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Section P.1
 PREFACE 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 EXECUTIVE SUMMARY 

 
P.1.1 PURPOSE 

Shell Canada Limited (Shell) is applying to the Energy Resources Conservation 
Board (ERCB) and Alberta Environment (AENV) for approval to construct, 
operate and reclaim a proposed 12,600 m3/d (80,000 bbl/d) in situ oil sands 
commercial scheme development, known as the Shell Peace River In Situ 
Expansion Carmon Creek Project (the Carmon Creek Project or the project). 

P.1.2 PROPOSED PROJECT 

P.1.2.1 Project Location 

The proposed development will be located in Northern Sunrise County, west of 
the fifth meridian (W5M), in Townships 84 and 85, Ranges 17, 18 and 19, about 
40 km northeast from the Town of Peace River. 

P.1.2.2 Development Strategy 

Shell has conducted extensive tests of resource recovery technology at the Peace 
River Complex and has determined that a vertical steam drive (VSD) thermal 
recovery process along with cyclic steam stimulation (CSS) is the optimal 
thermal technology for this area. 

A resource development area has been defined where Shell plans to progressively 
develop field facilities capable of supporting a bitumen processing capacity of 
12,600 m3/d (80,000 bbl/d). About 95 well pads and two central processing 
facilities to process bitumen will be required over the project’s 35-year operation. 

The project will increase bitumen production capacity from Shell’s existing 
Peace River operations from 2,000 m3/d (12,500 bbl/d) to 12,600 m3/d 
(80,000 bbl/d) at peak production. 

This development strategy will, where practicable: 

• optimize the use of predisturbed sites 

• result in reclaiming well pads when they are no longer required and before 
project abandonment, thus minimizing the total development footprint during 
operations 
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P.1.2.3 Major Facilities 

The expansion involves constructing: 

• two central processing facilities (CPF 1 and CPF 2), each with a capacity of 
6,300 m3/d (40,000 bbl/d), including facilities for: 

• separating and treating bitumen 
• produced water treatment, separation and deoiling 
• produced water and saline groundwater treatment 
• steam and electricity generation, including power export facilities 
• regeneration wastewater and produced water disposal systems 
• produced gas treatment and acid gas disposal 

• thermal injection wells and production wells 
• disposal wells for acid gas and wastewater 
• utilities and infrastructure, including tankage 

Within the initial development area, 810 wells will be drilled from 18 well pads. 
Additional wells and facilities will be added throughout the resource 
development area to maintain the combined throughput of the two CPFs. 

Diluted bitumen (dilbit) from the CPFs will be transported by an existing pipeline 
for loading into the Rainbow Pipeline. 

P.1.2.4 Resource Base 

The five oil sands leases that constitute the resource development area are 
estimated to contain 0.78 billion m3 (4.9 billion bbl) of bitumen. The bituminous 
resources are contained within the Bluesky Formation in a reservoir about 600 m 
deep, and are recoverable using VSD technology. 

P.1.3 DEVELOPMENT SCHEDULE 

A conceptual development schedule has been prepared for the project. The 
precise timing of the construction and operation of the project is subject to 
considerations, such as the timing and outcome of relevant regulatory approval 
processes, market conditions and project costs. 

P.1.4 COMMUNITY CONSULTATION 

An extensive consultation program has been conducted with stakeholders in the 
Peace River area for the ongoing initiatives associated with Shell’s existing 
Peace River operations and, since late 2004, for the project. A focused effort has 
been made to work closely with stakeholders in the communities surrounding the 
resource development area to understand their issues and concerns. This includes 
the Town of Peace River, the hamlets of St. Isidore and Marie Reine, the Village 
of Nampa, settlements at Cadotte Lake and Little Buffalo, and the Town of 
Grimshaw. 
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Community input to the project’s design has been actively solicited through a 
variety of means. In addition to holding open houses and stakeholder meetings, 
project-specific literature, including a project brochure, information packages and 
a comprehensive annual newsletter, were distributed to update stakeholders on 
Shell’s activities. Feedback from consultation has been incorporated into the 
project design. 

Shell has also consulted with other industry operators and resource developers in 
the Peace River region. 

P.1.5 ENVIRONMENTAL IMPACTS 

P.1.5.1 Biophysical and Socio-Economic Impact Assessment 

A detailed environmental impact assessment (EIA), including an assessment of 
biophysical and socio-economic impacts and mitigation, was conducted for the 
project. Stakeholders provided input to the scope of the assessment and their 
input was considered in the project design. The EIA concluded that there would 
be no unacceptable environmental or socio-economic effects, if the proposed 
mitigation and monitoring are undertaken. 

P.1.5.2 Conceptual Conservation and Reclamation Plan 

A conceptual Conservation and Reclamation Plan has been developed and is 
provided in the EIA. The plan describes the general mitigation measures to be 
taken throughout the life of the project, and specific mitigation measures to be 
applied during the construction, operations and closure phases. Reclamation will 
be progressive throughout the life of the project. 

The reclamation plan focuses on conserving soil and reducing surface 
disturbance. 

P.1.6 INDUSTRIAL BENEFITS 

The project will contribute to the Alberta economy through expenditures for 
goods and services, employment and business opportunities, taxes and royalties. 
The estimated on-site workforce will peak at just over 1,100 during construction 
of each CPF. 

The Peace River Complex currently employs about 100 people. Once fully 
operational, the project will create on average about 400 person-years of 
employment as follows: 

• 165 full-time Shell employees operating the CPF 1, CPF 2, and field 
facilities 

• 30 person-years of employment for contractors supporting plant operations 

• 100 person-years of employment for contractors building replacement pads 
and field infrastructure 

• 105 person-years of employment for drilling contractors 
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 PREFACE 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 GUIDE TO THE APPLICATION 

 
P.2.1 SCOPE 

Shell’s applications for ERCB and AENV approvals to commercially develop the 
Carmon Creek Project have been integrated to: 

• reduce duplication, particularly for project descriptions 

• make the review of the application as efficient as possible for regulators and 
the public 

The application is presented in two volumes: 

• Volume 1: Project Description, which: 

• identifies the specific approvals being sought 
• provides information on the existing Peace River Complex operations 
• describes the technical basis for the proposed project 
• describes the public consultation program undertaken for the project 
• summarizes the results of the biophysical and socio-economic impact 

assessments 

• Volume II: Environmental Impact Assessment, which consists of four parts: 

• Part A – Air, Climate, Noise and Human Health 
• Part B – Aquatic Resources 
• Part C – Terrestrial Resources 
• Part D – Socio-Economics, Cultural Resources and Land Use 

P.2.2 REGULATORY SOURCE DOCUMENTS USED 

The application has been prepared according to the requirements outlined in: 

• ERCB Directive 023: Guidelines Respecting an Application for a 
Commercial Crude Bitumen Recovery and Upgrading Project, September 
1991 

• AENV: EPEA Approvals and Registrations Procedure Regulation 
Applications for Sour Gas Processing Plants and Heavy Oil Processing 
Plants – A Guide to Content, September 1999 
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P.2.2 REGULATORY SOURCE DOCUMENTS USED (cont’d) 

• AENV: Final Terms of Reference, Environmental Impact Assessment (EIA) 
Report for the Proposed Shell Canada Limited Peace River In Situ 
Expansion Carmon Creek Project. July 2009 

P.2.3 CONCORDANCE WITH REQUIRED INFORMATION 

The information required by the ERCB, and the location of the required 
information, are cross-referenced in: 

• Table P-1: Information for ERCB Directive 023 

The information required by AENV, and the location of the required information, 
are cross-referenced in: 

• Table P-2: for the AENV Application for Sour Gas Processing Plants and 
Heavy Oil Processing Plants 

• Table P-3: AENV EIA Final Terms of Reference 

Table P-1: Information for ERCB Directive 023 

ERCB 
Directive 023 Information Required 

Volume and 
Section 

1.1 Project summary, objectives and approvals requested Vol. I, Sec. 1 
1.5.1 Act and section under which application is made Vol. I, Sec.1.5 
1.5.2 Name and address of applicant Vol. I, Sec.1.5 
1.5.3 Statement of need for and timing of the project Vol. I, Sec.1.1 
1.5.4 Scheme description: location, size, scope, schedule, pre-construction, start-up, 

duration and reasons for proposed schedule 
Vol. I, Sec.1.1 

1.5.5 Description of the regional setting with reference to existing and proposed land 
use 

Vol. I, Sec.1.1 

1.5.6 Map of surface and subsurface leaseholds Vol. I, Sec.1.5 
1.5.7 Map of existing developments Vol. I, Sec.1.1 
1.5.8 Aerial photo of proposed development area with locations of project components Vol. I, Sec.1.1 
1.5.9 General description of storage and transportation facilities for dilbit, including 

pipeline size and ownership 
Vol. I, Sec.7.4 & 
8.2 

1.5.10 Proposed rate of production over project life Vol. I, Sec.1.1 
1.5.11 Description of oil sands owned or leased Vol. I, Sec.1.1 
1.5.12 Description of status of negotiations with the free-hold, leasehold and mineral 

surface rights owners 
 

1.5.13 Description of proposed energy sources, alternative sources, rates of use, and 
supply sources 

Vol. I, Sec.6.4, 
7.1, 7.2, 8.2 & 
12.2 

1.5.14 Results of public information programs Vol. I, Sec.9.4, 
9.5 & 9.6 

1.5.15 Start and completion dates Vol. Sec. 1.1 
1.5.16 Name of person responsible for application Vol. I, Sec.1.5 
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Table P-1: Information for ERCB Directive 023 (cont’d) 

ERCB 
Directive 023 Information Required 

Volume and 
Section 

2.3.1 Geological description of zone of interest Vol. I, Sec. 2 & 3 
2.3.2 Name and depth of target zone Vol. I, Sec. 2 & 3 
2.3.3 Criteria used in selecting the oil sands zone for recovery Vol. I, Sec. 3 
2.3.4 A description of the cut-off bitumen grade and thickness criteria Vol. I, Sec.3.2 
2.3.5 A geological, engineering and economic evaluation of the bitumen reserves 

recoverable by the proposed scheme 
Vol. I, Sec. 3 

2.3.6 A geological, engineering and economic evaluation of bitumen reserves not 
recoverable by the proposed scheme 

Vol. I, 3.2 

2.3.7 The potential and requirements for follow-up recovery of reserves from the zone 
of interest 

 

2.3.8 Evaluation of gas reserves associated with the oil sands to be developed Vol. I, Sec.3.2 
2.3.9 An evaluation of sand or fines production, the effects on recovery and disposal 

methods 
Vol. I, Sec. 2 & 3 

2.3.10 A description of the recovery process to be used Vol. I, Sec.4.1 
2.3.11 A description of the recovery efficiency of the process selected Vol. I, Sec.4.1 
2.3.12 A description of the project layout with emphasis on equipment spacing and 

surface disturbance 
Vol. I, Sec.1.1, 
5.6, 6.1 & 7.5 

2.3.13 A description of the efforts to minimize land disturbance and the collection, 
conservation or other disposition of produced gases 

Vol. I, Sec.5.5, 
6.2, 6.3, 7.1, 8.2, 
10.3, 12.2, 12.4 & 
14.5 

2.3.14 A description of proposed well drilling and completion methods Vol. I, Sec. 5 
2.3.15 A description of the proposed well performance monitoring program Vol. I, Sec.5.2, 

5.3 & 5.6 
2.3.16 A description of the geotechnical factors and techniques of monitoring Vol. I, Sec.2.4, 

5.2 & 5.3 
2.3.17 The volume of fluids and solids produced and the proposed disposition of each Vol. I, Sec.6.4, 

10.2 & 10.3 
2.3.18 Material balances for hydrocarbons, sulphur and water in the central processing 

facility 
Vol. I, Sec.6.4 

2.3.19 A process flow diagram for the central processing facility Vol. I, Sec.6.2 & 
6.3 

2.3.20 A sample set of production accounting reports for the central processing facility Vol. I, Sec.6.4 
2.4.1 Description of the bitumen extraction, utilities and offsites facilities Vol. I, Sec. 6, 7 & 

8 

2.4.2 
Material and energy balances, including recoveries, water use and energy 
efficiency 

Vol. I, Sec. 6.4 

2.4.3 
The quantity of products, by-products and discard generated and a general 
description of their disposition 

Vol. I, Sec. 10 

2.4.4 
The manner in which surface drainage within the areas of the processing plant, 
product storage and discard disposal will be treated and disposed 

Vol. I, Sec. 5.6, 
7.5, 10.5, 12.5 & 
13.2 

2.4.5 Comparison of alternative 
Vol. I, Sec. 1.1 & 
4.2 

2.4.7 Process measurement Vol. I, Sec. 6.4 

2.5.1 Electrical generation facilities and external sources 
Vol. I, Sec. 6.3, 
7.1 & 8.2 
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Table P-1: Information for ERCB Directive 023 (cont’d) 

ERCB 
Directive 023 Information Required 

Volume and 
Section 

2.5.2 Source, quality and quantity of fuels, electricity or steam obtained from beyond 
project site 

Vol. I, Sec. 6.4, 
7.1 & 8.2 

2.5.3 Options to eliminate the need for offsite energy resources Vol. I, Sec. 7.1, 
8.2 & 12.2 

2.6.1 Description of air and water pollution control and monitoring facilities, including a 
liquid spill contingency plan 

Vol. I, Sec. 9.5, 
10.5, 11.2, 12.2, 
12.3, 12.5, 13.1, 
14.1 & 14.5 

2.6.2 Description of the water management program including: 
(a) proposed water source and expected withdrawal 
(b) source water quality control 
(c) wastewater program 
(d) water balance for the proposed scheme 
(e) produced water clean-up and recycle program 

Vol. I, Sec. 5.5, 
6.2, 6.4, 13 & 
14.5 

2.6.3 Surface drainage collection, treatment and disposal Vol. I, Sec. 5.6, 
7.5, 10.5, 12.5, 
13.2 & 13.3 

2.6.4 
Description of the air and water pollution control and monitoring facilities 

Vol. I. Sec. 12.2, 
12.3, 12.5 & 14.2 

2.6.5 Description of the emission control system Vol. I, Sec. 7.2, 
12.2 & 12.3 

3.1.1 and  
3.1.2 

Fiscal regime Vol. II, Part D 
Sec. 2 

3.2 Summary of public benefits and costs during construction and operation Vol. I, Sec. 1.1 & 
14.7 
Vol. II, Part D, 
Sec. 2 

3.3 Summary of the economic and employment impacts of the project at the regional, 
provincial and national levels 

Vol. I, Sec. P.1, 
1.1 & 14.7 
Vol. II, Part D, 
Sec. 2 

4.0 Environmental Impact Assessment Vol. I, Sec. 14 
Vol. II, Part A 
through Part D 

5.0 Biophysical Impact Assessment Vol. II, Part A 
through Part C 

6.0 Social Impact Assessment Vol. II, Part D 
7.0 Describe the environmental protection plan including mitigation measures, 

environmental monitoring and research 
Vol. I, Sec. 12 & 
14 
Vol. II, Part A 
through Part D 

8.0 Conceptual Development and Reclamation Plan Vol. 1, Sec. 14.6 
Vol. II, Part D 
Sec. 6 

9.0 Solid Waste Management Plan Vol. I, Sec. 10 
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Table P-2: Information Required for AENV Application for Sour Gas and Heavy Oil 
Processing Plants 

EPEA Guide 
to Content Information Required Volume and Section 

3(1)(a) Applicant information Vol. I, Sec. 1.1 & 1.5 
3(1)(b) Location, size and capacity of the activity Vol. I, Sec. 1.1 

1 Legal land description Vol. I, Sec. 1.5 
2 Relation to nearest town, city, village and users of the land Vol. I, Sec. 1.1 & 1.5 
3 Geographical description of the surrounding topography and relation 

to nearby watercourses 
Vol. I, Sec. 1.1 

4 Gas processing capacity Vol. I, Sec. 6.2 & 6.4 
5 Sulphur production capacity; bitumen processing capacity  Vol. I, Sec. 1.1, 6.1 & 6.4 
6 Material balance Vol. I, Sec. 6.4 
7 Descriptive size of the affected area Vol. I, Sec. 1.1 
8 Physical dimensions of the plant site including a plot plan and 

number of employees working at the facility 
Vol. I, Sec. P.1, 1.1 & 6.1 

3(1)(c) Nature of the activity Vol. I, Sec. 1.1 
1.1 Classification of this facility under EPEA Activities Designation 

Regulation 211/96 
Vol. I, Sec. 1.5 

1.2 General purpose, products, by-products Vol. I, Sec. 6.4, 10.2 & 
10.3 

1.3 Major unit operations including a process flow diagram and 
description of the process  

Vol. I, Sec. 6.2 & 6.3 

1.4 Major environmental control operations Vol. I, Sec. 12 
1.5 Underground and aboveground tank details Vol. I, Sec. 7.4 
1.6 Aboveground storage tank leak detection systems Vol. I, Sec. 7.3, 7.5, 12.2 & 

12.5 
1.7 Potable water source, description of water treatment system used, 

sanitary sewage handling procedures or septic tank details 
Vol. I, Sec. 6.2, 6.4, 7.1, 
7.5, 8.2, 8.3, 10.2, 12.5 & 
13.1 

1.8 Details on the reciprocating or turbine engines Vol. I, Sec. 6.3 & 12.3 
1.9 Plot plan showing the exhaust stack locations Vol. I, Sec. 6.1 
1.10 The peak height of buildings Vol. 1, Sec. 12.1 

Vol. II, Part A Sec. 2 
1.11 Details of all natural gas fired heaters, treaters, boilers and steam 

generators 
Vol. I, Sec. 6.3, 12.2 & 
12.3 

1.12 Details of any auxiliary or standby process equipment or other 
sources of emissions 

Vol. I, Sec. 7.2 & 12.1 
Vol. II, Part A, Sec. 2 

1.13 Details of flare stacks Vol. I, Sec. 6.4, 7.2 & 12.2 
Vol. II, Part A, Sec. 2 

1.14 Details of any active flare pit on site  
1.15 Description of any on-site incineration of solid waste  
1.16 NO2 dispersion computer modelling input and output Vol. II, Part A, Sec. 2 
1.17 SO2 dispersion computer modelling input and output; rates and 

composition of acid gas and fuel gas flared streams 
Vol. II, Part A, Sec. 2 

1.18 Emergency flaring scenario SO2 dispersion modelling and rates and 
composition of flared streams 

Vol. II, Part A, Sec. 2 

1.19 Sulphur storage facilities details  
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Table P-2: Information Required for AENV Application for Sour Gas and Heavy Oil 
Processing Plants (cont’d) 

EPEA Guide 
to Content Information Required Volume and Section 

1.20 Benzene emissions from glycol dehydrator controls  
1.21 Volume and composition of produced gas and method of H2S 

treatment 
Vol. I, Sec. 5.5, 6.2, 6.4, 
10.3, 10.4 & 12.2 
Vol. II, Part A, Sec. 2 

3(d) ERCB approval status Vol. Sec. I, 1.5 
3(e) Environmental Impact Assessment Vol. I, Sec. 14 

Vol. II Part A through 
Part D 

3(f) Existing EPEA approvals (not applicable for new plants) Vol. I, Sec. 1.5 
3(g) Schedule Vol. I, Sec. P.1 & 1.1 
3(h) Substance releases Vol. 1, Sec. 10 
1.1 A list and quantity of substances used in the production process Vol. I, Sec. 7.3 
1.2 Water demand; sources, purpose and quantities Vol. I, Sec. 5.5, 6.2, 6.4 & 

Sec. 13 
1.3 Sources of the substances to be released to the environment Vol. I, Sec. 10, 12.2, 12.3 

& 12.5 
1.4 Amount of the substances to be released to the environment Vol. I, Sec. 10, 12.2, 12.3 

& 12.5 
Vol. II, Part A, Sec. 2 

1.5 Methods of release of substances to the environment Vol. I, Sec. 7.2, 7.5, 10.2, 
12.2, 12.5 & 13.2 

1.6 Pollution prevention and control measures Vol. I, Sec. 12 
1.7 Runoff volume determination Vol. I, Sec. 13.3 

Vol. II, Part B, Sec. 3 
1.8 Spill containment details Vol. I, Sec. 11.2, 12.5 & 

13.2  
3(i) Environmental monitoring information Vol. I, Sec. 12 & 14 

Vol. II, Part A through 
Part D 

1.1 Any baseline ambient environmental data that might have been 
collected at the site (e.g., for air, water, soils) 

Vol. II, Part A through 
Part D 

1.2 Baseline hydrogeological characteristics and groundwater monitoring 
data 

Vol. II, Part B, Sec. 2 

3(j) Past use of substance release control systems (not applicable to new 
plants) 

 

3(k) Justification for substance releases Vol. I, Sec. 6.2 
1 Application of process technology, management practices and 

current environmental control technology and control systems 
Vol. I, Sec. 6.2, 6.3 & Sec. 
12 

3(l) Waste minimization measures Vol. I, Sec. 10.1 
1.1 Waste management summary Vol. I, Sec. 10 
1.2 Waste minimization measures to be implemented Vol. I, Sec. 10.1 

3(m) Surface disturbance impacts Vol. I, Sec. 14.5 & 14.6 
Vol. II, Part B through 
Part D 

1 Extent and nature of the surface disturbance Vol. I, Sec. 14.5 & 14.6 
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Table P-2: Information Required for AENV Application for Sour Gas and Heavy Oil 
Processing Plants (cont’d) 

EPEA Guide 
to Content Information Required Volume and Section 

3(n) Emergency response plans Vol. I, Sec. 11.2 
1 Confirmation of filing with the ERCB and other agencies Vol. I, Sec. 1.5 

3(o) Environmental contingency plans Vol. I, Sec. 10.5 & 11.2 
3(p) Conservation and reclamation Vol. I, Sec. 12.4 & 14.6 

Vol. II, Part C Sec. 6 
1.1 Potential impact of the project on landscape aesthetics Vol. II, Part D Sec. 5 
1.2 Topsoil conservation Vol. II, Part C Sec. 6 
1.3 Plant decommissioning and reclamation Vol. I, Sec. 6.1, 12.4 & 

14.6 
Vol. II, Part C Sec. 6 

3(q) Public involvement process Vol. I, Sec. 9 
1.1 Proposed or conducted public involvement process Vol. I, Sec. 9 
1.2 Frequency, type and purpose for the public involvement and 

environmental concerns identified 
Vol. I, Sec. 9 

1.3 Newspapers for advertising the application and approval Vol. I, Sec. 9 
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Table P-3: Information Required for AENV EIA Final Terms of Reference 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

1 Public Engagement and Aboriginal Consultation   
[A] Document the public engagement program implemented for the 

Project including: 
 

a) • a list of all meetings and the specific comments or issues raised 
at the meetings; 

 

b) • description and documentation of concerns and issues 
expressed by the public, Shell’s analysis of those concerns and 
issues, and the actions taken to address those concerns and 
issues; and 

 

c) • how public input was incorporated into the Project development, 
impact mitigation and monitoring 

Sec. 9 

Vol. II, Part A, Sec. 2.4, 
2.5, 2.6, & 2.8 
Vol. II, Part B, Sec. 2.5, 
2.7, 3.5, 3.7, 4.5, 4.7, 
5.6 & 5.8  
Vol. II, Part C, 3.7, 4.6 & 
App 4E & 6.8 
Vol. II, Part D, 2.5, 2.6, 
2.7, 5.6, & 5.8 & App 2A 

[B] Document the aboriginal consultation implemented for the Project 
including: 

 

a) • a list of all meetings and the specific components or issues 
raised at the meetings; 

 

b) • description and documentation of concerns and issues 
expressed by aboriginal communities and groups, Shell’s 
analysis of those concerns and issues, and the actions taken 
address those concerns and issues; 

Vol. II, Part D, Sec. 4.4 
& 4.5 

c) • how aboriginal input was incorporated into the Project 
development, impact mitigation and monitoring; and 

Sec. 9 

Vol. II, Part B, Sec. 4.5, 
4.7, 5.6 & 5.8 
Vol. II, Part C, 3.7, 4.6 & 
6.8 & App 4E 
Vol. II, Part D, Sec. 4.5, 
5.6 & 5.8 

[C] Describe plans to maintain public engagement and aboriginal 
consultation process following the completion of the EIA report to 
ensure that the public and aboriginal peoples will have an 
appropriate forum for expressing their views on the ongoing 
development, operation and reclamation of the Project. 

Sec. 9  

2 Project Description   
2.1 The Proponent   
[A] Provide:  
a) • a corporate profile; and  
b) • the name of the legal entity that will develop, manage and 

operate the Project and hold the operating approvals. 

Sec. 1.1 & 
1.5 

 

[B] Describe Shell and its history in Alberta with specific reference to 
existing operations, proposed operations, mineral resources, 
environmental studies and community involvement. 

Sec. 1.2  
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Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

2.2 Project Development   
[A] Provide a development plan that includes:  
a) • the phases of development;  

b) • bitumen/heavy oil recovery facilities;  
c) • processing facilities;  
d) • steam and/or power generation facilities;  
e) • infrastructure (pipelines, access roads, and power lines);  
f) • other buildings and structures;   
g) • field maintenance operations; and  
h) • activities associated with each stage of the project. 

Sec. 1.1 & 
1.3 

 
[B] Provide a schedule outlining the proposed phases of development 

and the sequence and duration of key project components 
including the timing of key steps in the construction, operation, 
decommissioning and reclamation stages of each phase.  

Sec. 1.1 Vol. II, Part C, Sec. 6.4 
& 6.8 

[C] Discuss the key factors controlling the schedule, restrictions for 
conducting certain development activities and uncertainties. 

Sec. 1  

2.3 Evaluation of Alternatives   
2.3.1 Project Alternatives   
[A] Discuss the need for the Project, including:  
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) • a comparison of identified alternatives to the Project or 
components of the Project and the anticipated effects and 
impacts of the alternatives. Discuss reasons for not selecting 
any identified alternatives; 

 

c) • implications resulting from a delay in proceeding with the 
Project, or any phase of the Project; and 

Vol. II, Part D, Sec. 2.4 

d) • potential cooperative development opportunities for the Project 
(e.g., shared infrastructure). 

Sec. 1.1 

Vol. II, Part D, Sec. 2.5 
& 2.8 

[B] Discuss the implications of not going ahead with the Project. Sec. 1.1  
2.3.2 Process and Infrastructure Alternatives   
[A] Describe the process and criteria used to select sites for facilities 

and infrastructure. 
  

[B] 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. 

  

[C] Discuss the options considered for supplying the thermal energy 
and electric power required for the Project and their environmental 
implications. Discuss the implications that alternate fuel sources 
may have on the selection of pollution abatement equipment or 
technologies. 

Sec. 12.3  

[D] Describe the criteria and rationale for selecting the preferred water 
supply sources and on-site storage. Include options for using saline 
groundwater and the criteria used to assess the feasibility of its 
use. 

Sec. 13.1 Vol. II, Part B, Sec. 2.4 
& 2.5 & App 2C 
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[E] Discuss the potential for new or additional technology to increase 
resource recovery at later times in the field development and to 
affect the number of wells required. 

  

[F] Discuss options and technologies considered for wastewater 
treatment, wastewater management and wastewater disposal and 
reasons, including water quality and environmental considerations, 
for selecting the preferred options in the context of best 
management practices and best available technologies. 

 Vol. II, Part B, Sec. 2.5 
& 2.7 

[G] Discuss options and technologies considered for air emission and 
air quality management and the evaluation of emission 
minimization options, including air emission control technology 
considerations, for selecting the preferred options in the context of 
best management practices and best available technologies. 

Sec. 12.3 Vol. II, Part A, Sec. 2.8 

[H] Discuss the waste disposal options. Discuss the strategy for on-site 
versus off-site waste disposal and identify: 

 

a) • the location of on-site waste disposal; Vol. II, Part B, App 2D 
b) • the availability of off-site waste disposal facilities;  
c) • site suitability from a groundwater protection perspective; Vol. II, Part B, Sec. 2.5 

& App 2D 
d) • site suitability from a geotechnical perspective; and   
e) • site suitability with regard to existing and potential human 

activities in the area. 

Sec. 10 

 

2.4 Project Processes and Facilities   
[A] Provide maps and/or drawings of the Project components and 

activities including: 
  

a) • existing infrastructure, leases and clearings, including 
exploration clearings; 

Fig. 1-2, 1-7, 
1-8, 7-1, 7-2 
& 8-1 

Vol. II, Part A, Sec. 1, 
1.4 & 2.4 
Vol. II, Part B, Sec. 1, 
1.4 
Vol. II, Part C, Sec. 1, 
1.4, 2.7, 3.4, 3.5, 3.6, 
6.5 & 6.8 & App 4B 
Vol. II, Part D, Sec. 1, 
1.4, 4.2 & 5.5 & App 2A 

b) • proposed central processing facilities; Fig. 1-3 & 
6-1 

Vol. II, Part A, Sec. 2.4, 
2.5, 4.3 & 4.6 
Vol. II, Part B, App 2D 

c) • other buildings and infrastructure (pipelines and utilities); Fig. 5-6, 6-1 
& 8-1 

Vol. II, Part A, Sec. 1  
Vol. II, Part B, Sec. 1, 
2.3, 2.4, 3.3, 3.5, 4.3 & 
5.3 & App 2A 
Vol. II, Part C, Sec. 1, 
2.3, 2.5, 2.6, 2.7, 3.3, 
3.4, 3.5, 3.6, 4.3, 4.5, 
4.6, 4.7, 5.3, 5.4, 5.5, 
6.5, 6.7 & 6.8 
Vol. II, Part D, Sec. 1, 
2.4, 3.3, 3.4, 3.5, 4.2, 
5.3 & 5.5 
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d) • temporary structures; Fig. 6-1  
e) • transportation and access routes; Fig. 1-3 Vol. II, Part B, Sec. 3.5 

Vol. II, Part D, Sec. 5.5 
& App 2A 

f) • on-site hydrocarbon storage; Fig. 6-1  
g) • containment structures such as retention ponds, and storage 

ponds (e.g., lime sludge, stormwater runoff, boiler blow-down); 
Fig. 7-1 & 
7.2 

Vol. II, Part B, App 2D 

h) • water wells/intakes, pipelines, and storage structures;  Fig. 8-1 Vol. II, Part A, Sec. 4.3, 
4.5 & 4.6 
Vol. II, Part B, Sec. 2.3 
& 2.4 & App 2C 
Vol. II, Part C, Sec. 2.3, 
2.5, 2.6, 3.3, 3.4, 3.5, 
3.6, 4.3, 4.5, 4.6, 4.7, 
5.3, 5.4, 5.5, 6.5, 6.7 & 
6.8 
Vol. II, Part D, Sec. 5.3 
& 5.5  

i) • sources of aggregate resources, borrow material and other 
construction material and locations of any stockpiles that will be 
developed; and 

Fig. 1-3 & 
6.1 

Vol. II, Part C, Sec. 6.8 

j) • waste storage areas and disposal sites. Fig. 6-1 Vol. II, Part B, App 2D 
[B] Provide a list of facilities for which locations will be determined 

later. 
  

[C] Describe the primary resource recovery process, any proposed 
follow-up recovery process and other related processes and 
process facilities of the Project. 

Sec. 4.1  

[D] Discuss the amount and source of energy required for the Project. Sec. 6.4  
[E] Describe the proposed method to transport product to markets. Sec. 8.2  
[F] Provide a listing of chemical products to be manufactured, 

processes or otherwise used for the Project and describe in 
general terms, how these products will be stored and managed. 
Identify products containing substances that are: 

 

a) • Canadian Environmental Protection Act, 1999 toxics; 

Sec. 7 

 

b) • listed on the National Pollutant Release Inventory;   
c) • dangerous goods as defined by the federal Transportation of 

Dangerous Goods Act; and 
 

d) • on the Domestic Substances List and categorized as requiring 
further assessment under Canada’s Chemicals Management 
Plan. 

Sec. 7 

 

[G] Describe the nature and amount of on-site hydrocarbon storage. 
Discuss containment and other environmental protection 
measures. 

Sec. 7.4, 
11.2, 12.5 & 
13.2 

Vol. II, Part B, Sec. 2.5 
& 3.5 

2.5 Transportation Infrastructure   
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[A] Provide a summary of any Traffic Impact Assessment study carried 
out for the Project, or where no Traffic Impact Assessment study 
has been conducted, describe the anticipated changes to traffic 
(e.g., type, volume) on highways including an assessment of 
impacts for all stages of the Project. Consider other existing and 
planned uses of the same highways. 

 Vol. II, Part D, App 2A 

[B] Describe and map the locations of any new road or intersection 
construction, or any improvements to existing roads or 
intersections, related to the development of the Project, from the 
boundary of the Project Area up to and including the highway 
access, and  

N/A 

a) • discuss the alternatives and the rationale for selection of the 
preferred alternative; 

N/A 

b) • describe the impacts to local communities of the changes in 
transportation infrastructure; 

N/A 

c) • provide a proposed schedule for the work; N/A 
d) • provide the estimated cost of the work; and N/A 
e) • provide a summary of the consultation with Alberta 

Transportation and the local authority, including their views on 
the compatibility of the proposed work with their own local or 
regional infrastructure development plans. 

 

N/A 

[C] Identify the type, volume, location and availability of road 
construction and reclamation materials for all road construction and 
road improvement work, related to the development of the Project, 
within and outside of the Project Area. 

 Vol. II, Part D, Sec. 5.5 

[D] Describe access corridors needed and/or planned by other 
resource stakeholders including those responsible for Forest 
Management Areas and other timber quota holders, and 

Vol. II, Part C, Sec. 6.8 
Vol. II, Part D, Sec. 5.5 
& App 2A 

a) • describe how their needs are accommodated to reduce overall 
environmental impact from resource development, and 

Vol. II, Part D, Sec. 5.6 

b) • describe opportunities for cooperation in access development. 

 

Vol. II, Part D, Sec. 5.5 
& 5.6 

[E] Indicate where Crown land dispositions may be needed for roads, 
pipelines or other infrastructure for this Project. 

  

[F] Describe crossings of watercourses or waterbodies required and 
provide example diagrams of each type of crossing. Discuss: 

 

a) • timing; 

 

Vol. II, Part B, Sec. 5.6 

b) • construction standards or methods; and Vol. II, Part B, Sec. 3.5 
c) • environmental protection plans. 

 
 

2.6 Land Management   
[A] Provide a description and timing of land clearing activities.  Vol. II, Part C, Sec. 4.6 

& 6.8 
[B] Provide a timber salvage plan, highlighting end users and 

identifying proposed volumes for removal (by species and year) for 
all stages of the Project. 

 Vol. II, Part C, Sec. 6.8 
Vol. II, Part D, Sec. 5.7 

[C] Identify any access restrictions including where appropriate, 
measures taken to control access to the Project Area while 
ensuring continued access to adjacent wildland areas. 

Sec. 8.1 Vol. II, Part D, Sec. 5.5 
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[D] Provide a fire control plan highlighting:  
a) • measures taken to ensure continued access for firefighters to 

adjacent wildland areas; 
 

b) • forest fire prevention, detection, reporting, and suppression 
measures, including proposed fire equipment; 

 

c) • measures for determining the clearing width of power line rights-
of-way; and  

 

 • required mitigative measures for areas adjacent to the Project 
Area based on the FireSmart Wildfire Assessment System. 

Sec. 11.2 

 

2.7 Air Emissions Management   
[A] Provide emission profiles (type, rate, and source) for the Project’s 

operating and construction emissions including point and non-point 
sources and fugitive emissions and for construction emissions. 
Consider both normal and upset conditions Discuss: 

 

a) • odorous or visible emissions from the proposed facilities; Vol. II, Part A, Sec. 2.5 
b) • annual and total greenhouse gas emissions during all stages of 

the Project. Identify the primary sources and provide examples 
of calculations; 

 

c) • the intensity of greenhouse gas emissions per unit of bitumen 
produced and discuss how it compares with similar projects; 

 

d) • the Project’s contribution to total provincial and national 
greenhouse gas emissions on an annual basis; 

 

e) • Shell’s overall greenhouse gas management plans;  
f) • amount and nature of Criteria Air Contaminants emissions; Vol. II, Part A, Sec. 2.5 
g) • the amount and nature of acidifying emissions, probable 

deposition patterns and rates; 
Vol. II, Part A, Sec. 2.5 
& 2.6 

h) • control technologies used to minimize air emissions such as 
sulphur dioxide (SO2), hydrogen sulphide (H2S), oxides of 
nitrogen (NOx), greenhouse gases, volatile organic compounds 
(VOC), polycyclic aromatic hydrocarbons (PAH), particulate 
matter (PMx), carbon monoxide (CO) and ammonia; 

Vol. II, Part A, Sec. 2.6 
& 2.8 

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

Sec. 12.2 & 
12.3 

Vol. II, Part A, Sec. 2.5 

j) • upset condition scenarios (e.g., frequency and duration) and 
proposed measures to ensure upset conditions are minimized; 

Vol. II, Part A, Sec. 2.5 

k) • gas collection and conservation, and the applicability of vapour 
recovery technology; 

Vol. II, Part A, Sec. 2.8 

l) • applicability of sulphur recovery, acid gas re-injection, or flue gas 
desulphurization to reduce sulphur emissions; and 

Vol. II, Part A, Sec. 2.6 

m) • fugitive emissions control technology to detect, measure and 
control emissions and odours from equipment leaks. 

 

Vol. II, Part A, Sec. 2.5 

2.8 Water Management   
[A] Discuss potential cooperation with other parties regarding water 

related infrastructure and management including, but not limited to, 
water intakes, pipelines, water storage and withdrawals, flow 
monitoring and reporting and ecological monitoring. 

 Vol. II, Part B, Sec. 3.7 

2.8.1 Water Supply   
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[B] Describe the water supply requirements for the Project including:  
a) • the location of sources/intakes and associated infrastructure 

(e.g., pipelines for water supply), and the intake design where 
water is to be sourced from local waterbodies; 

Vol. II, Part B, Sec. 2.5, 
3.4 & 3.5 & App 2C 

b) • the expected water balance during all stages of the Project. 
Discuss assumptions made or methods chosen to arrive at the 
water balances; 

 

c) • the process water, potable water and non-potable water 
requirements and sources for construction, start-up, normal and 
emergency operating situations, decommissioning and 
reclamation. Identify the volume of water to be withdrawn from 
each source, considering plans for wastewater reuse; 

Vol. II, Part B, Sec. 2.5, 
3.4 & 3.5 & App 2C 

d) • the variability in the amount of water required on an annual and 
seasonal basis as the Project is implemented; 

 

e) • the expected cumulative effects on water losses/gains due to the 
Project operations; 

Vol. II, Part B, Sec. 2.6 
& 3.6 

f) • potable water treatment systems during all stages of the Project; Vol. II, Part B, Sec. 3.5 
g) • type and quantity of potable water treatment chemicals used; 

and 
 

h) • measures for ensuring efficient use of water including 
alternatives to reduce the consumption of non-saline water such 
as water use minimization, recycling, conservation, and 
technological improvements.  

Sec. 6, 8 & 
13 

Vol. II, Part B, Sec. 2.5 
& 3.5 

2.8.2 Surface Water   
[A] Describe the surface water management strategy for all stages of 

the Project, including: 
 

a) • design factors considered, such as:  

 • site drainage, Vol. II, Part B, Sec. 3.5 
& 4.5 
Vol. II, Part C, Sec. 6.8 

 • run-on management,  

Sec. 11.2, 
12.5 & 13 

Vol. II, Part B, Sec. 2.5 
& 3.5 

 • road, well pad and plant run-off, Vol. II, Part B, Sec. 3.5 
& 4.5 
Vol. II, Part C, Sec. 6.8 

 • erosion and sediment control, Vol. II, Part B, Sec. 3.5 
& 4.5 
Vol. II, Part C, Sec. 6.8 

 • groundwater and surface water protection, Vol. II, Part B, Sec. 2.5, 
2.7, 3.5, 2.7, 4.5 & 4.7 

 • groundwater seepage,  

 • produced water management,   

 • flood protection, and  

 • geotechnical stability concerns; and  

b) • permanent or temporary alterations or realignments of 
watercourses, wetlands and other waterbodies. 

 

Vol. II, Part B, Sec. 3.5 



 

 Section P.2
PREFACE GUIDE TO THE APPLICATION 

 

November 2009 Shell Canada Limited P-xix 
CR027   

Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

[B] Provide a description of navigable waterways and the results of the 
navigability assessment(s) for waterways that may be affected by 
the Project.  

Sec. 11.2, 
12.5 & 13 

Vol. II, Part B, Sec. 3.5 

2.8.3 Wastewater Management   
[A] Describe the wastewater management strategy including:   
a) • the source, quantity and composition of each wastewater stream 

from each component of the existing and proposed operations 
(e.g., bitumen extraction and associated facilities) for all Project 
conditions, including normal, start-up, worst-case and upset 
conditions; 

 

b) • the proposed disposal locations and methods for each 
wastewater stream;  

Vol. II, Part B, Sec. 2.5 
& 3.5 

c) • formations for the disposal of wastewaters; Vol. II, Part B, Sec. 2.5 
d) • design of facilities that will collect, treat, store and release 

wastewater streams; 
 

e) • type and quantity of chemicals used in wastewater treatment; 
and  

 

 • sewage treatment system and disposal.  

Sec. 7.3, 10 
& 12.5 

Vol. II, Part B, Sec. 3.5 
2.9 Waste Management   
[A] Characterize and quantify the anticipated dangerous goods and 

hazardous, non-hazardous, and recyclable wastes generated and 
used by the Project and: 

 

a) • describe the composition and volume of specific waste streams 
and discuss how each stream will be managed; 

 

b) • identify the amount of drilling wastes and the options considered 
for disposal and the option(s) chosen; 

 

c) • describe how the disposal sites and sumps will be constructed; 
and 

Sec. 10 

 

d) • describe plans for pollution prevention, waste minimization, 
recycling, and management to reduce waste quantities for all 
stages of the Project. 

  

2.10 Conservation and Reclamation   
[A] Provide a conceptual conservation and reclamation plan for the 

Project considering:  
 

a) • any existing Conservation and Reclamation Plan; Vol. II, Part C, Sec. 6 

b) • existing information with respect to land capability, vegetation, 
commercial forest land base by commercialism class, forest 
productivity, agriculture, recreation, wildlife, aquatic resources, 
aesthetics and land resources; 

Vol. II, Part B, Sec. 3 
Vol. II, Part C, Sec. 3.4, 
4.5, 6.5 & 6.7 
Vol. II, Part D, Sec. 5 

c) • integration of operations, decommissioning, reclamation 
planning and reclamation activities; 

Vol. II, Part C, Sec. 6.8 

d) • anticipated timeframes for completion of reclamation stages and 
release of lands back to the Crown including an outline of the 
key milestone dates for reclamation and how progress to 
achieve these targets will be measured; 

Sec. 14.6 

Vol. II, Part C, Sec. 6.8 
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e) • constraints to reclamation such as timing of activities, availability 
of reclamation materials, and influence of natural processes and 
cycles, including natural disturbance regimes; 

Vol. II, Part C, Sec. 6.8 

f) • post-development land capability with respect to:  
 • self-sustaining topography, drainage and surface 

watercourses representative of the surrounding area, 
Vol. II, Part B, Sec. 2.4 
Vol. II, Part C, Sec. 6.4 
& 6.6 

 • existing traditional use with consideration for traditional 
vegetation and wildlife species in the reclaimed landscape, 

Vol. II, Part C, Sec. 6.8 

 • wetlands, Vol. II, Part C, Sec. 6.8 
 • self-sustaining vegetation communities representative of the 

surrounding area, and 
Vol. II, Part C, Sec. 6.8 

 • reforestation and forest productivity. Vol. II, Part C, Sec. 6.8 
g) • a revegetation plan for disturbed terrestrial and aquatic areas, 

identifying the species type that will be used for seeding or 
planting, and the vegetation management practices to return 
disturbed areas to a state capable of supporting a self-sustaining 
vegetative community capable of ecological succession 
equivalent to pre-disturbance conditions, considering factors 
such as biological capability and diversity, natural disturbance 
regimes and end land use objectives;  

Vol. II, Part C, Sec. 6.8 

h) • reclamation material salvage, storage areas and handling 
procedures;  

Vol. II, Part C, Sec. 6.8 

i) • reclamation material replacement indicating depth, volume and 
type; 

Vol. II, Part C, Sec. 6.8 

j) • existing and final reclaimed site drainage plans; Vol. II, Part C, Sec. 6.6 
& 6.8 

k) • integrating surface and near surface-drainage within the Project 
Area; and  

Sec. 14.6 

Vol. II, Part C, Sec. 6.8 

l) • promotion of diversity.  Vol. II, Part C, Sec. 6.8 
[B] Provide a predicted Ecological Land Classification map for the post 

reclamation landscape considering potential land uses, including 
traditional uses and how the landscape and soils have been 
designed to accommodate future land use. 

 Vol. II, Part C, Sec. 6.8 

[C] Provide a conceptual plan to monitor reclamation performance 
success (including soils, vegetation, wildlife and aquatic 
resources). 

 Vol. II, Part C, Sec. 6.8 

[D] Discuss uncertainties related to the conceptual reclamation plan.  Vol. II, Part C, Sec. 6.8 
2.11 Environmental Management Systems   
[A] Summarize key elements of Shell’s existing or proposed 

environmental, health and safety management system.  
Sec. 11  

[B] Describe adaptive management plans that minimize the impact of 
the Project. Describe the flexibility built into the Project to 
accommodate future modifications required as a result of: 

 

a) • any change in environmental standards, limits and guidelines; or 
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b) • findings from Project-specific regional monitoring programs.  Vol. II, Part A, Sec. 2.8 
& 4.8 
Vol. II, Part B, Sec. 2.7, 
3.7, 4.7 & 5.8 
Vol. II, Part C, Sec. 2.8, 
3.7, 4.8, 5.7 & 6.8 
Vol. II, Part D, Sec. 2.7, 
3.8, 4.5 & 5.8  

[C] Describe Shell’s current and proposed monitoring programs with 
respect to: 

 

a) • source air emissions, including fugitive emissions; Vol. II, Part A, Sec. 2.8 

b) • wastewater treatment and release; and 

Sec. 10.5, 
12.2 & 12.5 

Vol. II, Part B, Sec. 2.7 
& 3.7 

c) • hazardous and non-hazardous waste treatment and storage.  Vol. II, Part B, Sec. 2.7 
[D] Discuss:  
a) • how monitoring data will be disseminated to the public or other 

interested parties; and  
 

b) • how the results of monitoring programs and publicly available 
monitoring information will be integrated with Shell’s 
environmental management system. 

 

 

2.12 Regional Cooperative Efforts   
[A] Discuss Shell’s involvement in regional and cooperative efforts to 

address environmental and socio-economic issues associated with 
regional industrial development, including: 

 

a) • potential cooperative ventures that Shell has initiated, could 
initiate or could develop with other operators and resource 
users;  

 

b) • how Shell will work to develop and implement such cooperative 
opportunities; 

 

c) • Shell’s participation in any regional forums;  
d) • how Shell would design and implement research programs; and 

Sec. 1.2, 
12.3, 12.4 & 
14.6 

 
e) • how regional environmental management initiatives will be 

incorporated into Shell’s management practices. 
Sec. 1.2, 
12.3, 12.4 & 
14.6 

Vol. II, Part C, Sec. 6.8 

[B] Discuss Shell’s regional monitoring activities including:   
a) • monitoring that will be undertaken to assist in managing 

environmental effects, confirm performance of mitigative 
measures and improve environmental protection strategies; 

 Vol. II, Part C, Sec. 6.8 

b) • monitoring done independently by Shell;  Vol. II, Part A, Sec. 2.8 
& 4.8 
Vol. II, Part B, Sec. 2.7, 
3.7, 4.7 & 5.8 
Vol. II, Part C, Sec. 2.8, 
3.7, 4.8, 5.7 & 6.8 
Vol. II, Part D, Sec. 2.7, 
3.8, 4.5 & 5.8 
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c) • monitoring performed in conjunction with other stakeholders, 
including aboriginal communities and groups; and 

 Vol. II, Part C, Sec. 6.8 

d) • new monitoring initiatives that may be required as a result of the 
Project. 

 Vol. II, Part A, Sec. 2.8 
& 4.8 
Vol. II, Part B, Sec. 2.7, 
3.7, 4.7 & 5.8 
Vol. II, Part C, Sec. 2.8, 
3.7, 4.8, 5.7 & 6.8 
Vol. II, Part D, Sec. 2.7, 
3.8, 4.5 & 5.8 

3 Environmental Assessment   
3.1 Assessment Requirements   
[A] Unless otherwise stated in the Terms of Reference, all 

requirements apply to the entire Study Area and to all stages of the 
Project (construction, operation, decommissioning and 
reclamation). 

  

3.1.1 Scenarios   
[A] Define assessment scenarios including:   
a) • a Baseline Case, which includes existing environmental 

conditions, existing and approved projects or activities; 
 Vol. II, Part A, Sec. 2.4 

& 4.5 
Vol. II, Part B, Sec. 2.4, 
3.4, 4.4 & 5.5 
Vol. II, Part C, Sec. 2.5, 
3.4, 4.5 & 5.4 
Vol. II, Part D, Sec. 2.4, 
3.5 & 5.5 

b) • an Application Case, which includes the Baseline Case with the 
effects of the Project added; and 

 Vol. II, Part A, Sec. 2.5 
& 4.6 
Vol. II, Part B, Sec. 2.5, 
3.5, 4.5 & 5.6 
Vol. II, Part C, Sec. 2.6, 
3.5, 4.6 & 5.5 
Vol. II, Part D, Sec. 2.5, 
3.6 & 5.6 

c) • a Planned Development Case, which includes past, existing and 
anticipated future environmental conditions, based on existing 
and approved projects or activities plus planned projects or 
activities reasonably expected to occur. 

 Vol. II, Part A, Sec. 2.6 
& 4.7 
Vol. II, Part B, Sec. 2.6, 
3.6, 4.6 & 5.7 
Vol. II, Part C, Sec. 2.7, 
3.6, 4.7 & 5.6 
Vol. II, Part D, Sec. 2.6, 
3.7 & 5.7 

[B] For the purposes of defining the assessment scenarios, approved 
means approved by any federal, provincial or municipal regulatory 
authority. Planned means any project or activity that has been 
publicly disclosed up to six months prior to the submission of 
Shell’s Application and EIA report. 

  

3.1.2 Study Area   
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EIA 

3.1.2.1 Project Area   
[A] The Project Area includes all lands subject to direct disturbance 

from the Project and associated infrastructure. For the Project 
Area, Shell must provide: 

  

a) • the legal land description;  Vol. II, Part A, Sec. 1 
Vol. II, Part B, Sec. 1 
Vol. II, Part C, Sec. 1 
Vol. II, Part D, Sec. 1 

b) • the boundaries of land under Shell’s control (this may include 
lands under the public land disposition or private lands leased or 
owned by Shell;  

  

c) • the proposed ERCB approval area;   
d) • a map that shows the status of land tenure/ownership and 

identifies the locations of all proposed development activities 
and facilities; and 

  

e) • a topographic map of appropriate scale showing the area 
proposed to be disturbed in relation to existing township grids, 
wetlands, watercourses, and waterbodies. 

 Vol. II, Part B, Sec. 3.3 

3.1.2.2 Local and Regional Study Areas   
[A] The Local Study Area (LSA) is the area existing outside the 

boundaries of the Project Area, where there is a reasonable 
potential for immediate environmental impacts due to ongoing 
Project activities. 

 Vol. II, Part A, Sec. 4.3 
Vol. II, Part B, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part C, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part D, Sec. 3.3 
& 5.3 

[B] The Regional Study Area (RSA) is the area within which there is 
the potential for cumulative and socio-economic effects, and that 
may be relevant to the assessment of any wider-spread effects of 
the Project.  

 Vol. II, Part A, Sec. 2.3, 
4.3 & 5.2 
Vol. II, Part B, Sec. 2.3, 
3.3, 4.3 & 5.3  
Vol. II, Part C, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part D, Sec. 2.3, 
3.3, 4.2 & 5.3 

[C] The Study Area for the EIA report shall include the Project Area as 
well as, the spatial and temporal limits of individual environmental 
components outside the Project Area boundaries where an effect 
can be reasonably expected. The Study Area includes both the 
Local and Regional Study Areas. 

 Vol. II, Part A, Sec. 2.3, 
4.3 & 5.2 
Vol. II, Part B, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part C, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part D, Sec. 2.3, 
3.3, 4.2 & 5.3 

[D] For each LSA and RSA:    



 

 Section P.2
PREFACE GUIDE TO THE APPLICATION 

 

P-xxiv Shell Canada Limited November 2009 
   CR027 

Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

a) • provide the scientific rationale used to define the spatial and 
temporal aspects considering the location and range of probable 
Project and cumulative effects; and 

 Vol. II, Part A, Sec. 2.3, 
4.3 & 5.2 
Vol. II, Part B, Sec. 2.3, 
3.3, 4.3.2 & 5.3 
Vol. II, Part C, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part D, Sec. 2.3, 
3.3, 4.2 & 5.3 

b) • identify LSA and RSA boundaries on maps of appropriate scale 
that show existing township grids, wetlands, watercourses, 
waterbodies and other topographic features. 

 Vol. II, Part A, Sec. 2.3, 
4.3 & 4.3 
Vol. II, Part B, Sec. 2.3, 
3.3, 3.3, 4.3 & 5.3 
Vol. II, Part C, Sec. 2.3, 
3.3, 4.3 & 5.3 
Vol. II, Part D, Sec. 2.4, 
3.3, 4.2 & 5.3 

3.1.3 Cumulative Effects Assessment   
[A] Shell will assess cumulative environmental effects in accordance 

with the ERCB/AENV/Natural Resources Conservation Board 
Information Letter, Cumulative Effects Assessment in 
Environmental Impact Assessment Reports under the Alberta 
Environmental Protection and Enhancement Act June 2000.  

 Vol. II, Part A, Sec. 2.6 
& 4.7 
Vol. II, Part B, Sec. 2.6, 
3.6, 4.6 & 5.7 
Vol. II, Part C, Sec. 2.7, 
3.6, 4.7 & 5.6 
Vol. II, Part D, Sec. 2.6, 
3.7 & 5.7 

[B] Shell will include a summary of all proposed monitoring, research 
and other strategies or plans to minimize, mitigate and manage any 
potential adverse effects.  

 Vol. II, Part A, Sec. 2.5, 
2.6, 2.7, 4.8, 4.9 & 5.7 
Vol. II, Part B, Sec. 2.7, 
3.7, 4.7 & 5.8 
Vol. II, Part C, Sec. 2.8, 
3.7, 4.8, 5.7 & 6.9 
Vol. II, Part D, Sec. 2.7, 
3.8, 4.5 & 5.8 

[C] 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 effects. Provide a record of relevant assumptions, 
confidence in data and analysis to support conclusions. 

 Vol. II, Part A, Sec. 1.4 
Vol. II, Part B, Sec. 1.4 
Vol. II, Part C, Sec. 1.4 
Vol. II, Part D, Sec. 1.4 

3.1.4 Information Requirements   
[A] Shell will include the following environmental information for each 

assessment scenario: 
  

a) • a description of and rationale for the selection of environmental 
attributes, parameters, or properties examined; 

 Vol. II, Part A, Sec. 1 
to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 
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b) • for each selected environmental attribute, parameter, or 
property: 

 Vol. II, Part A, Sec. 1 
to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 

 • describe existing conditions. Comment on whether the 
available data are sufficient to assess impacts and mitigative 
measures. Identify environmental disturbance from previous, 
current, and approved activities that have become part of the 
baseline conditions, 

  

 • describe the environmental effects associated with the 
development activities, 

  

 • provide plans to minimize, mitigate or eliminate negative 
effects and impacts. Discuss the key elements of such plans, 

  

 • provide a description of the process and criteria used to 
determine the significance of environmental effects, 

  

 • provide a plan to manage environmental changes and identify 
any follow-up programs necessary to verify the accuracy of 
the environmental assessment and to determine effectiveness 
of measures taken to mitigate adverse environmental effects, 
and 

  

 • describe residual effects and their significance;   
c) • a discussions of the sources of information used in the 

assessment including: 
 Vol. II, Part A, Sec. 1 

to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 

 • summary of previously conducted environmental 
assessments related to Shell’s operations, 

  

 • literature and previous EIA reports and environmental studies, 
operating experience from current, similar operations, industry 
study groups; traditional knowledge; and government 
sources, and 

  

 • limitations or deficiencies that the information may place on 
the analysis or conclusions in the EIA report. Discuss how 
these limitations or deficiencies may be addressed within the 
EIA report; and 
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d) • a description of the techniques used to identify and evaluate the 
environmental impacts and effects resulting from the Project. 

 Vol. II, Part A, Sec. 1 
to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 

[B] The EIA report shall:   
a) • identify where deficiencies in information exist and describe 

Shell’s plan, including a rationale, for providing the necessary 
information. Where required undertake studies and 
investigations to obtain additional information to address the 
information deficiencies; 

 Vol. II, Part A, Sec. 1 
to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 

b) • 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; 

 Vol. II, Part A, Sec. 1 
to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 

c) • provide 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 might be 
implemented and how it would incorporate the participation of 
government, industry and the community; and 

 Vol. II, Part A, Sec. 1 
to 5 
Vol. II, Part B, Sec. 1 
to 5 
Vol. II, Part C, Sec. 1 
to 6 
Vol. II, Part D, Sec. 1 
to 5 

d) • present biophysical information in a manner that enables 
ecological land classification maps to be completed to the 
ecosite classification level. 

 Vol. II, Part C, App 5A & 
5B 

3.1.5 Modelling   
[A] For those models or modeling techniques used that are not 

prescribed by regulators to predict Project impacts provide: 
  

a) • the justification for the model used;  Vol. II, Part A, App 2A 
Vol. II, Part C, App 4A 

b) • documentation of the assumptions and data sets used to obtain 
the modeling predictions in the EIA report; and 

 Vol. II, Part A, App 2A 
Vol. II, Part C, App 4A 

c) • a discussion of the limitations of the models, including sources of 
error and relative accuracy, and how these limitations were 
addressed in the EIA report. 

 Vol. II, Part A, App 2A 
Vol. II, Part C, App 4A 
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[B] Air quality modeling should be conducted in accordance with the 
latest edition of the Air Quality Modeling Guidelines published by 
Alberta Environment. 

 Vol. II, Part A, App 2A 

3.2 Air Quality Climate and Noise   
3.2.1 Baseline Information   
[A] Discuss the baseline climatic and air quality conditions including:    
a) • the type and frequency of meteorological conditions that may 

result in poor air quality; and 
 Vol. II, Part A, Sec. 2.4 

& App 2B 
b) • appropriate ambient air quality parameters such as SO2, CO, 

H2S, total hydrocarbons (THC), NOx, VOC, PAHs, individual 
hydrocarbons of concern in the THC, VOC and PAH mixtures, 
ground-level ozone (O3), visibility, odours, representative heavy 
metals and particulates (road dust PM10 and PM2.5). 

 Vol. II, Part A, Sec. 2.4 

[B] Provide representative baseline noise levels at receptor locations.  Vol. II, Part A, Sec. 4.5 
3.2.2 Impact Assessment    
[A] Identify components of the Project that will affect air quality, and:   
a) • describe 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; 

 Vol. II, Part A, Sec. 2.4, 
2.5, 2.6 & 5 

b) • estimate ground-level concentrations of appropriate air quality 
parameters;  

 Vol. II, Part A, Sec. 2.5, 
2.3 & 2.7 

c) • discuss any expected changes to particulate deposition, nitrogen 
deposition or acidic deposition patterns; 

 Vol. II, Part A, Sec. 2.4, 
2.5 & 2.6 

d) • identify areas that exceed Potential Acid Input critical loading 
criteria; 

 Vol. II, Part A, Sec. 2.4, 
2.5 & 2.6 

e) • discuss interactive effects that may occur as a result of co-
exposure of a receptor to all emissions; and 

 Vol. II, Part A, Sec. 5.4 
& 5.6 

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

 Vol. II, Part A, Sec. 2.3 
Vol. II, Part B, Sec. 4.5 
& 4.6 
Vol. II, Part C, Sec. 2.6, 
3.5 & 3.6 

[B] Identify stages or elements of the Project that are sensitive to 
changes or variability in climate parameters including frequency 
and severity of extreme weather events. Discuss what impacts the 
change to climate parameters may have on elements of the Project 
that are sensitive to climate parameters.  

 Vol. II, Part A, Sec. 3 

[C] Identify components of the Project that have the potential to 
increase noise levels and discuss the implications. Present the 
results of a noise assessment. Include: 

  

a) • potentially affected people and wildlife;  Vol. II, Part A, Sec. 4.6 

b) • an estimate of the potential for increased impacts resulting from 
the development; and 

 Vol. II, Part A, Sec. 4.6 

c) • the implications of any increased noise levels.   Vol. II, Part A, Sec. 4.6 
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[D] Describe how air quality and noise impacts resulting from the 
Project will be mitigated. 

see also 
Project 
description, 
NOx burner 
selection and 
SO2 recovery 

Vol. II, Part A, Sec. 2.5 
& 4.6 

[E] Describe the residual air quality and noise effects of the Project 
and Shell’s plans to manage those effects. 

 Vol. II, Part A, Sec. 2.5, 
2.6, 2.8, 4.6 & 4.8 

3.2.3 Monitoring   
[A] Describe the monitoring programs proposed to assess any Project 

impacts to air quality and noise and the effectiveness of mitigation. 
 Vol. II, Part A, Sec. 2.4, 

2.8 & 4.8 
[B] Describe any monitoring programs proposed to monitor the effects 

of acid deposition. 
 Vol. II, Part B, Sec. 4.7 

Vol. II, Part C, Sec. 2.8 
& 3.7 

3.3 Hydrogeology   
3.3.1 Baseline Information   
[A] Provide an overview of the existing geologic and hydrogeologic 

setting 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, and: 

 Vol. II, Part B, Sec. 2.4 

a) • present regional and Project Area 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; 

 Voll IIB, Sec. 2.4 & App 
2A 

b) • present regional and Project Area hydrogeology describing:   

 • the major aquifers, aquitards and aquicludes (Quaternary and 
bedrock), their spatial distribution, properties, hydraulic 
connections between aquifers, hydraulic heads, gradients, 
groundwater flow directions and velocities. Include maps and 
cross sections, 

 Vol. II, Part B, Sec. 2.4 

 • the chemistry of groundwater aquifers including baseline 
concentrations of major ions, metals and hydrocarbon 
indicators, 

 Vol. II, Part B, Sec. 2.4 
& App 2B 

 • the potential discharge zones, potential recharge zones and 
sources, areas of groundwater-surface water interaction and 
areas of Quaternary aquifer-bedrock groundwater interaction, 

 Vol. II, Part B, Sec. 2.4 

 • water well development and groundwater use, including an 
inventory of groundwater users, 

 Vol. II, Part B, Sec. 
2.4.7 & App 2B 

 • the recharge potential for Quaternary aquifers,  Vol. II, Part B, Sec. 2.4 
 • potential hydraulic connection between bitumen production 

zones, deep disposal formations and other aquifers resulting 
from Project operations, 

 Vol. II, Part B, Sec. 2.4 
& App 2C 

 • the characterization of formations chosen for deep well 
disposal, including chemical compatibility and containment 
potential, injection capacity, hydrodynamic flow regime and 
water quality assessments, and 

 Vol. II, Part B, Sec. 2.4 
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 • the locations of major facilities associated with the Project 
including facilities for waste storage, treatment and disposal 
and describe site-specific aquifer and shallow groundwater 
conditions beneath these proposed facilities. Provide 
supporting geological information. 

