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REVISED WATERCOURSE CROSSING AND PIPELINE 
ROUTING 

Canadian Natural Resources Limited (Canadian Natural) is proposing one change 
to the Kirby In-Situ Oil Sands Project (the Project) in relation to the description 
provided in the Application for Approval (application) filed with Alberta 
Environment (AENV) and the Energy Resources Conservation Board (ERCB) on 
September 18, 2007.  The Project includes one watercourse crossing of two 
buried pipelines.  This watercourse crossing was identified as Watercourse 
Crossing 2 (CR-2) in the September 18, 2007 application (Volume 1A, 
Section A2, Figure A2.1-3). 

Canadian Natural is proposing a revised crossing location for CR-2 that is located 
approximately 180 m upstream from the original crossing (Figure 1).  The 
revised crossing is preferable from environmental and technical perspectives.  A 
comparison of the original and revised crossing and the associated pipeline routes 
follows and is summarized in Table 1. 

Table 1 Revised CR-2 and Pipeline Routing Disturbance Comparison 

Original Routing 
Disturbance 

Revised Routing 
Disturbance Change Change 

Routes Ecosite Phases / 
Wetland Types Area 

[ha] 
Area 
[%] 

Area 
[ha] 

Area 
[%] 

Area 
[ha] 

Area 
[%] 

BTNN 0.30 35 0.00 0 -0.30 -35 

c1 0.20 23 0.67 61 0.47 38 

DIS 0.08 9 0.17 16 0.10 7 

g1 0.00 0 0.21 19 0.21 19 

SONS 0.29 33 0.04 4 -0.25 -29 

Vegetation 
Communities 

  0.87 100 1.09 100 0.22 0150 
disturbed 0.08 9 0.05 5 -0.03 -4 

KNS6 0.22 25 0.73 67 0.51 42 

MLD1-2 0.33 38 0.31 28 -0.01 -10 

MUS1-2 0.24 27 0.00 0 -0.24 -27 

SUT5 0.01 1 0.00 0 -0.01 -1 

Dominant Soil 
Map Units 

  0.87 100 1.09 –  0.22 0150 

– = Not applicable.  
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Similar to the original route, the revised route parallels an existing cleared right-
of-way.  Compared to the original route the revised route is only slightly longer 
and has a slightly larger footprint (increase of 0.22 ha, Table 1).  However, the 
revised routing will result in considerably less disturbance to mapped wetland 
vegetation communities and organic soils (reductions of 93% and 46%, 
respectively; Table 1).  These vegetation and soil types are more difficult to work 
within and reclaim than terrestrial vegetation communities and mineral soils.  
The revised route will cross the watercourse at a right angle and will be at a 
location near where a summer 2007 assessment determined the channel width to 
be 3.0 m.  By contrast, the original route crosses the watercourse obliquely and at 
a location where there is a beaver pond that is tens-of-metres in width.  Beaver 
dams can be removed in accordance with a Fisheries and Oceans Canada (DFO) 
operational statement to allow for infrastructure construction, but this is not 
Canadian Natural’s preferred approach because it unnecessarily impacts beaver 
habitat and potential overwintering fish habitat. 

The revised route for CR-2 is preferable from environmental and technical 
perspectives.  The slight increase in land disturbance will be offset by the 
decrease in disturbance to aquatic and wetland habitats.  The mitigation for the 
original watercourse crossing, as described in the Hydrology and Fish and Fish 
Habitat Assessments (Volume 4A, Sections 3 and 5, respectively) apply to the 
revised crossing.  In addition, Canadian Natural will adhere to the Code of 
Practice for Pipelines and Telecommunication Lines Crossing a Waterbody 
(AENV 2000) and the Fisheries and Oceans Isolated or Dry Open-Cut Stream 
Crossings (DFO 2008).  Overall the change will have no effect on the 
conclusions of the Environmental Impact Assessment (EIA).  A revision to the 
EIA is therefore unnecessary and has not been conducted. 

All figures in this document show the revised watercourse crossing and 
associated pipeline routing.  The focus of the responses to the EIA-related 
Supplemental Information Requests has remained on the original EIA because of 
there being no change to the conclusions  

Canadian Natural has discussed the revised location of CR-2 with DFO.  On 
December 11, 2007, DFO advised the Canadian Environmental Assessment 
Agency their review of the Kirby Project application was not required, based on 
the crossing location and Canadian Natural’s intention to construct the crossing 
according to DFO’s Operational Statements.  On March 18, 2008, Canadian 
Natural advised Alberta Environment (Environmental Assessment Team Leader, 
Environmental Assessment) about the revision to the crossing location. 
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GENERAL 

1. The ERCB expects applicants to be familiar with all ERCB requirements respecting 
their proposed in-situ oil sands scheme. Please provide a summary of the following 
information for any waivers or variances being requested as part of the subject 
application:  

a) The waiver or variance requested. 

b) The ERCB regulation or directive that stipulates the requirement requested to be 
waived or varied. 

c) The reason(s) for the requested waiver or variance including any supporting 
material. 

Response: 
a) No waivers are being sought by Canadian Natural Resources Limited (Canadian Natural) 

for the subject application.  At the time of filing applications for well and facility licenses 
under Energy Resources Conservation Board (ERCB) Directive 056 (ERCB 2008), 
Canadian Natural will be requesting waivers for the required 100 m setback from 
waterbodies, as defined in Directive 056. 

b) As described in Part a), ERCB Directive 056 is the directive that stipulates the 100 m 
setback from waterbodies.  

c) Canadian Natural has sought to locate wellpads and the plant site in locations that are in 
compliance with the 100 m waterbody setback requirement, wherever it is possible to do 
so. The wellpad and plant site locations do not encroach within 100 m of any open 
waterbody. However, the Kirby In-Situ Oil Sands Project (the Project) is largely 
surrounded by peatlands, which has made it difficult to locate the wellpads and plant site 
outside of areas defined in Directive 056 as waterbodies. Combined with this, Canadian 
Natural is required to optimize recovery of the bitumen resource, and wellpad locations 
have been dictated by the reservoir and geological characteristics of the bitumen bearing 
formations.  The wellpad locations have therefore been located to balance resource 
recovery and environmental protection. 

Reference: 

ERCB (Energy Resouces Conservation Board).  2008.  Directive 056:  Energy Development 
Applications and Schedules. Revised edition June 16, 2008. 
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2. Provide an update on the status of Canadian Natural’s public and industry consultation 
process including a discussion on any outstanding concerns or objections. 

Response:  
 Status of Canadian Natural’s Consultation Process 

 Canadian Natural has been actively working to consult with the following stakeholders 
regarding the Project: 

• First Nations and Métis Communities in the Area: 

− Beaver Lake Cree Nation (BLCN). 

− Chipewyan Prairie Dene First Nation (CPDFN). 

− Cold Lake First Nations (CLFN). 

− Heart Lake First Nation (HLFN). 

− Whitefish Lake First Nation #128 (Goodfish) (WLFN). 

− Fort McMurray #468 First Nation (FMFN). 

− Métis Nation Zone 1 - Zone 1 represents the Métis Locals in the Project area.  
Canadian Natural was directed by Zone 1 Executives to consult directly with the 
Métis Locals.  Canadian Natural has kept Zone 1 informed about the Project 
through notifications and through responses to their questions). 

− Conklin Métis Local #193/Conklin Community Association. 

− Chard Métis Local #214. 

• Alberta Provincial Regulatory Agencies 

− Energy Resources Conservation Board (ERCB). 

− Alberta Environment (AENV) is the lead Government of Alberta review agency 
and one-window to the following other agencies participating in the review: 

− Alberta Health and Wellness; 

− Alberta Sustainable Resource Development; 

− Alberta Tourism, Parks and Recreation; 

− Alberta Transportation; 

− Alberta Energy; 

− Alberta Employment and Immigration; and  

− Alberta Aboriginal Relations. 

• Trappers. 

• Regional Municipality of Wood Buffalo. 
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• County of Lac La Biche - Lakeland County and the Town of Lac La Biche merged to 
become the County of Lac La Biche and established one position for mayor for the 
whole area.  

 Canadian Natural is in discussion with the following self-identified groups to understand 
their concerns: 

• Métis Nation of Alberta – Local 1935, Fort McMurray has identified its members 
have traditional land use interests in the Kirby Project area. 

• Canadian Natural has been approached by Mr. John Malcolm, who has expressed an 
interest in the Kirby Project.  Mr. Malcolm indicated he is representing groups he has 
identified as the Wood Buffalo First Nations, Wood Buffalo First Nations Elders 
Society and Non-Status Fort McMurray Descendants. 

 Other stakeholders we have been advising through notification and/or delivery of project-
related information include: 

• Federal Regulatory Agencies: 

− Canadian Environmental Assessment Agency; and 

− Fisheries and Oceans Canada. 

• Saskatchewan Environment 

• CFB Cold Lake Air Weapons Range – Range Control for Department of National 
Defence. 

• Other industries/operators in the area or who may have a specific or broader interest 
in the project, including Nexen Inc. which holds one-third interest in two sections of 
an oil sands lease included in the Project area.  

• Special Interest Groups: 

− Pembina Institute (on behalf of the Oil Sands Environmental Coalition). 

• Federal Government Representative 

− Local Member of Parliament. 

• Provincial Government Representatives 

− Member of Legislative Assembly – Ft. McMurray/Wood Buffalo; and 

− Member of Legislative Assembly – Lac La Biche/St. Paul. 

• Corporate Individuals. 

• Canadian Natural employees and contractors in area, and employees in general. 

• Canadian Natural shareholders/investment community. 
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 Canadian Natural recognizes the importance of addressing cumulative impacts in the 
region from oil sands developments, and is a funding member and active participant in 
the following regional stakeholder working groups: 

• Cumulative Environmental Management Association (CEMA); 

• Wood Buffalo Environmental Association (WBEA); and 

• Regional Aquatic Monitoring Program (RAMP). 

 In addition, Canadian Natural is a funding member and active participant in the 
Athabasca Regional Issues Working Group (RIWG).  Through its committees, RIWG 
works closely with industry representatives, oil sands developers, local and provincial 
governments, Aboriginal peoples, and numerous other regional organizations to identify, 
analyze, refer, study and ultimately resolve issues related to the development of resources 
in the Regional Municipality of Wood Buffalo (RMWB).  This includes but is not limited 
to the following issues in the RMWB:  

• environment; 

• housing; 

• health care; and 

• traffic. 

 Canadian Natural’s stakeholder relations team has met several times with many of the 
stakeholder community representatives to discuss the Project.  Email and telephone have 
been key methods of communication. We have also sent personal letters to our 
stakeholders to provide updates and information about the project. Since the 
Environmental Impact Assessment (EIA) Terms of Reference was finalized on August 
10, 2007, Canadian Natural has been required to file bi-monthly consultation reports with 
AENV (with copy to the ERCB).  To date, Canadian Natural has filed five bi-monthly 
reports. 

 Canadian Natural views the stakeholder consultation process as flexible, open and 
ongoing.  We will continue to meet with our stakeholders as we work through the 
regulatory process for the Project.  The Project email (kirbyproject@cnrl.com) and the 
information line (780-826-8128) remain active.  Stakeholders are invited to call collect if 
they are outside the local calling area. 

 Canadian Natural has a long-term presence in the communities where we operate and is 
committed to working collaboratively, co-operatively and effectively with those 
communities to minimise the impact of our activities.  Canadian Natural will continue to 
consult with our stakeholders through our community relations program and will 
maintain open and sustainable level of communications with those communities 
throughout the life of the Project. 

 Our business activities contribute to the economics and quality of life where we do 
business, as do our community investments.  We have a commitment to work with our 
neighbors throughout our operations so the impacts of our activities are minimised on 

mailto:kirbyproject@cnrl.com
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other operators as well as communities, while local and regional economic benefits are 
enhanced.  

 Notification and Delivery of Documentation  

 We have provided direct notification at key stages of the Project.  All stakeholders have 
received: 

• the Public Disclosure Document; 

• the Proposed Terms of References; 

• the Application and EIA; 

• an errata letter; 

• an addendum, containing 

− Human Health Risk Assessment, 

− Wildlife Health Risk Assessment, and 

− supplemental baseline water quality, fish habitat and soil information;  

• public notices; 

• invitations to and advertisements about open houses; and 

• a newsletter. 

 In addition, the following supplemental information has been provided to AENV, ERCB, 
First Nations stakeholders, Conklin Métis Local # 193/Conklin Community Association, 
Chard Métis Local #214 and Métis Nation of Alberta – Local 1935: 

• Historical Resources Impact Assessment; and 

• Traffic Impact Assessment. 

 Open Houses 

 A series of open houses were held in the following communities: 

• Conklin - February 20, 2007; 

• Lac La Biche - February 22, 2007; and 

• Anzac - March 7, 2007. 

 Questions and concerns raised at the open houses, along with Canadian Natural’s answers 
and responses to those items, were included in the newsletter. 

 Traditional Land Use Study Update 

 Traditional Land Use Studies (TLUS) specific to the Project area have been carried out 
with Elders from five First Nation communities including: CPDFN, CLFN, FMFN, 
HLFN and WLFN.  A traditional land use interview was also conducted with a local 



Canadian Natural Resources Ltd. - 10 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

Métis trapper and outfitter whose Registered Fur Management Area overlaps with the 
Project area.  

The main issues identified during the interviews included: 

• Industrial Activity, Noise and Access; 

• Animal Health and Ecological Change; 

• Water Quality and Quantity; 

• Health; 

• Education, Training and Economic Participation; 

• Communication and Future Development; and 

• Project Design. 

 The Traditional Land Use Assessment (Volume 6, Section 1) included Traditional Land 
Use information from the study conducted with HLFN and the trapper, and from a 2002 
CPDFN TLUS conducted by Rio Alto Exploration Ltd.  The TLUS for the other four 
First Nations and a CPDFN TLUS update have been conducted since the Project 
Application/EIA was filed in September 2007.  Canadian Natural is in the process of 
validating with the communities and the trapper the more recently recorded TLUS 
information.  Once authorization has been obtained from these communities for the 
release of the Traditional Land Use information, Canadian Natural will update the 
Traditional Land Use Assessment. 

 Canadian Natural has been in active discussion with Conklin Métis Local # 193/Conklin 
Community Association, Chard Métis Local #214 and Métis Nation of Alberta – Local 
1935 about conducting TLUS with these communities.  To date Canadian Natural has not 
reached agreement with these communities about the processes whereby this work would 
take place.  In addition, Canadian Natural has made several offers to support a TLUS for 
BLCN, but the First Nation has declined to participate. 

 Written responses to issues raised during the TLUS interviews will be provided to the 
communities and trapper by Canadian Natural.  Canadian Natural also proposes to hold 
workshops with the communities who would like to participate to: 

• discuss the project details; 

• explain the findings of the EIA; 

• discuss our proposed mitigation; 

• acknowledge and address specific issues and identify Canadian Natural’s proposed 
responses to the issues; 

• listen to each community’s comments;  

• search for opportunities to incorporate their ideas into the Project; and 

• seek to further build understanding and stronger relations with the communities.  
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 Trappers 

 Canadian Natural has identified four trappers who have Registered Fur Management 
Areas that overlap with the Project area and who may be affected by the Project.  We 
have met and spoken with all of the trappers except one.  Despite our continued efforts to 
contact this one trapper, Canadian Natural was only able to reach a representative for the 
trapper during the week of June 10, 2008. Canadian Natural has spoken to the trapper’s 
representative who has requested a copy of the EIA summary document for review.  The 
summary was mailed on June 16, 2008. 

 Municipalities 

County of Lac La Biche 

 Recognizing many of our services will be supplied through the County of Lac La Biche, 
Canadian Natural helped to fund and participated in a socio-economic impact study 
conducted by the Lac La Biche Region Industry Consultation Committee.  The results of 
this study should be finalized during summer 2008.  In addition to holding an open house 
in Lac La Biche, Canadian Natural held personal meetings with the Mayor of the Town 
of Lac La Biche and the Reeve of Lakeland County.   

Regional Municipality of Wood Buffalo (RMWB) 

 The RMWB asked Canadian Natural to present information about the Project to their 
Regional Development Committee.  We have requested an opportunity to make this 
presentation and are awaiting a response. 

 Other Stakeholders 

 Canadian Natural has met with John Malcolm to discuss the Project.  Canadian Natural 
plans to meet again with him in order to identify and address any project-specific 
concerns as appropriate. 

 Stakeholder Feedback 

 Some stakeholders have concerns about the Project.  They have expressed these concerns 
in various forms of letters to the provincial regulatory agencies. 

 Canadian Natural is committed to working with each of these stakeholders to address 
their concerns and issues.  

 The following written statements were received following the AENV/ERCB March 4 to 
20, 2008 Joint Notice of Application. 

Letter of Objection 

 Canadian Natural was copied on a Letter of Objection filed by the CPDFN on 
May 2, 2008 with the Provincial Minister of Environment, AENV Regional Approvals 
Manager, ERCB Chairman of the Board, and the Federal Minister of Environment.  

Statements of Concern 

 Canadian Natural was copied on a statement of concern filed by CLFN on June 9, 2008 
with AENV and the ERCB. 
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 Canadian Natural received a copy of a Statement of Concern filed by Nexen Inc. on June 
12, 2008 with AENV and the ERCB.  

 Canadian Natural was copied on a statement of concern filed by the Métis Nation of 
Alberta, Local 1935, Fort McMurray on April 11, 2008 with AENV. 
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RESERVOIR 

3. Provide a discussion on remedial actions that may be undertaken during the drilling of 
the horizontal portion of a well if non-reservoir rock is encountered that could have a 
detrimental impact on productivity including the criteria for implementing such 
remedial action. 

Response: 
Canadian Natural Resources Limited (Canadian Natural) has identified two reasons why 
the horizontal section of the wellbore may be drilled through unproductive “non-
reservoir”.   

Encountering a drilling problem that results in the wellbore to “dip” down below 
base-of-pay into a non reservoir/non productive area:  Initial action in this case would 
be to attempt recovery from the anomaly and return to the original trajectory.  If the non 
productive interval was a significant portion of the total length of the horizontal section it 
may be necessary to sidetrack and redrill the interval in productive pay.   The decision to 
redrill or continue the same borehole would need to be made on a case by case basis, 
considering the quality of reservoir being “bypassed”, the success of results being 
attained in the trajectory recovery attempts, and whether the problem was at the “end” of 
an otherwise successful horizontal section, or at the beginning (potentially jeopardizing 
the entire section).  If the horizontal section was to dip into an interval of “bottom water”, 
the potential benefit of running “blank” rather than slotted pipe across the interval would 
be evaluated. 

Encountering an unexpected localized “high” feature in the reservoir base while 
drilling planned trajectory:  In this event it is unlikely that any remedial action would 
be implemented.  A localized high would be considered to be relatively small in size as a 
larger anomaly would have been previously identified through surveys.  Given that this 
would be a short interval of encountered non-productive pay, the response would be to 
continue with the planned trajectory.  If the “high” turned out to be longer than 
anticipated it may be necessary to re-evaluate the planned trajectory and either alter 
course or redrill all or a portion of the well.  This would be evaluated on a case by case 
basis.  If any remedial action is taken and the trajectory is altered, the ERCB will be 
notified. 

 

4. Provide a discussion on when a well may have blank pipe instead of slotted liner run in 
a portion of the horizontal interval including the criteria for doing this and the potential 
effect on resource recovery. 

Response: 
There are two cases in which a well may have blank pipe instead of slotted pipe run in a 
portion of the horizontal interval. 
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The first case would be as part of the completion design.  To reduce overall costs 
Canadian Natural may alternate blank and slotted pipe in a ratio of one-to-one or 
two-to-one for the entire length of the horizontal section.  Given that well pair spacing of 
100 m is suitable for sufficient lateral drainage to be attained, having an unslotted interval 
of several metres between the slotted sections will have no discernable effect on ultimate 
resource recovery. 

The second case would occur if there was a portion of the horizontal section drilled 
through a non-productive portion of the reservoir structure.  This would happen as a 
result of problems encountered while drilling the horizontal section or as a result of 
encountering an “unexpected” high while drilling through the reservoir base.  There 
would be no benefit installing slotted pipe through a non-productive interval and 
therefore blank pipe would be used instead. 

 

5. Perform a review of all wells drilled within the application area to determine if the wells 
have been drilled and cased or drilled and abandoned in a manner compatible with the 
proposed thermal recovery process. Provide a summary of all wells reviewed and their 
current status. 

