River Facility
Predicted Bitumen Production Forecast

Figure 5.6

40 kbopd, 6350 m3/d
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Total MacKay River Development 
Predicted Bitumen Production Forecast

Figure 5.7

Combined Existing Plus New Facility
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Existing MacKay River Facility
Predicted Steam Injection Forecast

Figure 5.8

Current Well Pairs and Proposed New Well Pairs
30 kbopd, 4770 m3/d
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New MacKay River Facility
Predicted Steam Injection Forecast

40 kbopd, 6350 m3/d
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Total MacKay River Development
Predicted Steam Injection Forecast

Combined Existing Plus New Facility
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Existing MacKay River Facility
Predicted Water Production Forecast

Figure 5.11

Current Well Pairs and Proposed New Well Pairs
30 kbopd, 4770 m3/d
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New MacKay River Facility
Predicted Water Production Forecast

Figure 5.12
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Total MacKay River Development
Predicted Water Production Forecast

Figure 5.13

Combined Existing Plus New Facility
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6. WELLS 

The SAGD process uses two horizontal wells, a producer and injector, that are 
drilled from surface.  The top well is the injection well in which steam is injected 
to mobilize the bitumen.  The lower well is the production well that allows the 
mobilized bitumen that drains into it to be produced to surface.  Due to the 
shallow depth, the MRE wells will be drilled from surface starting at a 45 degree 
angle.  The lower well is drilled first and after the production well liner has been 
set, magnetic ranging tools are placed inside the production well liner.  The 
injection well is then drilled and ranged to the production well so that it can be 
placed 5 m above the producer.  The length of the horizontal section of the wells 
will vary depending on the geology but will range from 500 to 750 m. 

6.1  WELL PADS 

6.1.1  Well Pad Layout 

 For the MRE, the well pads have been designed to minimize surface impact and 
will be sized for an average of 10 or 20 well pairs, based on the downhole 
geology and the pattern layout.  Initially 40 well pairs will be drilled from 2 - 20 
well pads.  Well trajectories for these initial well pairs are shown on Figure 6.1.   
During the life of the project approximately 230 – 250 new well pairs will be 
drilled from 21 pads. The typical plot plans for both the 10 and 20 well pair pads 
are shown in Section 7, Figures 7.3 a and 7.3 b. 

6.1.2 Well Pad Design 

A 20 well pad will be approximately 200 m wide by 700 m long (14 ha).  A 10 
well pad will be approximately 180 m wide by 460 m long (8.3 ha).  The surface 
spacing between the wells for a single pair will be 15 m from the centre of the 
injector to the centre of the producer.  The distance from the outside of the well 
pair to the outside of the next well pair will be approximately 25 m.  Further 
optimization of the drilling pads, including wellhead arrangement, facilities 
footprint, topsoil storage requirements, and remote sump utilization may further 
reduce the well pad surface impact.  A schematic of these distances is shown in 
Figure 6.2.   

Equipment at the pads will include: 

• wellheads, valves and piping, 
• test and group separator, 
• heat exchanger module, 
• Emergency Shut Down (ESD) and steam pressure reduction valves, 
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• pump building, 
• Motor Control Centre (MCC) building, 
• instrument air building, 
• pop tank, 
• chemical storage tanks, 
• flare stack, 
• emergency generator, 
• transformer, and 
• produced gas compressor and air cooler. 

 
Further details on the well pad design can be found in Section 7. 

  

6.2  DRILLING AND COMPLETIONS 

6.2.1  Drilling 

A schematic of the typical horizontal well pair is shown in Figure 6.3.  The MRE 
wells will be drilled from surface starting at a 45 degree angle.  The 45 degree 
angle is required due to shallow formation depth and the turning radius required 
for horizontal placement when the intermediate casing string is set.  Typical 
horizontal sections will range from 500 to 750 m in length with average true 
vertical depths ranging from approximately 110 to 140 m.  The measured depth 
to the heel of the well will range from 300 - 400 m depending on the landing 
depth and the planned trajectory to place the well at the correct location in the 
producing pattern.  The wells will be drilled with a maximum build rate of 8  per 
30 m.  The total measured depths of the wells will range from 800 to 1,150 m 
depending on the geology of the pattern. Generic well trajectories have been 
established for the first two pads and they are shown in Figure 6.1.  

Petro-Canada has drilled and completed two different sizes of SAGD wellbores 
in order to evaluate economic and performance characteristics.  Forty five of the 
existing well pairs at the MRP have an intermediate casing size of 244 mm (9 
5/8”) and a sand control slotted liner size of 177.8 mm (7”).  Three of the well 
pairs have larger sized intermediate casing size of 339.7 mm (13 3/8”) and a 
sand control slotted liner size of 244.5 mm (9 5/8”).   Petro-Canada is in the 
process of performing a comparison of these wellbore sizes. 

Based on using the same size as the majority of the existing MRP wellbores for 
the new wells at the MRE, a 339.7 mm conductor pipe will be set at a 45  angle 
to a depth of approximately 70 m measured depth (MD) to isolate the basal drift 
in the area.  Surface casing is not required for the wells that are located within 
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10 km of the surface mineable oil sands area as indicated in the AEUB Guide G-
8; Surface Casing Minimum Depth Requirements. 

A 311.2 mm intermediate hole will then be directionally drilled to the target depth 
near the base of the McMurray pay.  The intermediate hole will be drilled using a 
directional assembly, a stabilized mud motor assembly and a measurement 
while drilling system (MWD).  Upon completion of drilling the intermediate hole, 
244.5 mm premium thread casing will be run into the hole and cemented with 
Class G thermal cement.   

Following appropriate cement setting time, a 215.9 mm horizontal hole will be 
then drilled to the target depth.  The horizontal section of the well will be drilled 
with a similar assembly as the intermediate hole.  In addition to the directional 
tools, a resistivity tool may be used to help minimize the probability of drilling 
through non productive zone.  Following the drilling operations a 177.8 mm sand 
control slotted liner will be placed in the wellbore and the liner set at the required 
depth. 

Mud systems are fresh water based with a combination of polymers and 
viscosifiers added to aid in the removal of cuttings from the wellbore. 

A description of the common constituents of the returning drilling fluid is 
provided below: 

• fresh water, 
• drilled cuttings, possibly some gravel, shale, mudstones and oil sand, 
• potassium sulfate salt to control oil sand sticking to metal bit/drill string 

and to provide clay inhibition/borehole stability, 
• FLR (Fluid Loss Reducer): modified starch, to reduce fluid loss through 

filter cake, and 
• small amounts of specific additives to control mud viscosity, fluid loss, 

foaming, and other characteristics. 

Details of handling the return drilling fluid volume are discussed further in the 
Waste Hydrocarbon and Chemical Management Plans, Volume IB, Appendix VI.  
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6.2.2 Completions 

6.2.2.1 Production Well Completions 

The producing wells will be completed with two strings of tubing.  The long string 
will be placed at the toe of the production well and the short string will be placed 
at the heel.  It is planned that these strings will be 88.9 mm (3.5”) O.D.  The long 
string will have premium tubing in the intermediate casing section and External 
Upset End (EUE) tubing with beveled couplings in the horizontal section.  The 
short string will be 88.9 mm (3.5”) EUE tubing. 

The production well liner will be slotted with 10/1000 inch straight cut slots, the 
same as the MRP wells which have been observed to produce only small 
amounts of fines during the initial start-up and minimal amounts of fines 
thereafter.  The liner will be set in the intermediate casing with a liner hanger 
rated for the service conditions of the well. 

Coiled tubing gas lift lines, 25.4 mm (1”), will be placed in both the long and 
short tubing strings to just above the heel section of the production wells.  

Up to 25% of the producing wells will be instrumented with either 
thermocouples, fibre optics and/or pressure sensors.  Current design places the 
instrumentation inside coiled tubing to the toe of the wellbore.  

6.2.2.2 Injection Well Completions 

The injection wells will be completed with one string of 114.1 mm (4.5”) tubing to 
the toe of the well.  During SAGD operations steam will be injected in both the 
casing/tubing annulus and in the long tubing string to distribute steam to the 
heel and toe of the well. 

Currently, there are no plans to instrument the injection wells.  

6.3  OBSERVATION WELLS 

A schematic of the proposed observation well design is shown in Figure 6.4.  
The observation wells for the MRE will be constructed incorporating the 
learnings from the installation and operation of the existing MRP observation 
wells.  The observation wells will be cased with 114.1 mm casing with premium 
thread connections.  The 114.1 mm casing will allow logging tools to be used in 
the wells for steam chamber evaluation.  The wells will be equipped with fibre 
optics to monitor temperature changes in the wells so that steam chamber 
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development can be monitored.  Select observation wells may be equipped with 
pressure and temperature sensors above the caprock to ensure that caprock 
integrity is maintained. 

6.4  WATER SOURCE AND DISPOSAL WELLS 

6.4.1 Source Wells 

A schematic of the proposed water source well design is shown in Figure 6.5.  
The design for the water source wells for the MRE will be the same as the 
existing MRP wells.  A 219 mm (8.63”) casing will be set and cemented above 
the Birch Channel Formation.  Drilling will continue into the Birch Channel.  A 
wire wrapped sand screen will be placed in the wellbore, gravel packed with  
proppant and landed on a liner hanger.  An Electrical Submergible Pump (ESP) 
will then be placed in the well and be set just above the top of the liner hanger.  

6.4.2 Water Disposal Wells 

A schematic of the proposed water disposal well design is shown in Figure 6.6.  
Pending further evaluation of the Wabiskaw, Keg River and Basal McMurray 
Formations, and upon approval, the disposal wells will be drilled into the 
formation that best demonstrates capability and capacity.  Following the drilling 
operations the wells will be completed and tested in accordance with the 
requirements outlined in EUB Guide G 51: Injection and Disposal Wells.  The 
water disposal wells will be cased with 139.7 mm (5.5”), J-55 casing.  The wells 
will then be perforated and a packer on 73 mm tubing will be set above the 
perforations. The tubing/casing annulus will be circulated to corrosion 
inhibited/oxygen scavenged water to isolate the injection fluids from the 
casing/tubing annulus.   

6.5 WELLHEADS 

Wellhead and valve design for the water source and disposal wells are shown 
on Figures 6.7 and 6.8.   

The water source wellheads will be equipped for an ESP cable and tubing.  A 
valve will be used to isolate the well, and pressure gauges will be installed.  The 
water source wells will be equipped with valves rated for 14 MPa and will 
withstand the maximum pressure that the bottomhole pump will be capable of 
delivering.   
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The water disposal wells will be equipped with a standard wellhead for water 
disposal.  The annulus will be isolated so that the AEUB packer isolation testing 
can be completed.  The annulus will be filled with corrosion inhibitor and oxygen 
scavenger.  All fluid-wet parts of the wellhead will be Teflon impregnated to 
minimize any corrosion.  The wellheads will be rated to the maximum wellhead 
injection pressure which is estimated to be 21 MPa. 

The SAGD production wellheads, Figure 6.9, are designed to accommodate the 
long and short tubing, the gas lift lines and the instrumentation coil.  The 
production wellheads will be equipped to enable a slip stream of steam to be 
injected into the casing/tubing annulus to allow for heating of the tubulars.   

The injection wellheads, Figure 6.10, are designed to accommodate the long 
tubing.  They are designed to allow steam to be injected into the tubing and/or 
down the casing/tubing annulus of the well.   

6.6 FIELD FACILITIES 

As shown in Figures 7.3a.and 7.3b the plot plan layouts are designed for 10 or 
20 well pair pads.  The pad facilities will include: 

• the well pairs, valves and wellheads, 
• emulsion pipelines from the production wells to the manifold of the testing 

facilities, 
• steam pipelines from the steam delivery point to the injection wells, 
• gas lift lines and a gas delivery point to the production wells, 
• electrical transformer and delivery point to the pads, and 
• instrumentation and electrical control systems, MCC and control panels.  

Steam will be delivered to the pads from the central facilities.  The steam 
pressure will then be reduced and delivered to the wellhead of the injection 
wells. The steam will be delivered under rate control with an overriding pressure 
control and shutdown.   

Fluid from the production wells will be produced from both the long and short 
tubing strings.  These two fluid streams will be commingled before they flow to 
the group separator or the test separator.  Following separation, the produced 
fluid and produced gas will be transported back to the CPF in separate lines. 

Gas lift gas will be delivered to the pads from the gas metering station at the 
CPF.  The gas pressure will be reduced and then delivered to the gas lift lines in 
both the long and short tubing strings of the production well.  The gas will be 
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circulated downhole to reduce the density of the fluid in both strings. The gas 
will then be produced to the separator where it will be separated from the fluids, 
be compressed and flow back to the CPF to be used as boiler fuel.  

Electrical power for the pads will be delivered from the central substation at the 
existing site via overhead power lines from which it will be dropped to a 
transformer at the pad sites. The power will then be distributed from the 
electrical panels in the MCC to the required locations at the pad. 

Further details on the pad facilities can be found in Section 7. 

6.7 SAGD WELL INTEGRITY 

The production and injection wells will be designed to ensure both tubing and 
casing integrity.  In both the production and injection wells, premium casing will 
be used as the intermediate casing.  The premium connections use a metal to 
metal seal to minimize the likelihood of leakage at the connection.   Bond logs 
will be selectively run to demonstrate cement integrity and quality. 

Pad operators will visually check the condition of the surface equipment and the 
well operating conditions twice per day, or every twelve hour shift.  The injection 
and production well pressures, rates and temperatures will be automatically 
monitored and trends will be evaluated by the operations staff.  Appropriate 
shutdowns will be programmed into the monitoring systems and if the shutdown 
values are exceeded, the well will be shut in, the system will alarm and 
operators will be notified of the situation.  The situation will be evaluated by the 
operators to confirm well integrity.  If well integrity is not confirmed, the well pair 
will remain shut in until a detailed evaluation is completed.  If a casing failure is 
confirmed remedial operations will be implemented and if the well can not be 
repaired it will be abandoned. 
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MacKay River Expansion
Horizontal Well Schematic

Figure 6.3
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7 FACILITIES 

7.1  INTRODUCTION 

The existing MRP consists of a CPF, a cogeneration facility for electricity and 
high pressure steam production, field steam injection and production facilities 
and associated pipelines, and bitumen storage and shipping facilities.  Sweet 
natural fuel gas for the cogeneration and plant usage is supplied from the Nova 
transmission system.  Electricity produced by the cogeneration unit is exported 
through the Dover substation, which is located approximately 2 km from the 
CPF. 

 The MRE may add facilities to the existing MRP.  The MRE will consist of a new 
central processing facility located north of and adjacent to the existing MRP 
CPF, two 85 MW cogeneration units, field steam injection and production 
facilities, and associated pipelines.  The new facility is designed to produce 
6,360 m3/d (40,000 bpd) of bitumen product which will increase the total MacKay 
River bitumen production to 11,600 m3/d (73,000 bpd). 

 Major components of the new CPF will include steam generation equipment 
(both conventional and cogeneration), production treatment, water treatment, 
produced gas treatment, product storage, production recycle facilities, water 
recycling and make-up, and process utilities. 

 Field facilities will consist of access roads, production pads with wells, fluid 
measurement and separation facilities, steam distribution pipelines, gas and 
liquid production gathering systems, and utilities.  

7.2 ROADS AND PRODUCTION PADS 

The main access road to the Petro-Canada MacKay River facilities will continue 
to be the former Dover road.  To handle construction traffic, the MRE may 
require an upgrade to the existing MacKay River bridge which is located 
approximately 7 km south of the existing MacKay River CPF.   

Wherever possible, within the proposed PDA, the secondary access roads, field 
electric power lines, piperacks and pipelines will share a common right-of-way 
(ROW) to minimize land use.  The existing ROW will be used or expanded to 
accommodate new facilities access where possible. 



 
AMENDMENT APPLICATION FOR  SECTION 7 
MACKAY RIVER EXPANSION  FACILITIES 
VOLUME IA:  PROJECT DESCRIPTION   
 
 

November 2005  Page 7-2 

Exact pad locations and field access road/piperack routing will be based on the 
location of bitumen resource, mitigation of environmental effects and 
optimization of project capital and operating expenditures.  A schematic of the 
preliminary pad and access road layout, overlain with the development area 
isopach contours is shown in Figure 7.1.  Modifications to the proposed layout 
may be required to accommodate natural drainage patterns, soil analysis and 
optimization of resource development. 

An estimated 10 pads will be constructed over 20 years to produce to the new 
CPF; there will be an estimated 11 new pads to produce to the existing CPF .  
Present pad designs are based on drilling patterns which accommodate either 
large pads or small pads.  Large pads will consist of approximately 20 well pairs 
with 200m by 700m of required surface area for each pad.  Small pads will 
consist of approximately 10 well pairs with 180m by 460m of land use for each 
pad.  The total cleared area for the MRE is approximately 318 hectares, which 
includes approximately 19.5 km of access roads.  Initially 2 large pads will be 
constructed, with the development of the remaining pads and access roads 
scheduled to maintain the design production rate.  The maximum plot space of 
the new CPF is approximately 650m by 900m for a total area of about 59 
hectares.  

7.3 STEAM GENERATION 

The majority of steam for the MRE CPF will be from two cogeneration once 
through heat recovery steam generators (OTHRSGs) with duct firing, rated at 
239 MW each of absorbed duty.  The cogeneration units will be located within 
the central facility plot space.  Each cogeneration gas turbine will generate 
nominally 85 MW of electricity.  A portion of this electricity will supply the new 
facility’s electrical demand of about 17 MVA.  The excess cogeneration capacity 
will be delivered to the Dover substation and marketed through the Alberta 
electrical grid.  Further discussion on the cogeneration units, electrical 
transmission lines and substations is in Section 9 – Infrastructure. 

Two conventional once through steam generators (OTSGs) will supplement the 
steam supply from the cogeneration units, each with a rating of 67 MW of 
absorbed duty.  At the peak steam injection rate, all of the OTSGs will be 
required to supplement steam generation of the OTHRSGs.  The conventional 
steam generators will also be used for start-up and to provide steam generation 
during cogeneration unit outages. 

A high pressure, sweet gas system which is separate from the central facility 
fuel system, will provide fuel gas to the cogeneration gas turbines.  Fuel gas for 



 
AMENDMENT APPLICATION FOR  SECTION 7 
MACKAY RIVER EXPANSION  FACILITIES 
VOLUME IA:  PROJECT DESCRIPTION   
 
 

November 2005  Page 7-3 

the OTHRSG duct burners and the OTSG burners will be provided from the low-
pressure mixed fuel gas system.  The mixed fuel gas system will contain the 
sour produced gas and sweet purchased Nova gas. 

Feedwater for the steam generators will consist of treated produced water from 
the water treatment units, recycled blowdown water from the low pressure 
steam separator, steam distillate from the evaporator system, plus a small 
volume of source well make-up water.  Water make-up requirements, treatment, 
recycle and disposal are discussed in detail in Section 8. 

The boiler feedwater (BFW) is circulated at a rate of 23,888 m3/day through the 
inlet emulsion cooler and the produced water heat exchangers, to preheat the 
water to about 124° C.  The BFW then flows through the boiler blowdown heat 
exchangers where it is further heated to 145° C, prior to entering the high 
pressure BFW pumps.  The high pressure BFW pumps raise the pressure of the 
feedwater to 11,650 kPag and deliver the BFW to the steam generators.  Steam 
at the outlet of the steam generators has a quality of 75%, and is delivered to 
the high pressure steam separators.  The outlet of the steam separators 
produce 17,916 m3/day (cold water equivalent or CWE) of 100% quality steam 
and a blowdown stream of 5,972 m3/day of water. 

The majority of the 100% quality steam is delivered to the steam injection wells 
via the field steam distribution system.  A small portion of the steam is used for 
utility steam within the CPF. 

The pressure of the high pressure steam separator blowdown water is reduced 
to 5,370 kPag and the steam and liquid water are separated in a medium 
pressure steam separator.  The medium pressure steam is used to preheat the 
diluted bitumen (dilbit) prior to the diluent recovery flash system.  The remaining 
blowdown water is further reduced to 1,000 kPag and separated in a low 
pressure steam separator.  The low pressure steam is combined with the 
condensate from the dilbit steam preheater and exchanges heat with a portion 
of the BFW.  The combined steam condensate is then cooled in a glycol heat 
exchanger.  A portion of the steam condensate is delivered to the desalting units 
and the excess is routed to the weak acid cation (WAC) polishing units and 
injected into the BFW stream.  The low pressure blowdown water exchanges 
heat with the remaining BFW and is used to heat the sales bitumen.  The low 
pressure blowdown water is then cooled with cooling glycol.  Two thirds of the 
low pressure blowdown water is recycled to the warm lime softener (WLS) while 
the remaining third is sent to the evaporator system, which is described in detail 
in Section 8. 
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A schematic of the steam generation system is shown in Figure 7.2. 

7.4 DISTRIBUTION AND GATHERING SYSTEMS 

Most of the distribution and gathering system pipelines for the MRE will be 
constructed above ground, except for the water source and disposal pipelines, 
to minimize soil disturbance, facilitate inspection and maintenance and simplify 
and minimize future reclamation.  Distribution system pipelines from the CPF to 
the pad sites include steam pipelines and a gas pipeline.  Gathering system 
pipelines from the pads to the CPF consist of a produced liquid pipeline and a 
produced gas pipeline.  The pipelines will be mounted on above ground 
piperacks, which will run parallel to and on the same ROW as the access roads.  
The above ground power lines to the pads will also be located within this ROW.   

The 100% quality steam from the CPF will be delivered to the field via an 
insulated steam pipeline.  Smaller lateral distribution pipelines branch from the 
main steam pipelines to deliver the steam to each pad. 

The produced liquids gathering system will carry the bitumen/water mixture from 
the pads to the CPF via an insulated pipeline.  The produced gas gathering 
system will carry produced gas, lift gas and water vapour from the pads to the 
CPF via an insulated pipeline. 

7.5 PAD LAYOUT AND FACILITIES 

Present pad designs are based on drilling patterns which accommodate either 
large pads or small pads.  Large pads will consist of approximately 20 well pairs 
with 200m by 700m of surface area.  Small pads will consist of approximately 10 
well pairs with 180m by 460m of surface area.  Plot plans of the typical pad sites 
are shown in Figures 7.3 a and b. 

Each pad will consist of: 

• production and injection wellheads, 
• production and injection manifold headers, 
• a transformer, 
• an electrical MCC,  
• an emergency electrical generator, 
• produced fluid measurement and separation facilities, 
• a produced gas cooler and compressor, 
• production pumps, 
• a process building, 



 
AMENDMENT APPLICATION FOR  SECTION 7 
MACKAY RIVER EXPANSION  FACILITIES 
VOLUME IA:  PROJECT DESCRIPTION   
 
 

November 2005  Page 7-5 

• a pop tank, and 
• an emergency flare. 

A process flow schematic for the well pairs, steam injection, fluid production 
manifold headers and separation equipment is shown in Figure 7.4.   

The high pressure steam from the distribution pipeline is delivered to the pads 
and is reduced to approximately 4,000 kPag before entering the steam 
separator where the steam and condensate are separated.  The condensate is 
first cooled by heat exchange with the produced liquids, then injected into the 
produced liquids pipeline and returned to the CPF.  The 100% quality steam is 
delivered to each injection wellhead under flow control with overriding pressure 
control, to ensure that the bottomhole pressure does not exceed a preset 
pressure.  An emergency shutdown valve (ESDV) on the injection wellhead will 
stop the injection steam flow if the injection pressure is over the control limit.  

The production well produces under backpressure control.  During conversion to 
SAGD mode and normal operation, the well is not expected to flow to surface.  
Lift gas will be injected into coiled tubing strings placed in the production well 
long and short tubing.  The lift gas will be injected under flow control, to provide 
the required lift for the desired production rate.  To protect the pad production 
facilities from overpressure, the ESDVs on the production well will block in the 
production wellhead and the lift gas injection, if the production wellhead 
pressure is over a preset limit. 

The produced fluids will flow through a gathering header to the separator in the 
pad process building, which contains a test separator, a group separator, liquid 
product pumps, and measurement and control equipment.  Each production well 
has a dedicated set of valves, which route the individual well production to either 
the test separator or the group separator inlet headers.   

To monitor the performance of the production wells, the production from a single 
well is routed to the test separator where the vapour and liquid phases are 
separated.  The vapour phase is metered under backpressure control and the 
vapour is delivered to the produced gas air cooler.  The liquid phase is pumped 
from the test separator under level control and flows through a cumulative flow 
meter to measure total liquid flow rate.  A water cut probe inserted in this stream 
determines the relative volume fraction of oil and water phases.  The water cut 
probe reading combined with the total liquid meter flow rate provides the 
bitumen and water production rates for the test production well.  The test 
production liquids are then pumped to the inlet of the group separator. 
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The group separator collects production from the production wells that are not 
on test and the produced liquid phase from the test separator.  The vapour 
phase from the group separator is metered under backpressure control and the 
vapour, after being combined with the test separator vapour, is delivered to the 
produced gas air cooler. The group separator liquid phase is pumped from the 
group separator under level control, and flows through a cumulative flow meter 
to the produced liquid pipeline. 

As the pressure of the produced vapour phase is too low to flow directly to the 
CPF, and since the majority of the produced vapour is water, the stream must 
first be cooled to condense the bulk of the water.  The cooled stream then flows 
to the produced gas separator.  The gas from the produced gas separator is 
then compressed and sent to the CPF via the produced gas pipeline.  The 
condensed water is pumped to the produced liquids pipeline.   

A pop tank is provided at each pad to collect emergency liquid relief, liquids that 
are drained from the separator vessels and liquids that are recovered in the flare 
knockout drum.  Liquid that is collected in the pop tank will be trucked out and 
delivered to the CPF for treatment. 

In the event of an overpressure of the produced gas system, the pressure relief 
valves (PSVs) in the system will relieve to the emergency flare system to 
provide safe flaring of the gas.  A manual blowdown of the produced gas system 
to the emergency flare is also provided to allow safe discharge and combustion 
of the produced gas while the well pad facilities are depressured.  Liquids from 
the flare knockout drum will be pumped to the pop tank for storage and 
recovery.  

To minimize the potential for fines production from the wells, fines-control slotted 
liners will be installed in the wells.  As the quantity of produced fines during 
normal production is expected to be low, the fines will carry through the group 
and test separators with the produced fluid.  During turnarounds, any 
accumulated fines or sludge will be removed from the separators and delivered 
to the desand tank at the CPF.   

7.6 PRODUCTION TREATMENT SYSTEM 

The produced gas and produced liquid gathering systems deliver the pad 
production to the CPF production system as shown in Figure 7.5.  The produced 
liquid stream will consist of approximately 6,360 m3/day of bitumen and up to 
17,600 m3/day of water.  The produced gas stream will consist of approximately 
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9.8 e3sm3/day of produced gas, 3.5 m3/day (CWE) of steam and up to 200 
e3sm3/day of lift gas. 

The produced fluid enters the CPF and is combined with the recycled off-
specification (off-spec) bitumen and slop liquid after the emulsion/boiler 
feedwater trim heat exchanger.  The produced fluid is then combined with about 
1,270 m3/d (8,000 bpd) of naphtha diluent prior to entering the free water 
knockout (FWKO) drum at approximately 133° C.  

The dilbit in the FWKO drums has a low enough specific gravity and viscosity to 
provide a separation driving force between the water phase and the dilbit phase.  
The bulk produced water phase is heavier than the dilbit phase and drops to the 
bottom of the vessel, where it is drawn off under interface level control.  The 
FWKO drums are provided with desanding capability to allow circulation of 
produced water to sweep any produced fines from the vessels.  The desand 
water with entrained fines is routed to the desand tank, where solids accumulate 
and are dewatered by gravity separation.  The separated water is collected and 
recycled to the skim tanks.  The fines are periodically collected and trucked to a 
suitable landfill site.  This is discussed further in Volume IB Appendix VI, the 
Waste Hydrocarbon and Chemical Management Plans. 

The dilbit emulsion exiting the FWKO drums will contain about 15% water.  It is 
mixed with the remaining 847 m3/d (5,333 bpd) of the naphtha diluent before the 
dilbit enters the treaters.  The hydrocarbon portion of the emulsion delivered to 
the treaters will consist of about 25% naphtha diluent.  The design operating 
temperature of the emulsion stream is 128°C. The combination of the treater 
internals design, fluid residence time, chemical addition and dilbit specific gravity 
will separate the water and bitumen phases.  The produced water phase is 
heavier than the dilbit phase and drops to the bottom of the vessel, where it is 
drawn off under interface level control.  The produced water from the treaters 
combines with produced water from the FWKO drums and flows to the produced 
water/boiler feedwater heat exchangers.  The treaters are provided with 
desanding capability to allow for circulation of produced water to sweep any 
produced fines from the vessels.  The desand water with entrained solids is 
routed to the desand tank. 

The dilbit exiting the treater, will contain less than 0.5% of Basic Sediments and 
Water (BS&W) and is pumped to the desalters.  Each desalter train consists of 
two vessels in series with counter-current flow.  The design is necessary to 
assure less than 5 ppmw chlorides content in the sales bitumen.  The desalter 
units are similar in design to the treaters, but they contain electrostatic grids to 
assist with coalescing of the small dispersed water droplets that do not readily 
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separate by gravity from the dilbit continuous phase.  The diluted produced 
water phase drops to the bottom of the vessel, where it is drawn off under 
interface level control to the produced water deoiling system.  Both stages of the 
desalters are provided with desanding capability to allow for circulation of the 
produced water to sweep any produced fines from the vessels.  The desand 
water with entrained solids is routed to the desand tank. 

Water that is recirculated from the second stage desalter is mixed with the inlet 
dilbit stream of the first stage desalter, to dilute the inlet bitumen produced water 
droplets. 

The dilbit from the first stage desalter will contain less than 0.5% BS&W.  Before 
entering the second stage desalter, the dilbit is mixed with steam condensate 
from the low pressure steam system to further dilute the remaining produced 
water droplets.  The second stage desalter operates similarly to the first stage 
desalter, relying on the electrostatic grids to coalesce small water droplets so 
that the diluted produced water can be separated by gravity.  The diluted 
produced water phase drops to the bottom of the vessel, where it is drawn off 
under interface level control and routed to the inlet of the first stage desalter.    

The dilbit from the second stage desalter, which will contain less than 0.5% 
BS&W, is pumped through the diluent recovery unit (DRU) feed/bottoms 
exchanger and then through the medium pressure steam heater, prior to flowing 
through a pressure control valve and entering the diluent flash drums at 50 kPag 
and 243° C.  At the flash drum conditions, over 90% of the diluent component is 
vaporized, along with essentially all of the remaining water.  The bitumen 
product from the diluent flash drums is pumped under level control through the 
DRU feed/bottoms exchanger and then through the bitumen product glycol 
cooler.   The cooled bitumen product at 95° C is then metered and sent to the 
third-party product storage and shipping facilities. 

The vapour from the diluent flash drum is condensed using an aerial cooler.  
The condensed diluent enters the DRU overhead drum, which is a three phase 
separator.  The recovered diluent is pumped to the diluent storage tank and the 
recovered water is pumped to the produced water skim tank.  The DRU 
overhead drum is provided with a gas blanket that operates on back pressure 
control.  Excess vapour from the DRU overhead drum is collected by the vapour 
recovery unit (VRU) compressors and delivered to the fuel gas system.  
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7.7 PRODUCT STORAGE 

Within the third-party facilities, sales bitumen storage will be provided for 3 days 
of production.  Disposition of sales bitumen from the storage tanks is covered 
under Section 9 - Infrastructure.  

In addition to bitumen product storage at the third-party facilities, a storage tank 
is provided within the CPF for one day of off-spec bitumen production.  Off-spec 
bitumen is either diverted from product storage prior to the custody transfer 
meter, or metered and returned to the CPF from the third party shipper.  The off-
spec bitumen is pumped or recycled to the inlet of the plant, to be combined with 
the produced liquid, prior to the FWKO drums. 

Both the sales bitumen and off-spec bitumen storage tanks are blanketed with 
fuel gas to prevent fugitive emissions.  The tank vapour is collected by VRU 
compressors and delivered to the produced gas system. 

All tankage will be constructed to comply with the AEUB guidelines. 

7.8 PRODUCED GAS SYSTEM 

The produced gas from the pad gathering system is combined with the desalter 
off-gas, gas from the treating train off-gas separator and gas from the VRUs.  
The combined stream enters the produced gas knockout drum and the vapour 
phase flows to the mixed fuel gas drum, where it is mixed with purchased Nova 
gas.  This gas is supplied to the OTHRSG duct burners and the OTSG burners.  
The produced gas system schematic is shown in Figure 7.6. 

Treating train off-gas (from the FWKO drums, treaters and desalters) contains 
condensable hydrocarbon liquids and is cooled by glycol heat exchange prior to 
entering the three-phase treating train off-gas separator, to recover both water 
and liquid hydrocarbons.  Liquid hydrocarbons are delivered under level control 
to the diluent storage tank.  Water is delivered under level control to combine 
with liquid from the produced gas separator and is delivered to the de-oiling 
system skim tank.   

Gas from the produced gas separator is slightly sour, but does not contain 
sufficient H2S to require sulphur recovery as the quantity of H2S in the produced 
gas is expected to be less than 0.95 tonnes per day of sulphur equivalent for 
both the existing MRP and MRE. 
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7.9 UTILITIES 

The major utilities in the new CPF are: 

• the glycol cooling/heating medium system,  
• the fuel gas systems,  
• the instrument air system,  
• the electrical distribution systems, 
• the VRU, and 
• the flare systems. 

 

7.9.1 Glycol System 

The glycol cooling/heating system is a closed-loop system.  The system 
provides cooling of the process streams, preheat for combustion air, building 
heat, heat tracing for equipment and piping, and temperature maintenance in 
the storage tanks.   

The warm glycol after the cooling cycle is pumped by glycol circulation pumps to 
the aerial coolers.  The warm glycol is cooled down to 45°C and circulated to the 
plant process coolers, where the glycol is heated to 90-100°C.   

The glycol is then heated to 100°C through a glycol trim heater.  The hot glycol 
is utilized as a heating medium for all the plant heating services.  After the glycol 
cooling cycle, the warm outlet glycol, around 70°C, is then recirculated to the 
aerial coolers and completes the cooling/heating cycle.  Normally the glycol 
heating system is balanced to deliver a 100°C return glycol to the glycol trim 
heater inlet, so the heater is normally not firing.  However, the glycol trim heater 
is required during plant outages, plant start-up/shutdown and during period of 
low production. 

7.9.2 Fuel Gas Systems 

The main fuel gas system consists of a sweet fuel gas heater, pressure 
regulation and fuel gas scrubbing facilities.  Pipeline quality sweet natural gas 
will be delivered by the Nova Transmission system (NGTL) to a metering and 
regulating station at or adjacent to the existing MRP metering station.  Further 
details are provided in Section 9 – Infrastructure. 

The four fuel gas systems required for the MRE facilities are described below: 
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1. The high-pressure sweet fuel gas system will operate at 4,350 kPag and 
will supply high-pressure gas to the production pads.   

2. The medium pressure sweet fuel gas system will operate at 2,415 kPag 
and will supply medium-pressure fuel gas to the cogeneration gas 
turbines. 

3. The dry, low-pressure sweet fuel gas system will operate at 1,200 kPag 
and will provide tank blanket gas, purge gas and pilot gas.  It will also 
supply fuel gas for the glycol trim heater, the slop treater, the office and 
warehouse complex.   

4. The mixed fuel gas system will operate at 250 kPag and will provide fuel 
gas (sweet natural gas combined with sour produced gas) to the 
OTHRSG duct firing and the OTSGs. 

 
7.9.3 Instrument Air System 

The CPF instrument air system consists of two air compressors, air dryers and a 
receiver tank that provides 1,200 sm3/hour of dry air at 870 kPag, to supply 
instrument and utility air demand.  To ensure the air supply is available during 
an electrical outage, one of the compressors is connected to the emergency 
generator electrical bus. 

Each well pad includes an instrument air system that consists of two air 
compressors, air dryers and a receiver tank that provides 300 sm3/hour of dry 
air at 870 kPag, to supply instrument and utility air.  To ensure the air supply is 
available during an electrical outage, one of the pad compressors is connected 
to the emergency generator electrical bus. 

7.9.4 Electrical Distribution Systems 

The main utility substation will receive power at 25 kV from the MRE 
cogeneration unit substation.  A back-up power supply will be available from the 
cogeneration unit substation at the existing MRP CPF and from the 240 kV utility 
transmission line. 

Power to the well pads will be distributed by 25 kV overhead transmission lines 
that will be routed in a corridor with the common access road and pipeline ROW.  
A 25 kV/480 V step-down transformer at each pad will provide 480 V power for 
distribution to the end devices.  Lighting transformers will be used to supply 
208V and 120 V power to lighting fixtures, fractional horsepower motors and 
heat tracing loads.  Each well pad will be supplied with a 150 kW – 480 V 
emergency generator that will be connected to an emergency power bus to 
provide power to critical equipment during electrical outages. 
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Power to the MRE CPF will be provided at three levels.  Large motors will be 
supplied with 4,160 V power from 25 kV/4160 V step-down transformers.  The 
majority of end devices will be supplied with 480V power from 25 kV/480 V step-
down transformers.  Lighting transformers will be used to supply 208 V and  
120 V power to lighting fixtures, fractional horsepower motors and heat tracing 
loads. 

A 24 VDC uninterruptible power supply (UPS) will be provided to supply reliable 
power to control panels and monitoring and control equipment.  A 120 VAC UPS 
will be provided for the main control room to supply power during electrical 
outages.  An 800 kW - 480 V emergency generator will be connected to an 
emergency power bus to provide power to critical equipment during electrical 
outages. 

7.9.5 Vapour Recovery System 

The Vapour Recovery Unit (VRU) for the MRE CPF consists of a low pressure 
vapour gathering manifold that collects tank vapour from the deoiling system, 
hydrocarbon storage, slop treater, DRU and glycol surge drum.  Two VRU 
compressor systems are supplied to minimize the risk of a total outage of the 
vapour recovery system.  Each compressor system is sized to handle the 
normal vapour recovery load for the CPF and the combination of the two 
systems provides sufficient vapour recovery capacity to cover upset conditions. 

Recovered vapour is compressed in the VRU compressor and is delivered to a 
three-phase VRU discharge separator.  Condensed hydrocarbon from the 
separator is delivered to the diluent storage tank under level control.  
Condensed water from the separator is delivered to the deoiling system under 
level control.  The vapour phase from the separator is delivered to the mixed 
fuel gas system via the produced gas knockout drum. 

7.9.6 Flare Systems 

The flare systems for the new CPF consist of medium and low pressure flare 
headers, flare knock out drums and flare stacks.  These flare systems are 
provided for emergency relief only and will normally have no flow other than a 
low volume of sweet purge gas to keep the headers and stacks free of oxygen.   

The medium pressure flare system is provided to contain releases from 
emergency blowdowns and pressure safety valves, and contains a flare 
knockout drum to capture any liquid that may release into the system.  This 
liquid will be pumped back to the slop oil tank for recycle into the plant.  The low 
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pressure flare system is provided to flare tank vapour in the event that the 
vapour recovery compressors are out of service.  Both flare stacks will be 
provided with continuous pilots to ensure that any vapour releases are 
incinerated.  The medium pressure and low pressure flare systems will also 
contain a supplementary fuel gas makeup system that can be operated if the 
relieved vapour stream does not contain sufficient heating value to ensure 
complete combustion of any flammable emissions, as required for compliance 
with the AEUB Guide 60. 

7.10 VOLUMETRIC MEASUREMENT 

Injection well steam, production well products, waste streams and make-up 
water will be measured to ensure compliance with the reporting requirements as 
outlined by the Alberta Oil and Gas Acts and Regulations.  

Oil, water and gas production rates for individual producers will be measured on 
a regular basis, using the pad test separators.  The pad group separators will 
measure total water and oil emulsion volume for all production wells at the pad.  
The pad group separators will measure the produced gas volume for all non-test 
production wells at the pad.  The lift gas rate for each production well will be 
metered.  The injection steam rate for each injection well will be measured.  
Total steam production from the OTSG and OTHRSGs will be measured prior to 
distribution.  Produced bitumen and produced water volume will be measured 
from each FWKO, treater, desalter and DRU.  The produced gas will be 
measured at the produced gas knockout drum.  Fuel gas will be measured prior 
to distribution.  Bitumen sales volume and quality will be measured before 
delivery to the sales tanks, and upon delivery to the sales pipeline.   

The above measurements will be used in conjunction with individual well tests to 
derive the volume of gas, bitumen and water produced from each well, and to 
monitor performance of the wells and facilities. 
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8. WATER MANAGEMENT PLAN AND SYSTEMS 

8.1 WATER USES 

The MRE main water use is for the production of steam that is required in the 
SAGD process.  While the majority of the water is re-used, the following are 
some of the consumptive water uses: 

• reservoir retention, 
• process losses, 
• water disposal,  
• utility losses, 
• water entrained in lime sludge, and 
• water entrained in produced fines.   

 The water requirements of the MRE could reach a maximum of 3,600 m3/d 
during initial start-up operations, or after an upset or plant turnaround.  The 
nominal water usage is forecast to be 2,044 m3/d as shown in Table 8.1.  The 
assumption that was used for water usage for the EIA Surface Water Quantity, 
Volume IIB, Section 3 was based on the more conservative reservoir retention 
estimate of 12%, yielding a water usage of 2,400 m3/d.  

The facility design has been optimized to minimize water use and to recycle all 
water streams except for sewage.  During SAGD operations, it is expected that 
5-12% of the injected steam will be retained in the reservoir.   

At the existing MRP facility the water recycle rates have been in excess of 90% 
and continuous improvements are being made to reduce water use and to 
improve recycle rates. 

The water recycle rate designed for the MRE should exceed 90%, as calculated 
by the following EUB water recycle rate formula: 

Recycle rate, % = (Steam injection volume - Non-saline water volume) x 100 
                 Produced water volume 
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Table 8.1 – MRE Facility Water Usage 

 

 
Water Usage Average 

(m3/d) 
Peak (1) 

(m3/d) 

Reservoir Water Retention  1654 
(10%) 

3078 

Lime Sludge Water (Water Entrained in 
Lime Softener Sludge) 

17 20 

Domestic Waste Water (Utility Losses) 8 8 
Brine to Disposal Well 280 400 

Process Vent Losses (steam vents, 
evaporation) 75 84 

Entrained Water in Fines (Produced 
Sand) and miscellaneous losses 10 10 

Total Daily Plant Usage 2044 3600 
Note (1) – Peak rates of usage are expected to be short term and associated with start-
ups, process upsets, CPF and well restarts. 

 

 

 

 

 

 

8.2 WATER SOURCE 

The primary water source for the MRE will be the Pleistocene Birch Channel 
water aquifer.  The Birch Channel is separated from the underlying Wabiskaw C 
sandstone by at least 23 m of Wabiskaw and Clearwater shales which both act 
as an aquitard.  Well log data and piezometer monitoring confirm that the Birch 
Channel is unsaturated at the top and is an unconfined aquifer at the MacKay 
River Project water source test well at 02-08-093-12 W4M.  In addition, a 
Wabiskaw C disposal test demonstrated there is a shale barrier below the Birch 
Channel aquifer suitable to provide protection from other formations.    

At the MRP there are three Birch Channel water wells that are being used for 
make-up water supply.  Additional source water wells will be drilled as required 
for the existing facility.   

Preliminary field work and analysis indicates a network of up to four water 
source wells will be needed to supply the required MRE volume and rates  and 
that the Birch Channel is capable of supporting the water withdrawal rate in 
addition to the current licensed volumes. 
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The aquifer has been monitored and reviewed annually since operations started 
at the MRP. The data is collected from strategically placed monitoring wells and 
this will continue throughout the life of the MRE.   

Drinking water will be required throughout the construction phase and during the 
MRE plant operating life.  As for the existing MRP, drinking water will be 
delivered from an offsite source for human consumption. 

For wash and utility water the Birch Channel water will be treated to the 
appropriate quality.  

Small amounts of surface water will be used during drilling operations and for 
dust suppression.   

Additional information about water source can be found in Volume IIB, Section 2 
and the facility water balance schematic presented in Figure 8.1. 

8.3 SURFACE WATER MANAGEMENT 

Petro-Canada plans to follow stringent surface water management guidelines to 
minimize the disturbance to surface drainage throughout the PDA.  Pad and 
infrastructure locations have been planned to avoid sensitive areas, such as 
creeks, streams and erosion prone areas, where possible.   Culverts will be 
used to ensure that the surface water flow is maintained where disturbed by 
infrastructure and roads.  Further details can be found in Section 9.   

The potential contamination area in the CPF will be contoured to capture all 
surface runoff water to the water retention pond.  Details of this can be found in 
the EPEA.  The pad site will be contoured to allow water to drain to the low side 
which will be diverted through a drainage system.  Additional details on the CPF 
and the pad drainage system can be found in Volume IIB Section 3 (Surface 
Quantity). 

Petro-Canada has stringent spill prevention procedures and emergency 
response plans that are used for the MRP and that will be used for MRE.  Spill 
response details can be found in Emergency Response Plan and Map, Volume 
IB, Appendix X. 
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8.4 WASTE WATER MANAGEMENT  

In the current MRE design, 280 m3/d of water disposal will be required, with a 
peak disposal rate of 400 m3/d. 

At present, the Wabiskaw, Basal McMurray and Keg River formations have 
been identified as potential water disposal zones for the MRE.  The MRP does 
not currently dispose of water in any formation.  The adjacent Dover Project 
disposes of blowdown water into the Wabiskaw C Formation. 

As was discussed in Section 2.5.1, the presence of porosity in the Keg River 
Formation makes it a potential water disposal zone.  Potential Keg River 
disposal is being tested at MacKay River in well 06-16-093-12 W4M.  An 
acidization treatment and injectivity test will be conducted at this well in the 
winter of 2005/2006.   

An interim hydrogeological assessment on the disposal capability of the 
Wabiskaw formation is included in the Groundwater Volume IIB, Section 2 of 
this application.  This assessment is ongoing and some of the assumptions in 
the hydrogeological model will be confirmed by calibrating it with data from 
delineation wells that were drilled in the spring of 2005.  Further details on this 
model can be found in Volume IIB, Section 2. 

A saline water bearing Basal McMurray Formation is located in the adjacent 
Dover property, now 100% owned by Petro-Canada.  A saline water disposal 
test is planned for the spring of 2006, to determine disposal capacity and 
potential of the Basal McMurray Formation, with respect to areal extent, fluid 
compatibility and potential injectivity rates.  For the test, water from the 
Wabiskaw C Formation will be produced and injected into the Basal McMurray 
well.  

An update on the feasibility of water disposal for the MRE will be provided 
following completion of the testing program and analysis of the results.  
Depending on the program results, additional drilling and testing work may 
follow in future drilling seasons.  The results of the tests will be incorporated into 
the detailed water disposal plan prior to project construction.   
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8.5  WATER TREATMENT SYSTEMS 

The water treatment system for the MRE will consist of two primary units; the 
produced water oil removal system and the water softening treatment system.  
There will also be a small utility water treatment system. 

The produced water is combined with recycled oily water streams and 
processed in the oil removal system to remove essentially all of the entrained oil 
and suspended particles.  The produced water is then combined with make-up 
water, recycled boiler blowdown, and other oil-free recycle water streams and 
enters the water softening treatment system for removal of silica and water 
hardness to attain water quality suitable for BFW. 

To maintain the design TDS level in the BFW, a slipstream of boiler blowdown 
that is not recycled to the water-softening unit will enter an evaporator unit 
where most of the water will be recovered as distillate.  The liquid outlet from the 
evaporator will be a high TDS stream (brine) that is close to salt saturation 
concentration.  The current design basis is to inject this high TDS stream into a 
suitable disposal zone after the required treatments such as pH adjustment and 
silica reduction.  Depending on the results of the continuing assessment of the 
disposal capability of the three formations, the alternative design is to send the 
brine to a ZLD crystallizer unit, where additional water will be recovered as 
distillate.  The solid salts will be recovered in a dryer filter press and disposed in 
a Class II landfill adjacent to the existing MRP landfill. 

If a process upset occurs in the evaporator system, the blowdown water will be 
diverted to a diversion lagoon, where the water will be held until it can be 
recycled back to the process.  The diversion lagoon is designed to hold two 
days of evaporator feed, or ten days of evaporator effluent, which should allow 
sufficient time for operational correction, maintenance or repairs to the 
evaporator or water disposal system.  

Schematics of the two main produced water treatment systems are illustrated in 
Figure 8.2a (Produced Water Oil Removal System) and Figure 8.2b (Water 
Softening Treatment System).  The following sections describe these two 
systems, and the smaller utility water treatment system. 

8.5.1 Produced Water Oil Removal System 

From the primary separation unit, the produced water combines with oily water 
recycle streams from other units and enters the produced water oil removal unit 
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with an estimated oil content of up to 2,000 ppmv (0.2%).  The oil removal 
system design is based on three stages of cleanup: 

1. Skim tanks, which remove bulk oil by skimming. 
2. Induced Gas Floatation (IGF) units, which remove neutral density 

emulsions and particulates by gas floation. 
3. Oil Removal Filters (ORFs), which remove the majority of the final traces 

of oil by surface contact. 

The dilbit will have a lower density than the water at design operating conditions, 
and it is expected that the dilbit will create a skim oil layer in the skim tank.  It is 
also expected that dissolved gas bubbles will adhere to some of the neutral 
density emulsion droplets and provide lifting force to the droplets so that they 
can be skimmed off with the dilbit.   