 Vol. II, Part B, App 2D 

3.3.2 Impact Assessment   
[A] Describe Project components and activities that have the potential 

to affect groundwater resource quantity and quality at all stages of 
the Project.  

 Vol. II, Part B, Sec. 2.5 

[B] Describe the nature and significance of the potential Project 
impacts on groundwater with respect to: 

  

a) • inter-relationship between groundwater and surface water 
quantity and quality; 

 Vol. II, Part B, Sec. 2.5 

b) • implications for terrestrial or riparian vegetation, wildlife and 
aquatic resources including wetlands; 

 Vol. II, Part B, Sec. 2.5 
& App 2D 

c) • changes in groundwater quality and quantity;  Vol. II, Part B, Sec. 2.5 
to 2.5 

d) • conflicts with other groundwater users, and proposed resolutions 
to these conflicts; 

 Vol. II, Part B, Sec. 2.5 
& App 2C 

e) • potential implications of seasonal variations; and  Vol. II, Part B, Sec. 2.5 
f) • groundwater withdrawal for Project operations, including any 

expected alterations in the groundwater flow regime during and 
following Project operations. 

 Vol. II, Part B, Sec. 2.5 
& App 2C 

[C] Describe programs to manage and protect groundwater resources 
including; 

  

a) • the early detection of potential contamination; and  Vol. II, Part B, Sec. 2.7 

b) • groundwater remediation options in the event that adverse 
effects are detected. 

 Vol. II, Part B, Sec. 2.5 

[D] Identify measures to reduce the environmental risks from casing 
failures. 

 Vol. II, Part B, Sec. 2.5 

[E] Describe the residual effects of the Project on groundwater quality 
and quantity and Shell’s plans to manage those effects. 

 Vol. II, Part B, Sec. 2.5 

3.3.3 Monitoring   
[A] Describe the monitoring programs proposed to assess any Project 

impacts to groundwater quality and quantity and to measure the 
effectiveness of mitigation plans.  

 Vol. II, Part B, Sec. 2.7 
& App 2C 

3.4 Hydrology   
3.4.1 Baseline Information   
[A] Describe and map the surface hydrology. Include flow regimes of 

streams in the Project Area.  
 Vol. II, Part B, Sec. 3.4 

[B] Provide surface flow baseline data, including:   

a) • seasonal variation, low, average and peak flows for 
watercourses, and  

 Vol. II, Part B, Sec. 3.4 

b) • low, average and peak levels for waterbodies.  Vol. II, Part B, Sec. 3.4 
[C] Identify any surface water users who have existing approvals, 

permits or licenses.  
 Vol. II, Part B, Sec. 3.4 

3.4.2 Impact Assessment   
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[A] Discuss changes to watersheds, including surface and near-
surface drainage conditions, potential flow impediment, and 
potential changes in open-water surface areas caused by the 
Project. 

 Vol. II, Part B, Sec. 3.5 

[B] Describe the extent of hydrological changes that will result from 
disturbances to groundwater and surface water movement: 

  

a) • include changes to the quantity of surface flow, water levels and 
channel regime in watercourses (during minimum, average and 
peak flows) and water levels in waterbodies; 

 Vol. II, Part B, Sec. 3.5 

b) • assess the potential impact of any alterations in flow on the 
hydrology and identify all temporary and permanent alterations, 
channel realignments, disturbances or surface water 
withdrawals; 

 Vol. II, Part B, Sec. 3.5 

c) • 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; and 

 Vol. II, Part B, Sec. 3.5 
& 3.6 

d) • identify any potential erosion problems in watercourses due to 
the Project. 

 Vol. II, Part B, Sec. 3.5 

[C] Discuss changes in sedimentation patterns in receiving waters 
resulting from the Project. 

 Vol. II, Part B, Sec. 3.5 

[D] Describe impacts on other surface water users resulting from the 
Project. Identify any potential water use conflicts. 

 Vol. II, Part B, Sec. 3.5 

[E] Describe potential downstream impact if surface water is removed.  Vol. II, Part B, Sec. 3.5 
[F] Discuss the impact of low flow conditions and in-stream flow needs 

on water supply and water and wastewater management 
strategies. 

 Vol. II, Part B, Sec. 3.5 

[G] Discuss how potential impacts of temporary and permanent roads 
and well pads on wetland hydrology will be minimized and 
mitigated.  

 Vol. II, Part B, Sec. 3.5 

[H] Describe mitigation measures to address impacts during all stages 
of the Project including: 

  

a) • alteration in flow regimes;  Vol. II, Part B, Sec. 3.5 

b) • potential water use conflicts; and  Vol. II, Part B, Sec. 3.5 
c) • increased sediment loadings.   Vol. II, Part B, Sec. 3.5 
[I] Describe residual effects of the Project on hydrology and Shell’s 

plans to manage those effects. 
 Vol. II, Part B, Sec. 3.5 

3.4.3 Monitoring   
[A] Describe any monitoring programs proposed to assess the impacts 

of changes in surface water flows and levels on aquatic resources, 
wildlife and vegetation and to measure the effectiveness of 
mitigation plans. 

 Vol. II, Part B, Sec. 3.7 

3.5 Surface Water Quality   
3.5.1 Baseline Information   
[A] Describe the baseline water quality of watercourses and 

waterbodies. Discuss the effects of seasonal variations, flow and 
other factors on water quality. 

 Vol. II, Part B, Sec. 4.4 

3.5.2 Impact Assessment   



 

 Section P.2
PREFACE GUIDE TO THE APPLICATION 

 

November 2009 Shell Canada Limited P-xxix 
CR027   

Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

 • the locations of major facilities associated with the Project 
including facilities for waste storage, treatment and disposal 
and describe site-specific aquifer and shallow groundwater 
conditions beneath these proposed facilities. Provide 
supporting geological information. 

 Vol. II, Part B, App 2D 

3.3.2 Impact Assessment   
[A] Describe Project components and activities that have the potential 

to affect groundwater resource quantity and quality at all stages of 
the Project.  

 Vol. II, Part B, Sec. 2.5 

[B] Describe the nature and significance of the potential Project 
impacts on groundwater with respect to: 

  

a) • inter-relationship between groundwater and surface water 
quantity and quality; 

 Vol. II, Part B, Sec. 2.5 

b) • implications for terrestrial or riparian vegetation, wildlife and 
aquatic resources including wetlands; 

 Vol. II, Part B, Sec. 2.5 
& App 2D 

c) • changes in groundwater quality and quantity;  Vol. II, Part B, Sec. 2.5 
to 2.5 

d) • conflicts with other groundwater users, and proposed resolutions 
to these conflicts; 

 Vol. II, Part B, Sec. 2.5 
& App 2C 

e) • potential implications of seasonal variations; and  Vol. II, Part B, Sec. 2.5 
f) • groundwater withdrawal for Project operations, including any 

expected alterations in the groundwater flow regime during and 
following Project operations. 

 Vol. II, Part B, Sec. 2.5 
& App 2C 

[C] Describe programs to manage and protect groundwater resources 
including; 

  

a) • the early detection of potential contamination; and  Vol. II, Part B, Sec. 2.7 

b) • groundwater remediation options in the event that adverse 
effects are detected. 

 Vol. II, Part B, Sec. 2.5 

[D] Identify measures to reduce the environmental risks from casing 
failures. 

 Vol. II, Part B, Sec. 2.5 

[E] Describe the residual effects of the Project on groundwater quality 
and quantity and Shell’s plans to manage those effects. 

 Vol. II, Part B, Sec. 2.5 

3.3.3 Monitoring   
[A] Describe the monitoring programs proposed to assess any Project 

impacts to groundwater quality and quantity and to measure the 
effectiveness of mitigation plans.  

 Vol. II, Part B, Sec. 2.7 
& App 2C 

3.4 Hydrology   
3.4.1 Baseline Information   
[A] Describe and map the surface hydrology. Include flow regimes of 

streams in the Project Area.  
 Vol. II, Part B, Sec. 3.4 

[B] Provide surface flow baseline data, including:   

a) • seasonal variation, low, average and peak flows for 
watercourses, and  

 Vol. II, Part B, Sec. 3.4 

b) • low, average and peak levels for waterbodies.  Vol. II, Part B, Sec. 3.4 
[C] Identify any surface water users who have existing approvals, 

permits or licenses.  
 Vol. II, Part B, Sec. 3.4 

3.4.2 Impact Assessment   
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a) • fish tainting, survival of eggs and fry, chronic or acute health 
effects, and increased stress on fish populations from release of 
contaminants, nutrients, sedimentation, flow alterations, 
temperature and habitat changes; 

 Vol. II, Part B, Sec. 5.6 

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

 Vol. II, Part B, Sec. 5.6 

c) • 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 on the fish 
resource and describe any mitigation strategies that might be 
planned to minimize these effects, including any plans to restrict 
employee and visitor access; and 

 Vol. II, Part B, Sec. 5.6 
Vol. II, Part D, Sec. 5.6 

d) • changes to benthic invertebrate communities that may affect 
food quality and availability for fish. 

 Vol. II, Part B, Sec. 5.6 

[B] Discuss the design, construction, and operational factors to be 
incorporated into the Project to minimize effects to fish and fish 
habitat and protect aquatic resources during all stages of the 
Project. Describe how any water intakes have been designed to 
avoid entrapment and entrainment of fish and provide information 
on the species of fish considered. 

 Vol. II, Part B, Sec. 5.6 

[C] Identify plans proposed to offset any loss in the productivity of fish 
habitat. 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. 

 Vol. II, Part B, Sec. 5.6 

[D] Describe the effects of any surface withdrawals considered 
including cumulative effects on aquatic resources. 

 Vol. II, Part B, Sec. 5.6 
& 5.7 

[E] Describe the residual effects of the Project on fish, fish habitat, and 
other aquatic resources and discuss their significance in the 
context of local and regional fisheries. Describe Shell’s plans to 
manage those effects. 

 Vol. II, Part B, Sec. 5.6 

3.6.3 Monitoring   
[A] Describe any monitoring programs proposed to assess any Project 

impacts to fish, fish habitat and other aquatic resources and to 
measure the effectiveness of mitigation plans. 

 Vol. II, Part B, Sec. 5.8 

3.7 Vegetation   
3.7.1 Baseline Information   
[A] Describe and map vegetation communities for each ecosite phase.  Vol. II, Part C, Sec. 3.3 

& 3.4 
[B] Describe and map wetlands, and discuss their distribution and 

relative abundance. 
 Vol. II, Part C, Sec. 3.4 

[C] Identify, verify and map the relative abundance of species of rare 
plants and the ecosite phases where they are found. 

 Vol. II, Part C, Sec. 3.4 

[D] Identify key indicators and discuss the rationale for their selection. 
Identify composition distribution, relative abundance, and habitat 
requirements. Address those species listed as “at Risk, May be at 
Risk and Sensitive” in The Status of Alberta Species (Alberta 
Sustainable Resource Development) and all species listed in 
Schedule 1 of the federal Species at Risk Act. 

 Vol. II, Part C, Sec. 3.2 
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[E] Discuss the potential of each ecosite phase 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. 

 Vol. II, Part C, Sec. 3.4 

[F] Describe the regional relevance of landscape units that are 
identified as rare. 

 Vol. II, Part C, Sec. 3.4 
& App 3C & 3D 

[G] Provide Timber Productivity Ratings for both the Project area and 
the LSA, including the identification of productive forested, non-
productive forested and non-forested lands. 

 Vol. II, Part D, Sec. 5.5 

3.7.2 Impact Assessment   
[A] Identify the amount of vegetation and wetlands to be disturbed for 

all stages of the Project.  
 Vol. II, Part C, Sec. 3.5 

& 3.6 
[B] Discuss any potential effects the Project may have on rare plants 

or endangered species, in The Status of Alberta Species (Alberta 
Sustainable Resource Development) and the Alberta Natural 
Heritage Information Center. 

 Vol. II, Part C, Sec. 3.5 

[C] Describe temporary (including timeframe) and permanent changes 
to vegetation and wetland communities and comment on: 

 Vol. II, Part C, Sec. 3.5 
& 3.6 

a) • the effects and their implications for other environmental 
resources (e.g., habitat diversity and quantity, water quality and 
quantity, erosion potential, recreation and other uses); 

 Vol. II, Part C, Sec. 3.5 
& 3.6 

b) • the effects and their implications to recreation, aboriginal and 
other uses; and 

 Vol. II, Part C, Sec. 3.5 
& 3.6 
Vol. II, Part D, Sec. 5.6 

c) • the sensitivity to disturbance (including acid deposition), as well 
as the techniques used to estimate sensitivity to disturbance and 
reclamation, of each vegetation community. 

 Vol. II, Part C, Sec. 3.5 

[D] Discuss the regional impact of any ecosite phase to be removed.  Vol. II, Part C, Sec. 3.6 
[E] Discuss from an ecological perspective, the expected timelines for 

establishment and recovery of vegetative communities and the 
expected differences in the resulting vegetative community 
structures. 

 Vol. II, Part C, Sec. 3.5, 
3.6 & 6.8 

[F] Provide an Ecological Land Classification map that shows the 
reclaimed vegetation. Comment on the importance of the size, 
distribution and variety of the reclaimed landscape units from both 
a local and regional perspective. 

 Vol. II, Part C, Sec. 6.8 

[G] Discuss the impact of any loss of 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. 

 Vol. II, Part C, Sec. 3.5 

[H] Provide a mitigation strategy that will minimize Project impacts 
addressing: 

  

a) • mitigation of the adverse effects of site clearing on rare plants, 
plants for traditional, medicinal and cultural purpose and plant 
communities. Identify any setbacks proposed around 
environmentally-sensitive areas such as surface waterbodies, 
riparian areas and wetlands; and 

 Vol. II, Part C, Sec. 3.5 
& 6.8 

b) • measures and techniques that will be used to minimize the 
impact of loss of wetlands on land use, fragmentation and 
biodiversity. 

 Vol. II, Part C, Sec. 3.5 
& 6.8 
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[I] Discuss weeds and non-native invasive species and describe how 
these species will be assessed and controlled prior to and during 
operation and reclamation. 

 Vol. II, Part C, Sec. 3.5 
& 6.8 

[J] Describe the residual effects of the Project on vegetation and 
Shell’s plans to manage those effects. 

 Vol. II, Part C, Sec. 3.5 
& 3.7 

3.7.3 Monitoring   
[A] Describe any monitoring programs proposed to assess Project 

impacts to vegetation, wetlands and riparian areas and to measure 
the effectiveness of mitigation plans. 

 Vol. II, Part C, Sec. 3.7 

3.8 Wildlife   
3.8.1 Baseline Information   
[A] Describe and map existing wildlife resources (amphibians, reptiles, 

birds and terrestrial and aquatic mammals) and their use and 
potential use of habitats.  

 Vol. II, Part C, Sec. 4.5 

[B] Identify key indicator species and discuss the rationale for their 
selection. Identify composition, distribution, relative abundance, 
seasonal movements, movement corridors, habitat requirements, 
key habitat areas, and general life history. Address those species 
listed as “at Risk, May be at Risk and Sensitive” in The Status of 
Alberta Species (Alberta Sustainable Resource Development) and 
all species listed in Schedule 1 under the federal Species at Risk 
Act and those listed as “at risk” by COSEWIC.  

 Vol. II, Part C, Sec. 
4.2.2, 4.4 & 4.5 

[C] Quantitatively describe and map existing habitat disturbance 
(including exploration activities) and identify those habitat 
disturbance that are related to existing and approved Project 
operations. 

 Vol. II, Part C, Sec. 4.3, 
4.5 & 4.7 

3.8.2 Impact Assessment   
[A] Describe Project components and activities that may affect wildlife 

and wildlife habitat. 
 Vol. II, Part C, Sec. 4.6 

& 4.7 
[B] Discuss and assess the potential impacts of the Project on key 

indicator species and relate those impacts to wildlife populations 
and wildlife habitat addressing:  

  

a) • how the project will affect wildlife relative abundance, movement 
patterns, distribution, and recruitment into regional populations 
for all stages of the Project; 

 Vol. II, Part C, Sec. 4.6 
& 4.7 

b) • how improved or altered access may affect wildlife including 
potential obstruction of daily and seasonal movements, 
increased vehicle-wildlife collisions, and increased hunting 
pressure; 

 Vol. II, Part C, Sec. 4.6 
& 4.7 

c) • how increased habitat fragmentation may affect wildlife 
considering edge effects, the availability of core habitat, and the 
influence of linear features and infrastructure on wildlife 
movements and other population parameters; 

 Vol. II, Part C, Sec. 4.6 
& 4.7 

d) • the spatial and temporal changes to habitat availability and 
habitat effectiveness (type, quality, quantity, diversity, 
availability, and distribution);  

 Vol. II, Part C, Sec. 4.6 
& 4.7 

e) • potential effects on wildlife as a result of changes to air and 
water quality including both acute and chronic effects on animal 
health; 

 Vol. II, Part C, Sec. 4.6 
& App 4D 
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f) • the effects on wildlife from Shell’s proposed and planned 
exploration, seismic and core hole activities, including 
monitoring/4D seismic;  

 Vol. II, Part C, Sec. 4.6 

g) • the resilience and recovery capabilities of wildlife populations 
and habitat to disturbance; and 

 Vol. II, Part C, Sec. 4.6 
& 4.7 

h) • the potential for the Project Area to be returned to its existing 
state with respect to wildlife population and their habitats. 

 Vol. II, Part C, Sec. 4.6 
& 4.7 

[C] Comment on the availability of species for traditional use 
considering habitat loss, habitat avoidance, vehicle-wildlife 
collisions, increased non-aboriginal hunting pressure and other 
Project related effects on wildlife populations 

 Vol. II, Part D, Sec. 5.6 

[D] Provide a strategy and mitigation plan to minimize impacts on 
wildlife and wildlife habitat for all stages of the Project and to return 
productive wildlife habitat to the area, considering; 

  

a) • consistency of the plan with applicable regional, provincial and 
federal wildlife habitat objectives and policies; 

 Vol. II, Part C, Sec. 4.6 
& App 4E 

b) • schedule for the return of habitat capacity to areas impacted by 
the Project; 

 Vol. II, Part C, Sec. 4.6 
& 4.7 

c) • the use of setbacks to protect riparian habitats, interconnectivity 
of such habitat and the unimpeded movement by wildlife species 
using that habitat; 

 Vol. II, Part C, Sec. 4.6 

d) • anticipated access controls or other management strategies to 
protect wildlife during and after Project operations; 

 Vol. II, Part C, Sec. 4.6 
& App 4E 

e) • measures to prevent habituation of wildlife minimize the potential 
for human-wildlife encounters and consequent destruction of 
wildlife, including any staff training program, fencing camps, 
garbage containment measures or regular follow-up; 

 Vol. II, Part C, Sec. 4.6 
& App 4E 

f) • measures to mitigate habitat fragmentation considering impacts 
to habitat connectivity and wildlife movements resulting from 
linear features (e.g., above ground pipelines, roads etc.) and 
other Project infrastructure and activities; and 

 Vol. II, Part C, Sec. 4.6 
& 6.8 

[E] Describe the residual effects of the Project on wildlife and wildlife 
habitat and Shell’s plans to manage those effects. 

 Vol. II, Part C, Sec. 4.6, 
4.7 & 4.8 & App 4E 

3.8.3 Monitoring   
[A] Describe the monitoring programs proposed to assess Project 

impacts to wildlife and to measure the effectiveness of mitigation 
plans, giving special attention to those species  

  

a) • listed as “at Risk, May be at Risk and Sensitive” in The Status of 
Alberta Species (Alberta Sustainable Resource Development); 

 Vol. II, Part C, Sec. 4.5, 
4.8 & 6.8 

b) • listed in Schedule 1 of the federal Species at Risk Act; and  Vol. II, Part C, Sec. 4.5, 
4.8 & 6.8 

c) • listed as “at risk’ by COSEWIC.  Vol. II, Part C, Sec. 4.5, 
4.8 & 6.8 

3.9 Biodiversity and Fragmentation   
3.9.1 Baseline Information   
[A] Describe the terrestrial and aquatic biodiversity metrics that will be 

used to characterize the existing ecosystems and probable effects 
on the Project: 
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a) • describe the process and rationale used to select biotic and 
abiotic indicators for biodiversity within selected taxonomic 
groups; 

 Vol. II, Part C, Sec. 5.2 

b) • determine the relative abundance of species in each ecosite 
phase;  

 Vol. II, Part C, Sec. 5.4 
& App 5A & 5B 

c) • provide species locations, lists and summaries of observed and 
estimated species richness and evenness for each ecosite 
phase; 

 Vol. II, Part C, App 5A & 
5B 

d) • provide a measure of biodiversity on baseline sites that are 
representative of the proposed reclamation ecosites; and 

 Vol. II, Part C, App 5A & 
5B 

e) • rank each ecological unit for biodiversity potential. Describe the 
techniques used in the ranking process. 

 Vol. II, Part C, App 5A & 
5B 

[B] Describe the current level of habitat fragmentation.  Vol. II, Part C, Sec. 5.4 
3.9.2 Impact Assessment   
[A] Describe the metrics that will be used to assess the probable 

effects of Project development. Discuss the contribution of the 
Project to any anticipated changes in regional biodiversity and the 
potential impact to local and regional ecosystems.  

 Vol. II, Part C, Sec. 5.2, 
5.5 & 5.6 

[B] Identify and evaluate the extent of potential effects from 
fragmentation that may result from the Project. 

 Vol. II, Part C, Sec. 5.4 

[C] Discuss the measures to minimize any anticipated changes in 
regional biodiversity.   

 Vol. II, Part C, Sec. 5.5 

[D] Describe the residual effects of the Project on biodiversity and 
fragmentation and Shell’s plans to manage those effects. 

 Vol. II, Part C, Sec. 5.5, 
5.6 & 5.8 

3.9.3 Monitoring   
[A] Describe any monitoring programs proposed to assess Project 

impacts on biodiversity and fragmentation and to measure the 
effectiveness of mitigation plans. 

 Vol. II, Part C, Sec. 5.7 
& 6.8 

3.10 Terrain and Soils   
3.10.1 Baseline Information   
[A] Provide descriptions and maps of the terrain and soils conditions 

including:  
  

a) • surficial geology and topography;  Vol. II, Part C, Sec. 2.5 

b) • soil types and their distribution. Provide an ecological context to 
the soil resource by supplying a soil survey report and maps to 
include Survey Intensity Level 2 for the Project Area; 

 Vol. II, Part C, Sec. 2.4 
& 2.5 

c) • suitability and availability of soils within the Project Area for 
reclamation; 

 Vol. II, Part C, Sec. 2.5 
& 6.7 

d) • soils that could be effected by the Project with emphasis on 
potential acidification (by soil type); and 

 Vol. II, Part C, Sec. 2.4, 
2.5 & 6.7 

e) • descriptions and locations of erosion sensitive soils.   Vol. II, Part C, Sec. 2.5 
& 6.7.2.1 

3.10.2 Impact Assessment   
[A] Describe Project activities and other related issues that could affect 

soil quality (e.g., compaction, contaminants) and: 
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a) • indicate the amount (ha) of surface disturbance from plant, field 
(pipelines, access road), aggregate and borrow sites, 
construction camps, and other infrastructure-related construction 
activities; 

 Vol. II, Part C, Sec. 2.6, 
3.5 & 6.2 

b) • provide an inventory of the pre- and post-disturbance land 
capability classes for soils in both the Project Area the LSA and 
describe Project impacts to land capability. Indicate the size and 
location of soil types and land capability classes that will be 
disturbed; 

 Vol. II, Part C, Sec. 2.5, 
2.6, 2.7, 6.7 & 6.8 

c) • discuss the relevance of any changes or the local and regional 
landscapes, biodiversity, productivity, ecological integrity, 
aesthetics and future use resulting from disturbance for all 
stages of the Project; 

 Vol. II, Part C, Sec. 2.6, 
2.7 & 6.8 

d) • identify the potential acidification impact on soils and discuss the 
significance of predicted impacts by acidifying emissions 
resulting from the Project;  

 Vol. II, Part C, Sec. 2.6 
& 2.7 

e) • describe potential sources of soil contamination;  Vol. II, Part C, Sec. 2.6 
f) • describe the impact of the Project on soil types and reclamation 

suitability and the approximate volume of soil materials for 
reclamation. Discuss any constraints or limitations to achieving 
vegetation/habitat reclamation based on anticipated soil 
conditions (e.g., compaction, contaminants, soil moisture, 
nutrient depletion, erosion etc.); and 

 Vol. II, Part C, Sec. 6.8 

g) • discuss the potential for soil erosion during all stages of the 
Project; 

 Vol. II, Part C, Sec. 2.5, 
2.6 & 6.7 

[B] Discuss:   
a) • the environmental effects of proposed drilling methods on the 

landscape and surficial and bedrock geology; 
 Vol. II, Part B, Sec. 2.5 

b) • the potential for casing and pipeline failures and their 
environmental effects; 

 Vol. II, Part B, Sec. 2.5 

c) • the potential for changes in the ground surface during steaming 
and recovery operations (e.g., ground heave and/or subsidence) 
and their environmental implications; and 

 engineering 

d) • the potential impacts caused by the mulching and storage of 
woody debris considering, but not limited to vulnerability to fire, 
degradation of soil quality and increased footprint. 

 Vol. II, Part C, Sec. 6.8 

[C] Provide a mitigation plan to address:   
a) • possible measures to minimize surface disturbance including the 

use of existing clearings for the Project; 
 Vol. II, Part C, Sec. 2.6 

& 6.8 
b) • possible actions to address potential effects of acid deposition;  Vol. II, Part C, Sec. 2.6 
c) • possible actions to mitigate effects of any constraint or limitation 

to habitat reclamation such as compaction, contaminants, soil 
moisture, erosion, nutrient regime, etc.; 

 Vol. II, Part C, Sec. 2.6, 
6.8 

d) • possible measures to mitigate changes to ground surface 
(temperature, heave and subsidence) during operations; 

 engineering 

e) • possible actions to address impacts to land capability; and  Vol. II, Part C, Sec. 2.6 
& 6.8 

f) • any other measure to reduce or eliminate the potential impacts 
that the Project may have on soil capability and/or quality. 

 Vol. II, Part C, Sec. 2.6 
& 6.8 
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[D] Describe the residual effects of the Project on terrain and soils and 
Shell’s plans to manage those effects.  

 Vol. II, Part C, Sec. 2.6 
& 6.8 

3.10.3 Monitoring   
[A] Describe any monitoring programs proposed to assess Project 

impacts on terrain and soils and to measure the effectiveness of 
mitigation plans. 

 Vol. II, Part C, Sec. 2.8 
& 6.8 

3.11 Land Use   
3.11.1 Baseline Information   
[A] Identify the current land uses, including oil and gas development, 

forestry, tourism, aboriginal uses and other outdoor recreational 
activities. 

 Vol. II, Part D, Sec. 5.5 

[B] Identify and map all Crown land and Crown Reservations (Holding 
Reservations, Protective Notation, Consultative Notation). 

 Vol. II, Part D, Sec. 5.4 

[C] Identify and map unique sites or special features such as Parks 
and Protected Areas, Heritage Rivers, Historic Sites, 
Environmentally Significant Areas, culturally significant sites and 
other designations (World Heritage Sites, Ramsar Sites, 
Internationally Important Bird Areas etc).  

 Vol. II, Part D, Sec. 5.5 

[D] Identify any land use policies and resource management initiatives 
that pertain to the Project, and discuss how the Project will be 
consistent with the intent of these initiatives. 

 Vol. II, Part D, Sec. 5.5 

3.11.2 Impact Assessment   
[A] Identify the potential impact of the Project on land uses, including:   
a) • impacts to unique sites or special features;  Vol. II, Part D, Sec. 5.6 

b) • impacts cause by changes in public access arising from linear 
development, including secondary effects, related to increased 
hunter, angler and other recreational access, decreased access 
to traditional use sites and facilitated predator movement; 

 Vol. II, Part D, Sec. 5.6 

c) • the implications of relevant land use policies and resource 
management initiatives for the Project, including any constraints 
to development; 

 Vol. II, Part D, Sec. 5.6 

d) • potential impacts to aggregate reserves that may be located on 
land under Shell’s control and reserves in the region; 

 Vol. II, Part D, Sec. 5.6 

e) • the impact of development and reclamation on commercial forest 
harvesting in the Project Area. Include opportunities for timber 
salvage, revegetation, reforestation and harvest for the reduction 
of fuel hazard; 

 Vol. II, Part C, Sec. 6.8 
Vol. II, Part D, Sec. 5.6 

f) • 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 Project Area; 

 Vol. II, Part D, Sec. 5.6 

g) • how the Project disturbance impacts Annual Allowable Cuts and 
quotas with the Forest Management Agreement area; 

 Vol. II, Part D, Sec. 5.6 

h) • the potential impact on existing land uses of anticipated changes 
(type and extent) to the pre-disturbance topography, elevation 
and drainage pattern within the Project Area; and 

 Vol. II, Part D, Sec. 5.6 

i) • impacts of the Project on regional recreational activities, public 
access, aboriginal land use and other land uses during and after 
development activities. 

 Vol. II, Part D, Sec. 5.6 
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[B] Discuss possible mitigation strategies to address:    
a) • the need for, and plans to address, access management during 

and after Project operations; 
 Vol. II, Part D, Sec. 5.6 

b) • the process for addressing the needs of other users in the 
Project Area and the LSA;  

 Vol. II, Part D, Sec. 5.6 

c) • measures to mitigate Project impacts on land use; and  Vol. II, Part C, Sec. 6.8 
Vol. II, Part D, Sec. 5.6 

d) • how potentially-affected aggregate reserves will be salvaged and 
stockpiled with input provided by Alberta Transportation and 
Alberta Sustainable Resource Development. 

 Vol. II, Part C, Sec. 6.8 
Vol. II, Part D, Sec. 5.5, 
5.6 & 5.7 

[C] Describe the residual effects of the Project on land use and Shell’s 
plans to manage those effects. 

 Vol. II, Part D, Sec. 5.6 

3.11.3 Monitoring   
[A] Describe the monitoring programs proposed to assess Project 

impacts on land use and to measure the effectiveness of mitigation 
plans. 

 Vol. II, Part D, Sec. 5.8 

4 Historic Resources   
[A] Describe consultation with Alberta Culture and Community Spirit 

(ACCS) concerning the need for a Historical Resource Impact 
Assessment (HRIA) for the Project, and: 

 Vol. II, Part D, Sec. 3.4 

a) • provide a general overview of the results of any previous historic 
resource studies that have been conducted, including 
archaeological resources, palaeontological resources, historic 
period sites, and any other historic resources as defined within 
the Historical Resources Act; 

 Vol. II, Part D, Sec. 3.5 

b) • summarize the results from the field program performed to 
assess archaeological, palaeontological and historic significance 
of the LSA;  

 Vol. II, Part D, Sec. 3.4 

c) • provide a summary of the results of the HRIA conducted to 
assess the potential impact of the Project on archaeological, 
palaeontological and historic resources; 

 Vol. II, Part D, Sec. 3.4 

d) • provide an outline of the program and schedule of field 
investigations that ACCS may require Shell to undertake to 
further assess and mitigate the effects of the Project on historic 
resources; and 

 Vol. II, Part D, Sec. 3.6 

e) • document any historic resources concerns raised during 
consultation on the Project. 

 Vol. II, Part D, Sec. 3.4 

5 Traditional Ecological Knowledge and Land Uses   
[A] Provide:   
a) • a map of traditional land use areas (if the aboriginal community 

or group is willing to have this information disclosed);  
 Vol. II, Part D, Sec. 4.2 

b) • a map of cabin sites, spiritual sites, graves and other traditional 
use sites considered as historic resources under the Historical 
Resources Act (if the aboriginal community or group is willing to 
have these locations disclosed), as well as traditional trails and 
resource activity patterns; 

 Vol. II, Part D, Sec. 3.5 
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c) • a description of the extent of traditional use of land in both the 
Project Area and the LSA including fishing, hunting, trapping, 
nutritional or medicinal plant harvesting and cultural use by 
affected aboriginal people; 

 Vol. II, Part D, Sec. 5.5 

d) • a discussion of:   
 • access to traditional lands in the Project Area during all 

stages of the Project, 
 Vol. II, Part D, Sec. 2.4, 

2.5 & 5.6 
 • vegetation and wildlife used for traditional, food, ceremonial, 

medicinal and other purposes, and 
 Vol. II, Part C, Sec. 3.3, 

3.4 & 4.2 
 • aboriginal views on meaningful land reclamation; and  Vol. II, Part D, Sec. 4.4 
[B] Determine the impact of the Project on traditional uses and identify 

possible mitigation strategies. 
 Vol. II, Part D, Sec. 4.5 

6 Public Health and Safety Assessment   
[A] Describe those aspects of the Project that may have implications 

for public health or the delivery of regional health services. 
Determine whether there may be implications for public health 
arising from the Project. Specifically: 

  

a) • assess the potential health implications of the compounds that 
will be released to the environment from the Project in relation to 
exposure limits established to prevent acute and chronic 
adverse effects on human health; 

 Vol. II, Part A, Sec. 5.2 
& 5.3 

b) • provide the data, exposure modeling calculations, and describe 
the methods Shell used to assess impacts of the Project on 
human health and safety; 

 Vol. II, Part A, Sec. 5.4 
& App 5B & 5C 

 • provide information, including chemical analysis and modeling 
results on samples of selected environmental media (e.g., soil, 
water, air, vegetation, wild game, etc.) used in the assessment;  

 Vol. II, Part A, App 5B & 
5C 

c) • discuss the potential for changes to water quality, air quality and 
soil quality to increase human exposure to contaminants taking 
into consideration all Project activities;  

 Vol. II, Part A, Sec. 5.2 
& 5.7 

d) • identify the human health impact of the potential contamination 
to country foods and natural food sources taking into 
consideration all Project activities; 

 Vol. II, Part A, Sec. 5.6 

e) • document any health concerns raised by stakeholders during 
consultation on the Project; 

  

f) • document any health concerns identified by aboriginal 
communities or group resulting from impacts of existing 
development and of the Project specifically on their traditional 
lifestyle and include an aboriginal receptor type in the 
assessment; 

 Vol. II, Part D, Sec. 4.4 

g) • assess the cumulative human health effects to receptors, 
including First Nations and Métis receptors;  

 Vol. II, Part A, Sec. 5.6 
& 5.7 

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

 Vol. II, Part A, Sec. 5.7 

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

 Vol. II, Part A, Sec. 5.3 
& 5.6 
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Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

j) • discuss mitigation strategies to minimize the potential impact of 
the Project on human health. 

 Vol. II, Part A, Sec. 5.7 

[B] Describe those aspects of the Project that may have implications 
for public safety. Determine whether there may be implications for 
public safety arising from the Project. Specifically: 

  

a) • describe Shell’s emergency response plan including public 
notification protocol and safety procedures to minimize adverse 
environmental effects, including emergency reporting 
procedures for spill containment and management; 

  

b) • document any safety concerns raised by stakeholders during 
consultation on the Project; 

  

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

  

d) • describe the existing agreements with area municipalities or 
industry groups such as safety cooperatives, emergency 
response associations, regional mutual aid programs and 
municipal emergency response agencies; 

  

e) • describe the potential safety impacts due to higher regional 
traffic volumes; and 

  

f) • discuss mitigation plans to ensure workforce and public safety 
during the life of the Project. Include prevention and safety 
measures for wildfire occurrences, water saturated plume from 
cooling towers, icy roads in the winter months, accidental 
release or spill of chemicals to the environment and failures of 
structures retaining water or fluid wastes. 

  

7 Socio-Economic Assessment   
7.1.1 Baseline Information   
[A] Describe the existing socio-economic conditions in the region and 

in the communities in the region. 
 Vol. II, Part D, Sec. 2.4 

[B] Describe factors that may affect existing socio-economic conditions 
including: 

  

a) • population changes;  Vol. II, Part D, Sec. 2.4 

b) • Shell's policies and programs regarding the use of regional and 
Alberta goods and services; 

 Vol. II, Part D, Sec. 2.5 

c) • a project schedule and a general description of the overall 
engineering and contracting plan for the Project; 

 Vol. II, Part D, Sec. 2.5 

d) • workforce requirements for the Project, including a description of 
when peak activity periods will occur; and 

 Vol. II, Part D, Sec. 2.5 

e) • planned accommodations for the workforce during the life of the 
Project. 

 Vol. II, Part D, Sec. 2.5 

7.1.2 Impact Assessment   
[A] Describe the socio-economic effects of construction and operation 

of the Project, including: 
 Vol. II, Part D, Sec. 2.5 

a) • impacts related to:   Vol. II, Part D, Sec. 2.5 
 • local training, employment and business opportunities,   Vol. II, Part D, Sec. 2.5 
 • regional and provincial economic benefits,   Vol. II, Part D, Sec. 2.5 
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Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

 • housing,   Vol. II, Part D, Sec. 2.5 
 • recreational activities,  Vol. II, Part D, Sec. 2.5 
 • hunting, fishing, trapping and gathering, and  Vol. II, Part D, Sec. 2.4 
 • effects on First Nations and Métis (e.g., traditional land use 

and social and cultural implications); 
 Vol. II, Part D, Sec. 2.5 

b) • estimated total Project cost, including a breakdown for 
engineering and project management, equipment and materials, 
and labour for construction and operation stages. Indicate the 
percentage of expenditures expected to occur in the region, 
Alberta, Canada outside of Alberta, and outside of Canada;  

 Vol. II, Part D, Sec. 2.5 

c) • impacts of the proposed Project on the availability of affordable 
housing and the quality of health care services. Provide a 
summary of any discussions that have taken place with the local 
municipalities and local environmental public health office of 
Alberta Health Services concerning housing availability and 
health care services respectively; 

 Vol. II, Part D, Sec. 2.4 
& 2.5 

d) • discuss any effects expected on primary and secondary highway 
systems and other regional roads caused by anticipated traffic 
changes; 

 Vol. II, Part D, Sec. 2.5 

 • the impact on local and regional infrastructure and community 
services, including consideration of municipal “hard services”, 
education/training services, social services, urban and regional 
recreation services, law enforcement and emergency services; 
and 

 Vol. II, Part D, Sec. 2.5 

e) • describe municipal growth pressures as they relate to the Project 
and the need for additional Crown land to meet these needs. 

 Vol. II, Part D, Sec. 2.5 

[B] Describe the socio-economic effects of any construction camp 
required for the Project and identify: 

  

a) • its location;  Vol. II, Part D, Sec. 2.5 

b) • the number of workers it is intended to house;  Vol. II, Part D, Sec. 2.5 
c) • whether the camp will service the Project only or other clients;  Vol. II, Part D, Sec. 2.5 
d) • the length of time the camp will be in service, and  Vol. II, Part D, Sec. 2.5 
e) • describe what services will be provided in the camp (e.g., 

security, recreation and leisure, medical services). 
  

[C] Discuss options for mitigating impacts including:   
a) • Shell’s policies and programs regarding the use of regional and 

Alberta goods and services; 
 Vol. II, Part D, Sec. 2.5 

b) • plans to work with First Nations and Métis communities and 
groups and other local residents and businesses regarding 
employment, training needs, and other economic development 
opportunities arising from the Project; 

 Vol. II, Part D, Sec. 2.5 

c) • steps that have been undertaken by industry, the municipality, 
provincial government or through regional and cooperative 
initiatives to address socio-economic concerns and impacts to 
local and regional transportation infrastructure; 

 Vol. II, Part D, Sec. 2.4 
& 2.6 

d) • the potential to avoid overlap with other Projects that are 
reasonably anticipated during all stages of the Project; 

 Vol. II, Part D, Sec. 2.6 
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Table P-3: Information Required for AENV EIA Final Terms of Reference (cont’d) 

TOR 
Section Environmental Assessment or Topic 

Volume I 
Application 

Volumes 
IIA-D 
EIA 

e) • mitigation plans that will be undertaken to address issues related 
to the availability of affordable housing and the quality of health 
care services; and 

 Vol. II, Part D, Sec. 2.5 

f) • strategies to mitigate socio-economic concerns raised by local 
municipalities and other stakeholders in the region. 

 Vol. II, Part D, Sec. 2.5 

g) Describe residual effects of the Project on socio-economic 
conditions and Shell’s plans to manage those effects. 

 Vol. II, Part D, Sec. 2.5 

7.1.3 Monitoring   
[A] Describe any monitoring plans proposed to assess any Project 

socio-economic impacts and the effectiveness of mitigation plans. 
 Vol. II, Part D, Sec. 2.7 
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Section 1.1
 INTRODUCTION 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 PROJECT OVERVIEW 

 
1.1.1 PURPOSE 

Shell Canada Limited (Shell), is applying to the Energy Resources Conservation 
Board (ERCB) and Alberta Environment (AENV) for approval to construct, 
operate and reclaim a proposed 12,600 m3/d (80,000 bbl/d) in situ oil sands 
commercial scheme development, known as the Shell Peace River In Situ 
Expansion Carmon Creek Project (the Carmon Creek Project or the project). 

Specifically, Shell is seeking approval to amend Scheme Approval No. 8143 to 
allow the Carmon Creek Project to be developed within the resource 
development area and the initial development area, as described in this 
application. 

1.1.2 PROJECT LOCATION 

The Carmon Creek Project will be located in Northern Sunrise County, in 
Townships 84 and 85, Ranges 17, 18 and 19, west of the fifth meridian (W5M), 
about 40 km northeast of the Town of Peace River (see Figure 1-1). 

1.1.3 PROPOSED DEVELOPMENT PLAN 

The development will begin with the construction of a central processing facility 
(CPF), followed about three years later by a second CPF. Each CPF will have a 
capacity of 6,300 m3/d (40,000 bbl/d) and related infrastructure. The project will 
include three cogeneration units and sufficient field facilities to meet the 
production plateau of 12,600 m3/d (80,000 bbl/d) for the two CPFs within about 
five years. Thereafter, as production from the initial field facilities declines, new 
wells will be drilled to maintain the 12,600 m3/d capacity of the CPFs. 

The project will use a vertical steam drive (VSD) thermal recovery process along 
with initial cyclic steam stimulation (CSS). This recovery method moves steam 
horizontally between vertical wells and is viewed by Shell as the optimal thermal 
recovery technology for this project. 

The Carmon Creek Project is supported by an environmental impact assessment 
(EIA) that concludes that the potential effects of the project are not significant. 
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1.1.4 EXISTING PEACE RIVER PROCESSING OPERATIONS 

Currently, within its Peace River leases, Shell operates a 2,000 m3/d enhanced 
recovery in situ heavy oil processing plant (the Peace River Complex) under 
Environmental Protection and Enhancement Act (EPEA) Approval No. 1642-01-
00, and existing ERCB Commercial Scheme Approval No. 8143, each as 
amended. The Peace River Complex is 100% Shell owned and has been 
producing bitumen since 1979. The Peace River Complex is located within 
Township 85, Range 18 W5M near the location of the proposed CPFs for the 
Carmon Creek Project. The boundaries of Shell’s leases and Shell’s existing 
Scheme Approval No. 8143 are shown in Figure 1-2. 

For further information on the Peace River Complex, see Current Peace River 
Operations in Section 1.2. 

1.1.5 PROPOSED DEVELOPMENT PLAN BOUNDARIES 

Shell has defined three boundaries for the Carmon Creek Project (see 
Figure 1-3), the: 

• project area 
• resource development area 
• initial development area 

1.1.5.1 Project Area 

The project area includes all lands subject to direct disturbance from the Carmon 
Creek Project and associated infrastructure. 

1.1.5.2 Resource Development Area 

The resource development area includes all lands where bitumen recovery and 
processing relating to the project will occur, and contains the total bitumen 
resource that will support the life of the Carmon Creek Project. The boundaries 
of the resource development area represent the boundaries of the scheme 
amendment for which approval is sought from the ERCB in this application. 

Shell owns a 100% working interest in the five oil sands leases within the 
resource development area that support the Carmon Creek Project, and retains the 
right to develop the resources within the Bluesky Formation. For further 
information, see Land and Mineral Rights in Section 1.5.4. 

Shell plans to drill appraisal wells and conduct a 3-D seismic program to further 
delineate the bitumen resource outside of the initial development area. 
Development plans based on this data, as well as further well and seismic data, 
will be assessed over the next few years to ensure optimal development of the 
resource. 
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1.1.5.3 Initial Development Area 

The initial development area lies within the boundary of the resource 
development area. The following major components of the Carmon Creek Project 
will be developed within the initial development area over about five years: 

• two CPFs and three associated cogeneration facilities 
• field facilities, comprising production well pads and related facilities 
• associated utilities, pipelines, roads and other infrastructure 

Through the drilling of two wells per section, and the use of extensive 3-D 
seismic data, the resource has been sufficiently delineated to support progressing 
a 12,600 m3/d (80,000 bbl/d) development. 

The two CPFs will be similar in size and each have an initial capacity of about 
6,300 m3/d (40,000 bbl/d). They will be constructed sequentially, about three 
years apart, and located beside one another, east of the existing Peace River 
Complex on land in Sections 14, 15, 22 and 23 of Twp 85, Rge 18 W5M, to 
minimize surface disturbance and optimize the use of existing infrastructure. 
Each CPF will have associated camps and construction staging areas. For further 
information on the CPFs, see Section 6, Processing Facilities. 

Three cogeneration facilities will provide steam and electricity for the CPFs. One 
cogeneration unit will be constructed with the first CPF (CPF 1) and two 
cogeneration units with the second CPF (CPF 2). The three cogeneration units 
will be similar in size. The cogeneration facilities are described in more detail in 
Section 6, Processing Facilities. 

Field facilities within the initial development area that are required to maintain 
the 12,600 m3/d (80,000 bbl/d) combined production capacity of the two CPFs 
include 18 well pads, with an average of 45 wells per pad. An inverted seven-
spot well pattern, consisting of one dedicated steam injection well, surrounded by 
six oil production wells in a honeycomb configuration, will be used. Each pad 
will also contain surface facilities necessary for injecting steam and recovering 
the produced bitumen, along with associated measurement equipment and 
supporting electrical utilities. Each well is expected to have a life of about 
10 years. For further information, see Section 5, Field Facilities. 

Shell will construct above-ground pipelines, electrical distribution lines and 
roads, as necessary, to tie the 18 proposed well pads into the two CPFs. 

As production within the initial development area declines, development of new 
wells and field facilities in other areas of the resource development area will 
begin, to maintain the 12,600 m3/d (80,000 bbl/d) combined production capacity 
of the two CPFs. 

The aerial map in Figure 1-4 shows the location of the major components of the 
Carmon Creek Project proposed within the initial development area.  
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1.1.6 DEVELOPMENT SCHEDULE 

Figure 1-5 shows a conceptual development schedule for the project. The precise 
timing of the project construction and operation is subject to considerations, such 
as the timing and outcome of relevant regulatory approval processes, market 
conditions and project costs. 

1.1.7 PROJECT PROPONENT 

Shell Canada Limited is the proponent for the Carmon Creek Project. Shell will 
apply for, and hold, all construction and operating regulatory approvals required 
for the project on behalf of the operator, Shell Canada Energy. 

Shell is one of Canada’s largest integrated petroleum companies. Shell, which is 
based in Calgary, produces natural gas, natural gas liquids and bitumen, is one of 
Canada’s largest producers of sulphur, and is a leading manufacturer and 
distributor of refined petroleum products. 

Shell is a wholly owned subsidiary of Royal Dutch Shell plc, through its wholly 
owned subsidiary, Shell Petroleum N.V. 

1.1.8 PROJECT NEED, BENEFITS AND ALTERNATIVES 

1.1.8.1 Project Need 

Shell’s goal is to continue to supply energy in a responsible way and as a 
responsible member of the communities in which it operates. At the same time, 
Shell must remain economically viable so that it can provide a reasonable return 
to its shareholders, employment for its employees and support for the 
communities in which it operates. 

Developing the Carmon Creek Project will provide a secure domestic source of 
crude oil for Canada and the rest of North America, replacing declining 
conventional oil resources. Market opportunities for crude oil products include 
feedstock supply for Shell’s Scotford Refinery, refineries in the US Midwest and 
emerging markets on the US West Coast and abroad.  

Shell owns the bitumen leases within the resource development area and retains 
the right to develop the resource. The Carmon Creek Project is needed to develop 
the resource. 
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Activity 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2049
Engineering CPF 1

Engineering CPF 2

Regulatory Review

CPF 1 Construction and Drilling

CPF 1 Commissioning and Start-Up

CPF 1 Production

CPF 2 Construction and Drilling

CPF 2 Commissioning and Start-Up

CPF 2 Production

Public Consultation  

Figure 1-5: Conceptual Schedule 

1.1.8.2 Project Benefits 

The Carmon Creek Project will contribute to the Alberta economy through 
expenditures for goods and services, employment and business opportunities, 
taxes and royalties. Over the project’s 35-year operation, the project is expected 
to make the following municipal, provincial and federal contributions through 
direct and indirect (multiplier) effects: 

• property taxes to Northern Sunrise County are estimated to be about 
$530 million 

• tax and royalty revenue to the provincial government are estimated to be 
about $8.9 billion 

• tax revenue to the federal government is estimated to be about $2.5 billion 

The estimated on-site workforce will peak at just over 1,100 during construction 
of each CPF. Construction of CPF 2 is expected to begin about three years after 
CPF 1. 

The Peace River Complex currently employs about 100 people. Once fully 
operational, the project will create on average about 400 person-years of 
employment as follows: 

• 165 full-time Shell employees operating the CPF 1, CPF 2, and field 
facilities 

• 30 person-years of employment for contractors supporting plant operations 

• 100 person-years of employment for contractors building replacement pads 
and field infrastructure 

• 105 person-years of employment for drilling contractors 
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1.1.8.3 Project Alternatives 

VSD technology has been selected as the appropriate method to recover bitumen 
from Shell’s leases. Mining the bitumen is impractical because the resource is 
600 m deep. Alternative in situ recovery methods were evaluated and discounted 
for various technical or economic reasons (see Section 4.2, Alternatives 
Considered). The only alternative to the Carmon Creek Project is to forego 
recovery of the resource, which would result in the loss of benefits associated 
with the project. 
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 CURRENT PEACE RIVER OPERATIONS 

 
1.2.1 PEACE RIVER COMPLEX 

1.2.1.1 Major Facilities 

The existing Peace River Complex is currently licensed to produce 2,000 m3/d 
(12,500 bbl/d). The major facilities of the Peace River Complex include: 

• a central processing facility and administration complex 

• steam generation facilities 

• a series of well pads and pipelines connecting the pad production facilities to 
the plant site 

• a supporting network of site roads and utility corridors 

• diluted bitumen storage 

• a water treatment facility at the Peace River Complex and an interconnecting 
pipeline 

• water disposal facilities and pipelines 

• an asphalt plant 

1.2.1.2 Existing Recovery 

Currently, the Peace River Complex receives produced bitumen from horizontal 
cyclic steam (HCS) wells. In the HCS recovery process, steam is piped to 
multiwell surface production pads and is injected into the oil sands formation to 
reduce the viscosity of the bitumen. After steam has been injected, the wells are 
used for production. Existing production is from about 100 wells. 

The produced mixture of bitumen, produced water and gas is piped to the central 
plant, where it is processed in three process trains. Diluent is imported and 
blended into the process to help separate the bitumen from produced water and to 
reduce its viscosity for pipeline transportation. The blended bitumen is pumped 
from the central plant through a pipeline that terminates at a storage tank at the 
Haig Lake Terminal. 
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1.2.1.2 Existing Recovery (cont’d) 

The current annual average bitumen production limit for the Peace River 
Complex is 2,000 m3/d (12,500 bbl/d). 

1.2.1.3 Asphalt Production 

Currently, an asphalt plant is in operation at the Peace River Complex. Shell 
plans to shut down the asphalt plant when the project starts up. 

1.2.2 EXISTING PRIMARY PRODUCTION 

1.2.2.1 Existing Primary Recovery Processes 

In some areas of Shell’s Peace River lease areas southeast of the resource 
development area, the viscosity of the bitumen is low enough to allow it to be 
pumped to the surface unaided by steam. This recovery process is called primary 
(cold) production. 

1.2.2.2 Cliffdale Battery 

Primary production in the Cliffdale area, including the Cliffdale Battery, was 
acquired as part of Shell’s 2006 purchase of BlackRock Ventures (Primary 
Scheme No. 9132). In 2007, the scheme was expanded under Primary Scheme 
No. 10557B. The battery was commissioned in 2007. 

1.2.2.3 Seal Battery 

The Seal Battery was acquired as part of Shell’s 2006 purchase of BlackRock 
Ventures. Inc. 

1.2.3 OTHER PLANNED ACTIVITIES 

All of the following activities are, or will be, the subject of separate regulatory 
applications and approval processes. 

1.2.3.1 Seismic Acquisition 

Two 3-D seismic acquisition programs, conducted in 2008 and 2009, have 
provided full coverage of the initial development area, as well as the western part 
of the resource development area. About seven sections of 3-D seismic will be 
acquired over the eastern part of the resource development area once CPF 1 has 
come on stream. 

1.2.3.2 Delineation Wells 

In the initial development area, all sections are covered with 3-D seismic and 
have a minimum of two wells per section with electrical logs. 
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1.2.4 EXISTING AND ONGOING COMMUNITY CONSULTATION 

An extensive consultation program has been ongoing with the stakeholder 
community, related not only to the project, but also to other ongoing Shell 
initiatives for existing Peace River operations. These ongoing projects include 
primary production and new thermal pad development. 

In addition, Shell consults with other industry operators and resource developers 
in the Peace River region and participates in the Peace Oil Sands Synergy Group, 
which includes First Nations, Métis, industry and government representatives. 
Shell is also working with Daishowa-Marubeni International Ltd. (DMI) to 
develop an integrated land management strategy. 
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 MAJOR PROJECT FACILITIES 

 
1.3.1 CARMON CREEK PROJECT FACILITIES 

1.3.1.1 Production Facilities 

Two CPFs with a combined capacity of 12,600 m3/d (80,000 bbl/d), will be built 
within the initial development area, about three years apart, and will include: 

• plant inlet separation facilities 
• a bitumen production treating system 
• a produced water separation and deoiling system 
• a produced water and saline groundwater treatment system 
• regeneration wastewater and produced water disposal systems 
• a produced solids handling system 
• steam and electricity cogeneration systems, including power export facilities 
• a produced gas treatment (amine unit) and acid gas disposal system 
• storage tanks 

1.3.1.2 Field Facilities 

Well pads will include: 

• wellheads 
• pump jacks or other forms of artificial lift 
• piping manifolds 
• an electrical distribution system 
• an electrical transformer and motor control centre 
• a test separator and metering 

The well pads will be connected to the CPFs by: 

• steam distribution pipelines 
• a production gathering system 
• a casing vent gas gathering system 
• a diluent supply pipeline 

1.3.2 UTILITIES 

The CPFs will require the following utilities: 

• cooling and heating glycol systems 
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1.3.2 UTILITIES (cont’d) 

• an emergency power system 
• a potable water system 
• a sewage treatment system 
• drainage and sump systems 
• industrial runoff ponds 
• evaporator waste sites 
• instrument air and control systems 
• fire and gas detection and suppression systems 
• a vapour recovery unit 
• a flare system 
• nitrogen supply 

1.3.3 INFRASTRUCTURE 

The infrastructure required for the Carmon Creek Project includes: 

• an acid gas disposal pipeline 

• a diluent supply pipeline 

• temporary camps for construction and drilling 

• new access roads and upgrades to existing lease roads 

• regeneration wastewater and produced water disposal pipelines 

• saline groundwater pipelines 

• upgrades to the existing natural gas supply pipeline 

• upgrades to, or building new, electrical power transmission lines, substations 
and switchyards 

• upgrades to the intersection between the existing plant road and 
Highway 986, if required 

• upgrades to the existing river source water station 

• upgrades to tankage at the Haig Lake Terminal 
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 HSE AND SUSTAINABLE DEVELOPMENT 

 
1.4.1 HSE AND SUSTAINABLE DEVELOPMENT COMMITMENT 

1.4.1.1 Corporate Commitment 

The project will be developed based on Shell’s commitment to contribute to 
sustainable development, as shown in Figure 1-6, which is the basis for managing 
the project’s health, safety, environmental and socio-economic issues. The 
integration of economic, environmental and social considerations is incorporated 
into the decision-making process across all of Shell’s business activities. 

1.4.1.2 General Business Principles 

Shell’s business activities are guided by general principles that strive to improve 
the overall health, safety and environmental performance of its operations and 
products, while ensuring short and long-term commercial success and a 
continued engagement with stakeholders. 

Shell takes an interest in societal matters that might not be directly related to the 
business, such as community and educational programs. Over the past five years, 
Shell has donated over $40 million to hundreds of not-for-profit organizations 
across Canada. 

1.4.1.3 HSE Policy 

Shell believes that the management of health, safety and the environment is 
integral to its operations. This requires commitment and leadership from 
management to communicate the importance of HSE performance and to ensure 
that the plans and resources are provided to meet HSE objectives. Shell has 
adopted a Goal Zero culture for all activities, which means zero injuries, spills, 
gas releases and process incidents. Employees and contractors are made aware of 
the HSE goals and objectives and their individual responsibility to help achieve 
them. 

1.4.2 HSE MANAGEMENT SYSTEM 

Shell has developed comprehensive HSE systems that apply to all company 
operations. The existing HSE Management System, which was implemented and 
maintained as a prerequisite to operating the existing Peace River Complex, will 
be applied to the project. Ongoing monitoring and continuous improvement of 
this system will provide an effective basis for self-review and adaptive  
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1.4.2 HSE MANAGEMENT SYSTEM (cont’d) 

management. This system outlines expectations for leadership, training, risk 
management, standards, processes and resources for the HSE programs 
implemented for all aspects of the operation. 

The current Peace River Complex HSE Management System is ISO 14001 
registered and will be updated for the project. This system integrates HSE 
management into the business in a structured manner and provides management 
with a process by which their responsibilities might be discharged. The system 
describes the way the organization manages its: 

• stated commitment to sustainable development 
• HSE policy and objectives 
• compliance with legislation and regulations 

The system also provides a structured framework of processes, controls and 
measures from management to task level, and incorporates mechanisms for 
continual improvement. For further information on the HSE Management 
System, see Section 11. 
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Figure 1-6: Living by Our Principles 
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 REGULATORY APPROVALS 

 
1.5.1 REQUESTED APPROVALS 

1.5.1.1 Governing Statutes 

Shell is applying for regulatory approval to construct, operate and reclaim the 
proposed Carmon Creek Project on a portion of its leases located in Twp 84 and 
85, Rge 17 to 19, W5M. The application and supporting EIA are submitted to 
meet the requirements under the following Alberta statutes: 

• Oil Sands Conservation Act (OSCA) 
• EPEA 
• Water Act 

1.5.1.2 ERCB Approvals 

Shell is seeking approval from the ERCB under Section 13 of the OSCA to 
amend Approval No. 8143 to allow Shell to construct and operate a 12,600 m3/d 
(80,000 bbl/d) bitumen commercial scheme from the Peace River in situ oil 
deposit in the Bluesky Formation. 

1.5.1.3 AENV Approvals 

Shell is seeking approval from AENV: 

• to amend Approval No. 1642-01-00 to construct, operate and reclaim the 
processing facilities associated with the Carmon Creek Project, including 
facilities to recover and treat bitumen and produced water, under Division 2 
of Part 2 and Section 70 of the EPEA. Facilities include field production 
facilities, central processing facilities, buildings, structures, process and 
pollution abatement equipment, vessels, storage facilities, material handling 
facilities, roadways, pipelines and other installations. 

• for Conservation and Reclamation Approval, under Division 2 of Part 2 and 
Part 6 of the EPEA to construct, operate and reclaim the components of the 
Carmon Creek Project previously listed 

Table 1-1 lists the principal ERCB and AENV approvals requested. For the 
application for a licence under the Water Act, see Section 13.3, Application to 
Divert Water. 
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Table 1-1: Principal ERCB and AENV Approvals Requested for the Project 

Approval Legislation 
Type of 

Approval 
Existing 

Approval No. 
Approval 
Authority 

Scheme for recovery of 
in situ oil sands 

OSCA Amendment 8143 
(as amended) 

ERCB 

10-year operating 
approval 

EPEA Amendment 1642-01-00 
(as amended) 

AENV 

Diversion of industrial 
runoff 

Water Act New licence 
application 

– AENV 

1.5.2 OTHER PROJECT-RELATED APPLICATIONS 

Shell will also file separate applications or notifications for project-related 
activities, including those listed in Table 1-2. 

Table 1-2: Other Authorizations or Notifications Related to the Project 

Authorizations or Notifications Legislation Approval Authority 
Development permits Municipal Government Act Northern Sunrise County 

Surface dispositions Public Lands Act Alberta Sustainable Resource 
Development 

Wells and facilities Oil and Gas Conservation Act 
(OGCA) 

ERCB 

Construct and operate pipelines Pipeline Act ERCB 

Historical resource clearance Historical Resources Act Alberta Culture and Community Spirit 

Electrical power interconnect, 
cogeneration units, substation 
modifications and Industrial System 
Designation (ISD) 

Hydro and Electric Energy Act Alberta Utilities Commission 

Watercourse crossing * Fisheries Act 
Navigable Waters Protection Act
Water Act 

Fisheries and Oceans Canada (DFO) 
Transport Canada 
Alberta Environment 

Note*: DFO authorizes watercourse crossings through applicable Operational Statements. AENV authorizes 
 watercourse crossings through applicable Codes of Practice. 

1.5.3 EXISTING APPROVALS RELATED TO APPLICATION 

1.5.3.1 Existing ERCB Approvals 

Table 1-3 lists the ERCB approvals that Shell currently holds for the Peace River 
Complex, and for activities and developments taking place within the resource 
development area. 
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Table 1-3: Shell’s Existing ERCB Approvals for Peace River Operations 

Approval Number Activity Approved 
Approval 8143 under OSCA Approval for resource extraction from the Peace River oil sands. This approval 

was issued as of May 21, 1997, and expires on December 31, 2014. 

Amendments 8143A to 8143I 
under OSCA 

Amendments to the approval for resource extraction from the Peace River oil 
sands. These approvals were issued between January 21, 1998, and April 18, 
2006, and expire on December 31, 2014. 