Response: 
Table 5-1 provides a list of all wells drilled within the application area.  Several of these 
wells are not compliant with thermal operations.  Actions to be taken on these wells are 
detailed in the Table 5-2. 
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Table 5-1 Wells in the Project Area 

Unique Well Identifier 
(UWI) Licence # Well Name Status Thermally 

Compliant Action Details 

00/07-19-073-07W4/0 183783 RAX ET AL KIRBY 7-19-73-7 Susp No Note 1 J55 ST&C cemented with thermal 

00/10-19-073-07W4/0 94578 RAX NCR KIRBY 10-19-73-7 Abnd No Note 3 J55 ST&C cemented with thermal, abnd with thermal 

AA/16-19-073-07W4/0 369583 Canadian Natural KIRBY 16-19-73-7 Abnd Yes n/a n/a 

AA/07-20-073-07W4/0 369584 Canadian Natural KIRBY 7-20-73-7 Abnd Yes n/a n/a 

AA/08-20-073-07W4/0 346712 Canadian Natural KIRBY 8-20-73-7 Abnd Yes n/a n/a 

AA/09-20-073-07W4/0 231090 RAX 9B KIRBY 9-20-73-7 Abnd Yes n/a n/a 

00/10-20-073-07W4/0 94205 RAX NCR KIRBY 10-20-73-7 Susp Yes n/a n/a 

02/10-20-073-07W4/0 252240 RAX OB2B KIRBY 10-20-73-7 Stand Yes n/a n/a 

03/10-20-073-07W4/0 246996 Canadian Natural HZ 11 1-29 KIRBY 
10-20-73-7 Susp Yes n/a n/a 

04/10-20-073-07W4/3 247004 Canadian Natural HZ P1 1-29 KIRBY 
10-20-73-7 Susp Yes n/a n/a 

05/11-20-073-07W4/0 252827 RAX OB2C KIRBY 11-20-73-7 Stand Yes n/a n/a 

AA/11-20-073-07W4/0 231086 RAX 11A KIRBY 11-20-73-7 Abnd Yes n/a n/a 

AB/11-20-073-07W4/0 234991 RAX OB1C KIRBY 11-20-73-7 Stand Yes n/a n/a 

AA/12-20-073-07W4/0 369585 Canadian Natural KIRBY 12-20-73-7 Abnd Yes n/a n/a 

AA/13-20-073-07W4/0 346713 Canadian Natural KIRBY 13-20-73-7 Abnd Yes n/a n/a 

AA/14-20-073-07W4/0 231084 RAX 14C KIRBY 14-20-73-7 Abnd Yes n/a n/a 

04/15-20-073-07W4/0 252237 RAX OB2A KIRBY 15-20-73-7 Stand Yes n/a n/a 

00/15-20-073-07W4/0 246825 RAX 0B1A KIRBY 15-20-73-7 Stand Yes n/a n/a 

02/15-20-073-07W4/0 247006 RAX 0B1B KIRBY 15-20-73-7 Stand Yes n/a n/a 

AA/16-20-073-07W4/0 231087 RAX 16B KIRBY 16-20-73-7 Observ Yes n/a n/a 

AA/01-21-073-07W4/0 346714 Canadian Natural KIRBY 1-21-73-7 Abnd Yes n/a n/a 

AA/02-21-073-07W4/0 247873 RAX 2D KIRBY 2-21-73-7 Observ No Note 2 J55 ST&C cemented with thermal 

AA/03-21-073-07W4/0 369586 Canadian Natural KIRBY 3-21-73-7 Abnd Yes n/a n/a 

AA/04-21-073-07W4/0 234404 RAX 4D KIRBY 4-21-73-7 Abnd Yes n/a n/a 

AA/06-21-073-07W4/0 346716 Canadian Natural KIRBY 6-21-73-7 Abnd Yes n/a n/a 

AA/07-21-073-07W4/0 346717 Canadian Natural KIRBY 7-21-73-7 Abnd Yes n/a n/a 
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Table 5-1 Wells in the Project Area (continued) 

Unique Well Identifier 
(UWI) Licence # Well Name Status Thermally 

Compliant Action Details 

AA/08-21-073-07W4/0 229779 RAX 8D KIRBY 8-21-73-7 Prod Yes n/a n/a 

00/09-21-073-07W4/0 199116 RAX ET AL KIRBY 9-21-73-7 Stand No Note 1 J55 ST&C cemented with thermal 

02/11-21-073-07W4/0 105722 PCI C4 KIRBY 11C-21-73-7 Abnd Yes n/a n/a 

00/11-21-073-07W4/0 94399 RAX NCR KIRBY 11-21-73-7 Abnd Yes n/a n/a 

00/12-21-073-07W4/0 100931 RAX NCR C3 KIRBY 12-21-73-7 Susp Yes n/a n/a 

F2/13-21-073-07W4/0 366669 Canadian Natural WSW KIRBY 13-
21-73-7 Stand Yes n/a n/a 

F1/13-21-073-07W4/0 247879 RAX WS1 KIRBY 13-21-73-7 Susp Yes n/a n/a 

AA/14-21-073-07W4/0 369588 Canadian Natural KIRBY 14-21-73-7 Abnd Yes n/a n/a 

00/14-21-073-07W4/0 100950 RAX NCR C2 KIRBY 14-21-73-7 Abnd Yes n/a n/a 

AA/15-21-073-07W4/0 346718 Canadian Natural KIRBY 15-21-73-7 Abnd Yes n/a n/a 

AA/01-22-073-07W4/0 346702 Canadian Natural KIRBY 1-22-73-7 Abnd Yes n/a n/a 

AA/02-22-073-07W4/0 346703 Canadian Natural KIRBY 2-22-73-7 Abnd Yes n/a n/a 

AA/03-22-073-07W4/0 346704 Canadian Natural KIRBY 3-22-73-7 Abnd Yes n/a n/a 

AA/05-22-073-07W4/0 346705 Canadian Natural KIRBY 5-22-73-7 Abnd Yes n/a n/a 

AA/06-22-073-07W4/0 346707 Canadian Natural KIRBY 6-22-73-7 Abnd Yes n/a n/a 

00/09-22-073-07W4/0 88066 AMOCO KIRBY 9-22-73-7 Abnd No Note 3 K55 ST&C cemented with non-thermal, abnd with 
thermal 

02/09-22-073-07W4/0 230314 AMOCO 102 KIRBY 9-22-73-7 Prod Yes n/a n/a 

AA/11-22-073-07W4/0 346708 Canadian Natural KIRBY 11-22-73-7 Abnd Yes n/a n/a 

AA/12-22-073-07W4/0 346709 Canadian Natural KIRBY 12-22-73-7 Abnd Yes n/a n/a 

AA/04-28-073-07W4/0 346821 Canadian Natural KIRBY 4-28-73-7 Abnd Yes n/a n/a 

AA/08-28-073-07W4/0 369590 Canadian Natural KIRBY 8-28-73-7 Abnd Yes n/a n/a 

00/10-28-073-07W4/0 94383 RAX NCR KIRBY 10-28-73-7 Prod No Note 1 J55 ST&C cemented with non-thermal 

AA/10-28-073-07W4/0 369591 Canadian Natural KIRBY 10-28-73-7 Abnd Yes n/a n/a 

AA/14-28-073-07W4/0 369592 Canadian Natural KIRBY 14-28-73-7 Abnd Yes n/a n/a 

AA/16-28-073-07W4/0 369593 Canadian Natural KIRBY 16-28-73-7 Abnd Yes n/a n/a 

AA/01-29-073-07W4/0 346719 Canadian Natural KIRBY 1-29-73-7 Abnd Yes n/a n/a 
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Table 5-1 Wells in the Project Area (continued) 

Unique Well Identifier 
(UWI) Licence # Well Name Status Thermally 

Compliant Action Details 

AA/02-29-073-07W4/0 234691 RAX 2D KIRBY 2-29-73-7 Abnd Yes n/a n/a 

AB/02-29-073-07W4/0 346720 Canadian Natural KIRBY 2-29-73-7 Abnd Yes n/a n/a 

AA/03-29-073-07W4/0 346721 Canadian Natural KIRBY 3-29-73-7 Abnd Yes n/a n/a 

AA/04-29-073-07W4/0 346722 Canadian Natural KIRBY 4-29-73-7 Abnd Yes n/a n/a 

AA/05-29-073-07W4/0 346723 Canadian Natural KIRBY 5-29-73-7 Abnd Yes n/a n/a 

AA/06-29-073-07W4/0 346724 Canadian Natural KIRBY 6-29-73-7 Abnd Yes n/a n/a 

00/09-29-073-07W4/0 87763 RAX NCR KIRBY 9-29-73-7 Abnd Yes n/a n/a 

02/10-29-073-07W4/0 87766 RAX NCR KIRBY 10-29 MM- 73-7 Abnd No Note 3 MN-80 BTC cemented with non-thermal, abnd with 
thermal 

00/10-29-073-07W4/0 67996 RAX NCR KIRBY 10-29-73-7 Abnd Yes n/a n/a 

AA/12-29-073-07W4/0 346725 Canadian Natural KIRBY 12-29-73-7 Abnd Yes n/a n/a 

02/15-29-073-07W4/0 87761 RAX NCR KIRBY 15-29 MM- 73-7 Abnd Yes n/a n/a 

04/15-29-073-07W4/0 87775 RAX NCR KIRBY 15A-29-73-7 Abnd No Note 3 MN-80 BTC cemented with non-thermal, abnd with 
thermal 

05/15-29-073-07W4/0 87768 RAX NCR KIRBY 15A-29MM- 73-7 n/a No Note 3 J-55 EUE cemented with non-thermal, abnd with 
thermal 

00/15-29-073-07W4/0 87767 RAX NCR KIRBY 15-29-73-7 Abnd No Note 3 MN-80 BTC cemented with non-thermal, abnd with 
thermal 

03/15-29-073-07W4/0 87762 RAX NCR KIRBY 15D-29-73-7 Abnd No Note 3 MN-80 BTC cemented with non-thermal, abnd with 
thermal 

F1/15-29-073-07W4/0 88330 RAX NCR KIRBY WW 15A-29-73-7 Abnd Yes n/a n/a 

06/15-29-073-07W4/0 87757 RAX NCR3 KIRBY 15A-29-73-7 n/a No Note 3 J-55 EUE cemented with non-thermal, abnd with 
thermal 

00/16-29-073-07W4/0 87765 RAX NCR KIRBY 16-29-73-7 Abnd Yes n/a n/a 

02/16-29-073-07W4/0 87764 RAX NCR KIRBY 16-29 MM- 73-7 Abnd Yes n/a n/a 

03/16-29-073-07W4/0 87774 RAX NCR KIRBY 16B-29MM- 73-7 Abnd No Note 3 J-55 EUE cemented with non-thermal, abnd with 
thermal 

AA/02-30-073-07W4/0 346726 Canadian Natural KIRBY 2-30-73-7 Abnd Yes n/a n/a 

AA/08-30-073-07W4/0 230667 RAX 8C KIRBY 8-30-73-7 Abnd No Note 3 J55 ST&C cemented with non-thermal, abnd with 
thermal 
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Table 5-1 Wells in the Project Area (continued) 

Unique Well Identifier 
(UWI) Licence # Well Name Status Thermally 

Compliant Action Details 

00/10-30-073-07W4/0 94293 RAX NCR KIRBY 10-30-73-7 Prod No Note 1 K55 ST&C cemented with non-thermal 

AA/12-30-073-07W4/0 346727 Canadian Natural KIRBY 12-30-73-7 Abnd Yes n/a n/a 

AA/13-30-073-07W4/0 369595 Canadian Natural KIRBY 13-30-73-7 Abnd Yes n/a n/a 

F1/14-30-073-07W4/0 370859 Canadian Natural WSW01 KIRBY 14-
30-73-7 Stand Yes n/a n/a 

F2/14-30-073-07W4/0 371170 Canadian Natural WSW02 KIRBY 14-
30-73-7 Source Yes n/a n/a 

AA/14-30-073-07W4/0 251448 RAX KIRBY 14-30-73-7 Abnd No Note 1 J-379 ST&C cemented with thermal 

00/10-24-073-08W4/0 68890 RAX NCR KIRBY 10-24-73-8 Susp No Note 1 J55 ST&C cemented with non-thermal 

00/01-25-073-08W4/0 182892 RAX ET AL KIRBY 1-25-73-8 Susp No Note 1 J55 ST&C cemented with thermal 

AA/10-25-073-08W4/0 369596 Canadian Natural KIRBY 10-25-73-8 Abnd Yes n/a n/a 

00/11-25-073-08W4/0 94607 RAX NCR KIRBY 11-25-73-8 Abnd No Note 3 K55 ST&C cemented with non-thermal, abnd with 
thermal 

AA/13-25-073-08W4/0 369597 Canadian Natural KIRBY 13-25-73-8 Abnd Yes n/a n/a 

AA/14-25-073-08W4/0 250040 RAX 14C KIRBY 14-25-73-8 Abnd Yes n/a n/a 

AA/16-25-073-08W4/0 250038 RAX 16C KIRBY 16-25-73-8 Observ Yes n/a n/a 

00/10-33-073-08W4/0 94597 PEX KIRBY 10-33-73-8 Abnd No Note 3 MN80 cemented and abnd with Non-thermal cement 

02/10-33-073-08W4/0 163759 RAX ET AL KIRBY 10-33-73-8 Susp No Note 1 J55 ST&C cemented with thermal 

AA/01-34-073-08W4/0 369601 Canadian Natural KIRBY 1-34-73-8 Abnd Yes n/a n/a 

AA/02-34-073-08W4/0 369991 Canadian Natural KIRBY 2-34-73-8 Abnd Yes n/a n/a 

AA/05-34-073-08W4/0 369602 Canadian Natural KIRBY 5-34-73-8 Abnd Yes n/a n/a 

00/06-34-073-08W4/0 94575 PEX KIRBY 6-34-73-8 Abnd No Note 3 MN80 cemented and abnd with Non-thermal cement 

AA/07-34-073-08W4/0 346844 Canadian Natural KIRBY 7-34-73-8 Abnd Yes n/a n/a 

AA/08-34-073-08W4/0 369603 Canadian Natural KIRBY 8-34-73-8 Abnd Yes n/a n/a 

00/09-34-073-08W4/0 198472 RAX KIRBY 9-34-73-8 Disp No Note 4 disposal well - J55 ST&C cemented with thermal 

00/10-34-073-08W4/0 87946 RAX NCR KIRBY 10-34-73-8 Susp Yes n/a n/a 

F1/10-34-073-08W4/0 94494 RAX NCR KIRBY WW 10-34-73-8 Abnd Yes n/a n/a 

00/11-34-073-08W4/0 189642 RAX HZ ET AL KIRBY 11-34-73-8 Susp  n/a n/a 

AA/11-34-073-08W4/0 369604 Canadian Natural KIRBY 11-34-73-8 Abnd Yes n/a n/a 
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Table 5-1 Wells in the Project Area (continued) 

Unique Well Identifier 
(UWI) Licence # Well Name Status Thermally 

Compliant Action Details 

AA/14-34-073-08W4/0 346845 Canadian Natural KIRBY 14-34-73-8 Abnd Yes n/a n/a 

AA/15-34-073-08W4/0 369606 Canadian Natural KIRBY 15-34-73-8 Abnd Yes n/a n/a 

AA/16-34-073-08W4/0 369607 Canadian Natural KIRBY 16-34-73-8 Abnd Yes n/a n/a 

AA/01-35-073-08W4/0 346846 Canadian Natural KIRBY 1-35-73-8 Abnd Yes n/a n/a 

AA/02-35-073-08W4/0 369608 Canadian Natural KIRBY 2-35-73-8 Abnd Yes n/a n/a 

AA/03-35-073-08W4/0 369609 Canadian Natural KIRBY 3-35-73-8 Abnd Yes n/a n/a 

AA/04-35-073-08W4/0 369610 Canadian Natural KIRBY 4-35-73-8 Abnd Yes n/a n/a 

02/06-35-073-08W4/0 267539 RAX 6D KIRBY 6-35-73-8 Stand Yes n/a n/a 

AA/06-35-073-08W4/0 68007 RAX NCR KIRBY 6-35-73-8 Abnd Yes n/a n/a 

AA/07-35-073-08W4/0 369611 Canadian Natural KIRBY 7-35-73-8 Abnd Yes n/a n/a 

00/10-35-073-08W4/0 94398 RAX NCR KIRBY 10-35-73-8 Abnd Yes n/a n/a 

AA/11-35-073-08W4/0 369612 Canadian Natural KIRBY 11-35-73-8 Abnd Yes n/a n/a 

AA/12-35-073-08W4/0 346847 Canadian Natural KIRBY 12-35-73-8 Abnd Yes n/a n/a 

AA/13-35-073-08W4/0 346848 Canadian Natural KIRBY 13-35-73-8 Abnd Yes n/a n/a 

AA/01-36-073-08W4/0 369613 Canadian Natural KIRBY 1-36-73-8 Abnd Yes n/a n/a 

AA/03-36-073-08W4/0 369614 Canadian Natural KIRBY 3-36-73-8 Abnd Yes n/a n/a 

AB/05-36-073-08W4/0 369615 Canadian Natural KIRBY 5-36-73-8 Abnd Yes n/a n/a 

AA/05-36-073-08W4/0 249995 RAX 5B KIRBY 5-36-73-8 Observ No Note 2 J55 ST&C cemented with non-thermal 

00/06-36-073-08W4/0 87928 RAX NCR KIRBY 6-36-73-8 Abnd Yes n/a n/a 

00/07-36-073-08W4/0 247922 RAX 7A KIRBY 7-36-73-8 Susp Yes n/a n/a 

AA/08-36-073-08W4/0 369616 Canadian Natural KIRBY 8-36-73-8 Abnd Yes n/a n/a 

00/10-01-074-08W4/0 94384 RAX NCR KIRBY 10-1-74-8 Abnd Yes n/a n/a 

00/10-02-074-08W4/0 94200 RAX NCR KIRBY 10-2-74-9 Observ No Note 2 K55 ST&C cemented with non-thermal 

00/04-03-074-08W4/0 182842 RAX ET AL KIRBY 4-3-74-8 Abnd No Note 3 J55 ST&C cemented with thermal, abnd with thermal 

00/07-03-074-08W4/0 94644 RAX NCR KIRBY 7-3-74-8 Abnd No n/a K55 ST&C cemented with non-thermal 

02/07-03-074-08W4/0 95004 RAX NCR KIRBY A7-3-74-8 Susp No Note 1 K55 ST&C cemented with non-thermal 

00/11-03-074-08W4/0 94606 RAX NCR KIRBY 11-3-74-8 Susp No Note 1 J55 ST&C cemented with non-thermal 

00/10-04-074-08W4/0 68585 RAX NCR KIRBY 10-4-74-8 Susp Yes n/a n/a 
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Table 5-1 Wells in the Project Area (continued) 

Unique Well Identifier 
(UWI) Licence # Well Name Status Thermally 

Compliant Action Details 

00/10-09-074-08W4/0 94202 RAX NCR KIRBY 10-9-74-8 Susp Yes n/a n/a 

00/11-10-074-08W4/0 88784 RAX NCR KIRBY 11-10-74-8 Susp Yes n/a n/a 

F1/11-10-074-08W4/0 94492 RAX NCR KIRBY WW 11-10-74-8 Abnd Yes n/a n/a 

00/06-15-074-08W4/0 94386 RAX NCR KIRBY 6-15-74-8 Susp No Note 1 K55 ST&C cemented with non-thermal 

00/01-16-074-08W4/0 182841 RAX ET AL KIRBY 1-16-74-8 Susp No Note 1 J55 ST&C cemented with thermal 

00/01-17-074-08W4/0 182853 RAX ET AL KIRBY 1-17-74-8 Susp No Note 1 J55 ST&C cemented with thermal 

00/10-17-074-08W4/0 74217 RAX NCR KIRBY 10-17-74-8 Abnd Yes n/a n/a 

00/01-18-074-08W4/0 155402 RAX NCR KIRBY 1-18-74-8 Susp No Note 1 J55 ST&C cemented with thermal 

00/11-18-074-08W4/0 94576 PEX KIRBY 11-18-74-8 Abnd No Note 3 MN80 cemented and abnd with Non-thermal cement 

00/02-19-074-08W4/0 173609 RAX ET AL KIRBY 2-19-74-8 Susp No Note 1 J55 ST&C cemented with thermal 

00/09-20-074-08W4/0 151566 RAX ET AL KIRBY 9-20-74-8 Susp No Note 1 J55 ST&C cemented with thermal 

Note: 
n/a = Not applicable. 
Abnd = abandoned 
Susp = suspected 
Stand = standby 
Observ = observation 
Prod = production 
Disp = disposal 
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Table 5-2 Well Action Notes 

Action 
Note # Description 

1 Zonal or full abandonments with thermal cement plugs will be completed before steam injection operations 
begin in the area. 

2 

These wells will be left as in their current state as observation wells.  The wellbores will be monitored, and 
any adverse events will be identified via the observation data monitoring.  Canadian Natural notes a very 
low risk of any events occurring due to the low planned pressures of the SAGD operation (below 
fracture/dilation pressure).  

3 

Drilling and abandonment of this well was not completed in a method and to standards that would be 
required today (thermal cement, premium casing).  However, Canadian Natural is confident that the 
method that was used for abandonment is satisfactory and sufficient and there is a low risk of any events 
occurring due to the low planned pressures of the SAGD operation (below fracture/dilation pressure).  No 
additional work is planned. 

4 
The annulus will be monitored as part of the injection operation, and any adverse events will be identified 
and resolved.  Canadian Natural notes there is a low risk of any events occurring due to the low planned 
pressures of the SAGD operation (below fracture/dilation pressure).  No additional work in planned. 