Two gas blanketed skim tanks are included in the MRE facility.  The skim tanks 
provide for the bulk oil removal from the produced water.  They are designed 
with skimming capability and special internals to maximize the effectiveness of 
the water residence time and to ensure that inlet water is not short circuited to 
the skim tank outlet.  The skim tanks also provide some attenuation for 
produced water surges, which provides a measure of decoupling between 
production treating systems and the de-oiling system.  It is expected that 
approximately 90 % of the oil entering the skim tanks with the produced water 
will be removed by skimming. 

To further reduce the quantity of oil in the produced water from the skim tanks, 
two parallel IGFs are provided.  The IGFs are designed as pressure vessels, to 
eliminate any potential for leakage.  The IGF units are designed to remove 90% 
of the inlet feed entrained oil for a combined oil removal efficiency of 99% from 
the skim tank inlet to the IGF outlet.  Oil froth from the IGFs is returned to the 
skim tank. 

The final oil removal (polishing) will take place in the ORFs.  Backwash water 
from the ORFs is returned to the skim tanks.  The overall oil removal efficiency 
of the de-oiling system is expected to be 99.9%. 

The de-oiled water flows to a de-oiled water tank, which normally operates at a 
level of 50% to provide a de-oiled water surge volume for short term decoupling 
between the de-oiling system and the water treatment system.  The de-oiled 
water tank is gas blanketed and has oil skimming capability, which can be used 
to remove oil from the tank in the event of a de-oiling system upset.   
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8.5.2 Water Softening Treatment System 

The following water streams are combined and pumped to the water softening 
treatment system: 

• water from the de-oiled water tank, 
• make-up water,  
• recycled boiler blowdown water,  
• recycled backwash water from the lime softener filters, 
• recycled water from the weak acid cation (WAC) exchange units, and 
• centrate from the lime slurry centrifuges.   

The water softening treatment consists of three stages: 

1. Warm Lime Softening (WLS) units, which provide silica and some water 
hardness removal. 

2. Lime Softener Filters (LSF), which remove any slurry particles that are 
carried over from the WLS. 

3. WAC exchange units, which remove water mineral hardness. 

The primary purpose of the WLS units is to remove silica by mixing the water 
with a slurry of magnesium oxide and lime.  The WLS slurry also acts as a buffer 
for removing trace carryover of oil from the oil removal system.  The effluent 
water from the WLS flows to a storage tank before being pumped through the 
LSFs.  The LSFs remove suspended particles of slurry from the water to prevent 
contamination of the WAC units.  The WAC units remove essentially all of the 
hardness from the water to prevent scaling of the steam generator tubes.  The 
softened water then flows to the BFW tank. 

A portion of the WLS slurry is externally recycled to the WLS.  A slip stream of 
this circulated slurry is drawn off as make-up lime and magnesium oxide are 
added.  Another slip stream of the circulated slurry is sent to centrifuges that 
remove the water and produce a filter cake that contains about 50 volume % 
solids.  The centrifuge water or centrate is recycled to the WLS.  The lime filter 
cake is trucked from site and disposed of in the Class II landfill. 

Backwash water from the LSFs and the WACs is recycled to the WLS.  The 
WAC regenerant acid and caustic waste is neutralized and recycled to the WLS. 
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8.5.3 Plant Utility Water System 

A small volume of make-up water is treated to remove iron and hardness and is 
chlorinated and stored in a tank for plant utility water, emergency showers and 
domestic use.  This water is treated to be safe for human contact (showers, 
lavatories), washing of dishes and washing of clothing.  It is not intended for 
human consumption as it does not meet all of the aesthetic objectives that are 
required in the Canadian Drinking Water Guidelines. 

8.6 WATER DISSOLVED SOLIDS BALANCE & MANAGEMENT  

The produced water from the SAGD wells is expected to contain about 3,200 
ppmw TDS.  The majority of the dissolved solids originate from the reservoir.   
During the SAGD process, the high temperature water dissolves salts and some 
minerals (such as silica) that are present in the formation as the injected steam 
condenses in the reservoir.  The dissolved solids in the steam condensate are 
produced along with the bitumen and small amounts of connate water.  The 
produced water is separated from the bitumen at the CPF and after de-oiling, 
enters the WLS where it is combined with make-up water that contains about 
1,350 ppmw TDS and the recycled boiler blowdown water.   The BFW has a TDS 
of 10,455 ppmw, which approaches the steam generator vendor-recommended 
maximum TDS of 12,000 ppmw.   

The steam generators produce 75% quality steam which is separated to provide 
100 % quality steam to the steam distribution pipeline.  The separator liquid is 
boiler blowdown, which is pressure reduced in two stages to provide low and 
medium pressure process steam.  About two thirds of this low pressure 
blowdown water is recirculated to the WLS.  The remaining one third is directed 
to the evaporator system, to remove excess dissolved solids from the BFW loop.  

The distillate from the evaporator system is recycled and combined with the 
produced water upstream of the WAC units.  Currently the plan is to have a high 
TDS brine stream from the evaporator injected into a suitable disposal zone 
after treatment.   

8.6.1 Evaporator System 

The steam generators are controlled to produce 75% quality steam to prevent 
deposits in the steam generator tubes.  This concentrates the dissolved solids in 
the blowdown water by a factor of about four.  The 23,888 m3/d of BFW yields 
17,916 m3/d CWE of 100% quality steam from the high-pressure steam 
separators.  The 5,972 m3/d of blowdown water is flashed in a medium-pressure 
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separator to generate 835 m3/d CWE of medium-pressure steam.  The 
remaining 5,137 m3/d of blowdown water is flashed in a low pressure steam 
separator to generate 1,002 m3/d CWE of low-pressure steam, further 
concentrating the dissolved solids in the water.  The flow rate of blowdown water 
from the low-pressure separator is about 4,135 m3/d.  About two thirds of the 
blowdown water is recycled to BFW via the WLS.  The remaining one third, or 
about 1,403 m3/d of blowdown water is sent to the evaporator system.  In the 
evaporator system, the dissolved solids are further concentrated by a factor of 
about five to produce approximately 280 m3/d of near saturated brine.  A portion 
of the low-pressure process steam provides the energy for evaporation.  A 
process schematic of the evaporator and brine disposal system is shown in 
Figure 8.3. 

The present design basis for the evaporation system has the brine sent to the 
disposal water treatment system for storage, pH adjustment and silica reduction.  
The brine will then be filtered and pumped into suitable disposal zone and well.  
A water disposal well schematic was shown in Figure 6.6.  If a crystallizer is 
required, it would receive concentrated brine from the evaporator discharge and 
recover essentially all of the water by evaporation, to produce a solid salt cake 
that will be disposed of in a Class II landfill.  The crystallizer would generate 
about 56 tonnes per day of salt cake, which is equivalent to about 44 m3/d of 
disposal volume. 

8.6.2 Lime Sludge Disposal 

The WLS use a lime and magnesium oxide (magox) slurry to treat the produced 
water.  The magox removes silica from the produced water and the lime adjusts 
the pH of the water to 10.  Some hardness is removed by precipitation of some 
of the bicarbonate as insoluble calcium carbonate and magnesium hydroxide.  
The slurry promotes coagulation of suspended organics and oil.   

The spent lime/magox slurry is pumped from the WLS to centrifuges where the 
water is removed to generate a lime sludge cake that contains about 50 volume 
% solids.  The sludge cake is temporarily stored in disposal bins at the CPF and 
is then trucked for disposal in a Class II landfill.  The centrifuged water or 
centrate is returned to the WLS.  Approximately 33 tonnes per day of dewatered 
lime sludge will be generated, which is equivalent to about 26 m3/d of disposal 
volume. 
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8.7 WATER BALANCE 

The MRE CPF water balance schematic is shown in Figure 8.1.  The nominal 
makeup water required for the MRE is 2,044 m3/d.  The assumption that was 
used for water usage for the EIA, Volume IIB was the more conservative 
estimate of 2,400 m3/d which was based on a 12% reservoir retention.  

8.8 WATER USE OPTIMIZATION 

Petro-Canada is continuously evaluating new technology as it becomes 
available to industry.  Based on learnings from the existing MRP, the new MRE 
facility will incorporate improvements as appropriate. 

8.9 WATER ACT APPLICATION 

Petro-Canada pursuant to the Water Act is applying for groundwater withdrawal 
of 4,000 m3/d.  The MRE water license application is included in Volume IB, 
Water Act, Appendix I and II. 
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9. INFRASTRUCTURE 

9.1 INTRODUCTION 

Where feasible, infrastructure and utilities required for the MRE will consider 
incorporating existing facilities that are operated as part of the MRP.  
Modifications, enhancements, or additions, however, may be necessary.  
Infrastructure includes roads, electrical transmission lines, substations, fuel gas 
(natural gas) and product pipelines. 

Design of new corridors and the general alignment of infrastructure for the MRE 
was based on the following general routing and selection principles: 

• Minimize the total length of new road construction and disturbance. 
• Reduce the extent of any new clearing by minimizing new rights-of-way 

and using existing cleared areas. 
• Where possible mitigate the potential effects to any critical local wildlife 

habitat and endangered plant and animal areas. 
• Minimize any social and historical resources impacts including spiritual 

sites. 
• Minimize the impact on any recreational park and recreational use areas 

in the immediate vicinity. 
• Utilize high, well-drained land areas to the maximum extent possible. 
• Design road and watercourse crossings at 90 degrees wherever feasible. 
• Design crossings at practical and stable locations to minimize erosion and 

grade concerns. 
• Provide due consideration for both constructability and long term 

operations and maintenance. 
• Utilize material in accordance with good road construction practices. 
• Minimize the impact on infrastructure peripheral to the MRE, such as 

Highway 63. 
• Meet existing rules and regulations pertaining to the development of 

infrastructure. 
• Consider local stakeholder concerns about the developments through 

local consultation. 
• Consider industry synergies in infrastructure development to limit 

proliferation of roads, pipelines, and transmission lines where practical. 
 

9.2 ROADS 

As with the existing MRP, road access to the site will be by existing 
infrastructure within the Rural Municipality of Wood Buffalo (RMWB).  Highway 
63 and the main access road (Dover road) will be used to access the PDA for 
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construction and operations.  Upgrading and/or replacing the existing bridge 
over the MacKay River may be required to accommodate heavy loads resulting 
from expansion activities.  This will be confirmed during front end engineering 
design (FEED).   Any potential modification to the bridge will be the subject of a 
separate application. 

No new crossings of significant watercourses will be needed for the MRE.  
Culverts will be placed under any proposed lease roadways that will cross minor 
tributaries, drainage and wet areas.  

Where feasible, within the PDA, roads currently used for the existing MRP or 
during previous exploration and delineation programs will be used to provide 
access to the proposed well pad locations.  However where necessary, new well 
pad access roads will be constructed and meet the following criteria to minimize 
land disturbance: 

• The number and length of roads accessing the well pads will be 
minimized with prudent well pad planning, 

• Road widths will be kept to a minimum, 
• Access roads will be developed and constructed within a common 

corridor with other facilities (i.e. utility lines, pipelines) where feasible. 
 

9.3 ELECTRICAL TRANSMISSION LINES AND SUBSTATIONS 

Currently, the MRP accesses electrical power from the MacKay River Electrical 
Substation owned and operated by TransCanada Energy Ltd.  This substation is 
capable of receiving electricity from the TransCanada Energy Ltd. 165 MW 
cogeneration facility at the MacKay River facility as well as from the Alberta Grid 
via a 240 kV transmission line connected to the 240 kV Dover Substation 
located approximately 2 km south of the MacKay River facility.  

The MRE includes the installation of two (nominal) 85 MW cogeneration units.  
A new electrical substation for the new cogeneration facilities will be installed 
and connected to the existing 240 kV transmission system that feeds into the 
Dover substation.  Discussions have been held with the Alberta Electrical 
System Operator about integration of new power into the Dover Substation and 
Alberta Grid.  Figure 9.1 outlines the Alberta Grid in the vicinity of the MacKay 
River PDA and has the Dover Substation identified by the 888S designation.   
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The EIA of the MRE in Volumes IIA, IIB and IIC includes the impacts from the 
new cogeneration facilities. Approval for the construction and operation of the 
cogeneration units will be the subject of a future separate application.  

9.4 NATURAL GAS PIPELINES 

The MRP is connected to the NOVA Gas Transmission Limited (NGTL) 
regulated natural gas system.  The delivery is governed by a Transportation by 
Other (TBO) agreement between NGTL and TransCanada Ventures Limited 
Partnership (Ventures).  The gas is transported via the Oilsands Pipeline and 
then the 12” Moosa Pipeline, both owned by Ventures.  Figure 9.2 shows the 
natural gas supply routing to the MRP facilities. 

The MRE will access natural gas via the existing Moosa Pipeline unless other 
more suitable regulated gas transportation services are available at the MacKay 
River Site to meet the facility requirements at the time of the expansion. 

An additional meter station may be required to independently measure the 
natural gas flow to the MRE.  Surface disturbance assessed in the EIA includes 
provision for a meter station adjacent to the existing meter station located at the 
MRP.   

9.5 BITUMEN PRODUCT 

Bitumen produced from the existing MRP is stored on site at the Enbridge tank 
farm and transported via an insulated pipeline to the Enbridge Athabasca 
Terminal at Tar Island immediately south of the Suncor Plant north of Fort 
McMurray.  Figure 9.3 shows the routing of the Enbridge MacKay River 
insulated pipeline to the Enbridge Athabasca Terminal. 

At Tar Island, the bitumen is currently blended with diluent and shipped south to 
Hardisty via the Enbridge Athabasca Pipeline. 

Additional on-site tankage will be required for bitumen storage for the MRE.  Plot 
space has been allocated for tankage but tank sizing will be finalized during 
FEED.  

Bitumen produced from the expansion will be shipped via the existing insulated 
pipeline to Tar Island  The capacity of the heated pipeline will be increased to 
accommodate the additional bitumen production.  Any modification to the 
pipeline system will be the subject of a separate application by Enbridge. 
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9.6 DILUENT STORAGE 

Although diluent storage is provided as a contingency measure for pipeline 
transportation, the existing MRP does not incorporate diluent into its bitumen 
production processes.  However, the new CPF will utilize diluent treatment 
technology which requires a diluent storage tank complete with truck loading 
facilities.  Diluent will be supplied to the new CPF to make up any losses 
associated with the bitumen treatment process.  The low levels of diluent 
process losses make trucking the most economical means of delivering diluent 
at this time.  Other options are currently being evaluated.   

9.7 GRAVEL REQUIREMENTS  

Gravel will be required for the construction and maintenance of the CPF and 
pads.  The volume required for the CPF and first two pads has been estimated 
at 256,000 m3.  Additional volumes of 343,400 m3 will be required during the life 
of the project, for a total of approximately 600,000 m3.  Where possible, gravel 
will be reused following reclamation activities at pad sites. 

9.8 LANDFILL  

There are currently two landfill cells at the MRP used for the disposal of WLS 
spent lime solids and ZLD salt cake.  The next two cells are expected to be 
developed in 2006.  Additional cells will be added adjacent to the currently 
approved landfill site for the MRE, and the cells will be designed incorporating 
the learnings from the existing operation.  The MRE landfill will be used to 
dispose of WLS spent lime solids.  In the event that water disposal well 
capability is not demonstrated or approved, a ZLD crystallizer similar to that at 
MRP will be constructed  The salt cake from the crystallizer will be disposed of 
in the landfill, and this additional disturbance has been included in the EIA.  A 
separate application for a landfill facility will be submitted as required at a later 
date.  Additional information on the landfill is in the Waste Hydrocarbon and 
Chemical Management Plans, Volume IB, Appendix VI. 
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10. MATERIAL AND ENERGY BALANCE 

10.1 MATERIAL BALANCE 

The material balance for the MacKay River Expansion Project is shown in 
Figure 10.1.  This material balance is based on the central processing facility 
operating at the nominal capacity of 6,360 m3/d (40,000 bpd) bitumen under 
steady state conditions with zero reservoir water retention. 

10.2 ENERGY BALANCE 

  The anticipated energy balance for the MacKay River Expansion Project (shown 
below) is based on the central processing facility operating at the nominal 
capacity of 6,360 m3/d (40,000 bpd) with cogeneration.  The overall energy 
efficiency of the process is estimated to be 380%. 

 

  Energy Input          TJ/Day 
  Produced Gas  0.1 

  Natural Gas  62.9 

  Purchased Electricity  1.5 

  Purchased Diluent  10.7 

  Total   75.2 
 

   Energy Output          TJ/Day 
  Sales Bitumen  272.3  

  Export Electricity    13.2 

Total              285.5 
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GLOSSARY 

Annulus The space surrounding the pipe suspended in the wellbore. 

Aquifer A permeable rock formation that allows groundwater to move 
through it. 

Aquitard A material of intermediate permeability between an aquifer and 
an aquiclude.  An aquitard allows some measure of leakage 
between the aquifers it separates. 

Artificial Lift 
Technology 

Techniques that assist with the production of bitumen up the 
wellbore. 

Backpressure 
Control 

A method of controlling flow rates so that the pressure upstream 
of the control point, stays constant. 

Baseline Study Determination of conditions due to existing and approved 
projects and developments. 

Bioturbation Process of mixing sediment due to the activity of burrowing 
organisms. 

Bitumen A naturally occurring viscous mixture, mainly hydrocarbons 
heavier than pentane, that might contain sulphur compounds 
and that, in its naturally occurring viscous state, will not flow to a 
well. 

Bitumen 
Mobilization 
Temperature 

Temperature that initiates an appreciable bitumen flow at 
operating conditions. 

Blowdown Last phase of a winddown operation.  Cessation of all injection 
into a mature chamber. 

 In steam operations, removing liquid from the steam. 

Boiler 
Feedwater 

Treated water that is sent to the steam generators to produce 
steam for injection. 

Brackish Water Water with Total Dissolved solids concentration ranging from 
1000 to 10,000 g/m3. 
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Brine A water stream saturated or containing a high concentration of 
salts. 

Casing The steel pipe installed in wells. 

Cement Bond 
Log 

A logging tool used to evaluate the integrity of the cement. 

Central 
Processing 
Facility 

The main processing plant where bitumen is processed to 
transportable products. 

Class II Landfill A government-classified landfill. 

Cogeneration The simultaneous on-site generation of electrical power and 
process steam or heat from the plant. 

Commissioning Verifying the operation of the central processing facility before 
start-up. 

Connate Water The original water contained in the underground reservoir. 

Continuous Pilot A continuous small flame to ignite the flare. 

Core/Coring A cylindrical sample of an underground formation, brought to the 
surface during the drilling process. 

Crystallizer 
System 

An evaporation process to remove water and produce a solid 
salt cake.   

Delineate Additional work to further improve understanding of the 
reservoir. 

De-rated Accounts for a reduction in material strength. 

Dilbit Diluted bitumen. 

Diluent A light oil. 

Disposal Zone Underground formation capable of receiving injected fluids. 

Distillation Vapour - liquid separation process. 

Drilling 
Fluid/Mud 

Circulating fluid bringing the loosened rock and sediment out of 
the wellbore.   
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Drilling Waste The remaining amount of drilling fluid that cannot be recycled or 
treated. 

Electrical 
Resistivity 
Tomography 

A geophysical technique for imaging the reservoir. 

Emissions Waste liquid or combustion product that emits to the 
atmosphere. 

Energy Balance A balance of input and output energy to a process. 

Environmental 
Impact 
Assessment 

The evaluation of the effects of a proposed development on the 
environment of a given area. 

Evaporator 
System 

An evaporation process that removes water and produces a 
stream of concentrated brine. 

Facilities Equipment and piping used in the production and processing 
operations. 

Filter Cake The wet solid product resulting from the warm lime softener. 

First Steam The point in the development where steam is first injected into 
the reservoir. 

Flare System An arrangement of piping and stack with a pilot to safely dispose 
of combustible gas, if required. 

Footprint The areas within the Principal Development Area that will be 
cleared for development. 

Fresh Water Water with Total Dissolved Solids concentration below 1000 
g/m3. 

Fugitive 
Emissions 

Minor amounts of vapours that escape from fittings, tanks, etc, 
under normal operating conditions. 

Gathering 
System 

A collection of pipelines to deliver raw product from the wells to 
the central processing facility. 

Greenhouse Gas Greenhouse gas is primarily Carbon Dioxide (CO2).  It is 
produced mainly during the combustion of fuel. 

Groundwater Subsurface water that occurs below the water table in soils and 
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geological formations that are fully saturated.  

Heat Recovery 
Steam 
Generator 

Equipment used to recover heat from cogeneration. 

Heave The amount of surface displacement due to steam injection.  

Hydrogeology The science that relates to groundwater. 

Induced Gas 
Flotation Unit 

Equipment that removes small drops of entrained oil from water, 
by bubbling gas up through the water. 

Infrastructure Services provided to the Project, which require physical 
interconnections outside the area of the Principal Development 
Area.   

Injector Well Well used to inject steam into the reservoir or to inject waste 
water into the disposal zone. 

In Situ The process of recovering crude bitumen from oil sands other 
than by surface mining. 

Insulated 
Pipeline 

A pipeline covered with a layer of insulation to maintain 
temperature within the pipeline. 

Leachate A solution containing dissolved materials. 

Lease An area of land on which a company has the right to develop. 

Lift Gas Gas injected in a production well to aid lifting of production. 

Lime Calcium hydroxide (CaOH2). 

Liner In drilling, it is any string of casing whose top is located below 
the surface. 

LOCAT A licensed sulphur recovery technology. 

Logging An activity during drilling to measure information around the 
wellbore. 

Magnetic 
Ranging Tool 

Tool used during drilling to measure the wellbore location. 

Make-up Water Water required to maintain sufficient process requirements. 
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Mitigative 
Measures 

Steps that can be taken to minimize an anticipated undesirable 
impact. 

Mix-Bury-Cover A method of treating non-oily drilling waste. 

Nominal A nominal rate is what is expected to be produced on average 
under normal operating conditions. 

Observation 
Well 

A well drilled for the specific purpose of monitoring reservoir 
parameters. 

Off-specification When the product or stream does not meet required quality 
standards for sale or internal use. 

Oil Sands Sands and other rock materials containing crude bitumen. 

Oxygen 
Scavenger 

A chemical additive used to remove residual trace amounts of 
oxygen from water. 

Peak Rate The maximum rate that is expected. 

Permeability The capacity of a porous rock, sediment, or soil for transmitting a 
fluid. 

pH  A scale that indicates acidity or alkalinity of a liquid stream. 

Pilot Project A small scale development intended to prove or test a 
technology, before implementation of a commercial venture. 

Piperack An aboveground structure to support one or more pipelines. 

Porosity Amount of void space in a formation. 

Principal 
Development 
Area 

The portion of the lease(s) that will contain the sections to be 
developed. 

Produced Gas Gas stream produced from the wellhead. 

Produced Water Water stream separated from the wellhead. 

Producer Well Well used to produce reservoir fluid to the wellhead. 

Reclamation The process of converting a developed area to an acceptable 
state consistent with its original usage. 
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Reservoir An underground formation.   

SAGD Steam Assisted Gravity Drainage.  An in situ process to recover 
bitumen using a pair of horizontal wells.  Steam is injected into 
the upper well to mobilize the bitumen which then flows to the 
lower production well. 

Salt Cake The product of the crystallizer system, resulting from the 
evaporation process. 

Section A portion of land measuring approximately one mile by one mile. 

Seismic An exploration technique employing sound waves.  

Separator A closed vessel used to separate liquids and gases. 

Setback 
Distance 

The distance that a facility will be placed away from a specified 
location. 

Shutdown The stopping of equipment or machinery of a process. 

Shut In The suspension of operation. 

Slant Wells Wells drilled at other than a 90° (vertical) angle. 

Slop Liquid A process stream which is off-specification and requires 
reprocessing. 

Sour A gas stream containing H2S. 

Spent Lime The waste stream from the Warm Lime Softener process. 

Stand-off The distance from the base of the reservoir to the producer. 

Startup The act of starting a well or facility and equipment. 

Sulphide Stress 
Cracking 
Corrosion 

A change in steel characteristics after exposure to corrosive 
products. 

Sulphur 
Recovery Unit 

A processing unit which removes Hydrogen Sulphide (H2S) from 
the vapour stream. 

Sump A lined pond or tank that catches liquid runoff for drainage or 
disposal. 
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Surface Water Water that is in the lakes, rivers, and ponds.   

Sweet Gas A gas stream that contains very little (less than 4 ppm) Hydrogen 
Sulphide (H2S). 

Terms of 
Reference 

A document issued by Alberta Environment, outlining the 
requirements for the Environmental Impact Assessment. 

Topography General shape or configuration of a portion of the earth’s 
surface. 

Total Dissolved 
Solids 

The amount of solids (i.e., minerals) dissolved in water.  
Measured in mg/l. 

Township Typically refers to a square of land containing thirty-six sections; 
six sections wide and six sections long. 

Tubing Steel pipe generally smaller than casing used in the well. 

Tubulars Term covering all types of pipe, casing, and tubing used in 
drilling wells. 

Upset Condition A condition or situation in the process that is not part of the 
normal operation. 

Vapour 
Recovery Unit 

A system to recover vapours from tanks. 

Viscosity The measure of a liquid’s resistance to flow. 

Warm Lime 
Softener 

Equipment used to reduce silica from a water stream.  

Water Disposal 
Well 

An injection well used to dispose waste water into the approved 
water disposal zone. 

Water Disposal 
Zone 

Underground formation capable of receiving injected water or 
brine. 

Weak Acid 
Cation 
Exchange Unit 

Equipment used to reduce the hardness (calcium and 
magnesium) from a water stream. 

Wellhead Portion of the well that is aboveground and is connected to the 
gathering system to deliver production from the well. 
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Wellhead 
Separation 
Facilities 

Vessel and piping system to separate and measure the 
production from the wellhead. 

Well pad The area where wellheads and associated facilities are located. 

Wind-down The strategy for operating a well pair following the cessation of 
steam injection.  

Working interest  Percentage or ownership in a property or project. 

Zonal Isolation Preventing the flow of formation fluids to surface or between 
formations. 

 

 

 

*** NOTE: The above terms and descriptions are 
related to the MacKay River Expansion 
Amendment Application and are derived from 
standard industry usage.  They are intended 
to assist the reader but should not be relied 
upon as definitive or scientific terms.   
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ACRONYMS 

AC Alternating Current 

AENV Alberta Environment 

AEPEA Alberta Environmental Protection and Enhancement Act 

AEUB Alberta Energy Utilities Board 

AOSTRA Alberta Oil Sands Technology and Research Authority 

API American Petroleum Institute 

bpd Barrels per day 

bbls Barrels 

BFW Boiler Feedwater 

BS&W Basic Sediment and Water 

°C Degrees Celsius 

CO2 Carbon Dioxide 

Cogen Cogeneration Unit 

cp Centipoise 

CPF Central Processing Facility 

CSS Cyclic Steam Stimulation 

CWE Cold Water Equivalent 

DOVAP Dover Vapex Pilot 

DRU Diluent Recovery Unit 

E6 m3/d        Ten thousand cubic meters per day 

EIA Environmental Impact Assessment 

EM Electromagnetic 

ERT Electrical Resistivity Tomography 
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ESD Emergency Shutdown 

ESDV Emergency Shutdown Valve 

ESP Electric Submergible Pump 

EUB Energy and Utilities Board 

EUE External Upset Ends 

EPEA Environmental Protection Enhancement Act 

FEED Front End Engineering Design 

FLR Fluid Loss Reducer 

FMI Formation Imaging Tool 

FWKO Free Water Knockout 

GLISP Gregoire Lake In Situ Project 

ha Hectare 

H2S Hydrogen Sulphide 

ID Interim Directive 

IGF Induced Gas Flotation 

IHS Inclined Heterolithic Stratification 

JACOS Japan Canada Oil Sands Ltd. 

kbopd Thousand barrels of oil per day 

kg Kilogram 

kg/m Kilograms per metre 

Kh Permeability metres 

Kh/μ Permeability metres per micron 

km Kilometre 

km2 Square kilometres 

kPa Kilopascal 

kPaa Kilopascal absolute 
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kPag Kilopascal gauge 

kV Kilovolts  

l/min Litres per minute 

LSD Legal Subdivision 

LSF Lime Softener Filters 

m Metre 

m2 Square metres 

m3 Cubic metres 

m3/day (m3/d) Cubic metres per day 

m3/m3 Cubic metre per cubic metre 

MAISP Mine-Assisted In Situ Project 

MBC Mix-Bury-Cover 

MCC Motor Control Centre 

mg/l Milligrams per litre 

mm Millimetre 

mmbbls Million Barrels 

mmscfd Million standard cubic feet per day 

mPa millipascals 

MPa Megapascals 

MRE MacKay River Expansion 

MRP MacKay River Project 

MSL Mineral Surface Lease 

MW Megawatt 

MWD Measurement While Drilling 

NGTL NOVA Gas Transmission Limited 

OBIP Original Bitumen In Place 
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Ω-m Ohm-metres 

ORF Oil Recovery Filters 

OSC Act Oil Sands Conservation Act 

OSL Oil Sands Lease 

OTHRSG Once Through Heat Recovery Steam Generator 

OTSG Once Through Steam Generator 

PCEJ Petro-Canada, Nexen (Canadian Occidental Petroleum 
Ltd.), Imperial Oil (Esso), Japan Canada Oil Sands Ltd. 

PCOG Petro-Canada Oil and Gas 

PDA Principal Development Area 

pH Measure of alkalinity and acidity. 

phi Porosity 

phi*SO Porosity times Oil Saturation 

ppm parts per million 

ppmv parts per million by volume 

ppmw parts per million by weight 

PSV Pressure Safety Valve 

REDOX Reduction/Oxidation reaction 

RMWB Regional Municipality of Wood Buffalo 

ROW Right-of-way 

R.S.A. Revised Statutes of Alberta 

RST Resistivity Saturation Tool 

SAGD               Steam Assisted Gravity Drainage 

SAGP Steam and Gas Push 

sm3/hour Standard cubic metres per hour 

So Oil Saturation 

SOR Steam-Oil Ratio 
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SRU Sulphur Recovery Unit 

SSCC Sulphide Stress Corrosion Cracking 

t/d Tonnes per day 

TBO Transportation by Other 

TDS Total Dissolved Solids 

103sm3/day Thousand standard cubic metres per day 

TVD True Vertical Depth 

UPS Uninterruptible Power Supply 

UTF Underground Test Facility 

VAPEX Vapour Extraction 

VRU Vapour Recovery Unit 

WAC Weak acid cation 

WA Water Resources Act 

WLS Warm Lime Softener 

Yr Year 

ZLD Zero Liquids Discharge 
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3(1) An application must be made to the Director and must be 

accompanied by the following information relative to the activity, 
the change in the activity or the proposed amendment, addition or 
deletion of the term or condition: 

 
(a) The name and address of the applicant: 
 

1. Registered Company Name 
Petro-Canada 
 

2. Mailing Address of Head Office (in Alberta) 
Petro-Canada 
150-6th Ave S.W. 
P.O. Box 2844 
Calgary, AB 
T2P 3E3 
 

3. Mailing Address of Applicable Plant or Regional Office 
Petro-Canada 
9902 Franklin Ave 
Ft. McMurray, Alberta 
T9H 2K5 
 

4. Phone: (780) 743-3823 
Fax:  (780) 715-1294 

 
5. Date: November 8, 2005       
 
6. Name(s) of contact(s) for this application (specify primary 

contact and secondary contact, if any): 
Head Office Inquiries:   Donna Yaskiw 
Phone:    (403) 296-3002 
Fax:    (403) 296-5374 
E-mail   yaskiw@petro-canada.ca 
 
Regional Office Inquiries: Stephen Full 
Phone:   (780) 792-2488 
Fax:   (780) 792-2448 
E-mail   sfull@petro-canada.ca 
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7. E-mail address for company contact:         
 
E-mail addresses are provided above. 

 
(b) The location, capacity and size of activity to which the application 

relates: MacKay River Expansion 
 

Location: 
 
1. Legal Land Description – LLD (i.e. LSD-Section-Township-

Range-Meridian).  Note:  for heavy oil processing plants, 
include both central processing facilities and other lands that 
are applicable to land reclamation. 

 
Sections Townships Range Meridian 

20-21; 27-29, 32-34 92 12 W4M 
3-10;15-17; 20-21;29 93 12 W4M 

 
2. Relation to nearest town, city, village, and residents/users of 

the land. 
 
 25 kilometers southwest of the hamlet of Fort McKay 
 
 45 kilometers northwest of city of Fort McMurray 
  
 
3. Geographical description of the surrounding topography 

(including a topographical map) and relation to nearby 
watercourses. 

 
The MRE is situated immediately north and west of the MacKay River.  
Although the Predevelopment boundary crosses the MacKay River all well 
pads are setback a minimum of 100 m from the river.   

 

A Topographical Map is provided in Volume IA, Figure 1.7 
An Aerial Photograph is provided in Volume IA, Figure 1.5 

 

4. Capacity (stated design, nominal):  

MacKay River Project (MRP) = 33,000 bpd of bitumen (5,240 m3/d) 
MacKay River Expansion (MRE) = 40,000 bpd of bitumen (6,360 m3/d) 
MacKay River Development (MRD) = 73,000 of bpd of bitumen (11,600 m3/d) 
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5. Gas Processing Capacity (Raw), Hydrogen Sulphide 
Processing Capacity, Sulphur Inlet Rate: 
 
Gas Processing Capacity (Raw) – N/A 
 
Hydrogen Sulphide Processing Capacity-N/A 
 
Sulphur Inlet Rate – The MacKay River Development, including the proposed 
MRE, is requesting a maximum total SO2 emission rate of 1.9 tonnes/day or 
0.95 tonnes/day of Sulphur. 
 

Sulphur Production Capacity, Liquid Hydrocarbon Production, 
Sulphur Storage Status, Bitumen Processing Capacity, Other:
  
 
Sulphur Production Capacity 
MacKay River Development, including the proposed MRE, is requesting to emit 
a maximum total SO2 1.9 tonnes/day, which is below the EUB guideline for the 
requirement of a sulphur recovery facility. 
 

Liquid Hydrogen Production 
N/A. 

 
Bitumen Processing Capacity 
The MacKay River Expansion will be designed to operate a new central 
processing facility that can support a nominal 6,360 m3/d (40,000 bpd) bitumen 
processing capacity.   
      

 5. Material Balance: 

Material and Energy Balance is presented in Volume IA Section 10.1 and in 
Figure 10.2. 
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6. Descriptive size of the affected area, leased area, and/or 
plant site (i.e. hectares), or  
 

Affected Area 

The proposed MacKay River Expansion will disturb 318 ha and the total 
amount of new clearing is 312 ha.  This area includes a new central 
processing facility, well pads, interconnecting access roads and associated 
pipelines, and a landfill. The total Project Development Area (PDA) 
assessed is 4, 099 ha.  Table 1.2 Land Use Summary in Volume IA Project 
Description, Section 1, provides the disturbance area associated with MRE 
developments. 
 

Leases 

The proposed MacKay River Expansion Oil Sands Leases include:  

• 7282030T75, 

• 728004AT22, and 

• 7187060328   

Plant Site 

The Central Processing Facility (or plant site) is 650m X 900m or 59 ha.  The 
detailed Central Processing Facility Plot Plan is provided in Volume IB, 
Appendix I.   
   

1. Physical dimensions of the plant site including a plant site 
map (i.e. plot plan) and number of employees working at the 
facility. 

 
The physical dimension of the central plant has been assessed at 650 m x 
900 m or 59 ha and has been sized to accommodate possible future 
technology additions.  
 

Detailed well plot plans, and the Central Processing Facility plot plans are 
provided in Volume IB, Appendix I. 
 

The number of employees required to operate the facility is approximately 70 
full time equivalent positions. 
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(c) The nature of the activity, the change to the activity or the 
amendment, addition or deletion, as the case may be:   

 
3.1 Describe the change(s) (i.e. once through cooling water 

replaced with cooling towers, addition of a reciprocating 
engine to increase compression, etc.) 
 
Petro-Canada (PC) is proposing to expand its operating MacKay River 
Project (MRP) using the Steam Assisted Gravity Drainage (SAGD) 
technology as the recovery process.  The proposed expansion will consist 
of a new central processing facility which will include a diluent bitumen 
processing facility, a water treatment system, a water supply/disposal 
system, well pads with access roads/pipelines and a landfill.  Seventeen 
of the originally planned and approved well pads from MRP will be 
moved, and 4 additional pads are proposed for this expansion, for a total 
of 21 future pads.  The proposed expansion will allow for a nominal 
6,360m3/d (40,000 bpd) of bitumen production to be processed at the new 
facility.  The total design capacity of the existing operation and the 
proposed second facility is 11,600m3/d (73,000 bpd) of bitumen.   
 
Refer to the following appendices for additional information: 

 Heat and Balance Material (Appendix II) 
 Flow Diagrams (Appendix III) 
 Equipment List (Appendix IV) 

 

3.2 Describe the affect that the change(s) may have on the 
environment. 
 
Environmental effects resulting from the proposed MRE are provided in 
the Environmental Impact Assessment (Volume IIA, IIB and IIC).  A 
summary of all potential environmental effects from the proposed MRE is 
presented in the Executive Summary, which is included at the beginning 
of each volume. 
 
 

3.3 Describe the affect that the change(s) may have on the 
Environmental Control systems. 

 
The proposed MRE has been designed to include a series Environmental 
Control Systems to prevent leaks, spills and or emission excedences.  
The proposed MRE is designed to have appropriate liners that will be 
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regularly inspected in accordance with the MRP schedule.  If rips or tears 
are observed during inspection the liners will be promptly repaired.  In 
addition, Petro-Canada will expand the Leak Detection Program (LDAR), 
implemented at the MRP in 2004, to identify any leaks and/or spills and 
promptly repair.   
 

A spill mitigation team has been established at the MRP and their 
responsibilities would expand to include the MRE.  This team maintains 
spill notification charts and forms. 
 

The Central Processing Facility has been designed to manage and 
release surface run-off.  Detailed plot plans of the Central Processing 
Facility are provided in Volume IB, Appendix I.  Petro-Canada will expand 
its current surface water quality monitoring program to include the 
proposed MRE.  Through this monitoring initiative, Petro-Canada 
monitors surface water quality biannually, spring and fall, and reports 
results to AENV yearly.   
 

Flare monitoring will be expanded to include the MRE and monitoring 
reports will be submitted to AENV. 
 
 

3.4 Describe the implications, which the change(s) may have 
on the current approval. 
 
Petro-Canada will continue to adhere to the currently governing Energy 
and Utilities Board Approval No. 8668 and Alberta Environment EPEA 
Approval 48408-00-00 (and amendments) during the regulatory review 
process for the proposed expansion. Petro-Canada believes that the 
amended approvals should be implemented upon receipt of both 
regulatory and internal approvals of the expansion, and upon 
commencement of construction activities for the second central plant 
facility. 
 
 

3.5 Describe when the changes will take place. 
 

The proposed MRE Project Schedule is provided in Volume IA, Section 5 
Figure 5.1.  If an approval is granted, clearing and pad construction for 
the proposed MRE is scheduled to start in Q4, 2006.  Plant 
commissioning will commence in Q2 2009.  
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(d) Where the application requires an approval from the Alberta 
Energy & Utilities Board or the Natural Resources Conversation 
Board in relation to the activity, the date of the written decision 
in respect of the application: 

 
Provide: 
1. Date of EUB Approval (if approval has been issued – if no 

approval has been issued then indicate when an 
approval/decision is expected). 

   
Decision 2000-50 for the MacKay River Project was published July 18, 
2000. 

  
Approval to increase the peak production rate from 22,000 (3,500 m3) to 
33,000 (5,240 m3) was granted May 3, 2001. 
 
Petro-Canada is applying for an amendment of its current approval for the 
MacKay River Expansion.  Approval/decision is expected in October 
2006. 

       
 
2. EUB Approval Number. 
 

The MacKay River Project is governed by EUB Approval Number 8668. 
(Amendment 1).  
 
The MacKay River Project is governed by EPEA Approval Number 
48408-00-00 (Amendment A and B).   
 

The Existing MacKay River Project EUB and EPEA Approvals and 
Amendments are provided in Appendix V. 
 

 
(e) An indication of whether an environmental impact assessment 

(EIA) report has been required: 
 

1. Was an EIA required?  Yes 
 
2. Was a report prepared?  Yes 

 
3. Date of final submitted EIA report to AENV that was 

accepted by the Director:  November 8, 2005 
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(f) Copies of existing approvals that were issued to the applicant 
in respect of the activity under this Act or a predecessor of this 
Act: 

 
Refer to Volume IB, Appendix V for copies of the governing Alberta 
Energy and Utilities Board and Alberta Environment Approvals. 
 

(g) The proposed or actual dates for construction commencement, 
construction completion, and commencement of operation: 

 
3.1 Provide actual date for original commencement operation. 
 

The existing MacKay River Project commenced steam circulation in 
September 2002.  First oil was reported in November 2002. 
 
The Project Schedule for the MacKay River Expansion is provided in 
Volume IA, Section 5.1, Project Schedule and Figure 5.1. 
 
 

3.2 Provide proposed effective date for “Activity Change” 
and/or Amendment.  Note:  if timing of an approval or 
amendment is crucial, please provide explanation. 

 
The Project Schedule for the MacKay River Expansion is provided in 
Volume IA, Section 5.1 and Figure 5.1. 
 
 
Proposed Approval Process Q4 2005 to Q4 2006. 
 
Proposed pad clearing and construction Q4 2006 to Q2 2007. 
 
Proposed Plant construction Q2 2007 to Q3 2009. 
 
Proposed Plant start-up September 2009. 
  
 
Petro-Canada believes that the amended approvals should be 
implemented upon receipt of both regulatory and internal approvals of the 
expansion, and upon commencement of construction activities for the 
second central plant facility. 
      
 

(h) A list of substances, the sources of the substances, and the 
amount of each substance that will be released into the 
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environment as a result of the activity, the change to the 
activity or the amendment, addition or 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: 

 
3.1 Provide a description of current substance releases. 

 
Current substances and releases are described in the Waste, 
Hydrocarbon and Chemical Management Plans Volume IB, Appendix VI. 
 

3.2 Describe the implications to the above description as a 
result of the Activity Change. 
 
Refer to the Waste, Hydrocarbon and Chemical Management Plans 
Volume IB, Appendix VI. 
 

3.3 Provide the final modified description that will result after 
the Activity Change is operational. 

 
Refer to the Waste, Hydrocarbon and Chemical Management Plans, 
Volume IB, Appendix VI. 
 
 

(i) A summary of the environmental monitoring information 
gathered during the previous approval period: 

 
3. Only monitoring information on the affect parameters is 

required. 
 

Refer to MacKay River Project Monitoring, Volume IB Appendix VII.  
      
 

(j) A summary of the performance of substance release control 
systems used for the activity during the previous approval 
period: 
 
2.1 Relate the environmental control systems (source/in-plant 

control performance to: 
(i) approval limits; 
(ii) activity guidelines; 
(iii) industrial performance; and 
(iv) ambient air quality guidelines 
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Refer to MacKay River 2005 Project Performance Update: Regulatory 
Compliance, Volume IB Appendix VIII.  
 

2.2 Present monitoring data using tables, charts with simple 
statistics which will provide durations and frequencies of 
non-median events. 

 
Refer to MacKay River 2005 Project Performance Update: Regulatory 

Compliance, Volume IB Appendix VIII.  

 
2.3 Describe present condition of pond liners, sulphur base 

pad liners, runoff collection ditches, waste storage areas, 
berms/dykes and other containment structures. 

 
Location Condition Action Current Condition 

Central Processing 
Facility 

Liner Rips Promptly repaired 
and regularly 
inspected.  

Liners are in good 
conditions and no 
additional 
degradation to liners 
has been observed. 

Landfill Salt Cake and 
Lime Sludge cells 

Liner Rips Promptly repaired 
and regularly 
inspected. 

Liners are in good 
condition and are 
regularly inspected. 

Tank Farm  No Liner Rips  Regularly 
inspected. 

Liners are in good 
condition and are 
regularly inspected. 

Storm Water Retention 
Pond 

Liner Damage Promptly repaired 
and regularly 
inspected. 

Liners are in good 
conditions and no 
additional 
degradation to liners 
has been observed. 

Diversion Lagoon  Liner Rips Promptly repaired 
and regularly 
inspected. 

Liners are in good 
conditions and no 
additional 
degradation to liners 
has been observed 
and they will be 
regularly inspected. 

Blowdown Lagoon Sediment from 
Processing 

A temporary 
waste storage 
was immediately 
constructed. 

A permanent 
(concrete) storage 
area will be 
constructe.d 

 
Petro-Canada maintains rigorous inspections of all existing containment 
structures to ensure the integrity and performance specifications are 
maintained. Moreover, if an adverse condition is identified then it is promptly 
repaired and/or addressed.  In addition, Petro-Canada initiated a LDAR 
Program at the existing MacKay River Project in 2004.  This program is 
designed to identify leaks or spills.  Specific outcomes from this early 
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detection program are provided in MacKay River 2005 Project Performance 
Update:  Regulatory Compliance, Volume IB Appendix VIII.  The current 
level of rigorous monitoring and inspection will be undertaken for the 
proposed MacKay River Expansion Project.  Petro-Canada continues to 
strive to seek and implement new technologies to enhance environmental 
protection and maintenance of the overall environmental control systems. 

 
2.4 Briefly outline any operational incidents (i.e. shutdown 

period, power failure), that affected the performance of 
substance release control systems. 

 
N/A. 
 
 

(k) The 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: 

 
1. Discuss the application of process technology, management 

practices and current environmental control 
technology/control systems in the context of: 
(i) Alternate commercially available technologies avalable; 
 

Information on alternate commercially available technologies for the 
proposed MRE is provided in Volume IA, Sections 1.5, 4.1 and 4.6.   
 

(ii) Industry Guidelines and Standards; 
 

Refer to Project Description Volume IA, and the Waste, Hydrocarbon 
and Chemical Management Plans, Volume IB, Appendix VI. 
 

(ii) Similar typical environmental approvals (either locally 
or in other jurisdictions); 

 
The EUB and EPEA approvals (Appendix V) have been issued for 
Petro-Canada’s MacKay River Project.   
 

(iv) Potential environmental impacts; 
 

Refer to EIA, Volume IIA, IIB and IIC 
(v) Unique situations due to plant locations, size or 

capacity; and 
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N/A 
 

(vi) Ambient air quality guidelines or standards. 
 

Refer to the EIA, Air Quality Section 2  in Volume IIA, Tables 2.4 and 
Tables 2.5 as well a discussion on mitigations in Section 2.5.2.2 in the 
same Volume. 
 

(l) The measures that will be implemented to minimize the amount 
of waste produced, including a list of the wastes that will or 
may be produced, the quantities and the method of final 
disposition of them: 

 
Refer to the Waste, Hydrocarbon and Chemical Management Plans, 
Volume IB, Appendix VI. 

 
3. Discuss the environmental aspects of the present 

approval which will be affected by the change(s). 
 

Environmental monitoring programs that are currently undertaken for the 
MacKay River Project (Volume IB Appendix VII) may be expanded to 
include the MRE.  In addition, Petro-Canada will continue to participate in 
regional committees and working groups (Volume IB Appendix VII). 

 
      

 
(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 Limit discussion to the extent and nature of the surface 

disturbance which is purposed by construction, other 
impacts should be identified in the other relevant areas of 
this application form such as section (k). 
 
A total of 318 ha, of which 312 ha of new clearing, is required for the 
proposed MRE.  Volume IA, Table 1.2 Land Uses provides a summary of 
surface disturbance proposed for the MRE.  

 
Refer to Map in Volume IA, Figure 1.5. 

 
3.2 Describe the change to surface disturbance both 

temporary and permanent caused by the “Activity Change”. 
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Refer to EIA, Volume IIC – Terrestrial, Section 2, 3, 4 and 5. 
      
 

(n) Confirmation that any emergency response plans that are 
required to be filed with the local authority of the municipality in 
which the activity is or is to be carried on or with Alberta Public 
Safety Services have been so filed: 
 
3. Provide only if there is a change in plant status (i.e. convert 

from a sweet gas to a sour gas processing plant) that 
necessitates a change. 
 
In the spring 2004 the EUB designated the MacKay River Project as a sour 
facility. Petro-Canada has changed its Emergency Response Plan and its 
Emergency Response Zones to reflect this change in status, and to reflect 
the additional well pads that were constructed in 2004, becoming operational 
commencing in September 2005.  Refer to Volume IB, Appendix X for a map 
of the Emergency Response Zones.   

 
 

(o) Confirmation that there are contingency plans in place to deal 
with any unexpected sudden or gradual releases of substances 
to the environment; 

 
Environmental contingency plans are descriptive procedures to 
deal with abnormal occurrences which have the potential of 
negatively affecting expected environmental performance.  
These occurrences need not be environmental emergencies, 
result in adverse impacts or even result in contravention of 
approval limitations; but rather may be occurrences which 
potentially result in significant variations to the normal 
environmental expectations described in applications for 
approvals. 
 

Petro-Canada is a responsible Operator that cares about its people and the 
environment.  Petro-Canada’s employees and contractors will always be its 
first priority.  PC has a robust Emergency Response Plan for the existing 
facility.  The Plan uses the Incident Command System (ICS) and provides 
information for handling a variety of potential emergency situations including 
(but not limited to): 

• Setup of an emergency operation center, 
• Injuries or Fatalities, 
• Fire and Explosions,  
• Uncontrolled Gas Releases (within the Plant, or in the field), 
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• Hazardous Material Releases, 
• Vehicular Accidents, 
• Missing or Overdue Personnel, 
• Security Breaches. 

 
One minute aids (notification flowcharts and phone numbers) are posted.   
Emergency planning zones have been identified (See Maps, Volume IB, 
Appendix X). 
 