Approval 9874 under OSCA Experimental scheme for the recovery of bitumen 

Approval 10746 under OSCA Primary scheme for recovery of crude bitumen for 16 appraisal wells 

Approval 9301 under OSCA Class IV disposal scheme for hot boiler feedwater 

Approval 6308 under OSCA Disposal scheme for produced water 

Approval 9953 under OSCA Class II disposal scheme for spent regenerant 

1.5.3.2 Existing AENV Approvals 

Table 1-4 lists the AENV approvals Shell holds for the Peace River Complex and 
the project area. 

Table 1-4: Shell’s Existing AENV Approvals for Peace River Complex and Project Area 

Approval Number Activity Approved 
Approval 1642-01-00 (as 
amended) 

Approval, issued under EPEA, for the Construction, Operation 
and Reclamation of the Peace River Enhanced Recovery 
In-Situ Heavy Oil Processing Plant. The approval was issued 
as of August 31, 1999. 

Water Act 
Licence 19967 
(30033-00-01) 

Licence under the Water Act to divert and use water from the 
Peace River. This licence was issued on April 12, 1994, was 
amended and re-issued on December 22, 2003, and does not 
expire. 

Water Act 
Licence 13634 
(30034-00-01) 

Licence under the Water Act to divert and use water from the 
Peace River. This licence was issued on May 6, 1985, re-
issued on January 5, 1987, amended on December 22, 2003, 
and does not expire. 

Water Act 
Licence 16523 
(30035-00-01) 

Licence under the Water Act to divert and use water from the 
Peace River. This licence was issued on October 30, 1989, 
amended and re-issued on December 22, 2003, and does not 
expire. 

1.5.4 LAND AND MINERAL RIGHTS 

Shell owns a 100% working interest in the five oil sands leases within the 
resource development area that support the Carmon Creek Project and retains the 
right to develop the resources within the Bluesky Formation. Shell holds mineral 
surface leases and miscellaneous land leases necessary to conduct existing 
operations. 

The location of the leases being developed within the resource development area 
were shown previously in Figure 1-2 and are listed in Table 1-5. These leases are 
estimated to contain 0.78 billion m3 (4.9 billion bbl) of bitumen. 
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1.5.4 LAND AND MINERAL RIGHTS (cont’d) 

Figure 1-7 shows the location of oil sands leases, held by other parties, that are 
located near the resource development area. Petroleum and natural gas leases and 
licences held by other parties are shown in Figure 1-8. Some of these leases 
overlap Shell’s leases in the resource development area. 

Metallic and industrial mineral leases in the resource development area are held 
by a single third party. 

As shown in Figure 1-9, there are no privately owned lands within the resource 
development area. 

Table 1-5: Location of Carmon Creek Project Oil Sands Leases 

Lease 
Number Township 

Range 
(W5M) Section Rights 

7282080001 084 18 E35, 36 Oil sands in the Bluesky Bullhead 
Formation 

 085 18 1-4, N/SE5, N6, 7-11, S/NW12, 
W13, 14-23, W24, SW25, S26, 

S27, S28, SE29 

Oil sands in the Bluesky Bullhead 
Formation 

 085 19 NE1, E11, 12, 13, E14, E23, 24 Oil sands in the Bluesky Bullhead 
Formation 

7291040055 085 17 6, S7 Oil sands in the Bluesky Bullhead 
Formation 

7286030026 084 17 19, 30, 31 Oil sands in the Bluesky Bullhead 
Formation 

7595030068 084 18 N25, N34, NW35 Oil sands in the Bluesky Bullhead 
Formation 

7404041042 085 19 NW1 Oil sands from the top of Peace 
River to the base of the Pekisko 

1.5.5 COMMUNICATIONS WITH APPLICANT 

All communication with Shell Canada Limited (the applicant) on this regulatory 
application should be directed to both: 

 
Alan Dunlop 

 
Brad Gilmour 

Regulatory Manager – Canada Bennett Jones LLP 
Shell Canada Limited Barristers and Solicitors 
400 - Fourth Avenue S.W. 4500 Bankers Hall East 
P.O. Box 100, Station M 855 – 2nd Street S.W. 
Calgary, Alberta  T2P 2H5 Calgary, Alberta  T2P 4K7 
Telephone: 1-877-347-4355 Phone: (403) 298-3382 
Fax: (403) 691-2379 Fax: (403) 265-7219 
email:  carmoncreek@shell.com e-mail: gilmourb@bennettjones.ca 
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APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 INTRODUCTION 

 
2.1.1 BLUESKY RESERVOIR OVERVIEW 

In the Peace River Oil Sands Area, most bitumen production occurs from the 
Lower Cretaceous Bluesky Formation. This formation is typically a 10 to 
40 m-thick siliciclastic reservoir, deposited in a marginal marine setting. 
Although the Bluesky sand is widespread throughout the Peace River Oil Sands 
Area, it is the thickest reservoir interval and demonstrates some of the best 
reservoir quality within Shell’s lease boundary, which covers an area of more 
than 328 km2 (see Figure 2-1). 

The Bluesky reservoir interval has an erosive lower contact with the underlying 
argillaceous Lower Cretaceous marginal marine to nonmarine shales, coals, silts 
and sands of the Gething Formation, which is part of the Bullhead Group (see 
Section 2.2, Stratigraphy). In some areas, the Bluesky sandstone unconformably 
overlies carbonates of the Mississippian Debolt Formation. The Debolt 
Formation was part of a widespread carbonate ramp setting developed on the 
western leading edge of the North American Plate. The Bluesky reservoir interval 
is sharply overlain by offshore marine shales of the Wilrich Member, which is 
part of the Spirit River Formation. A thin (0.5 m) glauconitic transgressive lag 
deposit separates the Wilrich Member, which was deposited during a regional 
marine transgression. These widespread, thick shales act as a good caprock in the 
Peace River Oil Sands Area. 

2.1.2 RESERVOIR CHARACTERISTICS 

Ever since Shell first contemplated an expansion of the Peace River Complex, it 
has continued obtaining and analyzing core data to interpret the vertical and 
horizontal permeability of the Bluesky Formation and to determine the variable 
viscosity of the bitumen in-place. Extensive core measurements of porosity, 
permeability, saturation and shale content from available core data, combined 
with new modelling techniques that capture the potential effects of shale baffles, 
indicate that vertical wells should result in much more efficient resource recovery 
than horizontal wells. Viscosity measurements also confirm that the viscosity of 
the resource makes primary (cold) production inefficient or uneconomic in many 
areas of the field. Therefore, to maximize resource recovery, Shell proposes 
using horizontal cyclic steam drive from vertical wells to develop most of the 
field. 

The horizontal permeability of the Bluesky sandstone is interpreted to be good, 
but variable. Over two magnitudes of permeability variation (100 mD to 10 D)  



 

 Section 2.1
GEOLOGY INTRODUCTION 

 

2-2 Shell Canada Limited November 2009 
   CR027 

2.1.2 RESERVOIR CHARACTERISTICS (cont’d) 

have been measured, both vertically within single columns of rock, and 
horizontally across a single geological horizon. Although this permeability 
heterogeneity is mappable and somewhat predictable, it is not always possible to 
position horizontal wells in the highest permeability zone and, generally, vertical 
wells are more robust for vertical variation because they penetrate the entire oil 
column. 

Shell’s understanding of the vertical permeability structure has been gained as a 
result of the progress made in quantifying shale bedding, and re-interpreting 
temperature log data from older Shell projects, such as the: 

• Peace River In Situ Pilot (PRISP) 
• Peace River Expansion Project (PREP) 

For further information on these projects, see Section 4.2, Alternatives 
Considered. 

Although measurements indicate high vertical permeability (Kv) to horizontal 
permeability (Kh) ratios of about 0.6, a recent re-evaluation of shale baffles 
within the Bluesky reservoir indicate that the Kv:Kh ratio is much lower (about 
0.01). Before 2007, the restricted vertical migration of steam observed in Shell’s 
thermal projects was explained as the influence of finer, more platy-shaped 
grains in the upper portion of the Bluesky reservoir, reducing vertical 
permeability in the upper portion of the Bluesky. This interpretation was a 
primary factor in selecting horizontal cyclic steam (HCS) as the recovery process 
for all thermal projects in the field developed between 1996 and 2006. 

However, recent quantitative analysis confirms that shale bedding is much more 
extensive than previously thought. In addition, detailed analysis of existing 
temperature-log data indicates that steam rise is impeded by thin shales, as well 
as associated fine silts, that restrict vertical permeability. These new findings 
indicate that the reservoir contains multiple subhorizontal shale baffles, set 
against a background of relatively high vertical and horizontal permeability in the 
sandstones. These shale baffles are thin, and although they are probably not large 
(between 20 m and 200 m in dimension), they greatly reduce effective vertical 
permeability and, consequently, restrict the vertical movement of steam and 
bitumen. These factors necessitate a development plan that does not rely on high 
vertical permeability. A vertical well scheme is adaptable to changing geologic 
parameters, not dependent on vertical communication, and is optimally suited to 
developing the Bluesky reservoir, as encountered in the resource development 
area. 

Viscosity measurements from delineation wells that Shell drilled in 2007 have 
also increased the understanding of the viscosity variability and distribution 
across the resource development area. The vertical and horizontal variation in 
viscosity is high (over three orders of magnitude), which can have a large effect 
on the development options selected. As most of the bitumen in the resource 
development area is too viscous to be economically developed by primary 
production, it will be developed using thermal production techniques. 
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2.1.3 AVAILABLE DATA 

Between 2005 and 2008, Shell drilled and cored over 88 vertical delineation 
wells across its leases. Core analyses from these wells, re-sampling of historic 
core, and analysis of previous core data, serve as the basis for interpreting the 
Peace River geology. Currently, within the resource development area itself, 
there is a minimum of one and an average of two wells per section. 

Within the initial development area, all sections are covered with 3-D seismic 
and have a minimum of two wells per section with electrical logs. 

All available well logs across Shell’s lease boundary and beyond were 
incorporated into the Bluesky geological evaluation and reservoir 
characterization delineation map. The reservoir interval was examined in over 
740 digitized wells. Of these wells, 210 had cores containing the Bluesky interval 
that were used to help characterize the reservoir and construct a geological 
model. Well log signatures were matched to lithofacies from cored wells and 
correlated to uncored wells. A typical suite of well logs included:  

• gamma ray logs 
• resistivity logs, including shallow, medium and deep investigation depths 
• formation bulk density logs 
• compensated neutron logs 
• spontaneous potential logs 
• photoelectric factor logs 

The following less commonly used logs were also run on some wells: 

• combinable magnetic resonance logs 
• dipole shear sonic image logs 
• formation micro-imager logs 

Table 2-1 illustrates the data coverage for various well logs used in 
characterizing the Bluesky Formation across Shell’s lease boundary. 

Integrating core, well log and seismic information, in the form of cross-sections 
and maps, and three-dimensionally within the static model, has enabled Shell to 
develop a clear understanding of the regional correlation of the Bluesky 
reservoir, and quickly integrate new well data as it becomes available. 
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Table 2-1: Well Data Used to Characterize Bluesky Formation 

Well Log 
Number of 

Wells 
Percentage 

of Wells 
Total number of wells with logs 746 100 

Gamma ray log 707 95 

Resistivity log 440 59 

Formation bulk density log 383 51 

Compensated neutron log 225 31 

Photoelectric factor log 228 31 

Dipole shear sonic log 159 21 

Cored wells with permeability 162 22 

Grain size analysis 78 10 

Viscosity analysis 63 8 



 

 Section 2.1
GEOLOGY INTRODUCTION 

 

2-6 Shell Canada Limited November 2009 
   CR027 

 



November 2009 Shell Canada Limited 2-7 
CR027   

 

 
 

Section 2.2
 GEOLOGY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 STRATIGRAPHY 

 
2.2.1 STRATIGRAPHIC DESCRIPTION 

The stratigraphy in the Peace River Oil Sands Area includes a wide array of 
deposits from Precambrian clastics to Quaternary muds, silts and sands. 
Figure 2-2 shows the general stratigraphy for the Peace River Oil Sands Area. 
The type well log (see Figure 2-3) exemplifies the stratigraphy. 

2.2.2 STRATIGRAPHIC SUCCESSION 

2.2.2.1 Rundle Group 

The Mississippian Rundle Group consists of the following formations, in 
ascending order: 

• Pekisko 
• Shunda 
• Elkton 
• Debolt 

All of these formations are carbonates. 

The Debolt Formation, which directly underlies the Bluesky Formation, is a 
prograding shallow shelf carbonate. It varies in thickness from less than 20 m in 
the extreme southeast of the Shell lease, to more than 140 m across the western 
region of the Shell lease. It varies in depth from 20 m to 80 m above sea level 
and generally dips to the southwest. 

2.2.2.2 Bullhead Group 

The Bullhead Group comprises the Gething Formation in the resource 
development area and is lower Cretaceous in age. The Gething Formation rests 
unconformably on Mississippian carbonates of the Debolt Formation and has an 
erosional contact with the overlying Bluesky Formation. It fills lows on the 
Mississippian unconformity surface and pinches out on Mississippian highs (see 
Figure 2-4). Locally, it can attain a thickness of up to 30 m (see Figure 2-5). It 
ranges in depth from 40 m to 80 m above sea level, and generally dips to the 
southwest (see Figure 2-6). The variable structure of the top of the Gething 
Formation is partly controlled by the geometry of the underlying Mississippian 
unconformity and partly by later faulting events. 
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2.2.2.2 Bullhead Group (cont’d) 

The Gething Formation is heterolithic, consisting of siltstones, shales and 
sandstones, with isolated carbonate nodules, coquinas and rare carbonaceous 
strata. The interval displays thin, sandy intervals and is generally not prospective 
for thermal or cold production potential. Within the resource development area, 
the Gething was deposited in a delta plain setting. It comprises a series of 
argillaceous interdistributary bay fills with sandy crevasse splay lobes, dissected 
by rare, isolated, thin, sandy channels interpreted as tidal creeks and muddy tidal 
flats. 

2.2.2.3 Fort St. John Group 

The Fort St. John Group consists of the following formations, in ascending order: 

• the Bluesky 
• Spirit River 
• Peace River 
• Shaftsbury 

The Bluesky reservoir is the target reservoir for development. The Bluesky and 
the Spirit River Formation, which contains the Wilrich caprock, are discussed in 
the following. 

The Peace River Formation, containing the Paddy, Cadotte and Harmon 
members, and the Shaftsbury Formation, are not discussed further. Although 
these formations will be penetrated as part of the Bluesky overburden, they do 
not form part of the development scope for bitumen recovery from the Bluesky. 

Bluesky Formation 

The Bluesky Formation erosively overlies the Gething or Debolt formations in 
the Peace River Oil Sands Area. 

The Bluesky Formation, which is the bitumen-bearing reservoir, varies in 
thickness from 10 m in the northwestern part of the resource development area to 
more than 35 m in the southeastern part of the resource development area, with 
an average thickness of 21 m (see Figure 2-7). It ranges in depth from 70 m to 
90 m above sea level, dipping generally towards the southwest (see Figure 2-8). 
The thickest Bluesky interval trends northwest to southeast. This thickness trend 
is partly controlled by the limit of an incised valley wall to the southwest, and the 
position and development of the Mississippian Red Earth Highlands to the 
northeast. 

For further information on the Bluesky reservoir, see Section 3.2, Reservoir 
Description. 
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Figure 2-2: Peace River Stratigraphic Column 
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Figure 2-3: Type Well Log Showing Peace River Stratigraphy 
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Spirit River Formation 

The Spirit River Formation consists of the following members, in ascending 
order: 

• Wilrich 
• Falher 
• Notikewin 

The Wilrich Member is composed of shales and siltstones, with a 4-m-thick, 
tight, well-cemented, very fine-grained sandstone at the top of the member. 
Tight, thin carbonate nodules are present, as well as up to 12 1-cm-thick 
bentonitic layers. The Wilrich Member acts as a caprock and seal with a 
thickness ranging from just under 50 m in the extreme northwest of the resource 
development area (away from any proposed pad locations) to just over 75 m in 
the southeastern part. Figure 2-9 shows the Wilrich isochore map. The average 
thickness is 66.5 m. For a structure map of this argillaceous interval, see 
Figure 2-10. 

The Wilrich occurs at a depth ranging from 115 m to 165 m above sea level and 
gently dips to the west-southwest. It comprises several prograding cycles, which 
downlap northwestward onto the top of the Bluesky surface. Little lateral 
lithological change occurs within individual cycles in the resource development 
area, indicating a remote sediment source. 

To better understand the nature of this caprock, a continuous core through the 
entire thickness of the Wilrich Member was taken, and the interval was 
subsequently logged with a formation micro imaging (FMI) tool. Visual 
investigation of the core and interpretation of the FMI data exhibit no evidence of 
significant vertical fracturing, and none of the fractures appear to be filled with 
bitumen. In more than 10 wells drilled between 2006 and 2008, the lower portion 
of the Wilrich Member was logged with an FMI. No significant vertical fractures 
were observed in any of these wells. 

The Falher is the thickest member of the Spirit River Formation. It consists of 
unconsolidated, very fine to fine-grained quartzose, well-cemented sandstone 
displaying 5% to 10% porosity with rare oil staining, siltstone and a micaceous 
shale. The Falher Member ranges in thickness from 130 m in the southeast to 
160 m in the northwest within the resource development area. It ranges in depth 
from 270 m to 290 m above sea level and gently dips to the southwest. 

The Notikewin is the uppermost member of the Spirit River Formation. It is 
composed of very fine to fine-grained sandstone and siltstone and micaceous 
shale. The sandstone exhibits calcite cement and a clay matrix, and has an 
estimated porosity of 5% to 10%. The Notikewin Member ranges in thickness 
from 55 m in the southeast to 65 m in the northwest within the resource 
development area. It ranges in depth from just over 330 m to 350 m above sea 
level, and gently dips to the southwest. The top of the uppermost prograding 
cycle occasionally exhibits up to 1 m of gas accumulation. 
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Figure 2-4: Sub-Cretaceous Unconformity Structure Map 
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Figure 2-5: Gething Isochore Map 
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Figure 2-6: Gething Structure Map 
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Figure 2-7: Bluesky Isochore Map 

 

November 2009 Shell Canada Limited 2-15 
CR027   

0.00 150.00GR
-691.35 -474.50SP

MD

520

530

540

550

560

570

580

590

600

610

620

630

640

650

508
1650.00 2650.00DEN
0.6000 0.0000NEU 200.00 400.00DT 2.00 2000.00R_DEEP
100102208417W500 [MD]

Debolt

Gething

Bluesky

Wilrich

Rge 19W5 Rge 17W5Rge 18W5

Twp 85

62
40

00
0

62
36

00
0

62
44

00
0

62
48

00
0

62
52

00
0

500000 508000 512000 516000 520000 524000 532000

62
56

00
0

504000 528000

30

20

10

0

Type Log Bluesky

Thickness
(m)

Twp 84

Initial Development Area
Resource Development Area

0.00 150.00GR
-691.35 -474.50SP

MD

520

530

540

550

560

570

580

590

600

610

620

630

640

650

508
1650.00 2650.00DEN
0.6000 0.0000NEU 200.00 400.00DT 2.00 2000.00R_DEEP
100102208417W500 [MD]

0.00 150.00GR
-691.35 -474.50SP

MD

520

530

540

550

560

570

580

590

600

610

620

630

640

650

508
1650.00 2650.00DEN
0.6000 0.0000NEU 200.00 400.00DT 2.00 2000.00R_DEEP
100102208417W500 [MD]

Debolt

Gething

Bluesky

Wilrich

Rge 19W5 Rge 17W5Rge 18W5

Twp 85

62
40

00
0

62
36

00
0

62
44

00
0

62
48

00
0

62
52

00
0

500000 508000 512000 516000 520000 524000 532000

62
56

00
0

504000 528000

30

20

10

0

Type Log Bluesky

Thickness
(m)

Twp 84

Initial Development Area
Resource Development Area
Initial Development Area
Resource Development Area

 



Section 2.2 

GEOLOGY STRATIGRAPHY 

 

Figure 2-8: Bluesky Structure Map 
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Figure 2-9: Wilrich Isochore Map 
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Figure 2-10: Wilrich Structure Map 
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Section 2.3
 GEOLOGY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 BLUESKY PETROPHYSICAL ANALYSIS  

 
2.3.1 RESERVOIR ELECTROFACIES 

To generate geological and reservoir models, the Bluesky Formation was divided 
into two separate classes of lithofacies to distinguish and map distinct units of 
similar reservoir quality. One of the lithofacies was based on groupings of similar 
inferred pore throat diameter, based on core-derived porosity and permeability 
classes. The second lithofacies was based on shale content and sandstone bed 
thickness, as observed in core. 

The lithofacies were recognized from core and then correlated to nearby wells 
using conventional log correlation methods. These lithofaces were then populated 
through Shell’s static reservoir model using large variograms and small nugget 
values, to increase reliance on observed data points and to reduce randomness. 

2.3.2 RESERVOIR PROPERTY MODELLING 

Petrophysical modelling was conducted for the Bluesky reservoir. As less than 
one-third of the wells penetrating the Bluesky Formation had been cored, 
calculating bitumen saturation and porosity from wireline logs in uncored wells 
was necessary to obtain a better distribution of reservoir properties. To achieve 
this, it was necessary to compare core-derived measured values of porosity and 
water saturation with those obtained from log-derived calculations, as shown in: 

• Figure 2-11: Type Well Log from the Northwest of the Resource 
Development Area 

• Figure 2-12: Type Well Log from the Southeast of the Resource 
Development Area 

The log-derived porosity and water saturation values were calculated as follows: 

1. Density porosity was calculated from the following formula: 

Porosity = (Grain Density – RHOB)/(Grain Density – Fluid Density) 

where: 

RHOB = bulk density from density log (kg/m3) 
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2.3.2 RESERVOIR PROPERTY MODELLING (cont’d) 

Grain Density = formation matrix density (grain density) obtained from 
core measurements. The mean value of a normalized distribution of grain 
densities is 2,630 kg/m3 obtained from all Bluesky core data points. 

Fluid Density = bitumen and water were assumed to have the same fluid 
density of 1,000 kg/m3. 

Gas zones were identified from the crossover on the neutron–density 
overlay plots. The porosity in these zones was manually edited to adjust 
for the gas effects on the density log. 

2. Water saturation was calculated from the Archie equation: 

Sw = (Rw/θm x Rt)1/n 

where:  

Sw = calculated water saturation 

Rw = formation water resistivity obtained from water samples from the 
production wells taken before steam injection – 0.32 ohm.m 

θ = density porosity calculated from the bulk density log 

m = cementation factor – 1.8 

n = saturation exponent – 2.15 

Rt = true formation resistivity derived from deep resistivity curve 
(ohm.m) 

To achieve this match, it was necessary to calibrate Archie-calculated well log 
water saturation values (see Figure 2-13) to core-derived water saturation results. 
Water saturation values derived from well logs are similar to those derived from 
core, particularly for thick intervals of clean reservoir sands, thus providing 
confidence that the Archie-calculated saturation values are within acceptable 
limits of the core-derived saturation values. Once a good relationship was 
demonstrated between core and log saturations, water logs were picked on 
resistivity logs, knowing the association between calculated saturation and its 
equivalent deep resistivity value (see Figure 2-14). 

2.3.2.1 Core Analysis Data 

The core data consisted of two types: 

• strip data 
• plug data 
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Figure 2-11: Type Well Log from the Northwest of the Resource Development Area 
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Figure 2-12: Type Well Log from the Southeast of the Resource Development Area 
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Figure 2-13: Bluesky Core-Derived Versus Log-Derived Water Saturation Values 

Strip Data 

Most of the core data is in the form of strip data, which are measurements of bulk 
volume oil and water from 30 cm, V-shaped strips cut from the centre of the 
core. The fluids in the strip were measured using the Dean-Stark method. This 
data was converted to saturation and porosity by the following method: 

• Saturation from strips: 

• bulk mass oil from strips 
• bulk mass water from strips 

Oil saturation = bulk mass oil/(bulk mass oil + bulk mass water) 
Water saturation = bulk mass water/(bulk mass oil + bulk mass water) 

• Porosity from strips: 

• bulk mass porosity = bulk mass oil + bulk mass water 
• bulk mass rock = 1- bulk mass porosity 

Volume of porosity = bulk mass porosity/density of fluids in porosity, 
(1,000 kg/m3) 

Volume of rock = bulk mass rock/density of rock, (2,630 kg/m3) 

Porosity = volume of porosity/(volume of porosity + volume of rock) 
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Figure 2-14: Bluesky Southwest Log-Derived Water Saturation 

Plug Data 

Another source of data is the standard Dean-Stark analysis done on 25.4-mm 
diameter core plugs, cut from the centre of the core. Once the plugs are cleaned, 
porosity and air permeability are measured with a confining stress applied to the 
plug. 

All of the core saturation data was stress corrected to account for core expansion 
as it is raised to the lower pressures at the surface. The density log porosity is 
assumed to be the correct formation porosity. The core is first depth-shifted to the 
logs. The saturations are then corrected using the following: 

CorrSo = CSO * ((PHIuc / PHIc) * (1-PHIc)/(1-PHIuc)) 

where: 
CorrSo = stress corrected oil saturation 
CSO = oil saturation measured from the core 
PHIuc = raw core measured porosity 
PHIc = porosity from the density log 

2.3.2.2 Core Permeability Measurements 

Most of the core permeability data is in the form of air permeability 
measurements, measured from 25.4-mm diameter plugs cut every 1.5 to 2 m 
from the core. The permeability and porosity of each sample was measured under 
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stress using helium expansion to calculate porosity and air as the fluid to 
calculate permeability. Permeability to brine is an important input for reservoir 
simulation, but is less frequently measured because of the difficulty and cost. 
Therefore, Shell’s quasi-stressed air permeability data requires a correction factor 
to convert to brine permeability. The correction factor was obtained using about 
140 samples from 17 wells across the field, measured for: 

• quasi-stressed air permeability 
• stressed air permeability 
• stressed brine permeability 

A comparison of the stressed air permeability data to the stress brine permeability 
data shows an expected relationship of brine permeability to be between 50% and 
60% of air permeability. 

Another important aspect of permeability is the relationship between vertical and 
horizontal permeability (Kv:Kh). An extremely low Kv:Kh ratio, i.e., as low as 
0.01, was required to correlate simulations with historical data. To assess the 
robustness of the simulations, several cores were tested from the 2006 delineation 
drilling program. The results of this study indicate that the Kv:Kh in the sands is 
close to 0.6, and the Kv:Kh in the shalier samples is close to 0.01. Therefore, the 
permeability is binary, and has a very low Kv:Kh when looking at the entire sand 
and shale package. 

2.3.2.3 Core-Image Based Net-to-Gross 

Shale accumulations have long been noted, and qualitatively described, in this 
reservoir. This qualitative understanding had not previously been integrated into 
quantitative static or dynamic models, leading Shell to overestimate both the net 
to gross of the Bluesky Formation, and the effective vertical permeability. An 
innovative method of quantitative shale analysis has now been used to more 
accurately determine the quantity, thickness and distribution of visible shale 
within the Bluesky Formation. Higher confidence in net-to-gross estimates has 
been achieved by incorporating quantitative shale analysis into the static and 
dynamic models. 

The process for quantifying shale involves using high-quality digital images of 
slabbed core to extract relative proportions of sand versus shale. This process is 
applicable to the Bluesky reservoir within Shell’s lease boundary because of the 
wide distribution of nearly complete sections of core across the Bluesky 
reservoir. In the current model, 104 of these logs were used to map the shale 
content across the resource development area. 
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Section 2.4
 GEOLOGY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 SEISMIC DATA AND MODELLING 

 
2.4.1 SEISMIC DATABASE 

Shell has acquired, or purchased and reprocessed, over 1,700 km of 2-D seismic 
data for the Shell lease boundary, to delineate the bitumen resource. Several 
high-fold 2-D swath and 3-D seismic programs have also been acquired to further 
delineate the resource and to help plan and drill development wells. 

To facilitate monitoring steam conformity and reservoir processes, Shell has also 
conducted an extensive monitoring program over the development area. This 
involved acquiring time-lapse seismic, vertical seismic profile (VSP), 
microseismic, tiltmeter and interferometric synthetic aperture radar (InSAR) data. 
Table 2-2 summarizes the database that Shell has used to interpret the resource 
development area. 

Table 2-2: Peace River Seismic Database 

Source Year Coverage 
Source 
Spacing 

Receiver 
Spacing 

Source and 
Receiver Line 

Spacing 
Recent 2-D delineation 
seismic 

2002 to 2007 280 km 20 to 40 m 20 m N/A 

Older 2-D seismic 1960 to 1985 1,340 km Various Various N/A 
2-D swath seismic 2001 to 2007 82 km of source lines 20 m 10 m 160 m 
Walk-away vertical seismic 
profile (VSP) 

2005 to 2006 15 km of source lines 10 m 8 m N/A 

3-D VSP 2006 300 m x 500 m 
source array 

15 m x 15 m 8 m N/A 

Time-lapse 2-D swath 
seismic 

2004 to 2006 43 km of source lines 20 m 10 m 160 m 

3-D seismic 1996 to 1997 Two surveys totalling 
7.5 km2 

10 m 10 m 80 m 

3-D seismic 2001 to 2006 7 km2 10 m 10 m N/A 
3-D seismic 2007 to 2008 30 km2 10 m 10 m Receiver: 80 m

Source: 100 m 
3-D seismic 2008 to 2009 60 km2 10 m 10 m Receiver: 80 m

Source: 100 m 
Microseismic arrays Since 2002 Six arrays N/A N/A N/A 
Tiltmeter arrays 2002 to 2007 Two arrays N/A N/A N/A 
InSAR or global positioning 
system arrays 

Since 2005 Six GPS stations 
30 InSAR radar 

reflectors 

N/A N/A N/A 
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2.4.2 ACQUISITION PARAMETERS 

The parameters for seismic data acquired over the winters of 2006–2007 and 
2007–2008 were based on Shell’s previous experience in the area, as well as field 
testing and modelling. For the acquisition of the recently acquired 2-D 
delineation seismic, a source spacing of 40 m and receiver spacing of 20 m were 
used. Where needed, such as for well placement, 2-D swath or full 3-D datasets 
were acquired to obtain an improved lateral and vertical resolution in the seismic 
image of the reservoir, using a source spacing of 20 m and a receiver spacing 
between 10 m and 20 m. 

For the time-lapse experiments and walk-away vertical seismic profiles (VSPs), 
even tighter spacings were used to achieve more detailed imaging of reservoir 
processes for monitoring. Tests with different charge sizes indicated that small 
charges were better for achieving higher frequencies, and still transmitted 
sufficient energy into the ground to receive an adequate signal. Based on this, 
charges of 0.25 kg were used for all recent programs. 

In the latest seismic acquisition programs, three component digital sensor units 
with micro electro-mechanical systems were used to record the vector wavefield. 
Although acquisition parameters were selected for optimum imaging of the 
reservoir interval, proper imaging of the Devonian Wabamun was also required, 
as it is an excellent regional marker used for calibrating seismic. Therefore, 
longer offsets were recorded than those necessary for reservoir imaging, to 
ensure more effective multiple attenuation and higher fold at depth. 

The acquisition parameters described previously led to good data quality in most 
parts of Shell’s lease boundary. However, a deep, near-surface channel filled 
with glacial debris causes some data quality problems in the northwestern part of 
the resource development area. The thick layer of glacial debris impedes energy 
transmission to the reservoir interval. Consequently, source records there are 
dominated by multiple energy, with only a small amount of primary reflection 
energy received at recorders. 

In addition to the 2-D seismic data from the last couple of years, Shell also 
acquired older 2-D lines and purchased and reprocessed other older 2-D lines. 
The older lines generally have larger station intervals and larger charge sizes, but 
are often adequate for imaging the bitumen reservoir interval and the Devonian 
Wabamun. 

2.4.3 MODELLING AND INTERPRETATION 

Interpreting the seismic data over the area is relatively straightforward. 
Synthetics (see Figure 2-15) were used to tie in selected seismic lines to well 
control. The remaining lines were then correlated using the lines already tied to 
the well as baselines. The result was a set of zero-phase seismic lines that tied 
both lines in terms of phase and time at the intersection points. 

In the synthetic, the top of the reservoir can be picked as a trough on the seismic 
directly below two low-amplitude peaks that are characteristic of the base of the 
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Wilrich shale. The velocity contrast between the Wilrich shale and the underlying 
bitumen-saturated sand is small, although the density contrast is significant. 
Therefore, to represent the trough corresponding to the top of the reservoir 
properly, both velocity and density had to be included in the model. 
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Figure 2-15: Example of Synthetic Seismic from Logs 

The Debolt Formation was picked as a strong peak on the seismic. Given the 
strong velocity and density contrasts between the softer overlying sands and the 
harder Mississippian carbonates, the Mississippian unconformity event, 
corresponding here to the Debolt, is usually distinct and easy to identify. All 
sections in the area were interpreted using this approach. 

A typical seismic section (see Figure 2-16) illustrates how an interpretation looks 
using real data. Note the high amplitude of the Mississippian unconformity (red 
horizon). When all sections had been interpreted, a Bluesky to Debolt isochore 
map was created from the two sets of horizons. This was then converted to a 
Bluesky to Debolt thickness based on interval velocities calculated at the well 
control points. 

Where the Bluesky sand directly overlies the Mississippian unconformity, the 
Bluesky to Debolt map represents the thickness of the reservoir. However, this is 
not the case where the unconformity is overlain by a detrital lag. Although the 
top of the detrital lag can sometimes be identified on seismic lines, allowing the 
true base of the reservoir to be picked, the acoustic properties of the detrital layer 
are variable, and this pick is often impossible to make. In these cases, the 
thickness of the detrital layer is determined from well control and extrapolated to 



 

 Section 2.4
GEOLOGY SEISMIC DATA AND MODELLING 

 

2-30 Shell Canada Limited November 2009 
   CR027 

the seismic control, where it is subtracted from the total reservoir plus detritus 
isochore. The result of this has been used to create maps of the Bluesky reservoir 
thickness. 

Mississippian Unconformity

Bluesky

Wabamun

Leduc Reef

Mississippian Unconformity

Bluesky

Wabamun
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Figure 2-16: Typical Seismic Section 
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Section 3.1
 RESOURCE BASE 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 DEPOSITIONAL ENVIRONMENT 

 
3.1.1 BLUESKY RESERVOIR FACIES GROUPS 

Ever since Shell first began contemplating an expansion of the Peace River 
Complex, Shell has continued obtaining and analyzing data. This ongoing 
analysis has allowed Shell to more accurately interpret the resource base in the 
Bluesky reservoir. The most recently acquired data, which includes seismic, well 
log and core data, has enhanced Shell’s understanding of the resource base and 
reduced its reliance on predictive models. 

As a result of a thorough analysis of all the data available to Shell, the Bluesky 
reservoir has been divided into two reservoir facies groups: 

• one based on sand quality (porosity-permeability classes) 
• one based on shale content and sand bed thickness (shale distribution classes) 

These two facies vary independently of each other, reflecting Shell’s 
observations of core data, where some higher quality sand is interbedded with the 
highest percentage of shale beds. 

Information about the Bluesky Formation is shown in: 

• Figure 3-1, Structural Strike Cross-Section A-A′, which shows the Bluesky 
reservoir and the distribution of fluids across the hydrocarbon column 

• Figure 3-2, Structural Dip Cross-Section C-C′, which shows the internal 
Bluesky character and distribution of fluids through the southeastern part of 
the resource development area 

• Figure 3-3, Structural Dip Cross-Section C-C′, which shows the internal 
Bluesky sand quality (estimated pore-throat diameter) through the 
southeastern part of the resource development area 

3.1.2 BLUESKY RESERVOIR SANDS 

The sands of the Bluesky reservoir were deposited in an alternating fluvial to 
tide-dominated, low accommodation, marginal marine setting. The sands range in 
size from very fine grained to medium grained. The mineralogy appears to 
change with the grain size, from a chert-rich litharenite in the medium grain size, 
to a more quartz-rich litharenite in the medium fine grained and into a rock 
fragment (non-chert) rich litharenite in the very fine grained sands. Thus, the  
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3.1.2 BLUESKY RESERVOIR SANDS (cont’d) 

mineralogy appears to be mostly energy-related and not solely a result of changes 
in provenance. 

The clay content in these sands ranges from 2% to 24%, with an average of 12%, 
and varies directly with the mean grain size of the sample. Much of the clay is 
distributed in two forms: 

• disseminated illite and kaolinite 

• commonly occurring, laterally continuous mudstone beds, ranging from 
1 mm to 20 mm thick within a flaser-bedded lithofacies 

The shale laminae have been quantified using image analysis of over 100 core 
photos across the Shell lease boundary to produce net-to-gross values (see 
Figure 3-4). Average well net-to-gross fractions are mostly above 0.8 across the 
Shell lease boundary and above 0.95 in the resource development area (see 
Figure 3-5). Disseminated shale is mostly captured as an increase. 

The sands are lightly cemented, predominantly with dolomite cement and some 
calcite cement. Average cement volumes in the clean sands are about 4%. 

Horizontal air-measured permeability is also closely tied to the average grain 
size, and ranges from 100 millidarcys in very fine grained sandstones to over 
10 darcys in uncommon coarse grained streaks. Arithmetic average permeability 
is close to two darcys (air) or just over one darcy (brine). Porosity is relatively 
constant at 26%, ranging from 24% to 28%. 

The eastern part of the Shell lease boundary, to the east and south of the resource 
development area, exhibits a very-fine-grained, flaser-bedded interval, referred to 
as the middle argillaceous zone. Clean, parallel-laminated, fine-grained sands lie 
directly over this interval. The lowest 1 m to 2 m of this upper sand exhibits an 
interval of low bitumen saturation, referred to as the middle water zone. 
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Figure 3-1: Structural Strike Cross-Section A-A′ - Bluesky Reservoir 
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Figure 3-2: Structural Dip Cross-Section C-C′ – Bluesky Reservoir (Southeastern Resource Development Area) 
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Figure 3-3: Structural Dip Cross-Section C-C′ – Bluesky Sand Quality (Southeastern Resource Development Area) 
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Figure 3-4: Shale Calculation Methodology from Cored Wells 
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Figure 3-5: Average Well Net-to-Gross Fractions 
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 RESERVOIR DESCRIPTION 

 
3.2.1 BITUMEN DISTRIBUTION 

The Bluesky reservoir interval is located, on average, about 600 m below ground 
level across the resource development area, ranging from 488 m in the northwest 
to 657 m below ground level in the far southeast. The main reservoir facies are 
clean cross-stratified sands and wavy-bedded sands. Bluesky reservoir properties 
for the resource development area are outlined in Table 3-1. 

Table 3-1: Bluesky Reservoir Properties in the Resource Development Area 

 

Density 
Porosity  
(fraction) 

Log-
Derived 
Bitumen 

Saturation
(fraction) 

Net-to-
Gross 

(fraction) 

Gross 
Thickness

(m) 

Net 
Pay 1
(m) 

Gas 
Thickness 

(m) 

Basal 
Water 
Zone 

Thickness
(m) 

Minimum 0.22 0.60 0.82 10 – – – 

Maximum 0.29 0.87 1.00 36 34 7.7 20 

Mean 2 0.26 0.74 0.96 21 17 2.3 2 4 

Note: 
1. Net pay excludes water saturation values above 55% (6% bitumen by weight) and excludes gas. 
2. Mean only applies where gas is present. 

3.2.1.1 Net Pay and Hydrocarbon Column 

The net pay thickness map (see Figure 3-6), excludes top gas, but includes most 
of the basal water and intra-Bluesky water intervals. A cut-off of 6 wt% bitumen, 
equivalent to 55% water saturation, was applied as bitumen will not likely be 
produced at such a low saturation. Average net pay thickness is 17 m, with a 
maximum of 34 m within the resource development area. 

The general trend of the net pay is northwest–southeast, thinning gradually 
toward the northwest and more abruptly toward the southeast. The thinner net 
pay to the northwest of the Shell lease boundary can be attributed to increased 
thickness and broad distribution of basal water as well as to the occurrence of top 
gas and elevated clay content. 

The hydrocarbon column height (HCH) map in Figure 3-7 shows the location and 
distribution of the thermally exploitable bitumen resource, including the basal 
water zone. 
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3.2.1.1 Net Pay and Hydrocarbon Column (cont’d) 

HCH is calculated as follows: 

 HCH = h x NTG x So x Phi 

where: 

h = total vertical thickness (Isochore) of the mapped Bluesky zone 

NTG = net-to-gross calculated from core photograph image analysis 

So = oil saturation calculated as 1 minus water saturation (see 
Section 2.3, Bluesky Petrophysical Analysis). In the gas caps, So is 
defined as 0. 

Phi = porosity (see Section 2.3, Bluesky Petrophysical Analysis) 

3.2.2 RESERVOIR PARAMETERS 

Porosity was determined from bulk density logs, as core expansion sometimes 
resulted in abnormally high porosity measurements. Average porosity for the 
Bluesky in the resource development area is 25%. Water saturation values were 
calculated from well logs once the logs had been calibrated to core data. The 
Archie equation was used. Average water saturation for the Bluesky reservoir is 
26%. Clay volume for the Bluesky reservoir increases west, south and east of the 
Shell leases. The average clay volume for the Bluesky reservoir is 16%. 

3.2.3 BASAL WATER ZONE 

A zone of water has been identified at the base of the Bluesky reservoir interval. 
This basal water zone extends laterally across western parts of the resource 
development area, although it also occurs as isolated pockets in the eastern areas, 
as shown in: 

• Figure 3-8: Bluesky Basal Water Zone Isochore 
• Figure 3-9: Bluesky Basal Water Zone Structure 

The basal water zone is discriminated by a deep resistivity of less than 40 ohm.m, 
equating to a water saturation of greater than 31% (see Section 2.3, Bluesky 
Petrophysical Analysis). The mean thickness of the basal water zone is 1.9 m in 
the southeastern part of the resource development area and 5.3 m in the 
northwestern area. 

The 31% water saturation cut-off for mobile water was determined from drill 
stem test (DST) analysis, correlation with past production, and laboratory testing. 
In the Bluesky sands, relative permeability to water begins to increase at 31% 
water saturation. This behaviour greatly increases the relative permeability for 
steam injection and water production in this zone. For a horizontal well scheme, 
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wells must be drilled with a significant buffer above this zone, to avoid heat 
losses and the potential creation of a thief zone. For a vertical well scheme, this 
higher permeability to water will be exploited to help communication between 
injection and production wells. 

Although the basal water zones of the Bluesky and Gething formations are not 
believed to be connected to an active saline aquifer, they are a source of saline 
groundwater. Non-contaminated DST analyses shows that the saline groundwater 
from these formations have total dissolved solids (TDS) of between 25,000 ppm 
and 35,000 ppm. 

3.2.4 TOP GAS 

Gas has been identified at the top of the Bluesky Formation, mainly located to 
the north of the resource development area in Twp 85 and 86, Rge 18 and 19, 
W5M at the highest structural position at the top of the Bluesky surface, as 
shown in: 

• Figure 3-10: Top Gas Isochore 
• Figure 3-11: Top Gas Structure 

Shell and other operators have produced gas from these pools for several 
decades. 

The average thickness of top gas in the northwestern portion of the Shell lease 
boundary is 4 m, but it can reach a maximum of 8.3 m. In contrast, the mean top 
gas thickness, where present, is only 1.8 m in the southeastern part of the Shell 
lease boundary. The gas appears to be trapped in localized four-way structural 
closures. The base of the gas caps is not completely flat and undulates with the 
presence of shale beds, small sedimentary discontinuities and structural sags. 

3.2.5 MIDDLE WATER ZONE 

A middle water zone occurs in Twp 84, Rge 18, W5M, as shown in Figure 3-12. 
The middle water zone was identified using the same criteria as for the basal 
water zone, i.e., the existence of clean sand intervals with a resistivity of less than 
40 ohm.m. 

Core saturation data indicates that water saturation is higher in the middle water 
zone. Five wells penetrate the middle water zone and exhibit water thicknesses of 
up to 5 m. More commonly, the middle water zone is about 2 m thick and 
overlies a middle argillaceous zone. This clay-rich, middle argillaceous zone 
could act as a fluid flow barrier, possibly compartmentalizing the reservoir. 
Horizontal wells would have been forced to drill above and below this barrier to 
properly produce the bitumen in-place. Vertical wells will require perforations 
above and below this zone, with little effect on recovery. 
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3.2.6 OBIP VOLUME WITHIN SHELL’S LEASE BOUNDARY 

The original bitumen in-place (OBIP) volume for the Bluesky Formation within 
Shell’s lease boundary is about 1.45 billion m3 (9.14 billion bbl) (see Table 3-2). 

The OBIP volumes for the Bluesky Formation were calculated across Shell’s 
leases by including the entire thickness of the formation, including the basal 
water zone, and zones with higher argillaceous content, but excluding the 
interpreted Gething Formation and any top gas. The basal water zone was 
included because it contains bitumen that can be accessed by thermal production 
via vertical wells. Top gas was excluded because the residual oil saturation 
within these caps is not considered producible. Bitumen located in shale-bearing 
zones was included, but discounted because of the volume of shale calculated 
from core image logs. 

Table 3-2: Original Bitumen In-Place Volumes for Bluesky Formation 

Net Pay 
Total 

(106 m3) 
Total 

(106 bbl) 
More than 0 m 1,450 9,140 

More than 5 m 1,150 7,160 

More than 10 m 995 6,250 

More than 15 m 765 4,800 

More than 20 m 315 2,000 

More than 25 m 60 370 

More than 30 m 6 35 

Note: Volumes include basal water and exclude top gas. 

3.2.7 OBIP IN THE RESOURCE DEVELOPMENT AREA 

Table 3-3 identifies the OBIP volumes in the resource development area. 

Table 3-3: Original Bitumen In-Place Volumes Within the Resource Development Area 

Boundaries 
In-Place Volumes

(106 m3) 
In-Place Volumes 

(106 bbl) 
Percentage of 

Total 
Resource development area 441 2,774 30.4 

Produced to date 10 63 0.7 

Remaining Shell lease boundary 999 6,303 68.9 

Total 1,450 9,140 100 
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Figure 3-6: Net Pay Thickness 
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Figure 3-7: Hydrocarbon Column Height 
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Figure 3-8: Bluesky Basal Water Zone Isochore 
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Figure 3-9: Bluesky Basal Water Zone Structure 
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Figure 3-10: Top Gas Isochore 
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Figure 3-11: Top Gas Structure 
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Figure 3-12: Middle Water Zone Isochore 
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 RECOVERY PROCESS 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 SELECTED RECOVERY PROCESS 

 
4.1.1 SELECTION BASIS 

Vertical steam drive (VSD), complemented by cyclic steam stimulation (CSS), is 
the proposed recovery process for the Carmon Creek Project. VSD with CSS is 
technically, economically and environmentally feasible for bitumen recovery in 
the resource development area. A number of alternative recovery processes were 
also reviewed for bitumen recovery in the resource development area (see 
Section 4. 2), but were ultimately rejected as inappropriate or infeasible for the 
Carmon Creek Project, for economic or technical reasons. 

Shell has sought recovery methods that maximize the resource recovery factor 
and the oil steam ratio, while reducing environmental impact. The average 
recovery factor within the resource development area, using VSD and CSS, is 
expected to be over 50%. 

VSD is a commercially proven technology for bitumen recovery that is used 
worldwide and in Western Canada by other operators. 

4.1.2 RESOURCE RECOVERY PROCESS 

Shell’s planned subsurface development pattern consists of six vertical 
production wells in a hexagonal pattern. Each pattern will cover 3.4 ha within the 
Bluesky Formation. One dedicated vertical steam injector well will be added in 
the centre of the hexagon to create an inverted seven-spot well pattern. The goal 
of this recovery method is to drive fluid horizontally from the steam injector well 
to the producer wells, without relying on gravity or vertical flow, and to operate 
at low pressures. 

The recovery process will begin by conditioning the reservoir. This will be done 
by injecting steam into the reservoir, through the six producer wells, for one CSS 
cycle. The steam from the CSS cycle will heat the bitumen to lower its viscosity, 
thereby allowing the bitumen to flow. When the CSS cycle is complete and the 
production wells have all been steam soaked once, the central steam injection 
well will begin to inject steam continuously. This steam injection process will 
push steam horizontally toward the producing wells, reducing the viscosity of the 
bitumen throughout the reservoir. Artificial lift will be used at the producing 
wells to: 
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4.1.2 RESOURCE RECOVERY PROCESS (cont’d) 

• maintain them in a constant pumped-off condition 

• act as the drive mechanism that moves the heated bitumen from the steam 
injection well to the producer wells 

A single CSS cycle, combined with continuous steam injection at the central 
injection well, is expected to sustain production from a pattern for about one to 
two years. Then, as the produced fluids gradually cool down and production rates 
drop, the producing wells within the pattern will undergo further CSS cycles. The 
exact number of CSS cycles required to maximize recovery will vary between 
patterns and will be optimized to reflect each individual pattern’s steam flood 
performance. For the last CSS cycle on the producers, solvent might be added to 
the steam to enhance production rates. Once a threshold instantaneous oil steam 
ratio is reached, steam injection will end and production will continue until flow 
rates become uneconomic. A typical pattern is expected to remain in operation 
for about 10 years. 

4.1.3 STEAM INJECTION 

Steam is available at the wellhead at an average 70% quality and a maximum 
pressure of 14.3 MPa. 

Steam injection rates vary between 50 and 250 t/d, depending on injectivity and 
maturity of the well. 

Recent experience with vertical steam injectors confirms that there is sufficient 
injectivity below the formation fracture pressure, despite the high initial bitumen 
viscosity and relatively short open-hole exposure of vertical wells in the 
reservoir. Injectivity in the cold bitumen column can be established because of 
the presence of initial mobile water along the complete vertical interval in the 
Bluesky, resulting from bitumen shrinkage after biodegradation. 

Vertical wells have the advantage of allowing a high degree of reservoir 
management to optimize operations and performance. 

4.1.4 SURFACE HEAVE 

VSD is a low-pressure process, and should result in minimal or no surface heave 
over the lifetime of a production pad. 
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 ALTERNATIVES CONSIDERED 

 
4.2.1 RESOURCE RECOVERY CONSTRAINTS 

High bitumen viscosity in the resource development area prevents the use of 
primary production as a viable means of resource recovery. Viscosity can be 
reduced significantly by heating the bitumen. 

Overburden thickness within the resource development area is over 500 m. 
Therefore, surface mining is also not a viable recovery technique. 

Since 1965, Shell has tested several potential thermal recovery methods at its 
Peace River leases. Two key findings led to the decision to proceed to recover 
bitumen in the resource development area using VSD, complemented by CSS: 

• vertical permeability in the Bluesky is much lower than expected based on 
results from core analyses and logs. This low permeability is created by 
small-scale shale barriers that prevent vertical gravitational flow (rising 
steam, sinking bitumen), and eliminate any recovery technique that relies on 
gravity drainage 

• steam injectivity with vertical wells is high enough to allow bitumen 
recovery within the Bluesky because of initial water mobility in the 
formation, even above the bottom water zone 

4.2.2 SCOPE OF ALTERNATIVES 

Shell began exploration of the bitumen resource in the Peace River area in the 
early 1950s, and initiated tests to extract bitumen in the 1960s. Between 1962 
and 2008, Shell developed and tested a number of schemes to produce bitumen 
from its Peace River reservoir efficiently and cost effectively. The following 
methods were not selected for the project, based on technical, environmental or 
economic considerations. 

To assess the methods and technologies considered for the project, data from the 
following recovery processes were considered: 

• in situ combustion 
• steam-assisted gravity drainage (SAGD) 
• pressure cycle steam drive 
• CSS with horizontal wells 
• in situ upgrading 
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4.2.2.1 In Situ Combustion (1965) 

In situ combustion was tested by Shell in 1965. Preheating by steam injection 
was required for self-ignition of the bitumen in place. A combustion front was 
apparently established, and bitumen was produced. This technology has not been 
proven to be economically feasible. 

4.2.2.2 Steam-Assisted Gravity Drainage (1992 to 1997) 

Shell implemented SAGD wells in the Peace River leases from 1992 to 1997. All 
pairs of SAGD wells under-performed economically and most of the wells were 
converted to CSS wells in 2004. The SAGD steam chambers would not rise, 
because of lower than expected vertical reservoir connectivity. 

4.2.2.3 Pressure-Cycle Steam Drive (1979 to 2001) 

The pressure-cycle steam drive concept was developed following extensive 
laboratory experiments between 1972 and 1974. The vertical well configuration 
used is the inverted seven-spot. In this recovery process, steam is injected into 
the bottom water zone (the lowest 4 m to 6 m of the 25 m-thick reservoir) at high 
injection rates and pressures. 

Production rates at producers would vary between periods of low and high rates. 
This caused cycles of: 

• high reservoir pressure during low production rates 
• low reservoir pressure during high production rates 

Expectations were that steam would be forced into the upper parts of the 
reservoir, and bitumen would be produced by gravity drainage. These 
expectations were not met during the large-scale development stage, and 
recovery was found to be uneconomic. 

The Peace River in-situ pilot (PRISP, 1979 to 1992) consisted of 11 inverted 
seven-spots, and performed close to expectations. A large-scale expansion of the 
pilot (the Peace River Expansion Project, PREP, 1982 to 2001) included four 
clusters with 13 inverted seven-spots each (more than 200 wells). Because of 
interference between the clusters, project surveillance showed that it was not 
possible to operate one cluster at high pressure while depleting a neighbouring 
cluster. As a result, the performance of pressure-cycle steam drive was not 
economic. 

4.2.2.4 Cyclic Steam Stimulation With Horizontal Wells (1996 to 2009) 

Since 1996, Shell has drilled numerous horizontal wells with varying geometries 
for CSS applications. All wells were completed at the bottom of the reservoir 
(above the bottom water zone). Shell found that steam does not rise to higher 
parts of the reservoir, despite injection above fracture pressure, because of the 
presence of shale barriers. Therefore, bitumen recovery using this technology 
was not optimal for large-scale commercial development. 
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4.2.2.5 In Situ Upgrading (2004 to 2009) 

The concept of in situ upgrading is to upgrade the bitumen in the reservoir and 
produce the light hydrocarbon ends to surface, while leaving coke and heavy-end 
bitumen in the subsurface. The required reservoir temperatures for upgrading are 
achieved by conductive heaters. A pilot with 18 heaters, eight observation wells, 
and three producers provided medium- to light-end oil products, confirmed the 
concept technically, but the economics were not favourable enough to choose this 
technology for the Carmon Creek Project. 
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 INTRODUCTION 

 
5.1.1 SCOPE 

The field facilities provided for the project include: 

• vertical (deviated) steam injection wells 
• vertical (deviated) production wells 
• other well types 
• well pads and associated facilities 

All wells will be drilled from their surface well pad locations to respective 
subsurface targets. 

5.1.2 VERTICAL STEAM INJECTION WELLS 

With a large-scale development of inverted seven spot patterns, about one-third 
of the wells will be steam injection wells (see Section 4.1, Selected Recovery 
Process). These wells will be designed for steam injection only. 

For further information on steam injection wells, see Section 5.3, Steam Injection 
Wells. 

5.1.3 VERTICAL PRODUCTION WELLS 

Although vertical production wells will primarily be used to produce bitumen, 
they will also have multiple steaming cycles to initiate bitumen production. The 
dedicated steam injection wells will begin steaming after all surrounding 
production wells have received at least one steam production cycle. Production 
wells that are not communicating with steam from the injection wells might 
require some additional steaming. 

An electrically-driven conventional pump jack and reciprocating pump will be 
used to produce the reservoir fluids. 

For further information on production wells, see Section 5.4, Production Wells. 

5.1.4 OTHER WELLS 

Other wells include: 



 

 Section 5.1
FIELD FACILITIES INTRODUCTION 

 

5-2 Shell Canada Limited November 2009 
   CR027 

5.1.4 OTHER WELLS (cont’d) 

• produced water disposal wells 
• regeneration wastewater disposal wells 
• acid gas disposal wells 
• observation wells 
• saline groundwater source wells 

For information on these wells, see Section 5.5, Other Wells. 

5.1.5 WELL PADS AND ASSOCIATED FACILITIES 

Wells will be drilled from well pads. The pad footprint will vary, depending on 
the number of wells per pad and on other environmental factors, such as: 

• waterbody setback restrictions 
• soil salvage requirements 
• surface water control system designs 

Pad facilities will be designed to accommodate a maximum of 52 development 
wells (36 production wells and 16 steam injection wells). Each well pad will 
contain an average of 45 wells. 

Production from all producing wells will be collected and routed to the 
production manifolds on the pad, then routed through the production gathering 
system to one of the CPFs (see Section 5.6, Well Pads and Facilities). 

Steam to the wells will be controlled and directed from the well pad’s steam 
metering manifold to the desired wells, using the pad flow lines. 
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 WELL DRILLING 

 
5.2.1 DRILLING PROGRAM 

5.2.1.1 Program Description 

The drilling program for typical steam injection and production wells will be as 
follows: 

1. Preset the conductor pipe 20 m measured depth (MD) below the surface. 

2. Pressure-cement the conductor pipe in place. 

3. Drill the wellbore to the target location in the Bluesky Formation with 
sufficient depth to allow complete access to the entire formation. 

4. Run sour-service Grade L80 productive intermediate casing with metal-to-
metal sealing connections to the total depth of the well.  

5. Cement the casing to the surface using a thermal-grade cement. 

The wellbore will be directionally drilled with a planned dogleg severity ranging 
from 2° to 12° per 30 m. The wellbore will be drilled with water-based drilling 
fluid. Fluid losses will be corrected using standard lost circulation materials. 

Shell has plans in place to manage any well control problems that might arise 
during drilling operations. These plans cover: 

• wellbore instability 
• losses during cementing 
• problems encountered when drilling through a gravel zone 
• any losses or inflows when drilling into or near production-affected areas 

5.2.1.2 Open-Hole Logging Waiver 

Based on expected well density, not all wells will need a full suite of open hole 
logs. A separate waiver of the requirement to run a full suite of logs on all wells 
will be requested from the ERCB. 
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5.2.2 WELL CASING 

5.2.2.1 Casing Grade and Cementation 

The productive intermediate casing run from the surface into the Bluesky 
Formation will be a sour-service Grade L80 with metal-to-metal sealing 
connections. The casing string will be cemented to the surface with a thermal-
grade cement. 

5.2.2.2 Surface Casing Waiver 

In subsurface areas where safety and environmental risks can be managed with 
drilling and operations practices, Shell will request the ERCB to waive the 
requirement for surface casing. The waiver request will follow the ERCB 
guidelines and will be the subject of a separate submission. 

5.2.3 CASING INTEGRITY ASSURANCE 

5.2.3.1 Integrity Assurance and Casing Monitoring Program 

The sour-service Grade L80 productive intermediate casing will be fully 
cemented to the surface with a thermal-grade cement. During steam injection 
operations, the casing will be monitored for annular pressure changes that would 
indicate a loss of casing integrity. 

When the production wells are not being injected with steam, they will be 
operated with a low bottomhole pressure to reduce or eliminate hydrocarbon 
losses from the wellbore. With a low bottomhole pressure, a casing failure in a 
water zone would result in an influx of groundwater into the wellbore, which 
would cause an anomalous production profile, (increased water-cut and lower 
wellhead temperatures). If this type of well profile occurred, a field response 
would be initiated to formally assess the integrity of the well.  

Response plans will be consistent with existing operating practices to quickly 
address and resolve any up-hole loss in wellbore integrity. 

Observation wells using passive seismic monitoring might be incorporated into 
well integrity assurance plans. 

5.2.3.2 Reduced Cement-Bond Logging Waiver 

Shell is confident that the combination of a thick caprock (60 m to 70 m of 
Wilrich Shale), a deeper reservoir and sound cementing practices will provide 
hydraulic containment of the Bluesky Formation for the wells being drilled for 
the project. 

Shell intends to run cement bond logs on at least two wells on each pad and in all 
situations where cementing operations indicate that further validation is needed. 

A waiver for a reduced number of wells with cement-bond logs, will be 
separately requested from the ERCB. 
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 STEAM INJECTION WELLS 

 
5.3.1 COMPLETION METHOD 

During completion, the productive intermediate casing will be perforated in the 
Bluesky Formation (see Figure 5-1). Selective limited entry perforating is 
proposed as a means to achieve uniform steaming across the Bluesky Formation. 

Surface Casing, if required

Productive Intermediate Casing (Grade L80):
Metal-to-metal sealing connections
Cement to surface with thermal cement

Production Tubing

Perforations

Plug Back Total Depth:
about 5 m below Bluesky

Bluesky Formation

Direction of Steam

Surface Casing, if required

Productive Intermediate Casing (Grade L80):
Metal-to-metal sealing connections
Cement to surface with thermal cement

Production Tubing

Perforations

Plug Back Total Depth:
about 5 m below Bluesky

Bluesky Formation

Direction of Steam

 

Figure 5-1: Proposed Steam Injection Wellbore 

The production tubing will be run inside the productive intermediate casing to a 
depth near the top of the Bluesky Formation. Having the tubing landed will allow 
for steam injection profile monitoring. No downhole packers will be included 
with the tubing string. 

The tubing will be landed in the casing bowl and the final wellhead will be 
installed. 
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5.3.2 WELLHEAD DESIGN 

The installed wellheads (see Figure 5-2) will be designed and pressure-rated to 
meet field production and steaming requirements. 

Wing Valve

Master Valve

Tubing Hanger

Casing Valve

Conductor

Productive
Intermediate
Casing 

Tubing

Wing Valve

Master Valve

Tubing Hanger

Casing Valve

Conductor

Productive
Intermediate
Casing 

Tubing

 

Figure 5-2: Proposed Steam Injection Wellhead 
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 PRODUCTION WELLS 

 
5.4.1 COMPLETION METHOD 

During completion, the productive intermediate casing will be perforated over 
the Bluesky Formation (see Figure 5-3). Production tubing will be run inside the 
casing and a pump seating nipple will be installed and landed at, or below, the 
base of the Bluesky Formation. 

Surface Casing, if required

Productive Intermediate Casing (Grade L80):
Metal-to-metal sealing connections
Cement to surface with thermal cement

Production Tubing

Perforations:
Entire Bluesky

Plug Back Total Depth:
about 5 m below Bluesky

Bluesky Formation

Pump Rod String

Bottomhole Pump

Surface Casing, if required

Productive Intermediate Casing (Grade L80):
Metal-to-metal sealing connections
Cement to surface with thermal cement

Production Tubing

Perforations:
Entire Bluesky

Plug Back Total Depth:
about 5 m below Bluesky

Bluesky Formation

Pump Rod String

Bottomhole Pump

 

Figure 5-3: Proposed Vertical Production Wellbore 

Having the tubing and pump set below the perforations enhances gas separation 
during pumping, thereby improving production performance. No downhole 
packers or anchors will be included with the tubing string. 