 

 

6. The ERCB expects that thermal operations will be conducted in a manner that will not 
compromise cap rock seal integrity. Please provide the following information: 

a) The maximum steam chamber pressure proposed for the project including the 
methodology for measuring and monitoring this pressure. 

b) The maximum downhole circulation pressure during start-up operations. 

c) Demonstrate the thickness and areal extent of the caprock in the project area by 
comparing logs and cores over the caprock interval. Provide annotated isopach and 
structure maps of the caprock in the project area. 

d) Demonstrate the competency of the caprock by providing the following analysis of 
cores across the caprock interval:  

i. Composition (i.e., percentage of silt, shale and mud). 

ii. Compressive strength. 

iii. Evidence of fractures, faults and karsting. 

e) The reservoir and caprock fracture pressure including supporting data, tests and 
analysis (i.e., mini fracture test, step rate injectivity test). 

f) Monitoring that will be conducted to ensure caprock integrity has not been 
compromised during the life of the project. This must include a measurement and 
alarm system for detecting sudden pressure drops and/or injection rate increases 
and criteria for shutting down operations. 

g) Provide an analysis of the potential consequences of loss of steam containment 
should the caprock be breached. 
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Response: 
a) Operating pressure of the steam chambers should be in the range of 2.5 to 3.0 MPa and 

each SAGD well pair will include rate and pressure control on the injected steam.  
Measuring the surface casing pressure on the injection well provides a comparable 
measure of the operating pressure of the associated steam chamber.  The downhole 
temperature measurements in Canadian Natural’s SAGD Wolf Lake production wells 
confirm this.  Monitoring downhole pressure by an independent means in one or two 
injection wells at the the Kirby In-Situ Oil Sands Project (the Project) will further 
confirm this. 

b) The maximum pressure during circulation will not exceed the steam pressure to the 
wellpad, which is anticipated to be 7 MPa.  Following detailed engineering of the central 
plant, steam distribution network and individual wellpads, the steam pressure to the 
wellpads should be known more precisely.   

c) In the Project area, Canadian Natural considers a shale unit at the base of the Clearwater 
Formation referred to in Volume 1A, Section 2.2 as the Clearwater ‘A’ Shale to be the 
caprock.  Please refer to Volume 1A, Section 2.2, Figure B2.2-19 to view an isopach map 
of the Clearwater ‘A’ Shale.  Please refer to Figure 6-1 to view a structural contour map 
of the top of the Clearwater ‘A’ Shale.   

d) Canadian Natural considers the Clearwater ‘A’ Shale (portion of the Mannville Group) at 
the Project, to be the cap rock or seal of its the McMurray Formation.  Cores of the 
Clearwater ‘A’ Shale are required if measurement of its composition, compressive 
strength and visual evidence of “fractures, faults and karsting”.  Canadian Natural has 
obtained only minor amounts of core from the Clearwater ‘A’ Shale where its initial 
coring point for the Wabiskaw/McMurray came in high compared to the original 
prognosis.  As discussed in Volume 1A, Section B2.2.3.2, Canadian Natural describes the 
informal Clearwater ‘A’ Shale as a dark grey, non-fissile shale, interbedded with light 
grey, centimetre scale silty shale lenses.  A visual representation of the Clearwater ‘A’ 
Shale from core and its corresponding geophyisical logs signature can be viewed in 
Figure 6-2.  As shown in Figure 6-2, the lithologic composition of the cored Clearwater 
‘A’ Shale ranges from about 100% shale to 90% shale, 10% silt laminae.    Due to lack of 
core data, information on the compression strength cannot be provided. 
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e) The types of tests mentioned have not been conducted at the Project for either the 
McMurray Formation or the Clearwater ‘A’ Shale.  At the Project the Clearwater ‘A’ 
Shale is 9 to 12 m thick in the Detailed Geologic Study Area (DGSA).  From performing 
similar tests at Canadian Natural’s Primrose Project operations it is believed that the 
bounding shale above the sand being fractured has a higher horizontal stress than does the 
underlying sand.  This is because of a higher Poisson’s ratios common to shales.  The 
higher stress accounts for the fracture staying within the underlying sand, not being able 
to fail the shale.  The testing at the Primrose Project gives a fracture gradient of 21 Kpa/m 
for the sand, similar to the sediments found at the Project in nature and in depth.  The 
depth of the top of the McMurray Formation at the Project is about 520 to 525 m 
subsurface (see Kirby Type Log, B2.2-8 (Volume 1A, Section B2.2) in the application).  
The depth of the Clearwater ‘A’ Shale at the Project is about 465 to 470 m subsurface, 
just above the Wabiskaw B-Valley fill.  At these depths, the fracture pressure is expected 
to be 11 MPa and 10 MPa respectively.  Canadian Natural anticipates that the maximum 
steam pressure to the individual wellpads at the Project will be 7 MPa, well below these 
estimated fracture pressures.  Further, the normal operating pressure of the SAGD 
process at Kirby will be in the range of 2.5 to 3.0 MPa to limit the loss of fluids to the 
bottomwater.   

Canadian Natural’s experience is that it is difficult to conduct the suggested stress tests 
on shales directly.  The fracture seems to break out of zone quickly.   

f) The following monitoring will be conducted to ensure caprock integrity: 

• The instrumented control for the steam injection well in each SAGD well pair will 
include a steam rate set-point and an injection pressure set-point.  The control 
strategy to be employed at the Project is the same as that currently employed by 
Canadian Natural on its newer SAGD well pairs at Wolf Lake.  If the pressure limit is 
hit, the steam rate automatically adjusts downward.  If the rate limit is hit, the 
pressure adjusts downward.  With this strategy, there can be no “run away” 
conditions.   

• An alarm system to monitor changes in injection rates and pressure that exceed 
programmed set points (similar to the monitoring that is conducted at Canadian 
Natural’s Primrose Project operations). 

Note that Canadian Natural views SAGD as a gentle process compared to high pressure 
Cyclic Steam Stimulation (CSS) and anticipates that any related pressure and rate 
changes at the Project will be gradual, unlike the type of change being monitored for at 
the Primrose Project CSS.  The presence of a basal water zone with the McMurray at the 
Project gives Canadian Natural additional reason to limit the operating pressures; high 
pressures would be detrimental to recovery and to economics.  

g) The breach of caprock and the subsequent loss of steam containment is not considered 
probable for the following reasons: 

• Operating pressures will be not approach the breakdown or fracture pressure of either 
the McMurray or the Clearwater ‘A’ Shale.  Steam is much more likely to stay below 
the Clearwater ‘A’ Shale (or lower in the sedimentary column).   
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• The presence of bottomwater should make a breach in the cap rock quite difficult to 
achieve.  For the cap rock to be breached, the pressure in the steam chamber would 
need to be quite high, 10 MPa and greater.  At these pressures, some portion of the 
associated steam would be flowing into the underlying bottomwater.  If such a breach 
did occur and containment of steam in the McMurray pay interval at the Project was 
lost, flow to the upper intervals would encounter several obstacles.   

• For steam to exit the McMurray, it would first have to breach 10 to 35 m of (Inclined 
Heterolithic Stratification (HIS) in the McMurray above the pay interval defined by 
Canadian Natural in its application.  In portions of the DGSA, as shown in 
Figure B2.4-18, Volume 1A, Section 2.4, the late McMurray aged, A2 Regional 
Parasequence is shown to exist.  The basal 1 to 3 m of the A2 is composed of grey 
marine shale belonging to FA8, of which grades upward into approximately 2 to 6 m 
of interbedded sand and shale belonging to FA7.  Shale tends to have horizontal 
stresses that are greater than the vertical stress, making it difficult to fracture up 
through them.  Where the vertical stress is less than the horizontal stress, fractures 
should be horizontal and remain in the weaker formation beneath the shale, 
particularly at the depths involved at the Project.   

• Where the A2 is absent, the next sedimentary layer which vertical migrating steam 
would have to pass is the Wabiskaw, primarily 20 to 25 m of interbedded sands and 
shales of the Wabiskaw B-Valley Fill.  In several locations throughout the Project 
area, as displayed in Volume 1A, Section 2.4, Figure B2.4-27, the Wabiskaw 
B-Valley Fill possesses a 1 to 2 m gas cap (indicated by a crossing over of the 
porosity neutron and porosity density logs).  If steam were to enter the Wabiskaw 
B-Valley Fill it would need to pressure-up this gas interval before being able to 
advance further up the sedimentary column.  The 7 to 23 m thick, marine deposited, 
regionally extensive, Clearwater ‘A’ Shale caps the Wabiskaw and it, like the A2, 
would tend to deflect any fracturing event.  The fact that the top of the Wabiskaw B-
Valley Fill has a gas cap implies that this shale is impervious to gas flow, a good 
hydraulic seal.   

• Above the Clearwater ‘A’ Shale is an additional 30 to 35 m of the interbedded sands 
and shale.  If escaping steam made it vertically upwards through the Clearwater 
Formation, it would next encounter about 100 m of interbedded sands and shales 
belonging to the Grand Rapids Formation (Volume 1A, Section 2.2, Figure B2.2-8). 
In the DGSA, the Grand Rapids Formation consists of three water and gas filled 
parasequences.  The gas is found at the top of the Grand Rapids Formation and 
implies that there is a good hydraulic seal between it and the Joli Fou Formation 
(basal member of the Colorado Group) which is above the Grand Rapids.  The Joli 
Fou Formation is 15 to 30 m thick shale.  Shales tend to be stress concentrators and 
to deflect fracturing events.  Above the Joli Fou are two more, shale-dominated 
members of the Colorado Group, the Viking Formation and the Labiche Formation. 
(Volume 1A, Section 2.2, Figure B2.2-8)  Escaping steam would have to make it 
through all of these intervals if it were to reach the fresh water sands, represented by 
the next interval which is the Empress Channel.   
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7.  Figure A2.1-8 indicates the forecasted production and Steam/Oil Ratio (SOR) over the 
duration of the Kirby Project. The forecasted steam/oil ratio increases over the last five 
years to 5-8. What is Canadian Natural’s economic cutoff for the Kirby Project? 

Response: 
The economic cutoff for the SOR is a function of oil price, gas price (steam generator 
fuel) and non-fuel opex (all other expenses beyond that of generator fuel).  For its 
ecomonic evaluations of the Project Canadian Natural has used an SOR of 6 as the 
economic cutoff. However, this will be subject to the prices and costs that exist 
throughout the life of the Project. 

 

8. B3.1.1 Recovery Process Pilots (p.B3-2) 

Canadian Natural states, “To advance our learnings in the Kirby project Area, a 
numerical study was performed based on the reported oil and water production for the 
Pilot.” 

a) Please provide the input and output data files for the final history matched model. 

b) Was the same model (history matched) used as the basis for the production 
predictions? 

c) Figure B3.1-8 shows the “observed” temperature via simulation of the Pilot 
performance with a horizontal permeability of 8 D and a vertical permeability of 
1 D and the reported temperature at OB1B near the end of the Pilot test. However, a 
horizontal permeability of 6.7 D and a vertical permeability of 3.4 D were used in 
the simulation model. Elaborate why a different set of permeability values were 
used in the simulation model? (i.e., was this data from the history matched model?). 

Response: 
a) A CD with the files associated with the history match of the original Kirby Pilot 

performance is available upon request. 

b) The Kirby Pilot history match was not used directly as the basis for the Project 
performance predictions.  The Kirby Pilot demonstrated the ability of the McMurray 
Formation at the Project area to produce significant bitumen rates.  The simulation work 
showed that the parameters being used permitted the reproduction of this known field 
performance.   

c) Kirby Pilot operations lasted about 16 months and simulation results revealed that this 
was not a long enough time for the steam chamber to have reached the top of the pay.  In 
addition, temperatures observed at an offsetting temperature observation well did not 
show a saturated steam temperature, which is consistent with a small steam chamber.  
Initially the Kirby Pilot area was modelled using horizontal and vertical permeabilities of 
8 and 6 Darcy respectively.  (This is in contrast to the later field forecasting that was done 
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with values of 6.7 and 3.4 Darcy respectively; both sets of values are within the range of 
measured values).  A simulation with different permeabilities (8 and 1 Darcy) was done 
to show what might be required to reproduce the observed temperature profile.   

 

9. B3.1.2 Recovery Process Considerations (p.B3-4) 

Canadian Natural states, “Our current data reveals that the viscosity ranges from 500,000 
to 3,500,000 mPa-s at reservoir temperature.” According to input data a viscosity of 
90,000 mPa-s at 20 °C was used in the model. Explain the rationale for using different 
viscosity and describe possible effects on the results.  

Response: 
The text in the application (500,000 to 3,500,000 mPa-s) refers to the range of viscosity 
values at reservoir temperature that could be expected for bitumen in the McMurray 
formation.  The values used in the input data files submitted at the time of the application 
represented Canadian Natural’s knowledge at the time the forecasts were made.  Since 
then, additional data has been reviewed, showing that the viscosity values at reservoir 
temperature were higher than the values used in the model and that the measured 
viscosity values for all the samples have significant scatter.  All of the studies and 
forecasts have used viscosity values that are within the range of the expected values at 
elevated temperatures; these are the values that will control the bitumen drainage rate and 
the recovery.   

As far as the effect on the resulting rates and recoveries, the effect was evaluated for the 
case of a 25 m oil sands (Volume 1A, Section 3.3, Figure B3.3-3).  This was done using 
the viscosity values in the originally submitted files and with those in the pilot study file 
(Question #8).  The cumulative recoveries are within 2% of each other (a relative 
difference not an absolute difference) at a terminal instantaneous SOR of 6.  The well life 
is extended by 1 year with the viscosity values found in the pilot study data file. 

 



Canadian Natural Resources Ltd. - 29 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

10. B3.2.1 Reservoir Depletion and Wellbore Configurations (p.B3-16) 

Canadian Natural states, “Improvement in rates and recovery can be gained by using 
somewhat higher steam injection rates than would be used in the absence of the bottom 
water.” 

The bottom water zone pressure should dictate the steam injection pressure (or steam 
injection rates). Elaborate why improvement in recovery can be gained by using 
somewhat higher steam injection rates than would be used in the absence of the bottom 
water? 

Response: 
Simulation showed that the injection of steam results in a heated zone that expands 
vertically in the plane containing the injection and production wells; it also expands 
laterally on either side of this plane.  The resulting temperature increase (viscosity 
decrease and mobilization of the bitumen) and the incrementally larger hydrostatic 
pressures in the fluid-saturated reservoir beneath the growing steam chamber contribute 
to the movement of bitumen into the bottomwater when present beneath the pay zone.  
This interaction with the bottomwater interval results in the loss of bitumen and of heat.  
A slight increase in the steam injection rate of 25 to 50 m3/d (compared to the case of an 
oil sands without bottomwater) improved the recovery.  This increment of steam is small 
compared to the baseline rates (absence of bottomwater) of 300 to 500 m3/d but the gain 
in oil rate or cumulative oil with time should offset the cost of the extra steam. 

 

11. B3.3 Resource Recovery and Production Forecasts (p.B3-26) 

Typical simulated oil profiles are shown in Figures B3.3-1 through B3.3-5. 

The oil rates shown in Figures B3.3-1 to B3.3-5 were lower than simulation results 
generated by models provided by Canadian Natural. Were these oil rates generated 
from different models? Please clarify? 

Response: 
The oil rates shown in Volume 1A, Section B3.3, Figures B3.3-1 to B3.3-5 were obtained 
using the simulation files submitted with the application, but with the modification 
described below.  Referring to the document that accompanied the data files submitted 
with the application, it is noted that the forecasts were made for a quarter of a well pair 
and a reservoir with an 80% bitumen saturation.  A correction was made to the forecasts 
to adjust to a 70% bitumen saturation.  When these two factors are considered, the 
resulting rates from the simulation agree with the figures in the application.  The 
simulated cumulative bitumen on a year-by-year basis was used to calculate an average 
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bitumen rate for each year.  The figures in the application are based on these annual rates; 
a smooth curve was chosen to represent the result.  The observation that the “oil rates 
were lower than the simulation results” may be due to the correction made relative to the 
initial oil saturation (a residual oil saturation of 10% was used in this calculation).  The 
correction factor used would be (0.7-0.1)/(0.8-0.1). 
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GEOLOGY 

12. Section B2.4.4 of the application defines Canadian Natural’s SAGD pay criteria. Cross 
sections across proposed pad locations have been provided in Figures B2.7-2 through 
B2.7-12 of the application. Many wells seen in these cross sections, including AA/04-21-
073-07W4/0, AA/08-20-073-07W4/0, AA/14-20-073-07W4/0, 02/15-20-073-07W4/0, 
AA/01-29-073-07W4/0, AA/01-29-073-07W4/0, have (McMurray) bitumen bearing zones 
above Canadian Natural’s SAGD top. 

a) Have these zones been discounted on the basis that they belong to Facies 
Assemblage 6a? 

b) Justify the rationale to support why bitumen resources belonging to Facies 
Assemblage 6a are not interpreted as developable SAGD pay, and provide studies or 
modelling in support of this interpretation. 

Response:   
a) The zones described have been discounted on the basis that they belong to FA6a, FA6b, 

FA6c. 

b) Sediments associated with FA6 represent Estuarine Point Bar deposits and are defined 
by, among other things, the presence of Inclined Heterolithic Stratification.  Sediments 
belonging to FA6 are shown in outcrop to have lateral extents of 200 to 300 m.  Because 
SAGD production is based on continuous vertical permeability, it is Canadian Natural’s 
belief that the mud beds associated with FA6 are not developable SAGD pay.  These beds 
could act as a vertical barrier to steam and bitumen migration over a large percentage of 
the length of a horizontal well pair. 
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13. Section B2.4.12 of the application states that another potential bitumen bearing zone 
exists within the Wabiskaw B Valley Fill.   

a) Provide a bitumen net pay map of the Wabiskaw B Valley Fill in the proposed 
development area at a scale of 1:45,000 with posted values.  

b) Provide OBIP volumetrics for the Wabiskaw B Valley Fill in the proposed 
development area. 

Response:   
a) The requested information is provided in Figure 13-1. 

b) The isopach values displayed in Figure 13-1 are net thickness values of Wabiskaw B 
Valley Fill Net Resource and were measured using a resistivity cut-off of 15 ohm-m and 
a density porosity cut-off of 27%.  The Original Bitumen in Place (OBIP) volumetrics for 
the net resource over the Kirby In-Situ Oil Sands Project (the Project) Area is 125 Mm3 
or 790 Mbbls.  The OBIP volumetics were calculated using an average porosity of 32% 
and an average oil saturation of 60%.  



08
073

07
073

09 10 118009 1008 11 0712

04 0305 0204 0305 02 0601

33 34 532333 3432 35 3136

28 2729 2628 2729 26 3025

21 2220 2321 2220 23 1924

16 15 417116 1517 1814 13

14

1011

13

12

13

14
14

15

10

3

12

13
4

12
1019

17

16

10
14

10

2

12

9

151512

133 11

15 1712
147

162 122

15 1816

1116

9 8
14

19
16

14

10

10

12
12

12

8

12

15

11

8

12

4 8 12 13

10

8

14

13

16
12

12

15 15

11

13.9
10

16.3

14 15

1517

15.7
13.5

13.7
15

15

11
18.2

14

11

13

17.3

14

13.7

13

15 11

13

18
15

9 18

15 11

16.715

12.7 19.7

13

14

14.6

17.4

11.3
17

15.6 10

13
17

9

13

14
16.5

9

16.5

20

18
16

12

11

17.8

17.5 11

16 18.5

17.5

15

20

        

.913..9
101010

6.3.3.6 36 336 3

13.73 73 7111113

1111111111117.3117 317 317.31

.6666666

77777777

8.5888

2 0 2 km
SCALE BAR

      

TITLETITLE

DESIGNDESIGN

PROJECTPROJECT FILE No.FILE No.

CADDCADD

CHECKCHECK

REVIEWREVIEW

SCALESCALE

PROJECTPROJECT

REV.REV.

CNRL0115-T3BCNRL0115-T3B

1:45,0001:45,000

  Figure 13-1

0

SECSEC 08/06/1008/06/10

KIRBY IN-SITU OIL SANDS PROJECT

WABISKAW B VALLEY FILL
           NET RESOURCE ISOPACH

LEGEND:LEGEND:

KIRBY PROJECT AREAKIRBY PROJECT AREA

DATA POINTDATA POINT

CONTOUR INTERVAL = 2.0 mCONTOUR INTERVAL = 2.0 m

LEGEND: continuedLEGEND: continued

WABISKAW B VALLEY FILL NETWABISKAW B VALLEY FILL NET
RESOURCE ISOPACH (m)RESOURCE ISOPACH (m)

10
13
16
18
21
24
27
29
32
35



Canadian Natural Resources Ltd. - 34 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

 

14. Discuss the potential challenges associated with developing the Wabiskaw B Valley Fill 
and Canadian Natural’s future plans (if any) to develop this unit. The discussion should 
include, but not be limited to the composition of interstitial clay. 

Response:   
Canadian is monitoring the industry with regards to Wabiskaw B Valley Fill development 
and production.  However, Canadian Natural Resources Limited (Canadian Natural) is 
not applying to develop the Wabiskaw B Valley Fill, currently has no plans to develop it 
and has no data to support a discussion about the challenges of developing the Wabiskaw. 

 

15. Canadian Natural has provided an oil column developable bitumen pay map 
(Figure B2.4-34). Provide a net pay map of developable McMurray bitumen within the 
project area at a scale of 1:45,000 with posted values, overlain with proposed well bores 
and expected pad drainage areas. 

Response:   
The requested information is provided in Figure 15-1.  
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16. Canadian Natural has proposed a two to three meter stand-off between the base of 
bitumen and producer well bores.   

a) Discuss the feasibility of using a base of bitumen stand-off of one meter or less 
where no bottom water is present. 

b) Provide evidence to support that the proposed producer/bottom water sand-off of 
two to three meters is sufficient to minimize water inflow.  

c) Provide a table of proposed producer well bore elevations and their associated 
stand-offs from the reservoir base and bottom water. 