A variety of response exercises are held at the facility annually and 
training schedules are reviewed quarterly to ensure all employees are 
appropriately trained to identify and respond appropriately to any 
abnormal activity. 
 
Contingency Plans for handling and mitigating accidental spills and 
upsets will be part of the operating procedures and have been discussed 
in this EPEA Form. 
 
 

(p) The conservation and reclamation plan for the activity: 
 

3.1 Describe any topsoil conservation plans for any areas 
affected by the change, if applicable. 

 
Refer to Volume IB, Appendix XII for the Conceptual Conservation and 
Reclamation Plan for the initial phase of development. 
      
 

3.2 A plan to prevent, remove or treat areas of contamination 
to within establish guidelines (Environmental Sciences 
Division of AENV). 
 
Refer to Volume IB, Appendix XII for the Conceptual Conservation and 

Reclamation Plan which addresses remediation. 

 
(q) A description of the public consultation undertaken or 

proposed by the applicant; 
 

1.1 Describe any proposed or conducted public involvement 
process. 
 
Refer to Volume IB, Section 3 –Public Consultation 
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While preparing the Socio-Economic Assessment (refer to Volume IIIA), 
Petro-Canada continued to consult with the key stakeholders in the 
Regional Municipality of Wood Buffalo (RMWB).  This interview process 
allowed over 80 agencies and organizations, as well as members of 
special interest groups and individuals to provide feedback on the 
proposed expansion.  Workshops targeted community members, and 
Open Houses were held in Fort McKay and Fort McMurray.  Petro-
Canada will continue to consult and seek feedback to resolve any issues 
that are specific to the MacKay River Development. 
 
 

1.2 Briefly describe the target audiences, frequency, type and 
purpose for the public involvement and any 
environmental concerns identified in the review and how 
those concerns were addressed. 
 
Refer to Volume IC – Public Consultation 
 
 

1.3 Please provide names of newspapers for advertising the 
application/approval.  The newspapers should 
encompass all private citizens that may be directly 
affected by the activity.  For citizens isolated from 
newspapers, please recommend how notification can best 
be provided. 

 
Petro-Canada began notification in early 2004, focusing on the 
stakeholders that have expressed an interest in the ongoing operations of 
the MacKay River Project.  Feedback regarding the proposed MacKay 
River Expansion was requested by publishing a notice of the draft Terms 
of Reference in the Fort McMurray Today, Alberta Sweetgrass, Edmonton 
Sun, Edmonton Journal, Calgary Sun and Calgary Herald.  The notices 
were also available at the Fort McMurray Library and the Discovery 
Center.  Feedback continues to be received through the use of Elders 
workshops, community meetings and through Open Houses, for which 
Petro-Canada maintains a notification list. 
 

Further details can be found in Volume IC – Public Consultation 
      
 
Note:  As a matter of policy, the Director has deemed that 
all new plants, approval renewals changes to activities 
will be considered non-routine, unless there are 
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extenuating circumstances which must be described in 
the application. 
 

(r) Information required under any other regulation under the Act 
to be submitted as part of or in support of the application. 
 
Refer to Volume IB, Water Act, for the Water Act Application to divert Surface 
Water for the Storm Water Retention Pond. 
Refer to Volume IB, Water Act, for an amendment to Water Act License to 
withdraw the make-up water for steam injection. 

 
(s) Any other information required by the Director, including 

information that is addressed in a standard or guideline in 
respect of the activity that is unpublished or adopted by the 
Department. 
 
N/A 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX I 

DETAILED WELL PLOT PLANS 
 

November 2005   













  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX II 

HEAT AND MATERIAL BALANCE 
 

November 2005   













































  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX III 

FLOW DIAGRAMS 
 

November 2005   































































  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX IV 

EQUIPMENT LIST 
 

November 2005   













































































  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX V 

ALBERTA ENERGY AND UTILITIES BOARD 
AND ALBERTA ENVIRONMENT APPROVALS 

 

November 2005   





























































































































 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX VI 

WASTE HYDROCARBON AND CHEMICAL 
MANAGEMENT PLANS 

 



 

 
TABLE OF CONTENTS 

Page No. 
 

 

1. WASTE MANAGEMENT PLAN.........................................................................................1 

1.1 INTRODUCTION ..........................................................................................................1 
1.2 WASTE MANAGEMENT PLANNING AND OBJECTIVES .....................................1 
1.3 WASTE COMPOSITION, STORAGE AND DISPOSAL ............................................8 

1.3.1 GENERAL .............................................................................................................8 
1.3.2 CONSTRUCTION AND CAMP WASTES ...................................................................9 
1.3.3 DRILLING WASTES.............................................................................................10 
1.3.4 OPERATIONS WASTES ........................................................................................11 

1.3.4.1 Spent Lime..........................................................................................11 
1.3.4.2 Produced Sand ....................................................................................11 
1.3.4.3 Salt Cake.............................................................................................12 

1.4 WASTE MINIMIZATION AND RECYCLING .........................................................12 
1.5 MONITORING.............................................................................................................12 

2. CHEMICAL MANAGEMENT PLAN...............................................................................13 

2.1 CHEMICAL..................................................................................................................13 
2.2 STORAGE AND MANAGEMENT.............................................................................13 

3. HYDROCARBON STORAGE............................................................................................17 

3.1 GENERAL ....................................................................................................................17 
3.2 ENVIRONMENTAL PROTECTION ..........................................................................17 

4. REFERENCES .....................................................................................................................18 

 
 

LIST OF TABLES
 
TABLE 1-1: PETRO-CANADA OIL SANDS WASTE MANAGEMENT PLAN...............2 
TABLE 1-2: EUB PUBLICATIONS RELATED TO MRE WASTE 

MANAGEMENT...............................................................................................7 
TABLE 2-1: CHEMICALS ..................................................................................................14 
 
 



Petro-Canada  MacKay River Expansion EIA 

1. WASTE MANAGEMENT PLAN 

1.1 INTRODUCTION 

The MacKay River Project (MRP) has a waste management plan and controls are in place 
for the handling, storage and transportation of operation generated wastes. 
 
Waste will be generated from a number of sources from the proposed Petro-Canada 
MacKay River Expansion (MRE).  The waste management plan and controls for the 
MRE will be integrated with the existing plans and controls in place for the MRP.   
Table 1-1 provides a summary of waste management plan for the current MRP 
operations.  Specifically, the table details: 

• a waste description,  
• storage location,  
• contact personnel,  
• manifest and the type required,  
• Alberta Energy and Utilities Board (EUB) waste code and Transportation of 

Dangerous Goods (TDG) information where applicable,  
• waste management options, and  
• Petro-Canada’s approved vendor for management of the waste stream. 

 
This table is being modified with updated information for the MRE to summarize the 
waste management plan and will be utilized by project workers to determine the 
appropriate waste management practices for a particular waste stream.  It is expected that 
additional revisions to the waste management plan will be undertaken prior to MRE start-
up. 
 
1.2 WASTE MANAGEMENT PLANNING AND OBJECTIVES 

Waste management is an integral part of Petro-Canada’s environmental operating 
standards and compliance.  The objectives of waste management are to minimize the 
volume of waste produced through reduction, recycling and reuse, and to manage waste 
to prevent soil or groundwater contamination.  Petro-Canada will continue to seek means 
and opportunities to reduce the volumes of waste produced and continuously improve 
waste management plans and controls in the MRP operations.  Waste management 
includes identification, characterization, quantification, storage, transportation, reduction, 
reuse, recycling and disposal. 
 
 

Komex International Ltd. (C59380000)  
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Table 1-1: PETRO-CANADA OIL SANDS WASTE MANAGEMENT PLAN 
Location:  MACKAY RIVER, Rev 1 / April 5, 2005 

Waste Description Storage Location
At Site 

Contact Manifest Required
(EUB, PCA, NONE)

EUB Waste Code / 
PIN / TDG 

Description, Class
Packing Group 

Waste Options Petro-Canada 
approved Waste 

Vendor 

AEROSOL CANS BU400 Laydown 
Area (Wasteco 
Aerosol Drum) 

Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

None n/a Disposal Regional Landfill
Fort McMurray 

BARRELS 
(Empty) 

Chemical Laydown 
Area 

Contact Suppliers 
for removal 

Petro-Canada EMTCON 
(NDOW) 

Reuse or 
Recycle 

Reused by 
Suppliers 

BATTERIES 
(Dry-cell) 

Battery Bin in 
Warehouse 

Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

None n/a Disposal Regional Landfill
Fort McMurray 

BATTERIES 
(Wet-cell) 

Warehouse Shop Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB  BATT (DOW) 
Batteries, Wet, 

Filled with Alkali/ 
UN2795 / 8 / III 

Recycle or 
disposal 

Recycle or 
Landfill (Class Ia, 

Ib or II) 

CARDBOARD 
(Corrugated) 

Denesoline Recycle 
Bin 

Denesoline 
Lugger Operator

Petro-Canada DOMWST 
(NDOW) 

Recycle Denesoline 
Storage Yard 

(temp) 
CONTAMINATED 

SOIL 
(Bitumen / Brine / 

Prod. Water) 

WasteCo Bins Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB SOILPW (NDOW) In-Situ 
Treatment  
or Disposal  

Class II landfill 
(Riley Clean 

Harbours) 
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Table 1-1: PETRO-CANADA OIL SANDS WASTE MANAGEMENT PLAN 
 Location:  MACKAY RIVER, Rev 1 / April 5, 2005 (Con’t) 
Waste Description Storage Location

At Site 
Contact Manifest 

Required 
(EUB, PCA, 

NONE) 

EUB Waste Code 
/ PIN / TDG 

Description, Class
Packing Group 

Waste Options Petro-Canada 
approved Waste 

Vendor 

CONTAMINATED 
SOIL 

(Refined Oil) 

WasteCo Bins Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB SOILRO (DOW)
Solids containing 

flammable liquids /
UN3175 / 4.1 / II

Disposal Class 1a landfill 

DIVERSION 
LAGOON 
WATER 

Diversion Lagoon Eveready / Flint / 
Others 

EUB WSTCLQ (DOW)
Corrosive liquid, 

N.O.S. /  
UN1760 / 8 / I 

Disposal Well New Alta  Elkpoint 
Facility 

DOMESTIC  
WASTE 

Garbage Bins Denesoline Lugger 
Operator 

Petro-Canada DOMWST 
(NDOW) 

Disposal Regional Landfill
Fort McMurray 

FILTER 
(Carbon) 

WasteCo Bin Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB ACTCRB (DOW)
Flammable solid, 
organic, N.O.S./ 
UN1325 / 4.2 / II

Incinerate EarthTech Swan 
Hills 

FILTER 
(Glycol) 

WasteCo Bin Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB FILGLY (DOW) 
Environmentally 

hazardous 
substance, solid, 

N.O.S./ 
UN3077 / 9 / III 

Incinerate  EarthTech Swan 
Hills 
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Table 1-1: PETRO-CANADA OIL SANDS WASTE MANAGEMENT PLAN 
 Location:  MACKAY RIVER, Rev 1 / April 5, 2005 (Con’t) 
Waste Description Storage Location

At Site 
Contact Manifest 

Required 
(EUB, PCA, 

NONE) 

EUB Waste Code 
/ PIN / TDG 

Description, Class
Packing Group 

Waste Options Petro-Canada 
approved Waste 

Vendor 

FILTER 
(Lube Oil) 

WasteCo Bin Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB FILLUB (DOW) 
Environmentally 

hazardous 
substance, liquid, 

N.O.S./ 
UN3082 / 9/ III 

Incinerate  EarthTech Swan 
Hills 

FILTER 
(Produced Water) 

WasteCo Bin Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB FILFWT (NDOW)
Solids containing 

flammable liquids, 
N.O.S./ 

UN3175 / 4.1 / II

Incinerate Christallo Tech. 

GLYCOL 
(with lead or heavy 

metals) 

Direct Truck 
Transfer 

Eveready / Flint / 
Others 

EUB GLYCHM (DOW)
Environmentally 

hazardous 
substance, liquid, 

N.O.S./ 
UN3082 / 9 / III 

Disposal CCS Elk Point 

INSULATION 
(Piping) 

Garbage Bin Denesoline Lugger 
Operator 

Petro-Canada n./a Disposal Regional Landfill
Fort McMurray 
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Table 1-1: PETRO-CANADA OIL SANDS WASTE MANAGEMENT PLAN 
 Location:  MACKAY RIVER, Rev 1 / April 5, 2005 (Con’t) 
Waste Description Storage Location

At Site 
Contact Manifest Required

(EUB, PCA, NONE)
EUB Waste Code / 

PIN / TDG 
Description, Class

Packing Group 

Waste Options Petro-Canada 
approved Waste 

Vendor 

LUBE OIL 
(Used) 

  EUB LUBOIL(DOW) 
Environmentally 

hazardous 
substance, liquid, 

N.O.S./ 
UN3082 / 9 / III 
UN3082 / 9 / III 

Recycle  

OILY RAGS /  
ABSOBANT 

PADS 

WasteCo Bin Petro-Canada 
Warehouse Rep 

to contact 
WasteCo 

EUB OILRAG (DOW) 
Solids containing 

flammable liquids/
UN3175 / 4.1 / II 

Disposal Lafarge Canada 

OILED 
MATERIAL 

(wood, insulation, 
etc.) 

Chemical Laydown 
Area 

Petro-Canada 
Environment 

Advisor 

Petro-Canada CONMAT(NDOW) Disposal Regional Landfill
Fort McMurray 

PAILS 
(Empty) 

Denesoline Garbage 
Bin 

Denesoline 
Lugger Operator

Petro-Canada DOMWST 
(NDOW) 

Disposal  Regional Landfill
Fort McMurray 

PAPER  
(Office) 

Denesoline Recycle 
Bin 

Denesoline 
Lugger Operator

Petro-Canada DOMWST 
(NDOW) 

Recycle Denesoline 
Storage Yard 

(temp) 
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Table 1-1: PETRO-CANADA OIL SANDS WASTE MANAGEMENT PLAN 
 Location:  MACKAY RIVER, Rev 1 / April 5, 2005 (Con’t) 
Waste Description Storage Location

At Site 
Contact Manifest Required

(EUB, PCA, NONE)
EUB Waste Code / 

PIN / TDG 
Description, Class

Packing Group 

Waste Options Petro-Canada 
approved Waste 

Vendor 

SCRAP METAL 
(incl. oiled) 

Scrap Metal Bins Denesoline 
Lugger Operator

EUB 
 

SMETAL (NDOW) Recycle Sunset Salvage 
Fort McMurray 

SLUDGES 
(RECS/Oil) 

400bbl RECS tanks Eveready / Flint / 
Others 

EUB  SLGHYD (DOW)
Petroleum crude 

oil/ 
UN1267 / 3  

Disposal Swan Hills 

SLUDGES 
(Lime) 

Lugger bins Lugger Truck to 
Landfill 

Petro-Canada SLGLIM Disposal Petro-Canada 
Lime landfill 

SLUDGES 
(Salt) 

Lugger bins Lugger Truck to 
Landfill 

Petro-Canada SLGPRO Disposal Petro-Canada Salt 
landfill 

WOOD Wood Bin Denesoline 
Lugger Operator

Petro-Canada n/a Reuse or 
Disposal 

Denesoline 
Storage Yard 

(temp) 
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The EUB regulates management of oilfield wastes and waste generators are responsible 
for managing their wastes in accordance with the EUB requirements.  Table 1-2 
summarizes the EUB publications related to waste management that will guide that 
aspect of the MRE operations. 
 
Table 1-2: EUB Publications Related to MRE Waste Management 

Ref. No. Publication Title 

Guide 50  Drilling Waste Management 

Guide 51  Injection and Disposal Wells, Well Classifications Logging, and Testing Requirements and 
Informational Letter (IL) 94-2 

Guide 55  Storage Requirements for the Upstream Petroleum Industry 

Guide 58  Oilfield Waste Management Requirements for the Upstream Petroleum Industry and Interim 
Directive (ID) 96-3 

Guide 63  Oilfield Waste Management Facility Inspection Manual 

Guide 64  Facility Inspection Manual 

ID 99-4  Deposition of Oilfield Waste into Landfills 

ID 2000-3  Harmonization of Waste Management 

ID 2000-4  An Update to the Requirements for the Appropriate Management of Oilfield Wastes 

ID 2001-4  Financial Security for Oilfield Waste Management Facilities 

ID 2001-9  Revision of Guide 55: Storage Requirements for the Upstream Petroleum Industry 

IL 96-13  Revision of Guide 50 Drilling Waste Management 

IL 98-1 A Memorandum of Understanding between Alberta Environmental Protection and the 
Alberta Energy and Utilities Board Regarding Coordination of Release Notification 
Requirements and Subsequent Regulatory Response 

IL 99-4  EUB Enforcement Process, Generic Enforcement Ladder, and Field Surveillance 
Enforcement Ladder (with 

 
The waste management program incorporates the practices and procedures identified in 
EUB Guide 58, Oilfield Waste Management Guidelines for the Upstream Petroleum 
Industry (EUB, 1996a).  The guidelines include: 

• identifying, measuring and controlling waste generation; 
• handling storage and disposal; 
• performance tracking and reporting; and, 
• monitoring of waste receiving facilities.   

 
These guidelines apply to solid and liquid waste that is generated, handled, stored and 
disposed of through activities resulting from the proposed MRE,  
 
 

Komex International Ltd. (C59380000)  
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Petro-Canada will monitor waste management activities to: 
• ensure compliance with relevant environmental regulation and industry 

guidelines/best management practices; 
• minimize the quantity of waste generated by encouraging the most efficient 

use of resources and through the practices of reducing, reusing, recycling and 
recovery, where practical; 

• accurately characterize and classify all reportable wastes; and, 
• ensure proper storage, handling, tracking, transporting and disposal of wastes. 

 
1.3 WASTE COMPOSITION, STORAGE AND DISPOSAL 

1.3.1 General  

Waste from a number of sources will be produced during construction and operation of 
the MRE.  These sources include: 

• solid and liquid waste from construction, utilities and services; 
• drilling waste;  
• process waste: mainly spent lime and salt cake, and 
• sanitary sewage; 

 
The waste management practices utilized for the existing MRP operations will also be 
followed in the MRE.  The various wastes are diverted to specific storage locations 
identified for those wastes and disposed by the approved waste receiver (Table 1-1).  For 
hazardous wastes, the waste is characterized and classified with the appropriate TDG and 
EUB codes by a qualified representative from the approved waste receiver, who is also 
responsible for the manifesting and disposal of the waste.  
 
Petro-Canada utilizes Wastetracker, a software program that tracks the facility’s waste 
manifests for all EUB regulated waste.  The waste manifest information entered into 
Wastetracker is utilized to track waste volumes and for EUB reporting.  Petro-Canada 
also manifests and tracks wastes not regulated by the EUB such as domestic wastes that 
are disposed in the Fort McMurray Regional Landfill. 
 
Material Safety Data Sheets (MSDS) are prepared for all chemicals and waste types at the 
facility and are at the facility for workers to reference.  Petro-Canada conducts sampling 
and testing and develops a Petro-Canada specific MSDS if a new chemical or waste is 
produced at the facility. 
 

Komex International Ltd. (C59380000)  
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Waste storage facilities will be designed and operated in accordance with the 
requirements of EUB Guide 55, Storage Requirements for the Upstream Petroleum 
Industry (EUB, 2001).  Waste generated by the Project that is classified as dangerous 
oilfield waste (DOW) under Guide 58, will be temporarily stored onsite in a designated 
DOW storage area, until wastes are transported for final disposal to a licensed facility. 
 
Petro-Canada has a Class II oilfield waste landfill facility, at Section 12-17-93-12 W4M, 
for spent lime and salt cake generated by existing plant operations. The landfill is 
designed and operated in accordance with the requirements of EUB Guide 58. The MRE 
landfill includes an addition designed for spent lime and salt cake, if zero liquid discharge 
(ZLD) is used at the MRE. If ZLD is unnecessary the MRE will be used for spent lime. 
Impact assessments were completed with the proposed landfill included, however, it will 
be the subject of a separate application to amend the existing approval and will be filed at 
a later date. 
 
1.3.2 Construction and Camp Wastes 

Construction phase solid wastes have been identified and include: 
• packing materials; 
• cardboard; 
• pallets; 
• wood; 
• metals; 
• glass; 
• paint; 
• sand blast; 
• insulation; 
• welding rods; 
• lubricants; and, 
• oil filters. 

 
The wastes are typical for construction for a Steam Assisted Gravity Drainage (SAGD) 
oilfield plant facility.  Waste will be primarily stored in bins and drums and disposed of 
in a third-party landfill or recycled as appropriate.  The sanitary sewage system during 
construction will be comprised of a self-contained sewage treatment facility.  The camp, 
associated infrastructure, and sewage treatment facility will be provided by a certified 
contractor and will meet the applicable safety and environmental regulations.  The 
construction camp will be the subject of a later application. 
 

Komex International Ltd. (C59380000)  
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1.3.3 Drilling Wastes 

Management and disposal of all drilling fluid products will be in accordance with the 
AEUB Guide G-50, "Drilling Waste Management” (EUB 1996b).  If the oil content of 
the drilling mud exceeds 0.1% after solids separation, bioremediation will be applied to 
the oily drilling waste, thereby exceeding the requirements set forth in Guide G-50. 
Bioremediation is an adaptation of various composting techniques where microorganisms 
convert organic materials into a soil-like material at an accelerated rate. The drilling 
wastes are mixed with wood chips, fertilizer and nutrient supplements and placed in long 
narrow piles that are aerated to promote the remediation process.  The composting will be 
done in windrows on the remote sump site or on the pad site where it can be isolated from 
production operations and managed until reclamation is complete.  This composting 
system makes the oily waste stream very stable.  The compost mixture is placed on an 8-
12 inch woodchip bed and bermed around the outside with wood chippings.  This 
bedding and berm will collect any oil leachate (the volume is expected to be very little to 
none).  The site will be contoured to control drainage and there should be no effect on 
groundwater, surface water, or surficial soils.  The advantages of bioremediation include 
on-site waste treatment and generation of an end product that is beneficial to site 
reclamation.  This process has been used extensively for the MacKay River Project with 
success.  
 
The drilling fluid will be stored and disposed in remote sump locations, if this method is 
approved by the AEUB and SRD.  These locations will be tested for suitability and 
approved by Alberta Environment prior to construction.  The sumps will be contoured to 
prevent surface runoff from entering the sumps and also to prevent drilling fluids from 
escaping. The non-oily drilling waste will be disposed of by mix-bury-cover (MBC) 
according to the AEUB Guide 50, "Drilling Waste Management". By following the 
methods described above and by following G-50 requirements, the surface water will be 
protected from deleterious runoff.  By having a one-metre layer of impermeable material 
between the groundwater and the sump, any adverse effect to the groundwater will be 
prevented.  All sumps will be bermed and fenced. 
 
The total volume of drilling waste will be approximately 150 m3 per well for the MRE. 
 

Komex International Ltd. (C59380000)  
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1.3.4 Operations Wastes 

Waste generated through operation of the facility include: 
• sewage liquids and solids, 
• floor drain liquids, 
• waste oil, 
• produced sand, 
• spent lime, 
• salt cake, 
• produced water, 
• chemicals (i.e., glycol), 
• office waste, 
• maintenance waste, and 
• empty chemical containers.  

 
1.3.4.1 Spent Lime 

The rate of spent lime production for the MRP is approximately 25 m3/d.  The MRE rate 
of spent lime production is expected to be 25.4 m3/d (33 tonnes/day) (Volume IA, Section 
10, Material and Energy Balance).  The spent lime will consist of the following inorganic 
components, in the appropriate proportions on a dry weight basis: 
 
Mg (OH)2 41 % by weight 
SiO2  17% by weight 
CaCO3  41% by weight 
 
The spent lime will be disposed of in the additional Class II landfill proposed to be 
located in Section 12-17-93-12 W4M.  The Environmental Impact Assessment (EIA) was 
completed with the proposed landfill disturbance included, however the landfill will only 
be required if ZLD is implemented at MRE.  If required, a landfill application will be the 
subject of a future application.  
 
1.3.4.2 Produced Sand 

The average rate of sand production for the MRP was approximately 10 m3/d in years 1 
and 2 years of operation and 4 m3/d through to the end of operation.  The MRE average 
rate of sand production is predicted to be 10.2 m3/d in years 1 and 2 of operation and 
approximate 4.11 m3/d (5.8 tonnes/day) in year 3 to the end of the operation  (Volume 
IA, Section 10, Material and Energy Balance).   The produced sand will be dewatered and 
transported off-site to a Class I landfill disposal facility. 
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1.3.4.3 Salt Cake 

If the ZLD is used, the estimated rate of salt cake production for MRE is approximately 
40 m3/d.  Salt cake is comprised of sodium chloride.  Like the spent lime, the salt cake 
will be disposed in the Class II landfill proposed to be located in Section 12-17-93-12 
W4M. 
 
1.4 WASTE MINIMIZATION AND RECYCLING 

Waste minimization, by reducing the quantity of waste produced, reusing wherever 
possible, and recycling, will be undertaken throughout the life of both the existing and 
proposed MRE wherever feasible.  Petro-Canada will evaluate ways to examine means to 
reduce waste throughout project and operation including technical innovations, improved 
waste handling and storage methods. 
 
1.5 MONITORING 

Petro-Canada monitors its waste management practices and facilities at the MacKay 
River site through monthly audits and inspections to: 

• ensure worker health and safety;  
• ensure compliance with applicable regulations, guidelines and legislation; 
• minimize waste generation and potential environmental impacts, and, 
• continuously improve waste management practices at the facility. 

 
In addition to its own waste management facilities associated with the MRP, Petro-
Canada also conducts periodic inspections of their approved waste receivers.  

Komex International Ltd. (C59380000)  
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In 2006, Petro-Canada intends to design and construct a chemical storage facility at the 
central processing facility.  The storage facility will be designed and constructed to meet 
Guide 55 standards and requirements including secondary containment.  A separate 
storage facility for chemicals will improve worker safety because it will move much of 
the chemical storage from the operations buildings and away from most of the daily 
operations of workers. 

 

Petro-Canada monitors its chemical storage practices and facilities at the MRP site 
through monthly inspections.  The MRP operations also conduct an annual chemical spill 
emergency response exercise to ensure the emergency controls in place are operational 
and effective. 

  

Chemicals will be stored in the existing MRP facilities that are designed and operated in 
accordance with the requirements of EUB Guide 55, Storage Requirements for the 
Upstream Petroleum Industry, (EUB, 2001).  MSDS are currently prepared for all 
chemicals and waste types at the existing MRP facility and are available at the facility for 
workers to reference.  All workers are trained in Workplace Hazardous Materials 
Identification System (WHMIS).  For new chemicals that are utilized for MRE, Petro-
Canada will provide workers with the appropriate MSDS and the appropriate storage 
requirements as well as worker safety controls will be identified and implemented. 

2.2 STORAGE AND MANAGEMENT 
 

Table 2-1 summarizes the chemicals used by at the MRP operations and some of these 
chemicals will be used by the MRE, the components of the chemicals and relative 
proportions, and identifies the chemicals are listed by the federal government as 
Canadian Environmental Protection Act (CEPA) toxics, on the First Priority Substances 
List (PSL1), Second Priority Substances List (PSL2), Accelerated Reduction/Elimination 
of Toxics (ARET), National Pollutant Release Inventory (NPRI) or dangerous goods.  
The only listed substance utilized or stored in the MRP operations in quantities that 
exceeds the NPRI reporting threshold (10 tonnes/year) is hydrochloric acid.  The 
Chemical Management Plan will be updated to reflect additional chemicals that will be 
used for the MRE prior to start-up. 

2.1 CHEMICAL  

2. CHEMICAL MANAGEMENT PLAN 

13
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Table 2-1: Chemicals 

Chemical Components CAS # %  
(of total) 

Listed Under 
CEPA, PSL1, PSL2, 

ARET, NPRI 

TDG 
(Class, UN #) 

Soda Ash Sodium carbonate anhydrous 000497198 100 None n/a 
Magnesium Oxide Magnesium oxide 1309-48-4 96-99 None n/a 

Lime Calcium Hydroxide 1305-62-0 >92 None n/a 
 Crystal Silica 14808-60-7 >0.1 None n/a 

HCl acid Hydrochloric acid 007647-01-0 100 NPRI 8, UN1789 

Caustic soda Sodium hydroxide 001310-73-2 30-50 None 8, UN 1823 (solid) 
8, UN 1824 (solution) 

 Sodium chloride 007647-14-5 0-2 None n/a 
Klaraid PC 1191 NO WHMIS Controlled 

Chemicals 
n/a n/a n/a n/a 

FLW 165 Acrylic polyamide 58627-30-8 30-60 None n/a 

 Ammonium chloride 12125-02-9 1-5 None n/a 
 Petroleum distillates 64742-47-8 10-30 None 3, UN 1268 
 Oxyalkylated alkylphenol 9016-45-9 1-5 None n/a 
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Table 2-1: Chemicals (Con’t) 

Chemical Components CAS # %  
(of total) 

Listed Under 
CEPA, PSL1, PSL2, 

ARET, NPRI 

TDG 
(Class, UN #) 

Control IS 3031 Sodium bisulphite 7631-90-5 30-60 None n/a 

 Sodium sulphite 7757-83-7 3-7 None n/a 
 Cobalt sulphate 10124-43-3 0.1 None 

 
n/a 

Sodium 
hypochlorite 

Sodium hypochlorite 007681-52-9 10-15 None n/a 

 Chlorine 007782-50-5 n/a NPRI 2.3, UN 1017 

Chemical Components CAS # %  
(of total) 

Listed Under 
CEPA, PSL1, PSL2, 

ARET, NPRI 

TDG 
(Class, UN #) 

PolyFloc AE 1123 Isoparaffinic petroleum 
distallate 

64742-47-8 15-40 None n/a 

 Nonylphenol ethoxylates n/a 1-5 CEPA, PSL2, NPRI n/a 

Optisperse 
CL6011 

Ethylenediamine tetracetic 
acid 

64-02-8 7-13 None n/a 



Table 2-1: Chemicals (Con’t) 

Chemical Components CAS # %  
(of total) 

Listed Under 
CEPA, PSL1, PSL2, 

ARET, NPRI 

TDG 
(Class, UN #) 

RBW 118 Methanol 67-56-1 10-30 NPRI 3, UN 1230 

Steamate NF2000 Dimethylaminopropylamine 109-55-7 10-30 None n/a 

DFO 3921 Kerosene 64742-81-0 60-100 None n/a 

DMO 8619 Light aromatic naptha 64742-95-6 10-30 NPRI n/a 

 1,2,4 - trimethylbenzene 95-63-6 10-30 NPRI n/a 

 1,2,3-trimethylbenzene 526-73-8 1-5 NPRI n/a 
 1,3,5-trimethylbenzene 108-67-8 1-5 NPRI 3, UN 2325 

 Xylene 1330-20-7 1-5 PSL1, NPRI 3, UN 1307 

 Methanol 67-56-1 5-10 NPRI 3, UN 1230 
 Isopropanol 67-63-0 1-5 NPRI 3, UN 1219 

 Polyglycol diepoxide 68036-95-3 10-30 None n/a 

 MacKay River Expansion EIA 
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3. HYDROCARBON STORAGE 

3.1 GENERAL 

Hydrocarbon storage, for the proposed MRE, is in above ground storage tanks (AST’s) 
located mainly in a tank farm area of the central processing facility and is for slop oil and 
recycle oil.  Other hydrocarbon AST’s located throughout the processing area include the 
emergency generator diesel storage tanks.  The detailed processing facility plot plan in 
Volume IB, Appendix II provides a list of all proposed hydrocarbon, water and chemical 
storage tanks, tank size and location within the facility.  
 
3.2 ENVIRONMENTAL PROTECTION 

As in the existing MRP operations, all hydrocarbon storage facilities for the MRE will be 
designed and constructed to meet or exceed the requirements of EUB Guide 55 and other 
applicable regulations (e.g. Alberta Fire Code).  The storage facilities will include 
secondary containment and spill prevention measures such as liners, spill collection, drip 
trays, spill boxes, as appropriate.   
 
Petro-Canada has also developed specific procedures for tasks that have the potential to 
cause spills such as purging.  These procedures have been developed and implemented to 
ensure worker safety and to minimize the risk of a spill or uncontrolled release.  
Procedures are reviewed and modified and improved as necessary. 

Komex International Ltd. (C59380000)  
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INTRODUCTION 

Petro-Canada’s MacKay River Project has been implemented site specific 
monitoring programs to address groundwater, surface water and wetlands, soils, 
and wildlife.  Petro-Canada recognizes that the existing monitoring may be 
expanded to address those residual impacts identified in the MacKay River 
Expansion Project Environmental Impact Assessment.  The groundwater 
monitoring, for example, will be expanded to gather additional information on 
three subsurface disposal options.   
 
The following provides summary of environmental monitoring information 
gathered during the previous approval period.   
 
GROUNDWATER MONITORING 

The groundwater monitoring program has been in place at the existing MacKay 
River Project since April 2002 (before production).  The results of the on-going 
monitoring are summarised and submitted to Alberta Environment annually.  The 
most recent report, submitted in March 2005, presents the cumulative results of 
monitoring programs up to and including 2002.  Data is currently being collected 
for 2005 and will be submitted in 2006 in compliance with the current operating 
approval. 

The current groundwater monitoring program for the MacKay River Project 
focuses on five distinct areas: 1) the Plant Site; 2) the groundwater diversion 
wells; 3) the SAGD well pads; 4) hydraulic effects from in-situ operations; and 5) 
the Class II Oilfield Landfill.  The locations of the wells included in the program 
are shown on Figures 1 and 2 in Appendix I.  A graphical summary of the 
monitoring data over the approval period are shown in Appendix I.  The complete 
data tables are presented in Appendix I. 

 
The results of the groundwater monitoring generally indicate no significant 
changes to groundwater quality at the Facility over the Approval period.  All the 
groundwater monitoring wells at the Plant Site generally have a similar 
hydrochemical composition, except P02-9B, which has higher concentrations of 
sodium, chloride, and fluoride.  P02-9B is the only monitoring well completed in a 
silty clay layer, which may account for the different chemistry.  Petroleum 
hydrocarbons, including benzene, toluene, ethylbenzene, and xylenes (BTEX) 
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and petroleum hydrocarbon (PHC) fractions (F)1 (C6 to C10) through F4 (C>34-
C50), have been intermittently detected at various monitoring wells at the Plant 
Site since the start of the monitoring program including sampling events before 
production began.  Similarly, various polycyclic aromatic hydrocarbons (PAHs) 
have also been detected intermittently at the Plant Site monitoring wells since the 
start of the monitoring program. 

Groundwater chemistry at the groundwater diversion wells has generally been 
similar to that measured at the Plant Site monitoring wells, and has been 
relatively consistent over the range of historical measurement.  Sodium 
concentrations at WSW2 (and WSW3 in 2004) are higher than generally 
measured at the Plant Site.  This is thought to be due to the close proximity of 
the source wells to the shale bedrock. 

At the well pads, groundwater chemistry was generally similar throughout the 
monitoring period at each of the groundwater monitoring wells.  Petroleum 
hydrocarbons (PHC F2 [C>10 to C16] through F4 [C>34-C50]), have been 
intermittently detected at various monitoring wells at the well pads since the start 
of the monitoring program (includes monitoring completed before bitumen 
production).  

Groundwater level measurements at the hydraulic effects monitoring wells 
appear to have stabilised since 2003.  The high sodium and chloride 
concentrations measured at 03-04-93-12 W4M are typical of the Wabiskaw ‘C’ 
bedrock aquifer at the Facility.  Dissolved arsenic and barium concentrations 
above the drinking water guideline have been measured at 03-04-93-12 W4M 
since 1998 and/or 1999 and are likely naturally occurring. 

In the vicinity of the Class II Landfill, groundwater chemistry in each of the 
monitoring wells has been relatively consistent since the 2000 hydrogeological 
assessment and has generally been characterised by sodium, chloride, and 
sulphate concentrations in excess of drinking water guidelines.  All metals were 
below the drinking water guidelines except boron and aluminum at select 
locations.   

The results of the groundwater monitoring program generally indicate no 
significant changes in groundwater quality over the monitoring period.  The 
monitoring period covers pre-production (2002) to current operation (2005).   

SOIL MONITORING 

A soil survey review (Axys & Frickie, 1998) was conducted in June 1998 as part 
of the MacKay River Project Application for Commercial Approval. No additional 
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soil investigations had been completed at this facility. The 2003 Soil Monitoring 
Program was initiated to serve as a baseline for future soil investigations and in 
partial fulfillment of the EPEA Approval No. 48406-00-00. Samples were 
collected from 30 locations throughout the facility, 24 from the central facility, 
including 2 background locations, 4 from the Well Pads 20 North and 21 North 
and 2 from the Class II Landfill. The rationale for the choice of sample locations 
were determined using site history, plant personnel knowledge and general 
knowledge of plant processes. Soil monitoring programs enables the 
identification of potential impacts from facility operations.  Chemicals and 
compounds of potential environmental significance that are used at the Facility 
include: 

• Glycols; 
• Salts (e.g. produced water, caustic soda); 
• Hydrocarbons (including gasoline, bitumen, diesel); 
• Hydrochloric acid; 
• Demulsifier; and, 
• Corrosion inhibitor. 

 
Surface and subsurface samples were collected, generally at depth intervals of 
0-0.15; 0.15-0.30; 0.30-0.60; 0.60-1.00 m and every half-meter thereafter, to the 
shallow groundwater, auger refusal or the bottom of the visibly impacted zone. 
Any discrete zones of potential impact identified through field observations were 
sampled separately. 

To meet the soil monitoring directive and the AENV Approval No. 48408-00-00 
for facilities being monitored for the first time, each soil sample was required to 
be characterised by the following parameters: 

• pH; 
• electrical conductivity; 
• cation exchange capacity; 
• total organic carbon; 
• texture; 
• sodium adsorption ratio; 
• trace metals; and, 
• substances specific to plant activities (hydrocarbons, BTEX, nitrogen, 

soluble nitrate, nitrite, ammonium, anions, cations, solvents, trace metals, 
boron, alcohols, phenols and glycols). 

 
During the 2003 Soil Monitoring Program several areas around the facility were 
found to be impacted with salts that exceeded applicable criteria.  A summary of 
impacted areas is provided below. 
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Table -1:  Summary of Impacted Areas 

 
LOCATION 

 
TARGET AREA 

 
PARAMETERS ABOVE 

ALBERTA TIER 1 

PARAMETERS 
ABOVE CCME 
INDUSTRIAL 

Background Background pH pH, Arsenic 

Construction Camp and 
Boneyard Area 

Welding area and 
incinerator 

pH pH 

Glycol Area Glycol cooler pH pH 

Water system and 
Evaporator/ Crystallizer 

Area 

Load out area pH pH 

Oil Removal Area Tank farm PHC F2, PHC F3, PHC 
F4G, Chrysene, 
Phenanthrene 

 

 
Water Treatment Area 

 
East side of wastewater 

and backwash tanks, 
doorway to centrifuge, 
and in front of caustic 

and acid tanks 

 
EC, SAR 

 

Flare Area Flare pH pH 

Inlet and Bitumen Treating 
Area 

South side of Poptank pH pH 

Pad 20 North Separator Building pH pH 

Class II Landfill East side of landfill  SAR pH 

 
Three sample locations (S03-14, -15, and -17) in the Water Treatment Area were 
found to be impacted with salts and/or had pH that exceeded applicable criteria 
or background concentrations.  Elevated soluble ions such as sodium and 
chloride contributed to electrical conductivity (EC) and sodium adsorption ratio 
(SAR) values exceeding AENV salt guidelines (AENV, 2001a) in the upper metre 
of soil.  Detectable levels of hydrocarbons were also found in front of the 
centrifuge area (S03-15), but were below Alberta Tier 1 criteria (AENV, 2001b). 

 
Elevated petroleum hydrocarbon (PHC) parameters fractions F2 to F4G above 
Alberta Tier 1 criteria were detected in the Oil Removal area (S03-11) to 0.15 m.  
This location was within a synthetically lined, bermed area and contaminants 
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were not expected to reach deeper soil.  The source of hydrocarbon is 
leaks/spills during equipment maintenance activities within the berm.   

Following the findings of the 2003 Soil Monitoring Program and a few spill events 
at the facility, a 2004 Soil Sampling Program was conducted and completed in 
February, 2005.  The scope of the work included: 

• delineation of the lateral extent of salt impact in the Water Treatment area 
in the vicinity of wastewater and backwash tanks (S03-14), the centrifuge 
doorway (S03-15), and west side of the blowdown lagoon (S03-17); 

• sampling the vertical extent of salt impact in the blowdown lagoon spill 
area; 

• sampling the vertical extent of salt impact in the Water System and 
Evaporator/Crystallizer area; and  

• re-sampling to confirm hydrocarbon levels in the doorway of the 
centrifuge area (S03-15). 

The program was carried out in a very similar fashion to the 2003 monitoring but 
with fewer analytical parameters: 

• pH; 
• electrical conductivity (EC); 
• sodium adsorption ratio (SAR); and, 
• soluble cations and anions (including sulphates and chlorides). 

Soil analytical results for the 2003 and 2004 soil sampling are summarized in 
Table 9 (Appendix I).  Soil sampling locations are shown in Figure 3 (Appendix I).  
Results, conclusions and recommendations produced as a result of the 2003 and 
2004 monitoring comprised of the following: 

Water Treatment Area: Elevated soluble calcium (up to 365 mg/L), sodium (up to 
264 mg/L) and chloride (up to 1280 mg/L) above background concentrations 
were present in S05-01 and S05-06 (0.0-0.15 m bgs), and soluble chloride (up to 
463 mg/L) was elevated above background to at least 0.6 m bgs at both 
locations.  No other samples had parameters elevated above criteria. Salt impact 
identified during the 2003 Soil Monitoring Program appears to be fairly localized 
to the areas sampled.  Borehole S05-01 (0.0-0.15 m bgs) near previous borehole 
S03-17 had slightly elevated EC on the surface soil, which is attributed to 
elevated soluble calcium, chloride and sodium concentrations. Low pH at S05-01 
(0.3-0.6 m bgs) is interpreted to represent natural soil conditions and is not 
considered significant.  Analytical results for S05-06 around previous borehole 
S03-14 reported slightly elevated soluble sodium and chlorides, as well as SAR 
over criteria on the south east corner of the tank berm.  Salinity impacts are 
thought to be fairly localized in this area since samples analyzed from S05-04 
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and S05-05 did not report elevated salinity parameters.  It was recommended 
that the surface soil in the vicinity of S05-01, S03-17, S03-15 and S05-06 be 
removed as opportunity arises.  Housekeeping activities were to be reviewed, 
and the source of salts identified and controlled to prevent continuous releases to 
the soil in this area.   

Water System Evaporator/Chrystaliser:  One sampling location (S03-10) was 
advanced in this general area on the south side of the Evaporator/Crystallizer 
(E/C) during the 2003 Soil Monitoring Program (Komex, 2003).  The pH did not 
meet criteria in this location; however, it was interpreted to be consistent with 
background values for this area.  Elevated soluble calcium (up to 311 mg/L), 
sodium (up to 1280 mg/L), and soluble chlorides (up to 2190 mg/L) were 
detected in both S05-11 and -13 above background concentrations in the surface 
0.15 m.  Based on the samples taken, impact is greater on the west than east 
side of the unit.  It is recommended that the surface 0.3 m of soil be excavated 
from this area as possible.  A liner could be placed on the ground in this area 
during maintenance activities to prevent future soil impact.  It was also 
recommended that housekeeping activities be reviewed to prevent additional 
impact to the soil.   

WETLAND MONITORING 

The  wetland  monitoring  program  was  initiated  in  2001  and  is  focused  on 
biannual  surface  water  monitoring  at  seven  monitoring  locations  (an  eighth 
station was monitored between 2001‐2002).  Six monitoring locations are situated 
along  the MacKay River both upstream and downstream of  the MacKay River 
Project Area.  In addition, two water levels and water chemistry are recorded in 
two wetlands.  Information gathered at each location includes water levels, flow 
measurement, and water sampling.   Water  flows recorded at stations along  the 
MacKay  River  indicate  that  flow  rates  are  consistent with  background  levels 
(Hydroconsult 2005).  Elevated water chemistry parameters recorded in wetlands 
indicate  that  the  wetlands  receive  drainage  from  the  surficial  groundwater 
(Hydroconsult 2005). 