The tubing will be landed in the casing bowl and the final wellhead will be 
installed. 
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5.4.2 ARTIFICIAL LIFT 

A conventional reciprocating rod pumping system will be used to pump fluids to 
the surface. During steaming operations, this pump will be unseated, the tubing 
will be flushed with clean water, and steam will be injected down the tubing 
casing annulus. 

The pump system will typically be equipped with a pump-off controller, which 
will provide real-time data to the field and office network computers. The pump 
performance can then be assessed and optimized for each well. 

5.4.3 WELLHEAD DESIGN 

The installed wellheads will be designed and pressure-rated to meet field 
production and steaming requirements. Figure 5-4 shows a typical production 
wellhead. Although not shown, a master valve will be included on the wellhead 
for the first several years of cyclic steaming operation. 
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Figure 5-4: Typical Production Wellhead 
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 OTHER WELLS 

 
5.5.1 WATER DISPOSAL WELLS 

5.5.1.1 Produced Water Disposal 

Produced water from existing operations is currently disposed of into the Leduc 
Formation, using two disposal wells located in the project area. For the project, 
produced water will be reused for steam generation. However, the existing Leduc 
Formation disposal wells will be maintained for disposing of produced water 
during start-up, early operations, process upsets, and when produced water 
quantities exceed boiler feedwater requirements. 

5.5.1.2 Regeneration Wastewater Disposal 

One or two regeneration wastewater disposal wells will be drilled to dispose of 
wastewater from the water softening system. Because of water compatibility, 
separate wells are required to dispose of regeneration wastewater and produced 
water. 

The new disposal wells will be drilled, completed and tested following all 
applicable requirements outlined in ERCB Directive 051, Injection and Disposal 
Wells – Well Classifications, Completions, Logging and Testing Requirements. 
Surface casing will be used, which will provide additional protection for the 
shallow groundwater intervals. The wastewater will be pumped using electric-
driven water pumps. The wellhead injection pressure and the injection rate for 
each well will be monitored. The wellhead will be rated to design injection or 
bottomhole pressure, whichever is greater. 

5.5.2 ACID GAS DISPOSAL WELLS 

To manage SO2 emissions, Shell is including an amine unit to strip H2S from the 
produced gas. The resultant acid gas will be disposed of through deep well 
injection into the Leduc Formation. 

One or two disposal wells will be drilled, completed and tested following all 
applicable requirements outlined in ERCB Directive 051, Injection and Disposal 
Wells – Well Classifications, Completions, Logging and Testing Requirements. 
Specific well design details will be provided in separate submissions to the 
ERCB. The acid gas will be compressed and dehydrated for transportation and 
injection into the disposal wells. The wellhead injection pressure and injection 
rate for each well will be monitored. 
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5.5.3 OBSERVATION WELLS 

In addition to using the production and steam injection wells to monitor steam 
flood performance, a number of dedicated observation wells will also be drilled. 
Production wells can be logged with neutron logs by pulling the pump and rods. 
Fibre optics or thermocouples might be used in select production wells. By using 
the appropriate production wells for observation, data can be gathered in areas 
where questions about the drive performance arise. The injection wells might 
also be logged to track where the injected steam exits the well. 

5.5.4 SALINE GROUNDWATER SOURCE WELLS 

Saline groundwater will be supplied through dedicated saline groundwater source 
wells drilled into the Paddy–Cadotte interval. Having water available from these 
saline groundwater source wells will reduce dependency on river water for steam 
production. 

 



November 2009 Shell Canada Limited 5-11 
CR027   

 

 
 

Section 5.6
 FIELD FACILITIES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 WELL PADS AND FACILITIES 

 
5.6.1 WELL PADS 

5.6.1.1 Number of Surface Well Pads 

Within the initial development area, 18 well pads will be built. Within the 
resource development area, about 77 additional well pads will be required to 
maintain production to the end of the project’s 35-year operation. Each well pad 
will contain an average of 45 wells and will have a life cycle of about 10 years. 

5.6.1.2 Well Pad Design 

Each well pad will be about 160 m by 325 m. The final constructed well pad 
layout will be optimized to ensure that pads are the minimum size required to 
meet the drilling, well spacing and facilities piping requirements. Wells and 
associated facilities will be housed on each well pad (see Figure 5-5). 

The well pads will be designed to contain modules capable of connecting with up 
to: 

• 36 production wells  
• 16 injection wells 

This will ensure that a standard well pad design can be used for all the expected 
variations in the number of steam injection and production wells. Any unused 
well pad facilities will be isolated. Additional monitoring wells might also be 
located on the well pads. 

Each well pad will have two rows of wells. Each row will be about 40 m apart. 
Adequate space will be provided around the perimeter of the well pads to store 
topsoil and conduct future workover operations. Shell plans to contain surface 
runoff on the well pads by constructing a combination of berms and ditches to 
ensure that surface water runoff is appropriately controlled during drilling and 
operations. For further information on the proposed industrial runoff control 
systems, see: 

• Section 13, Water Management Plan 
• the conceptual Conservation and Reclamation Plan in EIA Volume IIC 
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5.6.2 WELL PAD FACILITIES 

The well pads will include production and steam injection wellheads. Other well-
pad facilities will include: 

• two production manifolds and one steam metering manifold 
• steam distribution flow lines 
• pump jacks on production wells 
• a test separator 
• an electrical power supply, including a motor control centre 
• well pad control instrumentation 
• a diluent injection system 
• an inlet valve to the production gathering system and casing vent gas 

gathering system 

Figure 5-6 shows a typical facility layout for a well pad. 

Each well pad will be connected to the CPF by an above-ground: 

• steam distribution pipeline 
• production gathering system to collect produced fluids 
• casing vent gas gathering system 
• diluent supply pipeline 

5.6.2.1 Piping Manifolds 

Each well pad will include: 

• two production manifold modules, which will enable some wells on the pad 
to be steamed while others are producing 

• one steam metering module, which will allow the steam flow to each 
injection well to be measured 

5.6.2.2 Steam Distribution Flow Lines 

Steam supply to the wells will be controlled and directed from the well pad’s 
steam metering manifold using the well pad flow lines. 

5.6.2.3 Pump Jacks 

An electrically-driven conventional pump jack and reciprocating pump will be 
used to produce the reservoir fluids. The number of pump jacks installed will be 
equal to the number of production wells that have been drilled for a given pad, up 
to a maximum of 36. 

5.6.2.4 Test Separator 

Produced fluids (gas, bitumen and produced water) will be routed to a test 
separator on an individual well basis. Each pad will have a test separator 
package. Production from each well will be measured at the test separator 
according to ERCB accounting requirements. 
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Figure 5-5: Conceptual Production Well Pad Layout 
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5.6.2.5 Electrical Power Supply 

Well pads will receive electrical power from the cogeneration facilities at each 
CPF. Electrical power will be provided to the well pads through an electrical 
distribution system. 

Electrical transformers will step down the distribution line voltage of 25 kV, as 
required. Each pad will be equipped with a motor control centre to provide 
electrical switching and control at the pads. 

5.6.2.6 Control Instrumentation 

Well pads will be equipped with instrumentation to control and monitor well pad 
equipment and material flows. Each well pad will have an air compressor to 
supply the necessary instrument air. 

A fibre-optic cable will be run on the above-ground pipe rack to connect the 
control systems at the well pads with the control systems at the CPF. 

5.6.2.7 Diluent Injection 

If required, diluent will be mixed with steam and injected into the wells at certain 
production cycles to facilitate fluid production. 

5.6.2.8 Inlet Valve 

Each well pad will have an inlet valve as the connection point to the production 
gathering system and casing vent gas gathering system. 

5.6.2.9 Above-Ground Pipelines and Gathering Systems 

Each well pad will be supplied with steam and diluent by above-ground 
pipelines. 

Produced fluids from each well pad will be transported via the production 
gathering system to the CPF inlet.  

Low-pressure casing vent gas will also be gathered in a dedicated, low-pressure, 
casing vent gas gathering system.  

The above-ground pipelines and gathering systems will be insulated and mounted 
on a pipe rack that will generally follow the topography about 1 m to 1.5 m 
above the ground. Stand-alone above-ground pipeline corridors will be about 
20 m wide. 

Wildlife and heavy equipment crossings, such as those needed for fire-fighting 
equipment, will be installed, as needed. 
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Section 6.1
 PROCESSING FACILITIES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 CENTRAL PROCESSING FACILITIES 

 
6.1.1 PURPOSE 

Two central processing facilities (CPF 1 and CPF 2) will be constructed for the 
proposed development. They will be similar in size and will process produced 
bitumen, water and gas, and produce the steam needed for injecting into the 
bitumen reservoir. The two CPFs will be built within the initial development 
area, about three years apart, with processing from CPF 2 beginning about three 
years after the start of processing from CPF 1. Each facility will be capable of 
processing 6,300 m3/d (40,000 bbl/d) of bitumen. 

6.1.2 MAJOR PROCESSES 

Each CPF will process production from the field by: 

• separating bitumen and water emulsion to meet the current sales oil pipeline 
specification 

• treating produced water to enable it to be reused for steam generation 

• treating saline groundwater and limited quantities of river water 

• disposing of excess produced water 

• treating produced gas to be used for fuel 

• generating steam, using cogeneration and boilers, for injection into the 
reservoir 

The cogeneration plants will supply electrical power for the facilities and for sale 
to the provincial power grid. 

6.1.3 FACILITIES 

Each CPF will include: 

• cogeneration units and supporting boilers 
• plant inlet separation facilities 
• a bitumen emulsion treatment system 
• a produced water treatment system 
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6.1.3 FACILITIES (cont’d) 

• a river water softening system 
• a regeneration wastewater disposal system 
• a produced solids handling system 
• a produced gas treatment (amine unit) and acid gas compression system 
• storage tanks 
• utilities 

Steel-framed buildings will include: 

• an oil treating building 
• a warm lime softener building 
• a river water softening building 
• an evaporator and crystallizer building 
• cogeneration buildings 
• gas treating and compression buildings 
• utilities buildings, including motor control centres 
• control, warehouse and maintenance buildings 

Other plant facilities not housed in buildings will include: 

• tankage 
• heat exchangers 
• emergency flare systems 
• pipe racks 
• aerial coolers 
• landfills for evaporator and warm lime softener waste streams 
• sewage lagoons 
• runoff and boiler blowdown ponds 
• an electrical substation and switchyard 

6.1.4 INTEGRATION WITH EXISTING PLANT 

The existing Peace River Complex will continue to operate while CPF 1 is being 
constructed. Portions of the existing Peace River Complex will be used to 
support the start-up of CPF 1 to the extent practicable and according to the final 
design and operational requirements. The Peace River Complex processing 
facilities are expected to be decommissioned after CPF 1 has been started up. 

6.1.5 CPF SITE SELECTION 

The CPFs will be located about 3 km southeast of the existing Peace River 
Complex. 

6.1.5.1 Site Selection Criteria 

The selected site for the CPFs was chosen based on the following criteria: 
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• reducing the overall environmental impact, including selecting a site with: 

• sufficient area to avoid facilities encroaching on sensitive muskeg areas 
• suitable soil conditions, to reduce the required site preparation activities 

• safety considerations, including ensuring that the selected site: 

• has sufficient area to allow for a plant layout that can be constructed and 
operated efficiently, which contributes to improved safety 

• would enable the construction camp to be located immediately adjacent 
to the site, thereby reducing travel exposure for the site 

• is remote from existing operations, reducing the degree of interference 
between the ongoing operations at Peace River and the construction of 
the new CPF 

• proximity to the resource development area 

6.1.5.2 Advantages of Selected Site 

The site selected is adjacent to the initial development area and central to the 
overall future development areas. The CPFs will be located on thinner pay zone, 
which will reduce the impact if recovery efficiency is reduced as a result of 
production or drilling constraints under the CPF facilities. 

The site is a large contiguous area, which: 

• provides enough space to co-locate CPF 1 and CPF 2 
• offers the potential for future expansion 
• satisfies the selection criteria described previously 

Figure 6-1 shows the plot plan for CPF 1 and CPF 2. 
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Section 6.2
 PROCESSING FACILITIES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 CPF PROCESSES 

 
6.2.1 INLET FACILITIES AND EMULSION TREATING 

The bitumen, water and gas produced from the field entering the CPFs will be 
sent through a degasser (see Figure 6-2), where the produced gas and liquids 
(emulsion) will be separated. The produced gas will be cooled and separated 
from any liquids before being sent to the amine plant for treatment. Condensed 
liquids will be routed to the production separators. Low-pressure casing vent gas 
will be compressed and sent to the amine plant feed. 

After the emulsion exits the degasser, diluent will be injected to reduce the 
density and viscosity of the bitumen. A demulsifier will be added to help the 
emulsion separate. The emulsion will be cooled through a series of heat 
exchangers and sent to the production separators. Produced water from the 
production separators will be sent to the skim/surge tanks. Untreated dilbit (a 
diluent and bitumen mixture) will flow from the production separators to the 
electrostatic treaters. 

The production separator and electrostatic treater vessels will be three-phase 
gravity separators with: 

• vapour leaving from the top and routed to gas treatment 
• diluted bitumen leaving from the middle 
• produced water leaving from the bottom 

The diluted bitumen leaving the treaters will typically have less than 0.5% basic 
sediment and water. Connection points will be supplied on the production 
separators and treater vessels to accommodate solids removal. Produced solids 
will be sent to the desand tank for dewatering and off-site disposal. The diluted 
bitumen will be further cooled and sent to storage tanks before being transferred 
by pipeline to the Haig Lake Terminal about 60 km north of the CPFs, at the 
Rainbow Pipeline. 

To save energy, heat from the produced fluids will be recovered and used in 
heating other process streams. 
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6.2.2 PRODUCED WATER TREATMENT 

6.2.2.1 Purpose 

The produced water treatment system (see Figure 6-3) will remove suspended 
solids, residual oil and hardness, and reduce silica and total dissolved solids 
(TDS) to an acceptable range of between 7,000 mg/L and 10,000 mg/L, to meet 
steam generator specifications. 

The produced water deoiling process uses a conventional heavy oil process line-
up. The Peace River Complex has over 25 years of operating experience with a 
similar deoiling process. 

Produced water that cannot be used for steam generation will be disposed of in 
disposal wells. 

6.2.2.2 Treatment Options Considered 

Several water treatment options were considered for removing hardness, silica 
and TDS, including: 

• reverse osmosis 
• precipitative and ion exchange softening 
• evaporative treatment systems 
• steam separation 

6.2.2.3 Selected Treatment System 

A parallel treatment system was selected, with most of the flow passing through a 
warm lime softener and a weak acid cation exchanger, and the balance of the 
flow passing through an evaporative process system. This system was selected 
because it: 

• met technical requirements – the TDS of boiler feedwater must be reduced to 
compensate for increased levels expected in produced water, to prevent TDS 
levels from cycling up 

• was commercially proven technology – both warm lime softening, weak acid 
cation and evaporative processes are proven in heavy oil projects 

• had the lowest technical risk – this system is more flexible and adaptable to 
changes in produced water composition than the other options considered 

• had the lowest overall life cycle cost of the options considered 
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6.2.2.4 Deoiling System 

The produced water deoiling system will consist of: 

• a skim/surge tank 
• an induced gas flotation (IGF) unit 
• oil removal filters 

Produced water from the production separators and electrostatic treaters, in 
addition to other recovered liquid streams, will enter the skim/surge tank where 
the first stage of oil removal will take place. Makeup water will also be 
introduced to the process in the skim/surge tank. The skim/surge tank will 
provide sufficient residence time to enable the hydrocarbons to separate from the 
produced water. A deoiling polymer will typically be added to the liquids 
entering the skim tank to aid separation. Separated hydrocarbons removed from 
the skim/surge tank will either be recycled to the production separators or 
transferred to the slop tank. 

The partially deoiled water will flow to the IGF unit, which will further remove 
oil from the produced water. Natural gas will be induced into the produced water 
stream in each cell to assist in the flotation of oil droplets. The oil froth in the 
IGF unit will be skimmed and either recycled to the production separators or 
transferred to the slop tank. Acid might be added to the partly deoiled water 
before it enters the IGF, to control the alkalinity of the produced water. 

Deoiled water from the IGF will be directed to the oil removal filters. The filters 
will be backwashed periodically to prevent the beds from becoming saturated 
with oil. Water passing through the filters will be sent to a water storage tank 
before being transferred to the water treatment plants. 

6.2.2.5 Produced Water Treating 

The produced water treating process will reduce TDS, hardness and silica from 
the deoiled produced water, to meet boiler feedwater specifications. The process 
consists of two parallel process units: 

• a warm lime softening system 
• an evaporator, crystalizer and dryer system 

Most of the flow will go through the warm lime system. The balance will go to 
the evaporator system. 

Only the evaporator system will remove TDS. The evaporator system has been 
sized to remove about 3,000 ppm of TDS of the total produced water flow, which 
balances the expected TDS gain from the reservoir. 

Under normal operation, all of the produced water will be processed through the 
water treatment system. During start-up, initial operations and process upsets, 
some, or all, of the produced water might be routed to the existing Peace River 
deep-well disposal system. 
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Warm Lime Softening Process 

The primary components of the produced water warm lime softening system 
include: 

• a warm lime softener (WLS) 
• after filters 
• weak acid cation (WAC) exchange softeners and polishers 
• a WAC regeneration system 
• a wastewater disposal system 
• a lime sludge centrifuge system 

The produced water will be partly softened and the silica content reduced by 
using a lime and magnesium oxide feed in the warm lime softener. Treated water 
will be collected around the perimeter of the warm lime softener vessel, and the 
sludge will discharge from the bottom to centrifuges. The solids cut from the 
centrifuges will be placed in an on-site landfill. The water cut from the 
centrifuges will be recycled to the warm lime softener. Residual solids in the 
warm lime softener overflow will be removed by the after filters. The after filters 
will be backwashed with filter feedwater. The backwash water will then be 
recycled to the warm lime softener. 

The warm lime softener and after filters will reduce water hardness to between 
35 mg/L and 50 mg/L (as CaCO3). The water hardness will be further reduced by 
the primary and polishing WAC softeners. The primary WAC softener will 
reduce the remaining incoming hardness to less than 1 mg/L. The dedicated 
WAC polishing units will remove the residual water hardness to meet boiler 
feedwater specifications of less than 0.5 mg/L. 

Boiler feedwater will be stored in the boiler feedwater tank before being used in 
the heat-recovery steam generators (HRSGs) and once-through steam generators 
(OTSGs). Backwash and rinse water from the WAC units will be recycled to the 
warm lime softener. 

The WAC resins will be externally regenerated through the WAC regeneration 
package. The regeneration wastewater streams from both the WAC and 
freshwater strong acid cation (SAC) units will be mixed in the neutralization tank 
and disposed of through deep well injection. Waste streams from the regeneration 
process that are not sent to the neutralization tank will be recycled back to the 
warm lime softener. 

An oxygen scavenger or a chelant will be added to the boiler feedwater. 

Evaporator, Crystallizer and Dryer Processes 

The primary components of the produced water evaporator softening system 
include: 

• an evaporator system consisting of: 

• an evaporator feed tank and pump 
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• an evaporator feed preheater 
• a deaerator, quench tower and vapour recovery system 
• an evaporator and brine concentrator in series 
• liquid recirculating pumps 
• a distillate tank and pump 
• a pump and vapour recirculating system, consisting of a vapour washer, 

compressor, desuperheater and pump 
• a chemical feed system 

• a crystallizer system consisting of: 

• a crystallizer feed tank 
• an exchanger 
• a crystallizer 
• liquid recirculating pumps 
• distillate tank and distillate and slurry product pumps 
• a vapour recirculating system, consisting of a washer, compressor and 

pump 

• rotary dryers 

The process flow for the evaporator and crystallizer are shown in Figure 6-4. 

Caustic and scale inhibitors might be added to the produced water before it is fed 
to the evaporator systems. Antifoam and sorption chemicals might be added to 
the evaporator to prevent foaming, assist silica precipitation and facilitate 
removal. Non-condensable gases will be removed in the deaerator using a cross-
flow of water. A quench tower will condense water from the deaerator overhead 
vapour. The liquid from the quench tower, consisting of water and some 
hydrocarbons, will be directed to the produced water deoiling system. The 
vapour from the quench tower will enter the vapour recovery unit (VRU), from 
where the non-condensable gases will be routed to the gas treating unit. 

The hot deaerated water will enter the evaporator sumps to join a recirculating 
brine slurry. This slurry will be continuously recirculated and distributed evenly 
across the evaporator bundle of vertical heat transfer tubes. Part of the brine 
slurry will vaporize as the vapour on the other side of the tubes condenses. The 
brine slurry vapour will form the recirculating vapour stream. The condensing 
vapour from the other side of the vertical heat transfer tubes will be collected as 
distillate for use as boiler feedwater. 

A slipstream of the recirculating brine slurry from the evaporator will be directed 
to the brine concentrator sump for further brine evaporation and concentration. 
The brine concentrator will have similar equipment and will operate similarly to 
an evaporator. A slipstream of the recirculating brine slurry from the brine 
concentrator will be directed to the crystallizer for additional distillation, which 
produces a slurry with a higher concentration of solids in water. The crystallizers 
will also have: 

• a vapour circulation system, which produces distillate from the concentrated 
slurry that meets boiler feedwater specifications 
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Evaporator, Crystallizer and Dryer Processes (cont’d) 

• a liquid recirculation system, which routes a portion of the concentrated 
slurry to the dryers 

A portion of the slurry from the crystallizers will enter rotary gas-combustion 
type dryers (see Figure 6-5), where residual water will be vaporized to generate a 
dry solids stream, which will be transported to an on-site landfill. The exhaust 
gas from gas combustion and water vapour generated in the dryers will be 
filtered and discharged to the atmosphere. 

6.2.3 MAKEUP WATER TREATMENT 

During start-up, initial operation, process upsets and produced water shortfalls, 
river water will be required for boiler feedwater. Water will be withdrawn from 
the Peace River water intake (see Figure 6-6) and clarified, then filtered and 
deaerated before being pipelined to the CPFs. Shell will use a system of clarifier 
and settling ponds to manage the sediment associated with the river water 
treatment process. 

River water tankage will be provided at the CPFs to provide the necessary surge 
capacity. 

The river water will be softened by a two-stage SAC exchange process to meet 
boiler feedwater hardness specifications. The SAC resins will be regenerated 
periodically with brine solution. 

The softened river water will be heated and introduced directly into the boiler 
feedwater tank. The capacity of the softened river water supply and treatment 
system will be 15,000 m3/d. 

During normal operations, makeup water, if required, will be supplied from a 
saline groundwater source, the Paddy and Cadotte members of the Peace River 
Formation, which has a TDS of greater than 4,000 mg/L in the area of the 
proposed saline groundwater well field. The saline groundwater supply system 
capacity is 2,000 m3/d for CPF 1 and 3,000 m3/d for CPF 1 and 2. The raw 
makeup saline groundwater will be introduced directly to the skim/surge tank and 
will be softened with the produced water in the water treatment system. 

Some river water might be required occasionally as makeup water to supplement 
the saline groundwater. 

6.2.4 PRODUCED GAS TREATMENT 

Under normal operating conditions, CPF 1 is expected to process 540,000 m3/d 
of gas. Similar volumes are expected for CPF 2. The proposed produced gas 
treatment process is shown in Figure 6-7. 

The maximum total sulphur content of the blended produced gas is expected to 
be 2.4 mol% (as H2S). 
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6.2.4 PRODUCED GAS TREATMENT (cont’d) 

Sulphur recovery from the project will be based on the actual sulphur inlet rate 
and will meet the applicable design and calendar quarter-year sulphur recovery 
guidelines provided in ERCB Interim Directive (ID) 2001-3, Sulphur Recovery 
Guidelines for the Province of Alberta. The maximum estimated sulphur inlet 
rates are 17.5 t/d for CPF 1 and 35 t/d for CPF 1 and 2 combined. Based on these 
estimated sulphur inlet rates, Shell has assumed a design sulphur recovery rate of 
96.2% for CPF 1 and for CPF 1 and 2 combined. 

For information on the sulphur balance for CPF 1, see Section 6.4, CPF Material 
Balance. 

An amine unit will remove H2S to meet ERCB ID 2001-3, Sulphur Recovery 
Guidelines for the Province of Alberta, requirements. For additional information 
on sulphur recovery, see Section 12.2, Air Quality and Noise. 

Produced gas sources will consist of: 

• degasser overheads 

• casing vent gas 

• separator and treater overheads 

• tank vapour recovery 

• Three Creeks stored gas – back production of stored Peace River produced 
gas 

• Cliffdale gas – which is expected to be sweet and would not require gas 
treatment 

6.2.5 ACID GAS DISPOSAL 

Acid gas will be compressed through a multistage electric-driven reciprocating 
compressor into the acid gas disposal pipeline and disposed of by injection into 
acid gas disposal wells. 
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Figure 6-6: River Water Treatment 
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Figure 6-7: Produced Gas Treatment Process 
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 PROCESSING FACILITIES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 STEAM GENERATION 

 
6.3.1 COGENERATION CAPACITY 

The steam production facilities will be designed to generate 75% quality steam 
during normal operations. The steam quality will be controlled at 75%, +/-3% to 
prevent scaling in the steam generator tubes. 

Initially, one cogeneration unit will provide steam and electricity for CPF 1 (see 
Figure 6-8). Two additional cogeneration units will be installed with CPF 2. The 
three cogeneration units combined will jointly provide steam and electricity for 
both CPFs. In addition, two new stand-alone OTSGs will be installed to 
supplement steam demand. 

Each cogeneration unit will have a gas turbine that burns natural gas and 
generates electricity. Each gas turbine will generate, on average, an electrical 
output of 170 MW to 190 MW and a peak output of up to 210 MW. The hot 
exhaust gases from each gas turbine will be ducted to a HRSG. The HRSG will 
contain duct burners, which will increase the amount of steam generated by 
burning treated produced gas. If required, the HRSG’s duct burners will also burn 
purchased natural gas provided via pipeline. 

Power generated by the cogeneration units that is not required by Shell will be 
sold to the provincial power grid. The cogeneration units will be tied to a 
substation via an electrical interconnection. Currently, CPF 1 is assumed to be 
connected into the 144-kV regional power grid, subject to Alberta Electric 
System Operator (AESO) approval. CPF 2 is assumed to be connected into the 
240-kV regional power grid because of the increase in power export capacity. 
Upgrades to the existing electrical interconnect to accommodate these electricity 
sales will be the subject of a separate application. 

6.3.2 STEAM GENERATOR SUPPORT AND BACKUP 

Two new stand-alone OTSGs will be used to partially meet projected steam 
demands during normal operation and when the cogeneration unit is down for 
maintenance or is operating at reduced capacity. These boilers will also be used 
to produce steam during commissioning, testing, field warm-up and upset 
conditions. 
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APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

  
 CPF MATERIAL BALANCE 

 
6.4.1 OVERALL MATERIAL BALANCE 

The project will produce 12,600 m3/d (80,000 bbl/d) of bitumen. The bitumen, 
water and steam rates will vary over the project’s life. The variations will result 
from the progressive development of wells, in addition to the changing 
production profile from individual wells as they mature and decline. The overall 
material balances for CPF 1 are shown in Table 6-1 and the overall combined 
material balances for CPF 1 and 2 are shown in Table 6-2. The balances are 
shown graphically in Figure 6-9 for CPF 1 and Figure 6-10 for CPF 1 and 2. 

The material balances represent the expected balances that could occur in CPF 1, 
and CPF 1 and CPF 2 processes during normal operations. Two gas streams are 
not shown in the material balances as they are small streams using plant capacity 
that is available early in the life of the project, before production from the project 
ramps up. These gas streams are: 

• Cliffdale gas – when the Carmon Creek Project starts up, this stream will be 
used as fuel for CPF 1. Rates are forecast to be about 60,000 m3/d at project 
start-up and decline thereafter. 

• back production from the Three Creeks gas storage facility – when treating 
capacity is available, gas will be back produced from this storage project. 
Rates are forecast to be about 100,000 m3/d at project start-up and decline 
thereafter. 

6.4.2 WATER BALANCE 

Data for the CPF 1 simplified water balance is shown in Table 6-3. The 
simplified CPF 1 water balance is shown graphically in Figure 6-11. Data for the 
CPF 1 and CPF 2 simplified water balance is shown in Table 6-4. The simplified 
water balance for CPF 1 and CPF 2 is shown graphically in Figure 6-12. The 
annual average water balance over the project’s life for CPF 1 is shown in 
Table 6-5. The annual average water balance for CPF 1 and CPF 2 is shown in 
Table 6-6. 

Makeup water, when required, will be supplied by the saline groundwater source, 
up to the capacity of the saline groundwater supply system. Saline groundwater 
use will meet applicable regulatory requirements. 
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6.4.2 WATER BALANCE (cont’d) 

For the first year, Shell intends to start up steam generation operations using river 
water only, within the limits of the existing water licence, to safeguard the 
integrity of the cogeneration system. Based on industry experience in starting up 
produced water treatment facilities, the targeted start-up period is estimated to be 
about one year. By the second year, produced water volumes and treatment are 
expected to become more stable. 

After the start-up period, CPF 1 will no longer require substantial volumes of 
river water. Produced water will be recycled and most of the makeup water, if 
required, will be sourced from the saline groundwater supply system. Some fresh 
water will be required on a continuous basis for various utility needs. However, 
other than during start-up periods, freshwater imports will meet applicable 
regulatory requirements. 

During construction, all water for the construction camp will be supplied by local 
municipal potable water. Potable water for operations will also be supplied from 
the same municipal water source. 

Emergency water required during a plant upset or for fire suppression will be 
sourced from the Peace River. 

Drilling operations will recycle water to limit the amount of fresh makeup river 
water required. 

6.4.3 SULPHUR BALANCE 

Data for the CPF 1 annual average sulphur balance is shown in Table 6-7. The 
sulphur balance is shown graphically in Figure 6-13. For more information on 
produced gas treatment, see Section 6.2, CPF Processes. The data for the total 
sulphur balance for CPF 1 and 2 combined is shown in Table 6-8. The total 
sulphur balance for CPF 1 and 2 is shown graphically in Figure 6-14. 

6.4.4 ENERGY INPUT AND OUTPUT 

The simplified energy balance for CPF 1 is shown in Figure 6-15. Figure 6-16 
shows the simplified combined energy balance for CPF 1 and 2. 

6.4.5 PRODUCTION ACCOUNTING 

All accounting meters and metering calculations for accounting purposes will: 

• adhere to the industry standards for petroleum measurements 

• adhere to the power industry standards for power export, including tariff 
metering measurements 

• be configured to enable meters to be calibrated in place or removed for off-
site calibration 
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As required by ERCB Directive 042, Measurement, Accounting, and Reporting 
Plan (MARP) Requirements for Thermal Bitumen Schemes, Shell will submit 
separately a Measurement Accounting and Reporting Plan to the ERCB that 
details how fluids will be measured and reported. 
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Hydrocarbon Liquid Liquid Water Water Vapour Dry Produced Gas 1 Fuel Gas 1 Acid Gas 1 Dry Solid  

Stream Number and Description 
Pressure 

(kPag) 
Temperature 

(°C) 

Total Mass 
Flow 
(t/d) 

Mass Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass 
Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass 
Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass 
Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass Flow
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

1. Production from reservoir 1,000 130 31,196 6,894 6,852 24,159 24,183 16.6 21,822 120 85,000 – – – – 6 6 

2. Casing vent gas from reservoir 200 100 645 – – – – – – 645 455,000 – – – – – – 

3. Diluent from pipeline 225 5 1,704 1,704 2,400 – – – – – – – – – – – – 

4. Diluted bitumen to sales (dilbit) 3,522 40 8,439 8,439 8,990 – – – – – – – – – – – – 

5. Produced gas to gas treating 616 45 144 – – – – – – 144 104,170 – – – – – – 

6. Acid gas to disposal 9,258 49 124 – – – – – – – – – – 124 68,830 – – 

7. Treated produced gas from gas 
treating 

560 46 665 – – – – – – 665 490,340 – – – – – – 

8. Natural gas from pipeline 3,800 5 1,197 – – – – – – – – 1,197 1,672,500 – – – – 

9. Natural gas to utilities 500 63 28 – – – – – – – – 28 39,000 – – – – 

10. Natural gas to gas turbine 3,500 75 925 – – – – – – – – 925 1,292,500 – – – – 

11. Natural gas to HRSG and OTSG 345 50 244 – – – – – – – – 244 341,000 – – – – 

12. Diluent injection to field 2,000 5 135 135 190   –  – – – – – – – – 

13. Mixed gas to HRSG and OTSG 345 50 908 – – – – – – 665 490,340 244 341,000 – – – – 

14. Deoiled produced water to MVC and 
ZLD 

405 85 6,306 – – 6,306 6,312 – – – – – – – – – – 

15. Treated produced water from MVC 
and ZLD 

150 89 6,191 – – 6,191 6,197 – – – – – – – – – – 

16. Solids from MVC and ZLD 2 Atmosphere 80 82 – – 3 3 – – – – – – – – 79 79 

17. Vapour to dryer vent 3, 4 Atmosphere 100 42 – – – – 42 42 – – – – – – – – 

18. Treated water to utilities 150 85 1,301 – – 1,301 1,302 – – – – – – – – – – 

19. Recycle water from utilities 150 80 822 – – 822 823 – – – – – – – – – – 

20. Boiler feedwater to HRSG and OTSG 18,650 125 23,676 – – 23,676 23,700 – – – – – – – – – – 

21. Injection steam to well pads 3, 4 14,250 338 23,626 – – 5,907 5,913 17,720 17,737 – – – – – – – – 

22. Water in produced solids to landfill Atmosphere 85 13 – – 13 13 – – – – – – – – – – 

23. River water from the Peace River 400 5 150 – – 150 150 – – – – – – – – – – 

24. River water to drilling rigs 150 5 150 – – 150 150 – – – – – – – – – – 

25. Saline groundwater from wells 225 5 179 – – 179 179 – – – – – – – – – – 

26. Deoiled water to WLS 125 85 18,816 – – 18,816 18,835 – – – – – – – – – – 

27. Treated produced water from WLS 150 85 19,146 – – 19,146 19,165 – – – – – – – – – – 

28. WLS regeneration waste to disposal 9,200 85 328 – – 328 328 – – – – – – – – – – 

29. Lime solids to landfill Atmosphere 85 60 – – 24 24 – – – – – – – – 36 36 

Note: 
1. All gas flows are on dry basis. 
2. Solids are generated from produced water TDS. Total flow indicated is based on water equivalent with 96 wt% solids concentration. 

3. All volumetric flows are at standard conditions of 15°C and 101,325 Pa, except water vapour as noted, which is cold water equivalent. 
4. Vapour volumetric flow is based on cold water equivalent. 

 



Section 6.4 

PROCESSING FACILITIES CPF MATERIAL BALANCE 

Table 6-2: CPF 1 and 2 Overall Material Balance 

 

 

November 2009 Shell Canada Limited 6-25 
CR027   

Hydrocarbon Liquid Liquid Water Water Vapour Dry Produced Gas 1 Fuel Gas 1 Acid Gas 1 Dry Solid  

Stream Number and Description 
Pressure 

(kPag) 
Temperature 

(°C) 

Total Mass 
Flow 
(t/d) 

Mass Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass 
Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass 
Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass 
Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass Flow
(t/d) 

Volumetric 
Flow 
(m3/d) 

Mass Flow 
(t/d) 

Volumetric 
Flow 
(m3/d) 

1. Production from reservoir 1,000 130 62,392 13,787 13,704 48,318 48,367 33.3 43,743 241 170,000 – – – – 12 12 

2. Casing vent gas from reservoir 200 100 1,289 – – – – – – 1,289 910,000 – – – – – – 

3. Diluent from pipeline 225 5 3,408 3,408 4,800 – – – – – – – – – – – – 

4. Diluted bitumen to sales (dilbit) 3,522 40 16,878 16,878 17,980 – – – – – – – – – – – – 

5. Produced gas to gas treating 616 45 288 – – – – – – 288 208,340 – – – – – – 

6. Acid gas to disposal 9,238 49 248 – – – – – – – – – – 248 137,660 – – 

7. Treated produced gas from gas 
treating 

560 46 1,329 – – – – – – 1,329 980,680 – – – – – – 

8. Natural gas from pipeline 3,800 5 2,871 – – – – – – – – 2,871 4,012,300 – – – – 

9. Natural gas to utilities 500 63 56 – – – – – – – – 56 78,000 – – – – 

10. Natural gas to gas turbine 3,500 75 2,774 – – – – – – – – 2,774 3,877,600 – – – – 

11. Natural gas to HRSG and OTSG 345 50 41 – – – – – – – – 41 56,700 – – – – 

12. Diluent injection to field 2,000 5 270 270 380   –  – – – – – – – – 

13. Mixed gas to HRSG and OTSG 345 50 1,370 – – – – – – 1,329 980,680 41 56,700 – – – – 

14. Deoiled produced water to MVC and 
ZLD 

405 85 12,611 – – 12,611 12,624 – – – – – – – – – – 

15. Treated produced water from MVC 
and ZLD 

150 89 12,382 – – 12,382 12,394 – – – – – – – – – – 

16. Solids from MVC and ZLD 2 Atmosphere 80 164 – – 7 7 – – – – – – – – 157 157 

17. Vapour to dryer vent  3, 4 Atmosphere 100 84 – – – – 84 84 – – – – – – – – 

18. Treated water to utilities 150 85 2,601 – – 2,601 2,604 – – – – – – – – – – 

19. Recycle water from utilities 150 80 1,644 – – 1,644 1,646 – – – – – – – – – – 

20. Boiler feedwater to HRSG and OTSG 18,650 125 47,353 – – 47,353 47,400 – – – – – – – – – – 

21. Injection steam to well pads 3, 4 14,250 338 47,253 – – 11,813 11,825 35,439 35,475 – – – – – – – – 

22. Water in produced solids to landfill Atmosphere 85 26 – – 26 26 – – – – – – – – – – 

23. River water from the Peace River 400 5 300 – – 300 300 – – – – – – – – – – 

24. River water to drilling rigs 150 5 300 – – 300 300 – – – – – – – – – – 

25. Saline groundwater from wells 225 5 358 – – 358 358 – – – – – – – – – – 

26. Deoiled water to WLS 125 85 37,632 – – 37,632 37,670 – – – – – – – – – – 

27. Treated produced water from WLS 150 85 38,292 – – 38,292 38,330 – – – – – – – – – – 

28. WLS regeneration waste to disposal 9,200 85 655 – – 655 656 – – – – – – – – – – 

29. Lime solids to landfill Atmosphere 85 122 – – 50 50 – – – – – – – – 72 72 

Note: 
1. All gas flows are on dry basis. 
2. Solids are generated from produced water TDS. Total flow indicated is based on water equivalent with 96 wt% solids concentration. 

3. All volumetric flows are at standard conditions of 15°C and 101,325 Pa, except water vapour as noted, which is cold water equivalent. 
4. Vapour volumetric flow is based on cold water equivalent. 
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Figure 6-10: CPF 1 and 2 Overall Material Balance 
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Stream Number and Description 
Total Flow 1 

(m3/d) 
Water Flow 1

(m3/d) 
Temperature

(°C) 
Pressure

(kPag) 
Solids
(t/d) 

Bitumen
(mg/L) 

Solids 
(wt%) 

Silica 
(mg/L 

as 
SiO2) 

Hardness 2
(mg/L as 
CaCO3) 

Alkalinity 2
(mg/L as 
CaCO3) 

TDS 2 
(mg/L) 

1. Produced water 24,200 24,200 130 150 – 2,000 Trace 350 471 3,185 10,000 

2. Deoiled produced water 25,147 25,147 85 150 – <10 – 348 468 3,190 9,967 

3. WLS feed 18,835 18,835 85 184 – <10 – 348 468 3,190 9,967 

4. MVC and ZLD feed 6,312 6,312 85 405 – <10 – 348 468 3,190 9,967 

5. WLS and WAC effluent 19,165 19,165 85 150 – – – 25 0.2 2,789 9,246 

6. MVC and ZLD distillate 6,197 6,197 89 150 – – – 0.1 0.4 10 8 

7. Boiler feedwater 23,700 23,700 85 1,789 – – – 19 0.3 2,113 7,000 

8. Saline or brackish groundwater 179 179 5 150 – – – 5 53 3,536 5,000 

9. River water 150 150 5 150 – – 0.7 
maximum 

4 152 115 180 

10. Service water tank feed 1,302 1,302 45 150 – – – 19 0 2,113 7,000 

11. Injection steam 3 23,700 5,925 339 14,500 – – – 76 1 6,791 28,000 

12. Regeneration waste to disposal 328 328 60 10,230 – – – 18 2,407 1,958 13,239 

13. Lime solids to landfill 60 24 85 – 36 – 60 – – – – 

14. Evaporator solids to landfill 82 3 80 – 79 – 96 – – – – 

Note: 
1. Total flow and water flow indicated are based on cold water equivalent. 
2. Hardness, alkalinity and TDS are calculated values. 
3. Steam to field is a 75% quality steam (i.e., 25% water). Composition is for the water phase. 
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Stream Number and Description 
Total Flow 1 

(m3/d) 
Water Flow 1

(m3/d) 
Temperature

(°C) 
Pressure

(kPag) 
Solids
(t/d) 

Bitumen
(mg/L) 

Solids 
(wt%) 

Silica 
(mg/L 

as SiO2) 

Hardness 2
(mg/L as 
CaCO3) 

Alkalinity 2
(mg/L as 
CaCO3) 

TDS 2 
(mg/L) 

1. Produced water 48,400 48,400 130 150 – 2,000 Trace 350 471 3,185 10,000 

2. Deoiled produced water 50,294 50,294 85 150 – <10 – 348 468 3,190 9,967 

3. WLS feed 37,670 37,670 85 184 – <10 – 348 468 3,190 9,967 

4. MVC and ZLD feed 12,624 12,624 85 405 – <10 – 348 468 3,190 9,967 

5. WLS and WAC effluent 38,330 38,330 85 150 – – – 25 0.2 2,778 9,235 

6. MVC and ZLD distillate 12,394 12,394 89 150 – – – 0.1 0.4 10 8 

7. Boiler feedwater 47,400 47,400 85 1,789 – – – 19 0.3 2,107 7,000 

8. Saline or brackish groundwater 358 358 5 150 – – – 5 53 3,536 5,000 

9. River water 300 300 5 150 – – 0.7 
maximum 

4 152 115 180 

10. Service water tank feed 2,604 2,604 45 150 – – – 19 0 2,107 7,000 

11. Injection steam 3 47,400 11,850 339 14,500 – – – 76 1 6,771 28,000 

12. Regeneration waste to disposal 656 656 60 10,230 – – – 18 2,404 1,950 13,924 

13. Lime solids to landfill 120 48 85 – 72 – 60 – – – – 

14. Evaporator solids to landfill 164 7 80 – 157 – 96 – – – – 

Note: 
1. Total flow and water flow indicated are based on cold water equivalent. 
2. Hardness, alkalinity and TDS are calculated values. 
3. Steam to field is a 75% quality steam (i.e., 25% water). Composition is for the water phase. 
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Figure 6-12: CPF 1 and 2 Simplified Water Balance 
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Year 
Bitumen 
(m3/cd) 

[INT] 
 
 
 
 

Steam 
(t/cd) 

[PW1] 
 
 
 
 

PW 
(t/cd) 

Utility 
Recycle 

(t/cd) 

PW to 
Deoiling 

(t/cd) 

Deoiling 
Recycle 

(t/cd) 

Bitumen 
Treating 

Loss 
(t/cd) 

PW 
Deoiling 
Outlet 
(t/cd) 

[DIT1] 
 
 
 

PW to 
Disposal

(t/cd) 

[BW1] 
 
 
 
 

BW 1 
(t/cd) 

WLS/ 
WAC 
Feed 
(t/cd) 

MVC/ 
ZLD 
Feed 
(t/cd) 

[DIT2]
 

WAC 
Regen
eration 
Waste
(t/cd) 

Lime 
Solids
(t/cd) 

Vapour 
Loss 
from 
Dryer 
(t/cd) 

Brine 
Solids
(t/cd) 

WAC 
Effluent 

(t/cd) 

Evaporator 
Distillate 

(t/cd) 

BFW 2 
to 

OTSG 
(t/cd) 

[FW1] 
 
 
 

River 
Water 
(t/cd) 

[FW7] 
 

River 
Water 

Clarifier 
Sludge 
(t/cd) 

[DIT3]
 

SAC 
Regen
eration 
Waste 
(t/cd) 

2014 2,023 10,543 10,153 722 11,897 844 101 11,346 6,393 583 4,953 0 86 16 0 0 5,037 0 10,543 6,963 4 267 
2015 3,424 23,617 22,432 763 25,418 1,802 175 24,234 0 1,225 19,105 5,129 334 60 35 66 19,441 5,036 23,617 915 1 30 
2016 5,913 28,200 25,079 757 28,362 2,037 188 27,517 313 1,880 22,814 4,390 397 71 30 56 23,211 4,311 28,200 2,647 2 98 
2017 5,704 21,531 20,423 764 23,268 1,687 168 22,865 0 1,858 17,684 5,181 308 55 36 66 17,992 5,087 21,531 140 0 0 
2018 6,000 17,509 18,652 760 21,287 1,458 59 19,360 595 19 14,002 4,764 244 45 31 62 14,247 4,677 17,509 140 0 0 
2019 6,300 21,036 22,867 768 25,914 1,775 76 23,566 1,200 19 16,699 5,668 291 54 37 74 16,992 5,565 21,036 140 0 0 
2020 6,300 21,946 23,115 770 26,188 1,794 77 23,815 521 19 17,387 5,907 303 56 39 77 17,692 5,800 21,946 140 0 0 
2021 6,300 24,155 24,360 773 27,566 1,915 110 25,549 0 537 19,240 6,309 335 61 42 82 19,576 6,195 24,155 140 0 0 
2022 6,300 23,800 24,118 772 27,298 1,890 102 25,187 0 410 18,924 6,262 330 61 42 81 19,255 6,149 23,800 140 0 0 
2023 6,300 25,296 26,066 777 29,425 2,016 92 26,759 44 19 19,942 6,773 347 64 44 89 20,292 6,650 25,296 140 0 0 
2024 6,300 22,588 24,083 771 27,249 1,867 82 24,780 830 19 17,869 6,081 311 58 40 80 18,182 5,970 22,588 140 0 0 
2025 6,300 24,004 25,336 774 28,623 1,961 88 26,030 634 19 18,956 6,439 330 61 42 84 19,288 6,322 24,003 140 0 0 
2026 6,300 23,842 25,051 774 28,310 1,940 87 25,745 515 19 18,830 6,400 328 61 42 84 19,159 6,284 23,841 140 0 0 
2027 6,300 23,048 23,942 772 27,095 1,856 81 24,640 221 19 18,224 6,196 317 59 41 81 18,543 6,083 23,048 140 0 0 
2028 6,300 22,940 23,189 770 26,279 1,823 101 24,308 0 461 18,285 6,024 318 58 40 78 18,604 5,914 22,940 140 0 0 
2029 6,300 21,407 21,681 767 24,624 1,706 90 22,743 0 396 17,094 5,649 298 55 37 73 17,392 5,547 21,407 140 0 0 
2030 6,300 20,875 21,215 767 24,111 1,667 83 22,201 0 313 16,664 5,537 290 53 37 72 16,955 5,436 20,875 140 0 0 
2031 6,300 22,654 22,760 769 25,812 1,798 106 24,016 0 604 18,117 5,899 316 58 39 76 18,434 5,792 22,654 140 0 0 
2032 6,300 24,503 24,583 773 27,813 1,939 119 25,903 0 677 19,550 6,353 341 62 42 82 19,892 6,237 24,503 140 0 0 
2033 6,300 23,522 23,901 772 27,058 1,870 98 24,903 0 338 18,689 6,214 326 60 41 81 19,015 6,101 23,522 140 0 0 
2034 6,300 23,219 23,879 772 27,027 1,853 82 24,595 0 36 18,362 6,233 320 59 41 81 18,683 6,120 23,219 140 0 0 
2035 6,300 23,052 23,923 772 27,074 1,855 81 24,622 198 19 18,228 6,195 317 59 41 81 18,547 6,083 23,052 140 0 0 
2036 6,300 22,853 23,794 771 26,933 1,845 80 24,493 272 19 18,076 6,144 315 58 40 80 18,393 6,033 22,853 140 0 0 
2037 6,300 21,910 23,168 769 26,245 1,798 77 23,868 610 19 17,356 5,902 302 56 39 77 17,660 5,794 21,909 140 0 0 
2038 6,300 21,089 22,038 768 25,006 1,713 72 22,741 321 19 16,731 5,689 291 54 37 74 17,024 5,586 21,089 140 0 0 
2039 6,300 21,039 22,514 768 25,527 1,749 74 23,215 847 19 16,694 5,675 291 54 37 74 16,986 5,572 21,039 140 0 0 
2040 6,300 21,441 22,695 768 25,726 1,763 75 23,396 617 19 17,001 5,778 296 55 38 76 17,299 5,673 21,440 140 0 0 
2041 6,300 19,883 21,123 765 24,002 1,644 67 21,828 639 19 15,811 5,378 275 51 35 70 16,087 5,280 19,883 140 0 0 
2042 6,300 21,771 21,909 768 24,877 1,731 99 23,115 0 549 17,426 5,689 304 56 38 74 17,731 5,585 21,771 140 0 0 
2043 6,300 19,058 20,289 764 23,088 1,582 63 20,997 651 19 15,181 5,165 264 49 34 68 15,446 5,071 19,058 140 0 0 
2044 4,547 12,362 13,793 750 15,935 1,092 56 14,494 984 19 10,070 3,441 175 32 23 45 10,245 3,378 12,362 140 0 0 
2045 3,445 8,355 9,500 741 11,210 768 50 10,199 779 19 7,022 2,398 122 23 16 31 7,144 2,355 8,355 140 0 0 
2046 2,611 6,943 8,106 738 9,668 662 54 8,797 820 19 5,950 2,028 104 19 13 27 6,054 1,991 6,943 140 0 0 
2047 1,979 5,287 6,300 735 7,678 526 54 6,988 701 19 4,688 1,599 82 15 10 21 4,770 1,570 5,287 140 0 0 
2048 1,499 5,998 7,738 735 9,246 607 41 8,440 1,428 19 5,413 1,599 94 18 10 21 5,508 1,570 5,998 140 0 0 
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 Demineralized Water Utility Water ERCB Rates (%) 3 

Year 

Amine 
Makeup 

(t/cd) 
GT Wash 

(t/cd) 

[FW6-1] 
 

Service 
Rigs  
(t/cd) 

[FW6-2] 
 

Drilling 
Rigs 
(t/cd) 

Cleaning
(t/cd) 

Pump 
Seal 
(t/cd) 

Chemical 
Dilution 

(t/cd) 

[FW6-3] 
 

Pump 
Seal Loss

(t/cd) 

Fresh 
Water 

Makeup 
(<10%) 4 

Brackish 
Water 

Makeup 5 

Total 
Makeup 

Water Use 
(<25%) 6 PW Use  7 

PW Recycle 
Rate 8 

2014 10 1 117 140 94 661 347 33 40 3 44 56 38 
2015 10 1 117 140 94 661 398 33 4 5 9 91 102 
2016 10 1 117 140 94 661 520 33 9 6 16 84 103 
2017 10 1 117 140 94 661 340 33 1 9 9 91 106 
2018 10 1 117 140 94 661 276 33 1 0 1 99 95 
2019 10 1 117 140 94 661 330 33 1 0 1 99 93 
2020 10 1 117 140 94 661 343 33 1 0 1 99 96 
2021 10 1 117 140 94 661 376 33 1 2 3 97 100 
2022 10 1 117 140 94 661 370 33 1 2 2 98 99 
2023 10 1 117 140 94 661 393 33 1 0 1 99 98 
2024 10 1 117 140 94 661 352 33 1 0 1 99 94 
2025 10 1 117 140 94 661 373 33 1 0 1 99 95 
2026 10 1 117 140 94 661 371 33 1 0 1 99 96 
2027 10 1 117 140 94 661 359 33 1 0 1 99 97 
2028 10 1 117 140 94 661 358 33 1 2 3 97 100 
2029 10 1 117 140 94 661 334 33 1 2 2 98 99 
2030 10 1 117 140 94 661 326 33 1 1 2 98 99 
2031 10 1 117 140 94 661 354 33 1 3 3 97 100 
2032 10 1 117 140 94 661 382 33 1 3 3 97 100 
2033 10 1 117 140 94 661 366 33 1 1 2 98 99 
2034 10 1 117 140 94 661 361 33 1 0 1 99 98 
2035 10 1 117 140 94 661 359 33 1 0 1 99 97 
2036 10 1 117 140 94 661 356 33 1 0 1 99 97 
2037 10 1 117 140 94 661 342 33 1 0 1 99 95 
2038 10 1 117 140 94 661 329 33 1 0 1 99 96 
2039 10 1 117 140 94 661 329 33 1 0 1 99 94 
2040 10 1 117 140 94 661 335 33 1 0 1 99 95 
2041 10 1 117 140 94 661 311 33 1 0 1 99 95 
2042 10 1 117 140 94 661 341 33 1 2 3 97 100 
2043 10 1 117 140 94 661 299 33 1 0 1 99 95 
2044 10 1 117 140 94 661 198 33 1 0 1 99 91 
2045 10 1 117 140 94 661 138 33 2 0 2 98 90 
2046 10 1 117 140 94 661 117 33 2 0 2 98 87 
2047 10 1 117 140 94 661 92 33 2 0 3 97 86 
2048 10 1 117 140 94 661 105 33 2 0 2 98 79 

Note: 
1. Brackish water capacity of CPF 1 is capped at 2,000 t/cd. 
2.  Primary target for boiler feedwater TDS is 7,000 mg/L. 
3.  Rates are calculated based on ECRB Draft Directive, Requirements for Water Measurement, Reporting, and Use for Thermal In Situ Oil Sands Schemes, February 2009. Rate calculations use the ERCB water balance 

codes. The recycle rate (see Note 8) is based on ERCB Bulletin 2006-11. 
4.  Fresh water makeup (%) = Total fresh water in [FW1] x 100 / (Total steam injected [INT] + Total water disposal [DIT]). The ERCB maximum limit for fresh water makeup on a calendar-year basis is 10%. 
5. Brackish water makeup (%) = Total brackish water in [BW1] x 100 / (Total steam injected [INT] + Total water disposal [DIT]). Where: DIT = DIT1 + DIT2 + DIT3. The maximum limit for brackish water makeup on a calendar-

year basis is 25%, if no fresh water makeup. The combined brackish and fresh water makeup must not exceed 25% on a calendar-year basis. 
6. Total makeup water use (%) = Fresh water makeup % + Brackish water makeup %. Values are rounded. 
7. Produced water use (%) = 1 – Total makeup water use %. 
8. Recycle rate (%) = (Total steam injected [INT] - Total fresh water in [FW1]) * 100 / Produced water [PW1]. Fresh water (FW1) in this calculation accounts for other uses of water, where other uses include the volume of 

water transferred out of an injection facility to another facility and the volume of water for plant use. 
FW1 = FW1 – (FW6-1 + FW6-2 + FW6-3 + FW7). Produced water (PW1) equals the total volume of water produced in conjunction with bitumen from in situ production wells. 
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Year 
Bitumen 
(m3/cd) 

[INT] 
 
 
 

Steam 
(t/cd) 

[PW1] 
 
 
 

PW 
(t/cd) 

Utility 
Recycle 

(t/cd) 

PW to 
Deoiling

(t/cd) 

Deoiling 
Recycle 

(t/cd) 

Bitumen 
Treating 

Loss 
(t/cd) 

PW 
Deoiling 
Outlet 
(t/cd) 

[DIT1] 
 
 
 

PW to 
Disposal

(t/cd) 

[BW1] 
 
 
 
 

BW 1 
(t/cd) 

WLS/ 
WAC 
Feed 
(t/cd) 

MVC/ 
ZLD 
Feed 
(t/cd) 

[DIT2]
 

WAC 
Regen
eration 
Waste
(t/cd) 

Lime 
Solids
(t/cd) 

Vapour 
Loss 
from 
Dryer 
(t/cd) 

Brine 
Solids
(t/cd) 

WAC 
Effluent 

(t/cd) 

Evaporator 
Distillate 

(t/cd) 

BFW 2 
to 

OTSG 
(t/cd) 

[FW1] 
 
 
 

River 
Water 
(t/cd) 

[FW7] 
 

River 
Water 

Clarifier 
Sludge 
(t/cd) 

[DIT3]
 

SAC 
Regen
eration 
Waste 
(t/cd) 

2014 3 2,023 10,543 10,153 722 11,897 845 102 11,345 6,393 583 4,952 0 86 16 0 0 5,039 0 10,543 6,964 4 267 
2015 3 3,424 23,617 22,432 763 25,418 1,802 175 24,234 0 1,225 19,105 5,129 334 60 35 66 19,441 5,036 23,617 915 1 30 
2016 3 5,913 28,200 25,079 757 28,362 2,037 188 27,517 313 1,880 22,814 4,390 397 71 30 56 23,211 4,310 28,200 2,647 2 98 
2017 9,733 42,263 38,764 4 1,494 44,165 3,141 274 42,294 1,700 2,333 34,353 6,241 599 108 42 80 34,954 6,128 42,263 4,671 3 172 
2018 11,683 46,261 46,342 1,540 52,516 3,665 237 49,005 0 1,380 37,053 11,951 646 118 80 155 37,704 11,734 46,261 281 0 0 
2019 12,600 42,073 45,734 1,535 51,828 3,551 152 47,132 2,400 36 33,380 11,353 581 108 74 148 33,965 11,146 42,073 281 0 0 
2020 12,600 43,892 46,231 1,539 52,375 3,588 154 47,630 1,041 36 34,774 11,815 606 112 77 154 35,384 11,601 43,892 281 0 0 
2021 12,600 48,311 48,720 1,546 55,131 3,829 221 51,098 0 1,074 38,480 12,618 670 123 84 164 39,153 12,389 48,311 281 0 0 
2022 12,600 47,601 48,237 1,545 54,595 3,780 205 50,373 0 819 37,849 12,524 659 121 83 163 38,511 12,297 47,601 281 0 0 
2023 12,600 50,593 52,133 1,553 58,851 4,032 183 53,517 87 36 39,884 13,546 695 129 89 177 40,583 13,300 50,593 281 0 0 
2024 12,600 45,176 48,166 1,542 54,497 3,734 164 49,559 1,659 36 35,741 12,159 622 115 80 159 36,367 11,938 45,176 281 0 0 
2025 12,600 48,007 50,673 1,548 57,246 3,922 176 52,059 1,268 36 37,912 12,879 660 123 84 168 38,577 12,645 48,007 281 0 0 
2026 12,600 47,683 50,101 1,547 56,620 3,879 173 51,489 1,030 36 37,659 12,800 656 122 84 167 38,319 12,568 47,683 281 0 0 
2027 12,600 46,097 47,885 1,544 54,191 3,713 162 49,280 440 36 36,448 12,392 635 118 81 162 37,086 12,167 46,096 281 0 0 
2028 12,600 45,880 46,378 1,541 52,558 3,646 201 48,616 0 921 36,569 12,047 637 117 80 157 37,209 11,828 45,880 281 0 0 
2029 12,600 42,814 43,362 1,535 49,248 3,412 180 45,486 0 791 34,188 11,298 595 109 75 147 34,785 11,093 42,814 281 0 0 
2030 12,600 41,750 42,430 1,533 48,223 3,334 166 44,401 0 626 33,328 11,073 580 107 73 144 33,911 10,872 41,750 281 0 0 
2031 12,600 45,309 45,520 1,539 51,630 4,716 145 48,032 0 1,139 36,214 11,819 631 115 79 153 36,847 11,604 45,308 281 0 0 
2032 12,600 49,005 49,165 1,546 55,625 3,877 237 51,806 0 1,353 39,106 12,700 681 125 85 165 39,790 12,469 49,005 281 0 0 
2033 12,600 47,044 47,803 1,544 54,116 3,740 196 49,806 0 676 37,372 12,434 651 120 82 162 83,025 12,208 47,044 281 0 0 
2034 12,600 46,439 47,758 1,544 54,053 3,705 164 49,189 0 72 36,724 12,465 640 118 82 163 37,367 12,239 46,439 281 0 0 
2035 12,600 46,103 47,847 1,544 54,149 3,710 162 49,242 396 36 36,456 12,391 635 118 81 162 37,094 12,166 46,103 281 0 0 
2036 12,600 45,706 47,588 1,543 53,865 3,690 161 48,985 543 36 36,153 12,288 630 117 81 161 36,786 12,065 45,706 281 0 0 
2037 12,600 43,819 46,336 1,539 52,491 3,596 155 47,735 1,220 36 34,712 11,803 605 112 77 154 35,320 11,589 43,819 281 0 0 
2038 12,600 42,179 44,075 1,536 50,012 3,426 144 45,482 641 36 33,463 11,378 583 108 75 149 34,048 11,171 42,179 281 0 0 
2039 12,600 42,077 45,028 1,535 51,055 3,498 148 46,429 1,693 36 33,388 11,349 582 108 74 148 33,973 11,143 42,077 281 0 0 
2040 12,600 42,881 45,389 1,537 51,452 3,525 150 46,791 1,233 36 34,002 11,555 592 110 76 151 34,598 11,346 42,881 281 0 0 
2041 12,600 39,766 42,245 1,531 48,003 3,289 135 43,655 1,278 36 31,621 10,756 551 102 71 141 32,175 10,561 39,766 281 0 0 
2042 12,600 43,543 43,817 1,536 49,754 3,462 197 46,230 0 1,096 34,853 11,377 607 111 76 148 35,462 11,171 43,543 281 0 0 
2043 12,600 38,115 40,578 1,527 46,175 3,164 126 41,994 1,302 36 30,361 10,330 529 98 68 135 30,893 10,143 38,115 281 0 0 
2044 9,753 26,517 29,585 1,503 34,073 2,335 112 30,991 2,140 36 21,509 7,342 374 69 48 96 21,884 7,209 26,517 281 0 0 
2045 7,549 18,307 20,815 1,486 24,421 1,673 99 22,216 1,746 36 15,259 5,210 265 49 34 68 15,526 5,116 18,307 281 0 0 
2046 5,843 15,538 18,141 1,480 21,462 1,470 109 19,526 1,884 36 13,159 4,483 229 43 29 59 13,390 4,402 15,538 281 0 0 
2047 4,523 12,086 14,402 1,473 17,341 1,188 109 15,780 1,662 36 10,527 3,590 183 34 24 47 10,712 3,525 12,086 281 0 0 
2048 3,501 14,005 18,069 1,477 21,344 1,462 141 19,419 3,341 36 12,000 4,078 209 39 27 53 12,212 4,004 14,005 281 0 0 
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 Demineralized Water Utility Water ERCB Rates (%) 5 

Year 

Amine 
Makeup 

(t/cd) 

GT 
Wash 
(t/cd) 

[FW6-1] 
 

Service 
Rigs  
(t/cd) 

[FW6-2] 
 

Drilling 
Rigs 
(t/cd) 

Cleaning
(t/cd) 

Pump 
Seal 
(t/cd) 

Chemical 
Dilution 

(t/cd) 

[FW6-3] 
 

Pump 
Seal Loss

(t/cd) 

Fresh 
Water 

Makeup
(<10%) 6 

Brackish 
Water 

Makeup 7 

Total 
Makeup 

Water Use
(<25%) 8 PW Use 9 

PW Recycle 
Rate 10 

2014 3 10 1 117 140 94 661 350 33 40 3 44 56 38 
2015 3 10 1 117 140 94 661 398 33 4 5 9 91 102 
2016 3 10 1 117 140 94 661 520 33 9 6 16 84 103 
2017 21 1 234 281 187 1,322 808 65 10 5 16 84 98 
2018 21 1 234 281 187 1,322 726 65 1 3 4 96 100 
2019 21 1 234 281 187 1,322 658 65 1 0 1 99 93 
2020 21 1 234 281 187 1,322 685 65 1 0 1 99 96 
2021 21 1 234 281 187 1,322 753 65 1 2 3 97 100 
2022 21 1 234 281 187 1,322 741 65 1 2 2 98 99 
2023 21 1 234 281 187 1,322 785 65 1 0 1 99 98 
2024 21 1 234 281 187 1,322 703 65 1 0 1 99 94 
2025 21 1 234 281 187 1,322 747 65 1 0 1 99 95 
2026 21 1 234 281 187 1,322 741 65 1 0 1 99 96 
2027 21 1 234 281 187 1,322 717 65 1 0 1 99 97 
2028 21 1 234 281 187 1,322 715 65 1 2 3 97 100 
2029 21 1 234 281 187 1,322 669 65 1 2 2 98 99 
2030 21 1 234 281 187 1,322 653 65 1 1 2 98 99 
2031 21 1 234 281 187 1,322 708 65 1 2 3 97 100 
2032 21 1 234 281 187 1,322 764 65 1 3 3 97 100 
2033 21 1 234 281 187 1,322 732 65 1 1 2 98 99 
2034 21 1 234 281 187 1,322 722 65 1 0 1 99 98 
2035 21 1 234 281 187 1,322 717 65 1 0 1 99 97 
2036 21 1 234 281 187 1,322 711 65 1 0 1 99 97 
2037 21 1 234 281 187 1,322 683 65 1 0 1 99 95 
2038 21 1 234 281 187 1,322 658 65 1 0 1 99 96 
2039 21 1 234 281 187 1,322 658 65 1 0 1 99 94 
2040 21 1 234 281 187 1,322 670 65 1 0 1 99 95 
2041 21 1 234 281 187 1,322 622 65 1 0 1 99 95 
2042 21 1 234 281 187 1,322 681 65 1 2 3 97 100 
2043 21 1 234 281 187 1,322 597 65 1 0 1 99 95 
2044 21 1 234 281 187 1,322 423 65 1 0 1 99 91 
2045 21 1 234 281 187 1,322 300 65 1 0 2 98 89 
2046 21 1 234 281 187 1,322 260 65 2 0 2 98 87 
2047 21 1 234 281 187 1,322 208 65 2 0 2 98 86 
2048 21 1 234 281 187 1,322 238 65 2 0 2 98 79 

Note: 
1. Brackish water capacity of CPF 1 and 2 is capped at 2,000 t/cd. 
2.  Primary target for boiler feedwater TDS is 7,000 mg/L. 
3.  All rates between 2014 and 2016 are average daily rates. 
4. Upon start-up of CPF 2 in 2017, any produced water that cannot be processed at CPF 2 will be routed to CPF 1 up to the available capacity limit. 
5.  Rates are calculated based on ECRB Draft Directive, Requirements for Water Measurement, Reporting, and Use for Thermal In Situ Oil Sands Schemes, February 2009. Rate calculations use the ERCB water 

balance codes. The recycle rate (see note 10) is based on the ERCB Bulletin 2006-11. 
6. Fresh water makeup (%) = Total fresh water in [FW1] x 100 / (Total steam injected [INT] + Total water disposal [DIT]). The ERCB maximum limit for fresh water makeup on a calendar-year basis is 10%. 
7. Brackish water makeup (%) = Total brackish water in [BW1] x 100 / (Total steam injected [INT] + Total water disposal [DIT]). Where: DIT = DIT1 + DIT2 + DIT3. The maximum limit for brackish water makeup on a 

calendar-year basis is 25%, if no fresh water makeup. The combined brackish and fresh water makeup must not exceed 25% on a calendar-year basis. 
8. Total makeup water use (%) = Fresh water makeup % + Brackish water makeup %. Values are rounded. 
9. Produced water use (%) = 1 – Total makeup water use %. 
10. Recycle rate (%) = (Total steam injected [INT] - Total fresh water in [FW1]) * 100 / Produced water [PW1]. Fresh water (FW1) in this calculation accounts for other uses of water, where other uses include the 

volume of water transferred out of an injection facility to another facility and the volume of water for plant use. 
FW1 = FW1 – (FW6-1 + FW6-2 + FW6-3 + FW7). Produced water (PW1) equals the total volume of water produced in conjunction with bitumen from in situ production wells. 
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Table 6-7: CPF 1 Annual Average Sulphur Balance 

Stream Number and Description 

Total 
Sulphur

(t/d) 

Sulphur 
Input 
(t/d) 

Sulphur 
Output 

(t/d) 
1. Bitumen feed 1 407.15 407.15 – 

2. Produced gas and casing vent 
gas 

17.47 17.47 – 

3. Produced water – – – 

4. Diluent from pipeline – – – 

5. Natural gas 0.0357 0.0357 – 

6. Produced gas and casing vent 
gas to gas treating unit 

16.29 2 – – 

7. Boiler feedwater – – – 

8. Sales oil to pipeline 1 407.69 – 407.69 

9. Produced water to disposal well – – – 

10. Vapour recovery unit compressor 
discharge gas 

0.64 2 – – 

11. Gas treating unit feed 16.93 2 – – 

12. Acid gas to disposal well 16.287 – 16.287 

13. Treated gas from gas treating unit 0.643 2 – – 

14. Mixed gas to steam generator 0.678 – 0.678 

Total 424.6557 424.6777 
Note:  
1. Total elemental sulphur in bitumen feed is 6 mass%. Sales oil leaving 

CPF 1 contains elemental sulphur in bitumen feed plus 0.08 mol% H2S, 
equivalent to 1 t/d of sulphur, of produced gas. 