Response:   
a) Canadian Natural agrees that in principle it is feasible to reduce the stand-off from the 

base of pay where no bottomwater is present.  However, considering the expected control 
of well placements when drilling long horizontal wells, 1 m or less may not be practical.  
Field experience will be used to resolve this question when the one wellpad (Pad 8) 
which appears to have little-to-no bottomwater is drilled. 

b) The selected stand-off was chosen based on the expected drilling accuracy with long 
horizontal wells and the desire to encounter limited mobile water saturations.  A greater 
stand-off would reduce the recovered bitumen by reducing the developable OBIP 
(bitumen above the production well), affecting the recovery efficiency.  Stand-off is only 
part of the solution in dealing with bottomwater.  The other two are the operating steam 
chamber pressure and the combination of the injection and the production rates, a 
production rate sufficient to recover the condensate and the drained bitumen.  It is 
Canadian Natural’s intent to operate at or slightly above the pressure in the bottomwater 
in order to avoid pulling in excessive amounts of water.  It is Canadian Natural’s belief 
that minimizing the water production is not practical since it negatively effects the 
bitumen recovery.  The intent is to limit and to control the amount of bottomwater 
produced.  

c) Table 16-1 provides a list of proposed producer well bore elevations and their associated 
stand-offs from the reservoir base and bottomwater. 
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Table 16-1 Producer Well Bore Elevations, and Stand-Off From the Reservoir 
Base and Bottomwater 

Wellpad 
Drainage Box 

Producing Well 
Bore Subsea 

Elevation 
[m] 

Stand-off from 
Reservoir Base

[m] 

Stand-Off from 
Bottomwater 

[m] 
Comments  

Wellpad 1-1' 173 1.8 n/a n/a 

Wellpad 2-2' 174 2 5.3 n/a 

Wellpad 3e-3e' 174.5 2 3.3 n/a 

Wellpad 3w-3w' 181 2.6 4.4 n/a 

Wellpad 4-4' 177 0.5 4.5 n/a 

Wellpad 5-5' 178 2.7 5 n/a 

Wellpad 6-6' 183 9.3 13 breccia in lower portion of pay zone 

Wellpad 7-7' undetermined at 
this time 

undetermined at 
this time 

undetermined at 
this time n/a 

Wellpad 8-8' 169 1.5 n/a n/a 

Wellpad 9-9' 180 2.2 3.3 n/a 

Wellpad 10-10' 181 2.3 3 n/a 

Wellpad 11-11' 184 3.1 3.8 n/a 

Wellpad 12-12' 187 6 7.5 irregular pay base 

n/a = Not applicable. 

 

17. The proposed wellpad layout does not access bitumen resources which Canadian 
Natural’s Developable Pay Map (Figure B2.4-34) indicates are developable. 

a) Can Canadian Natural drill additional SAGD well pairs to develop bitumen 
resources that will be stranded S.W. of Pad 2, N.W. of Pad 3, N.E. of Pad 5, E. of 
Pad 6, W. of Pad 8, and between Pads 9 and 10? If yes, discuss the timing for 
drilling wells in these areas in relation to potential constraints due to steaming 
operations at offset pads. 

b) If no, provide evidence to confirm that these areas are not developable. 

Response:   
a) At this time Canadian Natural does not believe the areas noted are economically 

developable.  There are several mitigating factors to evaluate when deciding if an area is 
developable.  First, the Project has bottomwater associated with many of the wellpads; 
industry experience in developing the McMurray in the presence of bottomwater is very 
limited.  Because of the presence of bottomwater, Canadian Natural has proposed to 
target the placement of wells 2 to 3 m from the base of pay, below which mobile water 
exists.  Current drilling technology for long horizontal wells requires some allowance for 
error in placing the well, therefore the choice of 2 to 3 m is appropriate.  Based on the 
targeted well placement, the minimum pay to be developed is about 15 m.  The wells will 
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be drilled as nearly horizontal as is practical to limit short-circuiting between injector and 
producer.  Second, Volume 1A, Section B2.4, Figure B2.4-34 is contoured out to a 
SoPhiHt value appropriate to 10 m of oil sands so all that is shaded on this figure is not 
considered recoverable at this time. 

b) Decisions to develop each area listed in the question are discussed as follows: 

• SW of Wellpad 2 – Canadian Natural believes this area will be captured by the wells 
to be drilled from Wellpad 3.    

• NW of Wellpad 3, NE of Wellpad 5 and East of Wellpad 6 – Canadian Natural’s 
assessment concludes that these areas are too thin to be developed. 

• West of Wellpad 8 – The base of pay is more complex in this portion of the lease and 
accounts for the choice of well locations.  No changes are contemplated at this time. 

• Between Wellpads 9 and 10 – In this location the oil sands is thinner (10 to 15 m) 
and is underlain by 5 to 10 m of bottomwater.  This combination of oil sands and 
bottomwater thicknesses explains why Canadian Natural has chosen not to develop 
the area in question. 

 

18. Section B2.1.2 of the application states that Canadian Natural plans to drill 15 
additional delineation wells in Q1 of each 2008 and 2009.  

a) Provide a map showing approximate locations of future delineation wells. 

b) Confirm that, as per section 11.140(1) of the Oil and Gas Conservation Regulations, 
all logs (including FMI) have been or will be submitted to the ERCB. 

Response:   
a) No delineation wells were drilled in 2008.  Delineation wells planned in 2009 are shown 

on Figure 18-1. 

b) Canadian Natural has submitted all logs to the ERCB as per Section 11.140(1) of the Oil 
and Gas Conservation Regulations. In addition, all logs from future delineation work will 
be submitted to the ERCB. 
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FACILITIES 

19. Page A4-4, Section A4.3.1, Kirby Project Water Management and Use 

Canadian Natural states, “Saline make-up water will be sourced from the McMurray 
Formation basal aquifer. McMurray Formation basal aquifer production is restricted by 
the following factors: 

• relatively discontinuous and limited distribution of the aquifers; 
• limited Canadian Natural mineral land holdings in the area required for 

McMurray Formation basal aquifer development; 
• potential negative effects on overlying bitumen reservoir as a result of 

depressurization of the McMurray Formation basal aquifer through groundwater 
production.” 

a) Provide a detailed discussion of the assessment done to determine the feasibility of 
acquiring additional saline water sources including supporting documentation? 
Explain why Canadian Natural is restricted to McMurray Formation basal aquifer 
development in areas where it has mineral land holdings? 

b) Provide a detailed discussion of the analysis and justification to support that 
McMurray basal aquifer production in the area will result in depressurization that 
will potentially effect overlying bitumen recovery including mapping of the 
McMurray basal aquifer in the area.  

Response: 
a) The assessment of source water make-up for the Kirby In-Situ Oil Sands Project 

(the Project) involved:   

• geological mapping to determine the regional extent and thickness of all aquifers in 
the area; 

• compilation and assessment of groundwater chemical information to allow 
characterization of saline versus nonsaline aquifers;   

• testing of aquifers; and  

• numerical groundwater flow modelling to determine supply potential.   

The findings are summarized in the Table 19-1. 
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Table 19-1 Regional Assessment of Potential Make-Up Water Sources 

Formation 
Total Dissolved Solids 

Concentration 
[ppm] 

Comments 

Devonian Units n/a No Devonian aquifers identified, no supply potential 

McMurray Formation 15,000 Shaley or bitumen filled  aquifer of limited extent, unit 
tested and modelling study conducted  

Clearwater Formation unknown Shaley or bitumen filled, aquifer of very limited extent, not 
evaluated as a water source 

Grand Rapids Formation 2,400 Extensive, modelling study conducted – supply potential 
confirmed 

Empress Formation 550 Extensive, modelling study conducted – supply potential 
confirmed 

n/a = Not applicable. 

As indicated in the Table 19-1, the regional assessment determined that the McMurray 
Formation basal aquifer was the only viable source of saline groundwater.  The 
McMurray Formation basal aquifer is also the only potential disposal zone in the area and 
the bitumen reservoirs reside in the McMurray Formation, overlying the basal aquifer.   

Once the McMurray Formation basal aquifer was identified as the sole saline source in 
the area, the potential supply assessment for the unit involved determining potential 
supply and disposal locations that could be used at predicted required rates without 
adversely affecting pressures in the overlying bitumen reservoir in the Project area.  Due 
to the discontinuous nature and limited distribution of the McMurray Formation basal 
aquifer, potential source and supply well locations were limited.  A numerical 
groundwater flow modelling study was conducted which indicated that acceptable 
pressures could be maintained below the McMurray Formation bitumen reservoir with 
balanced supply and disposal rates in the locations chosen.  Excess production over 
disposal would result in the depressurization of the aquifer underlying the McMurray 
Formation bitumen reservoir. 

Although it is technically possible to develop water sources on non-mineral held land, 
Canadian Natural Resources Limited (Canadian Natural) has restricted proposed saline 
water source development to lands and geological intervals for which petroleum and 
natural gas (PNG), and oil sands mineral rights are held.  This is a preferred approach for 
Canadian Natural to minimize project risks due to uncertainty.  Developing water sources 
on mineral land held by others potentially introduces time delays, risks and uncertainies 
due to procedures required to secure access to these lands and intervals.  Further capital 
risks and risks of project delay may be introduced some point in the future if the mineral 
land holder feels that the withdrawal of McMurray Formation water has the potential to 
depressure bottomwater adjacent to bitumen reservoirs.  Canadian Natural feels that these 
risks are unacceptable due to uncertainties and the potential for impacts to schedule and 
capital investments. 

b) As part of ongoing work on the Project, Canadian Natural has conducted bitumen 
reservoir numerical modelling to understand the behaviour of the bitumen reservoir at 
varying pressures and temperatures.  Simulations have been carried-out using a 
2- dimensional numerical reservoir model which uses an average approximation of 
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McMurray Formation geology in the Project area incorporating 16.9 m of oil sands, 
1.4 m of transition zone and 6.2 m of bottom water.  Steam Assisted Gravity Drainage 
(SAGD) production wells were placed 2 to 3 m above the base of the oil sands in the 
models.  

The operating principles of a SAGD chamber relative to bottomwater pressures based on 
numerical modelling and operator experience include: 

• operating the steam chamber at pressures lower than the bottomwater pressure may 
induce migration of bottomwaterinto the reservoir if sufficient communication 
between the two units exists; 

• operating the steam chamber at pressures higher than the bottomwater could induce 
bitumen migration into the bottomwaterif sufficient communication between the two 
units exists; and 

• operating the steam chamber at pressures less than optimal will likely result in lower 
recovery rates. 

The numerical simulations completed by Canadian Natural included a base case 
simulation at 2,600 kPa and an additional simulation at 2,200 kPa to reflect the lowering 
of reservoir pressures due to the reduction of bottomwater pressure by 400 kPa.  The 
modelling scenarios assumed that the pressure decrease in the bottomwater could be 
transmitted through the reservoir.  The results of the simulations suggest that the bitumen 
recovery rate would be about 10% lower than the base case.  Factors affecting recovery 
include the lower operating temperature at a lower operating pressure which would 
increase bitumen viscosity and reduce overall efficiency. 

Trying to operate a SAGD chamber at lower pressures to match a reduced pressure in the 
underlying bottomwater would likely result in lower operating fluid levels in wells, 
thereby limiting the performance of downhole equipment.  In addition, operating a SAGD 
chamber over bottomwater of significantly varying pressure would require ongoing 
monitoring.  Assuming that SAGD chamber pressures could be adequately managed, 
operational flexibility would be required to address changing pressure conditions in the 
reservoir and to manage adverse effects on bitumen production. 

A map showing the thickness of the McMurray Formation basal aquifer in the Project 
area is presented in Volume 1A, Section B7.2, Figure B7.2-1. 
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20. Page A4-5, Section A4.3.1, Kirby Project Water Management and Use 

CNRL states, “The Kirby Project maximum make-up water requirements is estimated 
to be 8,000 m3/d (2,929,000 m3/yr) as provided in Table B7.2-1, with the maximum 
utility water requirement estimated to be about 950 m3/d (346,750 m3/yr). It should be 
noted that about 550 m3/d (200,750 m3/yr) of water will be used as utility water but will 
end up as make-up water. Therefore, the minimum Empress Formation water use 
(during times of maximum water make-up) will be 1,500 m3/d as shown in the table”. 
The year with the maximum make-up requirement is the year with the highest 
reservoir retention of 24.3%. Provide a detailed explanation of how reservoir 
retention for this year was calculated? Please clarify the maximum make-up water 
requirements of 2,929,000 m3/yr since it appears different from what is in 
Table B7.2-1. 

Response:   
Canadian Natural considers the statement, “Therefore, the minimum Empress Formation 
water use (during times of maximum water makeup) will be 1,500 m3/d as shown in the 
table”, as given in Volume 1A, Section A4.3.1, page A4-5 to be in error.  The minimum 
Empress Formation water use will be dependent on the utility and make-up water 
requirements, domestic needs and the actual reservoir retention rates.  

As given in Table B7.2-1 (Volume 1A, Section B7.2.1), the peak make-up water volume 
of 8,000 m3/cd is required in the year 2020.  The Planned Development Case (PDC) for 
the year 2020 involves the operation of existing wells in SAGD mode as well as the 
addition of 19 new wells that require steaming to develop the steam chamber.  Given the 
presence of bottomwater, the operational wells are expected to have a maximum reservoir 
retention rate of 20%, as described in the application.  However, it is anticipated that the 
newly installed wells will have a significantly higher reservoir retention, likely in the 
order of 60%, for an anticipated period of 4 months. 

Based on this, the reservoir retention rate for the 2020 PDC was determined using a 
weighted average of the wells operating in the two modes.  The calculations are 
summarized in Table 20-1. 

Table 20-1 Reservoir Retention Rate for the 2020 Planned Development Case 

Well Status Reservoir 
Retention 

Steam to 
Reservoir

[t/cd] 

Annual 
Steam Rate

[t/yr] 

Produced 
Water  
[t/cd] 

Annual 
Produced 

Water Rate 
[t/yr] 

Existing Operational Wells (4 months) 20% 13,380 1,627,900 10,704 1,302,320 
Commissioned Wells (4 months) 63% 5,700 693,500 2,083 253,432 
All Operational Wells - Existing & 
Commissioned (8 months) 20% 19,080 4,642,780 15,264 3,714,240 

Total 24.3% n/a 6,964,180 n/a 5,269,992 

n/a = Not applicable. 
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As given in the table, the reservoir retention rate is calculated as follows: 

Retention Rate (%)  =  [1 – (5,269,992 / 6,964,180)] X 100%  =  24.3% 

The maximum make-up water requirement, as stated in Volume 1A, Section A4.3.1, is 
2,920,000 m3/yr.  This directly corresponds to the data provided in Table B7.2-1 
(Volume 1A, Section B7.2.1) as the peak make-up water flow rate for the year 2020.  To 
determine the maximum annual make-up water requirement, the daily calendar rate of 
8,000 m3/cd is multiplied by 365 days to obtain an annual rate of 2,920,000 m3/yr.   

 

21. Page A4-7, Section A4.3.2.2, Economic Assessment 

Canadian Natural states, “The planned source water development strategy for the Kirby 
Project where the total maximum Project water requirement of approximately 9,000 m3/d is 
sourced within Canadian Natural mineral lease lands: 1,500 m3/d from the McMurray 
Formation basal aquifer, 3,000 m3/d from the lower Grand Rapids Formation and 
4,500 m3/d from the Empress Formation aquifer.” Clarify how the formation volumes are 
reflected in Table B7.2-1?  

Response:   
The total maximum Project water requirement of approximately 9,000 m3/cd is reflected 
in the 2020 operational year of Table B7.2-1 (Volume 1A, Section B7.2.1).  A summary 
of the 2020 water requirements, as given in Table B7.2-1 (Volume 1A, Section B7.2.1), 
is provided below: 

• McMurray Formation Make up Water (MUW) 1,500 m³/cd 

• Grand Rapids Formation MUW   3,000 m³/cd 

• Empress Formation MUW    3,550 m³/cd 

• Empress Peak Utility Water (UW)      950 m³/cd 

• Total Water Requirement     9,000 m³/cd 

The peak water withdrawal rates of 1,500 m3/cd from the McMurray Formation and 
3,000 m3/cd from the Grand Rapids Formation are given under the Make-Up Water 
column in the table.  The Empress Formation water withdrawal rates provided in the 
Make-up Water column of Table B7.2-1 (Volume 1A, Section B7.2.1) are the annual 
average withdrawal and not the peak withdrawal rates.  The total maximum Empress 
Formation requirement listed above represents the summation of Empress make-up water 
and the Empress utility water, which is 4,500 m3/cd. 
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22. Page A4-8, Section A4.3.2.3, Environmental Net Effects Assessment 

Canadian Natural states, “The incremental effect of installing a 15-km pipeline to access 
a saline water source beyond the boundaries of the Kirby Project Area adds to the 
disturbance and the cost of the Project without a balancing justification in view of the 
plentiful, existing non-saline water available from on-lease sources. The leases, pipeline, 
roads and power right of way required for saline water development would extend the 
overall environmental effects of the Project into a larger regional setting.” Provide a 
detailed discussion of the analysis and justification to support the above statement 
including all supporting documentation. Provide an estimate of the incremental cost of 
installing a 15 km pipeline including supporting documentation. What would be the 
source of water accessed by this pipeline including the pipeline route? 

Response:   
A specific pipeline route was not selected for assessment considering that a suitable 
candidate McMurray Formation basal aquifer well location was not identified.  Instead a 
Screening-Level Economic and Environmental Evaluation of Water Options was 
conducted to provide an estimate of the effects associated with installing a 15 km pipeline 
to access McMurray Formation basal aquifer groundwater.  The evaluation was provided 
in Volume 1B, Attachment 3, Section 8.0.  The costs of completing a 15 km pipeline 
were identified in Tables 12a and 12b of the evaluation.  

The evaluation included an Environmental Net Effects Assessment to quantify the effects 
of installing the “hypothetical” saline water pipeline.  A summary of the assessment is 
provided below. 

In reviewing the net environmental effect of sourcing saline groundwater beyond the 
Project lease boundary, the incremental increase in terrestrial and surface water effects 
were compared to the effects associated with the withdrawal of non-saline sources on-
lease.  To evaluate the effects associated with obtaining saline groundwater from source 
wells located on a single wellpad located 15 km from the Kirby Central Plant, including 
the effects associated with the construction and operation of a 15 km of pipeline, the 
following assumptions were made: 

• 15 km of pipeline; 

• 38 m rights-of-way (ROW) for pipeline and road; 

• 2-m-deep trench; 

• 6-m-wide trench plus additional width (9 m) for working space; 

• 1 to 4 stream crossings; and 

• clearing of previously undisturbed land. 
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Based on the above assumptions, a 15 km water source pipeline would result in the 
following disturbances to the environment: 

• Up to 57 ha of clearing which would increase new disturbance associated with the 
Project by 20%. 

• An estimated disturbance of 9 ha of soils during trench building for the pipeline plus 
an additional 13.5 ha disturbance in the working margin for construction through 
handling and compaction. 

• Disruption to waterbodies and wetlands of varying consequence.  The study area for 
the Project lies in a region that is about 40% wetlands (fens, bogs) in addition to 
numerous lakes, rivers and streams.  Wetlands typically have higher biodiversity 
potential than terrestrial vegetation types.  Wetlands support more rare plant species, 
more “At Risk” wildlife species and a higher overall number of species, as compared 
to terrestrial vegetation types.  Plant species in wetlands are less likely to occur in 
other vegetation types, some being specific to certain types of fens.  

In addition to the loss of vegetation, effects to existing vegetation and effects on soils, a 
pipeline corridor would potentially result in the following:   

• loss and fragmentation of wildlife habitat; 

• loss of and fragmentation of natural vegetation (forest, wetlands, rare species); 

• soil compaction (beyond the construction stage); 

• reduced land capability and productivity; 

• impacts to historical resources (i.e., archaeological sites); 

• potential effects on traditional land use; 

• increase in weeds or undesirable plants; 

• greater access for public and off-road vehicles to natural areas and lakes; 

• incremental use of ROW for other purposes (roads, power lines); 

• increased exposure of wildlife to humans; 

• sedimentation of watercourses; 

• impairment of fish habitat; and  

• increased risk of saline water spills. 

While it is possible that a route with no or limited water crossings could be found in the 
area, it is not a likely scenario in this region considering the number and distribution of 
watercourses.  The possible environmental consequences of a pipeline crossing a 
watercourse include the loss of riparian vegetation due to clearing for construction, and 
the loss of aquatic habitat and subsequent effects on fish and fish habitat as a result of 
elevated sedimentation due to runoff from a cleared rights-of-way and the erosion of 
approach slopes, bed and banks. 
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In contrast, the assessment of environmental impacts of fresh groundwater use carried out 
in Volume 4A, Section 2 indicates that groundwater can be extracted from the Empress 
Formation and Grand Rapids Formation at rates needed for the Project without causing 
irreversible adverse affects to the groundwater level, quantity or quality.  In addition, the 
hydrogeology assessment (Voume 4, Section 2) provided concluded the withdrawal rates 
proposed should not affect surface water and aquatic resources. 

To summarize, the installation of a 15 km pipeline to access saline McMurray Formation 
basal aquifer groundwater beyond the boundaries of the Project area adds to the 
environmental disturbance and cost of the Project, without a balancing justification in 
protection of non-saline groundwater sources.  A pipeline of this nature would extend the 
overall environmental effects of the Project into a larger regional setting. 

 

23. Page B1-7, Section 1.5.2.2, Evaporator Blowdown Handling 

Canadian Natural notes that crystallizers and dryers are not being proposed due to 
operational challenges, high consumption of electricity, poor reliability and because the 
proposed refined installations are unproven and considered to have a low potential for 
success. 

a) Describe the refined installations referenced and provide the reasons that these 
modifications will have a low potential for success?  

b) What is the increase in electrical consumption with the use of crystallizers and 
dryers?  