WILDIFE MONITORING 

Petro‐Canada has developed and implemented a wildlife monitoring program at 
the MacKay River Project  (MRP) area.   The wildlife program was developed  to 
determine  the  potential  effects  from  the MRP  on  local  terrestrial wildlife.    In 
addition,  aquatic wildlife  species  are  also monitored  to  assess potential  affects 
from  Birch  Channel  drawdown.    Results  of  the  second  period  of monitoring 
indicate  that  the MRP has had  little or no measurable  affects on  local wildlife 
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populations  (AXYS 2005).   Petro‐Canada will  continue  to monitor wildlife and 
wildlife habitat as part of their existing approval. 
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Petro-Canada Oil and Gas

TABLE 1.  MONITORING WELL SUMMARY AND ANALYTICAL SCHEDULE FOR THE GROUNDWATER MONITORING PROGRAM
Mackay River Project

Water Quality Monitoring Parameters

Program Component Well ID

Monitoring 
(M) Water 

Quality 
Frequency1 Ro
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Water Level 
Monitoring

1. Plant Site Facilities
P02-9B semi-annual 1 1 - - 1 1 1 1 - - semi-annual
P02-10B semi-annual 1 1 - - 1 1 1 1 - - semi-annual
P04-11B semi-annual 1 1 - - 1 1 1 1 - - semi-annual
P02-12B semi-annual 1 1 - - 1 1 1 1 - - semi-annual
P04-13B semi-annual 1 1 - - 1 1 1 1 1 - semi-annual
P02-14B semi-annual 1 1 - - 1 1 1 1 1 - semi-annual
P02-30B semi-annual 1 1 - - 1 1 1 1 - - semi-annual

2. Hydraulic Effects - Birch Channel
(a) Drawdown - local to water supply well WSW1-new semi-annual 1 - - - - - - - - - semi-annual

WSW2 semi-annual 1 - - - - - - - - - semi-annual
WSW3 semi-annual 1 - - - - - - - - - semi-annual

(b) Drawdown - wetlands
Birch Ch. Obs - 02-08-93-12 

WSTO semi-annual 1 - - - - - - - - - semi-annual
P01-18B - - - - - - - - - - - semi-annual

(c) Drawdown - Dover Project P02-20D semi-annual 1 - - - - - - - - - semi-annual

3. Well Pads - Groundwater Quality
P02-21A semi-annual 1 1 - - 1 1 1 1 - 1 semi-annual
P02-22A semi-annual 1 1 - - 1 1 1 1 - 1 semi-annual
P02-23A semi-annual 1 1 - - 1 1 1 1 - 1 semi-annual
P02-24A semi-annual 1 1 - - 1 1 1 1 - 1 semi-annual

4. Hydraulic effects from in-situ  operations
03-04-93-12 annual 1 - - - 1 1 1 1 - 1 semi-annual
03-34-92-12 n/a - - - - 1 1 1 1 - 1 semi-annual
16-10-93-12 n/a - - - - 1 1 1 1 - 1 semi-annual

5. Class II Landfill
P01-25A semi-annual 1 - 1 - - - - - - - semi-annual
P01-25B semi-annual 1 - 1 - - - - - - - semi-annual
P01-26A semi-annual 1 - 1 - - - - - - - semi-annual
P01-27A semi-annual 1 - 1 - - - - - - - semi-annual
P00-SW3 semi-annual 1 - 1 - - - - - - - semi-annual
P00-DW3 semi-annual 1 - 1 - - - - - - - semi-annual
P01-28A semi-annual 1 - 1 - - - - - - - semi-annual
P01-28B semi-annual 1 - 1 - - - - - - - semi-annual
P01-29A semi-annual 1 - 1 - - - - - - - semi-annual
P01-29B semi-annual 1 - 1 - - - - - - - semi-annual

NOTES: 1. Semi-annual monitoring:  spring and fall.
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TABLE 2.  PIEZOMETER INSTALLATION DETAILS, ELEVATIONS, AND HYDRAULIC CONDUCTIVITIES

MacKay River Project

Program Component Well ID
Ground 

Elevation

Datum 
Elevation   

(top of PVC)
Stickup   
(PVC)

Total          
Depth of 

Piezometer

Depth 
Interval of 
Sand Pack

Depth to 
Groundwater

Date 
Measured

Depth to 
Groundwater

Groundwater 
Surface 

Elevation
Hydraulic 

Conductivity Lithology

(m asl) (m asl) (m) (m bgs) (m bgs) (m btoc) (d-m-y) (m bgs) (m asl) (m/s)

1. Plant Site Facilities

P02-9B 425.57 426.67 1.10 38.86 33.63-38.71 26.40 23-Apr-02 25.30 400.27 5.1E-07 Silty Clay
26.69 28-May-02 25.59 399.98
26.35 14-Aug-02 25.25 400.32
26.40 30-Sep-02 25.30 400.27
25.97 17-May-03 24.87 400.70
26.01 3-Nov-03 24.91 400.66
25.90 6-May-04 24.80 400.77
26.08 17-Oct-04 24.98 400.59

P02-10B 422.80 423.66 0.86 28.19 22.13-26.52 24.16 23-Apr-02 23.30 399.50 3.3E-06 Sand
24.93 28-May-02 24.07 398.73
23.94 14-Aug-02 23.08 399.72
24.20 30-Sep-02 23.34 399.46
24.22 16-Jun-03 23.36 399.44
24.37 3-Nov-03 23.51 399.30
24.37 7-May-04 23.51 399.29
24.40 17-Oct-04 23.54 399.26

P02-11B 424.81 425.68 0.87 32.00 27.84-31.93 30.42 23-Apr-02 29.55 395.26 6.4E-06 Sand
30.21 28-May-02 29.34 395.47
30.22 14-Aug-02 29.35 395.46
30.46 30-Sep-02 29.59 395.22
30.72 16-Jun-03 29.85 394.97
30.85 3-Nov-03 29.98 394.84
30.67 13-May-04 29.80 395.02

Abandoned

P04-11B --- --- --- 39.9 32.9-39.9 30.80 17-Oct-04 --- --- --- Sand

P02-12B 424.62 425.47 0.85 34.14 27.13-32.00 29.83 23-Apr-02 28.98 395.64 4.9E-07 Sand
29.61 28-May-02 28.76 395.86
29.62 14-Aug-02 28.77 395.85
29.88 30-Sep-02 29.03 395.59
30.04 16-Jun-03 29.19 395.43
30.22 3-Nov-03 29.37 395.25
30.24 11-May-04 29.39 395.23
30.35 21-Oct-04 29.50 395.12

P02-13B 426.48 427.30 0.82 34.14 28.17-33.38 31.92 23-Apr-02 31.10 395.38 6.9E-06 Sand
31.78 28-May-02 30.96 395.52
31.78 14-Aug-02 30.96 395.52
32.04 30-Sep-02 31.22 395.26

Damaged 17-May-03 --- ---

P04-13B --- --- --- 39.9 34.7-39.9 32.29 11-May-04 --- --- --- Sand
Destroyed 17-Oct-04 --- ---

P02-14B 424.96 425.83 0.87 31.95 28.04-31.95 30.70 23-Apr-02 29.83 395.13 --- Sand
30.37 28-May-02 29.50 395.46
30.44 25-Jun-02 29.57 395.39
30.34 14-Aug-02 29.47 395.49
30.52 30-Sep-02 29.65 395.31
Dry 17-May-03 --- ---
Dry 3-Nov-03 --- ---

P04-14C --- --- --- 39.9 32.3-39.9 30.71 11-May-04 --- --- --- Sand
30.89 17-Oct-04 --- ---

P02-30A 424.41 425.27 0.86 12.81 9.32-12.81 13.62 25-Jun-02 12.76 411.65 Sand
13.59 14-Aug-02 12.73 411.68 ---
13.59 30-Sep-02 12.73 411.68
Dry 17-May-03 --- ---

13.62 3-Nov-03 12.76 411.65
13.64 11-May-04 12.78 411.64
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Petro-Canada Oil and Gas

TABLE 2.  PIEZOMETER INSTALLATION DETAILS, ELEVATIONS, AND HYDRAULIC CONDUCTIVITIES

MacKay River Project

Program Component Well ID
Ground 

Elevation

Datum 
Elevation   

(top of PVC)
Stickup   
(PVC)

Total          
Depth of 

Piezometer

Depth 
Interval of 
Sand Pack

Depth to 
Groundwater

Date 
Measured

Depth to 
Groundwater

Groundwater 
Surface 

Elevation
Hydraulic 

Conductivity Lithology

(m asl) (m asl) (m) (m bgs) (m bgs) (m btoc) (d-m-y) (m bgs) (m asl) (m/s)

Dry 17-Oct-04 --- ---

P02-30B 424.29 425.18 0.89 34.14 28.04-32.08 30.19 23-Apr-02 29.30 394.99 --- Sand
30.18 25-Jun-02 29.29 395.00
30.07 14-Aug-02 29.18 395.11
30.28 30-Sep-02 29.39 394.90
30.54 17-May-03 29.65 394.64

27.27 26.64 3-Nov-03 25.75 398.55

P04-30C --- --- --- 40.2 30.2-40.2 30.41 7-May-04 --- --- --- Sand
30.55 17-Oct-04 --- ---

2. Groundwater Diversion
Source Wells WSW1 --- --- 0.71 --- 22.86-55.47 30.29 25-May-01 --- --- --- Sand and Gravel

WSW2 424.30 424.90 0.60 86.250 29.0-85.3 30.29 14-Feb-02 29.69 395.21 --- Sand and Gravel

WSW3 423.03 423.69 0.66 91.440 30.5-76.2 28.87 14-Feb-02 28.21 395.48 --- Sand and Gravel

Monitoring Wells P02-20D 428.74 429.64 0.90 85.340 30.5-84.7 34.10 14-Feb-02 33.20 396.44 --- Sand and Gravel
34.16 16-May-03 33.26 396.38
34.38 3-Nov-03 33.48 396.16
34.37 10-May-04 33.47 396.17
34.62 18-Oct-04 33.72 395.92

02-08-93-12 409.92 411.55 1.63 66.50 17.0-63.0 19.48 19-Jan-98 17.85 392.08 --- Sand and Gravel
19.23 10-Oct-00 17.60 392.32
19.87 16-May-03 18.24 391.68
19.77 3-Nov-03 18.14 391.78
19.85 10-May-04 18.22 391.70
19.82 18-Oct-04 18.19 391.73
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Petro-Canada Oil and Gas

TABLE 2.  PIEZOMETER INSTALLATION DETAILS, ELEVATIONS, AND HYDRAULIC CONDUCTIVITIES

MacKay River Project

Program Component Well ID
Ground 

Elevation

Datum 
Elevation   

(top of PVC)
Stickup   
(PVC)

Total          
Depth of 

Piezometer

Depth 
Interval of 
Sand Pack

Depth to 
Groundwater

Date 
Measured

Depth to 
Groundwater

Groundwater 
Surface 

Elevation
Hydraulic 

Conductivity Lithology

(m asl) (m asl) (m) (m bgs) (m bgs) (m btoc) (d-m-y) (m bgs) (m asl) (m/s)

WSW1-old --- --- 0.71 --- 22.86-55.47 --- --- --- --- --- Sand and Gravel

3. Well Pads

P02-21A 399.55 400.41 0.86 11.43 7.32-11.05 9.48 23-Apr-02 8.62 390.93 1.0E-07 Silt, Sand
9.42 15-Aug-02 8.56 390.99
9.52 26-Sep-02 8.66 390.89
9.51 13-May-03 8.65 390.90
9.53 10-Oct-03 8.66 390.89
9.41 7-May-04 8.55 391.00
8.90 17-Oct-04 8.03 391.52

P02-22A 397.03 397.89 0.86 9.63 6.20-9.63 8.85 23-Apr-02 7.99 389.04 2.3E-08 Shale (Clearwater)
9.27 15-Aug-02 8.41 388.62
9.29 26-Sep-02 8.43 388.60
9.30 13-May-03 8.44 388.59
9.31 10-Oct-03 8.44 388.59
9.27 7-May-04 8.41 388.62
9.23 17-Oct-04 8.37 388.66

P02-23A 392.43 393.25 0.82 8.23 4.01-7.67 4.28 23-Apr-02 3.46 388.97 1.4E-06 Clayey Sand
4.27 28-May-02 3.45 388.99
4.28 15-Aug-02 3.46 388.97
4.29 26-Sep-02 3.47 388.96
4.17 13-May-03 3.35 389.08
4.09 10-Oct-03 3.27 389.16
4.07 7-May-04 3.25 389.18
4.29 17-Oct-04 3.47 388.96

P02-24A 391.28 392.14 0.86 8.18 4.47-8.18 4.69 23-Apr-02 3.83 387.45 1.5E-05 Clay Till, Gravel
4.68 28-May-02 3.82 387.46
4.73 15-Aug-02 3.87 387.41
4.74 26-Sep-02 3.88 387.40
4.57 13-May-03 3.71 387.57
4.61 10-Oct-03 3.74 387.54
4.51 7-May-04 3.65 387.63
4.71 17-Oct-04 3.85 387.43

4. Hydraulic Effects

(Wabiskaw "C") 03-04-93-12 W4M 392.9 394.09 1.19 92.5 94.6 67.64 26-Jan-98 66.45 326.45 1.40E-06 Sandstone (Wabiskaw "C" Interval)
65.17 22-Feb-99 63.98 328.92
59.65 10-Oct-00 59.65 333.25
59.35 28-Mar-03 58.16 334.74
59.75 13-May-04 59.75 333.15

03-34-92-12 W4M 370.16 370.67 0.51 75.50 71.2-77.5 51.50 26-Jan-98 50.99 319.17 2.5E-06 Sandstone (Wabiskaw "C" Interval)
51.25 22-Feb-99 50.74 319.42
50.95 10-Nov-00 50.44 319.72
52.00 28-Mar-03 51.49 318.67

16-10-93-12 W4M 360.70 361.54 0.84 55.35 53.5-55.5 48.45 26-Jan-98 47.61 313.09 2.0E-08 Sandstone (Wabiskaw "C" Interval)
47.22 10-Nov-00 46.38 314.32
47.46 28-Mar-03 46.62 314.08

5. Class II Landfill

Upper Zone P00-SW31 411.00 412.39 1.39 4.14 1.25-4.14 2.96 26-Jun-00 1.56 409.43 5.7E-08 Clay, Silt, Siltstone
(Quaternary/ Upper Clearwater) 410.97 411.84 0.87 4.67 1.25-4.67 3.42 6-Nov-01 2.55 408.42 3.7E-08

3.91 23-Apr-02 3.04 407.93
3.40 25-Sep-02 2.53 408.44
3.75 14-May-03 2.88 408.09
2.90 30-Oct-03 2.03 408.94
3.07 6-May-04 2.20 408.77
3.54 1-Nov-04 2.67 408.31
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Petro-Canada Oil and Gas

TABLE 2.  PIEZOMETER INSTALLATION DETAILS, ELEVATIONS, AND HYDRAULIC CONDUCTIVITIES

MacKay River Project

Program Component Well ID
Ground 

Elevation

Datum 
Elevation   

(top of PVC)
Stickup   
(PVC)

Total          
Depth of 

Piezometer

Depth 
Interval of 
Sand Pack

Depth to 
Groundwater

Date 
Measured

Depth to 
Groundwater

Groundwater 
Surface 

Elevation
Hydraulic 

Conductivity Lithology

(m asl) (m asl) (m) (m bgs) (m bgs) (m btoc) (d-m-y) (m bgs) (m asl) (m/s)

P01-25A 415.62 416.44 0.82 5.43 1.83-5.27 2.88 6-Nov-01 2.06 413.56 9.1E-10 Silty Clay Till, Shale
2.99 23-Apr-02 2.17 413.46
2.38 26-Sep-02 1.56 414.06
2.69 15-May-03 1.87 413.75
1.74 30-Oct-03 0.92 414.70
1.65 6-May-04 0.83 414.79
1.75 17-Oct-04 0.93 414.69

P01-26A 414.28 415.11 0.83 5.28 1.83-5.28 3.74 7-Nov-01 2.91 411.37 1.1E-09 Shale 
3.82 23-Apr-02 2.99 411.29
3.71 25-Sep-02 2.87 411.41
3.89 13-May-03 3.06 411.22
3.47 30-Oct-03 2.64 411.64
3.60 6-May-04 2.76 411.52
3.43 17-Oct-04 2.60 411.68

P01-27A 410.88 411.73 0.85 5.29 1.83-5.29 2.91 7-Nov-01 2.06 408.82 2.4E-08 Siltstone, Shale, Sandstone
3.54 23-Apr-02 2.69 408.19
2.70 25-Sep-02 1.85 409.03
2.87 13-May-03 2.02 408.86
2.22 30-Oct-03 1.37 409.51
2.78 6-May-04 1.93 408.95
2.53 17-Oct-04 1.68 409.20

P01-28A 416.61 417.39 0.78 5.31 1.83-5.31 5.89 6-Nov-01 5.11 411.50 3.8E-10 Silty Clay Till, Shale
4.69 23-Apr-02 3.91 412.70
5.41 25-Jun-02 4.63 411.98
5.20 25-Sep-02 4.42 412.19
4.55 13-May-03 3.77 412.84
4.91 30-Oct-03 4.13 412.49
4.49 6-May-04 3.71 412.90
4.49 17-Oct-04 3.71 412.90
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Petro-Canada Oil and Gas

TABLE 2.  PIEZOMETER INSTALLATION DETAILS, ELEVATIONS, AND HYDRAULIC CONDUCTIVITIES

MacKay River Project

Program Component Well ID
Ground 

Elevation

Datum 
Elevation   

(top of PVC)
Stickup   
(PVC)

Total          
Depth of 

Piezometer

Depth 
Interval of 
Sand Pack

Depth to 
Groundwater

Date 
Measured

Depth to 
Groundwater

Groundwater 
Surface 

Elevation
Hydraulic 

Conductivity Lithology

(m asl) (m asl) (m) (m bgs) (m bgs) (m btoc) (d-m-y) (m bgs) (m asl) (m/s)

P01-29A 413.89 414.69 0.80 5.33 1.19-4.59 4.06 6-Nov-01 3.26 410.63 8.4E-10 Silty Clay Till Siltstone, Shale
4.28 23-Apr-02 3.48 410.41
4.42 25-Jun-02 3.62 410.27
3.96 25-Sep-02 3.16 410.73
4.30 13-May-03 3.49 410.40
3.78 30-Oct-03 2.98 410.91
4.42 6-May-04 3.62 410.27
3.78 17-Oct-04 2.98 410.91

Lower Zone P00-DW31 410.97 412.21 1.24 11.75 5.20-11.75 3.16 27-Jun-00 1.92 409.05 7.2E-09 Clay (Clearwater)
(Clearwater Formation) 410.86 411.78 0.92 10.83 5.20-10.83 3.28 6-Nov-01 2.36 408.50 1.6E-09

3.71 23-Apr-02 2.79 408.07
3.62 25-Sep-02 2.70 408.16
3.73 14-May-03 2.81 408.06
3.29 30-Oct-03 2.37 408.49
3.29 6-May-04 2.37 408.49
3.45 17-Oct-04 2.53 408.33

P01-25B 415.55 416.20 0.65 10.00 8.07-10.00 5.61 6-Nov-01 4.96 410.59 3.3E-08 Shale/ Sandstone (Clearwater)
5.54 23-Apr-02 4.89 410.66
5.61 26-Sep-02 4.96 410.59
5.58 15-May-03 4.93 410.63
5.63 30-Oct-03 4.98 410.57
5.54 6-May-04 4.89 410.66
5.72 17-Oct-04 5.07 410.48

P01-28B 416.61 417.34 0.78 9.99 7.92-9.91 6.74 6-Nov-01 5.96 410.60 2.2E-08 Siltstone, Shale (Clearwater)
6.68 23-Apr-02 5.90 410.66
6.69 25-Sep-02 5.91 410.65
6.66 13-May-03 5.88 410.68
6.74 30-Oct-03 5.96 410.60
6.63 6-May-04 5.85 410.72
6.79 17-Oct-04 6.01 410.55

P01-29B 413.75 414.58 0.83 10.06 7.87-9.81 5.49 6-Nov-01 4.66 409.10 2.8E-10 Shale (Clearwater)
5.56 23-Apr-02 4.73 409.03
5.37 25-Jun-02 4.54 409.22
5.43 25-Sep-02 4.60 409.15
5.41 13-May-03 4.58 409.17
5.54 30-Oct-03 4.71 409.04
5.52 6-May-04 4.69 409.06
5.91 17-Oct-04 5.08 408.67

NOTES: --- denotes measurements not available.

m asl = metres above sea level.

m bgs = metres below ground surface.

m btoc = metres below top of PVC casing.
1 Piezometers installed  by Agra Earth and Environmental Limited (now AMEC), completion details provided by Agra Earth and Environmental Limited, June 2000. 
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Petro-Canada Oil and Gas

TABLE 3. FIELD-MEASURED PARAMETER DATA FOR GROUNDWATER SAMPLES

MacKay River Project

Program Component Well ID Date Temperature

Electrical 
Conductivity

(at 25°C) pH
Dissolved 
Oxygen Redox Comment

(d-m-y) (°C) (µS/cm) (units) (mg/L) (mV)

1. Plant Site Facilities
P02-9B 23-Apr-02 6.0 2,460 8.61 --- ---

14-Aug-02 6.4 2,770 8.47 --- ---
30-Sep-02 7.1 2,750 8.46 --- ---
17-May-03 4.5 2,420 8.29 --- ---
3-Nov-03 5.1 243 8.74 --- ---
6-May-04 4.6 2,720 8.25 --- ---

P02-10B 23-Apr-02 5.4 233 7.11 --- ---
14-Aug-02 6.4 255 6.63 --- ---
30-Sep-02 6.9 249 6.77 --- ---
16-Jun-03 6.8 196 6.85 --- ---
3-Nov-03 4.3 248 6.18 --- ---
7-May-04 4.0 230 6.56 --- --- Oil Sheen
17-Oct-04 4.9 201 6.70 --- ---

P02-11B 23-Apr-02 5.3 753 7.39 --- ---
14-Aug-02 6.2 765 6.92 --- ---
30-Sep-02 6.6 748 7.01 --- ---
16-Jun-03 --- --- --- --- --- Sanded off
3-Nov-03 3.9 651 6.71 --- ---
30-Apr-04 --- --- --- --- --- Abandoned

P04-11B 13-May-04 4.9 778 7.62 --- --- Silty, construction all around
17-Oct-04 5.3 390 7.88 --- ---

P02-12B 23-Apr-02 5.9 1,053 7.68 --- ---
14-Aug-02 8.7 1,007 7.06 --- ---
30-Sep-02 7.2 1,047 7.15 --- ---
16-Jun-03 6.5 891 6.96 --- ---
3-Nov-03 4.4 861 6.55 --- ---

11-May-04 4.8 838 6.93 --- --- Sandy
21-Oct-04 3.6 821 6.93 --- ---

P02-13B 23-Apr-02 7.5 1,363 7.06 --- ---
14-Aug-02 7.4 1,548 6.95 --- ---
17-May-03 --- --- --- --- --- Piezometer damaged
3-Nov-03 --- --- --- --- ---
30-Apr-04 --- --- --- --- --- Abandoned

P04-13B 11-May-04 4.7 1,276 6.47 --- ---
21-Oct-04 --- --- --- --- --- Re-damaged

P02-14B 23-Apr-02 5.7 1,007 7.49 --- ---
25-Jun-02 --- --- --- --- --- Insufficient volume to sample
14-Aug-02 7.8 1,256 7.35 --- ---
30-Sep-02 --- --- --- --- --- Insufficient volume to sample
17-May-03 --- --- --- --- --- Insufficient volume to sample
3-Nov-03 --- --- --- --- --- Insufficient volume to sample

P04-14C 11-May-04 4.7 1,169 7.11 --- ---
17-Oct-04 4.7 1,297 7.19 --- ---

P02-30A 25-Jun-02 --- --- --- --- --- Insufficient volume to sample
14-Aug-02 --- --- --- --- --- Insufficient volume to sample
30-Sep-02 --- --- --- --- --- Insufficient volume to sample
17-May-03 --- --- --- --- --- Insufficient volume to sample
3-Nov-03 --- --- --- --- --- Insufficient volume to sample

11-May-04 --- --- --- --- --- Insufficient volume to sample
17-Oct-04 --- --- --- --- --- Insufficient volume to sample

P02-30B 25-Jun-02 6.8 994 6.85 --- ---
14-Aug-02 8.7 1,362 6.89 --- ---
30-Sep-02 6.4 1,357 6.95 --- ---
17-May-03 --- --- --- --- --- Insufficient volume to sample
3-Nov-03 --- --- --- --- --- Insufficient volume to sample

P04-30C 7-May-04 4.5 1,038 6.5 --- --- Very Silty
17-Oct-04 5.0 917 7.00 --- ---

2. Groundwater Diversion
Source Wells WSW1 28-May-01 6.1 904 6.21 --- ---

8-Jan-03 4.9 871 6.97 --- ---
15-May-03 7.3 893 6.93 --- ---

WSW1_NEW 4-Feb-04 4.8 925 7.25 --- ---
6-May-04 5.6 783 7.23
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Petro-Canada Oil and Gas

TABLE 3. FIELD-MEASURED PARAMETER DATA FOR GROUNDWATER SAMPLES

MacKay River Project

Program Component Well ID Date Temperature

Electrical 
Conductivity

(at 25°C) pH
Dissolved 
Oxygen Redox Comment

(d-m-y) (°C) (µS/cm) (units) (mg/L) (mV)

WSW2 19-Feb-02 6.4 1,637 7.71 --- ---
8-Jan-03 5.0 84 7.37 --- ---

15-May-03 7.4 1,274 7.24 --- ---
17-Dec-03 5.5 1,341 7.05 --- ---
6-May-04 5.7 1,132 7.56 --- ---
21-Oct-04 4.6 1,186 7.52 --- ---

WSW3 20-Feb-02 5.2 1,170 7.58 --- ---
8-Jan-03 4.9 604 7.24 --- ---

15-May-03 5.9 1,072 7.13 --- ---
17-Dec-03 4.6 1,034 6.84 --- ---
6-May-04 5.7 885 7.45 --- ---
21-Oct-04 5.0 1,175 7.58 --- ---

Monitoring Wells P02-20D 28-Mar-03 4.4 1,840 7.59 --- ---
16-May-03 6.3 1,663 7.29 --- ---
3-Nov-03 4.9 1,635 7.76 --- ---

10-May-04 6.5 1,501 7.52 --- ---
18-Oct-04 3.1 1,545 7.66 --- ---

02-08-93-12 28-Mar-03 4.0 1,294 8.35 --- ---
16-May-03 5.7 1,323 7.80 --- ---
3-Nov-03 4.3 1,151 7.79 --- ---

10-May-04 7.9 1,553 7.62 --- ---
18-Oct-04 1.8 1,409 7.84 --- ---

WSW1_OLD 4-Feb-04 4.8 925 7.25 --- ---
21-Oct-04 4.3 824 6.97 --- ---

3. Well Pads
P02-21A 23-Apr-02 6.5 1,302 7.19 --- ---

15-Aug-02 6.8 1,423 7.05 --- ---
26-Sep-02 5.5 1,394 7.04 --- ---
13-May-03 7.9 1,269 6.89 --- ---
30-Oct-03 5.3 1,121 6.78 --- ---
7-May-04 5.6 1,207 6.78 --- ---
17-Oct-04 5.1 1,234 6.96 --- ---

P02-22A 23-Apr-02 7.1 1,101 8.87 --- ---
15-Aug-02 8.8 1,315 7.27 --- ---
26-Sep-02 6.2 1,072 7.14 --- ---
13-May-03 8.6 1,104 7.07 --- ---
30-Oct-03 5.6 1,429 6.92 --- ---
7-May-04 4.7 1,190 6.86 --- ---
17-Oct-04 5.5 988 6.87 --- ---

P02-23A 23-Apr-02 5.0 771 7.08 --- ---
15-Aug-02 6.8 920 6.91 --- ---
26-Sep-02 7 917 7.18 --- ---
13-May-03 5.4 731 6.90 --- ---
30-Oct-03 7.4 1,160 6.86 --- ---
7-May-04 3.3 883 6.92 --- ---
17-Oct-04 6.5 904 7.14 --- ---

P02-24A 23-Apr-02 5.6 1,135 7.17 --- ---
15-Aug-02 6.3 1,243 7.12 --- ---
26-Sep-02 5.9 1,242 7.15 --- ---
13-May-03 7.2 1,098 6.93 --- ---
30-Oct-03 6.2 1,835 6.75 --- ---
7-May-04 4.6 1,683 6.83 --- ---
17-Oct-04 7.8 1,562 7.05 --- ---

4. Hydraulic Effects
Wabiskaw "C" Interval 03-04-93-12 W4M 26-Jan-98 3.5 19,900 7.56 --- ---

22-Feb-99 2.5 34,300 7.43 --- ---
28-Mar-03 5.7 38,300 7.13 --- ---
10-May-04 5.7 36,780 6.74 --- ---

03-34-92-12 W4M 26-Jan-98 2.6 19,100 7.47 --- ---
22-Feb-99 1.6 25,600 7.29 --- ---
10-Nov-00 7.0 33,600 6.70 0.5 70
28-Mar-03 --- --- --- --- ---

16-10-93-12 W4M 26-Jan-98 2.7 13,800 7.40 --- ---
10-Nov-00 6.9 21,900 6.76 0.2 7
28-Mar-03 --- --- --- --- ---
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Petro-Canada Oil and Gas

TABLE 3. FIELD-MEASURED PARAMETER DATA FOR GROUNDWATER SAMPLES

MacKay River Project

Program Component Well ID Date Temperature

Electrical 
Conductivity

(at 25°C) pH
Dissolved 
Oxygen Redox Comment

(d-m-y) (°C) (µS/cm) (units) (mg/L) (mV)

5. Class II Landfill
Upper Zone P00-SW31 27-Jun-00 14.3 3,290 7.89 2.2 ---

(Quaternary/ Upper Clearwater) 6-Nov-01 6.6 3,590 8.17 0.2 -105
23-Apr-02 4.5 3,580 8.15 --- ---
25-Sep-02 6.3 4,070 7.58 --- ---
14-May-03 7.4 3,720 7.26 --- ---
30-Oct-03 5.1 3,390 7.05 --- ---
6-May-04 3.6 3,400 7.70 --- ---
17-Oct-04 5.3 3,470 7.63 --- ---

P01-25A 6-Nov-01 5.3 3,050 7.69 7.3 -135
23-Apr-02 4.5 2,560 7.73 --- ---
26-Sep-02 5.6 2,090 7.40 --- ---
15-May-03 7.2 2,150 7.11 --- ---
30-Oct-03 4.4 1,660 7.06 --- ---
6-May-04 2.7 2,490 7.62 --- ---
17-Oct-04 4.8 1,456 7.41 --- ---

P01-26A 7-Nov-01 5.6 5,030 8.39 6.2 30
23-Apr-02 4.6 4,740 7.72 --- ---
25-Sep-02 5.7 5,290 7.45 --- ---
13-May-03 7.4 4,950 7.28 --- ---
30-Oct-03 4.8 3,990 7.04 --- ---
6-May-04 3.9 3,920 7.50 --- ---
17-Oct-04 5.1 4,200 7.33 --- ---

P01-27A 7-Nov-01 6.6 3,980 8.25 3.1 82
23-Apr-02 4.0 3,880 7.86 --- ---
25-Sep-02 6 2,950 7.47 --- ---
13-May-03 5.9 2,330 7.18 --- ---
30-Oct-03 6.8 2,190 6.99 --- ---
6-May-04 2.0 1,408 7.67 --- --- Slightly damaged
17-Oct-04 6.1 2,720 7.44 --- --- casing damaged

P01-28A 6-Nov-01 n/a 51,302 8.32 7.2 62
23-Apr-02 3.5 4,730 8.37 --- ---
25-Jun-02 7.1 4,970 7.62 --- ---
25-Sep-02 4.5 5,340 7.8 --- ---
13-May-03 7.6 5,110 7.46 --- ---
30-Oct-03 --- --- --- --- --- Insufficient volume to sample
6-May-04 3.4 4,170 7.7 --- ---
17-Oct-04 5.3 4,570 7.53 --- ---

P01-29A 6-Nov-01 5.5 9,360 8.23 5.0 53
23-Apr-02 4.3 9,800 7.77 --- ---
25-Jun-02 5.1 9,480 7.42 --- ---
25-Sep-02 6.5 10,670 7.38 --- ---
13-May-03 6.9 9,790 7.13 --- ---
30-Oct-03 6.2 8,400 6.95 --- ---
6-May-04 3.2 8,920 7.43 --- ---
17-Oct-04 6.3 9,250 7.23 --- ---

Lower Zone P00-DW31 27-Jun-00 14.3 4,040 8.28 3.1 ---
(Clearwater Formation) 6-Nov-01 4.9 4,520 8.74 0.3 22

23-Apr-02 5.5 4,770 8.80 --- ---
25-Sep-02 5.4 5,330 8.03 --- ---
14-May-03 7.9 4,840 7.68 --- ---
30-Oct-03 3.9 4,090 7.27 --- ---
6-May-04 5.1 4,270 8.15 --- ---
17-Oct-04 4.0 4,050 7.89 --- ---

P01-25B 6-Nov-01 4.4 4,250 9.13 4.8 76
23-Apr-02 4.6 4,630 8.39 --- ---
26-Sep-02 4.6 5,290 8.27 --- ---
15-May-03 6.4 4,890 7.64 --- ---
30-Oct-03 3.7 3,860 7.53 --- ---
6-May-04 2.7 2,490 7.62 --- ---
17-Oct-04 5.0 4,200 8.21 --- ---

P01-28B 6-Nov-01 5.3 4,140 9.20 6.0 54
23-Apr-02 5.2 4,100 8.86 --- ---
25-Sep-02 4.8 4,590 8.28 --- ---
13-May-03 7.2 4,150 7.83 --- ---
30-Oct-03 3.2 3,710 7.54 --- ---
6-May-04 4.0 3,870 8.36 --- ---
17-Oct-04 4.5 3,860 8.24 --- ---

P01-29B 6-Nov-01 5.6 7,180 9.25 6.7 62
23-Apr-02 3.9 7,150 8.96 --- ---
25-Jun-02 5.7 7,340 8.15 --- ---
25-Sep-02 4.8 8,340 8.13 --- ---
13-May-03 6.7 7,610 7.71 --- ---
30-Oct-03 2.7 8,560 7.46 --- ---
6-May-04 4.4 6,850 8.15 --- ---
17-Oct-04 4.3 6,800 7.95 --- ---

NOTES: --- denotes not measured.
1 denotes piezometers installed  by AMEC, June 2000. 
2 denotes laboratory measurement.
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Petro-Canada Oil and Gas TABLE 4.  SELECT INDICATOR PARAMETER DATA FOR GROUNDWATER SAMPLES MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

1. Plant Site Facilities
P02-9B L63700-6 29-Apr-02 1,610  1 27 6.7 2.6 636  1 11.8 335  1 159 899 1.56  2 0.023 0.029 <0.1 0.41 1.76 --- --- 3.4 --- Na-HCO3-Cl-SO4

(duplicate) L63700-7 29-Apr-02 1,610  1 29 6.8 2.8 637  1 7.7 331  1 163 909 1.58  2 0.057 0.032 <0.1 0.40 1.77 --- --- 3.3 --- Na-HCO3-Cl-SO4

L76857-1 14-Aug-02 1,580  1 24 5.6 2.97 685  1 5.3 333  1 145 914 1.62  2 0.133 0.030 <0.1 0.33 1.70 --- --- 2.9 --- Na-HCO3-Cl-SO4

(duplicate) L76857-7 14-Aug-02 1,580  1 24 4.9 2.71 628  1 4.9 327  1 147 918 1.63  2 0.044 0.025 <0.1 0.31 1.71 --- --- 2.9 --- Na-HCO3-Cl-SO4

L83095-1 30-Sep-02 1,530  1 24 5.1 2.7 591  1 4.9 304  1 164 905 1.64  2 0.230 0.029 <0.1 0.24 1.49 --- 4.0 --- --- Na-HCO3-Cl-SO4

(duplicate) L83095-2 30-Sep-02 1,560  1 24 5.0 2.8 602  1 3.4 309  1 167 919 1.63  2 0.158 0.026 <0.1 0.25 1.45 --- 3.4 --- --- Na-HCO3-Cl-SO4

L110727-3 17-May-03 1,560  1 24 4.9 2.9 608  1 4.7 317  1 154 875 1.51  2 0.30 0.03 <0.1 --- 1.99 --- 2.2 --- --- Na-HCO3-Cl-SO4

L139617-4 3-Nov-03 1,510  1 23 4.9 2.6 596  1 4.6 306  1 145 890 1.59  2 1.42  1 0.03 <0.1 --- --- --- --- --- --- Na-HCO3-Cl-SO4

(duplicate) L139617-5 3-Nov-03 1,510  1 24 5.0 2.7 595  1 4.8 307  1 145 890 1.54  2 1.67  1 0.04 <0.1 --- --- --- --- --- --- Na-HCO3-Cl-SO4

L169221-6 7-May-04 1,600  1 24 5.1 2.8 652  1 4.6 309  1 157 870 1.47 1.87  1 0.03 0.1 --- --- --- --- --- --- Na-HCO3-Cl-SO4

L219863-1 21-Oct-04 1,590  1 36 8.4 3.7 638  1 4.7 302  1 164 936 1.54  2 1.92  1 0.03 0.3 --- --- --- --- --- --- Na-HCO3-Cl-SO4

P02-10B L63700-5 29-Apr-02 128 111 31.1 8.1 5 5.8 <1 7.4 142 0.17 0.866  1 0.378  1 0.2 <0.02 0.13 --- --- 2.1 --- Ca-Mg-Na-HCO3

L76857-2 14-Aug-02 117 104 27.7 7.85 3.8 3.5 <1 7.1 135 0.18 4.01  1 0.382  1 <0.1 0.06 0.16 --- --- 4.0 --- Ca-Mg-Na-HCO3

L83095-3 30-Sep-02 114 98 27.0 7.5 4 3.7 1 6.8 130 0.14 0.174 0.306  1 <0.1 <0.02 0.11 --- 0.8 --- --- Ca-Mg-Na-HCO3

L116016-2 18-Jun-03 116 101 23.1 6.47 3.5 2.8 2 6.8 128 0.11 2.03  1 0.280  1 <0.1 1.78 0.12 --- --- 0.9 --- Ca-Mg-Na-HCO3

L139617-6 3-Nov-03 106 94 25.5 7.3 4 3.3 <1 5.7 123 0.12 <0.06 0.24  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3

L1699221-7 7-May-04 111 101 27.2 8.0 4 3.2 <1 5.1 128 0.11 4.13  1 0.33  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3

L217423-19 17-Oct-04 112 99 26.9 7.7 4 3.2 1 4.0 130 0.14 <0.06 0.30  1 0.3 --- --- --- --- --- --- Ca-Mg-Na-HCO3

P02-11B L63700-4 29-Apr-02 491 404 99.1 37.9 25 10.9 <1 130 381 0.15 <0.005 0.260  1 0.1 <0.02 0.49 --- --- 2.3 --- Ca-Mg-Na-HCO3-SO4

L76857-3 14-Aug-02 425 351 77.6 31.3 20.9 4.5 1 105 354 0.44 0.346  1 0.389  1 <0.1 0.04 0.35 --- --- 2.0 --- Ca-Mg-Na-HCO3-SO4

L83095-4 30-Sep-02 421 334 82.5 31.2 21 5.0 2 111 343 0.35 0.339  1 0.415  1 <0.1 <0.02 0.23 --- 0.9 --- --- Ca-Mg-Na-HCO3-SO4

L139617-7 3-Nov-03 412 348 84.9 33.1 17 4.3 1 115 319 0.39 0.10 0.44  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

P04-11B L170630-1 13-May-04 290 99 26.1 8.1 80 4.5 2 33.0 277 0.21 0.54  1 0.22  1 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

L217423-18 17-Oct-04 246 74 19.4 6.2 74 4.0 2 6.1 273 0.27 <0.06 0.14  1 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3

P02-12B L63700-3 29-Apr-02 727  1 303 74.3 28.5 152 13.5 2 159 605 0.31 0.014 0.041 <0.1 <0.02 1.87 --- --- 3.6 --- Na-Ca-Mg-HCO3-SO4

L76857-4 14-Aug-02 570  1 441 110 36.8 40.5 7.7 2 116 516 0.34 0.316  1 0.216  1 <0.1 0.09 0.80 --- --- 25.0 --- Ca-Mg-Na-HCO3-SO4

L83095-5 30-Sep-02 602  1 445 112 40.2 41 11.1 3 131 537 0.27 0.24 0.22  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L116016-1 18-Jun-03 600  1 408 107 33.1 55.6 6.9 2 146 499 0.31 0.096 0.126  1 <0.1 8.75 0.95 --- --- 2.1 --- Ca-Mg-Na-HCO3-SO4

L139617-3 3-Nov-03 564  1 420 110 35.2 46 7.2 1 130 477 0.36 0.10 0.15  1 <0.1 --- --- --- 0.9 --- --- Ca-Mg-Na-HCO3-SO4

L170273-4 11-May-04 605  1 423 111 35.3 46 7.5 1 166 482 0.34 0.07 0.16  1 0.2 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L219863-2 21-Oct-04 598  1 454 119 38.0 43 7.5 2 152 477 0.44 0.20 0.18  1 0.4 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

P02-13B L63700-2 29-Apr-02 1,110  1 811 198 76.9 72 25.3 2 413 653 0.14 0.006 0.159  1 0.2 <0.02 1.80 --- --- 3.0 --- Ca-Mg-Na-HCO3-SO4
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Petro-Canada Oil and Gas TABLE 4.  SELECT INDICATOR PARAMETER DATA FOR GROUNDWATER SAMPLES MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

L76857-5 14-Aug-02 1,100  1 806 193 75.1 69.1 12.3 <1 424 650 0.13 2.26  1 0.305  1 <0.1 0.14 1.65 --- --- 4.2 --- Ca-Mg-Na-HCO3-SO4

P04-13B L170273-5 11-May-04 969  1 481 100 40.4 129 8.6 9 317 647 0.17 0.976  1 0.377  1 <0.1 <0.02 1.47 --- 1.8 --- --- Na-Ca-Mg-HCO3-SO4

P02-14B L63700-1 29-Apr-02 673  1 503 126 45.8 48 15.1 <1 165 555 0.23 0.021 0.071  1 0.1 <0.02 1.58 --- --- 3.1 --- Ca-Mg-Na-HCO3-SO4

L76857-6 14-Aug-02 741  1 555 135 52.8 42 12.3 2 229 546 0.23 0.17 0.17  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

P04-14C L170273-3 11-May-04 902  1 460 95.6 36.5 133 9.0 4 293 613 0.26 0.088 0.533  1 <0.1 0.02 1.09 --- 1.3 --- --- Na-Ca-Mg-HCO3-SO4

L217423-16 17-Oct-04 922  1 550 136 51.0 133 9.1 4 267 654 0.20 0.27 0.37  1 <0.1 --- --- --- --- --- --- Ca-Na-Mg-HCO3-SO4

P02-30B L70279-5 25-Jun-02 827  1 649 167 58.7 33.2 8.9 <1 313 505 0.33 0.016 0.919  1 <0.1 <0.02 0.94 --- --- 1.9 --- Ca-Mg-Na-HCO3-SO4

L76857-12 14-Aug-02 845  1 670 166 60 37.8 10.3 2 297 548 0.39 0.186 0.937  1 <0.1 0.05 0.91 --- --- 29.5 --- Ca-Mg-Na-HCO3-SO4

L83095-6 30-Sep-02 865  1 639 162 56.9 43 12.4 2 318 551 0.28 0.009 0.898  1 <0.1 <0.02 1.19 --- 2.1 --- --- Ca-Mg-Na-HCO3-SO4

P04-30C L169221-8 7-May-04 641  1 458 104 40.1 54.1 8.6 2 169 501 0.27 2.60  1 0.704  1 <0.1 3.49 1.05 --- 1.6 --- --- Ca-Mg-Na-HCO3-SO4

L217423-17 17-Oct-04 639  1 474 115 45.4 57 8.1 2 164 503 0.21 0.78  1 0.61  1 0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

2. Groundwater Diversion
Source Wells WSW1 --- 27-May-01 569  1 440 111 39.5 37 5.6 1 126 502 0.28 4.05  1 0.243  1 <0.1 0.26 0.86 --- --- 0.7 --- Ca-Mg-Na-HCO3-SO4

--- 28-May-01 553  1 398 93.7 39.8 38 6.2 1 128 502 0.26 4.10 1 0.237  1 <0.1 0.02 0.98 --- --- 0.9 --- Ca-Mg-Na-HCO3-SO4

L95629-1 8-Jan-03 573  1 435 114 36.6 36 5.7 2 133 499 0.25 3.76  1 0.235  1 <0.1 <0.02 1.07 --- 1.1 --- --- Ca-Mg-Na-HCO3-SO4

L110680-8 15-May-03 696  1 371 105 34.4 38.2 5.5 10 158 564 0.42 2.67  1 0.215  1 0.1 --- 0.73 --- 1.0 --- --- Ca-Mg-Na-HCO3-SO4

WSW1-new L152641-1 4-Feb-04 569  1 455 118 38.9 38 5.3 1 127 490 0.26 <0.005 0.245  1 <0.1 --- 0.7 --- 0.9 --- --- Ca-Mg-Na-HCO3-SO4

L168907-1 6-May-04 559  1 450 117 38.3 35 5.4 1 119 494 0.22 3.91  1 0.21  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L219863-3 21-Oct-04 555  1 444 116 37.6 36 5.5 1 116 493 0.31 0.30 0.23  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

WSW2 --- 19-Feb-02 1,010  1 212 49.6 25.4 315  1 7.6 28 260 741 0.71 0.60  1 0.03 <0.1 0.32 2.04 --- --- 2.5 --- Na-Ca-Mg-HCO3-SO4

L95629-2 8-Jan-03 952  1 242 52.8 26.7 265  1 4.7 27 242 679 0.64 0.725  1 0.041 <0.1 0.24 1.90 --- 2.0 --- --- Na-Ca-Mg-HCO3-SO4

L110680-9 15-May-03 880  1 269 52.6 25.6 226  1 4.7 19 213 651 0.64 0.826  1 0.040 0.2 --- 1.72 --- 2.0 --- --- Na-Ca-Mg-HCO3-SO4

L146286-2 17-Dec-03 891  1 271 59.2 29.8 244  1 4.9 23 208 654 0.68 0.57  1 0.04 <0.1 0.31 --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

L168907-2 6-May-04 872  1 284 63.1 30.8 229  1 4.5 17 207 653 0.52 1.57  1 0.05 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

L219863-4 21-Oct-04 875  1 302 67.5 32.3 219  1 5.0 18 209 658 0.64 0.41  1 0.05 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

WSW3 --- 19-Feb-02 665  1 225 57.5 24.0 176 5.6 5 101 641 0.35 1.14  1 0.03 <0.1 0.42 1.63 --- --- 1.9 --- Na-Ca-Mg-HCO3-SO4

L95629-3 8-Jan-03 621  1 313 75.3 30.4 113 5.9 5 93.5 606 0.23 0.148 0.040 <0.1 0.17 1.70 --- 1.7 --- --- Na-Ca-Mg-HCO3-SO4

L110680-10 15-May-03 699  1 286 61.7 25.2 154 5.3 14 111 633 0.34 1.26  1 0.032 0.1 --- 1.67 --- 1.7 --- --- Na-Ca-Mg-HCO3-SO4

L146286-3 17-Dec-03 608  1 292 69.7 28.6 85.6 5.1 5 85.6 604 0.27 0.77  1 0.04 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

L168907-3 6-May-04 652  1 331 79.8 31.9 129 6.3 4 96.8 619 0.18 2.23  1 0.04 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

L219863-5 21-Oct-04 838  1 255 59.4 25.9 224  1 5.8 25 174 658 0.44 0.25 0.03 <0.1 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4
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Petro-Canada Oil and Gas TABLE 4.  SELECT INDICATOR PARAMETER DATA FOR GROUNDWATER SAMPLES MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

Monitoring Wells P02-20D L104839-3 28-Mar-03 1,130  1 250 53.1 28.5 343  1 6.3 47 279 716 0.78 0.016 0.123  1 <0.1 0.12 1.98 --- --- 2.5 --- Na-Ca-Mg-HCO3-SO4

L110727-1 17-May-03 1,100  1 246 52.1 28.1 330  1 5.7 48 266 745 0.77 0.66  1 0.08  1 <0.1 --- 2.22 --- 2.5 --- --- Na-Ca-Mg-HCO3-SO4

L139617-9 3-Nov-03 1,080  1 242 51.6 27.5 327  1 5.5 51 257 736 0.78 0.67  1 0.05 <0.1 0.15 2.41 --- 2.3 --- --- Na-Ca-Mg-HCO3-SO4

L170273-1 11-May-04 1,180  1 248 51.7 26.7 325  1 5.5 52 315 757 0.70 0.907  1 0.062  1 <0.1 0.11 1.68 --- 2.2 --- --- Na-Ca-Mg-HCO3-SO4

L217423-23 17-Oct-04 1,140  1 250 53.5 28.3 343  1 6.1 60 266 770 0.82 0.38  1 0.04 0.3 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4
 

2-8-93-12 --- 17-Dec-98 1095 1 231 50.1 25.6 312 1 4.66 36.9 286 759 0.78 0.63 1 0.028 0.007 --- --- --- --- --- --- Na-Ca-Mg-HCO3-SO4

--- 13-Oct-00 992 1 140 35.0 12.4 315 1 7.4 31.0 256 681 --- <0.01 0.253 1 <0.003 --- 1.69 --- 3.1 --- --- Na-Ca-HCO3-SO4

L104839-2 28-Mar-03 830  1 78 18.7 7.6 299  1 4.2 24 199 542 0.78 0.18 0.06  1 <0.1 --- --- --- --- --- --- Na-HCO3-SO4

L110272-2 17-May-03 902  1 127 30.5 12.4 295  1 5.2 28 221 590 0.77 0.40  1 0.13  1 <0.1 --- --- --- --- --- --- Na-HCO3-SO4

L139617-8 3-Nov-03 989  1 198 45.5 20.6 307  1 5.2 35 241 681 0.77 0.10 0.23  1 <0.1 --- --- --- --- --- --- Na-Ca-HCO3-SO4

L170273-2 11-May-04 1,120  1 228 49.9 25.2 334  1 5.5 39 302 738 0.70 0.53  1 0.13  1 <0.1 --- --- --- --- --- --- Na-Mg-Ca-HCO3-SO4

(duplicate) L170273-6 11-May-04 1,130  1 229 50.6 25.0 340  1 5.5 40 303 734 0.69 <0.06 0.13  1 <0.1 --- --- --- --- --- --- Na-Mg-Ca-HCO3-SO4

L217423-20 17-Oct-04 1,050  1 236 50.6 26.7 318  1 5.7 42 249 737 0.79 0.72  1 0.06  1 <0.1 --- --- --- --- --- --- Na-Mg-Ca-HCO3-SO4

3. Well Pads  
P02-21A L63480-1 28-Apr-02 857  1 724 172 80.3 16.2 13.8 1 222 750 0.26 0.013 0.408  1 <0.1 <0.02 0.35 --- --- 1.2 --- Ca-Mg-HCO3-SO4

L76857-8 14-Aug-02 834  1 743 168 84.1 16.7 13.3 1 181 775 0.25 0.089 0.393  1 <0.1 0.07 0.37 --- --- 1.8 --- Ca-Mg-HCO3-SO4

L82279-4 26-Sep-02 832  1 738 164 79.7 15 12.3 1 183 767 0.18 0.006 0.241  1 <0.1 <0.02 0.33 --- 1.0 --- --- Ca-Mg-HCO3-SO4

L110576-1 13-May-03 848  1 776 172 84.1 16 12.9 <1 180 777 0.21 0.041 0.245  1 0.2 --- 0.30 --- <0.2 --- 7 Ca-Mg-HCO3-SO4

L138878-11 30-Oct-03 779  1 746 165 81.2 15 11.7 <1 175 672 0.20 <0.06 0.20  1 0.2 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

L169921-5 7-May-04 867  1 798 165 78.7 14.8 11.5 <1 200 761 0.20 0.034 0.281  1 0.1 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

L217423-12 17-Oct-04 879  1 831 184 90.3 16 11.9 1 190 778 0.24 0.20 0.29  1 0.5 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

P02-22A L63480-2 28-Apr-02 790  1 8 4.3 1.23 253  1 4.9 49 165 475 0.64 0.751  1 0.010 5.8 0.18 0.86 --- --- 5.5 --- Na-HCO3-SO4-Cl
L76857-9 14-Aug-02 774  1 209 61.8 26.3 192 9.2 4 180 589 0.43 0.041 0.255  1 0.8 0.04 1.03 --- --- 5.2 --- Na-Ca-Mg-HCO3-SO4

L82279-3 26-Sep-02 778  1 260 62.9 25.1 187 9.9 4 185 605 0.30 0.016 0.190  1 1.5 <0.02 0.53 --- 1.7 --- --- Na-Ca-Mg-HCO3-SO4

L110576-2 13-May-03 728  1 414 98.4 40.8 120 10.2 3 141 634 0.28 0.029 0.320  1 0.6 --- 0.27 --- <0.2 --- --- Na-Ca-Mg-HCO3-SO4

L138878-10 30-Oct-03 844  1 609 144 60.6 73 9.9 2 277 563 0.25 <0.06 0.13  1 0.3 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L169921-4 7-May-04 724  1 605 133 57.9 36.3 7.9 1 159 636 0.26 0.013 0.020 0.2 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L217423-13 17-Oct-04 680  1 621 141 65.3 31 7.6 2 81.1 712 0.32 <0.06 <0.01 0.4 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4
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Petro-Canada Oil and Gas TABLE 4.  SELECT INDICATOR PARAMETER DATA FOR GROUNDWATER SAMPLES MacKay River Project

Program Component Well ID La
b 

ID
 #

Da
te

 S
am

pl
ed

   

TD
S

Ha
rd

ne
ss

 To
ta

l -
D 

   
   

   
   

C
al

ci
um

 D
iss

ol
ve

d 
   

   
   

   

M
ag

ne
siu

m
 D

iss
ol

ve
d 

   
   

   
 

So
di

um
 D

iss
ol

ve
d 

   
   

   
   

 

Po
ta

ss
iu

m
 D

iss
ol

ve
d 

   
   

   
 

C
hl

or
id

e 
Di

ss
ol

ve
d 

   
   

   
  