2. These numbers are for intermediate streams. 
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407.15 t/d 

17.47 t/d Boiler Feedwater 0 t/d 

0 t/d 407.69 t/d 

0 t/d 

0 t/d 

Notes:
1) This sulphur balance is based on sulphur recovery of 96.2% in accordance with ERCB ID 2001-3, Sulphur Recovery Guidelines for the Province of Alberta.
2) Purchased natural gas total sulphur content is 120 ppm (mol).
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Table 6-8: CPF 1 and 2 Annual Average Sulphur Balance 

Stream Number and Description 

Total 
Sulphur

(t/d) 

Sulphur 
Input 
(t/d) 

Sulphur 
Output 

(t/d) 
1. Bitumen feed 1 814.30 814.30 – 

2. Produced gas and casing vent gas 34.94 34.94 – 

3. Produced water – – – 

4. Diluent from pipeline – – – 

5. Natural gas 0.0865 0.0865 – 

6. Produced gas and casing vent gas 
to gas treating unit 

32.58 2 – – 

7. Boiler feedwater – 2 – – 

8. Sales oil to pipeline 1 815.38 – 815.38 

9. Produced water to disposal well – – – 

10. Vapour recovery unit compressor 
discharge gas 

1.28 2 – – 

11. Gas treating unit feed 33.86 2 – – 

12. Acid gas to disposal well 32.573 – 32.573 

13. Treated gas from gas treating unit 1.287 2 – – 

14. Mixed gas to steam generator 1.372 – 1.372 

Total 1,045.915 1,045.915 
Note: 
1. Total elemental sulphur in bitumen feed is 6 mass%. Sales oil leaving the 

CPFs contains elemental sulphur in bitumen feed plus 0.08 mol% H2S, 
equivalent to 1 t/d of sulphur, of produced gas. 

2. These numbers are for intermediate streams. 
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0 t/d 

Notes:
1) This sulphur balance is based on sulphur recovery of 96.2% in accordance with ERCB ID 2001-3, Sulphur Recovery Guidelines for the Province of Alberta.
2) Purchased natural gas total sulphur content is 120 ppm (mol).
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CPF 1

1) Hydrocarbon (bitumen, natural gas, produced gas, diluent) energy flows are based on lower heating values.
2) Energy consumption = Energy Input/m3 of bitumen production

= Energy Input (natural gas consumption + electricity consumption + diluent consumption)/m3 of bitumen production
= (56.95 + 3.94 + 3.29)TJ/6,700 m3 of bitumen production
= 9.6 TJ/1,000 m3 of bitumen production

3) Diluent loss in reservoir is equivalent to 1.19 TJ/d and diluent loss to fuel is equivalent to 2.1 TJ/d.
4) Energy efficiency is calculated based on the following equation:

Energy efficiency = [(Energy of Dilbit Product + Electrical Export)/(Energy of Diluent + Bitumen Feed + Produced Gas + Natural Gas)]*100
Energy efficiency = [(353.64 + 12.53)/(75.32 + 281.61 + 10.28 + 56.95)]*100 = 86.3%

5) Diluent, bitumen, produced gas and natural gas flow rates are based on stream day basis.
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= (56.95 + 3.94 + 3.29)TJ/6,700 m3 of bitumen production
= 9.6 TJ/1,000 m3 of bitumen production

3) Diluent loss in reservoir is equivalent to 1.19 TJ/d and diluent loss to fuel is equivalent to 2.1 TJ/d.
4) Energy efficiency is calculated based on the following equation:

Energy efficiency = [(Energy of Dilbit Product + Electrical Export)/(Energy of Diluent + Bitumen Feed + Produced Gas + Natural Gas)]*100
Energy efficiency = [(353.64 + 12.53)/(75.32 + 281.61 + 10.28 + 56.95)]*100 = 86.3%

5) Diluent, bitumen, produced gas and natural gas flow rates are based on stream day basis.
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Figure 6-16: CFP 2 Energy Balance 
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CPF 1 + CPF 2
Diluent Loss in

Reservoir

1) Hydrocarbon (bitumen, natural gas, produced gas, diluent) energy flows are based on lower heating values.
2) Energy consumption = Energy Input/m3 of bitumen production

= Energy Input (natural gas consumption + electricity consumption + diluent consumption)/m3 of bitumen production
= (136.61 + 7.88 + 6.59)TJ/13,400 m3 of bitumen production
= 11.3 TJ/1,000 m3 of bitumen production

3) Diluent loss in reservoir is equivalent to 2.37 TJ/d and diluent loss to fuel is equivalent to 4.22 TJ/d.
4) Energy efficiency is calculated based on the following equation

Energy efficiency = [(Energy of Dilbit Product + Electrical Export)/(Energy of Diluent + Bitumen Feed + Produced Gas + Natural Gas)]*100
Energy efficiency = [(707.27+ 41.53)/(150.64 + 563.22 + 20.56 + 136.61)]*100 = 86.0%

5) Diluent, bitumen, produced gas and natural gas flow rates are based on stream day basis.
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= (136.61 + 7.88 + 6.59)TJ/13,400 m3 of bitumen production
= 11.3 TJ/1,000 m3 of bitumen production

3) Diluent loss in reservoir is equivalent to 2.37 TJ/d and diluent loss to fuel is equivalent to 4.22 TJ/d.
4) Energy efficiency is calculated based on the following equation

Energy efficiency = [(Energy of Dilbit Product + Electrical Export)/(Energy of Diluent + Bitumen Feed + Produced Gas + Natural Gas)]*100
Energy efficiency = [(707.27+ 41.53)/(150.64 + 563.22 + 20.56 + 136.61)]*100 = 86.0%

5) Diluent, bitumen, produced gas and natural gas flow rates are based on stream day basis.
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Section 7.1
 UTILITIES AND OFFSITES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 UTILITIES 

 
7.1.1 SCOPE 

The utilities required by the project include: 

• electrical power 
• emergency electrical power 
• natural gas 
• nitrogen 
• instrument air 
• glycol heating and cooling 
• utility water 
• fire water 
• potable water 

7.1.2 ELECTRICAL POWER 

Initially, one cogeneration unit will provide steam and electricity for CPF 1. Two 
additional cogeneration units will be installed with CPF 2. The three 
cogeneration units combined will jointly provide steam and electricity for both 
CPFs. 

During normal operations, excess electricity will be generated and sold to the 
Alberta electrical power grid. Conversely, if a cogeneration plant is not available, 
Shell will purchase electrical power for the project from the Alberta electrical 
power grid. 

The project will have: 

• one high-voltage main substation, located next to the cogeneration plant, to 
support CPF 1 

• one high-voltage main substation, located next to the cogeneration plants, to 
support CPF 2 

These main substations will provide a connection to the Alberta electrical power 
grid. The specific interconnection details are subject to approval by the Alberta 
Utilities Commission (AUC). Electrical power will also be distributed to the well 
pads and the CPFs from the main substation. 
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7.1.2 ELECTRICAL POWER (cont’d) 

Temporary power for construction and drilling will be provided by connections 
to the existing 25-kV distribution system. 

7.1.3 EMERGENCY POWER GENERATION 

If power is not available from either the cogeneration plants or the Alberta 
electrical power grid, on-site diesel generators will be used to provide emergency 
backup power for the project. Uninterruptible power supply systems will enable 
key plant control systems to operate safely until the emergency power generator 
comes online. The emergency power generator will be sized to: 

• provide sufficient power for safe shutdown 

• maintain safe levels of heat, light, control and communications for project 
facilities 

The emergency power generator will not generate enough power to maintain CPF 
operations. 

7.1.4 NATURAL GAS 

Purchased natural gas will be the primary fuel supply for the project. The largest 
gas demand will be for fuelling the cogeneration unit gas turbines. Purchased gas 
will also be used for blanketing tanks and vessels and for other utility purposes. 

After produced gas from the CPFs has been treated to remove H2S, it will be 
burned in the once-through steam generators (OTSGs) and heat-recovery steam 
generators (HRSGs) and supplemented by purchased natural gas. 

7.1.5 NITROGEN 

The CPFs will be equipped with a nitrogen supply system and distribution header 
to provide blanketing for some tanks. The system will consist of a storage vessel 
and a vaporizer. 

7.1.6 INSTRUMENT AIR 

Independent instrument air systems, consisting of compressors and dryers, will 
supply the CPFs and each of the production pads with instrument air. The control 
systems will be configured to sound an alarm and safely shut down the CPFs and 
individual production pads if the instrument air pressure is critically low. 
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7.1.7 GLYCOL 

Glycol will be used for: 

• process heating and cooling, via heat exchangers 
• heat tracing piping 
• dehydrating gas 

The inlet streams to the CPFs will be cooled through a system of heat exchangers 
that recover and use the high-grade energy in other areas of the plant. Low-grade 
energy will be removed by the glycol system, and much of that energy will also 
be reused. This energy recovery is essential to the CPFs’ overall energy 
efficiency. 

7.1.8 UTILITY WATER 

To reduce the project’s use of fresh water on a steady-state basis, a combination 
of fresh water, treated saline groundwater and produced water will be used as 
utility water. This water will be used, as appropriate: 

• in the CPFs for: 

• washwater 
• equipment flushing 
• seal gland water 
• mixing with chemicals 

• for well drilling and completions 

For information on water volumes, see the water balance in Section 6.4, CPF 
Material Balance. 

7.1.9 FIRE WATER 

A fire suppression system will be provided in the CPFs. The system might 
include fire water mains, pumps, hydrants and other components. 

7.1.10 POTABLE WATER 

Potable water for the construction camp and ongoing project needs will be 
purchased from the proposed Northern Sunrise County potable water pipeline 
distribution system. 

If the potable water system is out of service, potable water will be delivered to 
the project site by truck. 
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Section 7.2
 UTILITIES AND OFFSITES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 SAFETY SYSTEMS 

 
7.2.1 FIRE AND GAS DETECTION AND PROTECTION 

7.2.1.1 Central Processing Facilities 

Fire and gas detection will be provided at each CPF, including the cogeneration 
facility. Sensors capable of detecting fire, combustible gas and H2S, will be 
installed in process buildings, where applicable. The sensors will be tied in to the 
plant’s safety system, resulting in a shutdown and depressurization, when 
necessary. 

For each CPF, smoke detectors will be located in the: 

• cogeneration facility 
• control and administration buildings 
• electrical system buildings 
• maintenance and warehouse buildings 

Wall-mounted fire extinguishers and fire blankets will also be located within the 
CPFs. 

7.2.1.2 Production Pads 

The production pads will be equipped with: 

• closed-circuit television (CCTV) 
• combustible and H2S gas detectors 
• fire blankets 
• infrared cameras 
• wall-mounted fire extinguishers 

7.2.1.3 Operations’ Vehicles 

Operations’ vehicles will be equipped with: 

• portable fire extinguishers 
• self-contained breathing apparatus 
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7.2.2 CPF FLARE SYSTEM 

Each CPF will have a flare system that will be used only during emergency 
conditions or abnormal operations. Each flare system will: 

• gather hydrocarbon vapours and liquids 
• separate liquids from the vapour in the flare knockout drum 
• burn hydrocarbon vapours efficiently 

The flare will include: 

• automatic ignition 
• continuous purge and pilot gas streams 
• flame monitoring 
• wind guards 

During normal operations, the flare will be on standby. It will be lit on pilot and 
will purge gas to maintain a slight positive pressure to: 

• ensure that a flame is maintained 
• prevent air from entering the system 

Pressure safety valves and depressurization valves will be directed to the flare 
header. Under normal operation, there will be no release from pressure safety or 
depressurization valves. 

Liquids from the flare knockout drum will be recycled to the slop tank before 
being re-introduced into the process. 

A flare stack will be located at each CPF. The stacks will be designed to meet 
heat radiation limits for personnel or equipment. 

7.2.3 VAPOUR RECOVERY SYSTEM 

The vapour recovery system will provide an important environmental mitigation 
measure by collecting hydrocarbon vapours, thereby preventing them from being 
vented into the atmosphere. The system will also improve overall plant efficiency 
by recovering the vapours for use as fuel gas. 

The vapour recovery system will gather vapours from storage tanks and process 
vessels. A sweet fuel gas blanket will maintain a slightly positive pressure on 
these tanks and vessels. The vapour recovery system will include separation 
vessels and compressors to feed the recovered vapours into the amine plant. 

Vapour recovery systems will be installed on storage tanks and process vessels, 
where the use of floating roofs and other mechanical systems cannot be used 
because of operational conditions. 
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APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 CHEMICALS 

 
7.3.1 SCOPE 

Chemicals, lubricating oils and domestic supplies will be required for operations 
within the initial development area, including the CPFs and associated field 
facilities. The type and estimated consumption of chemicals used for the project 
for normal flow and stream compositions are shown in: 

• Table 7-1 for river water treatment 
• Table 7-2 for produced water treatment 
• Table 7-3 for other uses in the CPFs 

More accurate consumption estimates will be determined during detailed design. 

Table 7-1: Chemicals Used for River Water Treatment – CPFs 1 or 2 

Chemical  Inventory 
Consumption 

(kg/d) 
Alum 52 m3 36.5 

Caustic 36 m3 18.25 

Chlorine * 10 t 5.84 

Flocculant polymer 1 m3 0.22 

Sodium sulphite 21.5 m3 21.9 

Note *: National Pollutant Release Inventory (NPRI) substance under 
Environment Canada’s Toxic Substances Management Policy.  

7.3.2 STORAGE AND DISPOSAL 

Storage and tracking of supplies, and disposal of waste products, will include 
provisions for secondary containment, leak detection and inventory 
reconciliation, as necessary. 

7.3.3 CHEMICAL SUBSTITUTIONS 

Over the life of the project, potential chemical substitutions might be made as a 
result of: 

• increases in process efficiency 
• technological advances 
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7.3.3 CHEMICAL SUBSTITUTIONS (cont’d) 

• cost fluctuations 
• waste reduction 
• improved environmental performance 

Because the substituted chemicals could affect waste characteristics, Shell will 
review waste management options associated with chemical substitutions on an 
ongoing basis. 

Table 7-2: Chemicals Used for Produced Water Treatment – CPFs 1 or 2 

Chemical 

Symbol 
(where 

applicable) 

Inventory 
per CPF 

(m3) 

Consumption 
per CPF 
(kg/d) 

Antifoaming agent - 44 53 
Boiler feedwater scale inhibitor - 50 665 
Calcium hydroxide Ca(OH)2 * 500 28,040 
Caustic – 50% solution - 310 35,535 
Citric acid - 25 197 
Coagulant - 4 78 
Hydrochloric acid – 31.5% HCI 174 8,924 
Magnesium oxide – 96% MgO 51,000 21,040 
Reverse demulsifier - 40 720 
Salt for strong acid cation (SAC) regeneration NaCl 88 0 
Scale inhibitor - 44 213 
Sodium bisulphite NaHSO3 19 0 
Note *: Priority Substance List 1 (PSL 1), depending on toluene or xylene content. 

Table 7-3: Other Chemicals Used in CPFs 1 or 2 

Chemical Area 

Inventory 
per CPF 

(m3) 

Consumption 
per CPF 
(kg/d) 

Amine (50% MDEA) Gas treating 296 38.1 

Antifoaming agent Gas treating 2 
Up to a maximum of 

480 L/d 
Demulsifier 1 Oil treating 72 267.2 

Methanol 2 Gas treating 2 113.6 
Nitrogen Utilities 67,120 Up to a maximum of 

2,352 sm3/h 
Scale inhibitor 3 Cogeneration 54 711 
Triethylene glycol 
(acid gas dehydration) 

Gas treating 4 6.1 

Note: 
1. PSL 1 depending on toluene or xylene content. 
2. NPRI substance targeted under Environment Canada’s Toxic Substances Management 

Policy. 
3. Chemical is reported per cogeneration unit. 
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 UTILITIES AND OFFSITES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 TANKAGE 

 
7.4.1 STORAGE TANKS 

Table 7-4 lists the tankage requirements for the project. All tanks will meet 
ERCB requirements for secondary containment. 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

Tanks for CPF 1         

1 000 T – 103 1 Slop oil tank 9,754 mm ID x 
7,315 mm H 

Slop oil; sump liquids Store partially separated 
bitumen before routing it 
to the production 
separators 

Fixed roof Natural gas VRU 1 New 

1 000 T – 110 1 Demulsifier tank 2,900 mm ID x 
6,000 mm H 

Demulsifier Store demulsifier 
chemical before use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 131 1 Diluent tank 32,918 mm ID x 
14,630 mm H 

Diluent Store diluent before use 
in bitumen treating 

Fixed roof Natural gas VRU 1 New 

1 000 T – 111 1 Treated bitumen tank 31,699 mm ID x 
14,630 mm H 

Heavy dilbit product - 
possible higher than 
specification water 

Store sales oil before 
shipping 

Fixed roof Natural gas VRU 1 New 

1 000 T – 111 2 Off-specification 
treated bitumen tank 

31,699 mm ID x 
14,630 mm H 

Heavy dilbit product - 
possible higher than 
specification water 

Store off-specification 
sales oil before 
recycling 

Fixed roof Natural gas VRU 1 New 

1 000 T –210 2 Antifoaming agent 
tote tank 

1,219 mm (W) x 
1,016 mm (L) x 
1,372 mm (H)  

Amine antifoam Store antifoaming agent 
before use in gas 
treatment unit 

Tote tank Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 210 3 Fresh amine tank 2,650 mm ID x 
4,880 mm H 

50wt% MDEA Store amine before use Fixed roof Nitrogen Atmospheric 2 New 

1 000 T – 232 1 Acid gas injection 
methanol tote tank 

1,219 mm (W) x 
1,016 mm (L) x 
1,600 mm (H)  

Methanol Store methanol before 
use 

Tote tank Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 300 1 Skim/surge tank 45,720 mm ID x 
14,630 mm H 

Produced water - with 
some oil 

Provide surge capacity, 
separate oil and water 

Fixed roof Natural gas VRU 1 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

1 000 T – 300 2 Reverse demulsifier 
tank 

2,650 mm ID x 
4,880 mm H 

Reverse demulsifier Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 302 1 Desand tank 4,877 mm ID x 
7,315 mm H 

Produced solids - with 
some water and oil 

Store solids removed 
from separator and 
treaters 

Fixed roof Natural gas VRU 1 New 

1 000 T – 303 1 Warm lime softener 
feed tank 

15,850 mm ID x 
12,802 mm H 

Produced water  Store produced water as 
warm lime softener feed  

Fixed roof Natural gas VRU 1 New 

1 000 T – 303 2 Warm lime softener 25,908 mm ID x 
7,000 mm SWD 

Produced water, lime, 
MgO, caustic, 
coagulant 

Remove hardness and 
silica from produced 
water 

Fixed roof Natural gas VRU 1 New 

1 000 T – 303 3 Warm lime softener 
overflow tank 

10,668 mm ID x 
7,315 mm H 

Treated produced 
water from warm lime 
softener 

Store treated produced 
water from warm lime 
softener 

Fixed roof Natural gas VRU 1 New 

1 000 T – 303 5 Oxygen scavenger 
tank 

2,591 mm ID x 
4,877 mm H 

Oxygen scavenger 
(sodium sulphite) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 V – 304 1 MgO silo 5,630 mm ID x 
14,600 mm H 

MgO (magnesium 
oxide) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 V – 304 2 Lime silo 5,630 mm ID x 
14,600 mm H 

Lime Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 304 1 A/B Lime/MgO slurry tank 2,440 mm ID x 
2,440 mm H 

Lime/MgO slurry Store lime/MgO slurry 
before use in warm lime 
softener 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 306 1 Hydrochloric acid 
tank 

4,877 mm ID x 
7,315 mm H 

HCl (hydrochloric 
acid) 

Store hydrochloric acid 
before use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

1 000 T – 306 2 Caustic tank 7,010 mm ID x 
6,096 mm H 

50 wt% caustic Store caustic before use Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 307 1 Evaporator feed tank 10,975 mm ID x 
12,192 mm H 

Deoiled produced 
water 

Store deoiled produce 
water before treating it 
in evaporator  

Fixed roof Natural gas VRU 1 New 

1 000 V – 307 6 Evaporator distillate 
tank 

2,400 mm ID x 
4,000 mm S/S  

Water (to be used as 
boiler feedwater) 

Store distillate from 
evaporator before use 

Fixed roof Natural gas VRU 1 New 

1 000 V – 308 1 Sorption reagent silo 3,700 mm ID x 
18,000 mm H 

Sorption chemical 
(MgO) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 308 2 Evaporator antifoam 
tank 

3,050 mm ID x 
4,880 mm H 

Antifoam Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 308 3 Evaporator scale 
inhibitor tank 

3,000 mm ID x 
4,880 mm H 

Scale inhibitor Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 308 8 Sorption reagent 
slurry tank 

1,500 mm ID x 
1,500 mm H  

Sorption chemical 
slurry 

Store sorption chemical 
slurry before use in 
evaporator 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 309 1 Crystallizer feed tank 6,000 mm ID x 
5,000 mm H  

Concentrate from 
evaporator 

Store concentrate from 
evaporator before 
treating it in crystallizer 

Fixed roof Natural gas VRU 1 New 

1 000 V – 309 4 Crystallizer distillate 
tank 

1,200 mm ID x 
2,000 mm S/S 

Water (to be used as 
boiler feedwater) 

Store distillate from 
crystallizer before use 

Fixed roof Natural gas VRU 1 New 

1 000 T – 311 1 Saline groundwater 
tank 

6,706 mm ID x 
7,925 mm H 

Saline groundwater Store saline 
groundwater before 
softening 

Fixed roof Natural gas VRU 1 New 

1 000 T – 313 1 Citric acid tank 3,658 mm ID x 
3,658 mm H 

Diluted citric acid Store diluted citric acid 
solution before use it for 
evaporator and 
crystallizer unit cleaning 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 



Section 7.4 

UTILITIES AND OFFSITES TANKAGE 

Table 7-4: Tankage (cont'd) 

 

 

November 2009 Shell Canada Limited  7-13 
CR027   

Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

1 000 T – 313 2 Mechanical vapour 
compression (MVC) 
and zero liquid 
discharge (ZLD) 
cleaning tank 

6,096 mm ID x 
10,668 mm H 

Evaporator and 
crystallizer unit 
cleaning waste 
stream 

Store evaporator and 
crystallizer cleaning 
waste fluid before 
pumping to cleaning 
fluid neutralization tank 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 313 3 Cleaning fluid 
neutralization tank 

6,096 mm ID x 
13,716 mm H 

Evaporator and 
crystallizer unit 
cleaning waste 
stream 

Neutralize evaporator 
and crystallizer cleaning 
waste fluid by adding 
caustic before pumping 
to crystallizer feed tank 
or store waste and 
transport by truck to off-
site disposal 

Fixed roof Natural gas VRU 1 New 

1 000 T – 326 1 River water tank 34,450 mm ID x 
12,192 mm H 

Filtered river water Store filtered river water 
before softening 

Fixed roof Nitrogen Atmospheric 2 New 

1 000 T – 326 2 Brine tank 6,553 mm ID x 
6,400 mm H 

Saturated brine Store brine before use Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 326 3 Resin maintenance 
and backwash tank 

3,400 mm ID x 
3,700 mm S/S 

Normally empty, river 
water softening 
package resin 

River water softening 
package resin 
maintenance and 
backwash 

Open Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 331 1 Service water tank 9,144 mm ID x 
12,192 mm H 

Service water Store service water 
before use 

Fixed roof Nitrogen Atmospheric 2 New 

1 000 T – 340 1 Boiler feedwater tank 27,432 mm ID x 
15,240 mm H 

Boiler feedwater Balance and store boiler 
feedwater before use 

Fixed roof Natural gas VRU 1 New 

1 000 T – 341 1 Boiler feedwater 
scale inhibitor tank 

3,048 mm ID x 
4,877 mm H 

Scale inhibitor Store scale inhibitor 
chemical before use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

1 000 T – 350 1 Regeneration waste 
neutralization tank 

10,668 mm ID x 
12,912 mm H 

Weak and strong acid 
cation regeneration 
waste; miscellaneous 
sumps and drains 

Store weak and strong 
acid cation regeneration 
waste before disposal 

Fixed roof Natural gas VRU 1 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

1 000 T – 630 1 Potable water tank 2,648 mm ID x 
7,081 mm H 

Potable water Balance and store 
potable water before 
use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

Tanks for CPF 2         

2 000 T – 103 1 Slop oil tank 9,754 mm ID x 
7,315 mm H 

Slop oil; sump liquids Store partially separated 
bitumen before routing it 
to the production 
separators 

Fixed roof Natural gas VRU 1 New 

2 000 T – 110 1 Demulsifier tank 2,900 mm ID x 
6,000 mm H 

Demulsifier Store demulsifier 
chemical before use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 131 1 Diluent tank 32,918 mm ID x 
14,630 mm H 

Diluent Store diluent before use 
in bitumen treating 

Fixed roof Natural gas VRU 1 New 

2 000 T – 111 1 Treated bitumen tank 31,699 mm ID x 
14,630 mm H 

Heavy dilbit product - 
possible higher than 
specification water 

Store sales oil before 
shipping 

Fixed roof Natural gas VRU 1 New 

2 000 T – 111 2 Off-specification 
treated bitumen tank 

31,699 mm ID x 
14,630 mm H 

Heavy dilbit product - 
possible higher than 
specification water 

Store off-specification 
sales oil before 
recycling 

Fixed roof Natural gas VRU 1 New 

2 000 T – 210 2 Antifoaming agent 
tote tank 

1,219 mm (W) x 
1,016 mm (L) x 
1,372 mm (H) 

Amine antifoam Store antifoaming agent 
before use in gas 
treatment unit 

Tote tank Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 210 3 Fresh amine tank 2,650 mm ID x 
4,880 mm H 

50 wt% MDEA Store amine before use Fixed roof Nitrogen Atmospheric 2 New 

2 000 T – 232 1 Acid gas injection 
methanol tote tank 

1,219 mm (W) x 
1,016 mm (L) x 
1,600 mm (H) 

Methanol Store methanol before 
use 

Tote tank Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 300 1 Skim/surge tank 45,720 mm ID x 
14,630 mm H 

Produced water - with 
some oil 

Provide surge capacity, 
separate oil and water 

Fixed roof Natural gas VRU 1 New 

2 000 T – 300 2 Reverse demulsifier 
tank 

2,650 mm ID x 
4,880 mm H 

Reverse demulsifier Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 302 1 Desand tank 4,877 mm ID x 
7,315 mm H 

Produced solids - with 
some water and oil 

Store solids removed 
from separator and 
treaters 

Fixed roof Natural gas VRU 1 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

2 000 T – 303 1 Warm lime softener 
feed tank 

15,850 mm ID x 
12,802 mm H 

Produced water Store warm lime 
softener feed produced 
water 

Fixed roof Natural gas VRU 1 New 

2 000 T – 303 2 Warm lime softener 25,908 mm ID x 
7,000 mm SWD 

Produced water, lime, 
MgO, caustic, 
coagulant 

Remove hardness and 
silica from produced 
water 

Fixed roof Natural gas VRU 1 New 

2 000 T – 303 3 Warm lime softener 
overflow tank 

10,668 mm ID x 
7,315 mm H 

Treated produced 
water from warm lime 
softener 

Store treated produced 
water from warm lime 
softener 

Fixed roof Natural gas VRU 1 New 

2 000 T – 303 5 Oxygen scavenger 
tank 

2,591 mm ID x 
4,877 mm H 

Oxygen scavenger 
(sodium sulphite) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 V – 304 1 MgO silo 5,630 mm ID x 
14,600 mm H 

MgO (magnesium 
oxide) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 V – 304 2 Lime silo 5,630 mm ID x 
14,600 mm H 

Lime Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 304 1 A/B Lime/MgO slurry tank 2,440 mm ID x 
2,440 mm H 

Lime/MgO slurry Store lime/MgO slurry 
before use in WLS 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 306 1 Hydrochloric acid 
tank 

4,877 mm ID x 
7,315 mm H 

HCl (hydrochloric 
acid) 

Store hydrochloric acid 
before use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 306 2 Caustic tank 7,010 mm ID x 
6,096 mm H 

50 wt% caustic Store caustic before use Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 307 1 Evaporator feed tank 10,975 mm ID x 
12,192 mm H 

Deoiled produced 
water 

Store deoiled produce 
water before treating it 
in evaporator 

Fixed roof Natural gas VRU 1 New 

2 000 V – 307 6 Evaporator distillate 
tank 

2,400 mm ID x 
4,000 mm S/S 

Water (to be used as 
boiler feedwater) 

Store distillate from 
evaporator before use 

Fixed roof Natural gas VRU 1 New 

2 000 V – 308 1 Sorption reagent silo 3,700 mm ID x 
18,000 H 

Sorption chemical 
(MgO) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 308 2 Evaporator antifoam 
tank 

3,050 mm ID x 
4,880 mm H 

Antifoam Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 308 3 Evaporator scale 
inhibitor tank 

3,000 mm ID x 
4,880 mm H 

Scale inhibitor Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 308 8 Sorption reagent 
slurry tank 

1,500 mm ID x 
1,500 mm H 

Sorption chemical 
slurry 

Store sorption chemical 
slurry before use in 
evaporator 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

2 000 T – 309 1 Crystallizer feed tank 6,000 mm ID x 
5,000 mm H 

Concentrate from 
evaporator 

Store concentrate from 
evaporator before 
treating it in crystallizer 

Fixed roof Natural gas VRU 1 New 

2 000 V – 309 4 Crystallizer distillate 
tank 

1,200 mm ID x 
2,000 mm S/S 

Water (to be used as 
boiler feedwater) 

Store distillate from 
crystallizer before use 

Fixed roof Natural gas VRU 1 New 

2 000 T – 311 1 Saline groundwater 
tank 

6,706 mm ID x 
7,925 mm H 

Saline groundwater Store saline 
groundwater before 
softening 

Fixed roof Natural gas VRU 1 New 

2 000 T – 313 1 Citric acid tank 3,658 mm ID x 
3,658 mm H 

Diluted citric acid Store diluted citric acid 
solution before use for 
evaporator and 
crystallizer unit cleaning 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 313 2 Mechanical vapour 
compression and 
zero liquid discharge 
cleaning tank 

6,096 mm ID x 
10,668 mm H 

Evaporator and 
crystallizer unit 
cleaning waste 
stream 

Store evaporator and 
crystallizer cleaning 
waste fluid before 
pumping to cleaning 
fluid neutralization tank 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 313 3 Cleaning fluid 
neutralization tank 

6,096 mm ID x 
13,716 mm H 

Evaporator and 
crystallizer unit 
cleaning waste 
stream 

Neutralize evaporator 
and crystallizer cleaning 
waste fluid by adding 
caustic before pumping 
to crystallizer feed tank 
or store waste and 
transport by truck to off-
site disposal 

Fixed roof Natural gas VRU 1 New 

2 000 T – 326 1 River water tank 34,450 mm ID x 
12,192 mm H 

Filtered river water Store filtered river water 
before softening 

Fixed roof Nitrogen Atmospheric 2 New 

2 000 T – 326 2 Brine tank 6,553 mm ID x 
6,400 mm H 

Saturated brine Store brine before use Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 326 3 Resin maintenance 
and backwash tank 

3,400 mm ID x 
3,700 mm S/S 

Normally empty, river 
water softening 
package resin 

River water softening 
package resin 
maintenance and 
backwash 

Open Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 331 1 Service water tank 9,144 mm ID x 
12,192 mm H 

Service water Store service water 
before use 

Fixed roof Nitrogen Atmospheric 2 New 

2 000 T – 340 1 Boiler feedwater tank 27,432 mm ID x 
15,240 mm H 

Boiler feedwater Balance and store boiler 
feedwater before use 

Fixed roof Natural gas VRU 1 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

2 000 T – 341 1 Boiler feedwater 
scale inhibitor tank 

3,048 mm ID x 
4,877 mm H 

Scale inhibitor Store scale inhibitor 
chemical before use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

2 000 T – 350 1 Regeneration waste 
neutralization tank 

10,668 mm ID x 
12,912 mm H 

Weak and strong acid 
cation regeneration 
waste; miscellaneous 
sumps and drains 

Store weak and strong 
acid cation regeneration 
waste before disposal 

Fixed roof Natural gas VRU 1 New 

2 000 T – 630 1 Potable water tank 2,648 mm ID x 
7,081 mm H 

Potable water Balance and store 
potable water before 
use 

Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

Tanks for River Source Water Station        

SE – 3.11 Polymer aging tank  Polymer Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 Existing 

SE – 318 Reactor clarifier 15,860 mm DIA x 
6,400 mm SWD 

River water; 
supernatant 

Treat river water Open Open to 
atmosphere 

Atmospheric 2 Existing 

SV – 3.01 Alum storage tank 3,800 mm DIA x 
4,600 mm H 

Aluminex Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 Existing 

SV – 3.02 Caustic storage tank 3,100 mm DIA x 
4,600 mm H 

50 wt% caustic Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 Existing 

SV – 3.04 Deaerated water 
storage tank 

14,630 mm DIA x 
12,192 mm H 

Deaerated river water Store deaerated river 
water 

Internal 
floating 

Open to 
atmosphere 

Atmospheric 2 Existing 

SV – 3.06 A/B Sodium sulphite 
storage tank 

3,020 mm DIA x 
3,020 mm H 

Oxygen scavenger 
(sodium sulphite) 

Store water treatment 
chemicals 

Fixed roof Open to 
atmosphere 

Atmospheric 2 Existing 

SV – 3.09 Filtered water surge 
tank 

4,800 mm DIA x 
4,880 mm H 

Filtered river water Store filtered river water 
before softening 

Open Open to 
atmosphere 

Atmospheric 2 Existing 

6 400 T – 321 1 Coagulation and 
flocculation tank 

7,010 mm ID x 
4,877 mm H 

River water; 
flocculant 

Treat river water Open Open to 
atmosphere 
 
 

Atmospheric 2 New 

Tanks for CPF 1 Haig Lake Terminal 3        

6 510 T – 122 1 Sales oil tank 33,528 mm ID x 
14,630 mm H 

Heavy dilbit product Store sales oil Internal 
floating 

Open to 
atmosphere 

Atmospheric 2 New 

T – 501 Emulsion treatment 
tank 

10,200 mm ID x 
9,800 mm H 

Heavy dilbit product Store sales oil Fixed roof Open to 
atmosphere 

Atmospheric 2 New 
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Equipment 
Number Equipment Name Dimensions Contents Purpose Tank Type 

Blanket 
Fluid 

Tank Vent 
Connection 

New or 
Existing 

T – 502 Sales oil tank 33,500 mm ID x 
14,600 mm H 

Heavy dilbit product Store sales oil Internal 
floating 

Open to 
atmosphere 

Atmospheric 2 New 

Tanks for CPF 2 Haig Lake Terminal 3        

6 510 T – 122 2 Sales oil tank 33,528 mm ID x 
14,630 mm H 

Heavy dilbit product Store sales oil Internal 
floating 

Open to 
atmosphere 

Atmospheric 2 New 

6 510 T – 122 3 Emulsion treatment 
tank 

10,200 mm ID x 
9,800 mm H 

Heavy dilbit product Store sales oil Fixed roof Open to 
atmosphere 

Atmospheric 2 New 

6 510 T – 122 4 Sales oil tank 33,500 mm ID x 
14,600 mm H 

Heavy dilbit product Store sales oil Internal 
floating 

Open to 
atmosphere 

Atmospheric 2 New 

Note: 
1. VRU indicates that vapours will be collected by the vapour recovery unit. 
2. Atmospheric indicates tank vented to atmosphere. 
3. Tankage will be the subject of a separate application. 
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Section 7.5
 UTILITIES AND OFFSITES 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 LANDFILLS, SEWAGE LAGOONS AND PONDS 

 
7.5.1 ON-SITE CLASS II LANDFILLS 

New on-site Class II landfills will be constructed adjacent to the CPFs to 
efficiently handle the water treatment waste generated by the project. These 
landfills will receive non-hazardous waste, including: 

• dried crystallizer bottoms (salt) from the evaporator and crystallizer system  
• centrifuged warm lime softener sludge 

Six landfill cells will be constructed for CPF 1 and another six cells will be 
constructed for CPF 2. The landfills will be constructed over the project’s life, 
with new cells being added as required. 

The proposed Class II landfills will be designed and constructed according to 
ERCB Directive 058, Oilfield Waste Management Requirements for the 
Upstream Petroleum Industry, and will: 

• incorporate a liner system that is compatible with the waste materials to be 
disposed of 

• be equipped with appropriate leachate collection and leak detection systems 
to monitor the integrity of the liner system 

For additional information on the landfills, see Section 10, Waste Management. 

7.5.2 SEWAGE LAGOONS 

One sewage lagoon will be built for each of the two CPFs. The sewage lagoons 
will only be used for ongoing operations and not for the construction camps. 

Camps will have separate potable water supply and sewage treatment facilities. 
No sewage lagoons will be constructed for the camps. Sewage from the drilling 
and completions camp and any temporary construction camp will be transported 
off lease by truck and disposed of by a third-party sewage handling company. 

The main construction camp will be operational for about two to three years 
during the construction and start-up of CPF 1 and for another two to three years 
during the construction and start-up of CPF 2. During this time, sewage from the 
main construction camp will be treated on-site in a sewage treatment plant. 
Effluent from the sewage treatment plant will be treated to meet AENV standards  
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7.5.2 SEWAGE LAGOONS (cont’d) 

and will be dispersed in an above-ground field drainage system. Effluent will not 
be a point source discharge to the surrounding watershed. Treated biosolids from 
the sewage treatment plant will be removed periodically by truck and disposed of 
at an approved facility, or as otherwise approved by AENV. 

7.5.3 INDUSTRIAL RUNOFF AND BLOWDOWN PONDS 

Surface runoff from CPF 1 and boiler blowdown from CPF 1 and CPF 2, will be 
collected in a new common runoff and blowdown pond at the CPF 1 site. 
Normally, excess runoff will be recycled back into the water treatment process. 

A separate runoff pond, located close to CPF 2, will collect surface runoff from 
CPF 2. 

The runoff ponds will be fed by a system of drainage ditches and culverts to 
control and contain site runoff, and will be designed for a 1-in-50-year, 24-hour 
storm event. 

7.5.4 NEW SETTLING PONDS 

Shell plans to install two new settling ponds directly north of the existing river 
source water station (see Figure 7-1). The purpose of the new settling ponds is to:  

• facilitate the settling of sediments present in the river water before it is 
treated in the river source water station 

• collect the clarifier bottom and sand filter backwash waste streams from the 
river water treatment process 

Because the settling ponds will be located close to the Peace River, the berm 
height around the ponds will be designed to withstand a 1-in-100-year flood. 
Each of the settling ponds will be about 4.5 m deep. The ponds will be lined with 
clay and designed to enable solids to be dredged without damaging the liners. 
The dredged solids will be dewatered and disposed of at an approved waste 
management facility. 

The site plan of the river source water station, including the settling ponds, is 
shown in Figure 7-2. 

7.5.5 DRAINAGE AND SUMP SYSTEMS 

Process buildings will include drain and sump systems, where required. Fluids 
collected in building drains and sumps will be recycled to an appropriate point in 
the process, or removed by vacuum truck for disposal by third parties. 
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Section 8.1
 INFRASTRUCTURE 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 ROADS AND AIRPORT 

 
8.1.1 ACCESS ROADS 

8.1.1.1 Public Roads and Highways 

Traffic associated with the project is expected to increase the volume of vehicles 
travelling on Highways 2, 688 and 986, particularly during construction 
activities. Shell will complete a traffic impact assessment for the project and will 
implement upgrades to the intersection at Highway 986 and the Shell access 
road, if necessary. A Traffic Management Plan will be developed for the project. 

Under normal operating conditions, Shell will not limit access to public roads. 
However, in an emergency, Shell will implement procedures to temporarily 
control access to the area. 

Vehicular access to each CPF will be controlled at all times. 

During construction, oversized loads will require power lines to be raised and 
local traffic will be temporarily disrupted. 

8.1.1.2 Project All-Weather Roads 

All-weather access roads will be required to the: 

• CPFs 
• production pads 
• select observation wells 
• disposal wells 
• camps 

A typical all-weather road will include a 12-m-wide running surface in a 
20-m-wide right-of-way. Existing roads will be used, where practicable. Some 
existing lease roads will require upgrading, including widening and the 
installation of turnouts. A new road, about 3 km long, will be required to access 
CPF 1 from the existing Shell lease roads, e.g., the main plant road and the 
PREP 2 Road, which connect to Highway 986. 

8.1.1.3 Emergency Access 

The existing and new roads from Highway 986 to CPF 1 are, or will be, all-
weather roads owned by Shell. These roads provide for day-to-day travel to and 
from the project site, and provide access for emergency vehicles, as required. 
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8.1.1.3 Emergency Access (cont’d) 

Additional access or means of departure from the site in an emergency, such as a 
vehicle accident or a forest fire, includes: 

• using other local roads 
• evacuating by helicopter 

Shell will amend and update existing emergency plans, as required. If a medical 
emergency arises, and an evacuation might be delayed, adequate first aid training 
and equipment will be available to mitigate the risk. Based on the number of 
people on site, transportation and emergency services will be available for 
response, treatment and patient transportation, as required. 

8.1.1.4 Off-Road Access 

Apart from road access into the area, Shell has also taken into consideration the 
safety and environmental implications of off-road access in the project area. Off-
road access will also be limited, where practicable, by rolling back woody debris 
near the intersection of linear disturbances, such as existing seismic cut-lines that 
are intersected by new roads. Off-road access will be limited to emergencies or 
access during winter, as agreed to by Alberta Sustainable Resource Development. 

8.1.2 AIRPORT 

The Peace River Municipal Airport will be used as the local destination for the 
project workforce being transported by air. 

8.1.3 MATERIALS FOR CIVIL WORK 

8.1.3.1 Clay 

Where roads and well pads need to be built up above the natural grade, borrow 
pits will be required as a source of clay. The precise locations of these borrow 
pits will be confirmed with site-specific testing before construction starts. 

8.1.3.2 Gravel 

Gravel (aggregate) will be required for surfacing roads, portions of the CPF areas 
and the well pads. Gravel might be provided by an off-site supplier. The gravel 
will be selectively placed to reduce the demand on local gravel resources and to 
reduce the end-of-life gravel reclamation volumes from the site. The demand for 
gravel might also be reduced by recycling gravel from well pads and roads that 
are being reclaimed, and using it for future well pads and roads. 
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Section 8.2
 INFRASTRUCTURE 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 PIPELINES AND POWER LINES 

 
8.2.1 INFRASTRUCTURE AND INTERCONNECTIONS 

The project will require new Shell-owned infrastructure. Figure 8-1 shows the 
existing and new major project infrastructure and interconnections required. 

8.2.2 SHELL-OWNED PIPELINES 

The project will use some of the existing Peace River Complex pipeline 
infrastructure. New pipelines will be required to: 

• connect the Carmon Creek CPFs to existing pipelines at the Peace River 
Complex 

• provide new services that cannot be accommodated by existing pipelines 

Table 8-1 lists the existing and new Shell-owned pipelines required for the 
project. 

Table 8-1: Shell-Owned Pipeline Requirements 
Pipeline Existing New 

Acid gas disposal  • 
Diluent supply • • 
Natural gas supply  • 
Potable water supply  • 
Produced gas (Cliffdale) • •* 
Produced gas storage back production (Three 
Creeks) 

• •* 
Produced water disposal • •* 
Regeneration wastewater disposal • •* 
River water supply • •* 
Sales oil • •* 
Saline groundwater supply  • 
Note *: The pipeline will connect the Carmon Creek CPFs to an existing Peace River Complex 
pipeline and will be installed in a corridor between the CPFs and the Peace River Complex. 

For information on the above-ground steam distribution, production gathering 
system and casing vent gas system, see Section 5, Field Facilities. 
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8.2.2.1 Acid Gas Disposal Pipeline 

The new acid gas pipeline will be a buried pipeline dedicated to transport acid 
gas from the gas treating facility to the acid gas disposal wells. 

8.2.2.2 Diluent Supply Pipelines 

The existing diluent supply pipeline from the Nipisi Terminal to the Cliffdale 
Battery will be extended from the Cliffdale Battery to the Carmon Creek 
facilities to transport diluent from the Nipisi Terminal to the Carmon Creek 
CPFs. From the Seal Battery to Cliffdale, the diluent pipeline is Shell-owned. 
The segment of the pipeline from the Nipisi Terminal to the Seal Battery is 
owned by a joint-venture that consists of: 

• Shell Canada Limited – 45% interest 
• Murphy Oil Company Ltd. – 40% interest 
• Penn West Petroleum Ltd – 15% interest 

Diluent supply to the Nipisi Terminal will be the subject of negotiations with 
diluent suppliers and pipeline owners or operators. 

The capability of transporting diluent by truck will be maintained to take 
advantage of locally available diluent supplies and as a partial backup to the 
diluent that will be transported by pipeline. The diluent pipeline from Cliffdale 
Battery to CPF 1 will be the subject of separate regulatory application. 

8.2.2.3 Natural Gas Supply Pipeline 

A new buried pipeline will be constructed to supply natural gas to the project for 
fuel, blanketing tanks and other utilities. The new pipeline will connect to the 
existing TransCanada PipeLines Limited natural gas pipeline and will terminate 
at the CPF. 

8.2.2.4 Potable Water Supply Pipeline 

A tie-in to the Northern Sunrise County potable water pipeline will be required. 
The Northern Sunrise County pipeline will run west to east on the north side of 
Shell’s existing Peace River facilities, and is expected to be in operation by the 
spring of 2010. A new spur pipeline will take potable water from the Northern 
Sunrise County pipeline to the Carmon Creek main construction camp and the 
CPFs. 

8.2.2.5 Produced Gas Pipelines (Cliffdale) 

Produced gas from the Cliffdale Battery is transported to the Peace River 
Complex by an existing buried pipeline for use as fuel gas in the Peace River 
Complex boilers. After the CPF starts up, the gas from the Cliffdale Battery will 
be redirected, via a new section of buried pipeline, to be used as fuel gas within 
the CPF. 
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8.2.2.6 Produced Gas Pipelines (Three Creeks) 

Produced gas from the Peace River Complex will be transported via an existing 
buried pipeline to the Three Creeks storage reservoir. The project will back 
produce this gas for treatment in the CPFs. The project will use a combination of 
new and existing buried lines to route this gas to the CPFs. 

8.2.2.7 Produced Water Disposal Pipeline 

A new produced water disposal pipeline will be used to dispose of off-
specification boiler feedwater during start-up and process upsets. This 
underground pipeline will transport produced water from the CPFs to the 
produced water disposal wells via a tie-in to the existing produced water disposal 
pipeline at the PREP facility. 

8.2.2.8 Regeneration Wastewater Disposal Pipelines 

A combination of new and existing buried regeneration wastewater disposal 
pipelines will be used to transport water softener regeneration waste to disposal 
wells. 

8.2.2.9 River Water Supply Pipeline 

The existing river water makeup supply pipeline will be used during start-up, 
upsets and periods of low produced water return, to support ongoing drilling 
operations and for fire water. This pipeline will be extended farther east to the 
CPF’s location. 

8.2.2.10 Sales Oil Pipelines 

Product will be transported from the project via the existing 406.4 mm (NPS 16) 
sales oil pipeline to the Haig Lake Terminal for transfer into the Rainbow 
Pipeline. A new 3-km interconnecting section will be added between the Carmon 
Creek CPFs and the connection point on the existing sales oil pipeline. 
Expansion of the Haig Lake Terminal and future expansion of Shell’s existing 
sales oil pipeline will be the subject of a separate regulatory application. 

8.2.2.11 Saline Groundwater Supply Pipeline 

Saline groundwater needed for makeup water will be transported from the saline 
groundwater wells to the saline groundwater tank at the CPFs via a new buried 
saline groundwater supply pipeline. 

8.2.3 ROAD AND PIPELINE CROSSING CONSIDERATIONS 

The road network, electrical distribution network and pipeline rights-of-way have 
been configured to reduce the number of road and above-ground pipeline 
crossings, and to reduce the need for large equipment to pass under electrical 
distribution lines. Where possible, rights-of-way have been combined, resulting 
in various road, electrical and pipeline configurations. The resulting widths of the 
combined rights-of-way might be somewhat less than the sum of the individual 
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rights-of-way because working space will be shared. For further information on 
footprint optimization, see Section 12.4, Ecosystem Management. 

8.2.4 ELECTRICAL DISTRIBUTION SYSTEM 

Shell will apply separately to the Alberta Utilities Commission (AUC) for an 
Industrial System Designation (ISD) and related waivers and approvals for: 

• cogeneration 

• the high-voltage transmission facilities, required for the project to tie in to the 
regional AESO and ATCO interconnection point, which will allow the 
project to export and import electrical power 

• on-site project electrical transmission and distribution assets 

For CPF 1, high-voltage 144-kV overhead lines will be installed to transmit 
power from the CPF 1 main substation to the Wesley Creek substation and the 
Carmon substation. Because of the increased capacity to export electrical power 
from the project, high-voltage 240-kV overhead lines will be installed to transmit 
power from the main substation at CPF 2 to the Wesley Creek substation and the 
Brintnel substation tie-in point. 

The main substation will define the boundary of Shell’s ISD. AESO and ATCO 
will be responsible for the high-voltage transmission facilities from the main 
substation boundary to their existing network. For the 240-kV overhead power 
line transmissions, AESO and ATCO will build an interconnection facility 
adjacent to the Wesley Creek substation and the Brintnel substation tie-in point. 

The distribution lines will be maintained so that timber will be managed along 
the rights-of-way to reduce the possibility of a tree falling on the conductors. 
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Section 8.3
 INFRASTRUCTURE 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 TEMPORARY INFRASTRUCTURE 

 
8.3.1 CAMPS 

8.3.1.1 Camp Facilities 

Camps will be required to house workers during project construction. Camps will 
typically be constructed with prefabricated modules, consisting of: 

• living quarters 
• food preparation facilities 
• dining facilities 
• indoor and outdoor recreation facilities 
• camp management facilities 

8.3.1.2 Camp Capacity 

CPF 1 and CPF 2 will each require two camps: 

• one camp for housing workers constructing each CPF and its associated 
cogeneration facilities and field facilities, primarily pipelines and well pads. 
This main camp will have a peak capacity of up to 1,400, including the camp 
staff. The camp will be located close to each CPF on the site of planned 
future facilities. 

• one camp for housing drilling and completions workers. This camp will have 
a peak capacity of 100, and will be located on a future well pad or an existing 
disturbed area. 

The CPF 1 camps might be relocated and re-used for CPF 2. 

8.3.1.3 Workforce Transportation and Camp Supply 

Buses will be used to transport workers between: 

• camps and the airport 

• a pickup location in, or near, the town of Peace River and the work site. This 
bus service will only be provided for workers who reside in the Peace River 
area. Providing this shuttle service will reduce emissions, noise and safety 
risks resulting from the extra traffic that might occur if local workers drove 
to the work site in their own vehicles. 
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8.3.1.3 Workforce Transportation and Camp Supply (cont’d) 

Materials required to supply the camps will be transported to the camp sites by 
truck. 

8.3.1.4 Camp Potable Water and Sewage 

Camps will have dedicated potable water supply and sewage treatment facilities. 

No sewage lagoons will be required for the camps. 

For details on these systems, see Section 7.1, Utilities and 7.5, Landfills, Sewage 
Lagoons and Ponds. 

Sewage from the drilling and completions camp will be transported by truck to a 
third-party sewage disposal facility. 

8.3.2 OTHER CONSTRUCTION INFRASTRUCTURE 

The other temporary construction infrastructure and utilities provided for the 
camps and project construction include: 

• a laydown area adjacent to each CPF for storing construction materials and 
equipment 

• construction management office, lunchroom, wash car and first aid trailers 

• security fencing and access control to the construction site and camp 

• warehouses for equipment and material storage 

• temporary fabrication shops 

• parking lots 

• utilities, including: 

• a temporary power supply 
• construction water 
• propane 
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Section 9.1
 PUBLIC CONSULTATION PROGRAM 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 INTRODUCTION 

 
9.1.1 COMMITMENT 

Shell supports, and is committed to working with, regulatory agencies and 
regional stakeholders to facilitate responsible development. Shell’s development 
is focused on designing and executing a robust project, resource conservation, 
environmental protection and enhancement of the project’s regional socio-
economic opportunities. 

9.1.2 CONSULTATION GOALS 

Shell’s public consultation goals are to: 

• identify stakeholders who might be affected by, or who might have questions 
or concerns about, the project 

• provide stakeholders with clear, timely information about the technology, 
environmental performance, potential impacts and opportunities associated 
with the project 

• establish an organized process for obtaining public input and addressing it in 
the project’s development, impact mitigation and monitoring 

• inform stakeholders of Shell’s development plans for the Peace River area, 
and deliver this information in an integrated way that conveys both the short- 
and long-term effects of the plans 

• obtain input from stakeholders about their concerns with, and objections to, 
Shell’s plans, and identify ways to address or reduce them 

• implement appropriate mitigation measures 

• establish new relationships, or build on existing ones 

• identify opportunities to maximize benefits to stakeholders 

Through this process, Shell strives to: 

• search actively for win–win results and ways to add value for all parties 
• build long-term ownership of, and commitment to, mutually agreed outcomes 
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9.1.3 CONSULTATION PROCESS 

Stakeholder consultation is part of the ongoing, long-term business activities 
associated with the existing Peace River Complex. Project staff will continue to 
work closely with neighbours and participate in regional multi-stakeholder 
groups and initiatives to address environmental and socio-economic issues and 
concerns related to current and planned activities. 

9.1.4 CONSULTATION PROGRAM 

Consultation on Shell’s plans to expand bitumen production capacity beyond the 
level of the existing Peace River Complex began in 2004. Between 2004 and 
2009, Shell’s expansion plans have undergone scope changes, all of which have 
been communicated to stakeholders through Shell’s ongoing consultation 
program. 

Components of the consultation program include: 

• meeting with individual stakeholders and key interest groups that might be 
affected by the proposed project 

• hosting open houses, including two in Peace River, one in Grimshaw and one 
in Cadotte Lake 

• providing project-specific information through newsletters and posting 
project information on Shell’s website 

From 2004 until the fall of 2009, Shell has distributed three newsletters through 
postal drops that reached about 4,650 people each time. The newsletters have 
been distributed to the: 

• towns of: 

• Peace River 
• Grimshaw 
• Nampa 

• hamlets of: 

• Cadotte Lake 
• St. Isidore 
• Marie Reine 
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Section 9.2
 PUBLIC CONSULTATION PROGRAM 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 IDENTIFIED STAKEHOLDERS 

 
9.2.1 PROJECT STAKEHOLDERS 

The identified stakeholders for the project, listed in Table 9-1. 