Response:   
Initial crystallizer installations at thermal recovery facilities included centrifuges to dry 
the recovered solids.  Due to the high organic content of the crystallizer solids the 
centrifuge was unable to appropriately dry the solids to a suitable water content to allow 
for landfill disposal.  In light of these operational difficulties, more recent crystallizer 
facilities have been refined to incorporate dryers instead of centrifuges. 

Canadian Natural has conducted a review of crystallizer and dryer designs and considers 
the commercial operation of these facilities to not be adequately demonstrated for SAGD 
thermal recovery projects.  Operational concerns with crystallizers and dryers have been 
documented in the industry and include the following: 

• high organic concentrations within the solids that leads to poor water removal; 

• increased hydrocarbon levels in the distillate from the crystallizer; 

• corrosion concerns due to elevated chloride concentrations in the crystallizer; 

• poor observed equipment reliability and availability in relation to design estimates; 

• increased solids disposal requirements and associated liability;   
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• higher power demand requirements; and 

• increased natural gas demand for the dryer. 

In addition to this, the operation of a crystallizer system leads to increased greenhouse 
gas (GHG) emissions.  Generated solids require disposal at an approved landfill.  
Trucking the solids to an off-site landfill results in additional energy use and GHG 
generation, higher local traffic volumes, and an increased risk of spills. 

Based on the above information, Canadian Natural is of the belief that there are 
significant concerns with the crystallizer/dryer installations and the technology is not 
suitably proven to be considered for the Project.  

It is anticipated that the electrical consumption of the proposed evaporator system is 60 to 
65 kWh/1,000 gallons of distillate.  Based on engineering estimates, the incorporation of 
a crystallizer and dryer system will increase the system power demand to 
78 kWhr/1,000 gallons of distillate.  This would represent a 31% increase in electrical 
consumption if a crystallizer and dryer were added to the system. 

 

24. Page B1-7, Section 1.5.2.2, Evaporator Blowdown Handling. 

 Canadian Natural indicates that the salt cavern option was selected since, “The total 
dissolved solids of the blowdown fluids from the produced water evaporator blowdown can 
be relaxed which allows for a reduction of electricity use.” 

a) What is the reduction in electricity? 

b) What is the increase in make-up water requirements and the resultant increase in 
deep well disposal due to the lower total dissolved solids in the blowdown?  

Response:   
a) The salt cavern option reduces the evaporator electrical consumption to 60 to 

65 kW-h/1000 gallons of distillate from 73 to 74 kW-h/1,000 gallons of distillate. The 
additional power demand for a crystallizer would be about 250 to 
300 kW-h/1,000 gallons of feed water to the crystallizer compared to 
12.6 kW-h/1,000 gallons of disposal water for the salt cavern disposal water pumps. The 
reduced electrical consumption also reduces GHG emissions by approximately 
34,000 tonnes CO2E (Equivalent Carbon Dioxide), landfills, solids trucking and traffic.   

b) The strategy is to balance the disposal volume into the McMurray Formation with the 
saline water withdrawal during normal operations. Reducing the blow down total 
dissolved solids increases the deep well disposal and the saline make-up water rates. The 
increased disposal and saline make-up water rates range from 350 to 1,050 m³/d. The 
non-saline make-up water rates are not affected.  
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25. Page B5-4, Section B5.4, Production Treating 

Production reporting forms (S-1, S-2, S-18, S-30) are no longer used. Confirm reporting 
will be completed through the Alberta Registry. 

Response:   
Canadian Natural will submit its production reporting data to the Petroleum Registry of 
Alberta in accordance with ERCB Directive 007. 

 

26. Page B5-10, Section B5.5, Produced Gas Treatment 

It is noted that the Kirby Thermal Pilot had an average GOR of approximately 5 m3/m3 
and a H2S concentration of 3,000 ppm.  

a) For each of the pilot production wells, provide a table showing the historical GOR 
and H2S concentration of the produced fluids on a monthly basis.  

b) Provide a discussion on the potential for the H2S concentration of the produced 
fluids at the proposed project wells to increase over time. Include in the discussion 
supporting analysis and modelling. 

Response:   
a) The Kirby Thermal Pilot involved the operation of one well pair from November 2001 to 

November 2002.  The data for the Kirby Thermal Pilot shows an average Gase to Oil 
Ratio (GOR) of 4.2 Sm³/m³ with a range from 2 to 7 Sm³/m³.  Similarly, the average 
Hydrogen Sulphide (H2S) concentration is approximately 3,000 ppm, with a range of 
1,500 to 4,500 ppm.  These concentrations have been verified through theoretical 
aquathermolysis modelling which predicted H2S concentrations between 3,000 and 5,000 
ppm.  Table 26-1 provides the GOR and H2S data recorded for the operation of the pilot 
well pair. 

Table 26-1 Kirby Thermal Pilot Monthly Gas to Oil Ratio and H2S Concentrations 

H2S Concentration 
Month Average GOR 

[m3/m3] 
Sample 1 

[ppm] 
Sample 2 

[ppm] 

Nov-01 6.9 Trace – 

Dec-01 4.2 1,500 – 

Jan-02 5.3 1,500 4,300 
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Table 26-1 Kirby Thermal Pilot Monthly Gas to Oil Ratio and H2S Concentrations 
(continued) 

H2S Concentration 
Month Average GOR 

[m3/m3] 
Sample 1 

[ppm] 
Sample 2 

[ppm] 

Feb-02 4.7 3,000 – 

Mar-02 4.6 2,800 – 

Apr-02 4.9 – – 

May-02 3.4 2,000 4,500 

Jun-02 5.4 – – 

Jul-02 4.4 – – 

Aug-02 2.2 – – 

Sep-02 3.4 – – 

Oct-02 3.0 – – 

Nov-02 1.8 – – 

Notes: – = No data. 
Variations in the GOR are a function of ramping up production volumes and non-steady state 
operations. 

 The average GOR for the Kirby Thermal Pilot was 4.2 Sm3/m3 on a dry basis. 

b) The evolution of H2S in SAGD operations is a function of reservoir temperature.  
As the steam chamber is developing, the H2S concentration will increase until 
steady state operating conditions are reached.  After the reservoir conditions have 
stabilized it is expected that the H2S concentrations will remain relatively 
constant. 

 

27. Page B5-22, Section B5.10, Typical VRU System 

The ERCB expects that no venting of gas should occur at the proposed facility as all gas 
should be recovered in the VRU during normal operation conditions or sent to flare 
during upset. Confirm that no venting will occur. However, if there is some venting 
expected, provide expected volumes and sources. 

Response:   
Selected process equipment and storage tanks in hydrocarbon service that have the 
potential to release odorous emissions will be connected to the Vapour Recovery Unit 
(VRU).  The VRU will contain redundant equipment and spare parts will be available to 
ensure the integrity of the system. Under normal operating conditions venting will not 
occur from these systems.  Upset condition venting may occur from pressure relief valves 
present within the central processing facility.  Release volumes under these conditions 
will be estimated and reported to the ERCB and the Petroleum Registry. 
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The evaporator system does include a deaerator to strip oxygen from the de-oiled 
produced water for corrosion protection purposes.  This deaerator is similar in function to 
the dearators present on hot lime softener systems.  The steam venting rate from the 
deaerator is about 100 to 200 m3/d, depending on the water volumes being processed. 

 

28. Page B5-23, Section B5.11, Flare System 

a) Canadian Natural states, “Under normal operations there would be no process fluids 
flared.” Clarify if this should have stated “process gas flared”? 

b) Canadian Natural states, “….the flare will be continuously purged to prevent air from 
entering the flare system.” How much purge gas is expected to be used? What 
standard is being implemented for purge gas requirements? How will the volume of 
purge gas be determined? 

c) What is the expected flaring that could occur per day or per hour and how would it 
be determined for: 

• a plant upset (i.e., VRU outage, Wet Gas Compressor Outage)? 

• a typical shut-down? 

• a typical start-up? 

Response:   
a) The statement should read, “Under normal operations there would be no process gases 

flared”. 

b) Design of the flare stack is ongoing.  A purge gas reduction device will be installed as per 
the flare stack vendors typical design.  The vendor will specify the purge gas rate and a 
flow meter will be installed to measure the volume of purge gas being flared. 

c) The expected flaring scenarios that could occur and how they were determined is detailed 
in Table 28-1. 
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Table 28-1 Possible Kirby Project Flaring Scenarios 

Scenario Flaring Expected 

Produced gas flaring at central plant during full steam generator outage. 24-hour duration at 1,091 Sm3/h 

Produced gas flaring at central plant during an emergency over pressure event 
(fire, control valve failure, tube rupture etc.) 1-hour duration at 56,297 Sm3/h 

Temporary flaring of VRU system as a result of upset or maintenance situations. 1-hour duration at 1,414 Sm3/h 

Emergency flaring at central plant during plant shutdown as a result of 
Emergency Shutdown (ESD) trip, power failure or instrument air failure. 1-hour duration at 5,760 Sm3/h 

Planned shutdown for pad maintenance. 15 minutes duration at 19.2 Sm3/min 

 

 

29. Page B5-32, Section B5.14.3, Material and Energy Balance 

It appears that Figure B5.14-1: Block Flow Material Balance is for a specific year 
(2018). Please provide the following information: 

a) How much of the Source Water is non-saline? 

b) The individual sources and associated volumes of each source that make-up the 
deep well disposal volume. 

c) How was the 20% reservoir retention of 3,815 t/cd determined? On page B7-1, it 
states that 20% is used for planning purposes and water balance calculations. What 
is the actual expected reservoir retention? 

d) If reservoir retention was 0%, what volumes of saline and non-saline make-up water 
would be required? Is there a minimum of fresh water make-up required? If so, 
what is the minimum volume required? 

Response:   
a) The production rates provided in Figure B5.14-1 (Volume 1A, Section B5.14) are based 

on the 2018 year annual average rates assuming a 20% reservoir retention, as given in 
Volume 1A, Section B7.2.1, Table B7.2-1.  The non-saline source water required under 
this operating scenario is 4,330 t/cd with 3,000 t/cd sourced from the Grand Rapids 
Formation (TDS = 2,400 mg/L) and 1,330 t/cd from the Empress Formation 
(TDS = 550 mg/L).  1,500 t/cd of saline water will be sourced from the McMurray 
Formation. 

b) The deep well disposal volume of 1,500 t/cd, given in Figure B5.14-1 (Volume 1A, 
Section B5.14), is from the evaporator blowdown.  No other disposal water sources are 
anticipated. 

c) The 20% reservoir retention for well pairs operating under normal SAGD conditions was 
determined from production data gathered from the Encana Foster Creek Project 
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operation.  This data was used as an analogue and is expected to represent reservoir 
conditions projected for the Project.  Data from the Kirby Pilot was also evaluated, but 
due to its limited operational duration, was not viewed as being fully representative.  
Based on the Foster Creek Project data, a 20% maximum reservoir retention was deemed 
reasonable and was used for the Project water balance calculations.  The actual reservoir 
retention is expected to be about 10%; however, it can potentially range from 0 to greater 
than 20%.    

d) If the reservoir retention is 0%, the non-saline make-up water requirement would be 
about 550 t/cd and the saline make-up would be 1,155 t/cd.  The 550 t/cd non-saline 
water requirement represents water needed for utility water purposes, such as pump seals 
and glands, chemical dilution, floor wash and piping flushes.  Once the water is used for 
utility purposes it is re-used in the make-up water system. 

 

30. Page B5-32, Section B5.14.3, Material and Energy Balance 

a) Provide a block flow diagram similar to Figure B5.14-1 for the overall the life of the 
project. 

b) Provide a facility energy balance and energy efficiency.  

Energy Balance: Total Energy IN = Total Energy OUT  

Total Energy IN = Bitumen from Wells + Produced Gas + Natural gas + Electrical 
Import + Diluent Feed 

Total Energy OUT = Saleable Products + Electrical Export + Losses + Uses 

Energy Efficiency = (Energy OUT in Saleable Products / Total Energy IN)*100 

  = [(Energy of Dilbit Product + Electrical Export) /  

 (Energy of Diluent + Bitumen Feed+ Prod Gas + NG+ Electrical)] *100 

Assumes -  Diluent Product = Diluent Feed - losses to fuel gas system etc 

  -  Bitumen Product = Bitumen Feed (no losses) 

  -  Electrical Export only if applicable 
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c) Provide the LHV (heat values) or energy content for each of the streams (bitumen, 
diluent, natural gas, produced gas, electrical, Dilbit).  

Response:   
a) The overall Project life annual average block flow diagram is provided in Figure 30-1.  

This block flow diagram is based on a 10% reservoir retention rate for wells operating in 
normal SAGD mode, with no plant upsets. 

b) The facility energy balance and energy efficiency calculations are provided below:  

 Energy In = Bitumen + Diluent + Produced Gas + Natural Gas + Power 

 Energy In = 307.1 TJ/d + 99.0 TJ/d + 0.9 TJ/d + 67.4 TJ/d + 3.0 TJ/d = 477.4 TJ/d 

 Energy Out = Sales Oil + Steam Generated + Evaporator Vent Loss + Power Consumed 

 Energy Out = (307.1 + 99.0 TJ/d) + 56.0 TJ/d + 0.5 TJ/d + 3.0 TJ/d = 465.5 TJ/d 

 Energy Efficiency = (Energy Out in Sales Products / Energy In) x 100% 

 Energy Efficiency = [(307.1 + 99.0 TJ/d) / 477.4 TJ/d] x 100% = 85.1% 

c) The energy content of each of the streams is given below: 

• Bitumen 42.9 GJ/m³ HHV 

• Diluent 32.3 GJ/m³ HHV 

• Dilbit 39.7 GJ/m³ HHV 

• Natural Gas 0.037 GJ/Sm³ HHV 

• Produced Gas 0.019 GJ/Sm³ HHV 

• Power 34.5 MW 



Reservoir / Production
Pads

Production
Treating

Water
Treatment

Steam
Generation

Natural Gas 1,514,715 Sm³/cd
1,594,437 Sm³/sd

Fuel Gas 1,512,965 Sm³/cd
1,592,595 Sm³/sdProduced Gas 25,470 Sm³/cd

26,811 Sm³/sd

Boiler Feed Water 15,858 t/cd
16,693 t/sd

Vent 171 t/cd
180 t/sd

Deep Well Disposal 899 t/cd
946 t/sd

Make-up Water 2,890 t/cd
3,042 t/sd

Sales Dilbit 5,457 m³/cd
5,744 m³/sd

(Note 1)

Produced Water 14,038,t/cd
14,777 t/sd

Plant Use Water 310 t/cd
326 t/sd

Source Water 3,200 t/cd
3,368 t/sd

Pad Gas 1,750 Sm³/cd
1,842 Sm³/sd

(Note 2)

Steam 15,858 t/cd
16,693 t/sd

Produced Gas 25,470 Sm³/cd
26,811 Sm³/sd

Produced Water 14,038 t/cd
14,777 t/sd

Bitumen 3,820 m³/cd
4,021 m³/sd

Diluent 1,637 m³/cd
1,723 m³/sd

Reservoir Retention 1,820 t/cd
1,916 t/sd

NOTES:
1. The fuel gas to the plant includes the consumption rate for steam generation, flare pilots and glycol heater.
2. Pad gas estimate
3. The overall balance is based on several assumptions: 10% reservoir retention for normal SAGD well operation, no plant upstes for deep well disposal.
UNITS:
m³/cd - Calendar Day Rates
m³/sd -

t/cd - Calendar Day Rate Tonnes per day
t/sd -

Sm³/cd - Calendar Day Rates @ Standard Conditions
Sm³/sd -1 t = 1 tonne = 1 m³ CWE = 1000 kg

BLOCK FLOW MATERIAL BALANCE -
AVERAGE FOR OVERALL LIFE OF

PROJECT

KIRBY IN-SITU OIL SANDS PROJECT

FIGURE: 30-1DIGITIZED FROM AN ORIGINAL FIGURE OBTAINED FROM THE CLIENT AS A PDF.
REFERENCE
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31. Measurement Plan 

Provide a conceptual measurement plan (required by ERCB Directive 042 for all 
thermal in-situ scheme applications), including a simplified process flow diagram 
showing all major streams being measured including the nature of the measurement 
devices (meter, sampler, etc) that would be used for mass balancing, assessing plant 
performance, process control and fulfilling the reporting requirements to the 
ERCB/Registry. Please note that a finalized measurement plan will be expected in 
Canadian Natural’s MARP for this facility. 

Response:   
The simplified process flow diagram for the conceptual measurement plan is presented in 
Figure 31-1.  The diagram shows the major process streams and associated metering and 
sampling locations.  Once engineering designs have been completed, a detailed finalized 
measurement plan will be developed and submitted with the Measurement, Accounting 
and Reporting Plan (MARP) to the ERCB. 



CONCEPTUAL MEASUREMENT,
ACCOUNTING AND REPORTING PLAN

KIRBY IN-SITU OIL SANDS PROJECT

FIGURE: 31-1ORIGINAL FIGURE OBTAINED FROM CLIENT AS A PDF.
REFERENCE
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32. Page B7-5, Section B7.2.1, Make-up Water Supply Requirements.  

Canadian Natural states, “The minimum make-up water requirement to account for the 
chemical carrier water, seal flushes, and floor washes, etc, will be 550 m3/cd. Maximum 
utility water requirements are estimated to be 950 m3/d….Therefore, the minimum Empress 
Formation water use will be 1,500 m3/d.” 

a) What is the maximum make-up water requirement from the Empress Formation? 

b) How does this requirement affect the make-up from the other sources? For 
example, does the make-up water from the McMurray Formation and the Lower 
Grand Rapids Formation get reduced?  

Response:   
a) The statement should read, “The make-up water requirement to account for the chemical 

carrier water, seal flushes, and floor washes, etc., will be 550 m3/cd.  An additional 
3,000 m3/cd is required for short durations during well start up for a combined maximum 
of 3,550 m3/cd of make up water.  Maximum utility water requirements are estimated to 
be 950 m3/cd.  Therefore, the maximum Empress Formation water use will be 
4,500 m3/cd”. 

b) The maximum make-up water requirement from the Empress Formation does not affect 
the make-up water demands from the McMurray or Grand Rapids formations.  Source 
water production from the McMurray Formation is balanced with disposal volume in this 
formation and the Grand Rapids is a high Total Dissolved Solids non-saline source water.   

 

33. Page B7-7, Section B7.2.1, Make-up Water Supply Requirements 

The minimum Empress Formation water use requirement is 1,500 m3/d. What options 
has Canadian Natural assessed and what are the results in reducing this fresh water 
usage (e.g., seal flush designed to use saline Lower Grand Rapids water)? 

Response:   
The statement should read “The maximum Empress Formation water use will be 
4,500 m3/d”. 

Canadian Natural will preferentially use water from the Grand Rapids Formation as 
make-up water before using water from the Empress Formation.  Once the Grand Rapids 
Formation volume withdrawal reaches its peak of 3,000 m3/d then the balance of required 
water will be drawn from the Empress Formation.  The water in the Grand Rapids is 
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considered non-saline water because the TDS is less than 4,000 ppm, however the TDS is 
too high to reduce the fresh-water use of the Empress Formation.  Seal flush design will 
be undertaken as part of detailed engineering.   

 

34. Page B7-7, Section B7.2.1, Make-up Water Supply Requirements 

Provide a year by year water balance for the life of the project. Each year should show 
the expected average bitumen production, steam, produced water, fresh water make-up, 
brackish water make-up, fresh water uses and disposal volumes expressed in 
m3/calendar day rates. This would include at start-up, at steady state and at blowdown 
conditions (Wind-Down Phase). Please clarify if the volumes in Table B7.2-1 are 
maximum, average or minimum. 

Response:   
The reservoir retention for wells operating in SAGD mode is expected to range from 10 
to 20%. Table 34-1 shows the 10% steady-state water balance excluding upset conditions 
and start-up volumes.  Table 34-2 shows the 10% reservoir retention for normal SAGD 
mode plus the make-up volumes required to start-up the initial and future wells. The 
future wells are planned and staggered throughout the life of the Project to sustain the 
production profile.   