Su
lp

ha
te

 D
iss

ol
ve

d

Bi
ca

rb
on

at
e

Fl
uo

rid
e 

Di
ss

ol
ve

d

Iro
n 

Di
ss

ol
ve

d

M
an

ga
ne

se
 D

iss
ol

ve
d

N
itr

at
e 

+ 
N

itr
ite

Di
ss

ol
ve

d

Ph
os

ph
or

us
, T

ot
al

A
m

m
on

ia
 - 

N

Bi
oc

he
m

ic
al

 O
xy

ge
n 

De
m

an
d

Di
ss

ol
ve

d 
Kj

el
da

hl
 N

itr
og

en

To
ta

l K
je

ld
ah

l N
itr

og
en

Di
ss

ol
ve

d 
O

rg
an

ic
 C

ar
bo

n

Hy
dr

oc
he

m
ic

al
 Ty

pe

(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

P02-23A L63480-3 28-Apr-02 509  1 446 90.8 41.9 14.1 4.6 <1 150 387 0.50 1.63  1 0.379  1 0.1 <0.02 0.27 --- --- 0.3 --- Ca-Mg-HCO3-SO4

L76857-10 14-Aug-02 518  1 454 106 46.7 15.3 4.5 1 135 431 0.57 1.96  1 0.343  1 <0.1 0.05 0.11 --- --- 1.7 --- Ca-Mg-HCO3-SO4

L82279-2 26-Sep-02 518  1 438 100 45.8 14 4.9 1 140 426 0.53 0.285 0.288  1 0.6 <0.02 0.17 --- 1.1 --- --- Ca-Mg-HCO3-SO4

L110576-3 13-May-03 487 427 97.8 44.3 14 4.6 <1 122 415 0.49 1.79  1 0.274  1 0.1 --- 0.18 --- <0.2 --- --- Ca-Mg-HCO3-SO4

L138878-9 30-Oct-03 543  1 510 118 52.3 16 4.4 <1 130 452 0.55 0.10 0.21  1 <0.1 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

(duplicate) L138878-14 30-Oct-03 563  1 521 120 53.7 15 4.4 <1 132 484 0.59 0.08 0.21  1 <0.1 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

L169221-3 7-May-04 535  1 488 105 46.7 13.5 3.8 <1 125 465 0.51 3.39  1 0.246  1 <0.1 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

L217423-14 17-Oct-04 598  1 572 132 58.9 16 4.4 1 102 575 0.60 0.74  1 0.19  1 0.2 --- --- --- --- --- --- Ca-Mg-HCO3-SO4

P02-24A L63480-4 28-Apr-02 726  1 435 104 48.8 91.1 6.7 12 158 638 0.39 1.15  1 0.233  1 <0.1 <0.02 0.64 --- --- 1.1 --- Ca-Na-Mg-HCO3-SO4

L76857-11 14-Aug-02 703  1 452 103 50.7 93.3 6.7 12 134 638 0.40 0.849  1 0.208  1 <0.1 0.06 0.63 --- --- 1.6 --- Ca-Mg-Na-HCO3-SO4

L82279-1 26-Sep-02 718  1 467 104 50.4 89 7.0 14 141 636 0.34 0.025 0.173  1 <0.1 <0.02 0.65 --- 1.8 --- --- Ca-Mg-Na-HCO3-SO4

L110576-9 13-May-03 724  1 487 108 52.7 96 7.4 12 127 652 0.37 1.20  1 0.138  1 <0.1 --- 0.70 --- 0.3 --- --- Ca-Na-Mg-HCO3-SO4

(duplicate) L110576-4 13-May-03 710  1 475 105 51.7 91 7.1 12 125 648 0.37 1.40  1 0.157  1 <0.1 --- 0.78 --- 0.3 --- --- Ca-Mg-Na-HCO3-SO4

L138878-8 30-Oct-03 1,070  1 801 172 90.1 94 7.6 7 388 637 0.29 0.08 0.30  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L169221-1 7-May-04 1,150  1 821 167 82.7 90.5 6.6 7 403 727 0.30 2.28  1 0.297  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

(duplicate) L169221-2 7-May-04 1,150  1 831 171 89.5 95.1 6.9 7 398 729 0.31 2.35  1 0.304  1 <0.1 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

L217423-15 17-Oct-04 1,130  1 840 179 95.5 102 7.3 7 371 750 0.36 0.23 0.29  1 0.2 --- --- --- --- --- --- Ca-Mg-Na-HCO3-SO4

4. Hydraulic Effects
(Wabiskaw "C") 3-4-93-12 --- 26-Jan-98 22,140 1

1,597 219 255 8,230 1 47.9 12,500 1 6 1,755 0.57 --- --- 0.070 3.21 21.2 --- 24.0 --- --- Na-Cl
--- 22-Feb-99 22,600 1 1,300 179 211 8,740 1 45.3 12,500 1 60.7 1,760 0.44 --- --- 1.87 0.227 18.9 --- 18.0 --- --- Na-Cl
--- 12-Oct-00 21,900 1

1,400 198 226 8,580 1 51.5 12,000 1 4.7 1,760 --- --- --- 0.870 0.151 19.2 --- 20.0 --- --- Na-Cl
L104839-1 27-Mar-03 23,800  1 1,810 196 239 8,240 1 41.8 13,600 1 42.1 2,240 0.43 0.472  1 0.251  1 <0.1 0.04 19.4 --- --- 18.6 --- Na-Cl
L170630-2 13-May-04 24,000  1 1,690 205 285 9,230  1 36.3 13,300  1 23.7 1,820 0.36 0.08 0.35  1 <0.1 --- --- --- --- --- --- Na-Cl

5. Class II Landfill
Upper Zone P00-SW33 L12781-6 28-Jun-00 2,710  1 225 54.7 21.4 938  1 9.1 21 927  1 1500 0.32 <0.005 0.114  1 <0.1 1.26 0.82 <2 1.5 --- 10 Na-HCO3-SO4

Clearwater) L12781-7 28-Jun-00 --- --- --- --- --- --- --- --- --- --- <0.005 0.116  1 --- --- --- --- --- --- --- ---
L50638-9 7-Nov-01 2,780  1 184 35.4 23.3 1,010  1 10.6 25 940  1 1,500 0.32 <0.06 0.20  1 0.3 0.05 1.12 <2 --- 2.2 8 Na-HCO3-SO4

L63334-1 24-Apr-02 2,580  1 118 28.5 19.0 974  1 9.5 21 855  1 1,480 0.25 0.021 0.115  1 <0.1 0.03 1.08 <2 --- 3.4 27 Na-HCO3-SO4

L81996-5 25-Sep-02 2,810  1 125 8.6 25.1 977  1 9.4 21 1,050  1 1,470 0.30 0.037 0.159  1 0.7 <0.02 0.51 10 --- 2.2 6 Na-HCO3-SO4

L110576-6 13-May-03 2,620  1 178 33.6 22.8 933  1 8.9 22 843  1 1,530 0.27 <0.06 0.13  1 1.0 --- --- --- --- --- --- Na-HCO3-SO4

L116016-3 18-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4 --- --- --- ---
L138878-5 30-Oct-03 2,640  1 182 34.1 23.5 922  1 7.7 22 894  1 1,430 0.34 0.11 0.08  1 0.1 --- --- <2 --- --- --- Na-HCO3-SO4

L168918-5 6-May-04 2,650  1 156 29.5 20.0 962  1 9.1 19 863  1 1,520 0.25 0.424  1 0.086  1 <0.1 --- --- --- --- --- --- Na-HCO3-SO4

L217423-5 17-Oct-04 2,670  1 181 34.4 23.0 954  1 9.1 23 862  1 1,550 0.34 <0.06 0.11  1 0.4 --- --- --- --- --- --- Na-HCO3-SO4
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

P01-25A L50638-1 7-Nov-01 2,290  1 165 32.8 20.1 844  1 9.5 35 662  1 1,410 0.46 <0.06 0.10  1 0.2 0.07 0.97 <2 --- 1.9 6 Na-HCO3-SO4

L63334-8 24-Apr-02 1,820  1 100 20.1 13.6 680  1 7.6 20 474 1,240 0.35 0.017 0.059  1 0.7 <0.02 0.85 <2 --- 1.1 9 Na-HCO3-SO4

L81996-9 25-Sep-02 1,280  1 133 13.4 24.1 435  1 5.4 7 314 981 0.41 0.033 0.063  1 0.6 <0.02 0.08 4 --- 0.9 4 Na-HCO3-SO4

L110680-6 15-May-03 1,490  1 129 22.1 14.0 509  1 5.9 11 336 1,110 0.37 0.106 0.055  1 0.5 --- 0.56 --- 0.6 --- 4 Na-HCO3-SO4

L116016-5 18-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- <2 --- --- --- ---
L138878-1 30-Oct-03 1,130  1 212 43.2 25.3 382  1 5.6 5 227 906 0.51 <0.06 <0.01 0.1 <0.02 --- <2 --- --- --- Na-Ca-HCO3-SO4

L168918-7 6-May-04 1,090  1 184 36.8 22.4 369  1 4.7 4 202 916 0.43 0.008 0.005 <0.1 --- --- --- --- --- --- Na-HCO3-SO4

L217423-10 17-Oct-04 1,040  1 213 43.8 25.2 334  1 4.8 5 193 871 0.56 <0.06 <0.01 0.4 --- --- --- --- --- --- Na-Ca-HCO3-SO4

P01-26A L50638-3 8-Nov-01 4,120  1 308 62.7 36.8 1,410  1 14.4 43 1,800  1 1,530 0.35 <0.06 0.11  1 <0.1 0.03 1.47 3 --- 2.8 14 Na-SO4-HCO3 

L63334-7 24-Apr-02 3,600  1 218 60.2 37.5 1,260  1 13.5 31 1,580  1 1,440 0.26 0.017 0.866  1 <0.1 0.03 1.42 <2 --- 2.2 17 Na-SO4-HCO3 

L81996-8 25-Sep-02 3,750  1 226 22.3 41.4 1,190  1 11.2 30 1,770  1 1,390 0.19 1.71  1 0.272  1 1.1 <0.02 0.89 5 --- 1.1 10 Na-SO4-HCO3 

L110680-2 13-May-03 3,740  1 277 53.5 32.2 1,160  1 12.1 32 1,630  1 1,420 0.27 0.018 0.155  1 1.6 --- 1.76 --- 1.9 --- 10 Na-SO4-HCO3 

(duplicate) L110680-3 13-May-03 3,680  1 267 52.6 32.2 1,170  1 12.1 34 1,610  1 1,410 0.27 0.016 0.154  1 1.5 --- 1.91 --- 2.2 --- 11 Na-SO4-HCO3 

L116016-7 18-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 5 --- --- --- ---
L138878-7 30-Oct-03 3,410  1 336 65.1 42.2 1,120  1 11.4 25 1,500  1 1,280 0.25 0.06 0.09  1 1.1 <0.02 --- 6 --- --- --- Na-SO4-HCO3 

L168918-10 6-May-04 1,960  1 303 58.1 38.4 632  1 7.3 24 688  1 1,040 0.44 0.039 0.064  1 <0.1 --- --- --- --- --- --- Na-HCO3-SO4

L217423-9 17-Oct-04 3,290  1 327 64.7 40.2 1,080  1 10.8 23 1,410  1 1,340 0.28 <0.06 0.07  1 1.1 --- --- --- --- --- --- Na-SO4-HCO3 

P01-27A L50638-4 8-Nov-01 3,160  1 289 58.5 34.7 1,070  1 12.1 52 1,270  1 1,340 0.35 <0.06 0.08  1 0.3 0.05 1.81 <2 --- 3.2 7 Na-SO4-HCO3 

L63480-8 28-Apr-02 2,880  1 285 47.6 28.0 1,010  1 9.5 49 1,170  1 1,260 0.34 0.013 0.123  1 1.2 0.03 1.69 <2 --- 4.4 16 Na-SO4-HCO3 

L81996-7 25-Sep-02 1,920  1 257 22.6 48.6 567  1 7.5 16 733  1 1,060 0.46 0.020 0.016 0.5 <0.02 0.38 5 --- 1.2 6 Na-Mg-HCO3-SO4

L110576-5 13-May-03 1,730  1 335 64.0 42.6 541  1 7.3 18 594  1 943 0.56 0.005 0.036 0.4 --- 0.32 2 <0.2 --- --- Na-Mg-Ca-HCO3-SO4

L116016-8 18-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 7 --- --- --- ---
L138878-15 30-Oct-03 1,780  1 336 64.5 42.4 537  1 6.9 22 621  1 996 0.60 <0.06 0.02 0.2 <0.02 --- --- --- --- --- Na-Mg-Ca-HCO3-SO4

(duplicate) L138878-13 30-Oct-03 1,800  1 347 66.1 44.3 556  1 7.2 22 634  1 939 0.60 <0.06 0.02 0.3 <0.02 --- --- --- --- --- Na-Mg-Ca-HCO3-SO4

L168918-9 6-May-04 3,380  1 328 64.4 40.5 1,110  1 11.6 19 1,480  1 1,330 0.20 0.038 0.096  1 0.4 --- --- --- --- --- --- Na-SO4-HCO3

L217423-7 17-Oct-04 2,220  1 290 56.5 36.2 735  1 7.3 33 783  1 1,140 0.45 <0.06 0.02 1.3 --- --- --- --- --- --- Na-HCO3-SO4

(duplicate) L217423-8 17-Oct-04 2,210  1 289 56.4 36.1 719  1 8.0 33 782  1 1,150 0.45 <0.06 0.02 1.2 --- --- --- --- --- --- Na-HCO3-SO4

P01-28A L50638-5 8-Nov-01 3,900  1 197 21.6 34.7 1,400  1 15.6 66 1,410  1 1,870 0.50 <0.06 <0.01 0.4 --- --- --- --- --- --- Na-HCO3-SO4

L63334-5 24-Apr-02 3,780  1 345 52.9 53.8 1,290  1 14.9 51 1,500  1 1,800 0.36 0.005 0.174  1 0.6 0.07 2.12 --- --- 2.1 65 Na-SO4-HCO3 

L70279-2 25-Jun-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 12 --- --- --- ---
L81996-3 25-Sep-02 3,990  1 217 10.2 46.6 1,310  1 11.8 57 1,670  1 1,760 0.33 0.006 0.080  1 5.1 <0.02 1.45 --- --- 0.2 4 Na-SO4-HCO3 

L83095-7 30-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4 --- --- --- ---
L110680-1 13-May-03 3,680  1 342 48.3 49.4 1,200  1 13.8 44 1,430  1 1,660 0.33 0.008 0.087  1 11.4  2 --- 1.79 --- 2.0 --- 6 Na-SO4-HCO3 
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

L116313-1 19-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4 --- --- --- ---
L168918-1 6-May-04 3,890  1 364 52.9 56.4 1,290  1 12.7 40 1,560  1 1,680 0.27 0.045 0.104  1 11.9  2 --- --- --- --- --- --- Na-SO4-HCO3 

L217423-1 17-Oct-04 3,740  1 384 55.0 60.0 1,250  1 12.2 42 1,440  1 1,670 0.33 <0.06 0.12  1 13.0  2 --- --- --- --- --- --- Na-SO4-HCO3 

P01-29A L50638-7 7-Nov-01 8,730  1 1,060 184 147 2,550  1 27.4 47 5,130  1 1,300 0.26 <0.06 0.31  1 0.2 --- --- <2 --- --- 12 Na-SO4-HCO3 

L63334-3 24-Apr-02 8,540  1 875 184 145 2,370  1 30.2 48 5,110  1 1,220 0.18 0.015 0.242  1 1.1 --- --- --- --- --- 66 Na-SO4-HCO3 

L63480-6 28-Apr-02 --- --- --- --- --- --- --- --- --- --- --- --- --- <0.02 2.67 --- --- 4.3 --- ---
L70279-3 25-Jun-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 12 --- --- --- ---
L81996-1 25-Sep-02 8,780  1 1,160 198 162 2,400  1 26.4 47 5,350  1 1,180 0.29 0.014 0.202  1 3.2 <0.02 2.39 17 --- 0.7 9 Na-SO4-HCO3 

L110680-4 13-May-03 8,050  1 1,060 169 132 2,320  1 28.1 45 4,620  1 1,210 0.18 0.098 0.281  1 4.1 --- 2.71 --- 2.9 --- 10 Na-SO4-HCO3 

L110727-4 17-May-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 10 --- --- --- ---
L116313-4 19-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 8 --- --- --- ---
L138878-3 30-Oct-03 8,070  1 1,140 195 158 2,390  1 25.3 48 4,670  1 1,160 0.18 <0.06 0.21  1 2.5 0.02 1.40 9 --- --- --- Na-Mg-SO4-HCO3 

L168918-2 6-May-04 8,280  1 1,150 200 159 2,460  1 4.8 43 4,800  1 1,230 0.14 0.090 0.237  1 1.3 --- --- --- --- --- --- Na-SO4-HCO3 

L217423-3 17-Oct-04 8,330  1 1,190 206 163 2,470  1 25.1 47 4,790  1 1,240 0.19 <0.06 0.23  1 3.0 --- --- --- --- --- --- Na-SO4-HCO3 
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Petro-Canada Oil and Gas TABLE 4.  SELECT INDICATOR PARAMETER DATA FOR GROUNDWATER SAMPLES MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

Lower Zone P00-DW33 L12781-8 28-Jun-00 3,300  1 161 43.4 12.9 1,190  1 8.5 69 1,090  1 1790 0.50 0.716  1 0.086  1 0.4 1.30 1.66 <2 2.5 --- 14 Na-HCO3-SO4

(Clearwater Formation) L50638-10 7-Nov-01 3,620  1 85 15.9 11.0 1,380  1 9.8 62 1,140  1 2,040 0.47 <0.06 0.07  1 0.3 0.19 2.73 <2 --- 3.5 9 Na-HCO3-SO4

L63334-2 24-Apr-02 3,530  1 63 12.2 8.47 1,340  1 8.9 77 1,090  1 2,040 0.50 0.233 0.082  1 <0.1 0.15 2.42 <2 --- 4.1 22 Na-HCO3-SO4

(duplicate) L63480-9 28-Apr-02 3,510  1 69 11.9 8.13 1,360  1 8.1 77 1,130  1 2,020 0.57 0.402  1 0.086  1 0.1 0.14 2.61 <2 --- 4.1 21 Na-HCO3-SO4

L81996-6 25-Sep-02 3,620  1 74 12.0 10.7 1,320  1 8.2 71 1,220  1 1,980 0.45 0.028 0.056  1 0.7 0.05 1.68 11 --- 2.6 6 Na-HCO3-SO4

(duplicate) L81996-11 25-Sep-02 3,640  1 79 14.0 10.7 1,320  1 7.9 72 1,220  1 2,010 0.45 0.023 0.055  1 0.7 <0.02 1.82 11 --- 2.7 7 Na-HCO3-SO4

L110576-7 13-May-03 3,500  1 57 10.4 7.6 1,340  1 6.9 79 1,040  1 2,060 0.56 0.10 0.07  1 0.3 --- --- --- --- --- --- Na-HCO3-SO4

L116016-4 18-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 8 --- --- --- ---
L138878-6 30-Oct-03 3,350  1 93 16.9 12.4 1,240  1 7.8 60 1,070  1 1,780 0.48 0.19 0.04 0.5 --- --- 3 --- --- --- Na-HCO3-SO4

L168918-6 6-May-04 3,460  1 56 9.9 7.7 1,310  1 7.7 60 1,070  1 1,970 0.47 0.168 0.045 <0.1 --- --- --- --- --- --- Na-HCO3-SO4

L217423-6 17-Oct-04 3,320  1 96 18.0 12.5 1,240  1 8.0 59 1,020  1 1,950 0.46 0.06 0.03 0.5 --- --- --- --- --- --- Na-HCO3-SO4

P01-25B L50638-2 7-Nov-01 3,050  1 42 8.2 5.3 1,210  1 6.4 259  1 319 2,400 0.91 <0.06 0.02 0.2 0.43 2.06 <2 --- 3.6 5 Na-HCO3-SO4

L63334-9 24-Apr-02 3,330  1 43 10.1 6.32 1,330  1 8.6 219 632  1 2,200 0.82 0.036 0.056  1 <0.1 0.33 2.43 <2 --- 4.1 11 Na-HCO3-SO4

L81996-10 25-Sep-02 3,490  1 48 8.2 6.7 1,330  1 6.7 200 797  1 2,300 0.85 0.021 0.006 2.1 <0.02 1.71 12 --- 1.0 <1 Na-HCO3-SO4

L110680-7 15-May-03 3,430  1 50 7.7 5.98 1,260  1 8.0 194 780  1 2,110 0.85 1.26  1 0.037 0.8 --- 1.67 --- 3.3 --- 5 Na-HCO3-SO4

L116016-6 18-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 7 --- --- --- ---
L138878-12 30-Oct-03 3,080  1 41 6.8 5.8 1,230  1 5.8 217 517  1 2,020 0.88 0.13 0.01 0.7 0.38 --- 11 --- --- --- Na-HCO3-SO4-Cl
L168918-8 6-May-04 3,290  1 40 6.9 5.6 1,320  1 6.8 208 562  1 2,290 0.81 0.058 0.011 0.1 --- --- --- --- --- --- Na-HCO3-SO4-Cl

L217423-11 17-Oct-04 3,280  1 42 7.1 6.0 1,280  1 6.5 247 535  1 2,340 0.91 <0.06 0.01 3.2 --- --- --- --- --- --- Na-HCO3-SO4-Cl

P01-28B L50638-6 7-Nov-01 3,080  1 46 9.2 5.6 1,290  1 8.0 208 240 2,680 0.91 <0.06 0.02 0.5 0.34 2.71 <2 --- 3.1 5 Na-HCO3-Cl
L63334-6 24-Apr-02 2,800  1 35 5.9 4.57 1,150  1 7.2 202 185 2,550 0.83 0.083 0.020 <0.1 0.33 2.08 <2 --- 3.4 14 Na-HCO3-Cl
L81996-4 25-Sep-02 2,880  1 36 6.1 5.1 1,180  1 6.4 195 216 2,570 0.84 0.020 0.012 1.4 0.33 1.69 <2 --- 1.1 4 Na-HCO3-Cl

L110576-8 13-May-03 2,830  1 35 5.9 4.9 1,170  1 5.9 198 176 2,460 0.86 0.052 0.011 1.6 --- 2.80 3 <0.2 --- 13 Na-HCO3-Cl
L116313-2 19-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 15 --- --- --- ---
L138878-2 30-Oct-03 2,650  1 35 5.8 5.0 1,100  1 6.3 189 183 2,150 0.86 <0.06 <0.01 0.6 0.34 --- 9 --- --- --- Na-HCO3-Cl
L168918-2 6-May-04 2,830  1 35 6.0 4.9 1,180  1 6.5 185 192 2,340 0.79 0.060 0.011 0.4 --- --- --- --- --- --- Na-HCO3-Cl
L217423-2 17-Oct-04 2,850  1 36 6.0 5.2 1,180  1 6.6 199 178 2,460 0.89 <0.06 <0.01 2.7 --- --- --- --- --- --- Na-HCO3-Cl

P01-29B L50638-8 7-Nov-01 5,590  1 134 24.8 17.4 1,990  1 10.7 183 2,250  1 2,260 0.73 <0.06 0.06  1 1.4 0.14 4.16 2 --- 6.3 7 Na-SO4-HCO3 

L63334-4 24-Apr-02 5,780  1 113 18.2 15.6 2,000  1 13.4 221 2,330  1 2,170 0.62 0.094 0.037 0.7 --- --- --- --- --- 71 Na-SO4-HCO3 

L63480-7 28-Apr-02 --- --- --- --- --- --- --- --- --- --- --- --- --- 0.08 3.93 --- --- 5.4 --- ---
L70279-4 25-Jun-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 26 --- --- --- ---
L81996-2 25-Sep-02 6,290  1 96 8.3 18.3 2,170  1 11.3 203 2,790  1 2,170 0.57 0.006 0.033 4.3 <0.02 4.54 3 --- 3.4 3 Na-SO4-HCO3 

L110680-5 13-May-03 5,680  1 121 16.0 13.2 1,960  1 11.1 208 2,270  1 2,100 0.63 0.008 0.023 5.2 --- 2.40 --- 4.6 --- 4 Na-SO4-HCO3 
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Petro-Canada Oil and Gas TABLE 4.  SELECT INDICATOR PARAMETER DATA FOR GROUNDWATER SAMPLES MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) 500 --- --- --- 200 --- 250 500 --- --- 0.3 0.05 --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- --- --- --- 1.5 --- --- 10 --- --- --- --- --- --- ---

L116313-3 19-Jun-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 40 --- --- --- ---
L138878-4 30-Oct-03 5,680  1 117 18.8 17.1 2,040  1 9.7 207 2,310  1 1,980 0.64 0.08 0.03 5.1 0.07 --- --- --- --- --- Na-SO4-HCO3 

L139617-1 3-Nov-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 7 --- --- --- ---
L168918-4 6-May-04 5,770  1 109 17.6 15.8 2,110  1 11.0 197 2,330  1 2,170 0.53 0.049 0.024 4.5 --- --- --- --- --- --- Na-SO4-HCO3 

L217423-4 17-Oct-04 5,570  1 110 17.9 15.8 2,040  1 10.0 234 2,140  1 2,170 0.60 <0.06 0.03 9.9 --- --- --- --- --- --- Na-SO4-HCO3 

NOTES: --- denotes parameter not analysed or not applicable.
Highlighting indicates parameter above applicable guideline/criteria.

1 denotes value exceeds AO Guidelines for Canadian Drinking Water Quality (CCME, 1999).
2 denotes value exceeds MAC Guidelines for Canadian Drinking Water Quality (CCME, 1999).
3 Piezometers installed  by Amec, June, 2000. 
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Petro-Canada Oil and Gas

TABLE 5.  DISSOLVED METAL DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) --- --- --- --- --- --- --- --- --- 1 --- --- --- --- --- --- --- --- --- --- --- --- --- 5
Interim Maximum Acceptable Concentration (IMAC) 0.1 0.006 0.025 --- --- 5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- 1 --- --- 0.005 0.05 --- --- 0.01 0.001 --- --- --- 0.01 --- --- --- --- --- --- --- ---

1. Plant Site Facilities
P02-9B L63700-6 29-Apr-02 0.04 --- 0.0050 0.059 <0.001 3.52 <0.001 0.007 <0.002 0.004 <0.005 <0.0002 <0.005 <0.002 0.41 0.0010 2.8 <0.005 0.321 <0.05 <0.05 0.003 0.007 0.024

(duplicate) L63700-7 29-Apr-02 0.08 --- 0.0039 0.061 <0.001 3.53 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 <0.005 <0.002 0.40 0.0012 2.9 <0.005 0.319 <0.05 <0.05 0.004 0.005 0.022
L76857-1 14-Aug-02 0.18  2 --- 0.0036 0.051 <0.001 3.33 <0.001 <0.005 <0.002 0.005 <0.005 0.0003 0.007 0.003 0.33 0.0008 3.5 <0.005 0.324 <0.05 <0.05 0.009 0.002 0.022

(duplicate) L76857-7 14-Aug-02 0.05 --- 0.0038 0.049 <0.001 3.57 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 0.007 0.003 0.31 0.0009 3.1 <0.005 0.319 <0.05 <0.05 0.003 0.002 0.015
L83095-1 30-Sep-02 0.49  2 --- 0.0037 0.049 <0.001 3.36 <0.001 <0.005 <0.002 0.008 <0.005 0.0009 <0.005 0.003 0.24 0.0007 3.9 <0.005 0.286 <0.05 <0.05 0.039 0.004 0.058

(duplicate) L83095-2 30-Sep-02 0.32  2 --- 0.0043 0.050 <0.001 3.40 <0.001 <0.005 <0.002 0.010 <0.005 0.0007 <0.005 0.003 0.25 0.0009 3.6 <0.005 0.284 <0.05 <0.05 0.025 0.005 0.057
L110727-3 17-May-03 0.51  2 --- 0.0023 0.064 <0.001 3.02 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 <0.005 0.003 0.31 <0.0004 --- <0.005 0.315 <0.05 <0.05 0.033 0.003 0.017

P02-10B L63700-5 29-Apr-02 0.03 --- 0.0012 0.124 <0.001 0.06 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 <0.005 0.002 <0.02 <0.0004 7.1 <0.005 0.172 <0.05 <0.05 0.003 <0.001 0.029
L76857-2 14-Aug-02 0.05 --- <0.0004 0.108 <0.001 <0.05 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 0.06 <0.0004 8.4 <0.005 0.174 <0.05 <0.05 0.014 <0.001 0.041
L83095-3 30-Sep-02 0.09 --- <0.0004 0.100 <0.001 <0.05 <0.001 <0.005 <0.002 0.002 <0.005 0.0004 <0.005 <0.002 <0.02 <0.0004 7.9 <0.005 0.166 <0.05 <0.05 0.008 <0.001 0.062

L116016-2 18-Jun-03 0.16  2 --- <0.0004 0.101 <0.001 0.05 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 7.2 <0.005 0.153 <0.05 <0.05 0.012 <0.001 0.021

P02-11B L63700-4 29-Apr-02 <0.01 --- 0.0052 0.070 <0.001 0.20 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 0.014 0.002 <0.02 <0.0004 7.8 <0.005 0.633 <0.05 <0.05 0.003 <0.001 0.020
L76857-3 14-Aug-02 <0.01 --- 0.0014 0.053 <0.001 0.20 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 0.008 0.04 <0.0004 8.6 <0.005 0.649 <0.05 <0.05 0.003 <0.001 0.023
L83095-4 30-Sep-02 <0.01 --- <0.0004 0.075 <0.001 0.19 <0.001 <0.005 <0.002 <0.001 <0.005 0.0003 <0.005 0.005 <0.02 <0.0004 8.5 <0.005 0.534 <0.05 <0.05 0.001 <0.001 0.007

P02-12B L63700-3 29-Apr-02 0.02 --- 0.0050 0.033 <0.001 0.74 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 0.017 0.007 <0.02 <0.0004 4.7 <0.005 1.02 <0.05 <0.05 0.002 0.002 0.026
L76857-4 14-Aug-02 <0.01 --- 0.0019 0.040 <0.001 0.32 <0.001 <0.005 0.003 <0.001 <0.005 <0.0002 <0.005 0.013 0.09 <0.0004 8.2 <0.005 1.32 <0.05 <0.05 0.003 <0.001 0.025
L83095-5 30-Sep-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

L116016-1 18-Jun-03 0.09 --- 0.0008 0.043 <0.001 0.37 <0.001 <0.005 0.003 0.001 <0.005 <0.0002 <0.005 0.007 --- 0.0008 7.0 <0.005 1.04 <0.05 <0.05 0.007 0.002 0.008

P02-13B L63700-2 29-Apr-02 <0.01 --- 0.0053 0.027 <0.001 0.43 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 0.014 0.004 <0.02 <0.0004 9.0 <0.005 2.26 <0.05 <0.05 0.003 <0.001 0.030
L76857-5 14-Aug-02 0.02 --- 0.0015 0.029 <0.001 0.44 <0.001 <0.005 0.003 <0.001 <0.005 <0.0002 <0.005 0.015 0.14 <0.0004 9.7 <0.005 3.04 <0.05 <0.05 0.003 <0.001 0.038

P04-13B L170273-5 11-May-04 <0.01 --- 0.0012 0.053 <0.001 0.68 <0.001 <0.005 0.005 <0.001 <0.005 <0.0002 <0.005 0.004 <0.02 <0.0004 8.6 <0.005 1.58 <0.05 <0.05 0.001 <0.001 0.018

P02-14B L63700-1 29-Apr-02 <0.01 --- 0.0033 0.034 <0.001 0.29 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 0.037 0.005 <0.02 <0.0004 5.3 <0.005 1.58 <0.05 <0.05 0.002 0.001 0.035

P04-14C L170273-3 11-May-04 <0.01 --- 0.0010 0.054 <0.001 0.71 <0.001 <0.005 0.006 0.001 <0.005 0.0006 <0.005 0.003 0.02 <0.0004 8.5 <0.005 1.50 <0.05 <0.05 0.004 <0.001 0.020

P02-30B L60279-5 25-Jun-02 <0.01 --- 0.0006 0.033 <0.001 0.25 <0.001 <0.005 0.010 0.001 <0.005 0.0002 0.006 0.021 <0.02 0.0005 7.9 <0.005 1.18 <0.05 <0.05 0.003 <0.001 0.056
L76857-12 14-Aug-02 <0.01 --- <0.0004 0.028 <0.001 0.28 <0.001 <0.005 0.013 0.002 <0.005 <0.0002 0.007 0.023 0.05 <0.0004 7.8 <0.005 1.58 <0.05 <0.05 0.002 <0.001 0.053
L83095-6 30-Sep-02 <0.01 --- <0.0004 0.027 <0.001 0.29 <0.001 <0.005 0.010 0.001 <0.005 0.0002 0.006 0.016 <0.02 0.0007 7.8 <0.005 1.18 <0.05 <0.05 0.001 <0.001 0.064

P04-30C L169221-8 7-May-04 <0.01 --- 0.0007 0.051 <0.001 0.34 <0.001 <0.005 0.008 <0.001 <0.005 0.0003 <0.005 0.004 3.49 <0.0004 10.3 <0.005 1.05 <0.05 <0.05 0.002 <0.001 0.048

2. Groundwater Diversion
Source Wells WSW1 --- 27-May-01 <0.005 --- <0.0004 0.028 <0.001 0.36 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 0.009 <0.002 0.02 <0.0004 --- <0.005 1.16 <0.05 1.16 0.003 0.001 0.053

--- 28-May-01 0.03 --- 0.0004 0.032 <0.001 0.35 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 0.008 <0.002 0.26 0.0004 --- <0.005 1.15 <0.05 <0.05 0.003 0.002 0.081
L95629-1 8-Jan-03 0.01 --- <0.0004 0.035 <0.001 0.30 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 <0.02 <0.0004 7.8 <0.005 0.792 <0.05 <0.05 0.001 <0.001 0.019

L110680-8 15-May-03 <0.01 --- <0.0004 0.026 <0.001 0.35 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 <0.02 0.0010 7.8 <0.005 1.23 <0.05 <0.05 0.001 <0.001 0.042

WSW1 NEW L152641-1 4-Feb-04 <0.01 --- <0.0004 0.056 <0.001 0.29 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 <0.005 <0.002 0.22 <0.0004 --- <0.005 0.905 <0.05 <0.05 0.002 <0.001 0.008
L168907-1 6-May-04 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L219863-3 21-Oct-04 --- --- <0.0004 --- --- --- --- --- --- --- --- 0.0004 --- --- --- <0.0004 --- --- --- --- --- --- --- ---
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Petro-Canada Oil and Gas

TABLE 5.  DISSOLVED METAL DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) --- --- --- --- --- --- --- --- --- 1 --- --- --- --- --- --- --- --- --- --- --- --- --- 5
Interim Maximum Acceptable Concentration (IMAC) 0.1 0.006 0.025 --- --- 5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- 1 --- --- 0.005 0.05 --- --- 0.01 0.001 --- --- --- 0.01 --- --- --- --- --- --- --- ---

WSW2 --- 19-Feb-02 <0.01 --- 0.0623  2 0.014 <0.001 1.17 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 0.005 <0.002 0.32 0.0006 --- <0.005 0.845 <0.05 <0.05 0.002 <0.001 0.014
L95629-2 8-Jan-03 0.01 --- <0.0004 0.015 <0.001 1.03 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 <0.005 <0.002 0.24 <0.0004 6.0 <0.005 0.595 <0.05 <0.05 <0.001 <0.001 0.025

L110680-9 15-May-03 <0.01 --- <0.0004 0.015 <0.001 1.21 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 <0.02 0.0009 5.8 <0.005 0.940 <0.05 <0.05 0.001 <0.001 0.015
L168907-2 6-May-04 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L219863-4 21-Oct-04 --- --- 0.0079 --- --- --- --- --- --- --- --- <0.0002 --- --- --- <0.0004 --- --- --- --- --- --- --- ---

WSW3 --- 19-Feb-02 <0.01 --- 0.0016 0.025 <0.001 1.16 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 <0.005 <0.002 0.42 <0.0004 --- <0.005 0.879 <0.05 <0.05 0.002 <0.001 0.013
L95629-3 8-Jan-03 0.02 --- <0.0004 0.023 <0.001 0.80 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 <0.005 <0.002 0.17 <0.0004 7.4 <0.005 0.805 <0.05 <0.05 <0.001 <0.001 0.027

L110680-10 15-May-03 <0.01 --- <0.0004 0.029 <0.001 1.19 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 <0.005 <0.002 0.03 <0.004 7.0 <0.005 1.04 <0.05 <0.05 0.002 <0.001 0.071
L168907-3 6-May-04 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L219863-5 21-Oct-04 --- --- 0.0007 --- --- --- --- --- --- --- --- <0.0002 --- --- --- <0.0004 --- --- --- --- --- --- --- ---

Monitoring Wells P02-20D L104839-3 28-Mar-03 <0.01 --- 0.0019 0.042 <0.001 1.12 <0.001 0.033 0.003 0.061 <0.005 0.0002 0.007 <0.002 0.12 <0.0004 5.7 <0.005 1.11 <0.05 <0.05 0.003 0.011 0.039
17-May-03 0.03 --- <0.0004 0.020 <0.001 1.17 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 0.006 <0.002 0.07 <0.0004 --- <0.005 0.885 <0.05 <0.05 0.003 <0.001 0.014

L139617-9 3-Nov-03 0.02 --- --- 0.020 <0.001 1.19 <0.001 <0.005 <0.002 0.001 <0.005 --- 0.006 <0.002 0.15 --- --- <0.005 0.833 <0.05 <0.05 0.003 <0.001 0.006
L170273-1 11-May-04 <0.01 --- <0.0004 0.017 <0.001 1.12 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 0.006 <0.002 0.11 <0.0004 6.0 <0.005 0.895 <0.05 <0.05 0.004 <0.001 0.024

3. Well Pads
P02-21A L63480-1 28-Apr-02 <0.01 --- 0.0021 0.123 <0.001 0.40 <0.001 <0.005 0.006 <0.001 <0.005 <0.0002 0.006 0.009 <0.02 0.0007 11.1 <0.005 1.74 <0.05 <0.05 0.004 <0.001 0.027

L76857-8 14-Aug-02 0.10 --- 0.0007 0.080 <0.001 0.44 <0.001 <0.005 0.005 0.001 <0.005 <0.0002 <0.005 0.007 0.07 <0.0004 11.8 <0.005 1.89 <0.05 <0.05 0.004 <0.001 0.061
L82279-4 26-Sep-02 <0.01 --- <0.0004 0.069 <0.001 0.41 <0.001 <0.005 0.004 0.001 <0.005 <0.0002 <0.005 0.006 <0.02 <0.0004 13.3 <0.005 1.65 <0.05 <0.05 0.002 <0.001 0.010

L110576-1 13-May-03 <0.01 --- 0.0006 0.050 <0.001 0.49 <0.001 <0.005 0.003 0.002 <0.005 <0.0002 <0.005 0.003 0.78 <0.0004 11.1 <0.005 1.72 <0.05 <0.05 0.002 <0.001 0.042
L169221-5 7-May-04 <0.01 --- <0.0004 0.036 <0.001 0.43 <0.001 0.007 0.004 <0.001 <0.005 <0.0002 <0.005 0.003 --- <0.0004 11.4 <0.005 1.57 <0.05 <0.05 0.003 <0.001 0.033

P02-22A L63480-2 28-Apr-02 0.11  2 --- 0.0243 0.017 <0.001 0.27 <0.001 <0.005 <0.002 0.011 <0.005 <0.0002 0.063 0.005 0.18 0.0086 8.5 <0.005 0.085 <0.05 <0.05 0.003 0.003 0.050
L76857-9 14-Aug-02 0.07 --- 0.0024 0.127 <0.001 0.32 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 0.022 0.006 0.04 0.0040 7.3 <0.005 1.05 <0.05 <0.05 0.005 <0.001 0.057
L82279-3 26-Sep-02 0.03 --- 0.0018 0.104 <0.001 0.32 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 0.020 0.004 <0.02 0.0014 7.9 <0.005 0.837 <0.05 <0.05 0.002 <0.001 0.005

L110576-2 13-May-03 <0.01 --- 0.0008 0.120 <0.001 0.41 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 0.009 0.004 0.19 0.0010 7.9 <0.005 1.18 <0.05 <0.05 0.001 <0.001 0.066
L169221-4 7-May-04 <0.01 --- <0.0004 0.058 <0.001 0.29 <0.001 0.006 <0.002 0.001 <0.005 <0.0002 <0.005 0.003 --- <0.0004 11.0 <0.005 1.07 <0.05 <0.05 0.003 <0.001 0.022

P02-23A L63480-3 28-Apr-02 0.01 --- 0.0017 0.073 <0.001 0.19 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 <0.02 <0.0004 9.6 <0.005 0.746 <0.05 <0.05 0.003 <0.001 0.031
L76857-10 14-Aug-02 <0.01 --- 0.0008 0.110 <0.001 0.27 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 0.05 <0.0004 10.2 <0.005 1.01 <0.05 <0.05 0.003 <0.001 0.057
L82279-2 26-Sep-02 <0.01 --- 0.0008 0.124 <0.001 0.26 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 <0.02 <0.0004 10.9 <0.005 0.892 <0.05 <0.05 0.001 <0.001 0.005

L110576-3 13-May-03 <0.01 --- 0.0008 0.086 <0.001 0.22 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 <0.005 <0.002 2.78 0.0006 10.2 <0.005 0.803 <0.05 <0.05 0.001 <0.001 0.061
L169221-3 7-May-04 <0.01 --- 0.0012 0.124 <0.001 0.25 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 10.1 <0.005 0.858 <0.05 <0.05 0.003 <0.001 0.028

P02-24A L63480-4 28-Apr-02 <0.01 --- 0.0008 0.039 <0.001 0.56 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 <0.005 <0.002 <0.02 <0.0004 10.1 <0.005 1.02 <0.05 <0.05 0.003 <0.001 0.032
L76857-11 14-Aug-02 <0.01 --- 0.0006 0.035 <0.001 0.58 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 <0.005 <0.002 0.06 <0.0004 10.5 <0.005 1.15 <0.05 <0.05 0.003 <0.001 0.004
L82279-1 26-Sep-02 <0.01 --- 0.0004 0.036 <0.001 0.54 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 <0.005 <0.002 <0.02 <0.0004 11.0 <0.005 1.00 <0.05 <0.05 0.001 <0.001 0.005

L110576-9 13-May-03 <0.01 --- <0.0004 0.033 <0.001 0.68 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 <0.005 <0.002 1.65 <0.0004 9.3 <0.005 1.01 <0.05 <0.05 0.002 <0.001 0.021
(duplicate) L110576-4 13-May-03 <0.01 --- 0.0005 0.032 <0.001 0.60 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 1.88 <0.0004 10.6 <0.005 1.01 <0.05 <0.05 0.001 <0.001 0.014

L169221-1 7-May-04 <0.01 --- <0.0004 0.033 <0.001 0.63 <0.001 <0.005 <0.002 0.001 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 9.8 <0.005 1.64 <0.05 <0.05 0.004 <0.001 0.026
(duplicate) L169221-2 7-May-04 <0.01 --- <0.0004 0.023 <0.001 0.53 <0.001 <0.005 <0.002 <0.001 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 10.1 <0.005 1.37 <0.05 <0.05 0.002 <0.001 0.017

J:\59380000\59381500\59381507\TABLES\TABLE_5(Metals).xls  -  Chemical Parameters Page 2 of 510/5/2005 - 9:09 AM



Petro-Canada Oil and Gas

TABLE 5.  DISSOLVED METAL DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) --- --- --- --- --- --- --- --- --- 1 --- --- --- --- --- --- --- --- --- --- --- --- --- 5
Interim Maximum Acceptable Concentration (IMAC) 0.1 0.006 0.025 --- --- 5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- 1 --- --- 0.005 0.05 --- --- 0.01 0.001 --- --- --- 0.01 --- --- --- --- --- --- --- ---

4. Hydraulic Effects 3-4-93-12 --- 26-Jan-98 0.33 --- --- 24.4 3 0.001 3.11 0.0004 0.051 3 0.0022 <0.001 <0.0003 --- <0.003 0.0235 0.1 --- --- 0.0002 34.6 --- --- 0.045 <0.002 0.013
(Wabiskaw "C") --- 22-Feb-99 <0.007 <0.002 0.047 2 11.5 3 <0.0003 3.16 0.003 <0.0005 0.0043 0.0051 <0.002 --- <0.0006 0.0150 0.47 <0.002 --- 0.0014 25.0 <0.005 <0.005 <0.0004 0.0010 0.0388

--- 22-Feb-99 <0.007 <0.002 0.031 2 11.3 3 <0.0003 3.06 0.003 <0.0005 0.0039 0.0037 <0.002 --- <0.0006 0.0136 0.34 <0.002 --- 0.0012 25.3 <0.005 <0.005 <0.0004 0.0013 0.0339
--- 10-Nov-00 (0.001) <0.0002 <0.005 <0.0002 0.0011 2.51 0.0005 0.006 0.0057 0.0045 <0.0003 --- 0.0006 0.0283 0.4 <0.007 --- (0.0001)** 34.2 <0.0002 <0.001 0.005 <0.001 0.0159

L104839-1 27-Mar-03 <0.01 --- 0.0012 22.6  3 <0.001 3.13 <0.001 <0.005 <0.002 0.436 <0.005 0.0004 <0.005 0.005 0.04 <0.0004 3.5 <0.005 33.1 <0.05 <0.05 0.009 0.043 0.154

5. Class II Landfill
Upper Zone P00-SW34 L12781-6 28-Jun-00 <0.01 0.0009 0.0016 0.169 <0.001 3.52 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 <0.005 0.003 <0.1 0.0011 --- <0.005 1.27 <0.05 <0.05 0.001 <0.001 0.007

(Quaternary/ Upper Clearwater) L12781-7 28-Jun-00 <0.01 0.0009 0.0016 0.172 <0.001 3.44 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 <0.005 0.002 <0.1 0.0010 --- <0.005 1.24 <0.05 <0.05 0.001 <0.001 0.002
L50638-9 7-Nov-01 0.72*  2 0.0009* 0.0023* 0.099* <0.001* 3.26* <0.001* <0.005* 0.002* 0.012* <0.005* <0.0002* <0.005* 0.007* 0.05 0.0024* --- 0.006* 1.12* <0.05* <0.05* 0.028* 0.005* 0.006*
L63334-1 24-Apr-02 <0.01 --- 0.0009 0.040 <0.001 2.91 <0.001 <0.005 <0.002 0.008 <0.005 <0.0002 <0.005 0.003 0.03 0.0005 4.0 <0.005 1.38 <0.05 <0.05 0.002 <0.001 0.014
L81996-5 25-Sep-02 0.14  2 --- 0.0006 0.085 <0.001 3.41 <0.001 <0.005 <0.002 0.015 <0.005 <0.0002 <0.005 0.004 <0.02 0.0011 4.2 <0.005 1.39 <0.05 <0.05 0.007 <0.001 0.033

L110576-6 13-May-03 --- --- 0.0009 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L138878-5 30-Oct-03 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L168918-5 6-May-04 0.65  2 --- <0.0004 0.031 <0.001 3.85 <0.001 <0.005 <0.002 0.009 <0.005 <0.0002 <0.005 <0.002 --- 0.0010 5.1 <0.005 1.28 <0.05 <0.05 0.039 0.002 0.009
L217423-5 17-Oct-04 --- --- 0.0009 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

P01-25A L50638-1 7-Nov-01 0.06* 0.0016* 0.0039* 0.086* <0.001* 2.58* <0.001* 0.068*  3 <0.002* 0.003* <0.005* <0.0002* 0.010* 0.002* 0.07 0.0011* --- <0.005* 1.06* <0.05* <0.05* 0.005* 0.003* 0.027*
L63334-8 24-Apr-02 0.04 --- 0.0018 0.035 <0.001 3.47 <0.001 <0.005 <0.002 0.005 <0.005 <0.0002 <0.005 <0.002 <0.02 0.0010 4.2 <0.005 0.948 <0.05 <0.05 0.003 <0.001 0.003
L81996-9 25-Sep-02 0.07 --- 0.0110 0.062 <0.001 3.72 <0.001 <0.005 <0.002 0.022 <0.005 <0.0002 0.010 <0.002 <0.02 0.0048 3.3 <0.005 0.892 <0.05 <0.05 0.007 0.002 0.006

L110680-6 15-May-03 0.17  2 --- 0.0005 0.034 <0.001 3.43 <0.001 <0.005 <0.002 0.002 <0.005 <0.0002 <0.005 <0.002 0.03 0.0009 4.1 <0.005 0.813 <0.05 <0.05 0.008 <0.001 0.015
L138878-1 30-Oct-03 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- <0.02 --- --- --- --- --- --- --- --- ---
L168918-7 6-May-04 0.01 --- <0.0004 0.018 <0.001 1.25 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 4.0 <0.005 0.779 <0.05 <0.05 0.001 <0.001 0.005
L217423-10 17-Oct-04 --- --- 0.0073 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

P01-26A L50638-3 7-Nov-01 0.40*  2 0.0023* 0.0039* 0.077* <0.001* 3.04* <0.001* 0.049* <0.002* 0.013* <0.005* <0.0002* 0.010* 0.004* 0.03 0.0026* --- <0.005* 2.46* <0.05* <0.05* 0.009* 0.004* 0.022*
L63334-7 24-Apr-02 <0.01 --- 0.0023 0.045 <0.001 3.87 <0.001 <0.005 0.007 0.009 <0.005 <0.0002 <0.005 0.005 0.03 0.0007 4.9 <0.005 2.80 <0.05 <0.05 0.002 <0.001 0.007
L81996-8 25-Sep-02 0.02 --- 0.0015 0.029 <0.001 4.07 <0.001 <0.005 0.004 0.017 <0.005 <0.0002 <0.005 0.003 <0.02 0.0007 4.9 <0.005 2.76 <0.05 <0.05 0.001 <0.001 0.008