9.2.2 STAKEHOLDER CONSULTATION 

9.2.2.1 Consultation Focus 

Consultation with stakeholders focused on: 

• reviewing the historical and current operations of Shell’s Peace River 
Complex 

• providing an overview of the scope of the proposed Carmon Creek Project 

• discussing the potential environmental and socio-economic effects of the 
project, and the opportunities to minimize and mitigate them 

• identifying a process and method of consultation preferred by the various 
stakeholders 

• identifying stakeholder key areas of interests and concerns 

• establishing feedback mechanisms for stakeholders to provide input into the 
project design 

• reviewing issues and concerns raised during previous consultations for 
Carmon Creek and other projects in the area 

9.2.2.2 Public Consultation Personnel 

Consultation with the public and key regulatory agencies was coordinated by the 
regulatory and public engagement group in Shell’s regulatory approvals group, 
supported by staff in the communications and sustainable development 
departments. Ongoing consultation with project stakeholders is being conducted 
by Peace River and Calgary-based personnel. 
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Table 9-1: Carmon Creek Project Stakeholders 
Stakeholder Group Stakeholder Subgroups 

First Nations and Métis organizations • Athabasca Chipewyan First Nation 
• Beaver First Nation 
• Cadotte Lake Métis Local 
• Duncan’s First Nation 
• Little Red River Cree Nation 
• Lubicon Lake First Nation 
• Métis Nation of Alberta Zone VI 
• Mikisew Cree First Nation 
• Tall Cree First Nation 
• Whitefish First Nation 
• Woodland Cree First Nation 

Local communities and organizations • Alberta Electric Systems Operator 
• Forestry leaseholders 
• Grazing rights holders 
• Landowners and residents within 5 km of the resource 

development area 
• Leaseholders and lease allotment holders 
• Trappers 

Government agencies • Alberta Aboriginal Relations 
• Alberta Environment 
• Alberta Culture and Community Spirit 
• Alberta Energy 
• Alberta Health and Wellness 
• Alberta Infrastructure and Transportation 
• ASRD 
• Alberta Utilities Commission 
• Canadian Environmental Assessment Agency 
• Environment Canada 
• Energy Resources Conservation Board 
• Fisheries and Oceans Canada (DFO) 
• Health Canada 
• Indian and Northern Affairs Canada 
• Natural Resources Canada 
• Transport Canada – Navigable Waters 

Regional and municipal governments • Municipal District of Northern Lights No. 22 
• Municipal District of Peace River 135  
• Northern Sunrise County 
• Town of Grimshaw 
• Town of Peace River 

Special interest groups • Grimshaw Chamber of Commerce 
• Grimshaw Rotary Club  
• Holy Family Catholic School Division No. 37 
• Northern Lakes College 
• Peace County Health 
• Peace Oil Sands Synergy Group 
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Table 9-1: Carmon Creek Project Stakeholders (cont’d) 
Stakeholder Group Stakeholder Subgroups 

Special interest groups (cont’d) • Peace Regional Health Authority 
• Peace River Chamber of Commerce 
• Peace River Environmental Society 
• Peace River RCMP 
• Peace River Rotary Club 
• Peace River School Division No. 10 
• Town of Peace River Disaster Services 
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Section 9.3
 PUBLIC CONSULTATION PROGRAM 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 COMMUNICATION METHODS 

 
9.3.1 METHODS USED 

Consultation for the project has built upon the same communication methods 
used since 2004, which include: 

• issuing the Proposed Terms of Reference and the Final Terms of Reference 
for the EIA 

• hosting a local open house 

• issuing local community newsletters via a Canada Post postal code drop 

• posting information on Shell’s website 

• issuing a project Public Disclosure Document and a Public Information 
Document 

• holding individual and group meetings 

• hosting a workshop to discuss construction and reclamation practices in 
boreal forest regions 

• advertising a Carmon Creek e-mail address and toll-free phone line 
(carmoncreek@shell.com, 1-877-347-4355) 

9.3.2 PUBLIC INFORMATION DOCUMENT AND EIA TERMS OF REFERENCE 

In April 2009, Shell issued a Public Information Document outlining the project. 
The Public Information Document included information about the: 

• history and scope of the existing Peace River operation 
• scope of the proposed expansion 
• process for conducting the EIA 

Advertisements were placed in local and Aboriginal newspapers to notify the 
community of where copies of the Public Information Document and the 
Proposed EIA Terms of Reference could be obtained. Announcements were 
placed in the following publications, beginning on April 14, 2009: 
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9.3.2 PUBLIC INFORMATION DOCUMENT AND EIA TERMS OF REFERENCE (cont’d) 

• Edmonton Journal 
• Edmonton Sun 
• Calgary Herald 
• Mile Zero News, Grimshaw 
• Record Gazette, Peace River 
• Alberta Sweetgrass 

Copies of the Public Information Document and the EIA Proposed Terms of 
Reference were made available for viewing at the following locations: 

• Shell’s website 
• the Peace River municipal library 
• the Grimshaw public library 
• the Northern Sunrise county office 
• the Peace River town office 
• the Grimshaw town office 
• the Village of Nampa office 
• the offices of Alberta Environment in Edmonton 

Copies of the EIA Proposed Terms of Reference, the Public Information 
Document and a Plain Language Document were hand-delivered to the 
Woodland Cree, Lubicon Lake and Duncan’s First Nations. These documents 
were also provided by mail to other Alberta First Nations identified by Alberta 
Environment. 

9.3.3 2009 PROJECT-SPECIFIC OPEN HOUSES 

9.3.3.1 Dates and Locations 

On June 2, 2009, an open house was held at the Belle Petroleum Centre in Peace 
River to communicate information about the proposed project. Shell staff and 
consultants attended the open house to respond to attendees’ questions. 

9.3.3.2 Information Available for Review 

Open house attendees had the opportunity to review information describing 
Shell’s current operations and associated business activities and the proposed 
expansion project. Display materials presented options for the water use strategy, 
expected footprint and information about how potential environmental and socio-
economic effects of the project would be identified through the EIA process. 

Comment and feedback forms were catalogued and filed. 

9.3.3.3 Attendance at the June 2, 2009, Open House 

Stakeholders were informed of the open house during consultation visits and 
through advertisements in local newspapers. Invitations were also included in the 
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Peace River Complex Spring Update, which was distributed by Canada Post 
postal code drop to the public in: 

• Peace River 
• Grimshaw 
• Nampa 
• St. Isidore 
• Marie Reine 
• Cadotte Lake 

The attendance log was signed by 79 people. 

9.3.3.4 Stakeholder Feedback at the June 2, 2009, Open House 

Feedback received at the 2009 open house regarding issues and concerns 
remained largely the same as feedback received during previous open houses. 
Concerns included: 

• cultural and traditional land use 
• the environment 
• employment, training and business opportunities  
• regional and community infrastructure 

9.3.4 LOCAL COMMUNITY NEWSLETTER 

A community newsletter was issued containing updates on the proposed project. 
This newsletter was distributed via Canada Post postal code drop to 4,373 
addresses in: 

• Peace River 
• Grimshaw 
• Nampa 
• St. Isidore 
• Marie Reine  
• Cadotte Lake  

9.3.5 SHELL’S WEBSITE 

Information about the existing Peace River operation and the project was posted 
on Shell’s external website, http://www.shell.ca/home/content/can-
en/aboutshell/our_business/e_and_p/e_and_p_canada/peace/in_situ/, including 
the: 

• EIA Final Terms of Reference 
• Carmon Creek Project Information Document 
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9.3.6 WORKSHOPS 

On May 6 and 7, 2009, Shell hosted a workshop, facilitated by Canadian 
Business for Social Responsibility. The stakeholders attending the workshop 
ranged from representatives from First Nations, government and academia. The 
purpose of the workshop was for Shell to obtain input on construction, 
reclamation and restoration activities in the boreal forest. 

9.3.7 ISSUES MANAGEMENT APPROACH  

Issues management is based on stakeholder engagement and public consultation 
programs. Through these programs, issues regarding the project are identified, 
documented and addressed by the project team. Within the project team, key 
individuals are identified for each issue, to foster better management strategies 
and to provide stakeholders with better access to information on issues.  

Where appropriate, potential mitigation strategies are developed mutually with 
communities and groups. 
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Section 9.4
 PUBLIC CONSULTATION PROGRAM 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 PRE-APPLICATION FILING CONSULTATION 

 
9.4.1 STAKEHOLDER MEETINGS FOR 2009 PRE-APPLICATION 

Input was gathered from communities, individuals and groups through a variety 
of forums, including stakeholder meetings. These meetings are summarized in: 

• Table 9-2 for local communities, residents and organizations 
• Table 9-3 for industry 
• Table 9-4 for special interest groups 
• Table 9-5 for regional municipalities 

Shell will continue to hold ongoing consultations and provide project updates to 
identified stakeholders. 

Throughout the consultation program, Shell has communicated with the various 
regulators to update them on the project. Communication with the regulators 
involved meetings, telephone discussions and plant tours. 
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Table 9-2: Consultation Activities with Local Communities, Residents and Organizations 

Contact Group Date Activities 
General Public May 20 and 

27, 2009 
May 2009 

Placed advertisements in area newspapers to attend a Shell Open House in 
Peace River on June 2 to provide an update on the Carmon Creek Project. 
Distributed Peace River Complex Spring Update newsletter via postal code drop. 

Woodland Cree 
First Nation 

April 7, 2009 Hand delivered the Carmon Creek Proposed Terms of Reference, Public 
Information Document and the Plain Language Summary to the Chief of the 
WCFN at Cadotte Lake. 

 May 12, 2009 Held a meeting and provided an overview of the EIA process underway and 
opportunities for WCFN input into the Proposed Terms of Reference. Offered 
assistance to address any technical questions the WCFN might have. Outlined 
key changes from previous applications and potential timelines for review, 
regulatory approval and final investment decisions. Also advised the WCFN of an 
open house related to the EIA and project to be held in Peace River on June 2, 
2009, and advised that Shell would be willing to also host one in the community of 
Cadotte Lake. The Chief indicated that the WCFN would not support an open 
house at this time. 

 September 9, 
2009 

Advised the Chief of the WCFN of a slowdown in the pace of development of the 
Carmon Creek Project. 

Lubicon Lake 
First Nation 

April 7, 2009 Hand delivered the Carmon Creek Proposed Terms of Reference, Public 
Information Document and the Plain Language Summary to the Lubicon Lake 
Band Office. Provided a detailed introduction to the project to the Chief. 

Duncan’s First 
Nation (DFN) 

April 9, 2009 Hand delivered the Carmon Creek Proposed Terms of Reference, Public 
Information Document and the Plain Language Summary to the Duncan’s First 
Nation at a meeting in Edmonton. Provided a detailed introduction to the project to 
the Chief and council. 

 May 12, 2009 Held a meeting to further discuss the Proposed Terms of Reference. 
 September 

15, 2009 
Advised DFN of a slowdown in the pace of development of the Carmon Creek 
Project. 

Athabasca 
Chipewyan First 
Nation 

April 3, 2009 Sent a notification letter, including the Project Information Document and the Plain 
Language Summary. 

 April 13, 2009 Sent a copy of the EIA Proposed Terms of Reference, a copy of the Shell Public 
Notice advertisement of the project and a copy of Alberta’s Public Notice to the 
Chief and council. 

 September 
2009 

Shell requested time to review Carmon Creek Project and project schedule with 
ACFN. The meeting date is to be determined. 

Beaver Lake 
Cree First Nation 

April 3, 2009 Sent a notification letter to Chief Bulldog and Chief Kipling, including the Project 
Information Document and the Plain Language Summary. 

 April 13, 2009 Sent a copy of the EIA Proposed Terms of Reference, a copy of the Shell Public 
Notice advertisement of the project and a copy of Alberta’s Public Notice to Chief 
Bulldog and Chief Kipling. 

Little Red River 
Cree 

April 3, 2009 Sent a notification letter, including the Project Information Document and the Plain 
Language Summary. 

 April 13, 2009 Sent a copy of the EIA Proposed Terms of Reference, a copy of the Shell Public 
Notice advertisement of the project and a copy of Alberta’s Public Notice to the 
Chief and council. 

Mikisew Cree 
First Nation 

April 3, 2009 Sent a notification letter, including the Public Information Document and the Plain 
Language Summary. 

 April 13, 2009 Sent a copy of the EIA Proposed Terms of Reference, a copy of the Shell Public 
Notice advertisement of the project and a copy of Alberta’s Public Notice to the 
Chief and Council. 
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Table 9-2: Consultation Activities with Local Communities, Residents and Organizations 
(cont’d) 

Contact Group Date Activities 
Tall Cree First 
Nation 

April 3, 2009 Sent a notification letter, including the Public Information Document and the Plain 
Language Summary. 

 April 13, 2009 Sent a copy of the EIA Proposed Terms of Reference, a copy of the Shell Public 
Notice advertisement of the project and a copy of Alberta’s Public Notice to the 
Chief and council. 

Whitefish Lake 
First Nation 

April 3, 2009 Sent a notification letter, including the Public Information Document and the Plain 
Language Summary. 

 April 13, 2009 Sent a copy of the EIA Proposed Terms of Reference, a copy of the Shell Public 
Notice advertisement of the project and a copy of Alberta’s Public Notice to the 
Chief and council. 

Cadotte Lake 
Métis 
Association 

July 21, 2009 Made contact with the president and indicated that Shell would like to present 
information on the current project. Shell has not yet been afforded the opportunity. 

 September 2, 
9, 15 and 21, 
2009 

Ongoing negotiations to present material at community meetings. 

Métis Nations of 
Alberta Zone VI 

June 18 and 
30, 
September 
25 and 28, 
2009 

Made contact with the president and indicated that Shell would like to present 
information on the current project. Shell has not yet been afforded the opportunity. 

Landowners and 
residents 

April 7, 2009 Distributed the Public Information Document. 
Invited landowners and residents to the June 2, 2009, open house. 

Grazing rights 
holders 

April 7, 2009 Distributed the Public Information Document. 

Leaseholders: 
ATCO Electric 

April 7, 2009 Distributed the Public Information Document. 

Table 9-3: Consultation Activities with Industry 

Contact Group Date Activities 
Mineral rights 
holders 

April 7, 2009 Mailed Public Information Document to Baytex Energy Ltd., Penn West Petroleum 
Ltd., Husky Oil Operations Ltd., Murphy Oil Company Ltd., Devon Energy 
Corporation, ConocoPhillips Canada, Progress Energy, Devlan Exploration Inc. 
and Provident Energy. 

Forestry 
leaseholders: 

April 7, 2009 Distributed the Public Information Document. 

Diashowa-
Marabuni 
International Ltd. 
(DMI), Gordon 
Buchannan 
Enterprises Ltd. 

April 7, 2009 Distributed the Public Information Document. 

April 7, 2009 
 

Distributed the Public Information Document. Alberta Electric 
Systems 
Operator (AESO) May 22, 2009 Met regarding the initial public consultation activities of both Shell and AESO for 

project-related infrastructure. 
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Table 9-4: Consultation Activities with Special Interest Groups 

Contact Group Date Activities 
Registered fur 
management 
leaseholders 
(trappers) 

April 7, 2009 Distributed the Public Information Document. 

Regional 
education and 
school divisions 

June 30, 
2009 

Informed the groups of the project by having them participate in the Socio-
Economic Impact Assessment. 

Regional 
colleges and 
adult learning 
centres 

July 2009 Informed the groups of the project by having them participate in the Socio-
Economic Impact Assessment. 

Peace Regional 
Health Authority 

July 13, 2009 Informed members of the Peace Regional Health Authority of the project by 
having them participate in the Socio-Economic Impact Assessment. 

Peace Regional 
Airport Authority 

July 28, 2009 Provided a project introduction, including a history of Carmon Creek. Provided 
copies of the Project Information Document. 

Peace Regional 
EMS and Fire 
Protection 
Services 

July 3, 2009 Informed the groups of the project by having them participate in the Socio-
Economic Impact Assessment. 

Peace River 
RCMP 
Detachment 

July 3, 2009 Distributed the Public Information Document. The RCMP also participated in the 
Economic Impact Assessment review. 

North Peace 
Housing 
Foundation 

July 9, 2009 Informed members of the North Peace Housing Foundation of the project by 
having them participate in the Socio-Economic Impact Assessment. 

Peace River 
Community 
Services 

July 24, 2009 Informed members of the Peace River Community Services of the project by 
having them participate in the Socio-Economic Impact Assessment. 

Alberta Alcohol 
and Drug Abuse 
Commission 
(AADAC) 

July 24, 2009 Informed AADAC members of the project by having them participate in the Socio-
Economic Impact Assessment. 

Peace River 
Environmental 
Society (PRES) 

April 7, 2009 
May 7, 2009 

Distributed the Public Information Document through Canada Post bulk mailing. 
Provided project update information at the meeting to discuss Micro-Seismic 
impact. 

Rotary Club of 
Peace River 

April 7, 2009 Provided an update on the Public Information Document and the Proposed Terms 
of Reference, and information on where and how the public could access these 
documents. Provided an update on the application resubmission process, 
changes to the project description and the approximate date for resubmission in 
fall 2009. 

 June 1, 2009 Provided a project update. 

Rotary Club of 
Grimshaw 

April 7, 2009 Provided a project update and an update on the Public Information Document and 
Proposed Terms of Reference, and information on where and how the public 
could access these documents. 

 June 23, 
2009 

Provided an update on the application resubmission process, changes to the 
project description and the approximate date for resubmission in fall 2009. 

Peace River 
Chamber of 
Commerce 

April 7, 2009 Provided a project update and an update on the Public Information Document and 
Proposed Terms of Reference, and information on where and how the public 
could access these documents. 
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Table 9-4: Consultation Activities with Special Interest Groups (cont’d) 

Contact Group Date Activities 
Peace River 
Chamber of 
Commerce 
(cont’d) 

May 27, 2009 Provided an update on the application resubmission process, changes to the 
project description and the approximate date for resubmission in fall 2009. 

Grimshaw 
Chamber of 
Commerce 

April 7, 2009 Provided a project update and an update on the Public Information Document and 
Proposed Terms of Reference, and information on where and how the public 
could access these documents. 

 May 20, 2009 Provided an update on the application resubmission process, changes to the 
project description and the approximate date for resubmission in fall 2009. 

Peace Oil Sands 
Synergy Group 

June 22, 
2009 

Provided an update on the application resubmission process, changes to the 
project description and the approximate date for resubmission in fall 2009. 

Town of Peace 
River Disaster 
Services 

July 2009 Informed Disaster Services of the project by having them participate in the Socio-
Economic Impact Assessment. 

Table 9-5: Consultation Activities with Regional Municipalities 

Contact Group Date Activities 
Northern 
Sunrise County 

April 7, 2009 Provided a project update and an update on the Public Information Document and 
Proposed Terms of Reference, and information on where and how the public 
could access these documents. 

 May 28, 2009 Provided an update on the application resubmission process, changes to the 
project description and the approximate date for resubmission in fall 2009. 

 July 2, 2009 Held a meeting to obtain information to support the project’s Socio-Economic 
Assessment. 

Town of Peace 
River 

April 7, 2009 Provided a project update and an update on the Public Information Document and 
Proposed Terms of Reference, and information on where and how the public 
could access these documents. 

 May 25, 2009 Provided an update on the application resubmission process, changes to the 
project description and the approximate date for resubmission in fall 2009. 

 July 3, 2009 Held a meeting to obtain information to support the project’s Socio-Economic 
Assessment. 

 July 28, 2009 Held a follow-up meeting to provide an update on the progress of the application. 

Town of 
Grimshaw 

April 7, 2009 Distributed the Public Information Document. 

Municipal 
District of 
Northern Lights 
No. 22 

April 7, 2009 Distributed the Public Information Document. 

Municipal 
District of Peace 
River No. 135 

April 7, 2009 Distributed the Public Information Document. 
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Section 9.5
 PUBLIC CONSULTATION PROGRAM 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 STAKEHOLDERS’ FOCUS AREAS 

 
9.5.1 SCOPE 

Stakeholders’ input, centred around four major themes: 

• cultural and traditional land use 
• the environment 
• employment, training and business opportunities 
• regional and community infrastructure 

9.5.2 INCORPORATING STAKEHOLDER INPUT 

Stakeholders’ input and comments on the project were provided to the project 
engineering design team and integrated into the selection process for certain 
design components. Examples of how Shell has demonstrated this commitment 
to sustainable development principles and incorporated stakeholder feedback into 
design concepts are discussed in Section 12, Environmental Management. 

Examples of project decisions influenced by stakeholder input include: 

• minimizing surface disturbance 
• minimizing water use 
• managing waste 
• using energy efficiently 
• managing traffic 

9.5.3 CULTURAL AND TRADITIONAL LAND USE 

First Nations stakeholders have advised Shell of the importance of addressing the 
project’s impact on traditional land use. The following were identified as key 
areas of focus for mitigation plans: 

• trapping 
• wildlife patterns 
• berry picking  
• fishing 
• medicinal plants 
• weed control 
• aquatic health 
• water quality 
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9.5.3 CULTURAL AND TRADITIONAL LAND USE (cont’d) 

Table 9-6 summarizes the questions raised about cultural and traditional land use, 
and Shell’s responses and commitments made to address them. 

Table 9-6: Cultural and Traditional Land Use 

Question or Concern Summary of Responses 
How will Shell generally respect 
and protect Aboriginal peoples’ 
traditional use of the land 
(fishing, berry picking, medicinal 
plants, wildlife, trapping, burial 
sites, air and water quality) 
through construction and 
operation of the project? 

• Shell has worked with Aboriginal communities to better understand the 
project’s potential effects on traditional land use, and to determine how to 
minimize these effects. Mitigation measures will include: 
• avoiding known burial sites and sacred areas 
• facilitating wildlife movement through the project area. Animal crossings 

have been installed at the existing facility to allow animals to move more 
freely. 

• restricting speed on access roads to improve road safety and reduce 
risks of wildlife mortality 

• minimizing ground disturbance 
• working with Aboriginal groups to include them in site-specific 

assessments 
• working with Aboriginal groups to manage access to areas of traditional 

use 
• designing the project to prevent surface water contamination 
• implementing sulphur recovery to reduce current SO2 emissions 
• using native seed mixes for reclamation to reduce the invasion of non-

native species 
• Shell is committed to developing socio-economic agreements with identified 

Aboriginal communities. 
If the project affects my trapline, 
will I be compensated? 

• Local trapping activities might be affected by project activities. Shell will work 
with affected trappers to identify appropriate compensation for the effects the 
project has on their trapping activities. 

9.5.4 ENVIRONMENTAL CONCERNS 

Table 9-7 summarizes the questions raised and Shell’s responses and 
commitments to address: 

• water 

• the project footprint 

• the biophysical environment, including concerns about the effects on 
agriculture and grazing 

9.5.4.1 Water 

Stakeholders expressed concern about water sourcing and proposed project 
requirements, water quality and the project’s effects on the Peace River. 
Stakeholders requested information on water reuse opportunities, volumes 
required and processes to protect surface groundwater and aquifers. 
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9.5.4.2 Air 

Stakeholders had questions on emissions and odours, and asked what processes 
would be in place to monitor the air quality. Stakeholders also requested 
information on Shell’s commitments to reduce greenhouse gases and how this 
commitment would be taken into consideration on the project. 

9.5.4.3 Footprint 

Stakeholders expressed interest in the project footprint and its impacts on the 
forest. In particular, local trappers questioned how access to, and security of, 
their cabins would be addressed. They asked for information on what initiatives 
Shell was undertaking to address deforestation, and what security measures it 
would put in place for access routes created by the project. 

9.5.4.4 Cumulative Effects 

Stakeholders expressed concerns about the cumulative effects of all the industry 
activity in the area. 

9.5.4.5 Wildlife, Agriculture and Grazing 

The effect of the above-ground pipeline on wildlife was an area of interest to 
stakeholders. They asked for information on studies undertaken and the 
mitigation measures planned. 

9.5.5 EMPLOYMENT, TRAINING AND BUSINESS OPPORTUNITIES 

Stakeholders and business providers in the local area expressed interest in the 
economic benefits that the project could provide to local businesses and 
individuals. Information was requested on employment and contracting 
opportunities, and on how these businesses and individuals would be able to 
participate. Stakeholders also enquired about how work opportunities could be 
made sustainable beyond the peak of project activity. 

Table 9-8 summarizes the questions raised about employment, training and 
business opportunities, and Shell’s responses and commitments made to address 
them. 

9.5.6 REGIONAL AND COMMUNITY INFRASTRUCTURE 

Stakeholders are concerned about the volume of project-related traffic and the 
impact that it would have on the existing road infrastructure and safe travel.  

Local communities also defined impacts on the health care system and support 
services infrastructure as a priority. With an increase in the population, concerns 
were expressed that the existing systems would deteriorate. These concerns were 
also expressed for schooling and affordable housing. 

Table 9-9 summarizes the concerns expressed about project-related effects on 
regional and community infrastructure, and Shell’s responses and commitments  
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9.5.6 REGIONAL AND COMMUNITY INFRASTRUCTURE (cont’d) 

made to address them. Shell is committed to working with regional 
municipalities to keep them informed of development plans and timing of key 
project milestones. 

Table 9-7: Environmental Concerns 

Question or Concern Summary of Responses  
Water 
Will Shell be looking at recycling 
water as part of this growth 
opportunity? 

• The project is designed to recycle produced water to minimize Peace River 
water use. River water is required for start-up and upset conditions. 

Will the development cause poor 
surface water quality and 
quantity? 

• The project will be designed to prevent surface water contamination. 
• Project air emissions will not adversely affect water quality. 
• Construction activities will meet regulatory guidelines to protect surface 

water. Sediment and erosion plans will be implemented to protect surface 
water systems during construction. Setback distances from waterbodies will 
be used to reduce the project’s effects on surface water. 

Will the project’s water use affect 
groundwater? 

• In addition to recycled water, saline groundwater will be used. The project is 
not expected to affect groundwater quality. 

Will water used by the project 
affect the Peace River and lakes 
in the region? 

• The project will have a reduced annual average water demand on the Peace 
River in comparison to the existing Peace River Complex, and industrial 
wastewater will not be released to the surrounding watershed. A surface 
water quality monitoring program is being proposed, as described in the EIA 
Volume IIB, Section 4, Surface Water Quality. 

How will the company protect the 
supply and quality of aquifers and 
water wells during the operation of 
the project? 

• The project is not expected to affect groundwater quality. 
• The project is designed to protect groundwater. Such measures include: 

• using water-based drilling muds for the upper section of the drilling bore 
where fresh water aquifers are encountered 

• designing well drilling programs to minimize drilling fluid losses to the 
formation 

• continuing the existing groundwater monitoring program 
Air  

How will facility emissions and 
odours be managed? 

• Air emissions have been modelled to ensure that the project’s design will 
meet, or better, Alberta Environment’s air quality guidelines.  

• Sulphur compounds will be captured and injected into deep wells. As a 
result, the project will have lower sulphur emissions than the current 
operations. 

• Shell will monitor and report on emissions and air quality. 
• Shell is committed to working with local communities to address any air or 

odour concerns. 
What about Shell’s commitment to 
reduce greenhouse gas 
emissions? 

• Shell is committed to meeting the regulatory requirements for greenhouse 
gas emissions management. 

• The project is designed with cogeneration of steam and electricity. This 
process is a more energy efficient way of making steam and electricity. This 
will help reduce the amount of greenhouse gas emissions produced per 
cubic metre of bitumen. 



 

 Section 9.5
PUBLIC CONSULTATION PROGRAM STAKEHOLDERS’ FOCUS AREAS 

 

November 2009 Shell Canada Limited 9-21 
CR027   

Table 9-7: Environmental Concerns (cont’d) 

Question or Concern Summary of Responses  
Footprint  

What is the project’s impact on: 
• forestry? 
• access and security of 

trapper cabins? 
• agricultural and grazing 

activities? 

• Shell has been working with DMI on an integrated land management plan to 
help reduce the cumulative footprint in forested areas. 

• Existing right-of-way corridors will be used, where practicable, to reduce the 
amount of new access created by the project. 

• Off-road access will also be limited, where practicable, by rolling back debris 
near the intersection of linear disturbances. 

• Shell will work with trappers to avoid impeding cabin access within the 
resource development area. 

• Shell will work with the Three Creeks Grazing Reserve to determine 
appropriate mitigation. 

Cumulative Effects  

What is the cumulative effect of 
the industry activity in the area 
and how is it being managed? 

• Cumulative effects have been addressed as part of the EIA. 
• Shell is working with DMI on an integrated land management plan to reduce 

the cumulative effects of current and future operations. 
• Shell has road use sharing agreements with other operators in the area to 

minimize the need to create new roads into the area. 
• Shell participates in the Northern Sunrise County Water Council. 

Wildlife  

What impact will above-ground 
pipelines have on wildlife? 

• Shell has initiated a monitoring program with the University of Calgary to 
assess the effectiveness of existing crossings at the Peace River Complex. 
The results of this study will help Shell design future animal crossings for 
above-ground pipelines in the project. These crossings will allow animals to 
move more freely through the project area. 

Agriculture and Grazing 
How will project effects on 
agriculture and grazing be 
addressed? 

• Shell will work with private agricultural landowners, the Three Creeks 
Grazing Reserve and private agricultural producers to: 
• optimize well pad locations and pipeline routing during the planning 

stage to minimize adverse effects on other land users, where practicable 
• identify the need for livestock crossings over pipelines 
• schedule activities to minimize potential effects on livestock during 

planned grazing rotations, where practicable 
• make information available to the Three Creeks Grazing Reserve 

regarding compounds used for dust and ice control, and pest and weed 
control on Shell roads and pads within the Grazing Reserve 

• minimize the volumes of salt compounds used for ice control to 
discourage attracting livestock to industrial roadways and to mitigate 
potential damage to forage resources, where practicable 

• Reclamation activities will be conducted in consultation with private 
agricultural landowners and the Three Creeks Grazing Reserve. 

How will the local communities 
benefit from this expansion? 

• Shell recognizes the socio-economic benefits a development project of this 
type brings to an area, and will work with the community to enhance the 
amount of contracting and business work that is made available to local 
companies and labour. 

• Shell will pay taxes that help to support local infrastructure. 
• Shell will continue to be a major local employer and purchaser of goods and 

services for years to come. 
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Table 9-7: Environmental Concerns (cont’d) 

Question or Concern Summary of Responses  
Agriculture and Grazing (cont’d) 
How will the local communities 
benefit from this expansion? 
(cont’d) 

• Shell will give preference, where appropriate, to qualified local Aboriginal and 
local business providers who are cost competitive and can meet Shell’s 
prequalification requirements, including safety, quality and delivery 
standards. 

• Shell will continue to contribute to the long-term productivity and health of the 
community through the Shell Community Investment Program and the 
Community Service Fund. 

Table 9-8: Employment and Business Opportunity Concerns 

Question or Concern Summary of Responses 
How will community members and 
local businesses be able to 
participate in the increased activity 
level? 

• Shell is committed to creating benefits for the communities in which it 
operates, and will work with local Aboriginal and local businesses to define 
possible opportunities during the project by: 
• developing a summary of the types of jobs and contracts required for 

construction of the project 
• developing, in conjunction with the Peace River Chamber of Commerce, 

workshops to inform contractors of Shell’s contracting process 
• establishing a local business registry, in conjunction with the Peace 

River Chamber of Commerce, that would help Shell to assess local 
capacity and business interest 

• breaking down work packages, where appropriate, to facilitate 
Aboriginal and local business participation 

• working with Aboriginal communities to address the barriers to 
Aboriginal employment, including considering providing transportation to 
the work site 

How will Shell provide sustainable 
opportunities beyond peak project 
work? 

• Shell, together with local organizations, will work with local Aboriginal and 
local businesses to help them understand Shell’s long-term needs and 
requirements. 

• Shell is committed to developing a Socio-Economic Agreement with locally 
identified Aboriginal communities. This agreement is intended to address 
such things as education, environmental stewardship and economic 
development. 

• Shell believes that providing sustainable opportunities are addressed, in part, 
through education. Shell plans to: 
• share information regarding skills required directly with educational 

organizations, such as NAIT 
• support education initiatives, such as the development of scholarships 

and apprenticeship programs, with regional educational institutions 
• provide education boards in the Peace River region with information on 

the schedule for project hiring 
 • Shell will continue to contribute to the long-term productivity and the health of 

the community through the Shell Community Investment Program and the 
Community Service Fund. Key focus areas include: 
• education 
• health and social agencies 
• growth-related initiatives related to the project 
• Aboriginal projects 

• Aboriginal cultural programs 
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Table 9-9: Regional and Community Infrastructure Concerns 

Question or Concern  Summary of Responses 
What impact will the project have 
on traffic volumes and road safety 
and how will it be addressed? 

• Traffic will increase during all stages of the project. 
• Shell will develop a Traffic Management Plan. The key traffic mitigation 

measures that Shell will consider include: 
• having construction camps to reduce the need for a daily commute 
• implementing drug and alcohol policies for contractors and employees 
• providing bus service for the local construction workers, once the 

workforce reaches an appropriate size that warrants bus transportation, 
and for local operations’ workers’ commute 

• educating contractors and employees on Shell’s driver safety standards 
• scheduling heavy hauls and oversized loads to minimize interference 

with school bus traffic 
• making reasonable efforts to schedule oversized loads to minimize 

interference with local agricultural producers 
• working with government and industry in the region on traffic 

management 
• upgrading the intersection of the plant road and Highway 986, if 

necessary 
• providing air transportation service from a major hub, such as 

Edmonton, for non-local workers once the workforce reaches an 
appropriate size that warrants air transportation 

• Shell will work with other land users within the resource development area to 
coordinate safe and reliable access through the Shell lease area. 

How will Shell address the 
potential demands on regional 
services? 

• To reduce the project’s effects on regional service providers, Shell is 
planning to: 
• provide medical services for construction workers at the site 
• share information on construction and operation staffing levels with 

regional health care authorities and providers for planning purposes 
• work with local emergency service and health care providers to 

establish appropriate emergency response plans 
• promote health and well-being at construction camps 
• continue consultation with Peace River emergency medical services and 

health and wellness organizations regarding their endeavours to meet 
the needs of the community 

• share information with the RCMP, local communities and county officials 
to help them identify additional policing requirements 

 • meet with the RCMP, in advance of the project’s construction, to 
communicate Shell’s security plan for the construction camps 

• develop an appropriate fire prevention and intervention program for the 
project, in consultation with the Peace River Area Fire Services Advisory 
Committee, and continue membership in the mutual aid program in the 
area 

What will Shell do to avoid 
affecting the availability of 
affordable housing? 

• Shell plans to: 
• build temporary construction camps adjacent to the work site, which will 

help to avoid additional housing strains 
• share information on the timing of new staffing levels with regional 

communities and the Northern Peace Housing Foundation, so that they 
can better identify and plan housing development needs that could be 
created by the project 
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Section 9.6
 PUBLIC CONSULTATION PROGRAM 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 ONGOING CONSULTATION 

 
9.6.1 SCOPE 

Shell will continue to communicate and consult with stakeholders as the project 
proceeds through the regulatory approval process, project construction and 
operations, including decommissioning, abandonment and reclamation. 

9.6.2 FUTURE COMMUNICATION PLANS 

9.6.2.1 Distribution of Project Application 

Copies of this application will be distributed to all of Shell’s stakeholders, which 
include all those listed previously in Table 9-1, as well as individual stakeholders 
who might be affected, or who had questions or concerns about the project. The 
public will be notified of the filing of the new application through advertisements 
placed in the local media. 

9.6.2.2 Providing Information to Local Stakeholders 

Shell will continue to provide information to, and consult with, local 
stakeholders. Consultation activities may include: 

• holding information sessions and meetings with local and regional groups 

• making presentations and gathering input from municipal organizations and 
regional groups concerned with infrastructure, economic development, 
environmental management, education, training and employment 

• continuing community meetings with leaders, organizations, trappers, 
contractors, educational institutions and other identified parties 

9.6.2.3 Communication with Industry 

Shell will continue ongoing consultation with industry, including consulting 
with: 

• grazing rights owners, who are participating with Shell in developing the Oil 
Sands Region Area Operating Agreement 

• DMI, which is working with Shell to develop an Integrated Land 
Management Strategy 
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9.6.2.3 Communication with Industry (cont’d) 

• the Peace Oil Sands Synergy Group, a recently developed group in which 
Shell participates 

• petroleum and natural-gas rights holders 
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Section 10.1
 WASTE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 INTRODUCTION 

 
10.1.1 PURPOSE 

Waste management is a key aspect of the project’s operations and environmental 
management system. Efficient management of waste can reduce operating costs 
and potential liabilities. 

10.1.2 WASTE MANAGEMENT COMMITMENT 

Shell will follow its HSE policy and commitment to manage waste for the 
project. Key waste-related aspects of the HSE policy include: 

• protecting the environment 

• using materials and energy efficiently to provide Shell’s products and 
services 

• developing energy resources, products and services that are consistent with 
these aims 

10.1.3 WASTE MANAGEMENT PRACTICES 

Responsible waste management can be achieved by using the following waste 
hierarchy: 

1. Reduce the quantities of waste generated at the source. 
2. Reuse waste materials. 
3. Recycle waste. 
4. Recover waste. 
5. Treat and dispose of waste. 

10.1.4 REGULATORY REQUIREMENTS 

The ERCB regulates the management of oilfield wastes under the authority of the 
Oil and Gas Conservation Act. The waste generated during project construction 
and operations will be managed according to all applicable ERCB requirements, 
including: 
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10.1.4 REGULATORY REQUIREMENTS (cont’d) 

• Directive 050, Drilling Waste Management 

• Directive 055, Storage Requirements for the Upstream Petroleum Industry 

• Directive 058, Oilfield Waste Management Requirements for the Upstream 
Petroleum Industry 

• Directive 063, Requirements and Procedures for Oilfield Waste Management 
Facilities  

10.1.5 WASTE MANAGEMENT STRATEGIES 

Shell will ensure that all waste generated at its facilities are properly managed 
according to relevant municipal, provincial and federal regulations, industry 
guidelines and best management practices, including the expectations to: 

• accurately characterize and classify waste 

• minimize waste by reducing, reusing, recycling and recovering it 

• maintain accurate and complete waste documentation and manifests for 
tracking and reporting purposes 

• use appropriate methods of treating, storing, transporting and disposing of 
waste 

• handle large volumes of water treatment waste efficiently 

10.1.6 WASTE MANAGEMENT PLAN 

The Carmon Creek Project’s Waste Management Plan will be developed based 
on the Peace River Complex’s Waste Management Plan. This plan will establish 
clear objectives and will guide all activities related to waste management. Key 
components of the plan will include: 

• a waste inventory, including waste volumes, classification or characterization 

• identifying the areas or units where waste streams are generated 

• responsibilities and accountabilities for waste 

• descriptions of technical options taken in reusing, recycling, recovering and 
disposing of waste 

• staff competence and training requirements 
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• regulatory requirements 

• key performance indicators 

• inspection and testing requirements 

• waste contractor HSE requirements 

• audit and inspection procedures 

• a management plan review cycle 
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Section 10.2
 WASTE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 WASTE PRODUCTS 

 
10.2.1 MAIN TYPES OF WASTE 

The project’s main waste products will include: 

• oily waste 
• water treatment and chemical waste 
• drilling waste 
• sewage 
• construction and operations waste 

10.2.2 OILY WASTE 

Shell has been managing oily waste at the Peace River Complex through third-
party waste disposal facilities that are approved by the ERCB and AENV, and 
that have undergone Shell’s review and assessment. A CCS Corporation 
treatment, recovery and disposal facility is operating near the existing Peace 
River Complex. Because this approved waste management facility is located 
close to the project site, using it would reduce the amount of vehicular traffic 
associated with hauling the project’s waste products on the public road system. 

10.2.3 WATER TREATMENT AND CHEMICAL WASTE 

10.2.3.1 Waste Products Generated 

The operation and reclamation of the project will generate different water 
treatment and chemical waste products and volumes from those currently 
generated by the Peace River Complex operations. New waste types generated by 
the project will include: 

• dewatered sludge from the river source water station settling ponds, which 
will be sent to a third-party Class II landfill 

• strong acid cation (SAC) regeneration waste and weak acid cation (WAC) 
regeneration waste, which will be neutralized and disposed of by deep well 
injection 

• softening (lime and magnesium oxide) waste, which will be sent to the new 
on-site Class II landfills  
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10.2.3.1 Waste Products Generated (cont’d) 

• evaporative process dryer waste, which will be sent to the new on-site 
Class II landfills 

• acid gas, which will be sent to a disposal well 

The Carmon Creek Waste Management Plan will include these types of project 
waste. 

10.2.3.2 Reportable Chemical Substances 

Certain chemical waste generated by the project might require tracking and 
reporting according to the following requirements: 

• Canadian Environmental Protection Act (CEPA) – toxic substances list 

• National Pollutant Release Inventory (NPRI) 

• Priority Substance List 2 (PSL2) – listed under CEPA 

• Toxic Substances Management Policy, Track 1, Environment Canada – 
substances targeted for virtual elimination from the environment 

• ERCB Directive 050, Drilling Waste Management 

• ERCB Directive 058, Oilfield Waste Management Requirements for the 
Upstream Petroleum Industry 

Shell’s Oilfield Waste Management System for tracking Peace River Complex 
waste and the NPRI reporting system will also be used for the Carmon Creek 
Project. 

10.2.4 DRILLING WASTE 

10.2.4.1 Drilling Waste Management 

The sampling, transportation and disposal of drilling waste are governed by 
ERCB Directive 050, Drilling Waste Management. The project will also adhere 
to the requirements related to drilling waste handling, storage, transportation and 
disposal in:  

• ERCB Directive 055, Storage Requirements for the Upstream Petroleum 
Industry 

• ERCB Directive 058, Oilfield Waste Management Requirements for the 
Upstream Petroleum Industry 

• ERCB Directive 063, Requirements and Procedures for Oilfield Waste 
Management Facilities 

• Transportation of Dangerous Goods regulations 

• Alberta Oil and Gas Conservation regulations 
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10.2.4.2 Drilling Waste Management Program Components 

Shell’s drilling waste management programs include: 

• reusing as much drilling fluid as possible 

• treating and disposing of spent mud, drilling cuttings and cement waste, 
according to regulatory requirements 

• disposing of drilling waste at a Class II landfill 

• maximizing opportunities for recycling and reuse 

Drilling Fluid Recycling Program 

Remote sumps will not be used for the disposal of spent drilling fluids and 
ancillary waste streams from the project. 

Drilling operations will reuse drilling fluids between wells for as long as 
possible. When the drilling fluids contain sufficiently high concentrations of 
ultra-fine particles, they will be treated. The solids will be separated and disposed 
of in an approved landfill. 

Water from the treatment process will be reused or, if no longer usable, disposed 
of in an approved disposal well, 

10.2.4.3 Drilling Waste Volumes 

Table 10-1 shows the estimated volume of drilling waste associated with each 
well pad. This estimate is based on: 

• 45 wells per pad 
• a 222.2-mm diameter hole 

Table 10-1: Estimated Drilling Waste Volumes for Each Well Pad 

Type of Drilling Waste 
Volume 

(m3) 
Formation cuttings 4,000 

Mud, cement slurry returns and fluids 1,000 

10.2.5 SEWAGE 

Sewage generated during operations will be treated in a new sewage lagoon. No 
liquids will be discharged to the surface. 

Sewage from the main construction camp will be treated on-site in a sewage 
treatment plant. Effluent from the sewage treatment plant will be treated to meet 
AENV standards and will be dispersed in an above-ground field drainage system. 
Therefore, it will not be a point source discharge to the surrounding watershed.  
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10.2.5 SEWAGE (cont’d) 

Treated biosolids from the sewage treatment plant will be removed periodically 
by truck and disposed of at an approved facility, or as otherwise approved by 
AENV. The above-ground field drainage system will be located close to the 
sewage treatment plant. The locations of both these facilities are shown on the 
CPF plot plan (see Section 6.1, Central Processing Facility). 

10.2.6 CONSTRUCTION AND OPERATIONS WASTE 

Numerous types of construction and operations waste will be generated. For a 
description of the operations waste streams, see Section 10.3, Key CPF Waste 
Streams. For a description of storage, recycling or disposal methods for 
construction and operations waste, see Section 10.4, Waste Storage and Disposal. 
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Section 10.3
 WASTE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 KEY CPF WASTE STREAMS 

 
10.3.1 ESTIMATED KEY CPF WASTE STREAMS 

The estimated volumes of key CPF waste streams are shown in: 

• Table 10-2 for river water facility dewatered sludge 
• Table 10-3 for strong acid cation regeneration wastewater 
• Table 10-4 for lime softening waste 
• Table 10-5 for weak acid cation exchange regeneration waste 
• Table 10-6 for evaporator and crystallizer acid cleaning waste 
• Table 10-7 for evaporator and crystallizer process waste 
• Table 10-8 for waste for acid gas to disposal wells 
• Table 10-9 for dewatered produced solids 
• Table 10-10 for excess produced water to disposal 

Table 10-2: Estimated River Water Facility Dewatered Sludge 

CPF 1 CPF 1 and 2 
Basis Daily Maximum 1 Cumulative 2 Daily Maximum 1 Cumulative 2 

Flow and cumulative volume 210 m3/d 2,955 m3 210 m3/d 4,700 m3 

Composition: (kg/d) (t) (kg/d) (t) 
Aluminex-3 4,200 – – – 

Flocculant polymer 15 2.0 15 3.0 

Sediment 105,000 1,261 105,000 2,006 

Water 163,823 2,305 163,823 3,666 

Total (dry) 109,215 1,537 109,215 2,444 

Total (wet) 273,308 3,842 273,308 6,110 

Note: 
1. Daily maximum is based on maximum river water flow and maximum TDS during start-up. 
2. Waste is only generated during the approximate one-year start-up for each CPF when river water is used. 
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Table 10-3: Estimated Strong Acid Cation Regeneration Wastewater 

CPF 1 CPF 1 and 2 
Basis Daily Maximum 1 Cumulative 2 Daily Maximum 1 Cumulative 2 

Flow and cumulative volume 581 m3/d 144,314 m3 575 m3/d 200,825 m3 

Composition: (mg/L) (mg/L) (mg/L) (mg/L) 
Bicarbonate 140 140 140 140 

Calcium 2,131 912 2,131 912 

Chloride 7,497 3,175 7,497 3,175 

Magnesium 650 270 650 270 

Sodium 3,020 1,279 3,020 1,279 

Sulphate 3,000 1,000 3,000 1,000 

Total dissolved solids 3 16,367 6,704 16,367 6,704 

Note: 
1. Daily maximum is based on maximum river water flow and maximum TDS during start-up. 
2. Waste is only generated during the approximate one-year start-up for each CPF when river water is used. 
3.  Calculated using standard methods. TDS is the sum of cations and anions + 0.6 * alkalinity as CaCO3. 

 

Table 10-4: Estimated Lime Softening Waste 

CPF 1 CPF 1 and 2 
Basis Daily Maximum 1 Cumulative 2 Daily Maximum 1 Cumulative 2 

Flow and cumulative volume 42 m3/d 467,195 m3 84 m3/d 949,964 m3 

Composition: (t/d) (t) (t/d) (t) 
Calcium carbonate 20.4 227,903 41 463,404 

Magnesium hydroxide 11.9 133,302 24 271,047 

Silica oxide 6.1 68,801 12 139,895 

Water 25.6 286,671 52 582,898 

Total (dry) 38.4 430,007 77 874,347 

Total (wet) 64.0 716,678 129 1,457,244 

Note: 
1. Daily maximum is based on maximum produced water flow and maximum TDS. 
2. Cumulative is based on normal produced water flow and normal TDS. 
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Table 10-5: Estimated Weak Acid Cation Exchange Regeneration Waste 

CPF 1 CPF 1 and 2 
Basis Daily Maximum 1 Cumulative Daily Maximum 1 Cumulative 

Flow and cumulative volume 358 m3/d 3,891,415 m3 711 m3/d 7,793,187 m3 

Composition: (mg/L) (mg/L) (mg/L) (mg/L) 
Bicarbonate 2,372 2,372 2,372 2,372 

Calcium 829 829 829 829 

Carbonate 6 6 6 6 

Chloride 6,794 6,794 6,794 6,794 

Magnesium  83 83 83 83 

Sodium 4,211 4,211 4,211 4,211 

Silica oxide 18 18 18 18 

Sulphate 33 33 33 33 

Total dissolved solids 2 13,140 13,140 13,140 13,140 

Note: 
1. Daily maximum is based on maximum produced water flow. 
2.  Calculated using standard methods. TDS is the sum of cations and anions + 0.6 * alkalinity as CaCO3. 

 

Table 10-6: Estimated Evaporator and Crystallizer Acid Cleaning Waste 

CPF 1 CPF 1 and 2 

Basis 
Yearly 

Maximum Cumulative 
Yearly 

Maximum Cumulative 
Flow and cumulative volume 900 m3/a 31,500 m3 1,800 m3/a 63,000 m3 

Composition: (mg/L) (mg/L) (mg/L) (mg/L) 
Calcium citrate 31,000 31,000 31,000 31,000 

Magnesium citrate 19,000 19,000 19,000 19,000 

Note: Waste is from cleaning the evaporators and crystallizers with acid to remove scale deposits, as required 
during maintenance. 
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Table 10-7: Estimated Evaporator and Crystallizer Process Waste 

CPF 1 CPF 1 and 2 
Basis 1 Daily Maximum 2 Cumulative 3 Daily Maximum 2 Cumulative 3 

Flow and cumulative volume 58 m3/d 680,180 m3 115 m3/d 1,360,360 m3 

Composition: (t/d) (t) (t/d) (t) 
Calcium carbonate 1.5 17,520 3.0 35,041 

Magnesium hydroxide 7.0 82,260 13.9 164,519 

Silica 1.9 82,260 3.9 46,009 

Sodium carbonate and sodium 
bicarbonate 

33.2 391,550 66.4 783,101 

Sodium chloride 35.8 422,589 71.6 845,179 

Sodium sulphate 0.3 3,708 0.6 7,416 

Water 3.3 39,178 6.6 78,357 

Total (dry) 80 940,632 159 1,881,264 

Total (wet) 83 979,459 166 1,958,919 

Note: 
1. Waste from the evaporator and crystallizer process is routed to the evaporator waste sites. 
2. Daily maximum is based on maximum produced water flow and maximum TDS. 
3. Cumulative is based on normal produced water flow and normal TDS. 

 

Table 10-8: Estimated Waste for Acid Gas to Disposal Wells 

CPF 1 CPF 1 and 2 
Basis Daily Maximum 1 Cumulative 2 Daily Maximum 1 Cumulative 2 

Flow and cumulative volume 86,745 m3/d 820,000,000 m3 173,500 m3/d 163,000,000,000 m3 

Composition: mol% mol% mol% mol% 
Carbon dioxide 85.6 88.1 85.6 88.1 

Hydrogen sulphide 14.3 11.7 14.3 11.7 

Note: 
1. Daily maximum is based on maximum produced gas flow and maximum produced gas sulphur composition. 
2. Cumulative is based on normal produced gas flow and normal produced sulphur composition. 
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Table 10-9: Estimated Waste Stream for Dewatered Produced Solids 

CPF 1 CPF 1 and 2 
Basis Daily Maximum Cumulative Daily Maximum Cumulative 

Flow and cumulative volume 16 m3/d 183,721 m3 33 m3/d 367,442 m3 

Composition: (t/d) (t) (t/d) (t) 
Liquids (oil and water) 6.7 75,785 13.4 151,570 

Solids (dry) 13.6 153,866 27.3 307,733 

Total (wet) 20.4 229,651 40.7 459,302 

 

Table 10-10: Estimated Excess Produced Water to Disposal 

CPF 1 CPF 1 and 2 
Basis Daily Maximum Cumulative Daily Maximum Cumulative 

Flow and cumulative volume 10,000 m3/d 7,154,000 m3 10,000 m3/d 12,583,375 m3 

Composition (mg/L) (mg/L) (mg/L) (mg/L) 
Bicarbonate 8,209 3,804 8,209 3,804 

Calcium 248 113 248 113 

Carbonate 4 42 4 42 

Chloride 13,062 3,798 13,062 3,798 

Magnesium  139 46 139 46 

Silica oxide 0 350 0 350 

Sodium 11,018 3,735 11,018 3,735 

Sulphate 0 46 0 46 

Total dissolved solids * 28,500 10,000 28,500 10,000 

Note * Maximum based on initial start-up produced water quality. 
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Section 10.4
 WASTE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 WASTE STORAGE AND DISPOSAL 

 
10.4.1 STORAGE AND DISPOSAL METHODS 

During construction and operations, dangerous oilfield waste (DOW) will be 
stored primarily in bins and drums. At a minimum, all DOW will be stored on a 
storage pad that has secondary containment, according to the requirements of 
ERCB Directive 055, Storage Requirements for the Upstream Petroleum 
Industry. Table 10-11 lists the typical waste that will be generated by the project, 
and the appropriate disposal methods that will be used. 

Table 10-11: Predicted Waste Types and Disposal Methods 

Waste Description 
ERCB 

Waste Code Storage Disposal Method 
Construction 
Cardboard CONMAT Bins Recycled 

Cement CEMENT Bins Class II landfill 

Glass CONMAT Bins Recycled 

Grout CEMENT Bins Class II landfill 

HDPE CONMAT Bins Class II landfill 

Insulation CONMAT Bins Class II landfill 

Lubricants LUBOIL Drums Recycled 

Metals SMETAL Bins Recycled 

Oil filters FILLUB Drums Recycled to approved Alberta Used Oil Management 
Association collection 

Packing materials CONMAT Bins Domestic waste disposal – Class III or II landfill or 
recycling, where available 

Paint WPAINT Bins Recycled 

Pallets CONMAT Bins Recycled 

Sand blast CONMAT Bins Class II landfill or thermal treatment  

Welding rods CONMAT Bins Recycled 

Wood CONMAT Bins Recycled 

Camp 
Cardboard DOMWST Bins Recycled 

Containers EMTCOM Bins Recycled or Class II landfill 

Kitchen waste DOMWST Bins Domestic waste disposal – Class II landfill  
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Table 10-11: Predicted Waste Types and Disposal Methods (cont’d) 

Waste Description 
ERCB 

Waste Code Storage Disposal Method 
Drilling 
Camp waste DOMWST Bins Domestic waste disposal – Class II landfill  

Cement CEMENT Bins Class II landfill 

Drilling mud and 
cuttings 

Various Tanks On-site portable treatment facility or Class II landfill 

Lubricants LUBOIL Bins Recycled to approved Alberta Used Oil Management 
Association collection 

Mud sacks EMTCON Bins Class II landfill 

Pallets CONMAT Bins Recycled or Class II landfill 

Scrap metal SMETAL Bins Recycled 

Solvents Various Drums Recycled 

Operations 
Acid ACID Tanks Neutralized and injected into Class Ib or II disposal 

well 

Batteries BATT Bins Recycled 

Caustic solution CAUS Tanks Neutralized and injected into Class Ib or II disposal 
well 

Containers: drums EMTCON Bins Recycled 

Contaminated debris 
and soil 

SOILCO Bins Class II landfill 

Dewatered river sludge SLGPRO Ponds Class II landfill or an appropriate alternative 

Domestic waste DOMWST Bins Class II landfill  

Filters: amine FILSWT Drums Recycled or incinerated at Swan Hills 

Filters: glycol FILGLY Bins Thermal treatment, if self-heating, or Class II landfill 

Filters: lube FILLUB Bins Recycled to approved Alberta Used Oil Management 
Association collection 

Filters: oil removal FILOTH Bins Recycled 

Filters: produced water  FILPWT Drums Class II landfill  

Glycol GLYC Drums Recycled 

Ion exchange resin IEXRES Bins Class II landfill 

Laboratory chemicals INORCHM Bins Disposed of according to the applicable Material 
Safety Data Sheet 

Produced sand SAND Tanks Recycled or Class II landfill 

Rags: oily OILRAG Tanks Recycled 

10.4.2 WASTE DISPOSAL 

10.4.2.1 On-Site Class II Landfills 

To efficiently handle large volumes of non-DOW water treatment waste and 
reduce transportation risks, on-site Class II landfills will be built on the Carmon 
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Creek Project site. This will have a number of benefits for the project and the 
community, such as: 

• reducing the use of the regional landfill substantially 
• reducing traffic 
• conserving land 

Shell will file a separate application for approval of an ERCB oilfield waste 
landfill. 

The landfill sites will be selected to minimize surface impacts and to avoid 
contaminating surface and groundwater sources. Construction of the landfills will 
be phased over the life of the project, with new cells being added as required. For 
the location of the landfills, see the CPF plot plan in Section 6.1, Central 
Processing Facility. 

10.4.2.2 Other Disposal Sites 

For some waste streams, several third-party disposal sites will be used, including: 

• Clean Harbors Hazardous Waste Landfill, located in Riley, Alberta, for 
Class I and II materials 

• the East Peace Regional Landfill for non-oilfield waste, such as household 
waste materials 

• CCS Corporation landfill cells at the East Peace Regional Landfill for the 
disposal of other industrial waste and non-DOW waste, such as: 

• drilling waste 
• debris and contaminated soils from spills 
• ion exchange resin 

• the CCS Corporation Peace River treatment, recovery and disposal facility 
for produced sand, sludge and liquids 

• Swan Hills Treatment Centre for treating and incinerating self-heating filters 

Waste streams will be characterized and segregated by type, and disposed of 
according to regulatory requirements. 

10.4.2.3 Gas Treatment Waste 

To eliminate the need to handle and store sulphur on site, Shell will install a gas 
sweetening unit to separate acid gases from the produced gas stream. The 
separated acid gases will be disposed of by injecting them into an acid gas 
disposal well. 
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10.4.2.4 Water Treatment Regeneration Waste and Produced Water 

Water treatment regeneration waste and, occasionally, produced water, will be 
disposed of in disposal wells. For further information on water disposal wells, see 
Section 5.5, Other Wells. 
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Section 10.5
 WASTE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 WASTE MONITORING AND MITIGATION  

 
10.5.1 MONITORING WASTE 

The existing Oilfield Waste Management System will be used for the project. 
The system is used to track, manage and report waste generated and disposed of 
by the Peace River Complex. The waste tracking system records all pertinent 
information, such as waste: 

• type 
• class 
• ERCB code 
• volume 
• disposal or recycling method 
• location of final disposal 

10.5.2 MITIGATION MEASURES 

Shell has committed to several design criteria and operational practices that will 
reduce the potential effects of waste generated from the project. These 
management practices include: 

• managing waste according to the principles of pollution prevention, which 
includes the waste management practices discussed in Section 10.1 

• ensuring that appropriate measures are taken to protect waterbodies and 
watercourses from contamination by waste products, including monitoring 
and maintaining waste disposal sites, wastewater storage areas and runoff 
control structures 

• implementing wildlife protection measures, including managing food and 
domestic waste in a way that makes waste inaccessible to wildlife 

• handling and disposing of waste according to applicable regulatory 
requirements and best management practices 

• ensuring that third-party waste disposal sites used for project waste are 
provincially approved 
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10.5.2 MITIGATION MEASURES (cont’d) 

• developing and implementing fuel and chemical spill contingency and 
response plans 

• managing and remediating contaminated soils promptly 
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Section 11.1
 HSE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 HSE MANAGEMENT SYSTEM 

 
11.1.1 PURPOSE 

Shell implements a Health, Safety and Environment (HSE) Management System 
to achieve its health, safety and environmental objectives. The HSE Management 
System reflects Shell’s commitment to: 

• minimize any adverse impacts of its activities 

• safeguard the health, safety and environment of all employees, contractors 
and the public 

The HSE Management System for the existing Peace River Complex is based on 
Shell’s corporate management system and is ISO 14001 registered. The existing 
system will be modified, as required, to incorporate new aspects related to the 
Carmon Creek Project, including incorporating mitigation and monitoring 
measures resulting from the Carmon Creek Project’s EIA. Ongoing monitoring 
and continuous improvement of this system will provide an effective basis for 
adaptive management. 

Shell will seek to register the revised HSE Management System for project 
operations under ISO 14001. 

11.1.2 KEY COMPONENTS 

Key components of Shell’s HSE Management System include: 

• leadership and commitment 
• policy and objectives 
• organization, responsibilities and resources 
• competencies 
• standards 
• hazards and effects management 
• planning, procedures and practices 
• implementation, corrective action and performance reporting 
• audit management 
• management review 
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11.1.3 LEADERSHIP AND COMMITMENT 

Managers and supervisors will demonstrate their commitment to HSE by: 

• setting a good example in their own HSE performance and activities 

• supporting and communicating Shell’s HSE Management System and HSE 
policy and standards 

• placing a high priority on HSE in planning and executing all projects, 
operations and other business activities 

• promoting HSE within Shell and externally 

• participating in HSE inspections, audits and meetings 

• participating in emergency response training and exercises 

• demonstrating a personal interest in incidents 

11.1.4 POLICY AND OBJECTIVES 

Shell believes that the management of HSE is integral to its operations. This 
requires commitment and leadership from management to communicate the 
importance of HSE performance and to ensure that the plans and resources 
needed are provided to meet HSE objectives. 

The commitment to HSE management for the Carmon Creek Project is based on 
the HSE policy that is applied to Peace River operations. 

In support of the HSE policy and the commitment to sustainable development, 
the Carmon Creek Project will develop business site-specific HSE objectives that 
are based on Shell’s corporate objectives. 

HSE objectives are reviewed annually and the results of the review are recorded. 
When establishing and reviewing the objectives, the following are considered:  

• HSE performance 
• existing and emerging legislation 
• industry initiatives 
• major hazards 
• significant environmental aspects 
• technological options 
• views of interested parties 
• financial, operational and business requirements 
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11.1.5 ORGANIZATION, RESPONSIBILITIES AND RESOURCES 

Shell’s HSE Management System sets out the organizational structure, roles and 
responsibilities for: 

• senior management, who: 

• provide the resources, including a trained, competent workforce, and 
develop an organization to put the HSE policy into effect 

• approve HSE objectives, targets and plans 

• review the HSE performance of their organizations, and of individuals 
within their organizations, against set targets and objectives 

• demonstrate visible leadership and commitment to HSE and the HSE 
Management System 

• ensure that HSE audit findings are addressed 

• middle management and line supervisors, who: 

• set business function objectives and targets, and develop plans to meet 
them 

• provide the necessary financial and staff resources to carry out the plans 

• develop the required competencies of their staff 

• ensure that contractors have appropriate HSE programs in place 

• implement the HSE standards relevant to their operation 

• monitor HSE performance and take corrective action 

• provide visible leadership and commitment to HSE and the HSE 
Management System 

• workers (employees and contractors), who: 

• identify, report and avoid unsafe or environmentally damaging activities 
and conditions 

• understand and adhere to the HSE standards, procedures and rules 
applicable to their work 

• work with supervisors and management to identify and develop the skills 
required to do the work 

• recognize how their role and activities can affect the environment and the 
health and safety of themselves and others 
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11.1.6 COMPETENCIES 

The ability to implement and maintain management systems depends on the 
competency of each person working on the project, including contractors’ 
employees. 

Competency will be maintained by: 

• assessing the skills required for each work position 

• selecting candidates who meet, or exceed, the minimum skill set for the work 
positions 

• orienting new or transferred personnel to the operation 

• evaluating HSE critical skills and competencies continuously, and providing 
refresher courses or advanced training, where required 

Supervisors are responsible for identifying, monitoring and supporting staff 
training. 

11.1.7 STANDARDS 

The development, maintenance and compliance monitoring of HSE standards is 
another important part of Shell’s HSE Management System. These standards 
include: 

• leadership and administration 
• regulatory requirements 
• hazards control 
• health and safety protection 
• environmental management 
• emergency preparedness 
• contractor HSE performance 
• safety for office staff 
• driving safety 
• aviation safety 
• security measures 

Shell’s HSE standards also reflect industry standards and practices. 

11.1.8 HAZARDS AND EFFECTS MANAGEMENT 

Shell requires that hazards and effects management be incorporated into its 
business. The four basic steps of hazards and effects management are to: 

1. Identify 
2. Assess 
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3. Control 
4. Recover 

These steps are inherent in many existing HSE processes and activities. Hazards 
and effects management involves assessing HSE effects on: 

• people 
• the environment 
• assets over the life cycle of the activity 
• company reputation 

This assessment is particularly important to enable the appropriate controls to be 
developed and implemented to manage or avoid the hazard or significant 
environmental impact. 

HSE assessments are the primary tool used for identifying and assessing hazards 
and effects management. HSE assessments consider HSE hazards and other 
environmental aspects. 

11.1.9 PLANNING, PROCEDURES AND PRACTICES 

Plans for achieving HSE objectives and targets are integrated into business plans 
and have assigned responsibilities. They include considering existing operations, 
management of change, asset integrity and resources required for implementing 
the HSE Management System and relevant performance criteria. 