Table 34-3 is a different method of representing the make-up water requirements. The 
intention of this table is to show the maximum (peak) rates that could occur. Scenario 1 
shows how the steady-state 10% reservoir retention make-up volume was generated. 
Scenarios 2 to 5 are specific start-up conditions that could occur in conjunction with 
Scenario 1. Scenario 6 shows the steady-state 20% reservoir retention condition and the 
make-up water volumes required.  Scenario 7 shows the start-up of additional wells in 
conjunction with Scenario 6 as per the original water balance. 
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Table 34-1 Water Use for Steam Generation and Utilities – Excludes Upset Conditions and Start-ups of New Wells 

Bitumen Steam Produced 
Water (a) Make-Up Water(b) Plant Use - Utility(c) Disposal Water(d)

Time 
[Years] Annual 

Average 
[m3/cd] 

Annual 
Average 
[m3/cd] 

Annual 
Average 
[m3/cd] 

Annual 
Average(e)

[m3/cd] 
McMurray

[m3/cd] 
Grand 
Rapids
[m3/cd] 

Empress(f)

[m3/cd] 
Annual 

Average 
[m3/cd] 

Evaporator 
Losses 
[m3/cd] 

Produced 
Water 

[m3/cd] 

Brackish 
Water 

[m3/cd] 

Fresh 
Water

[m3/cd] 

Total 
Disposal
[m3/cd] 

2011 525 10,500 9,450 1,870 700 620 550 310 120 487 180 32 700 
2012 4,900 16,000 14,400 2,725 950 1,225 550 310 175 650 241 58 950 
2013 7,000 18,000 16,200 2,970 980 1,440 550 310 190 678 237 65 980 
2014 6,720 19,080 17,172 3,093 980 1,563 550 310 205 684 228 67 980 
2015 6,450 19,080 17,172 3,093 980 1,563 550 310 205 684 228 67 980 
2016 6,190 19,080 17,172 3,093 980 1,563 550 310 205 684 228 67 980 
2017 5,940 19,080 17,172 3,093 980 1,563 550 310 205 684 228 67 980 
2018 5,705 19,080 17,172 3,093 980 1,563 550 310 205 684 228 67 980 
2019 5,115 19,080 17,172 3,093 980 1,563 550 310 205 684 228 67 980 
2020 4,585 19080 17,172 3,095 980 1,565 550 310 207 684 228 67 980 
2021 4,110 19,080 17,172 3,091 980 1,561 550 310 203 684 228 67 980 
2022 3,685 19,080 17,172 3,095 980 1,565 550 310 207 684 228 67 980 
2023 3,305 18,000 16,200 2,968 980 1,438 550 310 188 678 237 65 980 
2024 2,935 16,700 15,030 2,797 950 1,297 550 310 177 655 235 60 950 
2025 2,600 15,300 13,770 2,592 900 1,142 550 310 162 620 226 54 900 
2026 2,305 14,200 12,780 2,448 875 1,023 550 310 153 600 224 50 875 
2027 2,045 12,600 11,340 2,250 850 850 550 310 140 577 229 45 850 
2028 1,815 11,400 10,260 2,040 775 715 550 310 125 631 206 38 775 
2029 1,600 10,300 9,270 1,845 700 595 550 310 115 486 182 32 700 
2030 1,425 9,400 8,460 1,745 700 495 550 310 105 480 191 29 700 
2031 1,265 8,900 8,010 1,690 700 440 550 310 100 476 197 27 700 
Average 3,820 15,858 14,272 2,656 899 1,207 550 310 171 623 221 55 899 

(a) Produced Water and Make-up Water volumes are based on annual average flow rates. 
(b) The make-up water volumes represent the water required to make steam. 
(c) The Kirby Central Plant Use (Utility) water volumes represent water volumes that do not return to process to make steam including evaporator losses. 
(d) Disposal volumes may vary due to operating upsets, system reliability, and produced water fluctuations.  Peak disposal volume for short period of time would be 

8,000 m3/cd. 
(e) Annual average is calculated based upon 10% Reservoir Retention plus evaporator vent losses and disposal volumes.  Reservoir retention is expected to vary between 10 

to 20%. 
(f) A minimum 550 m3/d of Empress water is required for seal flush, chemical dilution, and utility stations (for example floor washes), etc.  550 m3/d of Empress water has a 

primary use as ‘utility’ water, but is included as make-up water because it will eventually be used as boiler feed water. 
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Table 34-2 Water Use for Steam Generation and Utilities – Excludes Upset Conditions but Includes Well Start-up Volumes 

Bitumen Stream Produced 
Water(a) Reservoir Retention(b)(c) Make-Up Water(d) Plant Use - Utility(e) Disposal Water(f)

Time 
[Years] Annual 

Average 
[m3/cd] 

Annual 
Average 
[m3/cd] 

Annual 
Average 
[m3/cd] 

New Well 
Pairs 
Count 

Well 
Start-up 
[m3/cd] 

Normal 
SAGD 
[m3/cd] 

Annual 
Average 
[m3/cd] 

Annual 
Average 
[m3/cd] 

Peak(g)

[m3/cd] 
Normal
[m3/cd] 

Annual 
Average(h) 

[m3/cd] 
McMurray

[m3/cd] 

Grand 
Rapids 
[m3/cd] 

Empress(i)

[m3/cd] 

Annual 
Average 
[m3/cd] 

Evaporator 
Losses 
[m3/cd] 

Produced 
Water 

[m3/cd] 

Brackish 
Water 

[m3/cd] 

Fresh 
Water 

[m3/cd] 

Total 
Disposal
[m3/cd] 

2011 525 10,500 7,840 35 5,880 1,050 2,660 25.3 6,700 1,870 3,480 700 2,230 550 310 120 422 177 102 700 

2012 4,900 16,000 14,400 0 0 1,600 1,600 10.0 2,725 2,725 2,725 950 1,225 550 310 175 650 241 58 950 

2013 7,000 18,000 16,200 0 0 1,800 1,800 10.0 2,970 2,970 2,970 980 1,440 550 310 190 678 237 65 980 

2014 6,720 19,080 17,030 3 2,333 1,908 2,050 10.7 3,515 3,095 3,235 980 1,705 550 310 205 679 228 73 980 

2015 6,450 19,080 17,030 3 2,333 1,908 2,050 10.7 3,515 3,095 3,235 980 1,705 550 310 205 679 228 73 980 

2016 6,190 19,080 17,030 3 2,333 1,908 2,050 10.7 3,515 3,095 3,235 980 1,705 550 310 205 679 228 73 980 

2017 5,940 19,080 17,123 1 2,053 1,908 1,956 10.3 3,240 3,095 3,143 980 1,613 550 310 206 682 228 69 980 

2018 5,705 19,080 17,170 0 0 1,908 1,908 10.0 3,095 3,095 3,095 980 1,565 550 310 205 684 228 67 980 

2019 5,115 19,080 17,075 2 2,200 1,908 2,005 10.5 3,380 3,095 3,190 980 1,660 550 310 205 681 228 71 980 

2020 4,585 19,080 16,155 19 4,960 1,908 2,925 15.3 6,145 3,095 4,112 980 2,582 550 310 207 646 226 107 980 

2021 4,110 19,080 16,615 12 3,577 1,908 2,464 12.9 4,755 3,095 3,648 980 2,118 550 310 203 664 227 89 980 

2022 3,685 19,080 16,985 4 2,466 1,908 2,094 11.0 3,655 3,095 3,282 980 1,752 550 310 207 677 228 75 980 

2023 3,305 18,000 16,015 4 2,355 1,800 1,985 11.0 3,520 2,970 3,153 980 1,623 550 310 188 671 237 72 980 

2024 2,935 16,700 14,705 7 2,645 1,670 1,995 11.9 3,765 2,800 3,122 950 1,622 550 310 177 642 234 74 950 

2025 2,600 15,300 13,675 2 1,813 1,530 1,624 10.6 2,870 2,595 2,687 900 1,237 550 310 162 616 225 58 900 

2026 2,305 14,200 12,410 8 2,529 1,420 1,790 12.6 3,555 2,450 2,818 875 1,393 550 310 153 685 224 66 875 

2027 2,045 12,600 11,340 0 0 1,260 1,260 10.0 2,250 2,250 2,250 850 850 550 310 140 577 229 45 850 

2028 1,815 11,400 10,260 0 0 1,140 1,140 10.0 2,040 2,040 2,040 775 715 550 310 125 531 206 38 775 

2029 1,600 10,300 9,270 0 0 1,030 1,030 10.0 1,845 1,845 1,845 700 595 550 310 115 486 182 32 700 

2030 1,425 9,100 8,460 0 0 940 940 10.0 1,745 1,745 1,745 700 495 550 310 105 480 191 29 700 

2031 1,265 8,900 8,010 0 0 890 890 10.0 1,690 1,690 1,690 700 440 550 310 100 479 197 27 700 

Average 3,820 15,858 14,038 n/a n/a n/a n/a 11.6 3,357 2,657 2,890 899 1,441 550 310 171 614 221 65 899 
(a) Produced Water and Make-up Water volumes are based on annual average flow rates. 
(b) Reservoir retention shows when new wells are on "start-up" and "normal SAGD" operation. Annual average reservoir reteion is based on 4 months of start-up and 8 months of normal SAGD operation for the years where new wells are started-up. 
(c) Annual Average Reservoir Retention + Evaporator Losses + Total Disposal = Annual Average Make-up Water. 
(d) The make-up water volumes represent the water required to make steam. 
(e) The Kirby Central Plant Use (Utility) water volumes represent water volumes that do not return to process to make steam including evaporator losses. 
(f) Disposal volumes may vary due to operating upsets, system reliability, and produced water fluctuations. Peak disposal volume for short period of time would be 8000 m³/cd. 
(g) Peak rates include additional make-up water volumes for planned well pair additions required to sustain production. 
(i) Annual average make-up water is calculated based upon 10% reservoir retention, 4 months peak use and 8 months normal use rate per year. Reservoir retention is expected to vary between 10 - 20%. 
(h) A minimum 550 m³/d of Empress water is required for seal flush, chemical dilution, and utility stations (for example floor washes), etc. 550 m³/d of Empress water has a primary use as 'utility' water but is included as make-up water because it will eventually be used as boiler feed water. 
n/a = Not applicable. 
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Table 34-3 Start-up Volume Scenarios to Define Peak Make-up Water 
Requirements 

Item Description Reference Flow 
Scenario 1: Conditions for Steady-State Operation 
1 Steam Injection  19,080 m3/cd 
2 Reservoir Retention 10% reservoir retention 1,908 m3/cd 
3 Evaporator Vent  205 m3/cd 
4 Produced Water with Dilbit Sales 0.5% BS&W in Dilbit 0 m3/cd 
5 Disposal Water  980 m3/cd 
6 Expected Daily Average Process Make-up Water Requirement. Calendar day basis. 3,093 m3/cd 
7 Divide by Service Factor 95% 0.95 
8 Gross Process Make-up Water Requirement. Stream day basis. 3,256 m3/sd 
9 Contingency for operation upsets 10% 326 m3/sd 
10 Net Steady State Process Make-up Water Requirement. Stream day basis. 3,581 m3/sd 
Scenario 2: Conditions for Initial Well Start-up on Circulation 
11 Evaporator Vent initial start-up conditions 120 m3/cd 
12 Disposal Water initial start-up conditions 700 m3/cd 
13 Starting up new wells Start-up lossess 6,660 m3/cd 
14 Start-up Initial Wells Average Process Make-up Water Requirement. Calendar day basis. 7,480 m3/cd 
15 Divide by Service Factor 95% 0.95 
16 Gross Process Make-up Water Requirement. Stream day basis. 7,784 m3/sd 
17 Contingency for operation upsets 10% 787 m3/sd 
18 Net Start-up Process Make-up Water Requirement. Stream day basis. 8,661 m3/sd 
Scenario 3: Conditions for Additional Pad Start-up on Circulation 
19 Steady State Operations Calendar Day Make-up Water 70% steam to SAGD wells (0.70 x Item#2 + 

Items 3 to 5 
2,523 m3/cd 

20 Starting up additional wells 30% steam of full steam rate 3,615 m3/cd 
21 Start-up Additional Wells Average Process Make-up Water Requirement. Calendar day basis. 6,138 m3/cd 
22 Divide by Service Factor 95% 0.95 
23 Gross Process Make-up Water Requirement. Stream day basis. 6,462 m3/sd 
24 Contingency for operation upsets 10% 646 m3/sd 
25 Net Start-up Process Make-up Water Requirement. Stream day basis 7,108 m3/sd 
Scenario 4: Conditions for Initial Well Start-ups on Direct Injection 
26 Evaporator Vent Initial start-up conditions 120 m3/cd 
27 Disposal Water Initial start-up conditions 700 m3/cd 
28 Starting up new wells 100% Reservoir Retention 4 to 6 weeks 6,825 m3/cd 
29 Start-up Initial Wells Average Process Make-up Water Requirement. Calendar day basis. 7,645 m3/cd 
30 Divide by Service Factor 95% 0.95 
31 Gross Process Make-up Water Requirement. Stream day basis. 8,047 m3/sd 
32 Contingency for operation upsets 10% 805 m3/sd 
33 Net Start-up Process Make-up Water Requirement. Stream day basis 8,852 m3/sd 
Scenario 5: Conditions for Additional Pads Start-ups on Direct Injection 
34 Steady State Operations Calendar Day Make-up Water 81% steam to SAGD wells (0.81 x Item#2 + 

Items 3 to 5 
2,723 m3/cd 

35 Starting up additional wells (100% reservoir retention) 19% steam of full steam rate 3,705 m3/cd 
36 Start-up Additional Wells Average Process Make-up Water Requirement. Calendar day basis. 6,428 m3/cd 
37 Divide by Service Factor 95% 0.95 
38 Gross Process Make-up Water Requirement. Stream day basis. 6,228 m3/sd 
39 Contingency for operation upsets 10% 623 m3/sd 
40 Net Start-up Process Make-up Water Requirement. Stream day basis 6,851 m3/sd 
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Table 34-3 Start-up Volume Scenarios to Define Peak Make-up Water 
Requirements (continued) 

Item Description Reference Flow 
Scenario 6: Condition Higher Reservoir Retention – Steady-State Operation 
41 Steam Injection  19,080 m3/cd 
42 Reservoir Retention 20% reservoir retention 3,816 m3/cd 
43 Evaporator Vent  205 m3/cd 
44 Produced Water with Dilbit Sales 0.5% BS&W in Dilbit 0 m3/cd 
45 Disposal Water  980 m3/cd 
46 High Reservoir Retention Daily Average Process Make-up Water Requirement. Calendar day basis. 5,001 m3/cd 
47 Divide by Service Factor 95% 0.95 
48 Gross Process Make-up Water Requirement. Stream day basis. 5,264 m3/sd 
49 Contingency for operation upsets 10% 526 m3/sd 
50 Net Steady Start-up Process Make-up Water Requirement. Stream day basis 5,791 m3/sd 
Scenario 7: Conditions for Additional Pad Start-up on Circulation with 20% Reservoir Retention 
51 Reservoir Retention - Normal SAGD Operation 70% steam to SAGD wells (0.70 x Item#42) 2,676 m3/cd 
52 Evaporator Vent As per original water balance 207 m3/cd 
53 Disposal Water As per original water balance 1,500 m3/cd 
54 Starting up additional wells 30% of full steam rate to new wells 3,617 m3/cd 
55 Start-up Additional Wells Average Process Make-up Water Requirement. Calendar day basis. 8,000 m3/cd 
56 Divide by Service Factor 95% 0.95 
57 Gross Process Make-up Water Requirement. Stream day basis. 8,421 m3/sd 
58 Contingency for operation upsets 10% 842 m3/sd 
59 Net Start-up Process Make-up Water Requirement. Stream day basis 9,263 m3/sd 
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ENVIRONMENT 

35. Volume 4A, Section 1.4, page 18 and Volume 1B, Figure 5 

Canadian Natural states that Wellpads will be setback at least 100 m from waterbodies to 
minimize the potential disturbance to riparian conditions and the effects on local flow 
patterns. However, ERCB Directive 56, Section 7.9.12.1 states that “A water body 
maybe natural or manmade and contain or convey water continuously, intermittently, 
or seasonally.” When this definition is applied to Figure 5, overlain with the project 
footprint, it shows development directly within a waterbody.  

a) Given the ERCB’s definition of a waterbody, clarify how Canadian Natural’s 
proposed development meets the 100 m setback requirement. 

b) If Canadian Natural plans on developing within waterbodies, discuss the 
construction and operational logistics (i.e., dewatering practices, timing of 
construction, mitigation, etc.) associated with locating the proposed infrastructure 
within these areas. 

c) Clarify if this 100 m setback will also apply to the plant and work camp sites. 

Response:   
a) Canadian Natural Resources Limited (Canadian Natural) has sought to locate wellpads in 

locations that are in compliance with the 100 m waterbody setback requirement, 
wherever it is possible to do so.  Canadian Natural is also required to optimize recovery 
of the bitumen resource.  Wellpad locations are therefore dictated by the reservoir and 
geological characteristics of the bitumen-bearing formations and by the placement of the 
horizontal wellbores.  The wellpad locations do not encroach within 100 m of any open 
waterbody.  However, given the definition of a waterbody in ERCB Directive 056 and the 
fact that the Kirby In-Situ Oil Sands Project (the Project) is largely surrounded by 
peatlands, wellpads will exist within areas defined in Directive 056 as waterbodies.  
Canadian Natural will submit an application for each wellpad that will fall within this 
distance. 

b) Construction of wellpads within peatland areas requires the grade to be raised. Following 
stripping operations, fill materials consisting of clay fill, will be brought in, placed in lifts 
not exceeding 0.15 m and then uniformly compacted. If extensive, thick soft peat deposits 
are encountered, geotextile and/or geogrid will typically be incorporated over corduroy to 
improve the subgrade condition.  Construction will be done in the winter when the 
ground is frozen to support the construction equipment and to prevent excessive subgrade 
disturbance.  
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c) A 100 m setback from open waterbodies will apply to the plant site and camp site.  Both 
sites are within the 100 m setback in relation to the ERCB Directive 056 definition of a 
waterbody, in this case peatlands. 
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GENERAL 

36. Volume 2, Section 2.2.12.4, Page 36 

 Include a spreadsheet summarizing all of the commitments made in this Environmental 
Impact Assessment (EIA). 

Response: 
 Canadian Natural Resources Limited’s (Canadian Natural) commitments in the EIA are 

provided in Table 36-1.  Canadian Natural will adhere to all regulations, so the table lists 
only commitments that are above and beyond regulatory requirements. 

Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment 

Commitment Description Volume  Section Sub-
Section 

Conservation and Reclamation 

To the extent possible areas disturbed by the Kirby In-Situ Oil Sands Project (the Project) 
activities will be progressively reclaimed.  Final reclamation will be undertaken when the Project 
facilities are decommissioned. 

1B Attachment 1 1.2 

Corridors for underground water source and disposal pipelines will be reclaimed immediately 
following construction and before the Project operational period.      

To the extent possible, decommissioned wellpads will be progressively reclaimed, however, the 
first wellpad is anticipated to still have producing wells when the last wellpad is constructed. 

Borrow pits will be reclaimed when they are exhausted of useful borrow material and possibly 
independent of adjacent wellpad reclamation.  

1B Attachment 1 2.3 

Reclamation of roadways will involve removal of culverts from the roads and roadway surface 
preparation for soil placement.  The reclaimed culverts in roadways will be planted to the 
Labrador tea-subhygric (g1) ecosite phase in wetlands areas. 

Wellpads located on wetlands classes will be re-contoured to create a distinct low-lying area on 
the wellpad to act as a transition to the surrounding undisturbed wetlands.   

1B Attachment 1 3.1.2 

Surface water management for the Project will consist of the following features: 

• maintaining natural surface drainage patterns; 

• installation of surface water management facilities; and 

• controlling surface runoff from the Project. 

1B Attachment 1 4.4.2 

Subsoil replacement will proceed prior to the topsoil placement.  The subsoil replacement plan 
will consist of replacing whatever volume of subsoil was salvaged from each facility as follows:  

• wellpads and roads constructed on fens and bogs.  Salvaged topsoil will be placed 15 to 
20 cm thick over surfaces to be reclaimed.  The in-place pad material will be used as a 
subsoil so subsoil replacement will not be required. 

• Plant site, wellpads, source and disposal wells and roads constructed on mineral soil. 
Soil replacement will consist of replacing the same depth of mineral topsoil (LFH/Om plus 
Ae horizons) from reclamation material stockpiles that existed previously on-site. It is 
estimated that an average of 20 cm of topsoil will be replaced. 

1B Attachment 1 4.6 

Specifically, the revegetation of long-term disturbed areas will occur as follow:  natural recovery 
of herbaceous vegetation in the first two years; and some tree and shrub species may be 
planted after three years in areas where natural invasion is lower. 

When revegetation planting is required, it will follow the Guidelines for Reclamation to Forest 
Vegetation in the Alberta Oil Sands Region (OSVRC 1998). 

Annuals such as barley or an ASRD-approved seed mix will be used in areas requiring erosion 
control. 

Tree stock planted will be locally sourced. 

1B Attachment 1 4.7 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Conservation and Reclamation (continued) 

The plant site and wellpads constructed on upland areas will be planted to upland ecosites that 
are similar to surrounding ecosites.  Similarly, wellpads and facilities constructed on peatlands 
will also be replanted to upland ecosites.  Final end land uses of these facilities will be 
determined following discussions with provincial regulators. 

1B Attachment 1 4.8.1 

Large cement pits for multi-well remotes will require management to ensure that large "blocks" 
do not impede subsurface water drainage or the deep rooting zone. 1B Attachment 1 5.6.6 

Canadian Natural is proposing the creation of new upland habitat on portions of areas where fill 
materials are added for roads, the central plant and wellpads.  These areas will be reclaimed 
such that appropriate contours will be created following site grading and topsoil replacement. 

1B Attachment 1 6.1.1 

Canadian Natural will schedule topsoil removal during frozen or dry ground conditions to 
minimize impacts and provide satisfactory separation of topsoil and subsoil storage. Geotextiles 
will be used to separate the fill from the natural materials. 

Temporary work pads and access roads will be monitored regularly by on-site environmental 
inspectors until their removal, with increased monitoring occurring during times of heavy rainfall 
or high surface water flow. 

Canadian Natural will leave corduroy and timber padding in place and allow them to degrade 
naturally rather than cause more disturbance by removing them. 

Fill materials and geotextiles for temporary roads will be removed. 

Shutdown of activities will be executed if one of the following occurs: 

• excessive rutting; 

• spinning tires; 

• build-up of mud on equipment; 

• formation of standing water in excess of 2 cm in the work areas; or 

• tracking mud down access roads as vehicles leave the Project area. 