L110680-2 13-May-03 <0.01 --- 0.0012 0.025 <0.001 5.88  2 <0.001 <0.005 <0.002 0.005 <0.005 <0.0002 <0.005 <0.002 0.03 0.0013 4.0 <0.005 2.88 <0.05 <0.05 0.003 <0.001 0.018
(duplicate) L110680-3 13-May-03 <0.01 --- 0.0012 0.023 <0.001 5.93  2 <0.001 <0.005 <0.002 0.004 <0.005 <0.0002 <0.005 <0.002 <0.02 0.0012 3.9 <0.005 2.94 <0.05 <0.05 0.002 <0.001 0.017

L138878-7 30-Oct-03 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- <0.02 --- --- --- --- --- --- --- --- ---
L168918-10 6-May-04 0.05 --- <0.0004 0.016 <0.001 1.99 <0.001 <0.005 <0.002 0.007 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 3.6 <0.005 1.37 <0.05 <0.05 0.003 <0.001 0.009
L217423-9 17-Oct-04 --- --- 0.0004 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

P01-27A L50638-4 7-Nov-01 0.18*  2 0.0004* 0.0016* 0.065* <0.001* 2.99* <0.001* 0.048* <0.002* 0.006* <0.005* <0.0002* <0.005* <0.002* 0.05 <0.0004* --- <0.005* 1.89* <0.05* <0.05* 0.006* 0.003* 0.020*
L63480-8 28-Apr-02 <0.01 --- 0.0011 0.028 <0.001 3.65 <0.001 <0.005 <0.002 0.016 <0.005 <0.0002 <0.005 <0.002 0.03 0.0010 3.8 <0.005 2.12 <0.05 <0.05 0.002 <0.001 0.005
L81996-7 25-Sep-02 0.03 --- <0.0004 0.018 <0.001 1.41 <0.001 <0.005 <0.002 0.009 <0.005 <0.0002 <0.005 <0.002 <0.02 0.0103  3 4.7 <0.005 1.44 <0.05 <0.05 0.001 <0.001 0.041

L110576-5 13-May-03 <0.01 --- <0.0004 0.014 <0.001 0.99 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 <0.005 <0.002 0.40 0.0012 4.0 <0.005 1.27 <0.05 <0.05 0.001 <0.001 0.062
L138878-15 30-Oct-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- <0.02 --- --- --- --- --- --- --- --- ---

(duplicate) L138878-13 30-Oct-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- <0.02 --- --- --- --- --- --- --- --- ---
L168918-9 6-May-04 0.05 --- <0.0004 0.020 <0.001 3.76 <0.001 <0.005 <0.002 0.011 <0.005 <0.0002 <0.005 <0.002 --- 0.0009 4.0 <0.005 2.39 <0.05 <0.05 0.003 <0.001 0.010
L217423-7 17-Oct-04 --- --- 0.0046 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(duplicate) L217423-8 17-Oct-04 --- --- 0.0005 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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Petro-Canada Oil and Gas

TABLE 5.  DISSOLVED METAL DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) --- --- --- --- --- --- --- --- --- 1 --- --- --- --- --- --- --- --- --- --- --- --- --- 5
Interim Maximum Acceptable Concentration (IMAC) 0.1 0.006 0.025 --- --- 5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- 1 --- --- 0.005 0.05 --- --- 0.01 0.001 --- --- --- 0.01 --- --- --- --- --- --- --- ---

P01-28A --- 7-Nov-01 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L63334-5 24-Apr-02 <0.01 --- 0.0034 0.039 <0.001 4.17 <0.001 <0.005 0.002 0.020 <0.005 <0.0002 0.028 0.003 0.07 0.0056 3.1 <0.005 3.19 <0.05 <0.05 0.002 0.001 0.033
L81996-3 25-Sep-02 0.02 --- 0.0021 0.036 <0.001 4.20 <0.001 <0.005 <0.002 0.021 <0.005 <0.0002 0.017 0.003 <0.02 0.0030 3.0 <0.005 2.85 <0.05 <0.05 <0.001 <0.001 0.033

L110680-1 13-May-03 <0.01 --- 0.0021 0.033 <0.001 5.52  2 <0.001 <0.005 <0.002 0.005 <0.005 <0.0002 0.012 0.003 0.04 0.0043 2.6 <0.005 3.16 <0.05 <0.05 0.002 <0.001 0.017
L168918-1 6-May-04 0.09 --- 0.0005 0.056 <0.001 5.10  2 <0.001 <0.005 <0.002 0.006 <0.005 <0.0002 0.005 0.003 --- 0.0015 2.9 <0.005 2.88 <0.05 <0.05 0.003 <0.001 0.012
L217423-1 17-Oct-04 --- --- 0.0078 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

P01-29A L50638-7 7-Nov-01 0.08 0.0031 0.0040 0.054 <0.001 4.14 <0.001 <0.005 0.004 0.015 <0.005 0.0005 0.013 0.009 --- 0.0087 --- <0.005 7.46 <0.05 <0.05 0.004 0.003 0.008
L63334-3 24-Apr-02 0.02 --- 0.0021 0.022 <0.001 3.59 <0.001 <0.005 0.003 0.027 <0.005 <0.0002 0.005 0.006 --- 0.0016 4.4 <0.005 9.25 <0.05 <0.05 0.004 <0.001 0.044
L63480-6 28-Apr-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- <0.02 --- --- --- --- --- --- --- --- ---
L81996-1 25-Sep-02 0.08 --- 0.0013 0.026 <0.001 4.14 <0.001 <0.005 0.006 0.037 <0.005 <0.0002 0.006 0.011 <0.02 0.0017 3.9 <0.005 8.47 <0.05 <0.05 0.002 <0.001 0.042

L110680-4 13-May-03 0.08 --- 0.0014 0.040 <0.001 6.05  2 <0.001 0.011 0.005 0.010 <0.005 <0.0002 <0.005 0.006 <0.02 0.0018 3.8 <0.005 9.25 <0.05 <0.05 0.007 <0.001 0.600
L138878-3 30-Oct-03 --- --- <0.0004 --- --- --- --- --- --- --- --- --- --- --- 0.02 --- --- --- --- --- --- --- --- ---
L168918-3 6-May-04 0.08 --- <0.0004 0.037 <0.001 5.07  2 <0.001 <0.005 0.003 0.017 <0.005 <0.0002 <0.005 0.013 --- <0.0004 4.0 <0.005 7.94 <0.05 <0.05 0.005 <0.001 0.014
L217423-3 17-Oct-04 --- --- 0.0004 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Lower Zone P00-DW34 L12781-8 28-Jun-00 0.34  2 0.0018 0.0065 0.159 <0.001 3.85 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 0.009 0.004 0.2 0.0026 --- <0.005 0.930 <0.05 <0.05 0.009 0.003 0.006
(Clearwater Formation) L50638-10 7-Nov-01 0.04 0.0008 0.0029 0.067 <0.001 3.95 <0.001 <0.005 <0.002 0.003 <0.005 0.0002 <0.005 0.003 0.19 0.0031 --- <0.005 1.02 <0.05 <0.05 0.003 0.003 0.005

L63334-2 24-Apr-02 0.23  2 --- 0.0033 0.064 <0.001 3.64 <0.001 <0.005 <0.002 0.012 <0.005 <0.0002 <0.005 0.003 0.15 0.0014 3.8 <0.005 1.04 <0.05 <0.05 0.008 0.003 0.025
(duplicate) L63480-9 28-Apr-02 <0.01 --- 0.0011 0.028 <0.001 3.60 <0.001 <0.005 <0.002 0.005 <0.005 <0.0002 <0.005 <0.002 0.14 0.0009 3.6 <0.005 2.13 <0.05 <0.05 0.002 0.001 0.005

L81996-6 25-Sep-02 0.22  2 --- 0.0022 0.056 <0.001 4.36 <0.001 <0.005 <0.002 0.019 <0.005 <0.0002 <0.005 0.002 0.05 0.0010 4.0 <0.005 1.40 <0.05 <0.05 0.004 0.001 0.038
(duplicate) L81996-11 25-Sep-02 0.10 --- 0.0022 0.058 <0.001 4.36 <0.001 <0.005 <0.002 0.019 <0.005 <0.0002 <0.005 0.002 <0.02 0.0013 4.2 <0.005 1.42 <0.05 <0.05 0.002 <0.001 0.045

L110576-7 13-May-03 --- --- 0.0026 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L138878-6 30-Oct-03 --- --- 0.0014 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
L168918-6 6-May-04 0.38  2 --- 0.0013 0.046 <0.001 4.97 <0.001 <0.005 <0.002 0.010 <0.005 <0.0002 <0.005 <0.002 --- 0.0008 4.1 <0.005 1.13 <0.05 <0.05 0.016 <0.001 0.008
L217423-6 17-Oct-04 --- --- 0.0014 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

P01-25B L50638-2 7-Nov-01 0.09 0.0009 0.0087 0.087 <0.001 2.61 <0.001 0.117  3 <0.002 0.005 <0.005 <0.0002 <0.005 0.002 0.43 0.0019 --- <0.005 0.705 <0.05 <0.05 0.008 0.010 0.010
L63334-9 24-Apr-02 0.08 --- 0.0052 0.085 <0.001 3.51 <0.001 <0.005 <0.002 0.010 <0.005 <0.0002 <0.005 <0.002 0.33 0.0022 3.3 <0.005 0.928 <0.05 <0.05 0.006 0.002 0.020

L81996-10 25-Sep-02 0.06 --- <0.0004 0.038 <0.001 1.60 <0.001 <0.005 <0.002 0.008 <0.005 <0.0002 <0.005 <0.002 <0.02 0.0023 5.6 <0.005 0.924 <0.05 <0.05 0.002 <0.001 0.010
L110680-7 15-May-03 0.64  2 --- 0.0057 0.050 <0.001 4.97 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 <0.005 <0.002 0.26 0.0014 5.4 <0.005 1.08 <0.05 <0.05 0.028 0.002 0.015
L138878-12 30-Oct-03 --- --- 0.0024 --- --- --- --- --- --- --- --- --- --- --- 0.38 --- --- --- --- --- --- --- --- ---
L168918-8 6-May-04 0.12  2 --- 0.0022 0.043 <0.001 3.86 <0.001 <0.005 <0.002 0.005 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 3.0 <0.005 0.813 <0.05 <0.05 0.007 <0.001 0.004
L217423-11 17-Oct-04 --- --- 0.0022 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

P01-28B L50638-6 7-Nov-01 <0.01 0.0019 0.0122 0.178 <0.001 3.09 0.001 0.087  3 <0.002 0.006 <0.005 <0.0002 0.008 0.002 0.34 0.0024 --- <0.005 0.689 <0.05 <0.05 0.003 0.008 0.022
L63334-6 24-Apr-02 0.07 --- 0.0045 0.183 <0.001 3.45 <0.001 <0.005 <0.002 0.012 <0.005 <0.0002 <0.005 <0.002 0.33 0.0018 3.2 <0.005 0.710 <0.05 <0.05 0.004 0.001 0.005
L81996-4 25-Sep-02 0.04 --- 0.0011 0.109 <0.001 3.97 <0.001 <0.005 <0.002 0.018 <0.005 <0.0002 <0.005 <0.002 0.33 0.0017 3.1 <0.005 0.730 <0.05 <0.05 0.001 0.001 0.025

L110576-8 13-May-03 0.06 --- 0.0019 0.156 <0.001 4.27 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 <0.005 <0.002 0.45 0.0018 2.7 <0.005 0.733 <0.05 <0.05 0.003 0.001 0.018
L138878-2 30-Oct-03 --- --- 0.0010 --- --- --- --- --- --- --- --- --- --- --- 0.34 --- --- --- --- --- --- --- --- ---
L168918-2 6-May-04 0.09 --- 0.0012 0.143 <0.001 4.57 <0.001 <0.005 <0.002 0.003 <0.005 <0.0002 <0.005 <0.002 --- <0.0004 2.9 <0.005 0.672 <0.05 <0.05 0.007 <0.001 0.004
L217423-2 17-Oct-04 --- --- 0.0009 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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Petro-Canada Oil and Gas

TABLE 5.  DISSOLVED METAL DATA FOR GROUNDWATER SAMPLES
MacKay River Project

Program Component Well ID La
b 

ID
 #

Da
te

 S
am

pl
ed

   

A
lu

m
in

um
 D

iss
ol

ve
d 

   
   

   
  

A
nt

im
on

y 
Di

ss
ol

ve
d 

   
   

   
  

A
rs

en
ic

 D
iss

ol
ve

d 
   

   
   

   

Ba
riu

m
 D

iss
ol

ve
d 

   
   

   
   

 

Be
ry

lliu
m

 D
iss

ol
ve

d 
   

   
   

 

Bo
ro

n 
Di

ss
ol

ve
d 

   
   

   
   

  

C
ad

m
iu

m
 D

iss
ol

ve
d 

   
   

   
   

C
hr

om
iu

m
 D

iss
ol

ve
d 

   
   

   
  

C
ob

al
t D

iss
ol

ve
d 

   
   

   
   

 

C
op

pe
r D

iss
ol

ve
d 

   
   

   
   

 

Le
ad

 D
iss

ol
ve

d 
   

   
   

   
   

M
er

cu
ry

 D
iss

ol
ve

d

M
ol

yb
de

nu
m

 D
iss

ol
ve

d 
   

   
   

N
ic

ke
l D

iss
ol

ve
d 

   
   

   
   

 

Ph
os

ph
or

us
 D

iss
ol

ve
d 

   
   

   

Se
le

ni
um

 D
iss

ol
ve

d 
   

   
   

  

Si
lic

on
 D

iss
ol

ve
d

Si
lv

er
 D

iss
ol

ve
d 

   
   

   
   

 

St
ro

nt
iu

m
 D

iss
ol

ve
d 

   
   

   
 

Th
al

liu
m

 D
iss

ol
ve

d 
   

   
   

  

Tin
 D

iss
ol

ve
d 

   
   

   
   

   
 

Tit
an

iu
m

 D
iss

ol
ve

d 
   

   
   

  

Va
na

di
um

 D
iss

ol
ve

d 
   

   
   

  

Zi
nc

 D
iss

ol
ve

d 
   

   
   

   
   

(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aesthetic Objective (AO) --- --- --- --- --- --- --- --- --- 1 --- --- --- --- --- --- --- --- --- --- --- --- --- 5
Interim Maximum Acceptable Concentration (IMAC) 0.1 0.006 0.025 --- --- 5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
Maximum Acceptable Concentration (MAC) --- --- --- 1 --- --- 0.005 0.05 --- --- 0.01 0.001 --- --- --- 0.01 --- --- --- --- --- --- --- ---

P01-29B L50638-8 7-Nov-01 1.50*  2 0.0024* 0.0103* 0.059* <0.001* 3.87* <0.001* 0.005* 0.003* 0.036* <0.005* 0.0003* 0.013* 0.008* 0.14 0.0082* --- <0.005* 2.04* <0.05* <0.05* 0.015* 0.009* 0.016*
L63334-4 24-Apr-02 0.17  2 --- 0.0069 0.028 <0.001 3.41 <0.001 <0.005 <0.002 0.045 <0.005 <0.0002 0.018 0.002 --- 0.0046 2.9 <0.005 2.62 <0.05 <0.05 0.006 0.002 0.028
L63480-7 28-Apr-02 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.08 --- --- --- --- --- --- --- --- ---
L81996-2 25-Sep-02 0.03 --- 0.0043 0.022 <0.001 3.88 <0.001 <0.005 <0.002 0.035 <0.005 <0.0002 0.012 0.003 <0.02 0.0066 2.8 <0.005 2.65 <0.05 <0.05 0.001 0.002 0.009

L110680-5 13-May-03 <0.01 --- 0.0062 0.023 <0.001 5.19  2 <0.001 <0.005 <0.002 0.007 <0.005 <0.0002 0.012 0.002 <0.02 0.0018 2.1 <0.005 2.94 <0.05 <0.05 0.005 <0.001 0.039
L138878-4 30-Oct-03 --- --- 0.0016 --- --- --- --- --- --- --- --- --- --- --- 0.07 --- --- --- --- --- --- --- --- ---
L168918-4 6-May-04 0.09 --- 0.0035 0.034 <0.001 4.95 <0.001 <0.005 <0.002 0.020 <0.005 <0.0002 0.014 0.002 --- 0.0004 2.8 <0.005 2.30 <0.05 <0.05 0.004 <0.001 0.016
L217423-4 17-Oct-04 --- --- 0.0020 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTES: --- denotes parameter not analysed or not applicable.
Highlighting indicates parameter above applicable guideline/criteria.

* denotes values are extractable and not dissolved.
**Single bracketed results are values below the reliable detection level, and are subject to reduced levels of confidence.
1 denotes value exceeds CCME (1999) AO Guideline.
2 denotes value exceeds CCME (1999) IMAC Guideline.
3 denotes value exceeds CCME (1999) MAC Guideline.
4  Piezometers installed  by Amec, June 2000. 
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Petro-Canada Oil and Gas

TABLE 6.  PETROLEUM HYDROCARBON, NAPHTHENIC ACID, AND PHENOL DATA FOR GROUNDWATER SAMPLES

MacKay River Project
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AENV (2001) Guideline 0.005 0.024 0.0024 0.3 4.6 2.1 --- --- --- --- --- ---

1. Plant Site Facilities
P02-9B L63700-6 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.17 0.40 0.31 --- --- <1 0.001

(duplicate) L63700-7 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.05 <0.05 --- --- <1 <0.001
L76857-1 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001

(duplicate) L76857-7 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L83095-1 30-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <2 <0.001

(duplicate) L83095-2 30-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110727-3 17-May-03 0.012  1 0.014 <0.0005 0.0033 <0.1 <0.1 <0.1 <0.1 --- --- <1 <0.001
L13617-4 3-Nov-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001

(duplicate) L13617-5 3-Nov-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L169921-6 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.09 <0.05 --- --- <1 <0.001
L219863-1 21-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 0.3 <0.2 --- --- 1 <0.001

P02-10B L63700-5 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.15 <0.05 <0.05 --- --- <1 0.002
L76857-2 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 21  1 2,900 420 --- --- <1 <0.001
L83095-3 30-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.28 17 2.6 --- --- <1 <0.001
L116016-2 18-Jun-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.4 0.24 --- --- <1 <0.001
L139617-6 3-Nov-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.1 0.11 --- --- <1 <0.001
L169921-7 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.52 <0.05 --- --- <1 <0.001

L217423-19 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 1.3 <0.2 --- --- <1 0.002

P02-11B L63700-4 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.14 0.18 <0.05 --- --- <1 <0.001
L76857-3 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L83095-4 30-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.5 <0.05 --- --- <1 <0.001
L139617-7 3-Nov-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001

P04-11B L170630-1 13-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L217423-18 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.76 0.31 --- --- <1 0.003

P02-12B L63700-3 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.19 0.27 <0.05 --- --- <1 <0.001
L76857-4 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L116016-1 18-Jun-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L139617-3 3-Nov-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L170273-4 11-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.66 0.31 --- --- <1 <0.001
L219863-2 21-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 0.3 <0.2 --- --- 1 <0.001

P02-13B L63700-2 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.13 0.09 0.05 --- --- <1 <0.001
L76857-5 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 280 52 --- --- <1 <0.001

P04-13B L170273-5 11-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.28 0.31 --- --- <1 <0.001

P02-14B L63700-1 29-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.05 3.2 <0.05 --- --- <1 0.002

P04-14C L170273-3 11-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.79 0.46 --- --- <1 <0.001
L217423-16 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.16 0.07 --- --- <1 0.004

P02-30B L70279-5 25-Jun-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001
L76857-12 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.28 13 3.0 --- --- --- <0.001
L83095-6 30-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.1 <0.05 --- --- <1 <0.001

P04-30C L169221-8 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L217423-17 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.003

2. Groundwater Diversion
Source Wells WSW1 --- 27-May-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 <0.001

--- 28-May-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 <0.001
L95629-1 8-Jan-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- --- <0.001
L110680-8 15-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001

WSW1 NEW L152641-1 4-Feb-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001

WSW2 --- 19-Feb-02 <0.0005 <0.0005 0.0008 0.0028 --- --- --- --- <0.1 0.10 2 <0.001
L95629-2 8-Jan-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- --- <0.001
L110680-9 15-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001

WSW3 --- 19-Feb-02 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 0.08 1 <0.001
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Petro-Canada Oil and Gas

TABLE 6.  PETROLEUM HYDROCARBON, NAPHTHENIC ACID, AND PHENOL DATA FOR GROUNDWATER SAMPLES

MacKay River Project
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AENV (2001) Guideline 0.005 0.024 0.0024 0.3 4.6 2.1 --- --- --- --- --- ---

L95629-3 8-Jan-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- --- <0.001
L110680-10 15-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001
L146286-3 17-Dec-03 --- --- --- --- --- --- --- --- --- --- <1 ---

Monitoring Wells P02-20D L-104839-3 28-Mar-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 --- --- --- --- <1 <0.001
L110727-1 17-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.1 <0.1 <0.1 --- --- <1 <0.001
L139617-9 3-Nov-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001
L170273-1 11-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.4 0.21 --- --- 1 <0.001

L217423-21 17-Oct-04 --- --- --- --- --- --- --- --- --- --- 1 ---

3. Well Pads
P02-21A L63480-1 28-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.13 <0.05 --- --- <1 <0.001

L76857-8 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001
L82279-4 26-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.75 0.22 --- --- <1 <0.001
L110576-1 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 0.002
L138878-1 30-Oct-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 2 <0.001
L169921-5 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001

L217423-12 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 <0.2 <0.2 --- --- 1 0.002

P02-22A L63480-2 28-Apr-02 <0.005 <0.005 <0.005 <0.005 <0.1 1.1 12 1.8 --- --- 3 0.011
L76857-9 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001
L82279-3 26-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.1 0.43 --- --- 1 <0.001
L110576-2 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 0.002

L138878-10 30-Oct-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- --- <0.001
L139617-2 3-Nov-03 --- --- --- --- --- --- --- --- --- --- 1 ---
L169921-4 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001

L217423-13 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 <0.2 <0.2 --- --- 1 0.001

P02-23A L63480-3 28-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.59 0.10 --- --- <1 0.007
L76857-10 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L82279-2 26-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.05 2.3 1.2 --- --- <1 <0.001
L110576-2 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.002
L138878-9 30-Oct-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 --- --- --- --- <1 <0.001

(duplicate) L138878-14 30-Oct-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 --- --- --- --- <1 <0.001
L146286-1 17-Dec-03 --- --- --- --- --- 0.06 0.65 0.20 --- --- --- ---
L169921-3 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 0.05 --- --- <1 <0.001

L217423-14 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 <0.2 <0.2 --- --- <1 0.003
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Petro-Canada Oil and Gas

TABLE 6.  PETROLEUM HYDROCARBON, NAPHTHENIC ACID, AND PHENOL DATA FOR GROUNDWATER SAMPLES

MacKay River Project
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AENV (2001) Guideline 0.005 0.024 0.0024 0.3 4.6 2.1 --- --- --- --- --- ---

P02-24A L63480-4 28-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 1.5 0.58 --- --- <1 <0.001
L76857-11 14-Aug-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L82279-1 26-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.59 8.7 4.5 --- --- <1 <0.001
L110576-9 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.002

(duplicate) L110576-4 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.002
L138878-8 30-Oct-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- 1 <0.001
L169221-1 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.08 0.07 --- --- <1 <0.001

(duplicate) L169221-2 7-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.11 0.13 --- --- <1 <0.001
L217423-15 17-Oct-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2 <0.2 <0.2 --- --- <1 0.002

4. Hydraulic Effects
Wabiskaw "C" 3-4-93-12 --- 26-Jan-98 <0.0004 <0.0004 <0.0004 <0.0004 --- --- --- --- <0.01 <0.01 --- ---

--- 22-Feb-99 <0.0004 <0.0004 0.0016 <0.0008 --- --- --- --- --- <0.6 --- ---
--- 10-Nov-00 <0.0004 <0.0004 <0.0004 <0.0008 --- --- --- --- --- 1.6** --- ---

L104839-1 27-Mar-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.26 --- --- --- --- 3 <0.001
L170630-2 13-May-04 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.21 <0.05 --- --- 4 ---

5. Class II Landfill
Upper Zone P00-SW32 L12781-6 28-Jun-00 <0.0005 <0.0005 <0.0005 47  1 --- --- --- --- <0.1 1.8 <5 <0.001

(Quaternary/Upper Clearwater) L50638-9 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 <0.001

L63334-1 24-Apr-02 <0.0005 0.0012 <0.0005 <0.0005 <0.1 <0.05 0.27 0.06 --- --- <1 <0.001
L81996-5 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001

P01-25A L50638-1 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 0.003
L63334-8 24-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.92 0.35 --- --- <1 <0.001
L81996-9 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110680-6 15-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- --- <0.001
L116016-5 18-Jun-03 --- --- --- --- --- --- --- --- --- --- <1 ---

P01-26A L50638-3 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 0.023
L63334-7 24-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.06 1.5 <0.05 --- --- <1 0.030
L81996-8 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.013
L110680-2 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001

(duplicate) L110680-3 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001

P01-27A L50638-4 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 0.002
L63480-8 28-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 --- --- --- --- <1 <0.001
L81996-7 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110576-5 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.002

P01-28A L63334-5 24-Apr-02 <0.0005 0.0018 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- --- <0.001
L63480-5 28-Apr-02 --- --- --- --- --- --- --- --- --- --- <1 ---
L81996-3 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110680-1 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001
L116016-1 19-Jun-03 --- --- --- --- --- --- --- --- --- --- <1 ---

P01-29A L50638-7 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 0.002
L63334-3 24-Apr-02 <0.0005 0.0017 <0.0005 0.0005 <0.1 0.14 <0.05 <0.05 --- --- <1 <0.001
L81996-1 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110680-4 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- --- <0.001
L110727-4 17-May-03 --- --- --- --- --- --- --- --- --- --- <1 ---

Lower Zone P00-DW32 L12781-8 28-Jun-00 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 0.22 <5 <0.001
(Clearwater Formation) L50638-10 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 0.05 <1 <0.001

L63334-2 24-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.32 <0.05 --- --- <1 <0.001
(duplicate) L63480-9 28-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 0.40 0.32 --- --- <1 0.001

L81996-6 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
(duplicate) L81996-11 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
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Petro-Canada Oil and Gas

TABLE 6.  PETROLEUM HYDROCARBON, NAPHTHENIC ACID, AND PHENOL DATA FOR GROUNDWATER SAMPLES

MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
AENV (2001) Guideline 0.005 0.024 0.0024 0.3 4.6 2.1 --- --- --- --- --- ---

P01-25B L50638-2 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 <0.001
L63334-9 24-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 0.10 1.1 0.11 --- --- <1 <0.001
L81996-10 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110680-7 15-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- <1 <0.001

P01-28B L50638-6 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 <0.05 <1 0.002
L63334-6 24-Apr-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 0.05 --- --- <1 <0.001
L81996-4 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110576-8 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 0.002

P01-29B L50638-8 7-Nov-01 <0.0005 <0.0005 <0.0005 <0.0005 --- --- --- --- <0.1 0.05 <1 0.004
L63334-4 24-Apr-02 <0.0005 0.0009 <0.0005 <0.0005 <0.1 <0.05 0.18 0.06 --- --- <1 <0.001
L81996-2 25-Sep-02 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.05 <0.05 <0.05 --- --- <1 <0.001
L110680-5 13-May-03 <0.0005 <0.0005 <0.0005 <0.0005 <0.1 <0.2* <0.2* <0.2* --- --- --- <0.001
L110727-5 17-May-03 --- --- --- --- --- --- --- --- --- --- <1 ---

NOTES: --- denotes parameter not analysed or not applicable.
Highlighting indicates parameter above applicable guideline/criteria.

* MDL raised due to insufficient amount of sample.
** denote TEH in the range C11 to C60

1 denotes value exceeds AENV (2001) Guideline, applicable pathways as described in report.
2 Piezometers installed  by Amec, June 2000. 
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Petro-Canada Oil and Gas

TABLE 7.  POLYCYCLIC AROMATIC HYDROCARBON DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- 0.00001 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

1. Plant Site Facilities
P02-9B L63700-6 29-Apr-02 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 0.00001 <0.00001 0.00007 0.00003 0.00002

(duplicate) L63700-7 29-Apr-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 0.00006 0.00002 0.00001
L76857-1 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 0.00001 0.00001 <0.00001

(duplicate) L76857-7 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
L83095-1 30-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

(duplicate) L83095-2 30-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110727-3 17-May-03 <0.00001 0.00003 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00004 0.00001 <0.00001

P02-10B L63700-5 29-Apr-02 <0.00001 <0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00002 0.00002 <0.00001 0.00007 0.00005 0.00007
L76857-2 14-Aug-02 0.00002 0.00003 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 --- 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00005
L83095-3 30-Sep-02 0.00003 0.00004 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00006
L116016-2 18-Jun-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00003 <0.00001 0.00002

P02-11B L63700-4 29-Apr-02 <0.00001 <0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00001 0.00002 <0.00001 0.00004 0.00004 <0.00001
L76857-3 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L83095-4 30-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P02-12B L63700-3 29-Apr-02 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 0.00002 <0.00001 0.00003 0.00003 0.00002
L76857-4 14-Aug-02 <0.00001 <0.00001 0.00042 0.00010 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00005 0.00059 <0.00001 0.00022 0.00026 0.00004
L116016-1 18-Jun-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P02-13B L63700-2 29-Apr-02 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 0.00002 <0.00001 0.00005 0.00003 0.00002
L76857-5 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00001 <0.00001 <0.00001 <0.00001 0.00003 <0.00001

P04-13B L170273-5 11-May-04 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001 <0.00001

P04-14C L170273-3 11-May-04 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002  1 0.00003 <0.00001 0.00006 <0.00001 <0.00001 0.00001 <0.00001 --- 0.00001 <0.00001 <0.00001 0.00002 0.00012 <0.00001 0.00001

P02-30B L70279-5 25-Jun-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P04-30C L169221-8 7-May-04 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001 <0.00001

2. Groundwater Diversion
Source Wells WSW1 --- 27-May-01 --- --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00002 --- <0.00001 <0.00001 <0.00001 --- --- <0.00001 <0.00001 <0.00001 0.00002 <0.00001 0.00018

--- 28-May-01 --- --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- 0.00002 --- <0.00001 <0.00001 <0.00001 --- --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L95629-1 8-Jan-03 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110680-8 15-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

WSW1 NEW L152641-1 4-Feb-04 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

WSW2 --- 19-Feb-02 --- --- <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 --- <0.00002 --- <0.00002 <0.00002 <0.00002 --- --- <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002
L95629-2 8-Jan-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110680-9 15-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
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Petro-Canada Oil and Gas

TABLE 7.  POLYCYCLIC AROMATIC HYDROCARBON DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- 0.00001 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

WSW3 --- 19-Feb-02 --- --- <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 --- <0.00002 --- <0.00002 <0.00002 <0.00002 --- --- <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002
L95629-3 8-Jan-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

L110680-10 15-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.0016 0.00004 <0.00001

Monitoring Wells P02-20D L104839-3 28-Mar-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110727-1 17-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00004 <0.00001 <0.00001
L139617-9 3-Nov-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00003 <0.00001 <0.00001
L170273-1 11-May-04 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001 <0.00001

3.  Well Pads
P02-21A L63480-1 28-Apr-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 0.00002 0.00001 <0.00001

L76857-8 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L82279-4 26-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110576-1 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P02-22A L63480-2 28-Apr-02 <0.00001 0.00003 0.00005 0.00002 <0.00001 0.00001 <0.00001 0.00005 <0.00001 0.00003 <0.00001 0.00001 0.00006 <0.00001 <0.00001 --- 0.00003 0.00002 0.00002 0.00007 0.00006 0.00009
L76857-9 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
L82279-3 26-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110576-2 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P02-23A L63480-3 28-Apr-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
L76857-10 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L82279-2 26-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110576-3 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P02-24A L63480-4 28-Apr-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
L76857-11 14-Aug-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L82279-1 26-Sep-02 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L110576-9 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

(duplicate) L110576-4 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
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Petro-Canada Oil and Gas

TABLE 7.  POLYCYCLIC AROMATIC HYDROCARBON DATA FOR GROUNDWATER SAMPLES
MacKay River Project
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(d-m-y) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Maximum Acceptable Concentration (MAC) --- --- --- --- --- --- 0.00001 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

4. Hydraulic Effects
(Wabiskaw "C") 3-4-93-12 --- 26-Jan-98 --- --- 0.00012 <0.00004 <0.00004 0.00009 <0.00004 --- --- <0.00004 --- --- --- --- --- --- <0.00004 0.00007 --- 0.00006 0.00019 <0.00004

L104839-1 27-Mar-03 <0.00001 <0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 0.00002 <0.00001 0.00003 0.00002 <0.00001

5. Class II Landfill
Upper Zone P00-SW3 L138878-5 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

 (Quaternary/Upper Clearwater)
P01-25A L110680-6 15-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

L138878-1 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P01-26A L110680-2 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
(duplicate) L110680-3 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

L138878-7 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00002 0.00002 <0.00001

P01-27A L110576-5 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L138878-15 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

(duplicate) L138878-13 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

P01-29A L110680-4 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L138878-3 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Lower Zone P00-DW3 L138878-6 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001
(Clearwater Formation)

P01-25B L110680-7 15-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L138878-12 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00002 0.00002 <0.00001

P01-28B L110680-8 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L138878-2 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 0.00001 0.00001 <0.00001

P01-29B L110680-5 13-May-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
L138878-4 30-Oct-03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --- <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

NOTES: --- denotes parameter not analysed or not applicable.
1 denotes value exceeds CCME (1999) MAC Guideline.
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Petro-Canada Oil and Gas

TABLE 8.  GLYCOL DATA FOR GROUNDWATER SAMPLES

MacKay River Project

Program Component Well ID La
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1. Plant Site Facilities
P02-9B L63700-6 29-Apr-02 <10 <10 <10 <10

(duplicate) L63700-7 29-Apr-02 <10 <10 <10 <10
L76857-1 14-Aug-02 <10 <10 <10 <10

(duplicate) L76857-7 14-Aug-02 <10 <10 <10 <10
L110727-3 17-May-03 <10 <10 <10 <10

P02-10B L63700-5 29-Apr-02 <10 <10 <10 <10
L76857-2 14-Aug-02 <10 <10 <10 <10

L116016-2 18-Jun-03 <10 <10 <10 <10

P02-11B L63700-4 29-Apr-02 <10 <10 <10 <10
L76857-3 14-Aug-02 <10 <10 <10 <10

L139617-7 3-Nov-03 <10 <10 <10 <10

P02-12B L63700-3 29-Apr-02 <10 <10 <10 <10
L76857-4 14-Aug-02 <10 <10 <10 <10

L116016-1 18-Jun-03 <10 <10 <10 <10

P02-13B L63700-2 29-Apr-02 <10 <10 <10 <10
L76857-5 14-Aug-02 <10 <10 <10 <10

P04-13B L170273-5 11-May-04 <10 <10 <10 <10

P02-14B L63700-1 29-Apr-02 <10 <10 <10 <10

P04-14B L170273-3 11-May-04 <10 <10 <10 <10
L217423-16 17-Oct-04 <10 <10 <10 <10

P02-30B L70279-5 25-Jun-02 <10 <10 <10 <10

4. Class II Landfill
Upper Zone P01-28A L116313-1 19-Jun-03 <10 <10 <10 <10

(Quaternary/Upper Clearwater)
P01-29A L63334-3 28-Apr-02 <10 <10 <10 <10

Lower Zone
(Clearwater Formation) P01-29B L63334-4 28-Apr-02 <10 <10 <10 <10
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 Table 9
 Soil Analytical Results

 C56580300

Physical Salinity Carbon Nitrogen Hydrocarbons
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(d-m-y) (MEQ/100G) (%) (%) (%) (%) (%) (%) (dS/m) (units) (units) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (%) (mg/L) (mg/L) (mg/L) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (YES/NO)

AEP Alberta Tier 1 Ind Fine Surface --- --- --- --- --- --- --- 2 6 - 8.5 6 - 8.5 6 --- --- --- --- --- --- --- --- --- --- --- --- 0.073 0.86 0.19 25 660 1500 2500 6600 --- ---
CCME Industrial --- --- --- --- --- --- --- 4 6 - 8 6 - 8 12 --- --- --- --- --- --- --- --- --- --- --- --- 5 0.8 20 20 --- --- --- --- --- ---
AENV Salt Good Subsoil, EC & SAR --- --- --- --- --- --- --- 3 --- --- 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
AENV Salt Good Topsoil, EC & SAR --- --- --- --- --- --- --- 2 --- --- 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Background
S03-01 (0.0-0.15m) 31-Jul-03 9.4 18 63 19 19 53 37.9 0.51 6.7 7.0 0.2 97.3 5.5 24.8 9 25 33.1 0.43 1.4 <0.05 <0.1 0.6 0.08 <0.01 0.01 <0.01 <0.01 <5 <5 22 32 <100 NO

(0.15-0.3m) 31-Jul-03 20.0 45 33 22 --- --- 46.5 0.08 4.6 4.9 0.3 11.1 2.5 4.7 4 8 15.2 0.11 0.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.6-1.0m) 31-Jul-03 54.7 62 17 21 --- --- 57.2 0.14 4.8 5.0 0.5 15.4 3.2 6.9 9 15 28.4 0.11 0.6 <0.05 0.1 <0.2 0.06 --- --- --- --- --- --- --- --- --- ---
(2.5-3.0m) 31-Jul-03 5.6 14 63 23 --- --- 23.1 0.16 5.9 7.4 0.4 20.3 2.2 8.8 9 3 30.0 0.13 0.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S03-02 (0.0-0.15m) 30-Jul-03 11.0 14 47 39 --- --- 32.9 0.34 5.7 6.7 0.3 51.8 11.8 14.2 10 59 30.8 0.02 0.9 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.3-0.6m) 30-Jul-03 9.7 28 43 29 --- --- 38.4 0.19 4.9 5.5 0.4 23.3 3.5 8.6 10 44 19.7 <0.01 0.4 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.6-1.0m) 30-Jul-03 2.0 7 83 10 --- --- 17.4 0.26 5.2 5.9 1.0 17.8 3.1 6.9 20 56 27.7 0.02 0.2 <0.05 0.9 0.9 0.02 --- --- --- --- --- --- --- --- --- ---
(2.5-3.0m) 30-Jul-03 9.9 19 16 65 21 12 38.0 0.12 4.7 5.2 0.7 11.1 3.0 4.0 11 9 28.8 0.02 0.8 <0.05 0.5 0.4 0.07 <0.01 0.01 <0.01 <0.01 <5 <5 66 58 200 NO

Water Treatment Area
Blowdown Lagoon Area

2003
S03-17 (0.0-0.15m) 30-Jul-03 --- --- --- --- --- --- 41.7 2.73 --- 6.5 3.0 276 9.4 111 232 4,850 116 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.3m) 30-Jul-03 --- --- --- --- 12 37 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- <0.01 <0.01 <0.01 <0.01 <5 <5 190 210 1,300 NO
(0.3-0.6m) 30-Jul-03 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(3.5-4.0m) 30-Jul-03 --- --- --- --- --- --- 24.4 0.26 --- 7.5 0.5 30.9 5.5 13.2 14 25 54.5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

2005
S05-01 (0.00-0.15 m) 2-Feb-05 --- --- --- --- --- --- 32.8 3.31 --- 6.5 3.0 365 4.8 142 264 1,280 121 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.30-0.60 m) 2-Feb-05 --- --- --- --- --- --- 49.7 0.70 --- 5.8 0.5 77.4 2.3 42.1 22 194 28.5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-02 (0.15-0.30 m) 2-Feb-05 --- --- --- --- --- --- 50.1 0.35 --- 6.5 0.6 43.5 1.6 23.8 21 17 32.9 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-03 (0.00-0.15 m) 2-Feb-05 --- --- --- --- --- --- 42.8 0.84 --- 6.2 0.5 134 4.9 49.1 26 98 56.1 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(1.00-1.50 m) 2-Feb-05 --- --- --- --- --- --- 45.8 0.21 --- 6.0 0.4 28.8 2.7 14.3 12 19 25.0 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Tank Berm Area
2003

S03-14 (0.0-0.15m) 30-Jul-03 --- --- --- --- --- --- 27.2 3.90 --- 7.3 6.5 295 6.4 123 530 1,480 216 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(1.0-1.5m) 30-Jul-03 --- --- --- --- --- --- 41.9 0.36 --- 7.7 0.6 46.5 3.8 22.4 21 13 118 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

2005
S05-04 (0.15-0.30 m) 2-Feb-05 --- --- --- --- --- --- 49.3 0.24 --- 7.2 0.5 33.0 3.1 15.1 13 13 21.9 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-05 (0.15-0.30 m) 2-Feb-05 --- --- --- --- --- --- 51.7 0.50 --- 7.0 0.7 62.3 3.3 30.7 28 63 28.4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.30-0.60 m) 2-Feb-05 --- --- --- --- --- --- 52.7 0.36 --- 7.1 0.7 47.9 3.6 23.9 23 33 28.0 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-06 (0.00-0.15 m) 2-Feb-05 --- --- --- --- --- --- 29.5 1.37 --- 7.9 6.2 82.3 4.2 22.6 246 335 184 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.30-0.60 m) 2-Feb-05 --- --- --- --- --- --- 45.4 1.51 --- 7.7 0.9 200 5.4 82.6 60 463 167 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Centrifuge Area
2003

S03-15 (0.0-0.15m) 31-Jul-03 --- --- --- --- 12 --- 29.5 3.54 --- 7.8 7.1 225 11.9 142 553 1,100 856 --- --- --- --- --- --- <0.01 <0.01 <0.01 <0.01 <5 27 240 160 <100 NO
(0.3-0.6m) 31-Jul-03 --- --- --- --- --- --- 49.1 0.25 --- 7.9 1.0 26.1 3.2 13.2 25 4 44.5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

2005
S05-07 (0.15-0.30 m) 2-Feb-05 --- --- --- --- --- --- 43.9 0.80 --- 7.7 1.2 93.1 1.2 49.8 55 139 116 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(1.00-1.50 m) 2-Feb-05 --- --- --- --- --- --- 51.5 0.26 --- 7.7 0.8 34.1 2.9 17.2 24 12 38.8 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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 Soil Analytical Results
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(d-m-y) (MEQ/100G) (%) (%) (%) (%) (%) (%) (dS/m) (units) (units) (ratio) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (%) (mg/L) (mg/L) (mg/L) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (YES/NO)

AEP Alberta Tier 1 Ind Fine Surface --- --- --- --- --- --- --- 2 6 - 8.5 6 - 8.5 6 --- --- --- --- --- --- --- --- --- --- --- --- 0.073 0.86 0.19 25 660 1500 2500 6600 --- ---
CCME Industrial --- --- --- --- --- --- --- 4 6 - 8 6 - 8 12 --- --- --- --- --- --- --- --- --- --- --- --- 5 0.8 20 20 --- --- --- --- --- ---
AENV Salt Good Subsoil, EC & SAR --- --- --- --- --- --- --- 3 --- --- 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
AENV Salt Good Topsoil, EC & SAR --- --- --- --- --- --- --- 2 --- --- 4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Water Treatment Area - Spill Location
S05-09 (0.0-0.30 m) 2-Feb-05 --- --- --- --- --- --- 49.6 0.80 --- 7.6 1.1 82.9 3.3 44.5 49 203 67.4 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.6-1.0 m) 2-Feb-05 --- --- --- --- --- --- 46.4 0.35 --- 8.0 0.7 40.1 5.7 20.8 23 17 57.6 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-10 (0.0-0.30 m) 2-Feb-05 --- --- --- --- --- --- 49.0 0.36 --- 7.8 0.6 44.6 4.4 20.2 20 33 37.5 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(1.0-1.50 m) 2-Feb-05 --- --- --- --- --- --- 49.2 0.25 --- 8.1 0.4 33.3 4.8 15.6 12 9 33.6 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Water System & Evaporator/Crystallizer Area
2003

S03-10 (0.0-0.15m) 31-Jul-03 12.5 32 45 23 --- --- 41.9 0.66 6.8 8.5 1.1 113 4.3 15.7 46 55 233 0.49 0.7 --- --- --- --- <10 <10 <10 <10 --- --- --- --- --- ---
(0.3-0.6m) 31-Jul-03 15.2 36 36 28 --- --- 44.8 0.13 5.2 5.6 0.6 13.2 1.6 6.6 11 6 39.2 0.05 0.6 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.6-1.0m) 31-Jul-03 13.5 37 35 28 --- --- 45.1 0.21 5.9 6.4 0.7 21.1 1.1 11.4 15 16 39.6 0.06 0.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(2.0-2.5m) 31-Jul-03 11.2 36 35 29 --- --- 52.4 0.25 6.9 7.7 0.5 30.0 3.6 14.5 13 10 37.7 0.40 0.7 --- --- --- --- --- --- --- --- --- --- --- --- --- ---

2005
S05-11 (0.0-0.15 m) 2-Feb-05 --- --- --- --- --- --- 46.0 2.68 --- 6.9 2.8 311 5.3 99.1 219 946 121 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

(0.15-0.30 m) 3-Feb-05 --- --- --- --- --- --- 48.4 0.39 --- 7.5 0.5 51.7 2.9 24.4 16 36 26.7 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-12 (0.3-0.60 m) 3-Feb-05 --- --- --- --- --- --- 54.6 0.34 --- 6.3 0.6 40.7 2.5 20.3 18 38 29.0 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(2.5-3.0 m) 3-Feb-05 --- --- --- --- --- --- 41.2 0.23 --- 7.7 0.4 33.3 5.4 11.8 11 10 30.7 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

S05-13 (0.0-0.15 m) 3-Feb-05 --- --- --- --- --- --- 48.5 6.06 --- 7.3 15.7 280 7.5 136 1,280 2,190 439 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
(0.15-0.30 m) 3-Feb-05 --- --- --- --- --- --- 54.8 0.51 --- 7.1 1.2 49.6 3.4 26.9 44 110 42.8 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTES: 1.  --- in guideline row(s) denotes no criteria for that parameter.
2.  --- in detail row(s) denotes parameter not analyzed.
3.  denotes values exceeding AEP Alberta Tier 1, March 1994/June 2001 Industrial Area Criteria, fine-grained surface soils.
4.  denotes values exceeding CCME Canadian Environmental Quality Guidelines for Industrial Use 1999 and updates.
5.  denotes values exceeding AENV Salt Contamination Assessment and Remediation Guidelines, Electrical Conductivity & Sodium Adsorption Ratio, Good Subsoil, May 2001.
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 Table 9
 Soil Analytical Results

 C56580300

Sampling Location Soil Depth Date
(d-m-y)

AEP Alberta Tier 1 Ind Fine Surface
CCME Industrial
AENV Salt Good Subsoil, EC & SAR
AENV Salt Good Topsoil, EC & SAR

Background
S03-01 (0.0-0.15m) 31-Jul-03

(0.15-0.3m) 31-Jul-03
(0.6-1.0m) 31-Jul-03
(2.5-3.0m) 31-Jul-03

S03-02 (0.0-0.15m) 30-Jul-03
(0.3-0.6m) 30-Jul-03
(0.6-1.0m) 30-Jul-03
(2.5-3.0m) 30-Jul-03

Water Treatment Area
Blowdown Lagoon Area

2003
S03-17 (0.0-0.15m) 30-Jul-03

(0.15-0.3m) 30-Jul-03
(0.3-0.6m) 30-Jul-03
(3.5-4.0m) 30-Jul-03

2005
S05-01 (0.00-0.15 m) 2-Feb-05

(0.30-0.60 m) 2-Feb-05

S05-02 (0.15-0.30 m) 2-Feb-05

S05-03 (0.00-0.15 m) 2-Feb-05
(1.00-1.50 m) 2-Feb-05

Tank Berm Area
2003

S03-14 (0.0-0.15m) 30-Jul-03
(1.0-1.5m) 30-Jul-03

2005
S05-04 (0.15-0.30 m) 2-Feb-05

S05-05 (0.15-0.30 m) 2-Feb-05
(0.30-0.60 m) 2-Feb-05

S05-06 (0.00-0.15 m) 2-Feb-05
(0.30-0.60 m) 2-Feb-05

Centrifuge Area
2003

S03-15 (0.0-0.15m) 31-Jul-03
(0.3-0.6m) 31-Jul-03

2005
S05-07 (0.15-0.30 m) 2-Feb-05

(1.00-1.50 m) 2-Feb-05

Metals VOCs

A
rs

en
ic

B
ar

iu
m

B
er

yl
liu

m

B
or

on
-H

ot
 W

at
er

 S
ol

ub
le

C
ad

m
iu

m

C
hr

om
iu

m

C
ob

al
t

C
op

pe
r

H
ex

 C
hr

om
iu

m

Le
ad

M
an

ga
ne

se

M
er

cu
ry

M
ol

yb
de

nu
m

N
ic

ke
l

Se
le

ni
um

St
ro

nt
iu

m

Th
al

liu
m

Va
na

di
um

Zi
nc

Ph
en

ol
s

2-
N

itr
op

ro
pa

ne

A
ce

to
ne

C
ar

bo
n 

D
is

ul
fid

e

C
yc

lo
he

xa
no

ne

Et
hy

l A
ce

ta
te

Et
hy

l E
th

er

M
EK

Py
rid

in
e

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

10 600 5 2 1 100 20 80 5 50 --- 0.2 4 40 2 --- 1 100 120 --- --- --- --- --- --- --- --- ---
12 2000 8 --- 22 87 300 91 1.4 600 --- 50 40 50 3.9 --- 1 130 360 --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

4.2 57 <1 0.4 <0.5 9.5 8 7 <0.01 6 420 <0.05 <1 9 <0.1 16 <1 14 32 0.11 --- --- --- --- --- --- --- ---
5.7 62 <1 0.9 <0.5 15.5 5 12 <0.01 11 120 <0.05 <1 13 0.3 13 <1 16 47 --- --- --- --- --- --- --- --- ---
4.9 82 <1 1.7 <0.5 15.8 7 20 <0.01 14 140 <0.05 <1 19 0.2 19 <1 13 42 --- --- --- --- --- --- --- --- ---
7.5 52 <1 0.4 <0.5 9.6 7 10 0.01 7 320 <0.05 <1 15 0.2 10 <1 9 40 --- --- --- --- --- --- --- --- ---

4.5 94 <1 0.3 <0.5 15.9 9 6 0.01 8 590 <0.05 <1 14 <0.1 12 <1 16 53 --- --- --- --- --- --- --- --- ---
6.3 61 <1 0.4 <0.5 17.6 6 10 0.02 8 180 <0.05 <1 16 <0.1 13 <1 16 53 --- --- --- --- --- --- --- --- ---
3.7 21 <1 0.1 <0.5 3.5 4 4 0.01 <5 110 <0.05 <1 6 <0.1 4 <1 5 21 --- --- --- --- --- --- --- --- ---

15.4 152 <1 0.3 <0.5 12.4 5 17 0.01 17 250 <0.05 1 9 0.9 36 <1 15 38 --- --- --- --- --- --- --- --- ---

3.7 69 <1 0.8 <0.5 9.9 7 7 <0.01 7 330 <0.05 <1 10 0.2 11 <1 15 40 --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.19 --- --- --- --- --- --- --- ---
6.5 83 <1 0.8 <0.5 17.9 7 16 0.01 9 220 <0.05 <1 24 0.1 15 <1 18 57 --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

5.0 91 <1 0.6 <0.5 10.9 5 8 <0.01 <5 410 <0.05 <1 12 0.3 39 <1 15 31 --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

J:\59380000\59381500\59381507\TABLES\TABLE_9(soils).xls  -  Chemical Parameters Page 3 of 410/5/2005 - 9:47 AM



 Table 9
 Soil Analytical Results

 C56580300

Sampling Location Soil Depth Date
(d-m-y)

AEP Alberta Tier 1 Ind Fine Surface
CCME Industrial
AENV Salt Good Subsoil, EC & SAR
AENV Salt Good Topsoil, EC & SAR

Water Treatment Area - Spill Location
S05-09 (0.0-0.30 m) 2-Feb-05

(0.6-1.0 m) 2-Feb-05

S05-10 (0.0-0.30 m) 2-Feb-05
(1.0-1.50 m) 2-Feb-05

Water System & Evaporator/Crystallizer Area
2003

S03-10 (0.0-0.15m) 31-Jul-03
(0.3-0.6m) 31-Jul-03
(0.6-1.0m) 31-Jul-03
(2.0-2.5m) 31-Jul-03

2005
S05-11 (0.0-0.15 m) 2-Feb-05

(0.15-0.30 m) 3-Feb-05

S05-12 (0.3-0.60 m) 3-Feb-05
(2.5-3.0 m) 3-Feb-05

S05-13 (0.0-0.15 m) 3-Feb-05
(0.15-0.30 m) 3-Feb-05

NOTES:

Metals VOCs
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(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

10 600 5 2 1 100 20 80 5 50 --- 0.2 4 40 2 --- 1 100 120 --- --- --- --- --- --- --- --- ---
12 2000 8 --- 22 87 300 91 1.4 600 --- 50 40 50 3.9 --- 1 130 360 --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

5.3 116 <1 0.5 <0.5 15.1 6 12 <0.01 7 290 <0.05 <1 15 0.3 34 <1 18 51 --- <10 <10 <10 <10 <10 <10 <10 <100
6.9 73 <1 0.6 <0.5 17.1 9 16 0.02 9 300 <0.05 <1 19 0.1 16 <1 20 58 --- --- --- --- --- --- --- --- ---
6.4 89 <1 0.5 <0.5 15.4 9 14 <0.01 9 280 <0.05 <1 32 0.3 20 <1 18 58 --- --- --- --- --- --- --- --- ---
6.2 114 <1 0.8 <0.5 16.3 7 14 <0.01 9 180 <0.05 <1 20 0.2 29 <1 18 104 --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

1.  --- in guideline row(s) denotes no criteria for that parameter.
2.  --- in detail row(s) denotes parameter not analyzed.
3.  denotes values exceeding AEP Alberta Tier 1, March 1994/June 2001 Industrial Area Criteria, fine-grained surface soils.
4.  denotes values exceeding CCME Canadian Environmental Quality Guidelines for Industrial Use 1999 and updates.
5.  denotes values exceeding AENV Salt Contamination Assessment and Remediation Guidelines, Electrical Conductivity & Sodium Adsorption Ratio, Good Subsoil, May 2001.
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MACKAY RIVER EXPANSION  MACKAY RIVER 2005 PROJECT 
VOLUME 1B:  EPEA AND MANAGEMENT SYSTEMS PERFORMANCE UPDATE 
 
 

MACKAY RIVER 2005 PERFORMANCE PRESENTATION:  
REGULATORY COMPLIANCE 
 
A performance presentation of the existing MacKay River Project is provided as 
supplemental information in support of the amendment to the commercial 
application for the MacKay River Expansion.  The following provides a summary 
of key performance indicators.  The information is derived from a presentation. 