Documented procedures or practices are prepared and communicated to staff for: 

• activities requiring written procedures for compliance with relevant HSE 
standards, legislation or performance criteria 

• activities that have potential for significant adverse HSE consequences if 
performed incorrectly 

• incidents and emergencies  

• other activities where new hazards are identified 

11.1.10 IMPLEMENTATION, CORRECTIVE ACTION AND PERFORMANCE REPORTING 

11.1.10.1 Implementation 

Implementing and operating the HSE Management System includes: 

• defining and documenting roles, responsibilities and authorities, and 
communicating them to facilitate effective HSE management 
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11.1.10.1 Implementation (cont’d) 

• providing appropriate awareness and competency training for personnel 
whose work might affect the HSE of project personnel and those affected by 
project activities 

• developing procedures: 

• for internal and external communication 

• to identify the potential for, and the response to, incidents and 
emergencies, and to prevent and reduce the impact that might be 
associated with them 

• developing documentation of the core elements of the management system 

• developing document control procedures to ensure that documents related to 
the HSE Management System can be located and are periodically reviewed, 
revised, as necessary, and approved 

• developing documented operating procedures for the operations and 
activities that have significant HSE aspects, as determined by hazard and risk 
assessments 

11.1.10.2 Corrective Action and Performance Reporting 

Corrective action and performance reporting include: 

• monitoring, measuring and regularly recording key characteristics of 
operations and activities that can have a significant effect on health, safety 
and the environment 

• managing changes to operations if monitoring indicates unpredicted effects 
from the project 

• defining responsibilities and authorities for handling and investigating non-
conformance, and carrying out corrective and preventive action 

• handling and maintaining records, such as those related to training and the 
results of audits and reviews 

• communicating significant HSE lessons learned within its organization and 
more broadly, if appropriate 

11.1.11 AUDIT MANAGEMENT 

An audit program will be in place to: 

• monitor the: 
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• effectiveness and degree of implementation of the HSE Management 
System 

• effectiveness in fulfilling the HSE policy, objectives, targets and 
performance criteria 

• management of compliance with relevant standards and procedures, and 
legislation 

• identify areas for improvement 

The audit program will include self-assessments and external audits that will be 
conducted on established frequencies during the project. 

11.1.12 MANAGEMENT REVIEW 

At intervals determined by senior management, the HSE Management System 
will be reviewed to ensure its continuing suitability, adequacy and effectiveness. 
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 HSE MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 EMERGENCY RESPONSE PLANS 

 
11.2.1 SCOPE OF PLANS 

11.2.1.1 Revised Peace River Complex Emergency Response Plan 

As part of the HSE Management System, an emergency preparedness and 
response plan will be developed and maintained for significant site hazards. The 
existing Peace River Complex Emergency Response Plan, approved by the 
ERCB, will be modified to include a bridging paragraph, which will identify the 
operational aspects of the Carmon Creek Project, including commissioning, start-
up and operations. The revised Emergency Response Plan will be submitted to 
the ERCB for approval and provided to other regulatory agencies and 
stakeholders, as appropriate. 

11.2.1.2 Construction Emergency Response Plan 

A specific Construction Emergency Response Plan (ERP) will be developed for 
the Carmon Creek Project before construction begins. The plan will be based on 
the hazards and potential consequences of emergency scenarios and will include 
preplanned procedures that will help project staff to respond to an emergency 
effectively. The plan will be updated as the project proceeds and as new risks are 
identified. 

The Construction ERP will include: 

• a bridging statement describing the relationship of the Construction ERP to 
the Peace River Complex ERP 

• a list of key emergency response contacts 

• the 24-hour contact telephone number that will initiate immediate emergency 
response actions 

• a communications plan that addresses the process for: 

• communication between the response team, support services, 
government and media 

• standing-down from emergencies 

• the process for establishing an incident management team 
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11.2.1.2 Construction Emergency Response Plan (cont’d) 

• the roles and responsibilities of the incident management team 

• a bridging document or instructions outlining what emergency actions and 
communications will be taken between the construction contractors and 
subcontractors and Shell contacts if an emergency occurs 

• instructions for activating the reception centre, if appropriate to the 
emergency 

• containment and recovery strategies 

• maps and site diagrams 

• equipment lists 

• information on specialized training needs 

11.2.2 INCIDENT COMMAND SYSTEM 

The Carmon Creek Emergency Response Plan and Construction Emergency 
Response Plan will be modelled on the Incident Command System (ICS), which 
is part of the existing emergency response plan for the Peace River Complex. The 
ICS is an organizational system for achieving an effective and orderly response 
to an incident. If an incident occurs on the project site at any time, an incident 
commander will immediately assume overall responsibility for coordinating the 
response. 

The ICS is designed to work for small incidents where a single individual can 
oversee the entire operation, and for larger, more complex incidents where 
several trained specialists are required to form the emergency response team. The 
value of this approach is that it incorporates emergency response roles and a 
management process that is used internationally and is constantly upgraded with 
lessons learned from similar situations. 

11.2.3 HAZARD AND RISK ASSESSMENTS 

Shell’s hazard and effects management process (HEMP) will be applied to the 
project. HEMP sets out an elaborate project HSE plan, including risk assessment 
tools that will be applied throughout the life of the project. 

A register of hazards and associated risks will be developed for the project. The 
register will be used to evaluate hazards and risks, and ensure that controls to 
manage them to a level that is as low as reasonably practicable (ALARP) are in 
place. The hazards and risks assessment will determine the specific emergency 
response plans that are required for the project. 
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11.2.4 EMERGENCY RESPONSE RESOURCES 

Resources for responding to incidents include: 

• an on-site emergency response team 
• on-site emergency facilities and equipment, such as: 

• medical support 
• medical support services for emergencies  

• spill containment, recovery and cleanup material 
• off-site emergency support resources 

11.2.4.1 On-Site Emergency Response Team 

Members of the on-site emergency response teams for construction and 
operations will be trained in: 

• first intervention firefighting skills 
• spill control and cleanup 
• rescue 
• first aid and CPR 

Responsibilities will be defined to ensure that the appropriate personnel will be 
involved in the response for each incident and in determining the: 

• threat to life, safety, environment, assets and company reputation 

• potential effects from the incident, i.e., hazard identification 

• the incident classification, i.e., whether the incident is an alert or a Level 1, 2 
or 3 emergency 

• control and containment measures to be used 

• required monitoring and remediation 

• specific reporting and documentation requirements 

11.2.4.2 Medical Support 

During construction, first-aid stations, an emergency medical response vehicle 
and supporting offices for emergency response personnel will be provided. 
During construction and ongoing operations, first-aid services, supplies and 
equipment will be provided according to the Alberta Occupational Health and 
Safety Code requirements. 
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11.2.4.3 Medical Support Services for Emergencies 

In addition to providing first aid and medical treatment, appropriate support 
services will be in place during construction and operations to respond to 
emergencies requiring medical evacuation (medevac). 

11.2.4.4 Spill Containment, Recovery and Cleanup Material 

An inventory of spill containment, recovery cleanup material and equipment will 
be maintained. Cleanup supply stations with appropriate cleanup material, 
including absorbents, will be strategically located throughout the site to support a 
quick response to spills. Spill cleanup supply stations will be clearly marked, and 
on-site personnel will be trained to use the supplies effectively. 

11.2.4.5 Off-Site Emergency Support Resources 

The site-specific Construction Emergency Response Plan will identify external 
support resources and will be supported by Shell’s Peace River personnel and the 
Shell Crisis Management Plan and resources. Shell also plans to have, as 
appropriate, mutual aid agreements or other local emergency service support 
arrangements in place before construction begins. 

11.2.5 LEVELS OF EMERGENCY 

11.2.5.1 Classifying and Communicating Incident Levels 

Shell uses the ERCB Assessment Matrix for Classifying Incidents to classify and 
communicate incident levels in a consistent manner to the ERCB, local 
authorities, Alberta Health and other government agencies. Shell will include all 
information within ERCB Directive 071, Emergency Preparedness and Response 
Requirements for the Petroleum Industry, Appendix 4, Assessment Matrix for 
Classifying Incidents, Tables 1, 2, 3 and 4. 

Within the Construction Emergency Response Plan, Shell will define appropriate 
actions, including public protection measures that will be taken for each level of 
emergency. 

11.2.5.2 Alert 

An alert is an incident that can be handled on site by Shell through normal 
operating procedures and is considered to be very low risk to the public. 

11.2.5.3 Level 1 Emergency 

A Level 1 emergency is one where there is: 

• no danger outside Shell’s property 
• no threat to the public 
• minimal environmental impact 
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A Level 1 emergency can be handled entirely by Shell personnel. These are 
incidents where the: 

• hazard can be immediately controlled 
• media have little or no interest in the incident 

11.2.5.4 Level 2 Emergency 

A Level 2 emergency is one where there is no immediate danger outside Shell’s 
property, but where there is the potential for the emergency to extend beyond 
Shell’s property. If a Level 2 Emergency occurs, outside agencies must be 
notified. 

A Level 2 emergency is one in which imminent control of the hazard is probable, 
but which poses a moderate threat to the public or the environment. There might 
be local and regional media interest in the event. 

11.2.5.5 Level 3 Emergency 

A Level 3 emergency is one where the safety of the public is in jeopardy from a 
major uncontrolled hazard. 

A Level 3 emergency is an incident which: 

• has likely significant and ongoing environmental impacts 

• requires immediate multi-agency, municipal and provincial government 
involvement 

11.2.6 INITIAL RESPONSE ASSESSMENT 

An assessment of the potential and actual HSE effects of an incident will be an 
integral part of the initial response. Within the limits of safe operations, the first 
responders will take immediate steps to: 

• attend to any medical emergencies 
• limit the scale of the emergency 
• identify the resources required for containment and recovery 

Individual competency training and clear accountabilities, coupled with 
emergency response plans, will provide the framework for a quick and 
appropriate response to prevent, contain and limit any adverse effects. 

11.2.7 POTENTIAL EMERGENCY INCIDENTS 

Emergency response plans, resources and trained personnel will be in place to 
execute responses appropriate to potential emergency incidents. The plans will 
provide structure and guidance for responding to such incidents as: 
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11.2.7 POTENTIAL EMERGENCY INCIDENTS (cont’d) 

• spills and emissions 
• fires 
• floods 
• loss of containment 

Medical emergencies, both non-occupational and occupational, including site or 
hazard-specific injuries and illnesses, will be incorporated into the emergency 
response plans and procedures. 

11.2.7.1 Spills and Emissions 

The facilities will be designed, constructed, operated and maintained to prevent 
or reduce to ALARP the potential for releasing substances that might adversely 
affect health, safety or the environment. If spills or emissions occur, they will be 
reported according to the applicable corporate standards and regulatory 
requirements. 

For incidents that have, or are likely to have, an off-site impact, appropriate 
notification will be given to key community, government and industrial contacts. 
Notification decisions will be based on regulatory requirements and potential 
effects, and on the information available. 

Currently, Peace River operations staff maintain a spill reporting program that 
requires that spills be reported internally, regardless of the regulatory spill 
reporting limits. Any spills or emissions that exceed a regulatory reporting limit 
are reported to the appropriate regulatory agency. The existing spill tracking and 
reporting program will be revised to include the construction and operation of the 
Carmon Creek Project. 

11.2.7.2 Fire Prevention and Control 

The two major fire risks identified for the project are: 

• the project as a source of fire 
• a wildfire affecting the project 

Project as a Source of Fire 

The design, construction and operation of the facilities will be based on 
prevention, control and mitigation, and preparedness for hazardous situations and 
incidents, including fires and explosions. Suspected and confirmed fires or 
explosions will be managed according to the Construction Emergency Response 
Plan. A detailed plan for fire and explosion hazard identification and 
management will be developed and implemented as part of the project’s HEMP 
process. 



 

 Section 11.2
HSE MANAGEMENT EMERGENCY RESPONSE PLANS 

 

November 2009 Shell Canada Limited 11-15 
CR027   

Wildfires Affecting the Project 

Maintenance procedures and guidelines are in place to protect against wildfire 
damage. Alberta Sustainable Resource Development’s (ASRD’s) FireSmart 
Wildfire Hazard Assessment System has been applied to the project to assess the 
structures and the surrounding area for wildfire hazards. The structure and site, 
defined as the area within 30 m of buildings and facilities, is considered to have a 
low hazard level. The area hazard level, defined as the area between 30 m and 
100 m from buildings and facilities, is considered to have a moderate hazard 
level. 

Using the principles outlined in the ASRD’s FireSmart Wildfire Hazard 
Assessment System, the project will include measures to reduce the potential risk 
to the project from a wildfire, as well as reducing the risks of causing a wildfire. 
These measures include: 

• separating trees physically from thermal heat sources and combustibles 
• controlling ignition sources 
• minimizing the use of combustible building materials 
• providing tree-free transmission line rights-of-way 
• designing and operating the flare appropriately 
• insulating and maintaining above-ground pipelines to reduce the risk of fire 

from hot, exposed lines near vegetation 

Shell will assess the areas surrounding the project footprint before and during 
project construction. Any issues related to forest management, including the 
presence of vegetation or ladder fuels that present an increased risk of wildfires, 
and that are identified outside of the project’s footprint, will be communicated to 
the forest management agreement leaseholder and land manager for mitigation. 

11.2.7.3 Flood Management 

Historically, flooding has only affected Shell’s river water treatment plant on the 
bank of the Peace River. This facility has survived several floods with minimal 
damage. Shell has a flood mitigation procedure in place and, on short notice, is 
able to disconnect power sources and remove equipment that is sensitive to 
flooding. Engineering designs for the current river water treatment plant and the 
proposed settling ponds include provisions for the expected maximum flood 
conditions, such as using berms around the perimeter of the settling ponds. 

The land around both CPFs and the well pads includes poorly drained soils and 
wetlands. Engineering considerations have been included in the design of the 
CPFs, well pads and roads to accommodate the natural drainage patterns and to 
prevent localized flooding. During operations, ditches and culverts will be 
maintained and beaver activity will be monitored to accommodate localized 
surface water flows. 
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11.2.7.4 Loss of Containment 

Peace River Complex Asset Integrity Management Plan 

The Carmon Creek Project team will develop its own Asset Integrity 
Management Plan, using the existing Peace River Complex Asset Integrity 
Management Plan as a key reference. The Carmon Creek Project Asset Integrity 
Management Plan will be used during operations and will be continuously 
updated as field development progresses. The Asset Integrity Management Plan 
covers subsurface and surface equipment and facilities, and will include: 

• a Downhole Integrity Plan 
• a Field Facilities Inspection Plan 
• a Maintenance Integrity Plan 
• a Corrosion Control Manual 

Casing Integrity 

Casing integrity alarms have been developed to monitor the wells for casing 
failures that could contaminate uphole aquifers as a result of steam being injected 
into the formation. 

The alarms will be activated by a sudden drop in casing pressure, indicating a 
change in a well’s steam injection capability or injectivity, which could cause a 
casing breach. The alarms will only be active when a well is on steam injection 
and the steam injection rate is: 

• constant or increasing 
• above 100 t/d 

Gas Containment 

Shell will identify and evaluate fire, explosion and toxic release scenarios, using 
the HEMP process. Risk reduction measures, including equipment and 
procedural measures, will be incorporated to reduce risks to ALARP. 

Detailed response plans for gas releases associated with pipeline or equipment 
leaks or ruptures are currently in place for the Peace River Complex. Versions of 
these plans will be developed for the Carmon Creek Project, and applied 
specifically for natural gas handling, gas treating and acid gas compression and 
disposal. The containment response plans will include information on: 

• fire and gas detection systems 
• process shutdown systems 
• emergency shutdown systems 
• emergency depressurization systems 
• pipeline sectionalizing valves, as required 
• emergency response procedures, as required 
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Section 12.1
 ENVIRONMENTAL MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 INTRODUCTION 

 
12.1.1 SCOPE 

This section presents the environmental management plans for the project. 

For information on the water management strategy, see Section 13, Water 
Management Plan.  

12.1.2 MANAGEMENT APPROACH 

Design features and mitigation measures have been incorporated into the project 
to prevent or reduce potential environmental impacts. Shell has developed 
specific environmental management plans for the existing Peace River Complex. 
These plans, which will be updated and applied to the project, are based on: 

• regulatory requirements 
• operational knowledge 
• best management practices 
• stakeholder input 
• recommendations identified through the EIA process 

For Shell’s HSE Management System, see Section 11.1. 



 

 Section 12.1
ENVIRONMENTAL MANAGEMENT INTRODUCTION 

 

12-2 Shell Canada Limited November 2009 
   CR027 

 



November 2009 Shell Canada Limited 12-3 
CR027   

 

 
 

Section 12.2
 ENVIRONMENTAL MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 AIR QUALITY AND NOISE 

 
12.2.1 AIR QUALITY 

12.2.1.1 Sources of Air Emissions 

Table 12-1 lists the expected point sources of air emissions from the project. 

12.2.1.2 Air Emission Management 

The following air emission management features have been incorporated into the 
project design: 

• sulphur recovery from produced gas 
• casing vent gas recovery 
• vapour recovery on tanks and process vessels in sour service 
• reduced flaring 
• low NOx burners for steam generators and cogeneration units 
• leak detection and repair systems 
• mitigation and monitoring 

Sulphur Recovery 

Shell evaluated several sulphur recovery technologies for the project. A 
conventional amine treating unit with acid gas injection was selected as the most 
suitable gas treating process because it: 

• has fewer chemicals to manage and transport than other options 

• has well-established health, safety and environmental controls associated 
with it 

• offers ease of sulphur handling via an acid gas disposal pipeline system 

• does not require solid or liquid sulphur products to be stored on site 

Sulphur will be removed from produced gas through the amine treating unit and 
injected into a suitable geologic formation. Using an amine treating unit will 
ensure that the project’s total sulphur emissions meet the requirements for 
recovering sulphur at processing facilities, as outlined in ERCB ID 2001-3, 
Sulphur Recovery Guidelines for the Province of Alberta. 
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Table 12-1: Air Emission Sources from the Project 

Location Coordinates Stack Parameters 

Source 
Model 

ID 

Fuel 
Input 
(MW) 

X 
(m) 

Y 
(m) 

Z 
(m) 

Height
(m) 

Diameter 
(m) 

Velocity
(m/s) 

Temp
(K) 

CPF 1          
Flare stack S01 N/A 516,321 6,247,840 652 40.37 0.76 2.6 2273 
Cogenerator 1 * S02 784.9 515,899 6,248,083 637 36.0 7.000 16.5 407 
Once-through steam 
generator (A) S03A 92.3 515,869 6,248,020 637 33.0 1.700 22.0 424 

Once-through steam 
generator (B) S03B 92.3 515,884 6,248,020 638 33.0 1.700 22.0 424 

Glycol heater (A) S04A 19.3 516,199 6,247,986 647 42.8 1.690 5.63 520 
Glycol heater (B) S04B 19.3 516,199 6,247,995 648 42.8 1.690 5.6 520 
Dryer vent S06 2.4 516,128 6,247,790 648 15.9 0.760 16.5 393 
Emergency generator S09A 3.0 515,770 6,248,029 635 4.72 0.200 133.0 797 
Emergency generator S09B 3.0 516,118 6,248,080 644 4.72 0.200 133.0 797 
Emergency generator S09C 4.1 516,195 6,247,931 649 4.72 0.200 177.0 777 
Emergency generator S09D 4.1 516,195 6,247,871 650 4.72 0.200 177.0 777 
Fire water pump S10A 0.7 516,299 6,248,181 643 2.89 0.200 33.4 729 
Fire water pump S10B 0.7 516,308 6,248,181 645 2.89 0.200 33.4 729 
CPF 2          
Flare stack S11 N/A 516,320 6,247,437 652 40.37 0.76 2.6 2273 
Cogenerator 2 * S12A 784.9 515,899 6,248,173 636 36.0 7.000 16.5 407 
Cogenerator 3 * S12B 784.9 515,899 6,248,239 634 36.0 7.000 16.5 407 
Glycol heater (A) S13A 19.3 516,199 6,247,583 649 42.8 1.690 5.6 520 
Glycol heater (B) S13B 19.3 516,199 6,247,592 649 42.8 1.690 5.6 520 
Dryer vent S15 2.4 516,128 6,247,387 649 15.9 0.760 16.5 393 
Emergency generator S18A 3.0 515,897 6,248,130 636 4.72 0.200 133.0 797 
Emergency generator S18B 3.0 516,027 6,247,702 648 4.72 0.200 133.0 797 
Emergency generator S18C 4.1 516,195 6,247,528 649 4.72 0.200 177.0 777 
Emergency generator S18D 4.1 516,195 6,247,468 649 4.72 0.200 177.0 777 
Fire water pump S19A 0.7 516,299 6,248,238 644 2.89 0.200 33.4 729 
Fire water pump S19B 0.7 516,307 6,248,238 643 2.89 0.200 33.4 729 
Note: Input rating for cogeneration units represents the combined input for the turbine and heat-recovery steam 

generator. 
 N/A – not applicable. 

Casing Vent Gas Recovery 

In the initial portion of the bitumen production cycle (flowback following steam 
injection), produced gases will be entrained within the fluid phase and will be 
sent to the CPFs with the produced bitumen and water in the group production 
line. After initial flowback, during the rod production phase on well pads, casing 
gases will be compressed and injected into the group production line. 

Produced gas will be separated at the CPFs, sweetened to remove sulphur 
compounds, and used to supplement the fuel gas supply. 
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Vapour Recovery 

Each CPF will have a vapour recovery unit that will collect and compress gases 
from tanks and other process vessels that contain sour or hydrocarbon products. 
The collected vapours will be used as fuel gas. During normal operations, the 
vapour recovery unit will reduce low-pressure tank venting and emissions and 
increase the project’s overall efficiency by collecting and using produced gases. 

Shell will follow the Canadian Council of Ministers of the Environment 
(CCME): 

• Code of Practice for Measurement and Control of Fugitive VOC Emissions 
from Equipment Leaks 

• Environmental Guidelines for Controlling Emissions of Volatile Organic 
Compounds from Above Ground Storage Tanks 

Reduced Flaring 

During start-up, shutdown and process upsets, controlled flaring might be 
required. 

No flaring will occur during normal operations, although a continuous pilot flame 
will be required for safety purposes. Proper design and maintenance of the flare 
system will ensure high combustion efficiencies. Facility flares will be designed 
according to ERCB Directive 060, Upstream Petroleum Industry Flaring, 
Incinerating, and Venting. 

Two levels of plant emergency shutdown will be implemented to reduce flaring 
events: 

• the first emergency shutdown level will isolate the process without 
depressurization 

• the second emergency shutdown level will depressurize the affected area of 
the plant, and subsequent flaring will be implemented 

12.2.1.3 Low NOx Burners 

Shell will install steam generators and cogeneration units with low NOx burners. 
As part of the project’s air emissions management program, Shell will meet 
applicable emission guidelines for cogeneration units and steam generators, 
including: 

• AENV’s NOx standard for new gas-fired cogeneration power plants, Alberta 
Air Emission Standards for Electricity Generation, 2006 

• the CCME’s: 

• National Emission Guidelines for Stationary Combustion Turbines, 1992 

• National Emission Guideline for Commercial/Industrial Boilers and 
Heaters, 1998 
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12.2.1.4 Leak Detection and Repair 

Shell plans to develop a leak detection and repair program for the Carmon Creek 
CPFs. This will include a leak detection and repair program for equipment, such 
as pumps, compressors, valves and flanges, to reduce fugitive emissions. This 
program will monitor, measure and control fugitive emissions from project 
equipment, according to the Canadian Association of Petroleum Producers’ 
Management of Fugitive Emissions at Upstream Oil and Gas Facilities. 

12.2.1.5 Mitigation and Monitoring 

Currently, the Peace River Complex undertakes ambient air monitoring and stack 
testing in compliance with the EPEA Approval 1642-01-00. Sulphur recovery 
equipment will be installed at the project to meet ERCB ID 2001-3 requirements. 
Shell will, as appropriate, implement dust suppression measures, such as 
spraying roads within the project area. 

For further information on air quality, see EIA Volume IIA. 

12.2.2 NOISE MANAGEMENT 

Shell will finalize noise reduction mitigation measures during detailed design to 
reduce the noise levels of the facilities. Noise mitigation measures near cabins 
could include: 

• limiting the use of emergency back-up diesel generators to times when grid 
power is unavailable 

• working with affected cabin owners to resolve noise concerns 

• relocating the cabins to quieter areas 

For further information on the noise assessment, see EIA Volume IIA. 
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Section 12.3
 ENVIRONMENTAL MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 GREENHOUSE GAS MANAGEMENT 

 
12.3.1 CLIMATE CHANGE PRINCIPLES 

Shell shares the global concern about greenhouse gas emissions into the 
atmosphere and climate change. Given the global nature of the challenge posed 
by climate change, Shell is working in Canada and internationally to reduce 
greenhouse gas emissions from its energy developments. 

The project is being designed with multiple measures to limit greenhouse gas 
emissions. If the project is approved, Shell will comply with all applicable 
provincial and federal legislation regarding greenhouse gas emissions. 

Shell’s principles for managing greenhouse gas emissions are to: 

• address direct emissions from facilities under its operational control, and 
indirect emissions from purchased power  

• review existing and anticipated government regulations and industry 
standards considering stakeholder input and monitoring trends in technology 
policy and other factors  

• include a cost of carbon in evaluating all significant growth projects 

Shell’s greenhouse gas management principles will be applied throughout the 
design of the project plan. This plan integrates several greenhouse gas abatement 
measures, including: 

• heat integration 
• cogeneration  
• acid gas sequestration 

12.3.2 GREENHOUSE GAS MANAGEMENT ACTIVITIES 

In keeping with these principles, Shell is working to reduce its overall global and 
Canadian greenhouse gas emissions through numerous initiatives. These include: 

• increasing the efficiency of its operations 

• continuing to research and develop technologies that increase efficiency and 
reduce emissions in hydrocarbon production 
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12.3.2 GREENHOUSE GAS MANAGEMENT ACTIVITIES (cont’d) 

• establishing a substantial capability in carbon dioxide capture and storage 
(CCS) 

• investing in the development of multiple second-generation biofuel 
technologies 

• helping manage energy demand by growing the market for products and 
services, such as fuel economy formulations for its gasoline and high-
efficiency lubricants that help millions of retail and commercial customers 
use less energy and emit less CO2 

Internationally, Shell is developing CCS projects in Australia (Gorgon), the 
Netherlands (Barendrecht), and Germany (CO2Sink). 

In Canada, Shell is: 

• testing CCS feasibility near the Shell Scotford Complex (Shell Quest Project) 
in Fort Saskatchewan, Alberta 

• sponsoring a CCS project in Weyburn, Saskatchewan  

• participating as a member of numerous consortia involving research 
institutes, industry and governments, including: 

• the Alberta Saline Aquifer Project 

• the Heartland Area Redwater Project 

• the Petroleum Technology Alliance Canada’s Technology for Emission 
Reduction and Eco-Efficiency Committee 

• developing low-CO2 sources of energy, including natural gas, wind, and low-
CO2 fuel options. For example, Shell is one of the largest distributors of first-
generation biofuels and is investing in companies, such as IOGEN 
Corporation, which are developing second-generation biofuels that offer 
significant CO2 benefits without competing with food crops 

12.3.3 ESTIMATED PROJECT GREENHOUSE GAS EMISSIONS 

12.3.3.1 Annual and Total Greenhouse Gas Emissions 

The estimated total greenhouse gas emissions over the life of the project will be 
about 100 Mt of CO2e. On average, the annual greenhouse gas emissions are 
estimated at 2.9 Mt. Based on current factors for calculating greenhouse gas 
emissions for facilities that are subject to Alberta’s Specified Gas Emitters 
Regulation (SGER), the inclusion of cogeneration and sale of electricity to the 
grid reduces the amount of greenhouse gas emissions allocated to bitumen 
production by 51 Mt over its lifetime. 
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12.3.3.2 Marginal Contribution of Greenhouse Gas Emissions 

If the project had been in operation in 2007, its average marginal contribution to 
total provincial and national greenhouse gas emissions on an annual basis would 
have been: 

• 1.17% of Alberta’s total greenhouse gas emissions in 2007, according to 
Environment Canada’s National Inventory Report, 1990-2007; Greenhouse 
Gas Sources and Sinks in Canada, Annex 10: Provincial/Territorial Analysis, 
Section A10.9 Alberta, which is available at:  
http://www.ec.gc.ca/pdb/ghg/inventory_e.cfm 

• 0.39% of Canada’s total greenhouse gas emissions in 2007, according to 
Environment Canada’s Canada’s 2007 Greenhouse Gas Inventory – A 
Summary of Trends, April 2009, prepared in accordance with Canada’s 
reporting obligations under the United Nations Framework Convention on 
Climate Change (UNFCCC), which is available at:  
http://www.ec.gc.ca/pdb/ghg/inventory_report/2007/som-sum_eng.pdf  

12.3.3.3 Emissions Intensity 

The project’s development will have a total direct emission intensity of about 
0.728 t CO2e/m3 (0.116 t CO2e/bbl) of bitumen. In addition, after applying the 
power export adjustment for cogeneration currently included under the SGER, 
the estimated intensity of greenhouse gas emissions for the produced bitumen is 
reduced to about 0.359 t CO2e/m3 (0.057 t CO2e/bbl). 

In 2006, according to the Alberta Environment Report on 2006 Greenhouse Gas 
Emissions and Alberta Department of Energy’s Alberta’s Oil Sands 2006, the 
calculated greenhouse gas emissions performance for the following Alberta 
operations were: 

• Canadian Natural Resources Limited (CNRL) combined Wolf Lake and 
Primrose operations = 0.642 t CO2e/m3 (0.102 t CO2e/bbl) 

• Imperial’s Cold Lake operations = 0.522 t CO2e/m3 (0.083 t CO2e/bbl) 

• Petro-Canada’s MacKay River operations = 0.717 t CO2e/m3 (0.114 t 
CO2e/bbl) 

• EnCana Corporation’s Foster Creek operations = 0.434 t CO2e/m3 (0.069 t 
CO2e/bbl) 

CNRL’s Wolf Lake and Primrose operations and Imperial’s Cold Lake 
operations represent two of the largest existing in situ operations in Alberta, and 
both use cyclic steam stimulation, a technique that will be partially applied at 
Carmon Creek to produce the resource. Petro-Canada’s MacKay River and 
Encana’s Foster Creek operations represent two of the largest SAGD operations 
in Alberta. The greenhouse gas intensity of these projects is largely driven by the 
unique geological characteristics of the resource. Subsurface conditions  
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12.3.3.3 Emissions Intensity (cont’d) 

determine the amount of steam required to extract the oil and the production of 
steam accounts for most of the greenhouse gas emissions from the operations. 

12.3.4 GREENHOUSE GAS REGULATORY FRAMEWORK 

12.3.4.1 Regulatory Compliance 

Shell monitors the development of greenhouse gas regulations, including 
available compliance options, and adapts its operations accordingly. Shell will 
comply with all provincial and federal legislation regarding greenhouse gas 
emissions in force and applicable to the project, if the project is approved. 

Implementing the project plan as designed under the previously referenced 
greenhouse gas management principles combined with the compliance options 
available under provincial greenhouse gas emissions legislation, will enable Shell 
to construct and operate the project according to all applicable regulatory 
requirements. 

12.3.4.2 Alberta Legislation 

Currently, the provincial Climate Change and Emissions Management Act 
(CCEMA) provides a statutory framework for managing climate change and 
greenhouse gas emissions in Alberta. Pursuant to CCEMA, Alberta enacted the 
Specified Gas Emitters Regulation (SGER), effective July 1, 2007. The SGER 
applies to facilities with direct emissions of over 100,000 t of CO2e in any year 
since 2003. The SGER requires new facilities to reduce the emission intensity of 
operations by 2% per year for five years, from a baseline amount established in 
the third year of commercial operations, based on the average of actual 
greenhouse gas intensities reported over the first three years of commercial 
operations. Four options exist to comply with the SGER prescribed greenhouse 
gas reduction requirements: 

• reduce the actual greenhouse gas emissions from facilities 

• pay into a technology fund at $15/t of CO2e 

• purchase performance credits from emitters that reduce their greenhouse gas 
emissions below their required reduction target 

• purchase provincially certified offset credits generated exclusively within 
Alberta 

Another CCEMA regulation, the Specified Gas Reporting Regulation (SGRR), 
governs greenhouse gas reporting. The SGRR applies to the same facilities as the 
SGER. The Carmon Creek Project will be subject to both the SGRR and the 
SGER. 
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12.3.4.3 Federal Legislation 

Currently, the federal government does not regulate greenhouse gas emission 
reductions. However, Shell closely monitors developments in this regard. Federal 
regulations do require that certain greenhouse gas emissions be reported, 
pursuant to Sections 46 and 71 of the Canadian Environmental Protection Act 
(CEPA). The project will be subject to these federal reporting requirements. 

12.3.5 EXISTING GREENHOUSE GAS EMISSIONS 

The existing Peace River Complex is subject to Alberta’s emissions management 
regime (SGER) and regulatory reporting regime (SGRR), and has reported 
greenhouse gas emissions to the federal government pursuant to requirements 
under CEPA, Section 46 and, since May 2008, under Section 71. Table 12-2 lists 
the total greenhouse gas emissions that have been reported for the Peace River 
Complex pursuant to the SGRR and CEPA. 

Under SGER, a baseline emissions intensity of 0.761 t CO2e/m3 (0.121 t of 
CO2e/bbl) of bitumen produced was established. This baseline represents the 
simple average of the actual greenhouse gas intensities reported under SGER for 
the initial three year period of 2003 to 2005. 

Table 12-2: Annual Greenhouse Gas Emissions for the Peace River Complex  

2003 
(kt) 

2004 
(kt) 

2005 
(kt) 

2006 
(kt) 

2007 
(kt) 

374 367 414 375 367 

12.3.6 PROJECT GREENHOUSE GAS MANAGEMENT PLAN 

12.3.6.1 Basis of Plan 

The greenhouse gas management plans for the Carmon Creek Project are based 
on the project reducing the amount of energy required, and the associated 
greenhouse gas emissions, by: 

• continuing to improve the efficiency of the thermal recovery process in the 
reservoir 

• implementing the results, where practicable, from a comprehensive heat 
integration study that reduced energy demand and improved the project’s 
overall energy efficiency 

• using gas-fired cogeneration to produce steam and electrical power. Fuel gas 
will be a mix of purchased natural gas and produced gas that has been treated 
to remove H2S. 

• using highly efficient F-class gas turbines in the cogeneration units 
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12.3.6.1 Basis of Plan (cont’d) 

• injecting acid gas from the project, which contains some of the CO2 and 
essentially all of the H2S from the production gas, into a deep saline 
formation that underlies Shell’s Peace River leases 

• undertaking engineering studies to determine if the CO2 that remains in 
produced gas after amine treating can be economically recovered, thereby 
increasing the amount of CO2 in the acid gas that is injected into the deep 
saline formation 

The project will also: 

• use tank vapour recovery systems to reduce the loss of methane and other 
hydrocarbon vapours to the atmosphere, in compliance with ERCB 
Directive 060, Upstream Petroleum Industry Flaring, Incinerating and 
Venting 

• be designed to eliminate continuous venting and flaring, other than for pilot 
and purge gases 

• recover and use produced low-pressure casing vent gas from the wellhead as 
boiler fuel via a dedicated casing vent gas pipeline network, instead of 
venting or flaring the gas 

• have a vapour recovery unit installed to capture and reuse small sources of 
low-pressure gas within the facility for use as boiler fuel, instead of flaring 
the gas 

Post start-up energy audits will be conducted and greenhouse gas emissions will 
be reported. The project’s performance will be benchmarked against performance 
data available from other operations. 

12.3.6.2 Heat Integration 

As part of the project design process, an evaluation of heat integration was 
conducted. The evaluation identified significant potential for improving energy 
efficiency through improved exchanger configuration and additional heat 
exchange surface in key areas. Optimization techniques were used to arrive at a 
configuration that closely approached the predicted theoretical minimum utility 
requirements, yet maintained an acceptable level of operational flexibility. 
Incorporating the results of the heat integration evaluation into the project design 
will reduce the greenhouse gas emissions from the project. 

The improvements in the project’s heat integration are predicted to result from: 

• using heat-integration modelling to optimize plant configurations and energy 
use 

• installing heat exchangers to recover energy from hot process streams 
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• optimizing piping systems to reduce pumping energy requirements 

• optimizing motor sizes 

• using variable-frequency motors and high-efficiency motors and generators, 
where appropriate 

• insulating equipment and piping to conserve energy 

12.3.6.3 Cogeneration Versus Boilers 

During the project design, a comparison was made between using cogeneration 
and boilers for steam generation. The large thermal load associated with steam 
generation makes the project a good candidate for cogeneration. However, direct 
emissions from the project will be higher with cogeneration than would be the 
case with conventional boilers, because of the additional energy required for 
power generation. A substantial amount of the total fuel can be attributed to 
power generation, resulting in a lower greenhouse gas intensity for bitumen 
production operations. 

Incorporating cogeneration into the project is expected to lower the emission 
intensity of generated steam by more than 20%. 

12.3.6.4 Acid Gas Injection Versus Sulphur Recovery 

The conventional approach for handling an acid gas stream such as this would be 
to feed the stream to a modified Claus plant to recover the sulphur, followed by 
disposal of the Claus tail gas via incineration, to ensure the almost complete 
destruction of any residual sulphur compounds. If this approach were used, the 
high ratio of CO2 to H2S would require additional fuel gas to be combusted in the 
Claus process to sustain temperatures that would support stable sulphur plant 
operation at reasonable sulphur recoveries. 

An alternative process, which involves injecting the acid gas stream into a deep 
saline formation underlying the Peace River lease, was also evaluated. This 
process was found to reduce CO2e emissions by a net amount of 2.5 Mt over the 
project life, compared to sulphur recovery through a conventional plant design 
using the Claus process. Consequently, the plan is to use acid gas injection as one 
of the methods of reducing the project’s greenhouse gas emissions. 
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Section 12.4
 ENVIRONMENTAL MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 ECOSYSTEM MANAGEMENT 

 
12.4.1 FOOTPRINT OPTIMIZATION 

The field layout assessed for the EIA was based on 95 well pads being developed 
for the project. The area of the well pads assessed in the EIA is considered a 
maximum to provide a conservative assessment of impacts and to address 
potential future modifications to the well pads. 

The footprint presented in the application is preliminary and final locations will 
be optimized, allowing for further reductions of environmental impacts. The final 
locations will be the subject of detailed predisturbance assessments that will be 
conducted according to EPEA approval requirements. The aspects that will be 
considered in finalizing the project’s footprint include: 

• existing disturbance 
• integrated land management 
• historic resources and traditional uses 
• wildlife 
• old growth forests 
• rare plant potential 
• waterbody buffer zones 

12.4.2 CONSERVATION AND RECLAMATION 

Shell has prepared a conceptual Conservation and Reclamation Plan for the 
project (see Section 14.6, Terrestrial Resources and EIA Volume IIC). 
Conservation and reclamation plans will be included with the site-specific 
predisturbance assessments. 

12.4.3 RESEARCH 

Shell supports several research initiatives within Alberta, including the Alberta 
Biodiversity Monitoring Program. Several other project-related research 
initiatives, also supported by Shell, are discussed in this topic. 

12.4.3.1 Wildlife Crossings 

Shell supported a research initiative into the interactions between large mammals 
and above-ground pipelines. The research project was conducted by the 
University of Calgary, using remote cameras to monitor wildlife activities, at and 
near above-ground pipeline crossings and along roadways. Shell is continuing 
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12.4.3.1 Wildlife Crossings (cont’d) 

this monitoring with a local trapper. Annual reports are completed and submitted 
to Alberta Sustainable Resource Development (ASRD) upon request. Figure 12-1 
illustrates the current wildlife crossing design used for Peace River operations.  

Information gained through this research will be applied to the placement and 
design of future wildlife crossings for the Carmon Creek Project. For further 
information on wildlife crossings, see Section 14.6, Terrestrial Resources and 
EIA Volume IIC. 

12.4.3.2 Herptile Habitat 

Shell is participating in a research project with the Alberta Conservation 
Association, Daishowa-Marubeni International Ltd. (DMI) and the Alberta 
Research Council on delineating herptile (amphibian and reptile) habitat. The 
research focuses on habitat along lesser watershed class features, such as 
intermittent creeks or ephemeral draws, within the DMI Forest Management 
Agreement. Shell is a contributing partner to this research, and study sites have 
been identified within the project area. This research program has also been 
expanded to include a radio-telemetry study on the western (boreal) toad to: 

• provide information on western toad movement patterns and habitat use in 
the area 

• determine if suitable habitat data can be collected for a habitat use model  

• develop potential habitat mitigation options 

12.4.3.3 Project Skeg 

Shell has partnered with ASRD, Southern Illinois University and Villanova 
University, Pennsylvania, to research best practices and establish scientific 
protocols for well pad reclamation in the peatland of Alberta’s boreal forests. 
Full implementation of the research program was initiated in May 2008 on two 
abandoned well pads next to the Peace River Complex. The research is designed 
to encourage the re-establishment of plants and peat accumulations that will 
support the production of an ecosystem consistent in quality and quantity to the 
predisturbed peatland. Results of this research initiative can be used to further 
develop peatland reclamation methods for the Carmon Creek Project. 

12.4.3.4 NAIT Boreal Forest Research Centre 

Shell is an active participant and contributing partner to the Northern Alberta 
Institute of Technology Boreal Forest Research Centre that identifies and 
advocates research, development and educational priorities of the boreal forest 
region of Alberta. In 2009, the Boreal Forest Research Centre formed a 
consortium of interested organizations that includes industry, government and 
academia to develop new reclamation methods for forested lands that require the 
re-establishment of native plant species. Shell currently funds the Boreal Forest 
Research Centre to research reclamation methods on Shell’s Peace River leases. 
Once the research program is completed, the results will be reviewed and will be 
considered for incorporation into future reclamation methods. 
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Section 12.5
 ENVIRONMENTAL MANAGEMENT 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 WASTEWATER MANAGEMENT 

 
12.5.1 PRODUCED WATER 

The produced water treatment system will be the primary component of the water 
management system for the project. The project’s target produced water use rate 
will be higher than 75%, based on an annual average (calendar year), excluding 
the start-up and initial operations. Waste effluent from water treatment processes 
and occasional off-specification produced water will be routed to a deep 
produced water disposal well. 

12.5.2 INDUSTRIAL RUNOFF 

The developed areas for each of the two CPFs will be contoured to direct surface 
runoff to industrial runoff ponds for containment. The industrial runoff ponds 
(one for each CPF) will include a compacted clay liner and will be designed for a 
1-in-50 year 24-hour storm. Collected industrial runoff will be recycled back to 
the water treatment system for reprocessing, to the greatest extent practicable. If 
industrial runoff must be discharged to the surrounding area, the collected water 
will be tested and released according to regulatory requirements. 

Shell plans to control surface water runoff from the well pads within the well pad 
boundary. A combination of berms and ditches will be used, as appropriate, to 
collect rain water and snow melt. Collected water will be tested and released if it 
meets the applicable regulatory standards for industrial runoff release. If the 
water does not meet the criteria for release, it will be treated at the CPF until it is 
suitable for release. 

12.5.3 BLOWDOWN POND 

One blowdown pond will be provided for both CPFs. This pond will receive 
blowdown water and steam from the boilers and cogeneration plants during start-
up. Water from the blowdown pond will be recycled and treated in the produced 
water treatment process to create boiler feedwater. 

12.5.4 CAMP WASTEWATER TREATMENT 

Camps will have separate potable water supply and sewage treatment facilities. 
No sewage lagoons will be constructed for the camps. Sewage from the drilling  
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12.5.4 CAMP WASTEWATER TREATMENT (cont’d) 

and completions camp and any temporary construction camp will be transported 
off lease by truck and disposed of by a third-party sewage handling company. 

The main construction camp will be operational for about two to three years 
during the construction of CPF 1 and for another two to three years during the 
construction of CPF 2. During this time, sewage from the main construction 
camp will be treated on-site in a sewage treatment plant. Effluent from the 
sewage treatment plant will be treated to meet AENV standards and will be 
dispersed in an above-ground field drainage system and will not be a point source 
discharge to the surrounding watershed. Treated biosolids from the sewage 
treatment plant will be removed periodically by truck and disposed of at an 
approved facility, or as otherwise approved by AENV. 

12.5.5 SEWAGE LAGOONS 

During operations, domestic wastewater will be treated in new sewage lagoons, 
which will be designed to evaporate the effluent. 

12.5.6 DRAINAGE AND SUMP SYSTEMS 

The drainage sumps in most process buildings will be rerouted to the slop oil 
treating system to ensure that: 

• any hydrocarbons in sewers or spilled within the process buildings are 
recovered 

• the water is recycled back through the process 

Contents of other sumps, such as glycol and amine building sumps, will either be 
recycled back to their respective systems or transported off site for appropriate 
disposal. 

12.5.7 MITIGATION AND MONITORING 

12.5.7.1 Approach 

Shell has committed to several design criteria and management practices that will 
minimize the impacts on water resources associated with the project. These 
include: 

• complying with applicable regulatory requirements, codes of practice and 
best management practices during project planning, construction and 
operation 
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• installing and operating all disposal wells according to ERCB Directive 051, 
Injection and Disposal Wells - Well Classifications, Completions, Logging, 
and Testing Requirements 

• incorporating requirements for spill and leak prevention practices during 
design, construction and operations, including:  

• using appropriate setbacks from watercourses and waterbodies for fuel 
and chemical storage sites 

• adhering to secondary containment requirements 

• managing surface water, including storm water and industrial runoff 

• ensuring that designs enable spills to be responded to, and cleaned up, 
promptly 

12.5.7.2 Monitoring Program 

The Peace River Complex has an environmental monitoring program that 
complies with the current EPEA and Water Act approvals for the existing 
operations. Shell plans to amend these existing programs, as appropriate, to 
incorporate additional requirements that might be prescribed in regulatory 
approvals associated with the Carmon Creek Project. 

For further information on water management monitoring see Section 13, Water 
Management Plan. For information on surface water quality, see Section 14.5, 
Aquatic Resources, and EIA Volume IIB. 
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Section 13.1
 WATER MANAGEMENT PLAN 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 INTRODUCTION 

 
13.1.1 WATER SOURCES 

Water use for steam generation is a fundamental requirement of the Carmon 
Creek Project. Shell is committed to using water resources appropriately and has 
considered water use in its development plans for the Carmon Creek facilities. 

The vertical steam drive subsurface technology proposed for use on many of the 
project wells will reduce the project’s water requirement because of the 
technology’s relatively high produced water recovery rates. Shell is also 
proposing to implement a produced water recycle system that includes a parallel 
warm lime softening and evaporative water treatment process to maximize 
produced water recycle, (see Section 6, Processing Facilities). 

Water used for steam generation at the Carmon Creek CPFs will be taken, in 
order of preference, from the following sources: 

1. Recycled produced water. 
2. Saline makeup groundwater. 
3. Fresh makeup river water. 

Most of the water used as steam generation feedwater will be recycled produced 
water. 

The primary source of makeup water for the steam generation facilities will be 
saline groundwater from the Paddy and Cadotte members of the Peace River 
Formation. This saline groundwater has total dissolved solids (TDS) greater than 
4,000 mg/L. Additional makeup water for the project will be supplied by CPF 
surface runoff and fresh water from the Peace River. 

Fresh water will be needed primarily during the initial start-up of the project and, 
to a lesser extent, throughout the life of the project. Shell has an existing water 
intake on the Peace River and an associated AENV Water Act diversion licence, 
both of which will cover any water withdrawal required from the Peace River for 
the Carmon Creek Project. Shell does not plan to seek additional diversion 
licences from the Peace River for the Carmon Creek Project. 

13.1.2 WATER MANAGEMENT OBJECTIVES 

The objectives of the Carmon Creek Water Management Plan are to: 
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13.1.2 WATER MANAGEMENT OBJECTIVES (cont’d) 

• ensure that a reliable supply of water, at the required quality, is available to 
meet the project’s requirements 

• maximize the recycle and reuse of produced water as the primary source of 
water for steam generation 

• maximize the use of saline groundwater as makeup water to supplement 
steam generation and utility water needs 

• reduce the: 

• consumption of river water 
• water disposal requirements 
• potential effects on receiving streams and lakes 
• potential effects on groundwater sources 

• monitor and report process water use effectively, to guide continuous 
improvement 

13.1.3 WATER MANAGEMENT STRATEGIES 

Strategies to achieve the objectives of the Water Management Plan include: 

• treating and recycling produced water to reduce the consumption of river 
water 

• developing and using a reliable saline groundwater source that is capable of 
supplementing the steam generation makeup requirements 

• limiting the use of river water during start-up and initial operations to less 
than, or equal to, the existing AENV Water Act licence water allocation 
limits 

• using berms and settling ditches to control surface runoff during the 
construction and operation of well pads 

• using a series of ditches and industrial runoff ponds to collect runoff from the 
CPF plant sites and making it available for recycle 

• reducing the disturbance of surface drainage patterns by: 

• maintaining water setback buffers where possible 
• avoiding wetlands 
• limiting the number of stream crossings 

• using best practices for erosion and sediment control near watercourses, such 
as using silt fences during construction and operations 
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• installing culverts, bridges or geotextile materials, where required, to: 

• maintain natural drainage 
• reduce erosion 
• control suspended solids 

• disposing of process wastewater by injecting it into deep formations isolated 
from potable groundwater and surface water features 

• installing shallow groundwater monitoring wells to detect potential impacts 
associated with surface facilities 

• using best management practices for: 

• preventing and controlling accidental releases 
• spill prevention 
• emergency release planning 

13.1.4 PROJECT WATER REQUIREMENTS 

The project’s primary water needs include water for: 

• steam generation and other plant uses 
• utility purposes, such as for wash water and pump seal water 
• drilling operations 
• potable water for construction camps and operations’ facilities 
• evaporation and other process or reservoir losses 
• emergencies, such as firefighting 

For additional information on process water requirements, see Section 6.4, CPF 
Material Balance. 

13.1.5 WATER MANAGEMENT DURING START-UP 

CPF commissioning and start-up will involve activities at a time when: 

• the water treatment systems are still being tested and commissioned 
• the volumes of produced water are insufficient for operations 

Start-up and initial operation of the facilities will require using water from the 
Peace River. During this period, water use will remain within existing AENV 
water licence limits. Shell intends to have its water treatment and recycle 
facilities available by the start of steam injection and well production. However, 
produced water injection into the Leduc Formation might be required until the 
operating conditions of the water treatment facilities are stabilized. Once 
sufficient volumes of produced water are being generated and the water treatment 
plant operations are within design specifications, Shell will treat and recycle 
produced water according to ERCB requirements. 
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Section 13.2
 WATER MANAGEMENT PLAN 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 MAKEUP WATER SOURCES 

 
13.2.1 SELECTION PROCESS 

13.2.1.1 Makeup Water Requirements 

The Water Management Plan requires that the project maximize the reuse of 
produced water and site process water. 

The volume of produced water recovered over the project’s life will depend on 
the reservoir retention that occurs during initial steam injection. The produced 
water volumes are variable and will depend on reservoir dynamics and the stage 
of the steaming cycles. Higher than predicted reservoir retention might require 
using increased volumes of makeup water. Makeup water will also be required to 
meet water demands during start-up and process upsets and to replace water 
losses from ongoing operations, such as: 

• water treatment system losses 
• evaporation from runoff or the boiler blowdown pond 
• drilling water needs 
• produced water disposal (during start-up and process upsets) 

The estimated maximum makeup water requirement for the project is between 
2,000 m3/d and 3,000 m3/d, based on subsurface modelling and assuming no 
available surface runoff. The volume of makeup water required will be greater if 
higher salinity water sources are used. 

13.2.1.2 Sources Evaluated 

Shell has evaluated various options for makeup water sources, including: 

• non-saline groundwater sources, such as the Peace River 
• industrial effluent from a neighbouring pulp mill 
• saline groundwater sources 

Each potential source was evaluated based on treatability, availability, reliability 
and environmental, social and economic considerations. 

The option selected was to source makeup water primarily from local saline 
groundwater, except during start-up and process upsets. Therefore, long-term, 
dedicated makeup water supplies will be required during the life of the project. 

For information on the water balance, see Section 6.4, CPF Material Balance. 
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13.2.2 SURFACE WATER SOURCES 

13.2.2.1 Peace River 

The Peace River is one of the largest rivers in Alberta. The river’s headwaters are 
located in the mountains of British Columbia and the river flows northeast across 
Alberta, through the Town of Peace River, before discharging into the Slave 
River. Peace River flows are regulated by the W.A.C. Bennett Dam in British 
Columbia. At the Town of Peace River, the Peace River is between about 275 m 
and 350 m wide and is characterized by occasional islands and mid-channel sand 
bars. The river’s minimum recorded discharge at the Town of Peace River is 
500 m3/s, with the peak daily discharge being 16,500 m3/s. The Peace River 
currently has one of the lowest percentages of cumulative water use allocations 
of all of Alberta’s major river systems. 

The Peace River is the source of water for Shell’s existing Peace River 
operations. Shell has successfully treated it to meet its process requirements. 
Shell has existing licences to withdraw an instantaneous volume of 20,000 m3/d 
and an annual average of 11,800 m3/d (9,222 m3/d, including return reliable 
flows). River water for Shell’s existing Peace River Complex operations is 
withdrawn from the Peace River through an existing intake structure located in 
the river about 20 km north of the Town of Peace River. 

The Carmon Creek Project’s projected river makeup water needs include a 
maximum instantaneous requirement of 15,000 m3/d during start-up and upset 
conditions. The estimated annual average water needs are about 7,000 m3/d 
during the first few years of operation and are expected to decline to around 
300 m3/d during drilling operations. These projected water needs are below the 
current water requirements for the Peace River Complex and within the existing 
AENV Water Act licences granted to Shell.  

Given the expected water use requirements for the Carmon Creek Project and the 
technical, economic and environmental considerations Shell evaluated, it is 
apparent that Peace River water is a viable long-term source of makeup water. 

13.2.2.2 Diashowa-Marubeni International Pulp Mill Effluent 

Diashowa-Marubeni International Ltd. (DMI) operates a pulp mill on the west 
bank of the Peace River, about 2 km upstream of Shell’s existing river source 
water station. Shell investigated the possibility of using the DMI mill’s waste 
effluent stream, which DMI currently returns to the Peace River. 

However, if Shell used this effluent, it would not provide any net water 
conservation of Peace River water because Shell would not be returning the 
wastewater stream to the river after it had been used for processing purposes. 

In addition, the DMI waste effluent has an identified variability in chemistry that, 
although not an issue for discharging it into the river, might pose a potential 
treatability and reliability issue for use on the Carmon Creek Project. Long-term 
effluent reliability was also factored into assessing the DMI option. Shell 
recognized that, if DMI had a process upset or outage that would affect Shell’s 
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operations, Shell would still need water from the Peace River as a backup source. 
Therefore, Shell rejected the option of using the DMI waste effluent stream 
because of the: 

• limited conservation of water in the Peace River 
• technical treatability and reliability issues 

13.2.3 GROUNDWATER 

13.2.3.1 Potential Groundwater Sources 

Shell has conducted feasibility level work to determine the options for obtaining 
groundwater from the geologic strata in the project area. The objectives of the 
evaluation were to secure a suitable saline groundwater source with a TDS 
greater than 4,000 mg/L that would be capable of meeting the makeup water 
demands over the life of the project. The following water-bearing zones were 
identified and assessed: 

• the Quaternary aquifer, which was excluded because it is a fresh water 
aquifer 

• the Gething and Pekisko formations and the Elkton Member which were 
excluded because they are hydrocarbon-bearing and have high salinity 

• the Wabamun Group, Granite Wash and other Devonian strata, which were 
excluded because they have high salinity 

• the Shaftestbury Formation and the Harmon, Notikewin, Falher, Wilrich and 
Shunda members, which displayed limited permeability or porosity, or both, 
which would restrict their ability to supply water 

The formations that showed the most potential for supplying a suitable source of 
saline groundwater were the: 

• Peace River Formation (Paddy and Cadotte members) 
• Bluesky Formation 
• Debolt Formation 
• Leduc Formation 

For details of these groundwater-bearing geologic strata, see EIA Volume IIB. 

13.2.3.2 Saline Groundwater Source Selection Process 

As part of the AENV’s Water For Life strategy, operators in the oil and gas 
sector are being requested to explore approaches to conserve fresh water, such as 
using saline groundwater for enhanced oil recovery schemes. 

Evaluating the potential saline groundwater sources included determining 
whether the: 
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13.2.3.2 Saline Groundwater Source Selection Process (cont’d) 

• water quality was suitable for the project’s needs 
• water quantity was sufficient for the project’s needs 

Assessing groundwater chemistry is necessary to meet current regulatory 
direction regarding the use of saline groundwater supplies and also to understand 
the treatability of the water for steam generation. Reviewing the water chemistry 
is also important in determining the treatment options for the selected water 
source. Key water quality parameters considered included: 

• TDS 
• hydrocarbons 
• hardness 
• alkalinity 

TDS concentrations in the range of 4,000 mg/L to 10,000 mg/L are typically 
suitable for treatment using proven produced water treatment systems and are 
acceptable for once-through steam generators. 

The ability of the saline groundwater source to deliver adequate volumes to meet 
makeup water demands is another determining criterion in selecting a suitable 
saline groundwater supply. The yield of the aquifer must be able to supply 
makeup water volumes of about 2,000 to 3,000 m3/d over the project’s life. Key 
information required for evaluating the long-term yield of an aquifer includes: 

• permeability 

• storativity 

• hydraulic conductivity 

• transmissivity 

• sustainable yield 

• lithological thickness 

• structure contour, isopach maps, and cross-sections, which provide 
information about the thickness and spatial distribution of regional aquifers 

• spatial distribution of intervening aquitard layers of low permeability 

To evaluate the Paddy and Cadotte members and the Bluesky, Debolt and Leduc 
formations for possible use as a saline groundwater source, Shell compiled the 
chemical and hydraulic properties from actual data, or where absent, by using 
empirical methods. Table 13-1 summarizes the key water chemistry and yield 
data for the formations evaluated. 

The information in the table indicates that the Paddy and Cadotte members of the 
Peace River Formation offer the greatest potential as sustainable saline 
groundwater sources for the project. The theoretical yield determined for these 
two members was consistent with the project’s makeup water requirements. In 
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addition, the TDS concentration in the proposed well field area was greater than 
4,000 mg/L. 

Table 13-1: Water Chemistry and Yield Data Summary 

Formation 

Hydraulic 
Conductivity

(m/d) 

Theoretical 
Yield 
(m3/d) 

TDS 
(mg/L)  

Hardness 
(mg/L) 

Peace River Formation (Paddy 
and Cadotte members only) 

0.83 – 8.3 425 – 4,000 1,820 – 20,821 38 – 1,591 

Bluesky 0.05 – 2.16 89 – 3,576 19,975 – 32,331 n/a 
Debolt 0.013 – 0.022 6.7 – 57.1 5,752 – 21,504 340 – 1,241 
Leduc n/a n/a 118,630 – 198,812 n/a 
n/a = No data available. 

Using the Paddy and Cadotte members offer the following benefits: 

• they can meet the yield requirements 

• they can meet the minimum required TDS concentration of 4,000 mg/L for 
saline groundwater 

• the produced water treatment system will be capable of treating the water 

• they would eliminate the need for using fresh water from surface sources 

The Bluesky and Leduc formations were not selected for further evaluation based 
on the high TDS concentrations observed. The Debolt Formation was not 
reviewed further because of the low theoretical yield observed. 

For further information on the evaluation and selection process, see EIA 
Volume IIB. 

13.2.3.3 Field Evaluation of the Paddy and Cadotte Members 

Based on the selection criteria and available data, Shell elected to conduct a field 
evaluation of the Paddy and Cadotte members to confirm their hydraulic and 
chemical properties. The field evaluation involved installing a test source well 
and observation well at 05-02-85-17-W5M location to determine hydraulic 
conductivity, storativity and transmissivity values to calculate a theoretical yield. 
Chemical analysis of the groundwater was also completed. 

The results of the field evaluation program indicated that the Paddy and Cadotte 
members have suitable properties to be used as the primary makeup source for 
the project. 

13.2.4 SURFACE DRAINAGE WATER 

The key activities that require surface drainage control are: 

• the construction and operation of the CPF 
• the construction and operation of the field pads 
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13.2.4.1 Construction 

During the initial planning, well pad locations are selected to minimize 
disturbance to excessively wet areas or areas with deep muskeg. If the site is wet, 
a combination of berms and shallow ditches will be constructed to divert surface 
runoff around the perimeter of the site to reduce the amount of water that can 
enter the construction area. 

For the larger plant site area, if necessary, culverts will be used to maintain 
natural drainage through the area. 

13.2.4.2 Operation 

During plant operations, water coming into contact with the CPF process area 
will be contained, recycled and used in the process to the greatest extent 
practicable. During operation of the CPFs, all surface runoff will be controlled 
and directed to the industrial runoff ponds. The industrial runoff ponds will be 
designed to handle a 1-in-50-year, 24-hour flood event. Water in the runoff ponds 
will be recycled and used in the process to the greatest extent possible. If the 
facility is not capable of processing excessive rainfall volumes, the excess 
collected runoff might need to be released to the surrounding area. However, any 
excess water from the runoff ponds will be tested before it is released, to ensure 
that it meets regulatory requirements. 

During operation of the well pads, surface runoff will be contained in a low area 
located in one corner of each of the well pads. Typically, the water will be 
representative of natural runoff. However, during rainfall, the water might 
contain elevated levels of suspended solids. A berm will be built around the 
entire perimeter of the pad to contain water and hydrocarbons if a spill or release 
occurs. The water that collects on the low area of the well pad will be monitored 
for quality and discharged to the adjacent forested areas, when water quality 
criteria have been met. 

13.2.5 WATER TREATMENT SYSTEMS 

Two water treatment systems will be used for the project: 

• produced water treatment 

• makeup river water treatment. The makeup river water treatment system will: 

• remove suspended solids from river water through a flocculation process 
in the clarifier and by using the settling ponds located at the river source 
water station 

• soften the river water in a strong acid cation treatment unit before the 
water is used to generate steam 

Saline groundwater will not be treated before entering the process, but will be 
co-treated with the produced water. 

For further information on water treatment, see Section 6.2, CPF Processes. 
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Section 13.3
 WATER MANAGEMENT PLAN 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 APPLICATION TO DIVERT WATER 

 
13.3.1 INDUSTRIAL RUNOFF WATER DIVERSION 

Shell is applying for approval under the Water Act (see Attachment 1) to divert 
an annual volume of 575,000 m3 of industrial runoff collected from the CPFs. 

The process areas of the CPFs will be contoured to direct surface runoff to 
industrial runoff ponds for containment. Containment measures will protect 
groundwater and surface water resources in the area, while allowing the project 
to recycle the collected runoff water back through the process. 