Topsoil removal will not occur during windy conditions that will cause soil loss.  Canadian 
Natural will have an on-site inspector during salvage operations that will have the authority to 
cease operations during unsuitable conditions. 

1B Attachment 1 6.1.2 

The contingency plans for wet soils will be initiated when working on undisturbed topsoil.  Traffic 
will be restricted to developed roadways and wellpad areas during wet weather to protect 
undisturbed areas. 

1B Attachment 1 6.1.2.1 

Wherever surface conditions require, on upland areas, winter construction will be preceded by 
pre-stripping of surface soil and the completion of site grading activities before the ground is 
frozen. 

To the extent possible, salvage of organic soils for reclamation purposes will be completed 
under frozen conditions. 

Canadian Natural will implement procedures to monitor soil stripping activities such that soil and 
subsoil salvage, in either frozen or wet field conditions, does not result in a degradation of 
topsoil or subsoil quality. 

1B Attachment 1 6.1.2.2 

Canadian Natural will apply the following principles in constructing facilities on peatland: 

• Depending on peat depth, the organic soil may be salvaged and stockpiled for future 
reclamation. Fen hydrology will be maintained by initially laying down bucked trees, 
followed by a woven geotextile material and covered with fill material.  This will create a 
stable base for facilities roads or wellpad areas. 

• In fens, culverts will be installed as required along Project roads to permit unimpeded 
water movement across the area (Figure 8).  Canadian Natural will inspect these areas 
for water ponding and other evidence that culvert modification or addition is required. 

1B Attachment 1 6.2.1 

Canadian Natural will ensure that compacted subgrades are deep ripped and/or subsoiled and 
graded before replacement of topsoil. 1B Attachment 1 6.3.1 

Road reclamation will involve removal of all culverts resulting in the creation of wide depressions 
intended to become lowlands areas.  These depressions will serve as natural drainage for the 
surrounding lowlands. 

1B Attachment 1 6.3.2 

Canadian Natural will continue to track changes to relevant reclamation guidelines and to 
incorporate the appropriate aspects of these guidelines into reclamation planning and 
reclamation activities for the Project. 

1B Attachment 1 7 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Conservation and Reclamation (continued) 

A site-specific emergency response plan is currently being developed for the Project area.  All 
operators for this area will undergo training in emergency response procedures prior to 
commissioning.  Regular training exercises will be undertaken to ensure ongoing readiness, and 
to continually improve on emergency preparedness. 

Canadian Natural will implement monitoring programs which will address the risks that could 
affect the integrity of the pipelines and gathering systems at the Project that are either owned or 
under the control of Canadian Natural. 

The emergency response plan will include a fire control plan highlighting forest fire prevention 
measures. 

In the event of upset conditions in the Central Plant, flaring of significant volumes of gas in a 
short period of time may be unavoidable.  In these situations, Canadian Natural will not permit 
operators to flare to open pits.  All emergency flare stacks will be designed so that AAAQO are 
met. 

1B Attachment 1 A 

Air Quality 

Canadian Natural is working to develop a greenhouse gas management strategy.   

Canadian Natural's corporate GHG emission reduction strategy is based on emissions per unit 
of production.  The goal is to consistently reduce GHG emissions per unit of production despite 
past and future acquisitions that have or will lead to increased absolute production.   

In the intervening years, Canadian Natural will systematically review the opportunities for 
improved emission performance from facilities and develop strategies to manage overall 
compliance including mechanisms such as offsets and emissions trading.  

3 1 1.5.7.2 

Noise 

Noise emission spectrum data will be obtained from the preferred steam generator manufacturer 
to confirm the low frequency content of the stack sound level rating. If the LFN prediction based 
on the manufacturer specification is not acceptable, mitigation controls (e.g., stack silencer) at 
the design stage will be implemented. 

If a LFN complaint occurs, a noise assessment program will be conducted to confirm the 
presence of LFN from the stacks has been mitigated.  

3 2 2.4.4.2 

Stack exhaust design will be assessed to determine the need for LFN mitigation. 3 2 2.6 

Hydrogeology 

To ensure effective cementing procedures, Canadian Natural will implement proper cementing 
practices, including the use of centralizers to optimize cement placement. 

The cement used will be thermal grade. 

The well will be circulated with the required blend of pre-flush fluid prior to conducting the 
cement job.  

The casing will be rotated or reciprocated throughout the cement job, and excess cement will be 
pumped to ensure that there is good cement to surface.  

Canadian Natural will monitor the quality of the cement jobs by selecting at least 25% of SAGD 
wells on a wellpad to perform a cement bond log. SAGD well candidates for bond logging are 
selected based on cementing operations performance information and looking for imperfect 
aspects of a pumped cement job.  Through this analysis and cement bond log evaluation, all 
deficient cement jobs should be identified and appropriate remediation or operational 
modifications will be undertaken where necessary.  

Canadian Natural will implement a program which continuously monitors steam injection 
pressures and injection rate to help identify casing integrity issues.   

In addition to the monitoring of steam injection rate and pressure, the operations staff will 
visually monitor the conditions of well surface equipment and well pressures regularly. 

In the unlikely event of a suspected casing failure, Canadian Natural will cease steam injection 
at the subject well and begin diagnostic operations.  The investigation will focus on confirming 
whether a casing failure exists, determining the depth of the possible failure, and estimating the 
volume of fluids lost.  The ERCB will be notified in a timely manner and appropriate future action 
will be agreed upon.  

4 2 2.4.3.1 

Steam injection during the operation at the Project will be at a continuous low pressure and 
below the fracture pressure of the reservoir. 4 2 2.4.3.2 

Both temperature and arsenic monitoring will be undertaken as part of the groundwater 
monitoring program. 4 2 2.4.4.1 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Hydrogeology (continued) 

If an unexpected impact on groundwater quality is detected, the groundwater response plan will 
be implemented.  

In the unlikely event that a casing failure occurs that impacts non-saline groundwater quality, 
Canadian Natural will implement the groundwater response plan. 

All monitoring wells completed in non-saline aquifers will be sampled for dissolved arsenic 
during regular groundwater monitoring events. 

4 2 2.4.4.2 

The disposal wells will be operated below fracture pressures.  4 2 2.4.5.1 

Canadian Natural will collect water level data weekly from all Grand Rapids Formation water 
source and monitoring wells during the operation of the Grand Rapids water source wells.   

Wells will be sampled annually with samples analysed for the parameters identified in Volume 4, 
Section 2.6.2.2.  

4 2 2.6.2.1 

The following groundwater response plan will be implemented, in conjunction with discussions 
with AENV, if a significant impact to groundwater levels or quality is detected: 

• the monitoring well where the impact was identified will be re-sampled to confirm that an 
impact has occurred 

• the source of the impact will then be determined and mitigation measures will be 
undertaken to minimize or halt further impacts, if possible 

• the magnitude and likely extent of the impact will be determined and appropriate actions 
involving remediation, risk assessment and/or risk management will be initiated. 

4 2 2.6.3 

Hydrology 

A series of mitigation measures will be designed and implemented as part of Canadian Natural’s 
overall water management plan to minimize the potential effects of the Project on the surface 
water hydrology of nearby waterbodies. 

The following measures will be implemented to ensure that surface runoff retention and 
detention are minimized so that the surface runoff contribution to the receiving streams will not 
be significantly affected and that natural drainage patterns are maintained: 

• Properly sized crossing structures (bridge, culverts) will be installed at watercourses and 
at low points along all access roads to maintain natural flow patterns and eliminate 
potential flow impediment.  The use of culverts where roads cross wetlands areas will 
minimize potential ponding on the upstream side of the road and prevent "drying out" on 
the downstream side. 

• In muskeg areas, where the water table is close to the ground surface, the use of 
corduroy and filter fabric will also be considered as a base for access road construction 
where feasible.  This will improve water drainage through the access road thereby 
minimizing the effects on drainage patterns. 

• Wherever practical, roads and steam/production pipelines will follow a common corridor.  
Above-ground pipelines will be elevated on piles that will clear-span small watercourses.  
This will minimize the effects on water drainage patterns. 

• At closure, all disturbed areas, including the central plant site, access roads, borrow pits, 
and wellpads will be reclaimed, graded and re-vegetated to facilitate natural drainage.  All 
road crossing culverts will be removed and natural drainage will be restored. 

4 3 3.5.1.2 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Hydrology (continued) 

A hydrological monitoring program will be established as part of the operations of the Project.  
The program will continue until decommissioning (closure) and will include monitoring of the 
following: 

• Operation of the plant site drainage system, including a runoff pond, to ensure normal 
operation and no water releases. 

• Culvert installations to detect excessive settlement and potential sediment and debris 
blockage.  Excessive settlement will be corrected. Sediment and debris blockage will be 
removed as required. 

• Water levels on either side of the access roads through muskeg areas to detect potential 
ponding due to insufficient cross-road drainage.  If this occurs, additional culvert 
installation will be considered. 

• Culverts during spring breakup to ensure that they are not blocked by ice.  Blocked 
culverts would be cleared to prevent excessive ponding of runoff and possible road 
over-topping. 

• Disturbed sites will be inspected to ensure that the natural drainage conditions have not 
been altered or significantly impacted during construction. 

• Culvert and pipeline crossings will be inspected to ensure that the banks and substrates 
are stable and there are no blockages due to debris or beaver dams. 

4 3 3.5.1.4 

To minimize effects on receiving streams, lakes, ponds and wetlands from increased sediment 
concentrations, suspended sediment concentrations and basin sediment yields, the following 
mitigation measures will be designed and implemented as part of the overall water management 
plan for the Project. 

• The plant site area will have runoff management facilities (berms, drainage ditches, a 
runoff basin) that are designed to retain all local runoff to at least the 25-year return 
period, 24-hour storm runoff event.  This will ensure that potentially sediment-laden water 
generated by the disturbed surfaces throughout the plant site is not discharged to 
receiving waterbodies. Runoff generated on the plant site will be used as make-up water 
in the process.  

• The wellpads will be completely or partially bermed to contain potentially sediment laden 
local runoff generated from the disturbed surfaces within the wellpad sites to at least the 
25-year return period, 24-hour storm runoff event. No water will be released to the 
external watershed area unless it complies with regulatory requirements. 

• Wellpads will have a minimum setback of 100 m from any local streams and lakes to 
further minimize the possibility of surface sediment runoff entering adjacent 
watercourses. 

• Borrow pits will be set back 100 m from any local stream and lakes to minimize the 
possibility of surface sediment runoff entering adjacent watercourses. 

• A sediment and erosion control plan will be developed and implemented for all 
watercourse crossings to minimize the potential for sediment generation caused by 
surface water runoff from newly excavated approach slopes and bank areas.   

• Sediment control measures will include recontouring, revegetation and the appropriate 
use of silt fences. 

• In addition to the above, the buried pipelines will be placed below the stream bed scour 
depth and with adequate setback of sag-bends at the stream banks.   

• Pipeline crossings will be inspected after extreme (greater than the 10 year return period) 
flood events to ensure that any pipeline exposure is repaired immediately. 

4 3 3.5.2.2 

Construction of minor drainage courses for pipeline and road crossings will be done using best 
management practices.  

Mitigation measures will be implemented during construction of road and of pipeline crossings to 
minimize the potential for sediment entrainment and to ensure that only small changes in 
sediment concentrations occur in stream reaches downstream of the crossings.  

4 3 3.5.2.3 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Hydrology (continued) 

Surface water hydrological monitoring will continue until decommissioning (closure) and will 
include monitoring of the following: 

• plant site drainage system, including a runoff pond, to ensure normal operation and no 
release of water; 

• containment berms and drainage swales in the wellpad areas, to ensure normal 
operation and no uncontrolled release of water; and 

• disturbed sites to ensure that properly installed sediment control measures are in place 
during and following construction. 

A monitoring program will be implemented to ensure that sediment generation caused by 
construction and operation of all watercourse crossings for the Project is kept to a minimum.  
The monitoring program will include the following: 

• inspect culverts to ensure proper operation; 

• inspection of all watercourse crossings to ensure that properly installed sediment control 
measures are in place during and following construction; and 

• post-construction inspection to ensure that affected streambed profiles and bank 
disturbances have been restored to pre-construction conditions. 

4 3 3.5.2.4 

Water Quality 

Process-affected waters will be disposed of by deep well injection, and sewage generated 
on-site will be collected in a holding tank and periodically trucked to an approved offsite 
treatment facility.  

It is Canadian Natural’s intention to recover surface runoff captured in the plant site stormwater 
runoff pond and use it in the process.  

Evaporation blowdown water will be sent to salt cavern and then disposed of through deep well 
injection into the water sands areas of the McMurray Formation as described in Volume 1, 
Section B7.0. 

4 4 4.4.1.1 

Fish and Fish Habitat 

Individuals residing at the Project camp will be prohibited, during their residence, from fishing in 
the areas surrounding or accessible from the camp.   4 5 5.5.1.3 

Terrestrial 

The following are among the efforts Canadian Natural will implement to minimize land 
disturbance associated with the Project:   

• using  wellpads as construction storage areas, where available; 

• position wellpads as close as possible to the existing roadway to minimize new access 
roads; 

• using existing clearings for new project rights-of-way  to the extent possible; 

• coordinating the Project construction and site clearing activities with Al-Pac timber 
harvesting plans to the extent possible; 

• minimizing the line-of-sight available along linear disturbances such as cut lines by 
cutting dog legs in the line, to reduce hunting pressure and the potential for predation; 

• incorporating rollback along pipeline corridors, where feasible to reduce hunter access; 
and 

• reclaiming unused areas as soon as practical.  

5 1 1.4 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Soil and Terrain 

The following are among the mitigation options that were considered or will be considered to 
minimize disturbance and alterations to soil and terrain units associated with the Project: 

• using existing disturbances, where available, for construction storage rather than creating 
new disturbances for storage; 

• position wellpads as close as possible to the existing roadways to minimize the 
requirements for new access roads; 

• using existing clearings for new project facilities; 

• using common rights-of-way for different project components; 

• using erosion control measures (i.e., prompt seeding of exposed areas and stockpiles; 
mulches, mats; cross ditches or berms to redirect runoff); 

• conducting operations to minimize soil compaction (i.e., salvage and replace in winter, 
minimize passes over reclaimed areas); 

• using measures to reduce changes in soil moisture (i.e., installing culverts, constructing 
suitable drainage ditches); 

• coordinating Project construction and site clearing activities with Alberta-Pacific Forest 
Industries Inc. (Al-Pac) timber harvesting plans; and 

• subsoil and topsoil will be stored separately on upslope positions. 

5 2 2.5.2 

Vegetation 

The following mitigation measures will be implemented to minimize disturbance to vegetation: 

• avoiding or reducing effects to terrestrial vegetation and wetlands resources during 
project planning and construction by re using previously disturbed areas, where possible 
(e.g., existing wellpads, rights-of-way) and minimizing surface disturbance (e.g., during 
pipeline construction); 

• where possible, avoiding or reducing effects to special status species (occurrence within 
Project footprint areas are to be determined during pre development assessment 
surveys); 

• salvaging, storing and replacing the topsoil and surface peat to specified depths to 
ensure successful revegetation by preserving the soil quality and capability, natural seed 
bank and rooting material; and 

• attempts will be made to place wellpads on sites where potential alteration to drainage 
patterns will be minimized through standard construction practices.  

5 3 3.4.1.2 

Canadian Natural will conduct monitoring of wetlands located adjacent to Project roads.     

A Wetlands Monitoring Program has been implemented at Canadian Natural's Primrose and 
Wolf Lake operational area.  The findings of this monitoring program will be applied, as 
appropriate, on the Project. 

5 3 3.4.1.5 

Wildlife 

Monitoring will include assessments of the effects of the development on wildlife, as well as on 
the effectiveness of reclamation activities for soil, vegetation, wildlife and biodiversity. 5 4 4.1.2.6 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Wildlife (continued) 

In addition to general mitigation measures, the following specific mitigations are proposed to 
reduce and/or eliminate effects to wildlife in the Project area: 

• provision for ungulate crossing opportunities at approximately 400 m intervals in 
appropriate habitat along above-ground pipelines in the form of either elevated pipe or 
“over the pipe” wildlife crossing structures (Golder 2004c); 

• use of existing clearings for new project rights-of-way, to the extent possible; 

• use of common rights-of-way for different project components, to the extent possible; and 

• use of posted speed limits on roads. 

• Implementation of Canadian Natural’s no hunting policy. No hunting or possession of any 
weapons is allowed on any Canadian Natural property, including work sites, camps, 
roads or lease areas.  Individuals residing at the camp are prohibited, while residing at 
this camp, from hunting in the areas surrounding or accessible from the camp. 

• Use of gaps in pipe on racks, gaps in soil windrows and ditch plugs, gaps in snow berms 
along roads, where appropriate. 

• Implementation of Canadian Natural’s policy to minimize the potential for wildlife to 
become a nuisance factor. On-site workers are provided orientation to local wildlife and 
wildlife safety issues, and Managers and Supervisors receive more comprehensive 
training in required nuisance wildlife management procedures. Additional, voluntary bear 
awareness training is available to any employee or contractor who wishes to attend.  
Wildlife and humans are managed on site through a series of procedures that govern the 
storage of garbage.  Canadian Natural has policies in place to respond to employees or 
contractors who do not abide by strict rules governing the storage of garbage, prohibiting 
the feeding wildlife, etc.  In the event of an incident with nuisance wildlife, or should 
wildlife be injured or killed on site, Canadian Natural will implement a clear chain of 
communication between the reporting party, the site supervisor, Canadian Natural’s 
regulatory and environmental personnel and Alberta Sustainable Resource Development. 

• Roll back non-merchantable timber across rights-of-way to reduce human access. 

• Minimize the line-of-sight available along linear disturbances such as cut lines by cutting 
dog legs (jogs) in the line, in an effort to reduce potential for predation and hunting 
pressure. 

• Wildlife log and sighting cards will be maintained at the plant site to allow staff to record 
wildlife observations (i.e., sighting, call, nest, and den) and Records will be summarized 
annually. 

• Active nests removed outside of the migratory bird clearing restriction period during 
clearing will be noted and reported to ASRD.  

• The wildlife log will also be used to record potential nuisance wildlife problems related to 
beavers, bears and other species and will be reported to ASRD.   

• Project infrastructure and pond areas will be monitored for signs of wildlife use to assess 
the effects of wildlife interaction. 

• Stacks and other physical structures will be monitored for evidence of wildlife mortality. 

• Monitoring will include regular surveys for road kill and documentation of large game 
trails that require signage.   

• Personnel will be required to report all vehicle/wildlife collisions. 

• To assess the impacts of barriers to wildlife movement, monitoring will include surveys of 
wildlife tracks and wildlife presence in relation to above-ground pipelines and crossing 
opportunities (i.e., areas of elevated pipe or over the pipe crossing structures) to evaluate 
if movements are being affected and to determine the effectiveness of the mitigation 
measures employed. 

• Roads will be monitored during winter to ensure that snow berms are not too high and 
that gaps are left to facilitate wildlife movement at regular intervals. 

5 4 4.4.1.3 

Traditional Land Use 

Canadian Natural will continue to work with the Heart Lake First Nation, Chipewyan Prairie 
Dene First Nation and other First Nations and Aboriginal groups in the area to further 
understand their traditional land use within the Project area.   

6 1 1.2.4 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Traditional Land Use (continued)    

Canadian Natural is currently consulting with its other Aboriginal stakeholder communities to 
document their traditional knowledge and land use information within the LSA.  When complete, 
all TLU information collected from interviews and reports will be considered in Canadian 
Natural’s project planning. 

6 1 1.3 

Consultation by Canadian Natural is an on-going process in which traditional land use 
information and concerns will be documented and considered throughout the life of the Project. 6 1 1.4.2 

Canadian Natural will continue to consult with the RFMA holders directly affected by the Project 
and will compensate them for direct damages to traplines resulting from Project related 
activities. 

Canadian Natural has indicated its interest in supporting Aboriginal youth.  To that end, 
Canadian Natural is prepared to work with communities to facilitate appropriate training, 
apprenticeship, and educational opportunities. 

Canadian Natural will manage the Project to minimize noise impact areas.   

Canadian Natural access roads will have posted speed limits which will be adhered to by all 
Project personnel to reduce the potential for collisions with wildlife.  

Below ground pipelines will be rapidly reclaimed following construction. 

Canadian Natural will document input from the communities about valued plant species and 
land uses for consideration in project reclamation planning. 

6 1 1.5.1.4 

Resource Use 

Canadian Natural is currently in discussions with Al-Pac about opportunities for coordinating 
timber removal and developing access. 6 2 2.3.5 

Existing access will be used to the extent possible and new access will not be developed until it 
is required. 

Access that is no longer required for industrial activity in the area at closure or decommissioning 
will be reclaimed. 

6 2 2.5.2.2 

Canadian Natural does not permit its employees or contractors to sport fish during work hours or 
to access waterbodies adjacent to the camp while residing at the camp.   6 2 2.5.3.2 

As well, merchantable timber will be salvaged to FMA specifications provided by Al-Pac and site 
clearing will be kept to the smallest practical area to reduce effects on forestry.  

If, during the clearing process, areas with existing gravel are identified in the LSA, these gravel 
resources will be removed or used to prevent sterilization. 

Individuals residing at the Canadian Natural camp are prohibited, while residing at this camp, 
from hunting or fishing in the areas surrounding or accessible from the camp. 