REGULATORY COMPLIANCE 
 
The Petro-Canada MacKay River Project is in compliance with all regulatory 
approvals, decisions, regulations and Conditions as described in Decision Report 
2000-50; specifically pertaining to: 

• Plant and waste management facility location, 
• Ground level ozone and VOC monitoring, 
• Groundwater monitoring wells, 
• Surface water quality monitoring, and 
• Participation in Regional Initiatives. 

WASTE MANAGEMENT 
 
A waste management plan for site was developed and implemented in January 
2005.  The following provides an update of the current waste management 
system at the MRP: 

• Currently there is a temporary waste handling area which provides 
secondary containment.  A permanent waste storage area is planned for 
the future. 

• A Waste Services contract initiated to provide consistency in handling 
waste streams. 

• A Waste Tracker software used to track manifests. 

SPILL MANAGEMENT 
   

• 10 EUB reportable spills within time period. 
• 3 spills were followed up by inspectors (1 minor) 

• Spill mitigation team initiated. 
• Highlighted repeat or high potential spill areas and developed 

forward plans 
• Spill notification charts and reporting forms developed. 
• Results of spill reporting review provided to Bonnyville. 
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MACKAY RIVER LANDFILL 
AEUB APPROVAL WM-072  
 

• Volumes of solids to landfill (2002 to Sept/05): 
• Salt:     13,061 m3  (~76% full) 
• Lime:    14,279 m3  (~56% full) 

• Volumes of leachate to facility (2002 to Sept/05): 
• Salt:   2,929m3 (diversion lagoon) 
• Lime:  6,136m3 (blowdown lagoon) 

• Starting preliminary design work for construction of 5 year cells in 2006. 
(EUB consultation required) 

• ‘Satisfactory’ inspection by EUB’s Glen Wolfe (Bonnyville) in Nov/04. 

MACKAY RIVER FLARED GAS 

EUB License 
4.8e3m3/d 

M acKay Ri ver  Fl ar ed V ol umes
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LDAR PROGRAM 

 
• Leak Detection & Repair program initiated at site in 2004 
• 33 ‘leaks’ identified (>10,000ppm) & repaired 

As defined by CCME Code of Practice 
• 2005 field program expected in Nov/Dec 

GROUND WATER MONITORING 
 

• Ongoing groundwater monitoring (bi-annually), as per proposal submitted 
to AENV in November, 2000. 

• Fall/04 and Spring/05 field program completed within time frame. 
• To date, no groundwater contamination identified at facility. 

November 2005  Appendix VIII-ii  



 
AMENDMENT APPLICATION FOR  APPENDIX VIII 
MACKAY RIVER EXPANSION  MACKAY RIVER 2005 PROJECT 
VOLUME 1B:  EPEA AND MANAGEMENT SYSTEMS PERFORMANCE UPDATE 
 
 

RAW WATER CUMULATIVE DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Regulatory allowable limit is 3.23e3m3/day (511e3m3 per year). 
• September – December 2005 are estimated. 
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• Regular allowable limit is 3.23 e3m3/day (511 e3m3 per year) 
• September-December 2005 are estimated. 

 
SURFACE WATER QUALITY 
 

• Petro-Canada monitors surface water quality bi-annually, in spring and 
fall. 

• Petro-Canada also actively participates in the Regional Aquatics 
Monitoring Program (RAMP). 

• Reports submitted to AENV by April 30th of each year. 
• To date, no significant findings for MacKay River. 

TRAINING 
 

• Environmental training provided to 25% of operations and management 
team 

• Training consisted of modules covering: 
• Spill management and reporting 
• Waste Management 
• EEM overview 
• Regulatory compliance and enforcement 

• Training being lined up for remainder of operations and maintenance 
 

November 2005  Appendix VIII-iii 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VOLUME IB 
 
 

AMMENDMENT APPLICATION FOR  
MACKAY RIVER EXPANSION: 

 
EPEA  -  APPENDIX IX 

PETRO-CANADA’S REGIONAL INITIATIVES 
 

November 2005   



 
AMENDMENT APPLICATION FOR  APPENDIX IX 
MACKAY RIVER EXPANSION  REGIONAL INITIATIVES 
VOLUME 1B:  EPEA AND MANAGEMENT SYSTEMS  
 
 

November 2005  Appendix IX-i  

REGIONAL INITIATIVES 
 
Regional Multi-Stakeholder Participation  

 
Petro-Canada actively participates in multi-stakeholder groups that focus on 
regional management and monitoring.  Petro-Canada has adopted an adaptive 
management approach to addressing environmental issues by modifying their 
operational practices, where appropriate, based on input from these regional 
groups.  Moreover, Petro-Canada contributes to regional monitoring databases.  
The following provides a summary of these regional groups as well as Petro-
Canada’s role in these groups. 

 
Management  

The Athabasca Regional Issues Working Group (RIWG) reviews infrastructure 
issues and has developed a population model as a planning tool for local 
agencies.  The work done has effectively reduced duplicity of effort and provided 
a common understanding of key information used to assess socio-economic 
outcomes associated with oil sands development.  The RIWG consists of 
representatives from each of the oil sands developers in the region, director of 
planning from the Regional Municipalities of Wood Buffalo and Provincial 
government agencies.  

Petro-Canada has taken a leadership role on this committee working with other 
members of the group to undertake a number of regional planning initiatives. 

The Athabasca Tribal Council (ATC) – All Parties Core Agreement 
represents the interest of five First Nation, Chipewyan Prairie Dene First Nations, 
Mikisew Cree First Nations, Fort McKay First Nations and Fort McMurray No. 468 
First Nations.  Each First Nations is provide with core funding for the operation of 
community specific Industry Relations Corporation (IRC).  The IRCs participates 
with government and industry through the All Party Core Agreement.  Through 
this Agreement, the ATC work maximize benefits and to manage the impacts of 
development. to enhance and promote the general well-being of its people by 
providing programs, services, opportunities and the development of meaningful 
and productive relationships with stakeholders.  They foster growth, prosperity 
and development of First Nation communities through capacity building and they 
maintain and protect Treaty rights and freedom. 
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Petro-Canada is a signatory to the All Parties Core Agreement, and in doing so 
provides a  forum for First Nations, government, and industry to work together to 
address regional socioeconomic and environmental concerns. 

The Cumulative Environmental Management Association (CEMA) was 
formed to address issues in the Regional Sustainable Development Strategies 
(RSDS).  CEMA is an independent collaborative organization established to 
develop recommendations to mitigate and manage potential long-term 
cumulative environmental impacts due to industrial development in the region.  
Membership in CEMA includes industry, government (federal, provincial and 
local), First Nations and Métis Locals, and environmental groups.  Working 
groups of CEMA study air effects, reclamation, biodiversity, surface water 
resources, and fish and wildlife habitat.  Specifically, the following provides a 
brief description of CEMA working groups and their primary focus/objectives. 

The NOx/SOx Management Working Group (NSMWG) was in response to key 
concerns related to acid deposition, nitrogen eutrophication and ozone formation 
associated with SOx, NOx in the Athabasca Oil Sands Region. The focus of the 
group is to develop management frameworks to address these key concerns.  
Specifically, this group developed the Acidification Management Framework, 
which provides objects for monitoring and management of potential effects of 
acidifying emissions on lakes and soils.  In 2004, the Acidification Management 
Framework was approved by CEMA and forwarded to Alberta Environment for 
implementation.   Currently, the group is developing management frameworks for 
ozone and nitrogen.  

The Trace Metals and Air Contamination Working Group (TMAC) focuses on 
metals, VOC’s and particulate matter from industrial sources.   For these 
compounds, TMAC has been developing a human health risk assessment which 
is to be undertaken in 2005.   

The Reclamation Working Group (RWG) is tasked with developing 
recommendations for reclamation and end use planning in the region.  The 
objectives of this group and its respective subgroups are to evaluate methods for 
reclaiming ecosystem and, based on those methods, develop guidelines for 
reclamation. 

The Sustainable Ecosystems Working Group (SEWG) objective is to develop 
management systems for the protection, sustainability and, where necessary, the 
restoration of terrestrial and aquatic ecosystems and landscapes.  To achieve 
this objective, SEWG subgroups implement scientific studies to address data 
gaps which contribute the overall understanding of ecosystems and how 
ecosystems function within the landscape.   
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The Sustainable Water Working Group (SWWG) focuses on regional water 
management issues.  These issues include water withdrawals and winter low 
flows on the Athabasca River. This group is also responsible for developing 
criteria for acceptable water quality and ecosystem response on tributary rivers 
and streams.  

The Traditional Environmental Knowledge Committee (TEK) was established 
by CEMA in 2000 to guide and integrate the efforts of the working groups in the 
use of traditional knowledge, and to use TEK to help ensure that the land, forest, 
air, water, wildlife and biodiversity in region are protected, sustained and restored 
over the long term.  

Petro-Canada has taken a lead role on CEMA through is participation on the 
CEMA Board.   In addition, Petro-Canada participates at the working group level 
and provides input on program designs and undertakes technical reviews of 
reports.  

Monitoring 

Regional Aquatic Monitoring Program (RAMP) was initialed in 1998 this 
program monitors regionally important sites which are indicative of the health of 
aquatic ecosystem. There is active participation by government, First Nations, 
environmental organizations and industry. Water quality, benthic invertebrates, 
sediments, fish health & distribution, and acid sensitive lakes are all monitored 
annually within this industry funded program. Methods and sampling are 
standardized to permit comparison with industry compliance monitoring, which 
are sampled on a more frequent basis and are located closer to potentially 
affected sites. The acid sensitive lakes component of RAMP is used to assess 
the lakes component of the Acidification Management Framework. 

Petro-Canada participates on the committee level and is actively involved in 
monitoring design. 

Wood Buffalo Environmental Association (WBEA) is a community-driven 
organization comprised of government, First Nations, environmental 
organizations and industry.  WBEA's mandate is to conduct air quality, terrestrial 
ecosystem and human health effects monitoring.  The WBEA has developed and 
operates state-of-the-art monitoring programs to address the environmental 
issues and concerns.  WBEA is comprised of an Ambient Air Technical 
Committee (AATC), which maintains the regional air quality database in the 
region, a Terrestrial Environmental Effects Monitoring (TEEM) program, which 
monitoring the potential effects of air emissions on ecological receptors and 
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community health monitoring, which, in cooperation with other organizations, 
implements community based health monitoring programs.   

Petro-Canada is an active member of the WBEA on both the Board and 
Committee levels.  Petro-Canada is part of the WBEA air monitoring network by 
providing data from passive monitors.  Moreover, Petro-Canada is an active 
participant in the TEEM Program and has recently been involved in developing 
the Six Year Peer Review Program. 
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EMERGENCY RESPONSE PLAN 

Petro-Canada is a responsible Operator that cares about its people and the 
environment.  Its employees and contractors will always be its first priority.  PC 
has a robust Emergency Response Plan for the existing facility.  The Plan uses 
the Incident Command System (ICS) and provides information for handling a 
variety of potential emergency situations including (but not limited to): 

• Setup of an emergency operation center, 
• Injuries or Fatalities 
• Fire and Explosions,  
• Uncontrolled Gas Releases (within the Plant, or in the field) 
• Hazardous Material Releases 
• Vehicular Accidents 
• Missing or Overdue Personnel 
• Security Breaches 

One minute aids (notification flowcharts and phone numbers are posted).   
Emergency planning zones have been identified (See Maps). 

A variety of response exercises are held at the facility annually and training 
schedules are reviewed quarterly to ensure all employees are appropriately 
trained in identify and responding appropriately to any abnormal activity. 

In the spring 2004 the EUB designated the Mackay River Project as a sour 
facility.  Petro-Canada has changed its Emergency Response Plan and its 
Emergency Response Zones to reflect this change in status, and to reflect the 
additional well pads that were constructed in 2004, becoming operational 
commencing in September 2005. 

The plan is currently being amended to include the MRE, although the guiding 
principals and practices are outlined in the existing Emergency Response Plan.  
The current Emergency Response planning zones are identified in the 
accompanying map. 
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1. CONSERVATION AND RECLAMATION PLAN 

1.1 INTRODUCTION 

This document describes the conceptual Conservation and Reclamation (C&R) Plan for 
the proposed MacKay River Expansion (MRE). 
 
1.1.1 AEPEA Approval Request 

Petro-Canada is applying for an amendment to their existing approval to construct, 
operate and reclaim areas required for the MRE.  This conceptual C&R Plan provides 
information on general practices.  A detailed 10 Year C&R Plan will be submitted for the 
MRE in November 2005. 
 
1.1.2 Facility Overview 

The MRE is illustrated in Figure 1-1.  A Central Processing Facility (CPF) will be 
constructed to process bitumen and prepare it for transport offsite by pipeline.  Steam will 
be generated at the CPF and transported to the wellpads in above-ground pipelines and 
injected into the oil sands formation to mobilize the bitumen.  The produced gas and 
liquids (water-bitumen emulsion) will be transported to the CPF by the above ground 
pipelines.  
 
The MRE consists of a facility that is designed to process up to 6,360 m3/d (40,000 
barrels of bitumen per day (bpd)) using a Steam Assisted Gravity Drainage (SAGD) 
technology.  Start-up of the facility is planned for late 2009 and the project will produce 
for 20 years.  Up to 21 wellpads are planned and will produce to both the existing 
MacKay River Project (MRP) and the proposed MRE.  The MRE will include bitumen 
processing facilities, cogeneration plant, storm water retention pond, diversion lagoon, 
construction camp, bitumen sales tank farm and delivery facilities. If a Zero Liquid 
Discharge (ZLD) system is used than a larger class II landfill will be required (Volume 
IA, Project Description, Section 1).  Additional infrastructure will include underground 
pipelines for water source and disposal wells (if feasible), a third-party product pipeline, 
and a natural gas supply line. 
 
For a detailed discussion of the proposed facilities, see the pertinent sections in Volume 
IA, Project Description. 
 
1.1.2.1 Project Evaluation and Design Level Considerations 

The baseline environmental information obtained for the EIA was used to identify 
environmental constraints in the principal development area (PDA).  The conceptual 
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engineering considered these constraints, as practical, and completed the facility layouts 
and wellpad locations.  The constraints were applied to balance facilities and 
environmental considerations throughout the design, to mitigate, where practical, any 
potential environmental impacts. 
 
A primary consideration in selecting wellpad locations was to provide optimal drilling 
accessibility to the desired bitumen resource zones.  Environmental sensitivities that were 
considered in the proposed layout included: 

• locations that required a minimum amount of new ground disturbance 
were preferred (i.e., locate facilities within cleared areas such as 
abandoned wells, seismic lines, and winter roads); 

• creeks, stream, rivers, and drainage patterns were avoided to reduce 
surface water impact that could result from the proposed development; 

• sites with potentially unique vegetation conditions (e.g., rare plant 
locations) were avoided and initial wellpad locations were revised to avoid 
both rare plants; 

• traditional land use areas were reviewed to ensure avoidance of any site-
specific concerns (e.g., salt lick); 

• wetlands with a high water table were avoided, where possible, wellpads 
were re-located to uplands sites and, 

• access and utility routings use a common corridor to reduce number of 
linear disturbances (e.g., wellpad access road, steam, bitumen, produced 
gas, water supply and disposal water pipelines, and electrical transmission 
lines in a common corridor). 

Main Menu Search 
During the design stage, discussions between Petro-Canada, Alberta Pacific Forest 
Industries Inc. (Al-Pac), Fort McKay IRC and other resource users in the area were held 
to ensure that the principles and objectives of integrated land management were applied.  
These discussions will continue through the planning process and into Project operations 
to facilitate integration of land use plans for coordinated renewable and non-renewable 
resource development within the MRE.  In addition, Petro-Canada has committed to on-
going consultation with an environmental advisory group consisting of elders from Fort 
McKay. 
 
1.1.3 Terrain Description 

The LSA is situated in the Dover Plain district of the McMurray Lowland section of the 
Northern Alberta Lowlands physiographic region, located entirely within the MacKay 
Plain ecodistrict.  The landform is described as level to inclined glacio-lacustrine 
sediments, ranging in elevation from 300 to 450 m above sea level (Pettapiece 1986). 
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Surficial geology is characterized as predominantly glacio-lacustrine deposits of 
Pleistocene origin that is mixed bedded silt, clay and sand with pebbles and till-like 
layers.  The thickness is less than 3 m and is generally 1 to 1.5 m.  Recent erosional 
deposits and alluvium inclusions are present in the MacKay River valley (Bayrock 1969, 
1970; Bayrock and Reimchen 1973). 
 
The bedrock geology of the LSA is Clearwater Formation of Lower Cretaceous origin.  It 
is characterized with marine sediments that are dark grey, fossiliferous, silty shale and 
laminated siltstone and fine grained cherty sandstone with glauconitic sandstone 
(Wabiskaw Member) near the base (Hamilton et al. 1999).  A more detailed description 
of the bedrock geology can be found in Volume 1A, Section 2, Geology; and in the 
Groundwater baseline study (Volume IIB, Appendix I). 
 
1.2 CONSULTATION 

There are several avenues to promote stakeholder participation in cooperative 
environmental monitoring and environmental management activities in the region.  
Collectively these initiatives promote a coordinated approach for managing cumulative 
environmental effects and achieving sustainable development.  Petro-Canada actively 
participates in several cooperative environmental monitoring and management initiatives 
on a regional scale to ensure that the development and final reclamation will incorporate 
regional sustainability, and land use objectives and priorities.  A description of regional 
initiatives that Petro-Canada participates is provided in Volume IIB, Appendix IX).   
 
1.2.1 Stakeholder Consultation 

Petro-Canada has undertaken an extensive consultation process with regional Aboriginal 
groups and trappers (the traditional users of the land), as well as other local stakeholders 
and municipal and provincial governments.  A description of the public consultation 
program undertaken for the MRE as well as Petro-Canada ongoing consultation efforts in 
the region is provided in Volume IC Public Consultation. 
 
As a result of ongoing consultation, Petro-Canada will consider the following land values 
and end land uses in their final reclamation: 

• forest ecosystems that have the ability to support traditional uses such as  food 
gathering, wildlife harvesting, and trapping; 

• forest ecosystems that meet the criteria for a commercial forestry; 
• pre-development capability, productivity, and biodiversity within a stable 

landscape (Figure 2 and Figure 3); 
• wildlife habitat for key species; and, 
• recreational opportunities. 

November 2005 Volume IB Page 1-3 



Petro-Canada  Amendment Application — MacKay River Expansion 

Petro-Canada stakeholder consultation process has acquired information relating to 
traditional ecological knowledge (TEK) within the development area.  Petro-Canada will 
continue ongoing consultation with an environmental advisory group from Fort McKay 
regarding reclamation planning to achieve desired end land uses. 
 
1.3 RECLAMATION PLANNING  

Reclamation will occur in stages, as active site development progresses.  As early as is 
practical, infrastructure will be removed, final surface contouring will be completed, 
surface drainage will be re-established, soil will be redistributed, and vegetation will be 
established on reclaimed lands.   
 
1.3.1 Reclamation Goals 

The reclamation goals for the MRE are: 
• developed lands will be reclaimed to equivalent capability that will be 

compatible with the surrounding environment; and, 
• reclaimed lands will provide a range of end uses, in consultation with the 

environmental advisory group from Fort McKay, including but not limited, to 
forestry, wildlife habitat, traditional, and recreational uses. 

 
1.3.2 Reclamation Guidelines 

A list of the principal reclamation guidelines that apply to the MRE is provided in Table 
1-1. 
 
Table 1-1: Reclamation Guidelines 

Guideline or Document Reference 
Guidelines for Preparation of Applications and Reports for Coal and Oil Sands Operations ALC&R Council 1991 

Environmental Protection Guidelines for Pipelines (C&R/IL/94-5) AENV 1994a 

Environmental Protection Guidelines for Oil Production Sites (C&R/IL/94-6) AENV 1994b 

Environmental Protection Guidelines for Electric Transmission Lines (C&R/IL/95-2) AENV 1995a 

Reclamation Criteria for Wellsites and Associated Facilities – 1995 Update (C&R/IL/95-3) AENV 1995b 

Environmental Protection Guidelines for Pits (C&R/IL/96-5) AENV 1996a 

Fort McMurray-Athabasca Oil Sands Subregional Integrated Resource Plan AENV 1996b 

Guideline for Monitoring and Management of Soil Contamination Under EPEA Approvals AENV 1996c 

Well Abandonment Guide (Guide 20) AEUB 1996a 

Drilling Waste Management (Guide 50) AEUB 1996b 

Reclamation Certificates for Overlapping Activities (C&R/IL/97-6) AENV 1997 

Environmental Protection and Enhancement Act.   AENV 1998a 

Land Capability Classification for Forest Ecosystems in the Oil Sands Region Leskiw 1998 
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Guideline or Document Reference 
Guideline for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region OSVRC 1998 

Borrow Excavations (C&R/IL/00-3) AENV 2000a 

Environmental Protection Guidelines for Roadways AENV 2000b 

Code of Practice for Pipelines and Telecommunication Lines Crossing a Water Body AENV 2000c 

Code of Practice for Watercourse Crossings AENV 2000d 

Guideline for Wetland Establishment on Reclaimed Oil Sands Leases OSWWG 2000 

Storage Requirements for the Upstream Petroleum Industry (Guide 55) AEUB 2001 

Environmental Protection Guidelines for Oil Production Sites – Revised January 2002 
(C&R/IL/02-1) 

AENV 2002 

A Guide to the Code of Practice for Pits AENV 2004 
 
1.3.3 General and Progressive Reclamation Procedures 

A progressive reclamation approach will be adopted for the constructed facilities of the 
MRE.  For example, wellpads that have completed production will be reclaimed as new 
wellpads are being constructed.  This will include implementation of the following 
reclamation procedures: 

• Baseline data collected from applicable components of the EIA will be used 
for reclamation planning (Volume IIA, IIB, and IIC). 

• Prior to the initiation of reclamation, meetings with stakeholders and 
regulators will be held to discuss and develop end land use plans. 

• Upon removal of all equipment facilities, gravel will be salvaged, where 
feasible, and any contaminated areas will be remediated.  The site may be 
recontoured to restore natural drainage patterns.  

• Facility pits (e.g., borrow pits) will be contoured to conform with the 
surrounding landscape. 

• As required, soil compacted areas will be cultivated to improve soil physical 
quality.   

• Topsoil will be redistributed; providing a suitable medium for plant 
establishment and growth. 

• Following soil replacement, the area may be seeded, as required, with a cover 
crop and/or native seed mix. 

• Following revegetation, monitoring and maintenance activities will be 
undertaken to assess reclamation success. 

 
1.3.4 Decommissioning and Abandonment 

Project facilities will be decommissioned progressively.  Site assessments will be 
undertaken for facilities to assess if contamination is present.  Remediation will be 
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undertaken, as required, prior to and during the removal of facilities and equipment.  
Initial restoration will involve the removal of surface structures and equipment.  
 
The site may be recontoured, as necessary, to restore natural drainage patterns and 
topography.  Soil that had been previously salvaged will be replaced and disturbed areas 
will be seeded with a certified native seed mix.  The landfill will be progressively capped 
and monitored as per approval conditions for this facility.  Production and observation 
wells will be decommissioned according to Alberta Energy Utilities Board (AEUB) and 
Alberta Environment (AENV) standards. 
 
Roads will be decommissioned by salvaging gravel from road surfaces and fill material 
from culverts, where practical.  Gravel and fill will be reused, where practical, to develop 
new roads and facilities for the MRE.  Where feasible, culverts will be removed and soil 
material around the culverts will be excavated to facilitate drainage.  Excavated soils will 
be spread on the road surfaces.  Salvaged organic materials may be used as reclamation 
material on the former road surfaces, as required. 
 
1.3.5 Restoration of Capability 

Petro-Canada plans to restore equivalent land capability, which is defined as the ability of 
reclaimed land to support various land uses similar to those existing before an activity 
(Powter, 2002).  The following sections describe predicted resource capability changes. 
 
1.3.5.1 Land Capability for Forestry 

The predicted change to land capability in the MRE is presented in Table 1-2, which 
indicates that there will be no change in Class 1 and 2, a net decrease in disturbed lands, 
and a corresponding increase in low to conditionally productive soils (Class 3 to 4). A 
relatively small net increase in non-productive soils (Class 5) is predicted (Volume IIC, 
Section 2.0, Soils, Terrain and Surficial Geology).  A portion of the current disturbed 
land is part of the Petro-Canada MacKay River Project (MRP), but will be progressively 
reclaimed in conjunction with the MRE; thus, it is included as part of the land capability 
summary.  Figure 1-4 and Figure 1-5 illustrates the Land Capability of Forest Ecosystems 
in the LSA. 
 
Table 1-2: Predicted Forest Land Capability in the Local Study Area 

Baseline Following Reclamation1 Net Change Forestry Land 
Capability Class (ha) % of LSA (ha) % of LSA (ha) % of LSA 
Class 1 0 0 0 0 0 0 

Class 2 2,281 55.6 2,281 55.6 0 0 

Class 3 112 2.7 179 4.3 67 1.6 
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Baseline Following Reclamation1 Net Change Forestry Land 
Capability Class (ha) % of LSA (ha) % of LSA (ha) % of LSA 
Class 4 826 20.2 860 21.0 34 0.8 

Class 5 709 17.3 720 17.6 11 0.3 

Subtotal 3,928 95.8 4,040 98.6 112 2.7 

Disturbed Lands2 112 2.7 0 0.0 -112 -2.7 

Water 59 1.4 59 1.4 <1 <0.1 

Total 4,099 100 4,099 100 0 0 
Notes: 
1 Assumes reclamation will return equivalent capability for all Class 2, 3 and 4 soils disturbed; reclamation of Class 5 soils 

(Organic soils) and disturbed lands will return 60% to Class 3, 30% to Class 4 and 10% to Class 5. 
2 Does not include areas where vegetation removal has or will occur, but there is negligible to nil surface soil displacement.  

Differs from the area of anthropogenic disturbance (307 ha) defined for Vegetation, Wildlife; see Volume IIC, Section 2, Soils, 
Terrain and Surficial Geology, Section 2.3.1. 

 
1.3.5.2 Forest Resource Use 

Although final land uses will be determined based on consultation, an assessment of 
changes to forest productivity has been undertaken.  Development of reclamation areas 
with suitable commercial forest potential is based on “Guidelines for Reclamation to 
Forest Vegetation in the Athabasca Oil Sands Region (Oil Sands Vegetation Reclamation 
Committee [OSVRC], 1998).  A commercial forest is defined as: 

• Land with a land capability class of 1 to 3 that can support sustainable forest 
growth.  Forests can be grown on Class 4 soils, however these are not 
considered commercial; 

• Land stocked with native trees species such as white spruce, black spruce, 
jack pine, aspen poplar, balsam poplar, white birch or tamarack; and, 

• Forest stands not limited by operating requirements such as stream buffers, 
potential recreation lakes, stand size or accessibility. 

 
Pre and post disturbance ecosite phases (Figure 2 and Figure 3) were assigned a Timber 
Productivity Rating (TPR) based on Guidelines for Reclamation to Forest Vegetation in 
the Athabasca Oil Sands Region (Oil Sands Vegetation Reclamation Committee 
[OSVRC] 1998) to assess overall changes to timber productivity in the LSA.   
 
A summary of the existing and predicted timber productivity ratings is presented in 
Table 1-3.  Based on the baseline and predicted post-reclamation ecosite landscape, a net 
3% increase in TPR (good to moderate) is estimated for the LSA.  This is attributed 
primarily to the reclamation of former disturbed lands within the MRE into upland forest 
ecosites.  Final end land uses and reclamation will be determined in accordance with 
applicable legislation at the time and in consultation with Aboriginal stakeholder groups 
to include TEK, multi-stakeholder groups (e.g., CEMA) and provincial regulators. 
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Table 1-3: Timber Productivity Ratings for the Local Study Area 

Net Change Timber Productivity 
Rating1

Pre-Disturbance 
Area (ha) 

Following 
Reclamation 

Area (ha) % Change in Category % Change in 
MRE 

Good  134 127 -5.2 -0.2 

Moderate 2,540 2,670 5.1 3.2 

Fair 134 156 16.5 0.5 

Non-Productive 926 904 -2.4 -0.5 

Non-Forested 307 183 -40.5 -3.0 

Water 59 59 0 0 

Total 4,099 4,099 N/A N/A 
1  Commerical forest productivity ratings are based on ecosite, whereby: 

• Good = e and f ecosites;   Fair = a, c and g ecosites; and 
• Medium = b, d and h ecosites;   Non-Productive = i, j and k ecosites 

 
1.3.5.3 Drainage Systems 

The MRE has been designed to minimize impacts to surface water.  Streams crossed by 
access and utility corridors include tributaries of the MacKay River watershed.  The 
current drainage system will be maintained during development and operations resulting 
in reduced reclamation requirements for restoration of natural drainage.  Drainage of 
wetlands through the watershed during operations will be facilitated by the installation of 
culverts along roads.  Culverts will be removed during reclamation, unless otherwise 
agreed upon with local Forest Officers. 
 
1.3.5.4 Fisheries 

A detailed description of fisheries resources and habitat in the project area is provided in 
Volume IIB, Section 5.0, Aquatic Resources.  There are no in-stream disturbances 
planned that could potentially impact fish and fish habitat.  Progressive reclamation will 
limit potential impacts to water quality and fisheries during project operations, as areas 
no longer in use will become stabilized and revegetated. 
 
1.3.5.5 Wetlands 

The changes in wetland capability associated with the MRE are discussed in Volume IIB, 
Section 3.0, Surface Water Quantity; and Volume IIC, Section 3.0, Vegetation.  In 
addition, development considerations for wetlands and peatland areas are discussed in 
Section 1.3.6.1 of this plan.  Petro-Canada will participate in regional initiatives such as 
the CEMA’s Wetlands Subgroup of RWG that is investigating appropriate strategies and 
methods for reclaiming fens and bogs.  
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1.3.5.6 Biodiversity   

The MRE will cause localized changes to some terrain and vegetation community types, 
with an associated effect on biodiversity, discussed in detail in Volume IIB, Section 5, 
Biodiversity.  The integrity of fens will be maintained by facilitating natural drainage 
through the installation of culverts and by undertaking appropriate erosion control 
measures in uplands to prevent sedimentation of wetlands.  An increase in edge habitat 
through fragmentation of the existing area may temporarily result in greater diversity of 
habitats for vegetation and wildlife species. 
 
1.3.5.7 Wildlife 

The MRE will affect wildlife, as discussed in Volume IIC, Section 4.0, Wildlife.  The 
reclamation measures are expected to produce a diverse herbaceous cover within two 
years of soil replacement.  An initial cover crop (e.g., annual barley or an approved seed 
mix) will provide erosion protection while the establishment of native herbaceous species 
will provide a source of food and low-growing cover for wildlife.   Wildlife utilization is 
expected to increase over time as food and shelter become available on the reclaimed 
areas.   
 
1.3.5.8  Hydrogeology 

During operations, spill prevention and containment measures along access corridors and 
in facility areas will be designed to prevent contamination of the groundwater by routine 
operations.  Petro-Canada currently has a spill contingency plan to ensure appropriate 
measures are followed to reduce any potential impacts from spills.    
 
1.3.5.9 Traditional Land Use 

Traditional uses in the region include hunting, trapping, fishing, plant collection, and the 
use of trail networks and cabins.  Additional information on traditional and historical uses 
of lands and TEK in the LSA is provided in Volume IIC, Section 6.0, Traditional Land 
Use.  Areas that are cleared for development will be reclaimed to vegetation communities 
that will include a variety of plant species with value for traditional uses.   
 
1.3.5.10 Vegetation 

Vegetation communities are based on Alberta Vegetation Inventory (AVI) map units that 
were classified to ecosite phases (Beckingham and Archibald 1996) (Volume IIC, Section 
3.0, Vegetation).  Ecosite units are determined from nutrient and moisture regimes (e.g., 
medium, mesic) while dominant tree species or tallest vegetation layer (e.g., trembling 
aspen) determine ecosite phase units.  Eight upland ecosite types and three wetland 
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ecosite types have been identified in the MRE LSA (Vol IIC, Section 3).  These are as 
follows: 

• Upland: 
• lichen (a); 
• blueberry (b); 
• Labrador tea – mesic (c); 
• low-bush cranberry (d); 
• dogwood (e); 
• horsetail (f); 
• Labrador tea – subhygric (g); and, 
• Labrador tea / horsetail (h). 

• Wetland ecosites: 
• bog (i); 
• poor fen (j); and, 
• rich fen (k). 

 
The area and percent coverage of the ecosite phases within the MRE LSA are presented 
in Table 1-4.  The geographic distribution of the pre- and post-reclamation ecosite phases 
within the MRE LSA is illustrated in Figures 1-2 and 1-3, respectively. 
 
Table 1-4: Ecosite Phase in the Local Study Area 

Ecosite Phase Area (ha) Percent (%) 

Upland Ecosite Phases 
a1 - lichen Pj 5.3 0.1 
b1 - blueberry Pj-Aw 34.0 0.8 
b2 - blueberry Aw 95.2 2.3 
c1 - Labrador tea-mesic Pj-Sb 21.0 0.5 
d1 - low-bush cranberry Aw 2250.2 54.9 
d2 - low-bush cranberry Aw-Sw 60.9 1.5 
d3 - low-bush cranberry Sw 28.6 0.7 
e1 - dogwood Pb-Aw 49.0 1.2 
f1 - horsetail Pb-Aw 72.3 1.8 
f3 - horsetail Sw 12.4 0.3 
Subtotal Upland Ecosite Phases 2628.9 64.1 
Wetland Ecosite Phases 
g1 - Labrador tea-subhygric Sb-Pj 107.9 2.6 
h1 - Labrador tea / horsetail Sw-Sb 70.8 1.7 
i1 - treed bog 105.4 2.6 
i2 - shrubby bog 563.6 13.8 
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Ecosite Phase Area (ha) Percent (%) 

j1 - treed poor fen 18.2 0.4 
j2 - shrubby poor fen 31.4 0.8 
k1- treed rich fen 5.2 0.1 
k2 - shrubby rich fen 150.3 3.7 
k3 - graminoid rich fen 51.8 1.3 
Subtotal Wetland Ecosite Phases 1,104.6 27.0 
Anthropogenic  
AII - Industrial sites 79.6 1.9 
AIH - Highways; ROWs 106.0 2.6 
CC - Clear cut 12.2 0.3 
CIP - Pipelines 65.7 1.6 
CIW - Wellsites 43.5 1.1 
Subtotal Anthropogenic 307.0 7.5 
Water  
NWF - Flooded 49.6 1.2 
NWL - Lakes and ponds 1.8 <0.1 
NWR - Rivers 7.3 0.2 
Subtotal Water 58.7 1.4 
Total 4099.2 ha 100.0 % 
 
1.3.5.11 Recreation 

Non-consumptive recreational activities that occur within the region include: camping, jet 
boating, motor boating, canoeing, kayaking, all-terrain vehicle (ATV) use, dog-sledding, 
hiking, cross-country skiing and horse riding.  Recreational activities are generally 
focused along waterways, on lakes and along vehicular trails.  Water borne access in the 
LSA or RSA study region is minimal due to the low flow conditions and common 
logjams and beaver dams associated with the watercourses.  Primary sport fishing 
locations in the region north of Ft. McMurray are the Athabasca and Muskeg Rivers and 
Kearl Lake.  Additional information related to recreational land use is described in 
Volume IIC, Section 7.0, Contemporary Land Use. 
 
1.3.6 Operational Considerations 

1.3.6.1 Development in Peatlands 

Some of the proposed MRE facilities are situated within peatland environments (bog and 
fen ecosites).  Seismic lines and pipelines that occur within peatlands are expected to 
naturally return to pre-disturbance conditions over time, since seismic development 
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involves only vegetation clearing but no excavation of organic soils (winter access 
development).  Buried water supply and disposal pipelines will require ditchline  
excavation of organic soil and this soil will be placed directly over the ditchline after the 
pipelines are installed. 
 
Because maintaining water movement is critical to retaining the biological integrity of 
fens, the following measures are planned for constructing facilities on peatlands: 

• culverts will be installed under roads in wetlands to facilitate surface water 
flow; 

• ditches will be constructed along roads and surrounding the CPF and wellpad 
facilities to control and direct surface water flow from the facillities areas; 

• Periodic monitoring and inspection of the condition of the structures 
controlling surface water flow to ensure they are operating correctly; and, 

• erosion control measures will be implemented to manage potential 
sedimentation in wetland areas. 

 
To construct structurally secure access roads and wellpad foundations in deep muskeg 
areas (i.e., peat depth greater than 0.5 m), the sequence below will be followed: 

• the wellpad or roadway will be built-up with 1 to 2 m of fill material; 
• seismic lines and pipelines will be left to naturally re-establish.  Seismic 

development only involves vegetation clearing and no soil disturbance, while 
pipeline development is similar except that the soil is disturbed in the ditch 
line and directly placed over the ditchline; and, 

• culverts will be installed under roads in fens and bogs, where necessary, to 
facilitate surface water flow across roads. 

 
Typical configurations of the wellpad access roads and pipeline/utility/access corridors 
are presented in Figures 1-1 
 
New upland habitat will be created on areas where fill materials are used for the 
construction of roads, central facilities, and wellpads.  As part of progressive reclamation 
activities, the surface layer of gravel and fill materials will be reused where practical.   
 
1.3.6.2 Weed Control 

Vegetation management limits or eliminates the spread and growth of unwanted (or 
weed) species by promoting the growth of desirable species using a combination of 
mechanical and chemical methods.  Procedures on weed control are provided to all MRE 
staff in Petro-Canada’s Health, Safety and Environment Handbook. 
 
The following vegetation management procedures will be implemented for weed control: 
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• Ensure all equipment is adequately cleaned prior to arrival to the MRE. 
• The preferred method for vegetation removal is by hand or mechanical means.  

If these options are not feasible, a person or persons qualified and operating in 
accordance with the Pesticide Regulations (AEPEA) may apply acceptable 
herbicides. 

• No residual herbicides (soil sterilants) will be used for vegetation 
management.  Only spot applications of a domestic, non-residual herbicide 
will be accepted. 

• A Certificate of Seed Analysis will be obtained for all seed mixes prior to 
application to reduce the risk of introducing a weed species to the area.  
Native vegetation species will be selected, where possible, when vegetation is 
required for prevention/control of soil erosion. 

• ASRD’s Weed Management in Forestry Operations (Directive 2001-06; 
ASRD 2001) and the list of restricted and noxious weeds, pursuant to the 
Alberta Weed Control Act, will be maintained on-site at the MRE and referred 
to during implementation/updating of the weed control plan. 

 
1.3.6.3 Fire Control 

Improving access to an area, by whatever mode of transportation, is generally perceived 
to increase the potential for human-caused impacts such as forest fires.  Petro-Canada 
acknowledges the potential for these impacts and will have on-site fire detection and 
response plans, in the MacKay River Development Emergency Response Plan (Vol IIB 
App X).   
 

 
1.3.6.4 Gravel and Borrow Areas 

Borrow pits will be required as sources of fill material, and it is expected that suitable 
locations may exist within Petro-Canada’s leases.  Borrow pits may be reclaimed as 
wetlands and integrated into the regional drainage regime.  Progressive development 
activities may allow for fill material from abandoned facilities to be recovered and re-
used on successive developments through the life of the project.  Where practical, the 
volume of gravel required will be reduced through recycling gravel during the 
progressive development activities of the project.   
 
1.3.6.5 Timber Salvage Plan 

All commercial timber (i.e., timber with >15 cm diameter outside bark at the stump with 
a useable length of 3.66 m and >10 cm top diameter) will be salvaged to the Forest 
Management Agreement (FMA) specifications of Al-Pac.   
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Stands containing non-merchantable timber may be salvaged for the following uses: 
• log corduroy to support road bases in peatland areas; 
• chipped for use in drilling waste management may be used, where pratical; 

and 
• firewood for the residence of Fort McKay. 
 

Burning of remaining waste timber will only be done if the other uses are not practical 
and would be carried out in accordance with consultation with Forestry Officers.  The 
necessary burning permits will be obtained from the Land and Forest Service of ASRD 
prior to burning.  Location of burn piles on peat rich areas will be avoided where fires 
could persist after construction. 
 
Petro-Canada has engaged in discussions with Al-Pac on integrated land management to 
coordinate harvesting activities with the MRE development area.  These discussions will 
focus on ensuring that access and the development schedule for the MRE are compatible 
with the forestry management activities and to identify opportunities for developing 
common use roads.   
 
1.4 CONCEPTUAL CONSERVATION AND RECLAMATION PLAN 

The objectives of the MRE conceptual conservation and reclamation plan are to conduct 
all project reclamation activities in accordance with terms and conditions of the project’s 
Environmental Protection and Enhancement Act (EPEA) Approval.  These activities 
would include: 

• vegetation will be established after soil replacement to develop self-sustaining 
ecosites similar to those occurring within the region; 

• drainage, during operations and following reclamation, will be designed to 
replicate natural flow patterns and volumes into the streams in the MRE; 

• reclaimed land will meet Alberta Sustainable Resource Development (ASRD) 
reclamation criteria; and, 

• stable and sustainable systems will be re-established, with no long-term 
management required. 

 
. 
1.4.1 Project Development Plan 

The development schedule of the MRE includes construction to begin in 2006, with 
operations commencing in the fall of 2009.  Petro-Canada has provided a current layout, 
as well as a proposed layout of the central plant facility (CPF), wellpads, access roads 
and related infrastructure for the MRE development (Vol. IA, Figure 1.5).    
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To return lands to a similar capability as soon as practical, progressive reclamation will 
be undertaken. Stabilization measures will be taken to preserve soil quality in disturbed 
areas that will not undergo final reclamation until a later date (e.g., road ditches, around 
and under above-ground pipelines) 
 
1.4.2 Facility Disturbances  

The development areas covered in this C&R Plan include proposed developments of the 
MRE, as well as, project components of the existing MRP that have yet to be developed 
This includes the following: 

• a CPF directly north of the current facility and associated infrastructure 
including water supply and disposal wells and road/utility access corridors; 

• 21 production wellpads and associated access roads; and, 
• a Class II landfill (if required) directly east of the current landfill. 

 
Reclamation of existing seismic, core hole and observation well disturbances will be 
undertaken under separate approvals.  A construction camp will be developed north of the 
main plant and will be the subject of a separate application at a later date. 
 
Reclamation techniques in the region are expected to evolve through environmental 
research advances which upon demonstration if practical will be incorporated into 
reclamation plans.  Regional stakeholder and regulatory consultation will be conducted 
prior to implementing new reclamation methods. 
 
The extent of total land disturbances for the MRP and MRE projects is provided in Table 
1-5.  Differences between vegetation and soils disturbance areas reported is attributed to 
the nature of disturbance.   
 

 

Table 1-5: Disturbances from the MRP and MRE 

 

Project Component1,2 Soil and Terrain 
Disturbance (ha) 

Vegetation 
Disturbance (ha) 

Main facilities CPF, landfill storage, source/disposal wells) 67 67 

Production wellpads 177 176 

Access roads from the CPF to source/disposal wells and 
production pads 50 75 

Total 294 318 
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Notes: 
1  All facility disturbances (with the exception of access roads) conservatively assume that the soil and terrain disturbance will be 

equal to the vegetation disturbance area, although some activities may result in only vegetation clearing.  The proportion of an 
access road which will result in soil and terrain disturbance is conservatively assumed to be two thirds of the total clearance width, 
based on MRE construction plans. 

2   MRP disturbances are based on projected developments as of January, 2005. 
3  Utility pipeline and seismic line corridors, as well as, exploratory drilling program disturbances surface disturbance involve 

vegetation clearing, but no soil disturbance. 

 
1.4.3 Reclamation Sequence  

The MRE is expected to commence production by 2009 and reach full production by 
2021 (Table 1-6).  The expected life of each wellpad will be approximately 7-12 years.  
The wellpads will be reclaimed sequentially as they are decommissioned; thereby 
ensuring that disturbance is minimized throughout project life. 
 