The maximum capture area of the two CPFs is estimated to be up to 163 ha. 
Based on the mean annual precipitation rate of 402 mm over the capture area, the 
annual diversion volume expected is 575,000 m3. This diversion volume is an 
annual value for the purpose of this application and does not account for 
evaporative losses. 
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Section 14.1
 EIA SUMMARY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 INTRODUCTION 

 
14.1.1 PURPOSE 

This section summarizes the environmental impact assessment (EIA) that was 
conducted for the project, and which forms part of the regulatory application. 

14.1.2 SCOPE OF ASSESSMENT 

The EIA evaluated potential impacts on physical, biophysical and historic 
resources, in addition to potential human health and socio-economic impacts. The 
EIA also identified mitigation measures, monitoring and planned adaptive 
management to reduce or eliminate potential adverse effects. 

The EIA identified and assessed three project scenarios: 

• existing conditions in the Baseline Case 
• peak project disturbance in the Application Case 
• cumulative effects in the Planned Development Case 

Impact assessments were conducted for various disciplines, such as air quality, 
hydrology and vegetation. For each individual impact assessment, a qualitative, 
final evaluation rating was used where specific guidelines did not exist. This 
rating was a combination of quantitative analysis and professional judgment that 
took into account the various descriptors for each attribute, such as direction, 
geographic extent, magnitude, duration, frequency of occurrence, permanence 
and confidence, and the potential effects of the specific impact. This rating was 
applied to potential residual impacts associated with the project and cumulative 
effects. Impacts were described as having no impact, negligible impact, low 
impact, moderate impact or high impact. 
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Section 14.2
 EIA SUMMARY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 AIR QUALITY AND CLIMATE CHANGE 

 
14.2.1 AIR QUALITY 

14.2.1.1 Scope of Assessment 

Air emissions associated with project operations include criteria and non-criteria 
emissions. The maximum ground-level concentrations of criteria air 
contaminants are regulated by the air quality objectives of Alberta or Canada. 
Criteria air contaminant emissions associated with the project include: 

• sulphur dioxide 
• oxides of nitrogen related to nitrogen dioxide 
• carbon monoxide 
• fine particulate matter (PM2.5) 

Non-criteria air contaminant air emissions associated with the project include: 

• volatile organic compounds, such as xylene, toluene, formaldehyde and 
benzene 

• polycyclic aromatic hydrocarbons (PAHs), such as benzo(a)pyrene and 
chrysene 

These non-criteria contaminants have been assessed using Alberta objectives and 
supplemented with Ontario’s Ambient Air Quality Criteria or Texas’ screening 
level concentration values, where Alberta objectives do not exist. 

14.2.1.2 Factors Affecting Air Quality 

Potential issues associated with air emissions from the project relate to: 

• ground-level concentrations of criteria and non-criteria air contaminants 
exceeding applicable ambient objectives or screening end-points 

• emissions of sulphur and nitrogen, which have the potential to increase soil 
and water acidification 

• air emissions of volatile organic compounds and oxides of nitrogen resulting 
in chemical reactions creating ozone 
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14.2.1.3 Assessment Results 

Dispersion calculations following the updated AENV modelling guidelines for 
project emissions show that ground-level concentrations of criteria and non-
criteria air contaminants will be less than the applicable objectives. Impacts are 
considered: 

• low for criteria contaminants 
• negligible for non-criteria contaminants 

This conclusion includes the consideration of: 

• measured background air quality 
• other significant existing emission sources 
• proposed emission sources within the air quality study area 

The assessment of aerial deposition of acidifying compounds in soils, 
watercourses and waterbodies indicates that impacts will be reduced from the 
Baseline Case as a result of the sulphur removal technology included in the 
project’s design. Impacts are considered low. 

Observational and theoretical considerations suggest that ozone destruction or 
creation might result downwind of the project. However, the impacts are 
considered negligible. 

14.2.1.4 Monitoring 

Currently, the Peace River Complex does ambient air monitoring and stack 
testing, as prescribed in EPEA Approval 1642-01-00. Future sulphur emissions 
will be lower than those associated with current operations because the project 
will be using sulphur separation and deep formation injection. Largely because of 
the reduction in sulphur emissions, the air modelling results of potential acid 
input show a corresponding decrease. 

Shell will update the source and ambient air monitoring program in accordance 
with the requirements of the Alberta Environment approval for the project. 

Additional information on air monitoring is provided in Section 12, 
Environmental Management, and in EIA Volume IIA. 

14.2.2 CLIMATE CHANGE ASSESSMENT 

To predict the effects of climate change on the project, publicly available climate 
change model results were used. Climate change model results provided by the 
Canadian Institute for Climate Studies for four emission scenarios were assessed 
to evaluate the range of predicted outcomes for various climate variables. 

The predicted climate change from the modelling work for the Peace River 
region suggests that the following could occur: 



 

 Section 14.2
EIA SUMMARY AIR QUALITY AND CLIMATE CHANGE 

 

November 2009 Shell Canada Limited 14-5 
CR027   

• increasing surface temperature (2.1ºC to 4.1ºC) 
• increasing precipitation (3.9% to 8.7%) 
• increasing evaporation (0.03 mm/d to 0.04 mm/d) 

Increased precipitation is partially offset by increased evaporation rates. 
Modelled results for temperature are supported by the short-term historical 
temperature trends noted for the Peace River region. However, the rate of 
historical temperature increase is substantially smaller than that predicted by the 
climate change models. Modelled predictions of increased precipitation are not 
supported by short-term historical precipitation trends, which indicate a relatively 
consistent precipitation trend. 

The potential changes in climate are not expected to materially affect the project, 
or the potential impacts that the project could have on the environment. 
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Section 14.3
 EIA SUMMARY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 NOISE 

 
14.3.1 SCOPE OF ASSESSMENT 

The noise impact assessment evaluated the project during construction and 
normal operations. Sound power levels of equipment associated with the project 
were entered into a noise propagation model to determine if the project would 
comply with the allowable sound level limits of ERCB Directive 038. 

14.3.2 ASSESSMENT RESULTS  

Currently, there are no residents or cabins within several kilometres of any 
existing noise sources that will remain once the project is commissioned. 
Therefore, in accordance with ERCB Directive 038, baseline noise monitoring is 
not required. As a result, the average ambient sound level of 35 dBa was applied 
to all cabins and 1,500 m perimeter receptors (modelled locations in the absence 
of cabins). 

Model results indicate that the project will comply with the allowable sound level 
limits of ERCB Directive 038, if appropriate mitigation measures are taken. The 
magnitude of impacts from normal operations and construction noise is low and 
the impact is rated low. 
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Section 14.4
 EIA SUMMARY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 HUMAN HEALTH 

 
14.4.1 SCOPE OF ASSESSMENT 

The human health risk assessment (HHRA) evaluated both acute (short-term) and 
chronic (long-term) health risks associated with potential chemical emissions 
from the project and other sources in the area. In addition, consideration was 
given to other emission sources in the HHRA study area. To ensure that potential 
health risks were not underestimated, health risks were predicted based on 
assumed worst-case exposure conditions for individuals residing in, or visiting, 
the area covered by the HHRA. Individuals were assumed to belong to one of 
four receptor groups: 

• recreational 
• residences 
• cabins 
• Aboriginal 

Within these four groups, 20 discrete locations were identified and potential 
health risks were assessed for individuals living in or visiting those locations. 
Potential health risks were assessed by identifying the chemicals of potential 
concern (COPCs) that could be emitted to the air from the project. In addition to 
the 20 discrete locations, health risks were also predicted for the maximum point 
of impingement (MPOI), which represents the locations where the maximum 
ground-level air concentration of each COPC was predicted to occur by the air 
dispersion model. 

14.4.2 ASSESSMENT RESULTS 

Potential health risks were assessed by comparing the predicted COPCs 
exposures against toxicity-based exposure limits developed by regulatory or 
scientific authorities for protection against adverse human health effects. 

In the acute and chronic inhalation assessments, all predicted short-term and 
long-term air concentrations for the Baseline, Application and Planned 
Development Cases were determined to be lower than health-based exposure 
limits, except for SO2 at the MPOI in the Baseline Case and in upset Case 5 and 
Case 6. The HHRA concluded that these slight exceedances pose low health risks 
because of the very low frequency of occurrence (estimated at under 0.2%) and 
the low likelihood that individuals will be exposed. 
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14.4.2 ASSESSMENT RESULTS (cont’d) 

The incremental lifetime cancer risks associated with the project alone and risks 
resulting from future sources (above and beyond Baseline Case conditions) are 
within the level of risk considered to be negligible by Health Canada (2004a). 
Similarly, the acute and chronic inhalation mixture assessments revealed that 
COPCs with additive effects are also unlikely to be associated with adverse 
health impacts. 

A comprehensive assessment of potential exposures to the COPCs via multiple 
pathways of exposure from consumption of local foods, such as beef and garden 
vegetables, and traditional foods, such as plants, fish and game meat, determined 
that long-term risks associated with the predicted air concentrations in the 
Baseline, Application and Planned Development Cases were all lower than 
health-based exposure limits. All incremental lifetime cancer risks associated 
with PAH exposure were determined to be negligible. Therefore, adverse health 
effects are not expected via multiple pathways as a result of exposure to the 
COPCs from the project. 

For predicted potential acute and chronic health risks, generally no differences or 
only small increases existed between the Baseline Case and Application Case. 
This would indicate that the project is predicted to contribute very little 
additional risk beyond Baseline Case conditions, and that no adverse health 
effects are predicted. On this basis, the project impact rating is low. 
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Section 14.5
 EIA SUMMARY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 AQUATIC RESOURCES 

 
14.5.1 HYDROGEOLOGY 

14.5.1.1 Scope of Assessment 

The hydrogeological impact assessment examined the extent of potential changes 
in local and regional groundwater conditions during the project and following 
reclamation. The assessment also evaluated the use of saline groundwater as a 
potential source of makeup water for the VSD process. Mitigation measures were 
identified and a monitoring strategy was outlined to protect groundwater. 

In 2008 and 2009, field investigation and sampling programs were conducted to 
supplement existing hydrogeological information. An aquifer pumping test was 
also conducted in 2009 to evaluate the potential of the saline groundwater from 
the Paddy and Cadotte members. 

Impacts on groundwater resources could result from: 

• surface changes altering groundwater recharge and surface runoff patterns 
• drilling and installing VSD wells 
• leakage from VSD wells 
• thermal effects from VSD wells 
• drilling and operating disposal wells 
• operating production facilities 
• releases from waste management sites 
• using saline aquifers for makeup water 

Shallow groundwater resources are considered to be the most susceptible to 
surface disturbance activities, such as clearing vegetation, constructing well pads, 
potential surface spills of operational fluids and production chemicals, and 
potential releases from waste management sites. 

Impacts associated with the project are generally considered low in magnitude, of 
local extent and reversible. Conductive heating of the subsurface around VSD 
wells could mobilize naturally occurring arsenic into the groundwater. The 
magnitude in this case is considered moderate to high as dissolved arsenic levels 
might exceed regulatory guidelines. However, the geographic extent will be 
limited to the immediate vicinity of the VSD well pads. The effect is also 
expected to be reversible in the medium term once steam injection is complete 
and the local groundwater temperature returns to ambient levels. Therefore, the 
potential impact from the thermal effects of VSD wells is low. 
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14.5.1.1 Scope of Assessment (cont’d) 

The Paddy and Cadotte members of the Peace River Formation were assessed as 
a viable saline groundwater supply that could provide most of the project’s 
makeup water requirements. A supplemental water supply would likely be 
required to meet periods of peak demand. Using saline groundwater would not 
affect other groundwater users as the resource is currently unused in the regional 
study area (RSA). The saline water supply wells could be developed in a staged 
manner with further evaluation of the Paddy and Cadotte aquifers conducted as 
new water wells are installed. Using saline groundwater for steam injection is 
consistent with Alberta’s Water for Life Strategy. Residual impacts associated 
with the project are considered low. No cumulative effects on groundwater 
quality are expected. 

The most effective mitigation strategy to reduce or prevent negative effects on 
local groundwater quality is to prevent the possibility of a release. Facilities 
associated with the project will be designed and operated to limit the potential for 
releasing substances to the environment. Environmental management systems, 
such as leak detection and collection, will be used to identify and recover 
releases. 

Emergency response plans will also be implemented to reduce the magnitude and 
impact of releases. If required, remedial action plans will be developed and 
implemented to mitigate contamination of affected groundwater. 

For additional information on Shell’s casing integrity and spill management and 
containment, see Section 11, HSE Management. 

14.5.1.2 Monitoring 

Shell currently operates a network of shallow and deep groundwater monitoring 
wells throughout the hydrogeology local study area (LSA). The existing 
groundwater monitoring network will be expanded to include the project 
footprint. The system will be designed to facilitate regular assessment of local 
groundwater flow and groundwater quality conditions in the various water-
bearing zones in the unconsolidated deposits beneath the central processing 
facilities and surrounding areas. Routine sampling of monitoring wells located 
near potential sources of groundwater impact will help to ensure that 
groundwater quality issues are detected. The groundwater monitoring program 
will also include monitoring and assessing the thermal effects of VSD wells on 
groundwater quality.  

A monitoring program for the saline groundwater supply will also be conducted. 
The intent of the program is to optimize well yield and monitor potential impacts 
on non-saline groundwater resources. 

A groundwater monitoring plan for the project will be submitted to AENV, as 
required by the EPEA approval. 
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14.5.2 HYDROLOGY 

14.5.2.1 Scope of Assessment 

The hydrologic assessment focused on a reach of the Peace River and the three 
main watersheds that could be affected by the project: 

• Carmon Creek 
• North Heart River 
• Cadotte River 

Baseline conditions for each watershed were established from field observations 
and a regional hydrologic analysis based on historical flow monitoring data. 

14.5.2.2 Factors Affecting Surface Water 

The following potential effects from the project were identified in the hydrology 
assessment: 

• surface disturbances could affect: 

• surface water runoff volume 
• peak flow 
• local water levels 
• drainage patterns 
• erosion potential 
• channel morphology 
• sediment loads 

• water crossings could affect: 

• channel capacity 
• morphology 
• navigability 
• erosion potential 
• sediment loads 

• subsurface operations could affect drainage patterns 

• surface water withdrawals from the Peace River could affect water levels and 
water quantity 

14.5.2.3 Assessment Results 

The effects of the project will be mitigated by: 

• reducing surface disturbance by locating roads, pipelines and power lines in 
the same rights-of-way, where possible  

• providing a buffer between the project and waterbodies and watercourses  
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14.5.2.3 Assessment Results (cont’d) 

• constructing surface runoff collection facilities on the CPFs and well pads  

• maintaining existing surface drainage patterns with ditches, swales and 
culverts, where appropriate 

• applying erosion and sedimentation control measures 

The results of the hydrology assessment indicate that the potential impacts of 
surface disturbance, water crossings and subsurface disturbance will have either 
no impact or a negligible impact on the hydrologic indicators because of the 
proposed mitigation and natural moderating hydrologic conditions in the LSA. 

Project-related water withdrawal from the Peace River will not exceed Shell’s 
current licensed withdrawal limit. Therefore, an assessment of water withdrawal 
was not required. 

14.5.2.4 Monitoring 

The hydrology monitoring program could include monitoring of: 

• industrial runoff ponds to ensure that they have adequate storage capacity 
and prevent uncontrolled releases from plant site areas 

• well pad surfaces for spills or potential releases of contaminated water 

• well pad drainage to ensure that drainage is controlled and dispersed to avoid 
vegetation stress, downstream channel development and erosion 

• culvert installations and other crossing features at road crossings and wetland 
areas to ensure that flow capacity of the culverts is not impaired by sediment, 
debris or ice 

• contoured areas for erosion and stability, and to ensure that revegetation 
efforts are effective 

• other erosion and sediment control measures implemented over the short- or 
long-term 

14.5.3 SURFACE WATER QUALITY 

14.5.3.1 Scope of Assessment 

The surface water quality assessment focused on a reach of the Peace River near 
the project and the following three main watersheds that might be affected by the 
project: 

• Carmon Creek 
• North Heart River 
• Cadotte River 
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Baseline Case conditions from each watershed were described from field 
observations and detailed analysis of water quality samples, including routine 
parameters, nutrients, metals and PAHs. 

14.5.3.2 Factors Affecting Surface Water Quality 

Potential surface water quality issues assessed for the project included: 

• surface disturbances resulting from constructing and operating infrastructure 
• aerial deposition of acidifying compounds on watersheds 
• changes to surface water flows 
• changes to water quality that might result from spills or upset conditions 

14.5.3.3 Assessment Results 

The effects of surface disturbances from developing and operating the project are 
considered low. The assessment of impacts from changes in surface water flows, 
and spills and upset conditions were predicted to be negligible. The assessment 
of aerial deposition of acidifying compounds on waterbodies indicates that 
impacts will be reduced from the Baseline Case as a result of the sulphur removal 
technology included in the project design. No critical load exceedances are 
predicted for any of the seven waterbodies under the Application Case. 
Therefore, the effects from aerial deposition compared to the Baseline Case are 
predicted to have no impact. 

Under the Planned Development Case, the effects on surface water quality 
associated with the project are predicted to be negligible. 

Monitoring for surface water quality is included in the hydrology monitoring. 

14.5.4 AQUATIC ECOLOGY 

14.5.4.1 Scope of Assessment 

The aquatic ecology impact assessment focused on a reach of the Peace River 
and on the following three main watersheds that might be affected by the project: 

• Carmon Creek 
• North Heart River  
• Cadotte River 

Seasonal aquatic ecology assessments were conducted at several watercourses 
and waterbodies within these watersheds and in the Peace River. 

14.5.4.2 Factors Affecting Aquatic Ecology 

The assessment of the effects of the project on aquatic ecology included aquatic 
habitat, fish health, fish abundance and benthic invertebrates. Issues related to 
aquatic ecology that were assessed included: 
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14.5.4.2 Factors Affecting Aquatic Ecology (cont’d) 

• riparian and in-stream fish habitat alterations that might occur through: 

• sedimentation resulting from riparian and in-stream disturbances 

• changes to water flows and levels resulting from changes to surface 
drainage patterns 

• loss or alteration of riparian habitat resulting from clearing and 
disturbing vegetation 

• changes in benthic invertebrate abundance and composition resulting 
from changes in water quality and flow patterns 

• industrial disturbances of fish habitat that might occur because of: 

• spills and discharges related to project-specific activities 

• changes in surface water pH caused by project air emissions, resulting in 
loss of fish habitat 

• increased access to watercourses and waterbodies 

14.5.4.3 Assessment Results 

The results of the Application Case assessment indicate that, with the 
implementation of mitigation measures, riparian and in-stream habitat alterations 
and industrial disturbances related to project activities should have negligible 
effects on the aquatic ecosystem. 

An assessment of the Planned Development Case for the project determined that 
the cumulative effects on aquatic resources related to the project will be 
negligible. 

Monitoring for aquatic ecology is included in the hydrology monitoring. 
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 EIA SUMMARY 

APPLICATION FOR APPROVAL OF THE 
CARMON CREEK PROJECT 
VOLUME 1: PROJECT DESCRIPTION 

 

 TERRESTRIAL RESOURCES 

 
14.6.1 SOILS AND TERRAIN 

14.6.1.1 Scope of Assessment 

The soils and terrain assessment provides: 

• baseline information required for a stand-alone soil survey report, as well as 
detailed descriptions and maps of soils and terrain in the soils and terrain 
LSA 

• an evaluation of soil sensitivities in the soils and terrain LSA, as well as a 
description of proposed mitigation measures 

• an evaluation of the expected cumulative effects of the project in 
combination with existing, approved and planned projects within the RSA 

Potential impacts over the proposed project life relate to changes to land 
capability and the potential for acidification during the project.  

Achieving equivalent land capability, which includes remediation of any 
chemical or physical impacts, so that a reclamation certificate will be issued, is 
the ultimate goal of mitigation throughout the life of the project. Shell will use 
management strategies, such as design, construction or scheduling principles, to 
avoid or limit impacts on soils and terrain. Meeting applicable regulatory 
reclamation guidelines will help to achieve this objective.  

14.6.1.2 Assessment Results 

Changes to land capability for both forest production and soil suitability for 
agriculture, and effects on terrain during the life of the project for both the 
Application Case and Planned Development Case, were assessed and rated with a 
negligible residual impact. Because of a reduction in acidifying air emissions in 
the Application Case relative to the Baseline Case, a reduction in potential 
acidification of soils is predicted. Therefore, negligible residual impacts are 
predicted from potential acid input. 

14.6.1.3 Monitoring 

Monitoring and inspection during construction will ensure that: 

• recommended depths of organic and inorganic materials are salvaged 
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14.6.1.3 Monitoring (cont’d) 

• salvaged material for reclamation is placed and stabilized in storage areas 

• exposed slopes are stabilized and erosion control measures are in place, 
where required 

• drainage is managed appropriately 

Shell will monitor the project’s effects to determine the effects of development 
and mitigation activities on soils and terrain resources. Monitoring programs will 
include assessing the effectiveness of reclamation activities on soils. 

Currently, Shell participates in several relevant research programs into proposed 
reclamation strategies. Residual mitigation measures recommended by these 
research programs will be reviewed for possible inclusion in the project. 

Monitoring for impacts that could affect land capability, soil suitability for 
agriculture and terrain resources will be conducted during the life of the project 
and at the reclamation stage until a reclamation certificate is obtained. 
Monitoring and reclamation activities will be conducted and reported annually, 
as required by the project’s EPEA approval. Following the principles of adaptive 
management, reclamation strategies will be optimized based on the results of 
reclamation monitoring. 

14.6.2 VEGETATION 

14.6.2.1 Scope of Assessment 

Eight vegetation and wetland indicators were assessed: 

• old growth forests 
• ecosite phases of restricted distribution 
• wetland classes of restricted distribution 
• rare plants 
• rare ecological communities  
• rare plant potential 
• ecosite phases supporting traditional-use plants 
• vegetation communities sensitive to potential acid input 

14.6.2.2 Factors Affecting Vegetation 

Potential impacts on these indicators might result from: 

• surface disturbance (clearing) 
• altering hydrology 
• dust deposition 
• contaminant spills 
• introducing non-native and invasive plant species 
• potential acid input 
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14.6.2.3 Assessment Results 

In the vegetation LSA, the project will affect vegetation primarily through 
surface disturbance. For the Application Case, project-specific impacts of surface 
disturbance on vegetation and wetland resources will generally be local in extent, 
long term in duration, and low to moderate in magnitude. The direction of the 
impacts is negative and the confidence in these predictions is generally moderate, 
but a level of uncertainty exists about the success of reclamation of peatlands and 
re-establishment of old growth forests on certain ecosite phases. Residual impact 
ratings range from low to moderate. The impacts of dust, introduction of non-
native and invasive species, and contaminant spills were also considered at a 
local scale. These impacts were determined to be negative in direction, negligible 
or low in magnitude, and short to medium term in duration. Residual impacts are 
considered negligible for the introduction of non-native and invasive species, 
alteration of hydrology and the effects of potential acid input on sensitive 
vegetation. Residual impacts are considered low for dust deposition and 
contaminant spills. 

The project contribution to cumulative effects in the Planned Development Case 
within the vegetation RSA is minimal and impacts on all vegetation and wetland 
indicators are considered negative in direction, low in magnitude and long term 
in duration. Residual impacts as a result of surface disturbance are considered 
low. Impacts of alteration of hydrology, dust deposition, contaminant spills, and 
introduction of non-native and invasive species on all vegetation indicators are 
considered low with a low confidence because considerable uncertainty exists 
about the mitigation practices of other planned projects. Residual impacts are 
considered negligible for the effects of potential acid input on sensitive 
vegetation. 

14.6.2.4 Monitoring 

Vegetation and wetland monitoring programs will be developed based on the 
conditions of approval, and developed and implemented based on consultation 
with applicable provincial regulators. Monitoring results will be used to 
determine the accuracy of the impact predictions and for use in adaptive 
management.  

Shell is involved in peatland pad reclamation research to investigate reclamation 
techniques and, where feasible, will endeavour to incorporate new, innovative 
reclamation technology into future peatland reclamation plans. In May 2009, 
Shell sponsored a Construction and Reclamation Workshop in which experts 
from research, industry and government came together to discuss innovative 
approaches to reclamation. Shell will incorporate the lessons learned from these 
activities, such as improvements in boreal reclamation practices, into the project. 
Shell also participates in peatland and boreal reclamation research. 

14.6.2.5 Shell Peatland Reclamation Research 

Shell is involved in wetland reclamation research with Project Skeg, which began 
in 2007 and is a partnership between Shell, ASRD, the University of Southern 
Illinois and Villanova University. This project, known as The Development of  
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14.6.2.5 Shell Peatland Reclamation Research (cont’d) 

Scientific Protocols for Oil Pad Reclamation in Peatlands of Boreal Alberta, is a 
five-year study of peatland reclamation methods on two abandoned well pads at 
Shell’s Peace River Complex and is currently in its third year. 

14.6.2.6 Boreal Reclamation Research 

The Boreal Forest Research Centre (BFRC), an entity of the Northern Alberta 
Institute of Technology (NAIT), promotes the wise use of forest resources 
through research, development projects, public involvement, technology transfer, 
training programs and education. The BFRC has formed a consortium of 
interested organizations that includes academia, government and industry. Since 
2008, Shell has been a main contributor of funds to, and a participant in, the 
Boreal Reclamation Program. The findings of the boreal research program will 
be evaluated for inclusion in future reclamation plans for the project. 

14.6.3 WILDLIFE 

14.6.3.1 Scope of Assessment 

The wildlife assessment evaluated the effects that the construction, operation and 
reclamation of the project might have on wildlife habitat availability, habitat 
effectiveness and habitat connectivity that might lead to direct and indirect 
wildlife mortality and reduced wildlife health. 

14.6.3.2 Factors Affecting Wildlife 

The wildlife assessment indicated that the project would have no impact to 
moderate impact for both the Application Case and Planned Development Case. 
Wildlife indicators used to assess project effects included: 

• ruffed grouse (habitat availability) 

• waterfowl (habitat availability) 

• beaver (habitat availability) 

• snowshoe hare and lynx (habitat availability) 

• fisher (habitat availability) 

• moose (habitat availability, habitat connectivity, direct and indirect 
mortality) 

• black bear (indirect mortality) 

• songbirds (effects of project noise) 
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Reductions in habitat availability are predicted to range from 1.1% (beaver) to 
16% (moose) from Baseline Case levels. Impacts are long term, but reversible 
after project closure and reclamation. Impacts on indicators resulting from 
reduced habitat availability and habitat effectiveness ranged from negligible to 
moderate. 

14.6.3.3 Assessment Results 

The effects of project-related noise, using songbirds as an indicator, were 
assessed. Although noise might reduce habitat effectiveness near well pads and 
other facilities, responses by birds vary. The impact on songbirds as a result of 
noise is predicted to be low. 

Moose were an indicator for assessing project impacts on habitat connectivity. 
Above-ground pipelines might hinder local and regional movements by moose. 
With mitigation, including under- and overpasses, impacts resulting from 
reduced habitat connectivity are predicted to be low. 

Direct mortality risk was assessed using existing traffic data and predicted 
project traffic volumes. Moose were chosen as an indicator because of available 
information on road mortality. The predicted impact on moose as result of 
mortality from increased traffic is low. 

Potential effects on black bear and moose from indirect mortality risks associated 
with the project were evaluated and included: 

• exposure of moose to increased levels of anthropogenic disturbances 

• exposure of black bear and moose to increased illegal and legal hunting 
harvest that might result from new access created by the project 

• potential to expose moose to increased predation by displacing them from 
habitats that provide security from predators, increasing encounter rates with 
predators or attracting predators via project development 

The impact of indirect mortality on both black bear and moose is predicted to be 
low. 

The maximum predicted ground-level air concentrations (1-hour and annual), 
maximum predicted soil concentrations and maximum predicted surface water 
concentrations for the Application Case were all below the inhalation 
toxicological reference values, soil quality guidelines and surface water quality 
guidelines. Therefore, the project will have no impact on wildlife health. 

The impact of reduced habitat availability and effectiveness in the Planned 
Development Case ranged from negligible to moderate for all indicators assessed 
in the Application Case. Habitat connectivity was also assessed, but as no other 
projects with above-ground pipelines will contribute to cumulative effects, the 
impact on barriers to moose movement is low. 
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14.6.3.4 Monitoring 

In 2006 and 2007, Shell sponsored a monitoring program with the University of 
Calgary in collaboration with the Miistakis Institute of the Rockies. This program 
assessed the use of above-ground pipeline wildlife crossing structures and 
determined whether it was an effective mitigation strategy for cross-pipeline 
wildlife movements for the project. Wildlife were monitored (and continue to be 
monitored) around the Peace River Complex and existing field developments 
with 10 cameras at five above-ground pipeline wildlife crossing structures and 
other right-of-way locations.  

Shell, in cooperation with the Alberta Research Council, is continuing a 
monitoring program on western toad habitat use and response to disturbance in 
the boreal mixedwood forest. To date, preliminary results have provided 
information on habitat use. 

Trumpeter swans are a species at risk that have nested within the wildlife RSA. 
Activities are restricted around lakes where there trumpeter swans are nesting. As 
trumpeter swans are not currently nesting in the LSA, no activity restrictions 
apply. Shell will consult with ASRD to determine appropriate pre-construction 
survey requirements. 

Shell will develop a wildlife monitoring program to monitor potential project 
effects on wildlife, as required by the appropriate project approvals. 

14.6.4 BIODIVERSITY 

14.6.4.1 Scope of Assessment 

Biodiversity was assessed at two levels: 

• landscape – patch dynamics, linear features and aquatic features 
• species – vegetation, mammal and bird diversity 

14.6.4.2 Assessment Results 

Potential project effects on biodiversity occur as a result of increased 
fragmentation from surface clearing in the Application Case. Habitat 
fragmentation of the Biodiversity LSA is expected and will increase the number 
of patches by 16% and the amount of anthropogenic edge by 25%, consequently 
decreasing the mean patch size by 24%. However, because impacts are localized 
to the LSA and are reversible in the long term, impacts on these indicators at the 
landscape level are predicted to be moderate. Patch diversity, as calculated using 
Simpson’s diversity index, will decrease by less than 1% from the Baseline Case 
to the Application Case and will increase 2% at closure. There will be no impacts 
on streams, rivers and lakes. 

Project impacts on ecosite phases with high species diversity are considered low 
(vegetation and mammals) and moderate (birds). After closure and reclamation, 
most of these ecosite phases supporting high diversity will be reclaimed to 



 

 Section 14.6
EIA SUMMARY TERRESTRIAL RESOURCES 

 

November 2009 Shell Canada Limited 14-23 
CR027   

Baseline Case levels or an equivalent land capability, except for the landfill cells 
and borrow pits. 

The project contribution to the Planned Development Case within the 
Biodiversity RSA is minimal and impact ratings are considered negligible or low. 

14.6.4.3 Monitoring 

Shell participated in a research project in the footprint with Daishowa-Marubeni 
International Ltd (DMI) and the Alberta Research Council (ARC) titled 
Ephemeral and intermittent streams: are they important in maintaining 
biodiversity in a forested landscape? 

The objectives of the project were to determine whether: 

• understory plant diversity is different in the riparian zone of ephemeral and 
intermittent streams compared to surrounding upland habitat 

• it is possible to detect the presence of ephemeral and intermittent streams 
based on vegetation signatures 

• terrestrial arthropod diversity and abundance is related to the presence of 
ephemeral and intermittent streams 

• ephemeral and intermittent streams are used by herptiles (amphibians and 
reptiles) 

• the distribution and abundance of herptiles relative to streams could be 
measured, and if these parameters vary seasonally 

Information from the research project will be used to develop adaptive 
environmental management strategies and mitigation to reduce impacts on 
biodiversity associated with ephemeral and intermittent streams.  

In addition to the DMI – ARC research project, Shell is participating in the 
Alberta Biodiversity Monitoring Program and will contribute data where 
possible. Throughout the life of the project, Shell will access Alberta 
Biodiversity Monitoring Institute (ABMI) data in the area of the project and 
analyze it to identify temporal changes in the data. Where possible, to 
supplement ABMI data, Shell will establish permanent monitoring plots for 
biodiversity that align with the ABMI protocols. Maintaining and monitoring 
biodiversity is important to Shell and was listed as a priority in the Conservation 
and Reclamation Workshop hosted by Shell in May 2009. 

14.6.5 CONCEPTUAL CONSERVATION AND RECLAMATION PLAN 

The conceptual Conservation and Reclamation Plan presents conservation, 
mitigation, reclamation and monitoring measures to limit residual effects related 
to the project, and achieve equivalent land capability after reclamation. The 
Conservation and Reclamation Plan was developed using biophysical  
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14.6.5 CONCEPTUAL CONSERVATION AND RECLAMATION PLAN (cont’d) 

information collected for the project, Shell’s regional initiatives and 
environmental policies, references, and conservation and reclamation experience.  

The Conservation and Reclamation Plan describes approaches to land and soil 
conservation, avoidance of sensitive areas, minimizing surface disturbance area, 
weed management, land reclamation and mitigation of erosion or drainage. The 
plan also focuses on reclamation measures, such as soil decompaction, salvaged 
soil replacement, restoration of drainage and revegetation to be compatible with 
the end land uses of forestry, wildlife habitat, and recreational and traditional 
uses. Monitoring is included to assess reclamation success in achieving 
equivalent land capability and establishing maintenance-free, self-sustaining 
ecosystems compatible with the end land uses. Shell will meet all applicable 
regulatory construction and reclamation guidelines for the project. Pre-
disturbance assessments will be prepared on finalized project locations and will 
include site-specific, detailed conservation and reclamation plans and 
prescriptive mitigation plans for each location, as required. 

Soil salvage at project sites will include leaf litter and organic material, plus all 
mineral topsoil in upland sites, and shallow peat (less than 40 cm). Salvage of 
upper subsoil material is planned for both of the CPFs, future landfill cells and 
well pads on uplands, where practicable. Pads for well sites and access roads will 
be constructed over the peat surface in peatland (peat greater than 40 cm). Based 
on the reclamation material balance, surplus salvage soil material will be 
available to meet the requirements for reclaiming project sites and their overlap 
with disturbances at the Baseline Case.  

Except for borrow pits and landfill cells, project disturbances on upland mineral 
soil are expected to be reclaimed to the pre-disturbance capability class. Most of 
the borrow pits will be reclaimed to water features, with marsh habitat conditions 
along the edges. The reclaimed landfill cells will be planted with upland native 
grass species. Well pad and short access road materials in peatland will be 
removed during reclamation, and reused for construction, where feasible. The 
area where a pad is removed in peatland is targeted to be reclaimed peatland, and 
could have areas of open water, depending on hydrology. Arterial roads will be 
reclaimed with the road beds in place and will be revegetated to an upland h1 
vegetation type. 

The Green Area is predicted to have a negligible decrease of Land Capability 
Classification (LCC) for Forest Ecosystems Class 5 in the Terrestrial LSA 
because the existing Baseline Case disturbances and well pads on peat will be 
reclaimed to peatland. Negligible reductions in areas of upland classes in the 
LSA are the result of borrow pits reclaimed to pond features, and landfill cells 
reclaimed to grass cover. The area of borrow pits reclaimed as ponds is about 
1.5% of the LSA at closure. A slight increase in area of LCC Class 4 
(conditionally productive) at closure is from the reclamation of arterial road pads 
in peatland to upland. Except for borrow pits, upland project sites reclaimed in 
the White Area are expected to have agricultural land suitability the same as pre-
disturbance. 
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 SOCIO-ECONOMICS 

 
14.7.1 SCOPE OF ASSESSMENT 

The Socio-Economic Impact Assessment (SEIA) analyzed the potential effects of 
the project on economic activities in the SEIA RSA, and in Alberta as a whole. 
The RSA includes the communities most likely to supply the goods and services 
required for the project. The economic effects were then used to identify 
potential effects on social services and infrastructure in the RSA. The study 
considers the socio-economic effects during construction and operation of the 
project. 

14.7.2 FACTORS AFFECTING ECONOMIC ACTIVITY 

The project will have a positive effect on economic activity during construction 
and operations because money will be spent in both the provincial and regional 
economies. The economic benefits will be generated through various processes, 
including purchases of goods (materials) and services (labour), as well as through 
taxes and royalties paid once the project is operating. 

Construction of the project is estimated to create about 7,295 work-years of 
direct construction employment, consisting of: 

• 4,020 work-years of on-site construction employment for CPF 1, CPF 2, field 
facilities and drilling 

• 1,060 work-years of off-site construction employment for manufacturing 
modules in fabrication yards 

• 2,215 work-years of engineering work 

Employment opportunities will be created during both construction and 
operations. Total direct, indirect and induced construction employment is 
estimated at 18,850 work-years over the construction period. 

14.7.3 ASSESSMENT RESULTS 

Once the project is at full operational capacity, the annual direct, indirect and 
induced income effect is estimated at $311.5 million in GDP terms and $144.9  
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14.7.3 ASSESSMENT RESULTS (cont’d) 

million in labour income terms. At full capacity, it will create on average of 
about 400 work-years of employment, as follows: 

• 165 full-time Shell employees operating the CPF 1, CPF 2 and field facilities 

• 30 work-years of employment for contractors supporting plant operations 

• 100 work-years of employment for contractors building replacement pads 
and field infrastructure 

• 105 work-years of employment for drilling contractors 

During construction and operations, project effects on services and infrastructure 
in the RSA are predicted to integrate with the current system and not affect 
access or quality of service. To avoid potential harmful effects, Shell will 
continue to consult with stakeholders and implement mitigation measures. 
Specifically, Shell will: 

• minimize increased traffic on roads in the RSA by transporting workers by 
bus to and from the worksite 

• provide local employment and business opportunities during all phases of 
development, with attention to long-term sustainable economic activity in the 
RSA 

• design and execute the project so that the scale of economic and social 
stimulus is appropriate for the size of the economy and services in the RSA 

• work with key local stakeholders to understand and, where necessary, 
respond to changes in demand for infrastructure and services, such as 
affordable housing and health services 

• monitor key economic and social indicators in partnership with infrastructure 
and service providers and other stakeholders throughout the life of the project 

14.7.4 MONITORING 

Shell will continue engagement with stakeholders to determine the effectiveness 
of mitigation implemented. In keeping with the principles of adaptive 
management, mitigation strategies will be continually updated throughout the life 
of the project. 
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 CULTURAL RESOURCES 

 
14.8.1 HISTORIC RESOURCES 

14.8.1.1 Scope of Assessment 

An historic resources impact assessment was conducted to evaluate potential 
impacts on historical resources within the LSA and RSA. 

14.8.1.2 Results of Assessment 

Seven historic sites were identified within the LSA. Because no facilities are 
currently proposed for the areas where these sites are located, no impacts on 
historic resources from the project are expected. 

Relative to historic resources within the RSA, the effect of the project is positive 
in that seven new historic sites were recorded and added to the provincial 
database. Scientific data concerning these historic resources were retrieved 
during the historic resources impact assessment. 

14.8.1.3 Monitoring 

Shell will continue to avoid known historic sites throughout the construction, 
operation, decommissioning and reclamation of the project. If any historic 
resources are encountered during construction or operations, Shell will advise 
Alberta Culture and Community Spirit. 

14.8.2 TRADITIONAL ECOLOGICAL KNOWLEDGE AND LAND USE 

The project is situated near three Aboriginal communities, namely: 

• the Woodland Cree First Nation (WCFN) 
• Cadotte Lake Métis Local No. 1994 
• Duncan’s First Nation (DFN) 

In the environmental assessment process, traditional ecological knowledge 
(TEK) and traditional land use (TLU) studies are conducted with Aboriginal 
communities to understand how the current use of the land for traditional and 
other cultural purposes might be affected by a proposed project. TEK studies 
generally focus on Aboriginal communities’ understandings of, and relationships 
with, traditional lands in the study area. TLU studies generally focus on 
information about locations of cultural significance and patterns of use within the  
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14.8.2 TRADITIONAL ECOLOGICAL KNOWLEDGE AND LAND USE (cont’d) 

study area, such as settlement locations, gathering camps, resource gathering 
sites, locales, trails and ceremonial areas. 

TEK and TLU studies have the potential to broaden the information base 
considered in environmental assessments and provide information about the 
possible effects of a proposed development on Aboriginal peoples’ traditional 
lands, ways of life and rights. Involving Aboriginal communities allows for 
improved planning and land use decision-making processes, so that Aboriginal 
peoples’ values, needs and aspirations are considered. 

The use of TEK and TLU studies in supporting proponents in Aboriginal 
consultation efforts and managing risk in land and resource decision-making 
processes is increasingly being recognized. The potential effects of a proposed 
project on traditional lands and use are ultimately of cultural, environmental, 
social and economic relevance, because they pertain to the well-being of affected 
Aboriginal communities (individually and collectively), as well as the land to 
which the people are connected. 

The TEK and TLU studies are in various stages of development for the three 
Aboriginal communities: 

• Woodland Cree First Nation – Shell has entered into discussions with the 
WCFN regarding the project and will continue to pursue a TEK and TLU 
study with them 

• Cadotte Lake Métis – a TEK and TLU study was completed with the Cadotte 
Lake Métis in 2006. Shell will schedule interviews with the community to 
update the study in relation to the project. 

• Duncan’s First Nation – Shell funded a TEK and TLU study for the DFN  
and the study was provided to Shell and to the provincial and federal 
governments in July 2009 
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 LAND AND RESOURCE USE 

 
14.9.1 SCOPE OF ASSESSMENT 

The land and resource use assessment evaluated project effects on the following 
land and resource uses within the LSA and RSA: 

• land use zoning and planning 
• environmentally important areas 
• traffic 
• railroads 
• historical trails 
• surface interests 
• subsurface interests 
• aggregate resources 
• agriculture 
• forestry 
• berry picking 
• hunting 
• trapping 
• fishing 
• non-consumptive outdoor recreation 

14.9.2 ASSESSMENT RESULTS 

The effects of the project, including cumulative effects, are expected to be 
negligible to low on land and resource use. 

Shell will continue to consult with land and resource stakeholders throughout the 
life of the project. 

14.9.3 MONITORING 

Shell will continue engagement with stakeholders to determine the effectiveness 
of mitigation implemented. In keeping with the principles of adaptive 
management, mitigation strategies will be continually updated throughout the life 
of the project. 
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 GLOSSARY 

 

% The symbol for percent. 

°C The symbol for degrees Celsius. 

μm The symbol for micron. 

< The symbol for less than. 

> The symbol for greater than. 

2-D The abbreviation for two-dimensional. 

3-D The abbreviation for three-dimensional. 

a The metric symbol for annum (year). 

acid gas A gas that forms an acid when mixed with water. In petroleum production 
and processing, the most common acid gases are hydrogen sulphide and 
carbon dioxide, both of which cause corrosion. Hydrogen sulphide is also 
very poisonous. 

adaptive management A continuous improvement process of planning, implementing and 
evaluating results through monitoring and research programs and 
developing new plans from what has been learned. 

adverse effect An undesirable or harmful effect to an indicator. 

AENV The abbreviation for Alberta Environment.  

AESO The abbreviation for Alberta Electric Systems Operator. 

aggregate A hard inert material, such as gravel or sand. 

ALARP The abbreviation for as low as reasonably practicable. 

all-weather road A paved or unpaved, i.e., gravel, road that is open to traffic all year. 

amine One of a class of organic compounds that can be derived from ammonia 
by replacing one or more hydrogens with organic radicals. 
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annular pressure Fluid pressure in an annular space, as around tubing within casing. 

annulus The space that surrounds a cylindrical object within a cylinder. The space 
around a pipe in a wellbore, the outer wall of which may be the wall of 
either the borehole or the casing. Also known as annular space. 

API The abbreviation for the American Petroleum Institute. 

aquifer A water-saturated, permeable body of rock capable of transmitting 
significant or usable quantities of groundwater to wells and springs under 
ordinary hydraulic gradients. 

artificial lift Any method used to raise oil to the surface through a well after reservoir 
pressure has declined to the point at which the well no longer produces by 
means of natural energy. Sucker rod pumps, gas lift, progressing cavity 
pumps and submersible electric pumps are the most common means of 
artificial lift. 

ASRD The abbreviation for Alberta Sustainable Resource Development. 

battery A system of tanks or other surface equipment receiving produced fluids 
from one or more wells for the purpose of separation and measurement 
before delivering to market or other disposition. 

bbl The abbreviation for barrel. 

bbl/d The abbreviation for barrels per day. 

BFW The abbreviation for boiler feedwater. 

bitumen A highly viscous mixture, mainly of hydrocarbons heavier than pentanes. 
In its natural state, it is not usually recoverable at a commercial rate 
through a well. 

blowdown The act of emptying or depressurizing material in a vessel. 

blowout preventer High-pressure wellhead valves that are designed to shut off the 
uncontrolled flow of hydrocarbons.  

boiler feedwater Water that meets required purity specifications and which is fed to a steam 
generator to produce steam. 

borehole The hole drilled by the bit. The wellbore may have casing in it, be partially 
cased or have no casing (open). Also known as wellbore or hole. 

borrow pit An area that is excavated to provide material, such as gravel, sand or clay. 

bottomhole The lowest or deepest part of the well. The bottom of the wellbore. 
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brackish water Groundwater that has more than 4,000 mg/L of total dissolved solids. Also 
known as saline groundwater. 

Ca(OH)2  The chemical symbol for calcium hydroxide. 

CaCO3  The chemical symbol for calcium carbonate. 

caprock A hard rock or stratum overlying a salt dome or a deposit of oil, gas or 
coal. 

casing bowl A wellhead component or a profile formed in wellhead equipment in 
which the casing hanger is located when a casing string has been installed. 
The casing bowl incorporates features to secure and seal the upper end of 
the casing string and often provides a port to enable communication with 
the annulus. Also known as a casing spool. 

CCEMA The abbreviation for Climate Change and Emissions Management Act. 

CCME The abbreviation for the Canadian Council of Ministers of the 
Environment. 

CCS The abbreviation for carbon capture and storage. 

CEPA The abbreviation for the Canadian Environmental Protection Act. 

climate change The theoretical departure from natural climate variation resulting from 
greenhouse gas emissions from land use change and fossil fuel combustion 
arising from human activities. 

cm The metric symbol for centimetre. 

CO2 The chemical symbol for carbon dioxide. 

CO2e The 100-year time horizon global warming potential of a specified gas 
expressed in terms of equivalency to CO2 set out in the schedule in the 
Specified Gas Emitters Regulation. 

cogeneration The simultaneous on-site generation of electrical power and process steam 
or other hot fluids from the same plant. 

commissioning The act of charging a system and conducting tests to ensure that the 
system functions safely before start-up. 

condensate A light hydrocarbon liquid obtained by condensing hydrocarbon vapours 
from natural gas. 

conductor pipe Generally, the first string of casing in a well. The casing is near the surface 
to prevent the surface from caving in and is cemented in place. 

COPC The abbreviation for chemicals of potential concern. 
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CPF The abbreviation for central processing facility. 

criteria air contaminants Pollutants predominantly emitted to the air, including ammonia, carbon 
monoxide, nitrogen oxides, sulphur oxides, volatile organic compounds, 
total particulate matter, particulate matter less than or equal to 10 µm in 
diameter and particulate matter less than or equal to 2.5 µm in diameter. 

CSS The abbreviation for cyclic steam stimulation. 

cumulative effects Changes to the environment caused by an action, including projects and 
activities, in combination with other past, present and future human 
actions. 

CVG The abbreviation for casing vent gas. 

cyclic steam stimulation The injection of steam into the rock surrounding a production well to 
lower the viscosity of heavy oil and increase its flow into the wellbore. 
Steam injection might be followed by immediate production or by closing 
the well (called the soak phase) to allow even heat distribution before 
production begins. The cycle of injection, soak and production is repeated 
as long as the oil yield is profitable. Also known as huff ’n puff. 

d The abbreviation for day. 

dBa The abbreviation for A-weighted decibel. 

decibel A unit of measure for sound pressure that compresses a large range of 
numbers into a more meaningful scale. 

decommissioning, 
abandonment and 
reclamation 

The act of permanently stopping operations, removing facilities and 
restoring land to a productive state. 

deoiling A process used to separate hydrocarbons from produced water. 

DFO The abbreviation for Fisheries and Oceans Canada. 

dilbit The abbreviation for diluted bitumen. 

diluent A light liquid hydrocarbon added to bitumen to lower viscosity and 
density. 

direct emissions The release of specified gases from sources actually located at a facility, 
expressed in tonnes on a CO2e basis. 

DMI The abbreviation for Daishowa-Marubeni International Ltd. 

dogleg An abrupt change in the direction of the wellbore. 

DOW The abbreviation for dangerous oilfield waste. 
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DST The abbreviation for drill stem test. 

ecosite An area with a unique recurring combination of vegetation, soil, landform 
and other environmental components.  

ecosite phase A subdivision of the ecosite based on the dominant tree species in the 
canopy. On some sites where the tree canopy is lacking, the tallest 
structural vegetation layer determines the ecosite phase. 

effluent The liquid waste of industrial processing. 

EIA The abbreviation for environmental impact assessment. 

emergency response The action taken after an event to minimize the consequences of an 
emergency. 

emissions intensity The quantity of specified gases released by a facility per unit of production 
from that facility. 

EPEA The abbreviation for Environmental Protection and Enhancement Act. 

ERCB The abbreviation for Alberta Energy Resources Conservation Board, 
previously known as the Alberta Energy and Utilities Board. 

facies A part of a bed of sedimentary rock that varies significantly from other 
parts of the bed. 

F-class gas turbine A class of GE Energy heavy duty gas turbines used primarily for power 
generation in industrial cogeneration applications. 

flocculation The action of contaminants or special additives in a drilling fluid that 
causes the solids to come together (coagulate) in a mass. 

flow line The surface pipe through which oil travels from the well to processing 
equipment or storage. 

footprint The amount and shape of an area disturbed. 

formation fracture 
pressure 

The pressure at which a formation will break down or fracture. 

gathering system The pipelines and other equipment needed to transport oil, gas or both 
from wells to a central point. 

geotextile A woven or non-woven fabric, manufactured from synthetic fibres or 
yarns, that is designed to serve as a continuous membrane between soil 
and aggregate in a variety of earth structures. 

GJ The metric symbol for gigajoule. 
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glycol A group of compounds used to dehydrate gaseous or liquid hydrocarbons 
or to inhibit the formation of hydrates. Glycol is also used in engine 
radiators as antifreeze. Commonly used glycols are ethylene glycol, 
diethylene glycol and triethylene glycol. 

h The metric symbol for hour. 

H2S The chemical symbol for hydrogen sulphide. 

ha The metric symbol for hectare. 

habitat The natural environment of an organism. 

Haig Lake Terminal A pipeline terminal where dilbit is stored before it is transferred into the 
Rainbow Pipeline. 

HCH The abbreviation for hydrocarbon column height. 

HCl The chemical symbol for hydrochloric acid. 

HCS The abbreviation for horizontal cyclic steam. 

HDPE The abbreviation for high-density polyethylene. 

HEMP The abbreviation for hazard and effect management process. 

hole The hole drilled by the bit. The wellbore may have casing in it, be partially 
cased or have no casing (open). Also known as wellbore or borehole. 

HP The abbreviation for high pressure. 

HRSG The abbreviation for heat-recovery steam generator. 

HSE The abbreviation for health, safety and environment. 

huff ’n puff The injection of steam into the rock surrounding a production well to 
lower the viscosity of heavy oil and increase its flow into the wellbore. 
Steam injection might be followed by immediate production or by closing 
the well (called the soak phase) to allow even heat distribution before 
production begins. The cycle of injection, soak and production is repeated 
as long as the oil yield is profitable. Also known as cyclic steam 
stimulation. 

hydrocarbon A compound that consists mainly of hydrogen and carbon. The simplest 
hydrocarbons are gases at ordinary temperatures and, with increasing 
complexity of molecular structure, they become liquids and solids. Natural 
gas and petroleum are mixes of hydrocarbons. 
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hydrogeology The science that deals with the occurrence of water on the surface and 
underground, its use, and its functions in modifying the earth, primarily by 
erosion and deposition. 

hydrology The science dealing with the waters of the earth, including their properties, 
circulation, distribution and reaction with the environment. 

ICS The abbreviation for incident command system. 

ID The abbreviation for Interim Directive. 

IGF The abbreviation for induced gas flotation. 

in situ In place or in the original position. 

infrastructure Basic facilities, such as transportation, communications, power supplies 
and buildings, that enable an organization, project or community to 
function. 

InSAR The abbreviation for interferometric synthetic aperture radar. 

ISD The abbreviation for Industrial System Designation. 

ISO The abbreviation for International Organization for Standardization. 

isochore map A geological contour map connecting points of equal true vertical 
thickness of strata, formations, reservoirs or other rock units. 

K The metric symbol for kelvin. 

kg The metric symbol for kilogram. 

kg/d The metric symbol for kilograms per day. 

kg/m3 The metric symbol for kilograms per cubic metre. 

Kh The abbreviation for horizontal permeability. 

Kj The metric symbol for kilojoule. 

km The metric symbol for kilometre. 

km2 The metric symbol for square kilometres. 

knockout Any liquid condensed from a stream by a scrubber following compression 
and cooling. 

kPa The metric symbol for kilopascal. 

kt The metric symbol for kilotonne. 
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kV The metric symbol for kilovolt. 

Kv The abbreviation for vertical permeability. 

L The metric symbol for litre. 

L/d The abbreviation for litres per day. 

ladder fuels A configuration of inflammable plant materials that can carry a ground fire 
up into the canopies, or crowns, of trees. Starting at the bottom rung, this 
configuration usually comprises dried grass, small shrubs, tall shrubs and 
low-hanging branches. 

linear features  Disturbances to the landscape, caused by human activity, that are long, 
narrow and of uniform breadth, such as roads, seismic lines and pipelines. 

LP The abbreviation for low pressure. 

LSA The abbreviation for local study area. 

m The metric symbol for metre. 

m/s The metric symbol for metres per second. 

m3 The metric symbol for cubic metres. 

m3/a The metric symbol for cubic metres per annum. 

m3/d The metric symbol for cubic metres per day. 

m3/h The metric symbol for cubic metres per hour. 

makeup water Water that is needed to replace that which is lost by evaporation or leakage 
in a closed-circuit, recycle operation. 

MCC The abbreviation for motor control centre. 

mD The metric symbol for millidarcy. 

MD The abbreviation for measured depth. 

mg The metric symbol for milligram. 

mg/L The metric symbol for milligrams per litre. 

millidarcy A unit of fluid permeability equal to one thousandth of a darcy. 

mitigation Measures taken to eliminate, reduce or control a project’s adverse effects. 

mm The metric symbol for millimetre. 
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mol% The abbreviation for mole percent. 

monitoring, 
environmental 

Periodic inspections to observe and report on compliance with approval 
conditions, confirm effectiveness of approved protection measures, verify 
the accuracy of impact predictions, or to identify any effects not predicted 
in the impact assessment, or both. 

MPa The metric symbol for megapascal. 

MPOI The abbreviation for maximum point of impingement. 

Mt The metric symbol for mega (million) tonnes. 

MVC The abbreviation for mechanical vapour compression. 

MW The metric symbol for megawatt. 

MWh The metric symbol for megawatt hour. 

N/A The abbreviation for not applicable. 

n/a The abbreviation for not available. 

NAIT The abbreviation for Northern Alberta Institute of Technology. 

National Pollutant 
Release Inventory 

A database of information on annual releases, disposal or recycling of 
pollutants to air, water and land from all sectors, including industrial, 
government and commercial. It is the only legislated, nation-wide, 
publicly-accessible inventory of its type in Canada. 

non-criteria air 
contaminants 

Air pollutants that are listed on the National Pollutant Release Inventory, 
but which are not classified as criteria air contaminants. 

NOx The chemical symbol for oxides of nitrogen. 

NPRI The abbreviation for the National Pollutant Release Inventory. 

NPS The abbreviation for nominal pipe size. 

OBIP The abbreviation for original bitumen in-place. 

ohm.m The metric symbol for ohm.metre. 

ohm.metre A unit for measuring electrical resistance. If a container with sides of 1 m 
each is filled with a solution and a resistance of 1 ohm is measured when a 
current is passed through the container from one face to the opposite face, 
the resistivity of the unit volume is 1 ohm.metre. 

open-hole log Any log made in an uncased, or open, hole. 



 

 

 GLOSSARY 

 

GL-10 Shell Canada Limited November 2009 
   CR027 

OSCA The abbreviation for Oil Sands Conservation Act. 

OTSG The abbreviation for once-through steam generator. 

permeability A measure of the ease with which a fluid flows through rock in response 
to pressure differences (measured in darcys). Permeability implies that 
there is some degree of porosity in the rock. 

pipe rack A horizontal support for tubular goods. 

porosity The property of a solid that contains many minute channels or open 
spaces. The fraction is a percent of the total volume occupied by these 
channels or spaces. For example, in petroleum engineering, the ratio 
(expressed in percent) of the void space in a rock to the bulk volume of 
that rock. 

potable water Water that is suitable for drinking. 

ppm The abbreviation for parts per million. 

PREP The abbreviation for the Peace River Expansion Project. 

primary recovery The first stage of oil production in which natural reservoir drives are used 
to recover oil, although some form of artificial lift might be required to 
exploit declining reservoir drives. 

PRISP The abbreviation for the Peace River In Situ Pilot. 

produced gas Gas that is produced from the wellbore with bitumen and water. 

produced water Water that is produced from the wellbore with bitumen and gas. 

productive intermediate 
casing 

Casing that functions as part of the production string and that may be 
exposed to production fluids. It must meet production casing design 
criteria suitable for the life of the well. 

PSL The abbreviation for Priority Substance List. 

pump jack A surface unit similar to a pumping unit that has no individual power 
plant. Usually, several pump jacks are operated by pole rods or cables 
from one central power source. The rods or cables impart a reciprocating 
motion to a string of sucker rods extending to the positive-displacement 
pump at the bottom of the well. 

PW The abbreviation for produced water. 

RCMP The abbreviation for Royal Canadian Mounted Police. 

reception centre A predesignated location away from potential danger where, in an 
emergency, personnel and local residents can gather safely. 
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reclamation The process of returning disturbed land to its former or other productive 
uses. 

reservoir A subsurface body of rock having sufficient porosity and permeability to 
store and transmit fluids. 

Rge The abbreviation for range. 

right-of-way The right of passage or of crossing over someone else’s land. An easement 
in lands belonging to others that is obtained by agreement or lawful 
appropriation for public or private use. 

ROW The abbreviation for right-of-way. 

RSA The abbreviation for regional study area. 

runoff The portion of precipitation (rain and snow) that ultimately reaches 
streams via surface systems. 

s The metric symbol for second. 

SAC The abbreviation for strong acid cation. 

SAGD The abbreviation for steam-assisted gravity drainage. 

sales oil Dilbit that is available for upgrading. 

saline groundwater Groundwater that has more than 4,000 mg/L of total dissolved solids. Also 
known as brackish water. 

SGER The abbreviation for Specified Gas Emitters Regulation. 

SGRR The abbreviation for Specified Gas Reporting Regulation. 

Shell The abbreviation for Shell Canada Limited. 

SiO2 The chemical symbol for silicon dioxide. 

sludge Any semi-solid waste from a chemical process. 

sm3/h The abbreviation for standard cubic metres per hour. 

SO2 The chemical symbol for sulphur dioxide. 

solution gas Lighter hydrocarbons that exist as a liquid under reservoir conditions but 
that effervesce as gas when pressure is released during production. 

sorption Absorption or adsorption occurring jointly or separately. 
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stakeholder People or organizations with an interest or share in an undertaking, such as 
a commercial venture. 

start-up The act of starting work or energizing machinery or equipment after 
commissioning, or restarting it after a temporary shutdown or 
decommissioning. 

steam drive A method of improved recovery in which steam is injected into a reservoir 
through injection wells and driven toward production wells. The steam 
reduces the viscosity of crude oil, causing it to flow more freely. The heat 
vaporizes lighter hydrocarbons. As they move ahead of the steam, they 
cool and condense into liquids that dissolve and displace crude oil. The 
steam provides additional gas drive. This method is used to recover 
viscous oils. Also known as steam flood. 

steam quality The percentage, by weight, of vapour in a steam and water mixture. 

steam soak The injection of steam into the rock surrounding a production well to 
lower the viscosity of heavy oil and increase its flow into the wellbore. 
Steam injection might be followed by immediate production or by closing 
the well (called the soak phase) to allow even heat distribution before 
production begins. The cycle of injection, soak and production is repeated 
as long as the oil yield is profitable. Also known as horizontal cyclic steam 
stimulation and huff ’n puff. 

storativity The volume of water released from storage in a confined aquifer per unit 
surface area per unit decrease in the hydraulic head. (Also known as 
storage coefficient.) The storage coefficient is the product of the specific 
storage and the aquifer thickness. 

stratigraphy The branch of geology that deals with the arrangement of rock layers. 

surface casing The first string of casing after the conductor pipe that is set in a well. 

t The metric symbol for tonne. 

t/a The metric symbol for tonnes per annum. 

t/d The metric symbol for tonnes per day. 

TDS The abbreviation for total dissolved solids. 

thermal recovery A type of enhanced recovery in which heat is introduced into a reservoir to 
lower the viscosity of heavy oils and to facilitate their flow into producing 
wells. The pay zone may be heated by injecting steam (steam drive) or by 
injecting air and burning a portion of the oil in place (in situ combustion). 

thief zone A formation encountered during drilling into which circulating fluids can 
be lost. 
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TJ The metric symbol for terrajoule. 

Twp The abbreviation for township. 

utilities Electricity, natural gas, water, instrument air and other services. 

utility water Water used for washing, flushing equipment, mixing chemicals and for 
pump gland water. 

vertical steam drive A bitumen recovery method that involves moving steam horizontally 
between vertical wells. 

viscosity A measure of the resistance of a fluid to flow. 

vol% The abbreviation for volume percent. 

volatile organic 
compound 

A compound that boils below a temperature of about 100oC, including all 
non-methane hydrocarbons. 

VRU The abbreviation for vapour recovery unit. 

VSD The abbreviation for vertical steam drive. 

VSP The abbreviation for vertical seismic profile. 

W5M The abbreviation for west of the fifth meridian. 

WAC The abbreviation for weak acid cation. 

waste All solids, liquids and sludge produced in the course of constructing, 
operating and abandoning facilities. 

waterbody A body of water up to the high-water mark, including canals, reservoirs, 
oceans and wetlands, but not including sewage or waste treatment lagoons. 

watercourse A natural or artificial channel with perennial or intermittent flow and 
definable bed and banks. 

wellbore The hole drilled by the bit. The wellbore may have casing in it, be partially 
cased or have no casing (open). Also known as borehole or hole. 

wetlands Land having the water table at, near or above the land surface, or which is 
saturated for long enough periods to promote wetland or aquatic processes. 
Wetlands include peatlands and areas that are influenced by excess water.  

WLS The abbreviation for warm lime softening. 

wt% The abbreviation for weight percent. 

ZLD The abbreviation for zero liquid discharge. 
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