Table 1-6 provides a preliminary development and reclamation schedule.  Advances in 
recovery technology may alter the reclamation schedule as the life span of the wellpads 
may change.  
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Table 1-6: Development and Reclamation Sequence Schedule 

Production Wellpads Area Disturbed (ha) Area Reclaimed (ha) 
Year Central Facilities1

Developed Reclaimed Annual Total Annual Total 
Net Disturbance 

(ha) 

2007 1 3 0 112 112 0 0 112 
2008 0 0 0 0 112 0 0 112 
2009 0 2 0 26 138 0 0 138 
2010 0 0 0 0 138 0 0 138 
2011 0 4 0 64 202 0 0 202 
2012 0 0 0 0 202 0 0 202 
2013 0 1 0 8 210 0 0 210 
2014 0 0 0 0 210 0 0 210 
2015 0 2 0 22 232 0 0 232 
2016 0 1 0 14 246 0 0 246 
2017 0 1 0 15 261 0 0 261 
2018 0 0 0 0 261 0 0 261 
2019 0 3 0 17 277 0 0 277 
2020 0 3 2 32 309 30 30 279 
2021 0 1 0 9 318 0 30 288 
2022 0 0 0 0 318 0 30 288 
2023 0 0 3 0 318 28 58 260 
2024 0 0 1 0 318 15 73 245 
2025 0 0 1 0 318 8 81 237 
2026 0 0 0 0 318 0 81 237 
2027 0 0 2 0 318 50 131 187 
2028 0 0 1 0 318 14 145 173 
2029 0 0 0 0 318 0 145 173 
2030 0 0 3 0 318 31 176 142 
2031 0 0 0 0 318 0 176 142 
2032 0 0 4 0 318 27 203 115 
2033 0 0 2 0 318 26 229 89 
2034 0 0 0 0 318 0 229 89 
2035 0 0 0 0 318 0 229 89 

81 2036 0 0 1 0 318 8 237 
2037 0 0 1 0 318 14 251 67 

0 2038-2042 1 0 0 0 318 67 318 
Notes: 
1  Central Facilities include central plant facility, landfill and associated road and utility infrastructure. 
2  Includes wellpad and associated access and utility infrastructure. 
3  Includes wellpad and associated access and utility infrastructure that only pertains to the specified wellpad (i.e., does not include access to other active wellpads. 
Note:  Assume an average production life span of 10 years after a wellpad reaches full production. 
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1.4.4 Soil Conservation and Management 

The management measures for soil salvage and replacement follow the guidelines 
provided in the Land Capability Classification for Forest Ecosystems in the Oil Sands 
(Leskiw 1998) and include:   

• appropriate salvage and placement of material to reduce the amount of 
topsoil/subsoil mixing; 

• organic matter losses in topsoil; and, 
• compaction and rutting to ensure reclaimed soil profiles will provide 

adequate, long-term moisture, nutrient and erosion control properties for 
ecosystem re-establishment. 

 
Soil salvage and handling techniques will be developed for site specific development 
areas based on soil inspection data and will be presented in the 10 Year C&R Plan.  
 
1.4.4.1 Soil Salvage Plan 

Topsoil (Ae, Aegj, Ahe and Ah horizons) is a better growth medium than the underlying 
subsoil and should be salvaged to ensure that soil quality will be maintained following 
reclamation. The total thickness of mineral topsoil should be salvaged from all areas to be 
disturbed (plant site expansion, landfill expansion, wellsite pads and access roads) and 
stored where it will be available for reclamation. The surface leaf litter LFH horizon) 
should be salvaged with the topsoil as it is an important source of organic matter and will 
improve soil quality. Table 1-7 and Figure 1-6 shows the range in horizon thicknesses 
that do occur.  
 
Distinguishing topsoil from upper subsoil by color, texture, structure and consistence is 
generally easy during construction on Dover, Kilome and Steen soils. Mildred and 
Livock soils are sandy and distinguishing topsoil from upper subsoil can sometimes be 
difficult. Distinguishing mineral topsoil on poorly drained soils (Algar, Chateh and 
Mamawi Series) can also be difficult because of the overlying peat layer and because 
topsoil (Ahg horizon) is sometimes absent. Whenever it becomes difficult to distinguish 
topsoil from subsoil during construction, use of the soil thickness (Table 1-7) can be used 
as a guide. Site specific information on soil salvage will be provided in the 10 Year 
Conservation and Reclamation Plan 
 
On mineral soils, all topsoil will be salvaged, plus leaf litter and surface slash with low 
ground pressure equipment (hoe and cat) and stored on the lease. The surface peat on 
poorly drained, mineral soils will also be salvaged with the topsoil. Based on the detailed 
soil survey, the volume and mass of pre-disturbed mineral topsoil is estimated in Table 1-
8.  
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On organic soils, 30 cm of surface peat is recommended for salvage. The salvaged peat 
from pads and access roads will be either be replaced (for organic soil reclamation) or 
mixed into the surface mineral material where pads or roads will remain over pre-
disturbance organic soil.  
 
Table 1-7: Average Surface Soil Stripping Depths1 for Mineral Soil Series Units 

Within The Project Development Area 

Soil Series Inspection 
locations (n) 

Average Surface 
Soil Depth (m)2

Mineral Soil Units   

Algar 41 0.36 

Chateh 16 0.30 

Dover 39 0.26 

Kilome 22 0.26 

Livock 17 0.28 

Mamawi 7 0.08 

Mildred 10 0.16 

Steen 28 0.31 

Mineral Soil Units   

McClelland n/a 0.40 

Muskeg n/a 0.40 

Non Soil Units   

Disturbed n/a - 
Notes: 

1  Based on soil series information collected from the Local Study Area. 
2  Based on average depth of all LFH horizons and/or surface peat, plus A horizon material for mineral soil profiles and 0.4 m 

arbitrarily selected for organic soils (McClelland and Muskeg). 
3  Organic soil volume is based on a conservative estimate that one-quarter of the Organic soil units will have a peat depth <0.4 m that 

can be salvaged.  In previously disturbed areas topsoil may or may not be present, or soil stockpiles of unknown quality may be 
present; thus, disturbed units were assumed to have no suitable upper lift material.  Based on these conservative assumptions, the 
total volume estimate may be underestimated. 

 
Table 1-8: Reclamation material available for the MRE Project 

Project Component1 Topsoil Subsoil 

 
Peat 

(BCM)2

Mineral 
Material 
(BCM)3

Peat (BCM)2

Mineral  
Material  
(BCM)3

Main facilities (CPF, landfill 
storage, source/disposal 
wells) 

0 
 

185,005 0 
 

162,087 
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Project Component1 Topsoil Subsoil 

Production wellpads 2,543 
495,560 

0 
436,432 

Access roads for CPF, 
source/disposal wells and 
production pads 

1,565 
 

123,816 0 
 

0 

Total 4,108 808,489 0 598,520 
Notes: 

1  Soil salvage and replacement associated with pipeline and transmission line construction are short-term and are not included in 
balances. 

2  Based on a salvage depth of 0.4 m of peat from one quarter of the organic soil (McClelland1 and Muskeg1) units that have a peat 
depth of less than 0.4 m.  No salvage of lower lift peat is planned. 

3  Based on average surface soil depths presented in Table 1.7. 

 
1.4.4.2 Topsoil and Subsoil Materials Balance 

Based on the volume estimates and the topsoil and subsoil volume requirements for 
reclamation, a materials balance was prepared.   
 
A materials balance of available reclamation material, and the reclamation material 
required for topsoil and subsoil, is presented in Table 1-9.  All salvaged mineral material 
will be used to reclaim former upland areas, as well as wetlands that have been reclaimed 
to upland units.  The volume of material required is based on a minimum average topsoil 
and subsoil (where required) replacement depth of 20 cm.  It is projected that there will 
be an excess of 220,489 m3 of mineral soils, and 4,108 m3 of peat material that can be 
used as topsoil.  This additional material, and in particular the excess peat, can be 
strategically applied as an amendment to sandy soils (10 to 20 cm of peat incorporated 
into the topsoil of a reclaimed Mildred soil series unit) to improve soil physical and 
chemical properties, or can be applied, as necessary, to soil areas requiring amendment.  
The detailed 10 Year C&R Plan will provide more site specific details on volume 
estimates and volume balanced based on a more intensive assessment of the soil data.  As 
a result, these volume estimates should be considered preliminary and conceptual in 
scope. 
 
Table 1-9: Topsoil and subsoil materials balance  

Material Total Available 
(BCM)1

Total Required 
(BCM)2

Excess  
(BCM) 

Peat 4,108 0 4,108 

Mineral 808,489 588,000 220,489 
Notes: 
1 Estimated as BCM or in situ volume  
2 Assumes a minimum average replacement depth of 20 cm for reclaimed upland areas and wetland areas converted to 

upland units. 
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1.4.4.3 Stripping of Frozen Surface Soil 

The following soil stripping practices will be considered for frozen soil conditions: 
• Frozen soil conditions are suited for removal of organic soils, as these sites are 

more accessible to large-scale equipment.  Frozen organic soils will be 
removed during the winter and either hauled directly for placement on 
reclaimed areas, or stockpiled and stabilized for future use.  Rough spreading 
of the material can be done in the winter and touched-up after spring thaw, or 
spread during unfrozen soil conditions after the material has sufficiently 
thawed and dried. 

• Soil stripping activities will be monitored to ensure soil salvage in either 
frozen or wet field conditions does not result in a degradation of soil quality. 

 
1.4.4.4 Reclamation of Compacted Soil 

Where compaction has occurred on wellpads, these will be deep-ripped and re-graded 
prior to replacement of topsoil.  These measures ensure that soil compaction effects are 
minimal during reclamation. 
 
1.4.4.5 Soil Replacement Plan 

The goal of the soil replacement plan is to reconstruct soils to an equivalent land 
capability that existed prior to disturbance. Following soil placement it is predicted that 
soil will provide: 

• adequate moisture supply; 
• adequate nutrient supply; and, 
• capability to support an erosion-resistant vegetative cover. 

 
Soil salvage and soil placement on reclamation areas will be based on the guidelines 
presented in “Land Capability Classification for Forest Ecosystems in the Oil Sands 
Region” (Leskiw 1998).  While this report provides an option for managing reclamation 
amendments, Petro-Canada is investigating other alternatives (e.g., composted materials)  
A summary of predicted physical and chemical characteristics of reclaimed soils is 
outlined in Table 1-10. 
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Table 1-10: Physical and chemical characteristics of reclaimed soil profiles 

Land Capability Rating for Forestry Reclaimed Soil 
Properties1

Class 2 Class 3 Class 4 Class 5 

Texture (UL/LL)2 SiL-L/CL-C SiL-L/C-hC SiL-L/CL-C LS-S/LS-S peat/peat 

Structure (UL/LL) 3 VFRI-
FRI/FRI-F 

L-FRI/F-VF 
VFRI-FRI/F-

VF 
L-FRI/L-FRI Peat/peat 

Salinity/sodicity 
(UL/LL) 

Non-saline 
Non-saline-

slightly 
saline 

Non-saline Non-saline Non-saline 

Nutrient regime 
(UL/LL) 

Moderate-
rich 

Medium Poor 
Poor-very 

poor 
Poor 

Drainage class (UL/LL)4 MW-IMP W-MW P-IMP R-W VP 
Notes: 

1  UL = upper lift; LL = lower lift. 
2  SiL = silt loam; CL=clay loam; L=loam; C=clay; hC=heavy clay; LS=loamy sand; S=sand 
3  L = loose; VFRI = very friable; FRI = friable; F = firm; VF = very firm. 
4  R = rapidly drained; W = well drained; MW = moderately well drained; IMP = imperfectly drained; P = poorly drained; VP = very 

poorly drained. 

 
The soil replacement plan for each facility is outlined below. 

• Central pad facility and wellpads constructed on mineral soil:  Soil 
replacement will consist of application of lower lift material (upper B 
horizon), previously salvaged and stored on site.  This will be followed by 
application of all previously salvaged and stored upper lift material (LFH 
and/or peat, plus A horizons) as topsoil.  The upper and lower lift materials 
will be evenly spread over the facility area which will result in a minimum of 
20 cm of topsoil underlain by the replaced lower lift horizon. 

• Wellpads and other facilities developed on peatlands:  Since peat salvage will 
not occur on deep peatland areas (>40 cm of peat), suitable topsoil will be 
acquired through one or both of the following options: 
• suitable topsoil will be imported from other areas of the project 

development area which have excess reclamation material; and/or, 
• peat will excavated from around or underneath the wellpads and evenly 

spread over the reclaimed facility. 
 

To create a peat-mineral mix horizon, the shallow Organic soils will be overstripped to 
include up to 30% of underlying mineral material and/or incorporated with imported 
mineral topsoil material by discing or cultivation.  A minimum average topsoil depth of 
20 cm will be achieved and the resulting reclaimed soil will consist of an upland soil with 
a land capability of Class 3 or 4. 
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• Access roads constructed on mineral soil:  Soil replacement will consist of 
evenly spreading all upper lift material (LFH and/or peat, plus A horizons) 
stockpiled within the ROW, resulting in a topsoil horizon of approximately 
20 cm, at a minimum. 

• Access roads constructed on peatlands:  Salvaged upper lift material from the 
ROW (peat and/or mineral) and/or imported upper lift material from other 
areas of the PDA will be placed over the disturbed areas.  During the removal 
of culverts, additional peat and mineral material will be available and applied 
to either side of the culvert excavation.  The peat material will be used as 
surface reclamation material and the resulting soil will consist of upland soils 
developed on island ridges or hummocks. 

 
1.4.5 Revegetation Plan 

The objective of the revegetation plan is the development of self-sustaining vegetation 
communities that are representative of the region and can support a diverse range of land 
uses such as wildlife habitat, traditional land use values, commercial forestry, recreation, 
and other uses (Figure 1-7). 
 
There has been research and monitoring of oil sands reclamation to identify 
environmental factors that influence the establishment of specific vegetation species and 
communities (e.g., predisturbance vegetation, surrounding vegetation, and type of 
disturbance).  The OSVRC (1998) Guidelines for Reclamation to Forest Vegetation in the 
Alberta Oil Sands Region will be used to develop planting prescriptions.  The 
revegetation plan proposed by Petro-Canada is based on the best available practices.  
Continued research and monitoring programs may result in advances in oil sands 
revegetation; thus, modifications to the revegetation plan may be made later. 
 
1.4.5.1 Revegetation Practices 

Revegetation of reclaimed surfaces is influenced by slope, aspect, soil type, nutrient and 
moisture regime and soil drainage conditions.  The types of vegetation communities 
which will successfully establish and develop under various combinations of these factors 
has been the subject of research and monitoring programs conducted over the last 25 
years in the oil sands region.  It is expected that natural succession into the developed 
areas will occur over time.   
 
Petro-Canada’s final vegetation communities will be determined based on consultation 
with First Nations to include TEK, multi-stakeholder groups (i.e., CEMA), and 
regulators.  As a result of ongoing consultation, Petro-Canada will consider the following 
land values and end land uses in their final reclamation: 
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• forest ecosystems that have the ability to support traditional uses such as  food 
gathering, wildlife harvesting, and trapping; 

• forest ecosystems that meet the criteria for a commercial forestry; 
• pre-development capability, productivity, and biodiversity within a stable 

landscape; 
• wildlife habitat for key species; and, 
• recreational opportunities. 

 
 
1.4.5.2 Biodiversity Potential 

Roads and wellpads constructed on wetlands (bogs and fens) – will be reclaimed to c and 
g ecosite phases.  Where borrow material has been removed, as well as peat material in 
some instances, ecosites in these areas will be reclaimed to shrubby poor fens, shrubby 
bogs, and/or shrubby marsh, depending on the surrounding ecosite communities and 
existing site conditions (e.g., whether or not peat has been removed and site drainage). 
 
The integrity of the fens and bogs around project facilities as practical will be preserved 
by maintaining surface drainage. In addition, increased sediment loading into bogs and 
fens from surrounding terrestrial landscapes will be minimized by controlling soil erosion 
by prompt revegetation of exposed soils with a rapidly establishing cover crop.  
 
Disturbances located on terrestrial landscapes will be reclaimed to the surrounding 
ecosite phase (e.g., a wellpad in a low bush cranberry, aspen ecosite phase (d1) would be 
reclaimed to a d1 ecosite phase). 
 
Seismic lines, pipelines, and utility lines where no fill material has been added will be 
reclaimed to the type of ecosite that is adjacent to the linear land uses (e.g., a seismic line 
in a wooded bog [BTNN] could be reclaimed to a BTNN). 
 
Since these reclaimed areas will be interspersed throughout the landscape and 
progressively reclaimed and revegetated, native flora and fauna are expected to re- 
colonize these areas.   
 
1.4.5.3 Revegetation Procedures 

The focus of the reclamation program is to encourage the re-colonization by native 
vegetation (OSVRC 1998).  The identification of reclamation target ecosite phases that 
are appropriate for end land uses influences the planting prescription.  Final planting 
prescriptions and end land uses will be determined based on consultation with regulatory 
authorities and stakeholders, which will include the Fort McKay Environmental Advisory 
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Group.  As such, detailed information on planting prescriptions will be provided in 
advance of reclamation. 
 
As a result of progressive reclamation, Petro-Canada will be able to monitor re-
vegetation success to ensure that the end land uses are achieved.  Additional reclamation 
efforts resulting from the monitoring will be implemented as necessary.   
Currently, Al-Pac is conducting a five-year study to develop best practices and 
procedures for wellpad construction and reclamation.  The primary focus of the study is 
revegetation to accelerate forest capability after disturbance.  Petro-Canada will also 
consult with Al-Pac to discuss the applicability of this study to their development and 
reclamation of wellpads within their lease. 
 
1.5 MONITORING 

The MRE reclamation operations will proceed in a phased manner, allowing for 
progressive reclamation of wellpads, roads, and facilities.  This development schedule 
will provide opportunities to monitor the reclamation procedures adopted to ensure the 
agreed upon reclamation end land uses objectives are being achieved.  It also provides an 
opportunity to integrate reclamation advances resulting from regional research (e.g., 
CEMA initiatives) and site-specific environmental monitoring programs to improve 
reclamation procedures.  
 
1.5.1 Reclamation Data and Reporting 

Petro-Canada submits an Annual Conservation and Reclamation Report that provides a 
summary of areas developed as well as reclaimed throughout the year.  Moreover, Petro-
Canada also reports on topsoil handling/movement, topsoil storage and condition.   
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GREENHOUSE GASES 

Petro-Canada’s McKay River Expansion Project (MRE) is expected to emit 500 
killotonnes per year of Greenhouse Gases (GHG) based on a production rate of 
40,000 barrels per day.  The existing McKay River Projects (MRE) emits 410 
kilotonnes per year of GHG based on a production rate of 33,000 barrels per day.  
The combined GHG for the MacKay River Development (MRD) are expected to 
approximate 910 kilotonnes per year based on a maximum production rate of 
73,000 barrels per day. 

During the construction phase of the MRE, GHG are estimated to be 120 
kilotonnes per year.  Equivalent GHGs of 120 kilotonnes per year are expected 
during decommissioning for the combined MRP, which includes the MRE. 

The MRE’s predicted GHG rate represents 0.48% of Alberta’s annual GHGs and 
the combined development (MRD) will contribute 0.9% of Alberta’s GHG, which 
is based on Alberta Greenhouse Gas Reporting Program 2003 Analysis (AENV 
2005).  Nationally, the MRE’s represents 0.055% and the MRD will represent 
0.12% of Canada annual GHG based on Environment Canada, 2004. 

The MRD is expected to emit 216 kilograms of CO2 equivalent per cubic metre of 
bitumen, which includes 119 kilograms of CO2 equivalent per cubic metre of 
bitumen produced for the MRE alone.  Other Steam-Assisted Gravity 
Developments (SAGD) in the region have estimated the GHG emissions to range 
from 380 to 670 kilograms of CO2 equivalent per cubic metre of bitumen. 

Petro-Canada is employing best-in-class technology, such as cogeneration of 
steam and electricity, to reduce GHG emissions at its existing MRP oil sands 
facilities.  A significant economic and environmental challenge is to reduce that 
natural gas requirement for thermal projects such as MRD.  Petro-Canada and 
many other companies are focused on this challenge, and investing in 
developing new technology options.  Specifically, the MRE central processing 
facility was designed to maximize natural gas efficiency, which will result in a 
reduction in GHG’s over the long-term.  Moreover, Petro-Canada will strive to 
seek new technologies to reduce GHG throughout the life of the MacKay River 
Project. 

Petro-Canada supports a Kyoto implementation plan that encourages investment 
in new technology in our own business.  Petro-Canada has made significant 
investments in leading edge energy technology both in our own operations, and 
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also in alternative energy technologies that are related to the fuels business.  For 
example, over $24 million in research and development funding for Iogen, an 
attractive alternative energy company, have been invested.  Iogen’s 
breakthrough cellulose ethanol technology offers a tremendous environmental 
advantage over conventional ethanol production.  Petro-Canada’s Montreal 
Refinery received the first commercial shipment of cellulose-ethanol from the 
Iogen demonstration plant in April 2004.  It was successfully blended into fuel 
sold at some Petro-Canada gas stations in the Ottawa area.   

Moreover, Petro-Canada also signed a MOU with Ballard and Methanex to 
cooperate in designing a refueling system for fuel cell vehicles.  This is a longer-
term initiative that could come into play in the future as fuel cell technology 
reaches the commercialization phase. 
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WATER ACT 

The Water Act section includes both Water Act applications and supporting 
documentation including the MacKay River Water Act License, industrial runoff, sanitary 
waste water management.   
 
Petro-Canada MacKay River Expansion Project is seeking approval, pursuant to the 
Water Act, for the following: 
 

1. New Water Act Application for Approval and License, pursuant to Section 50, for 
groundwater withdrawal 

2. Water Act Application for Approval, pursuant to Section 37, approval for the 
diversion of surface run-off 

 
Water Withdrawal 
 
Petro-Canada is applying for a New Water Act Approval and License for the withdrawal 
of water for the MacKay River Expansion Project.  The existing MacKay River Project 
License (License No.  00188229-00-00; File No. 60285) authorizes the diversion of 
511,000 m3 of water annually or 1,411 m3/day (Appendix II).  The MacKay River 
Expansion will require an additional water usage of 2,400 m3/day with a peak water 
usage of 3, 600 m3/day to accommodate start-up and upset conditions.  The total 
average water usage for both MRP and MRE combined is 3,811 m3/day and an average 
annual water usage of 1,400,000 m3. If a water license is granted for both the MRP and 
MRE, Petro-Canada will submit a summary of the groundwater monitoring data 
completed to date.   Additional information on groundwater is provided in Volume IIB, 
Section 2. 
 
Diversion of Surface Run-off 
 
Petro-Canada is seeking approval to divert 207 m3/day of surface run-off to the storm 
water retention pond.  The design criteria for industrial runoff are provided in Appendix II. 
Water will be tested before being released.  Additional information on surface water 
quantity is provided in Volume IIB, Section 3. 
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Form GA1 (September 2002) 

Documents or information provided to Alberta Environment pursuant to section 15(1)(a) of the Water 
(Ministerial) Regulation are public records and are accessible by the public. 
 
Check one or more of the following to indicate type of application: 

Diversion of water   Renewal of a licence   Constructing Works   

Applicant: 
Print Name and Company Name (if applicable): 

     Petro-Canada 
Home Telephone: 

      
Bus. Telephone: 

(403) 296 - 8000      

Address (Street, PO Box, etc.): 

     P.O. Box 2844 
Place, Province: 

Calgary, Alberta 
Postal Code: 

     T2P 3E3 
Fax: 

(403) 296 - 5374      

Are you the registered landowner?  Yes   No   If no, please attach a copy of the consent from the landowner. 

Consultant, Signing Authority, or Applicant’s Representative (if applicable): 
Print Name and Company Name (if applicable): 

      
Home Telephone: 

(   )       
Bus. Telephone: 

(   )       

Address (Street, PO Box, etc.): 

      
Place, Province: 

      
Postal Code: 

      
Fax: 

(   )       

Contact Person if not shown above: 
Print Name: 

     James Fong 
Telephone: 

(403) 296 - 5142 
Fax: 

(403) 296 - 6732 

 
Project Description: 
 
Tentative Starting Date:      October  2009  Duration of Construction/Development: October 2006  
(if applicable) 

Duration of Water Diversion/Use:      25 Year  
 
Provide a detailed description including location of works and activities relating to the project and attach plans: 

Petro-Canada is applying for a new water licence to withdraw 948,000 m3/year for the MacKay River  

Expansion Project. 

      

      

      

      



 

Form GA1 (September 2002) 

Affected Water Sources (Location of Works and Activities): 

Surface Water (if only constructing works, complete the first two columns): 

Source (e.g. lake, stream, or 
name of source, if known) 

Diversion/Activity Location 
 

¼       sec      twp       rge       m 

Annual 
Quantity 

 
(cubic metres) 

Rate of 
Diversion 

 
(show units) 

Is Construction 
or Development 

Required? 
(Yes or No) 

Purpose 

1.                                     

2.                                               

3.                                               

Groundwater: 

Date Well Drilled or 
proposed drilling date 

Well (proposed) Locations 
 

¼       sec       twp      rge     m 

Total 
Depth 

(metres) 

Production 
Interval 
(metres) 

Pumping 
Rate 

(show units) 

Annual 
Quantity 

(cubic metres) 
Purpose 

Birch Channel (Vo. IIA 
Figure 2-2) 

                             948,000 m3 Source Water 

                                               

                                               

 
Please attach a separate sheet if you wish to provide more information. 
 
Statement of Confirmation: 
 
The information given on this form is true to the best of my knowledge. 

December 1,  2005  James H. Fong      Petro-Canada 
Date of Signing Signature Print Name Company Name 

(if applicable) 

Return the completed form to an Alberta Environment Regional office nearest you: 
Northern Region, Peace River 
Bag 900–5 Provincial Building 
9621 – 96 Avenue 
Peace River, AB T8S 1T4 
Telephone (780) 624-6167 
Fax: (780) 624-6335 

Northern Region, Edmonton 
Twin Atria 
111, 4999 – 98 Avenue  
Edmonton, AB   T6B 2X3 
Telephone: (780) 427-5296 
Fax: (780) 427-7824 

Spruce Grove 
250 Diamond Avenue              
Spruce Grove   AB   T7X 4C7 
Telephone: (780) 960-8600 
Fax: (780) 960-8605 
 

Central Region, Red Deer 
304, Provincial Building  
4920 - 51 Street 
Red Deer, AB   T4N 6K8 
Telephone: (403) 340-7052 
Fax: (403) 340-5022 

Southern Region, Calgary 
2938 - 11 Street, NE 
Calgary, AB   T2E 7L7 
Telephone: (403) 297-6582 
Fax: (403) 297-2749 

2nd Floor, Provincial Building
200 - 5 Avenue, South 
Lethbridge, AB   T1J 4L1 
Telephone: (403) 382-4254 
Fax: (403) 381-5337 

(call the Regional office for the location of area offices) 

 

OFFICE USE: 

File Number: 

 

Fee Receipt Number: 

 

Application ID: 

Operation ID: 

Notice Information: 

 

Application Completion Date: 

 

Priority Number: 
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INDUSTRIAL RUNOFF  

Design and operation of the sanitary (sewage) water treatment system for the 
construction camp and for normal operation of the Central Processing Facility will 
be handled through separate systems.  

Design Criteria 

Design criteria for the MacKay River 2 Project Storm Water Retention Pond is 
summarised below: 

 One in 25-year storm with 24-hour duration for estimating required 
storage volume 

 15-minute peak intensity storm for estimating peak run-off rate 

 Run-off coefficient of 0.55 

 Rainfall data from Environment Canada for Fort McMurray 

 3:1 interior side slopes for pond design 

 Pond depth includes 0.5m of freeboard. 

 Clay or synthetic pond liner (requirement to be determined during detailed 
design) 

 Submerged suction/drain to prevent the discharge of suspended solids 

 Contained Plant run-off area includes plant process and storage area; 
does not include (1) the area north of the main access road, which 
contains the warehouse, camp and office and (2) the existing MacKay 
River 1 communications tower, office and warehouse (south of the 
proposed MacKay River 2 development area).  

 One 6-inch PVC monitoring well for leak detection 
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Sizing Criteria 

Run-off Data 

The criteria for sizing the pond is based on a controlling case of the one-in-25 
year storm rainfall records as determined from Environment Canada records for 
Fort McMurray.  The pond inflow system design is further determined by the 15-
minute peak intensity rainfall as determined from Environment Canada records 
for Fort McMurray.  These criteria are as follows: 

 Peak Intensity rainfall - 13 mm in 15 minutes 

 One-in 25-year rainfall - 89 mm in 24 hours  

 Contained Plant run-off area 700 meters x 500 meters 

Run-off Volume Calculation 

The run-off volume calculation uses the run-off area, the controlling-case rainfall 
and a run-off coefficient to determine the minimum containment volume required.  
The minimum pond volume is therefore: 

 Vmin = (700m x 500m) x 0.089m x 0.55 

 Vmin = 17,133 m3 
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SANITARY WASTE WATER (SEWAGE) MANAGEMENT 

Design and operation of the sanitary (sewage) water treatment system for the 
construction camp and for normal operation of the Central Processing Facility will 
be handled through separate systems.  

The supplier of the construction camp will be responsible for design, installation, 
operation and maintenance of the camp sewage treatment systems and this 
system will be the subject of a separate application for approval of the treatment 
system. 

Design of the sanitary wastewater collection, treatment and disposal system for 
the MacKay River Expansion Project Central Processing Facility is based on the 
following: 

a. There will be approximately 70 operations and maintenance people on 
the system. 

b. Volume of sewage discharge per unit time is based on a design rate of 90 
litres per person, or 6,300 l/d (6.3 m3/d, will design for 8 m3/d). 

c. The sanitary treatment system design will consist of lift stations and an 
underground sewage piping system to service the various sanitary waste 
locations.  Sanitary waste will be transported to a septic tank for 
treatment.  

d. The septic tank overflow will to a sewage percolation field, which will be 
constructed in accordance with the Alberta Municipal Affairs Handbook – 
Alberta Private Sewage Systems Standard of Practice.  This design 
practice shows a grade-level sanitary tile field built within 300mm depth of 
sand and 300 mm depth of gravel mounds.  These mounds are covered 
with geotextile and 600 mm of loamy sand.  The loamy sand is covered 
with 100m of topsoil.  Loamy sand and topsoil cover is graded to a 1 in 4 
slope from the sanitary tile field. 

e. The sanitary waste collection and treatment system will meet the 
requirements of the Plumbing Inspections Branch of Alberta Labour.  
Application for approval will be made during detailed engineering design.  
An overview of the conceptual design for the proposed treatment system 
is attached for reference (APEC Drawing No. APEC022-45-CIV-00-002. 
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f. Periodically, sewage sludge will be vacuumed from the sanitary water 
septic treatment tanks.  This sludge will be trucked to an approved 3rd 
party sewage treatment facility. 
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1. INTRODUCTION 

Petro-Canada initiated a public consultation program for the MacKay River 
Expansion (MRE) in April 2004.  The consultation program was designed to 
identify and address stakeholder concerns specific to the proposed 
expansion.  Specifically, the objective of the consultation was to communicate 
with those members of the public who may be affected by the MRE and to 
provide those stakeholders with an opportunity to participate in the 
environmental and socio-economic impact assessment process. The 
following describes the consultation process that was undertaken for the 
MRE.  In addition, this section will highlight some of the ongoing consultation 
initiatives that Petro-Canada has established as part of its existing MacKay 
River Project (MRP). 
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2. PETRO-CANADA’S COMMITMENT TO 
CONSULTATION 

Petro-Canada is committed to early and meaningful consultation with all 
parties who may have an interest in or be affected by Petro-Canada’s 
operations.  Petro-Canada is committed to consulting with its stakeholders, 
including community representatives and regulators, in a proactive manner, 
believing those affected should be informed of the potential impacts of a 
particular activity and be given the opportunity to be engaged in a meaningful 
way.  Consistent with that position, Petro-Canada recognizes that 
consultation is an integral part of preparing effective environmental and socio-
economic impact assessments.  Stakeholder input has been and will continue 
to be an important part of Petro-Canada’s planning.    

The MRE consultation process attempted to build upon the stakeholder 
relationships developed during the MacKay River Project consultation 
activities. Petro-Canada’s purpose was, at that time, and continues to be, to 
further enhance community relationships by addressing environmental and 
socio-economic concerns raised by stakeholders early on in the planning 
process.  

2.1 STAKEHOLDER CONSULTATION STRATEGY 

Petro-Canada’s Corporate Stakeholder Consultation Strategy can be 
described as follows: 

Building and maintaining principled relationships with all of our stakeholders 
is a priority.  

Stakeholder engagement takes time, transparency, two-way communication 
and a willingness to listen. We actively seek input from stakeholders through 
open house events, face-to-face meetings, workshops, presentations, 
community newsletters, Web site information, and participation in local and 
regional initiatives. 

All operating areas are responsible for developing proactive stakeholder 
interaction plans and integrating these into their business activities. 

This strategy was used for the MacKay River Project and is also being used 
for the MRE consultation process. Petro-Canada maintains an office in Fort 
McMurray. Its consultation activities are carried out by senior community and 
environmental affairs personnel located in the region.  Local personnel are 
supported by Oil Sands Environmental, Health, Safety and Community 
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Affairs staff, as well as senior project management and project personnel 
located in Calgary.  

Petro-Canada has also developed a framework for stakeholder management 
and input.  The framework aligns corporate and project polices and 
strategies with the interests and concerns of stakeholders.  The framework is 
a fully integrated and informative process, which includes the following 
steps:   

1. Identify stakeholders who may have a specific interest or concern in a 
project.  

2. Consult with those stakeholders to understand respective interests, 
concerns and expectations. 

3. Develop strategies and approaches to address stakeholder interests 
and concerns. 

4. Develop plans to address stakeholder interests and concerns. 
5. Deliver plans to stakeholders for review and possible further revision 

by stakeholders. 
6. Review and revise plans with stakeholders.   
7. Follow up with ongoing communication with stakeholders over 

intentions and progress on specific initiatives. 

Work processes have been developed to capture the outcomes of ongoing 
stakeholder discussion as well as to track and communicate progress on 
commitments made to specific stakeholders.  These are outlined in the 
document entitled “Oilsands Stakeholder Information Management Process” 
(Appendix I). 

2.2 DISTRIBUTION OF REGULATORY DOCUMENTS 

The distribution of regulatory documents related to the MRE Project included 
a Public Disclosure Document (PDD) and a proposed draft Terms of 
Reference for the Environmental and Socio-Economic Impact Assessments. 
The release of these documents in June 2005, were advertised in the major 
newspapers in Calgary, Edmonton, Fort McMurray and in the Sweetgrass 
newspaper, an Aboriginal newspaper distributed in Alberta.  Both documents 
were also available in the Fort McMurray Public Library and at the Oil Sands 
Discovery Centre and were mailed to a number of stakeholders identified as 
potentially interested in the MRE, from either an environmental or socio-
economic perspective. The documents remain publicly available on Petro-
Canada’s website at www.petro-canada.ca. 
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2.3 CONSULTATION ACTIVITIES 

Consultation began before construction of the existing MacKay River Project. 
As part of this consultation, in May 2000, Petro-Canada signed an 
environmental agreement with the Fort McKay First Nation and an 
environmental operating protocol with the Athabasca Chipewyan First Nation 
(ACFN).  

Petro-Canada has consulted with the following stakeholders: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

• 

• 

• 

• 

• 

The Community of Fort McKay  
Potentially impacted trappers  
The Athabasca Chipewyan First Nation  
The Mikisew Cree First Nation  (MCFN) 
The Fort McMurray First Nation 
Oil Sands Environmental Coalition (OSEC)  
The Regional Municipality of Wood Buffalo (RMWB) 
Regional Issues Working Group (RIWG)  
Alberta Energy and Utility Board (AEUB)  
Alberta Environment (AENV) 
Multi-stakeholder environmental groups including the Wood Buffalo 
Environmental Association (WBEA), Cumulative Environmental 
Management Association (CEMA) and the Regional Aquatic 
Monitoring Program (RAMP).  
MICA (Metis Industry Consultation Office)  

The MRE consultation activities included the following: 

“Early Disclosure” meetings with stakeholders were held in April and 
May 2004 to outline Petro-Canada’s strategy for Steam Assisted 
Gravity Drainage (SAGD) development in the Athabasca Oil Sands 
Region.  
Meetings were held with potentially impacted trappers in May 2004 to 
explain the project, to involve trappers in environmental baseline data 
collection and to discuss potential impacts of the MRE on traplines. 
Opportunities were provided through the Fort McKay IRC to the 
trapline holder and other community members to participate in 
baseline data collection field activities beginning in May 2004 and 
extending through June 2005. 
Met with Fort MacKay IRC in Sept 2004 to present the conceptual 
project design. 
An Elders workshop and a community open house were held in Fort 
McKay on January 19th, 2005.  These events provided information 
about the project, the activities that were being undertaken to assess 
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the project, and information regarding Petro-Canada’s corporate 
investment activities.  These sessions provided attendees an 
opportunity to document their concerns about the proposed 
expansion.  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

A site tour of the existing MRP was provided to the RCMP Inspector 
and staff, RMWB Fire Chief and RMWB Director Emergency 
Management to discuss emergency response matters in March 2005. 
Petro-Canada provided a project update and information to the Metis 
Locals through the Metis – Industry Consultation Office on May 3, 
2005 at the MICA monthly meeting. 
Petro-Canada hosted an open house, presentation and information 
sharing session with the Elders from Fort McKay on May 17th, 2005. 
Petro-Canada hosted an open house in Fort McKay for all community 
members on May 17th, 2005 
Petro-Canada participated in ACFN and MCFN Elders meetings on 
April 7, 2005 with the ACFN Elders and on July 4th with the MCFN 
Elders both meetings were in Fort Chipewyan and were designed by 
the First Nations. These meetings were held so oil sands developers 
and Elders could discuss and understand the Elders’ environmental 
and socio-economic issues. 
An opportunity was provided to the Fort McKay FN, ACFN and MCFN 
Industry Relations Corporations (IRCs) to review and comment on the 
proposed TOR.  The formal review period was June to August of 
2005. 
Newsletters and other written materials were published in April 2004 
and September 2005 (Appendix II) to provide details on Petro-
Canada’s growth plans Including the MRE. 
Petro-Canada provided an article for the MCFN IRC Bulletin in 
September 2005. (Appendix III). 
An open house was held in Fort McMurray in September 21, 2005.  
Invitations were mailed to all identified stakeholders, posters were 
displayed at local venues, including NAABA, the Chamber of 
Commerce, the Golden Years Senior Center, and announcements 
were placed in the Ft. McMurray Today, the Alberta Windspeaker, and 
the Metis Matters newspapers.  This open house provided attendees 
the opportunity to document their concerns about the proposed 
expansion activities. 
Petro-Canada provided an article for the Fort McKay IRC 2005 Annual 
Company Review. 
Provided regular updates to regional multi-stakeholder environmental 
groups (2004 and 2005).  
Petro-Canada provided a site tour to the Fort McKay Elders 
Reclamation Committee. 
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3. STAKEHOLDER CONCERNS 

The following provides a list of key stakeholder concerns that were raised 
during the consultation process.  Table 1 references the section in the EIA 
where these stakeholder concerns are addressed. 

3.1 ENVIRONMENTAL CONCERNS 

Environmental concerns identified during the MacKay River Expansion 
consultation process included: 

• 
• 
• 
• 
• 
• 

• 
• 
• 

• 
• 

• 
• 
• 

• 

Groundwater use. 
Changes in the MacKay River Project water license.  
Impact of development on traditional lands of Aboriginal peoples. 
Environmental impact of the increased footprint. 
Site drainage. 
Cumulative environmental impacts of oil sands development. 

3.2 CONSULTATION CONCERNS 

Consultation concerns expressed during the MacKay River Expansion 
consultation process included: 

Commitment to on-going consultation. 
Ongoing consultation with regional IRCs. 
The need to establish, maintain and update traditional environmental 
knowledge, socio-economic and environmental agreements, and 
action plans for these agreements. 
Follow up on commitments. 
Communication of the project in layperson terms.  

3.3 SOCIO-ECONOMIC CONCERNS 

Socio-Economic concerns expressed during the MacKay River Expansion 
consultation process included: 

Business opportunities for Aboriginal companies. 
Presence in the community by Petro-Canada personnel. 
Need for community investment to offset project-specific and 
cumulative social impacts. 
Early disclosure of development plans so planning can take place in 
timely fashion. 
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• 

• 

Planning development activities during non-peak periods of 
development. 
Participation by Petro-Canada staff in community events. 

Table 1 Stakeholder Concerns and Responses by Application Section 

Concerns Response by Application/EIA Section 
Environmental Concerns 
Groundwater usage Volume IIB, Section 2 Ground Water 
Changes in the MacKay River Project water 
license  

Volume IIB, Section 3 Water Quantity, Volume 
I Water Act Appendix I 

Impact of development on traditional lands of 
Aboriginal peoples 

Volume IIC, Section 1 Traditional Land Uses 

Environmental impact of the increased 
footprint of the existing project 

Volume IIC, Sections 1-7 Terrestrial 

Site drainage Volume IIB, Sections 2 Water Quantity 
Cumulative environmental impacts of oil 
sands development 

Volume IIA, Volume IIB, Volume IIC (Air, 
Noise, Health, Water and Terrestrial Sections) 

Consultation Concerns 
Commitment to ongoing consultation 
 

Volume IIIB, (Petro Canada’s Response to 
SEIA) 

Participation in regional IRCs 
 

Volume IIIB, (Petro Canada’s Response to 
SEIA) 

The need to establish, maintain and update 
traditional environmental knowledge, socio-
economic and environmental agreements, 
and action plans for these agreements. 

Volume IIC, Section 7 Traditional Land Use 

Follow up to commitments 
 

Volume IIIB, (Petro-Canada Response to 
SEIA) 

Information about the project to be explained 
in terms a layperson can understand 

Volume IIC, Section 7 Traditional Land Use 

Socio-Economic Concerns 
Business opportunities for Aboriginal 
companies 

Volume IIIB Petro-Canada Response to SEIA 

Presence in the community by Petro-Canada 
personnel 

Volume 1C 
 

Need for community investment support to 
offset project-specific and cumulative social 
impacts 

Volume IIIB Petro-Canada Response to SEIA 
 

Early disclosure of development plans and 
timely provision of updates so planning can 
take place in timely fashion  

Volume IIIA, SEIA 

Planning development activities during non-
peak periods of development 

Volume IIIB Petro-Canada Response to SEIA 

Support for and participation by Petro-
Canada staff in community events 

Volume IIIB Petro-Canada Response to SEIA 
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4.  FUTURE CONSULTATION 

Petro-Canada will continue to work with stakeholders to address the socio-
economic and environmental impacts of the MRE to ensure:  

• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 
• 
• 

Timely and transparent disclosure of information regarding social and 
economic impacts related to the project  
Stakeholders have an opportunity to review, comment and offer 
suggestions or additional information regarding issues, challenges 
and opportunities related to the development 
Individual and community concerns regarding the impacts on 
individuals, communities and infrastructure are considered: and  
Stakeholders are consulted and given an opportunity to raise 
concerns throughout the life of the MRE.  

Petro-Canada’s proposed future consultation activities include:  

A meeting with Elders of the ACFN in December 2005 to provide an 
update on the MRE and to address questions and issues they may 
have related to the MRE.  
A meeting with Elders of the MCFN in December 2005 to provide an 
update on the MRE and to address questions and issues they may 
have related to the MRE. 
A meeting to provide an update on and to address questions and 
issues related to the MRE with Elders of the Fort Chipewyan Metis 
Local in November 2005 
An open house in Fort Chipewyan in December 2005.  
A meeting with the RMWB’s Resource Development Review 
Committee to provide an update on the MRE and to address any 
issues that have arisen since the last meeting.  
Discussions regarding socio-economic, environmental and traditional 
knowledge agreements with Fort McKay, ACFN and MCFN as a 
means to ensure effective, long-term consultation, to address issues 
raised as part of the technical reviews and to enhance the working 
relationship between Petro-Canada and these communities.  
Ongoing consultation with a Fort McKay Elders Environmental 
Advisory Group on the MacKay River development.  This work will 
include a tour of the facilities in November 2005. 
Continue to consult with Fort McKay, ACFN and MCFN IRCs to 
develop traditional environmental knowledge agreements. 
Continue to provide updates to CEMA, RAMP and WBEA. 
Consult with adjacent lease holders.  
Continue to meet with and provide updates to OSEC. 
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• 

• 

Continue to publish timely and relevant written materials to 
supplement Petro-Canada’s face-to-face consultation activities. 
At least two more project updates / open houses with Fort MacKay 
First Nation Elders and IRC in 2006. 
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MACKAY RIVER PROJECT AND
EXPANSION

Petro-Canada is the operator of the MacKay River Steam
Assisted Gravity Drainage (“SAGD”) production facility located
approximately 45 km northwest of Fort McMurray and 20 km
southwest of Fort MacKay.

SAGD technology involves the use of two directionally
drilled horizontal wells, which penetrate the oil sands reservoir
at approximately 300 metres below the surface. The upper well
introduces steam into the oil sands formation to heat and
liquefy the bitumen. The bitumen is then pumped back up to
the wellhead (on the surface wellpad) and then piped to the
central plant.

Surface impact related to the SAGD process is greatly
reduced in comparison to conventional oil sands mining
operations since the bitumen recovery process occurs almost
entirely underground. Surface facilities are limited to the well
pads, the above ground piping and all-weather access roads
connecting the pads to the central processing facility, and the
central plant facility itself.

The MacKay River SAGD facility has been in production for
two years and is licensed for production of 33,000 barrels per
day (bpd) of bitumen. Petro-Canada currently produces from
2 well pads, each about 20 acres in size. The total development
will involve a Principal Development Area of about 12 sections
over the life of the Project.

Petro-Canada is evaluating the potential to increase the
project production by 30,000 to 40,000 bpd, to reach a total
production of up to 73,000 bpd, subject to successful bitumen
resource evaluation efforts currently underway and to
regulatory approval. These efforts are focused south and north
of the currently approved development area on the Petro-
Canada leases. Preliminary engineering work is underway to
determine the feasibility of this proposed expansion. Petro-
Canada is also completing Environmental and Socio-
Economic Impact Assessments so that the company,
stakeholders and regulators can assess the implications of an
expansion and provide input into project development. Petro-
Canada may submit applications for regulatory approval for
the proposed expansion by the 4th quarter of 2005.

THE FORT HILLS PROJECT
True North Energy applied for and in 2002 received

government approvals to produce 190,000 bpd of bitumen
production by surface mining at the Fort Hills site.

In July 2004, UTS purchased the Fort Hills project from True
North Corporation became the owner of the Fort Hills project.
In March 2005 a partnership was formed between UTS and
Petro-Canada (Fort Hills Energy Corporation) in order to
develop the Fort Hills site. The two companies acquired a third
partner, Vancouver-based mining company Teck Cominco, in
September 2005. The agreement remains subject to applicable
governmental and regulatory approvals. Petro-Canada intends
to remain as Fort Hills project operator with its 55% stake. The
newly formed partnership will continue reviewing the project
schedule to determine the most effective means of bringing the
production on-stream.

Update of Petro-Canada’s Oil Sands ActivitiesUpdate of Petro-Canada’s Oil Sands Activities
September 2005

MacKay River Project

Current Principal Development Area (PDA)
Expanded PDA
Current MacKay River Plant and Existing Pads
Future Development for Proposed MacKay River Plant
Future Development for Existing MacKay River Plant



The BITMIN Process: The current plan is to build a
BITMIN process demonstration plant on the Fort Hills site. The
advantage to this process, compared to conventional oil sands
mining operations is: 

• reduced water consumption 
• reduced tailings ponds size (leading to faster reclamation)
• reduced energy consumption and air emissions, and
• a reduced “footprint” overall
The BITMIN process is being tested to determine its

commercial viability. Processing of 300 tonnes per day of oil
sands is planned to begin in October of 2005. Testing may last
for up to 12 months. This test will be located within the former
Solv-Ex Corporation footprint (adjacent to Highway 63) in
order to minimize costs and environmental impact.

COMMUNITIES AND STAKEHOLDERS
Petro-Canada, as a new partner and the operator of the Fort

Hills project, will work towards improving our relationships
with the communities and the stakeholders in the region.  We
will work closely with the IRCs, Chiefs and Councils, Métis
Locals and the communities to provide and update news
and information. Petro-Canada wants to ensure that those
affected by Petro-Canada's activities understand the nature,
implications and opportunities associated with our projects.
Those who wish to will be given the opportunity to make
informed comment on items that may be of interest or concern. 

Petro-Canada will ensure that social and business
opportunities are communicated in the same way. Petro-
Canada wants to assure that those who may potentially benefit
are aware of opportunities that will arise.  

Petro-Canada is establishing the McClelland Lake Wetland
Sustainability Committee to assist with the development of an
operational plan which will maintain the protected portion of
the wetland.  Petro-Canada is inviting representatives from Fort
Chipweyan and Fort MacKay to participate on the committee.
The committee will be operational in coming months.

BUSINESS OPPORTUNITIES
Petro-Canada uses the REDLINK Local Work Opportunity

Process for business opportunities whenever possible. REDLINK
was set up through the Fort McMurray Chamber of Commerce
and NAABA. Petro-Canada also contacts individual IRC's when
opportunities for employment arise to ensure that the IRC can
contact appropriate individuals. Petro-Canada also advises the
IRC's of business opportunities in order that potential bidders
are made aware of those opportunities. Petro-Canada makes
decisions involving the purchase of goods and services on the
basis of price, quality, quantity, delivery, service, reputation, and
local content, as well as the ethical, environmental and safety
record of suppliers.

FURTHER INFORMATION

Additional information can be found on our website, at
www.petro-canada.ca, or by calling us toll-free at:
1 (866) OIL-SAND (645-7263). 

You can also contact Sheri Pidhirney, Petro-Canada's Aboriginal Affairs 
Advisor, by phone at (780) 714-5672 at the
Petro-Canada Ft. McMurray office, 9902 Franklin Avenue.

printed on recycled paper
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