6 2 2.5.3.3 

Any aggregate sources found on the construction and operation of the Project will be reported to 
ASRD and be salvaged.   6 2 2.6.3.4 

Socio-Economic 

The company will co-operate with the Royal Canadian Mounted Police (RCMP) and other local 
traffic authorities, and, if appropriate, Alberta Transportation to ensure that the potential negative 
effects of Project traffic increases will be minimized.   

Canadian Natural will institute a crew van-based transportation system for construction and 
operations workers. 

6 5 5.3.1 

Canadian Natural will continue to provide an appropriate level of financial and leadership 
support to Aboriginal education and training programs through such initiatives as Inside 
Education, Careers, the Next Generation, apprenticeship programs focused on oil sands needs 
and Petroleum Education Training. 

6 5 5.3.5 

Corporately, Canadian Natural is dedicated to investigating and pursuing opportunities to 
address regional environmental and socio-economic issues through cooperative efforts with 
other companies and/or through regional multi-stakeholder forums. 

6 5 5.3.6 

Canadian Natural works with its contractors to maximize local hiring and contracting 
opportunities including Aboriginal communities.  

Canadian Natural will encourage local contractors to bid on the various construction packages 
and will offer local contractors preferential treatment during the bidding process with everything 
else being equal. 

6 5 5.4.2.1 
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Table 36-1 Canadian Natural's Commitments from the Environmental Impact 
Assessment (continued) 

Commitment Description Volume  Section Sub-
Section 

Socio-Economics (continued) 

Canadian Natural has and will continue to develop policies and programs in consultation with 
people in nearby communities that would reduce the occurrence of any undesirable social 
issues related to the Canadian Natural camp and/or the out of area workforce.  

Canadian Natural will proactively work with local communities to identify and resolve their 
concerns. 

A construction safety and security coordinator will be available to deal with any safety and 
security related issues. 

Canadian Natural has developed the following policies and programs that would be applied to 
the daily operations of the Canadian Natural camp: 

• Code of Integrity, Business Ethics & Conduct; 

• Harassment-Free and Violence-Free Workplace Policy; 

• Alcohol and Drug Policy Expectations for Contract Workers; 

• Alcohol and Drug Policy for Employees; and 

• Alcohol and Drug Policy Applicable to Construction Camps. 

6 5 5.5.4.1 

Canadian Natural will meet most health needs of its staff, with only more serious medical 
emergencies occasionally being referred to local health services if these are judged to be the 
most appropriate response.  

Each project supervisor will know the provincial requirements and must ensure the camp and 
workplace is equipped with supplies, facilities, first aid attendants and services ensuring 
obligations are met to promptly provide first aid to workers if they suffer an injury at work or 
camp and to transport injured workers to medical treatment. 

Canadian Natural also plans to have an Ambulance/Emergency Transportation Vehicle to 
support the Project needs.  

6 5 5.5.10.1 
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AIR 

37. Volume 1A, Section B5.2, Page B5-1 

Canadian Natural states that The overall layout of the site has been optimized with due 
considerations given to the following: locating the flare stack location based on the 
prevailing wind direction. 

a) Explain what this statement means in relation to the optimization of the site layout. 

Response:   
a) A key design consideration for the plant site layout involved locating the flare stack away 

from major buildings, equipment and tall structures, while minimizing the disturbance 
footprint.  Locating the flare stack in the east corner of the site beside the stormwater 
retention pond provides a suitable separation distance from buildings and structures to 
sufficiently reduce potential downwash effects and enhance dispersion.  In addition, as 
the local prevailing winds are westerly, this stack location ensures that flare emissions are 
predominately directed away from the plant site. 

 

38. Volume 1A, Section B5.5, Page B5-10 

Canadian Natural is of the view that sulphur production will be well within the 1 t/d 
guideline. 

a) Discuss if Canadian Natural has included any flexibility in the design of the Project 
to incorporate sulphur recovery or gas sweetening in the future, should that be 
required. 

Response:   
a) As discussed in Volume 1A, Section B.5.10, the Kirby In-Situ Oil Sands Project (the 

Project) sulphur inlet rate was predicted from the observed results of the Kirby Pilot, as 
well as theoretical aquathermolysis modelling.  Based on the Kirby Pilot results, a 
hydrogen sulphide (H2S) concentration of 3,000 ppm and a Gas to Oil Ratio (GOR) of 
5 Sm3/m3 was predicted for the Project.  This equates to a sulphur inlet of 0.145 t/d for 
the 7,155 m3 of bitmen/cd commercial facility.  As a verification of the Kirby Pilot 
results, maximum produced gas sulphur concentrations were also determined by 
aquathermolysis to be about 5,000 ppm at a GOR of 5 Sm3/m3, which equates to 0.243 t/d 
of sulphur.  From this, it is anticipated that the Project sulphur inlet will remain below the 
1.0 t/d criteria for sulphur recovery as given in ERCB Interim Directive (ID) 2001-03.   
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 As a precaution Canadian Natural Resources Limited (Canadian Natural) has set aside an 
area in the plot plan to accommodate the addition of sweetening and sulphur recovery 
facilities, if necessary.  Actual produced gas H2S concentrations will be monitored to 
verify predicted sulphur inlet rates.  If sulphur levels increase significantly, Canadian 
Natural will review the need to install sulphur recovery facilities. 

 

39. Volume 3, Section 1.5.1.2, Table 1.5-2, Page 36 

Table 1.5-2 presents the maximum expected Project emissions based on the equipment 
list and fuel source.  

The steam generator emissions dominate the emissions hence the consequent air quality 
impacts.  

a) Clarify the uncertainties in the estimation of these maximum emission rates, 
including the uncertainties in fuel source compositions and equipment combustion 
performance.  

b) State the probability of achieving or exceeding these rates based on real equipment 
performance and actual fuel composition. 

Response:   
a) The maximum expected sulphur dioxide (SO2) emission rate of 1.99 t/sd provided in 

Volume 3, Section 1.5.1.2, Table 1.5-2 is based on the maximum allowable sulphur inlet 
before sulphur recovery is required, as per ERCB ID 2001-03.  This rate was modelled as 
a conservative measure to ensure modelled predictions reflected maximum ground-level 
concentrations for comparison with the Alberta Ambient Air Quality Objectives 
(AAAQO).  The maximum expected Project sulphur inlet, as provided in Volume 1A, 
Section B.5.10, is estimated from the Kirby Pilot and theoretical aquathermolysis 
modelling.  Based on the estimated maximum H2S concentration of 5,000 ppm and the 
GOR of 10 Sm3/m3, the maximum sulphur inlet is 0.485 t/d of sulphur, or 0.913 t/d of 
SO2.  This is well below the modelled SO2 emission rate and the ERCB sulphur recovery 
guidelines. 

The oxides of nitrogen (NOX) emission rates are based on the Canadian Council of 
Ministers of the Environment (CCME) National Emission Guideline for 
Commercial/Industrial Boilers and Heaters (CCME 1998).  As given in the CCME 
guideline, an allowable credit was applied to the NOX emissions calculation for thermal 
efficiency.  The Project steam generators are expected to emit less NOX than the CCME 
limit.  This is based on the performance of steam generators in other SAGD facilities in 
the region. 

The emission rates of the remaining compounds including carbon monoxide (CO), 
particulate matter (PM2.5), Volatile Organic Compounds (VOCs) (including benzene) and 
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Polycyclic Aromatic Hydrocarbons (PAHs) were calculated based on emission factors 
from Chapter 1.4 of AP-42 (U.S. EPA 1995), which are currently the only emission 
factors publicly available. AP-42 provides a rating for the quality of the emission factor. 
Emission factor ratings are: B for CO, D for PM2.5, C for VOCs, B for Benzene and E for 
PAHs. Definitions for these ratings are provided in the Table 39-1 below.  

Table 39-1 United States Environmental Protection Agency Emission Factor 
Rating Definitions 

Emission 
Factor 
Rating 

Definition 

A 
Excellent. Emission factor is developed primarily from A and B rated source test data 
taken from many randomly chosen facilities in the industry population. The source 
category population is sufficiently specific to minimize variability. 

B 

Above average. Emission factor is developed primarily from A or B rated test data 
from a moderate number of facilities. Although no specific bias is evident, is not clear 
if the facilities tested represent a random sample of the industry. As with the A rating, 
the source category population is sufficiently specific to minimize variability. 

C 

Average. Emission factor is developed primarily from A, B, and C rated test data 
from a reasonable number of facilities. Although no specific bias is evident, it is not 
clear if the facilities tested represent a random sample of the industry. As with the A 
rating, the source category population is sufficiently specific to minimize variability. 

D 

Below average. Emission factor is developed primarily from A, B and C rated test 
data from a small number of facilities, and there may be reason to suspect that these 
facilities do not represent a random sample of the industry. There also may be 
evidence of variability within the source population. 

E 

Poor. Factor is developed from C and D rated test data from a very few number of 
facilities, and there may be reason to suspect that the facilities tested do not 
represent a random sample of the industry. There also may be evidence of variability 
within the source category population. 

 

b) Based on the information given in a), Canadian Natural considers the emission rates 
provided in Volume 3, Section 1.5.1.2, Table 1.5-2 to be maximum expected emission 
rates and conservative for the purpose of ambient air quality modelling. 

References: 

CCME. 1998. National Emission Guideline for Commercial/Industrial Boilers and Heaters. 
CCME NOX/VOC Management Plan, N306 Multi-stakeholders Working Group and 
Steering Committee. Winnipeg, MB. 

U.S. EPA.  1995.  Compilation of Air Pollutant Emission Factors.  Document AP-42.  Office 
of Air Quality Planning and Standards.  27711. Research Triangle Park, NC. 
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40. Volume 3, Section 1.5.3, Table 1.5-19, Page 69 

Volume 3, Appendix II, Section 2.4.3.5, Figure II-35 and Figure II-36, Pages II-89 and 
II-90 

Canadian Natural states that the potential dry sulphur and nitrogen deposition rates 
have been calculated and compared with Terrestrial Environmental Effects Monitoring 
Program (TEEM) monitoring sites. 

a) Describe what aspects of the atmospheric chemistry of SO2 and NO2 calculations are 
included in the CALPUFF calculations. 

b) Describe how the calculation of acid precursors by CALPUFF is affected by the 
limitations in CALPUFF calculations. 

c) Clarify how this affects the comparison with TEEM results which include real 
atmospheric processes.   

Response:   
a) The CALPUFF model provides the user with the following three options for 

incorporating atmospheric chemistry: 

• chemical transformation based on the MESOPUFF II model (Scire et al. 1984); 

• RIVAD condensed pseudo-first-order chemical scheme as prepared for ARM3 
(Morris et al.1988); and 

• user-specified 24-hour cycles of user transformation rates. 

The RIVAD/ARM3 scheme was used for simulating the chemical conversion of NOX and 
SO2 in the modelling domain.  To achieve this, the RIVAD/ARM3 scheme estimates 
nitrate and sulphate production based on the nitrogen dioxide (NO2) to nitrate (NO3) and 
sulphur dioxide (SO2) to sulphate (SO4) conversion process, respectively (Earth Tech 
2004).  The RIVAD/ARM3 scheme requires the input of both ozone and ammonia 
background concentrations.  In the RIVAD/ARM3 scheme, the rate of sulphate and 
nitrate production is estimated by calculating steady-state concentrations of the hydroxyl 
(OH) radical, which is the primary oxidizer of SO2 and NO2. The RIVAD/ARM3 
mechanism uses ozone concentrations as a surrogate for hydroxyl concentrations during 
the day when the gas phase free radical chemistry is active. Ozone concentrations can be 
in the form of either a single background ozone value for each month or hourly values in 
an electronic file. Likewise, CALPUFF also uses a user-specified or default monthly 
ammonia background concentration.  For the Air Quality assessment, background ozone 
and ammonia concentrations were used in the CALPUFF modelling based on available 
monitoring data or applicable literature. 

The aqueous-phase oxidation of SO2 to sulphates is not explicitly calculated by 
RIVAD/ARM3.  The RIVAD/ARM3 scheme incorporates this reaction by assuming a 
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constant heterogeneous SO2 oxidation rate of 0.2%/hr, which is then added to the 
homogeneous oxidation rate. 

b) The methodologies discussed above influence the calculation of acid precursors and 
therefore Potential Acid Input (PAI) as follows: 

• The potential to over-estimate PAI near urban or industrial regions:  this is due to the 
inability of either the MESOPUFF II or RIVAD/ARM3 methods to account for the 
depletion of available ozone (O3) by elevated NOX.  If the O3 is not depleted, it may 
produce more PAI than would be expected. 

• The potential to under-estimate PAI during warmer seasons:  this may occur as a 
result of not taking into account the photochemical production of hydroxyl (OH) 
from Volatile Organic Compound (VOC) and NOX interactions. This particular 
influence is less likely to be an issue in the area of the Project when compared to the 
core oil sands developments north of Fort McMurray.  

• The potential to over-estimate PAI during the winter: this may occur as a result of a 
lower SO2 conversion rate than the 0.2% value used in the RIVAD/ARM3 method.  
With less SO2 conversion, less PAI would be formed. 

Despite the limitations described above, the calculation of acid precursors and ultimately 
the estimated PAI should be representative of atmospheric processes and PAI in the 
region. As part of a performance evaluation of the CALPUFF model, the PAI modelling 
results from activities in the Oil Sands Region for the years 2002 and 2003 were 
compared to the Wood Buffalo Environmental Association (WBEA) monitoring data 
collected over the same time period (Volume 3, Appendix II, Section 2.4.3.5).  There was 
good agreement between the modelling and monitoring data. 

c) The atmospheric chemistry in CALPUFF should reasonably represent a given 
atmospheric condition despite the limitations described above. CALPUFF as a whole was 
extensively peer reviewed (Chang et al. 2001; Irwin 1997; and Irwin et al. 1996) and 
there is satisfactory agreement between the modelling results and Terrestrial 
Environmental Effects Monitoring (TEEM) data (Volume 3, Appendix II, 
Section 2.4.3.5).  

Although the TEEM dry acid deposition data can be considered representative of the 
deposition in the region, dry acid deposition was not directly measured at the TEEM 
sites.  Dry acid deposition was estimated by using monthly average deposition velocities 
and surface wetness measurements from Fort McKay and the passive measurements of 
SO2 and NO2 concentrations at TEEM sites (TEEM 2000, 2002).  These estimates of dry 
acid deposition were also based on the “inferential” method, which has an uncertainty of 
approximately 30% at sites located away from major sources with uniform vegetation and 
in uncomplicated terrain (Clark et al. 1991).  A study by Brook et al. (1997) indicated 
that hourly dry deposition estimates of SO2 varied by ± 40% under most conditions and 
annual averages varied by ± 10%.  Differences between Fort McKay and the widely 
spread TEEM sites would be expected to be greater (TEEM 2002).   
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41. Volume 3, Section 1.5.6, Table 1.5-26 and 1.5-27, Pages 80 and 81   

Table 1.5-26 presents odour predictions based on modelling. 

The odour levels are based on 1-hour estimates for Table 1.5-26 and peak using a peak 
factor of 2 in Table 1.5-27. 

a) Given that olfactory response may be as short as 1 millisecond (msec) in some cases, 
clarify how the modelling results can be interpreted for shorter averaging times.  

b) Confirm that Canadian Natural will commit to no off-lease odours during normal 
operation of the Project. 

Response:   
a) Please see response to Question #168.  

b) Vapour Recovery Units (VRU) will be installed on the oil tanks, diluent tank, skim tank, 
slop oil tank, brackish water tank, and produced water tank to mitigate venting and odour 
releases. Therefore, Canadian Natural does not anticipate off-lease odours issues during 
normal operations.  

 

42. Volume 3, Appendix II and Figure II-39, Page II-97 

This figure shows that the steam generator stacks are proposed to be 45 m in height.  

a) Discuss the rationale as to why Canadian Natural has proposed a 45 m stack height 
when all other steam generator stacks in the region are in the 27 to 30 m range. 

Response:  
a) The stack height of 45.5 m was selected in accordance with Good Engineering Practice 

(GEP) (U.S. EPA 1985) and based on the 18.2 m steam generator building height 
identified in the application (Volume 3, Appendix II, Figure II-13).  

If a stack is less than the GEP height, then the movement of the emitted plume will likely 
be influenced by nearby buildings. At 45.5 m, “building downwash” effects will be 
avoided. 

Additionally, since the Project is not on the Cold Lake Air Weapons Range, no 
restrictions are placed on stack heights. 
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References: 

U.S. EPA. 1985. Guideline for Determination of Good Engineering Practice Stack Height 
(Technical Support Document for the Stack Height Regulations). Office of  Air 
Quality Planning and Standards. June 1985. 

 

43. Volume 3, Appendix III, Table III-1, Page III-3 

At the bottom of Table III-1, Note (b) states that Maximum 1-hour, 24-hour and annual 
predictions exclude the eight highest 1-hour concentrations, as per the Alberta model 
guidelines. This is an incorrect interpretation of the Alberta Air Quality Model Guideline 
(2003). Daily and annual predictions should be calculated using all hourly predictions.  

a) Resubmit all tables and figures of daily and annual concentration predictions using 
the correct methodology. 

Response:   
As discussed in the Alberta Air Quality Guidelines (AENV 2003) the eight highest 
1-hour average predicted concentrations are considered outliers and are disregarded.  
Therefore, to be consistent, the 24-hour and annual concentrations presented also 
excluded the eight highest 1-hour concentrations.  By removing the eight highest 1-hour 
concentrations, the 24-hour and annual concentrations were calculated using 8,752 hours 
in a year, instead of 8,760 hours.  

The 24-hour and annual predictions calculated by including the eight highest 1-hour 
predictions are summarized in Revised Table III-1 and III-2, for SO2 and NO2, 
respectively. The predicted 1-hour, 24-hour and annual concentrations (excluding 
developed areas) for all three assessment cases are below the respective Alberta Ambient 
Air Quality Objectives (AAAQOs). 

Revised Figures III-2, III-3, III-5, III-6, III-8 and III-9 present the 24-hour and annual 
Existing and Approved Case (EAC), Project and Planned Development Case (PDC) SO2 
predictions.  Revised Figures III-11, III-12, III-14, III-15, III-17 and III-18 present the 
24-hour and annual EAC, Project and PDC NO2 predictions.  
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Table III-1 Regional Existing and Approved, Project and Planned Development Case SO2 Predictions (revised) 
1-Hour 24-Hour Annual 

Parameter 
Existing 

and 
Approved 

Case 

Project 
Case 

Planned 
Development 

Case 

Existing 
and 

Approved 
Case 

Project 
Case 

Planned 
Development 

Case 

Existing 
and 

Approved 
Case 

Project 
Case 

Planned 
Development 

Case 

Local Study Area (LSA)          

peak SO2 [µg/m³](a) 55.1 687.6 690.5 — — — — — — 

maximum SO2 [µg/m³](b) 24.5 259.8 259.8 16.6 108.8 109.0 1.3 5.2 5.4 

maximum SO2 (excluding developed areas)(b)(c) [µg/m³] 24.5 236.4 236.5 16.6 108.8 109.0 1.3 4.9 5.1 

distance to maximum concentration [km](d)(e) 2.5 0.3 0.3 3.6 0.4 0.4 6.7 0.2 0.2 

direction to maximum concentration(d)(e) NW SW SW NW SW SW SE SSE SSE 

occurrences above AAAQO(e)(f) 0 0 0 0 0 0 0 0 0 

areal extent above AAAQO (excluding developed 
areas)(c)(e)(f) [ha] 0 0 0 0 0 0 0 0 0 

Regional Study Area (RSA)             

peak SO2 [µg/m³](a) 1,172.7 1,172.8 1,173.2 — — — — — — 

maximum SO2 [µg/m³](b) 756.0 756.0 756.0 147.9 147.9 147.9 19.6 19.7 19.7 

maximum SO2 (excluding developed areas)(b)(c) [µg/m³] 263.5 263.5 263.6 75.9 108.8 109.0 9.0 9.0 9.0 

distance to maximum concentration [km](d)(e) 91.1 91.1 91.1 58.9 0.4 0.4 91.1 91.1 91.1 

direction to maximum concentration(d)(e) SSE SSE SSE SSE SW SW SSE SSE SSE 

occurrences above AAAQO(e)(f) 0 0 0 0 0 0 0 0 0 

areal extent above AAAQO (excluding developed 
areas)(c)(e)(f) [ha] 0 0 0 0 0 0 0 0 0 

AAAQO(f) for SO2 [µg/m³] 450 150 30 
(a) The peak predictions include the eight highest 1-hour predictions from the CALPUFF model.  However, the eight highest 1-hour predictions should be excluded (AENV 2003) when 

determining compliance with the AAAQOs. 
(b) Maximum 1-hour predictions exclude the eight highest 1-hour concentrations, as per the Alberta model guidelines (AENV 2003). The eight highest 1-hour predictions were not excluded 

from the maximum 24-hour and annual values.   
(c) Developed areas include the Project plant site and the plant sites of other developments in the region. 
(d) Locations are relative to the Project plant site. 
(e) Locations, number of occurrences and areas are based on the maximum predictions outside developed areas. 
(f) AAAQO = Alberta Ambient Air Quality Objectives. 
Note: The eight highest 1-hour predictions were not excluded from the maximum 24-hour and annual values.  Therefore, “-“ indicates that there is no distinction between the peak and the 

maximum 24-hour and annual values. 
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Revised Table III-2 Regional Existing and Approved, Project and Planned Development Case NOX and NO2 Predictions 
(revised) 

1-Hour 24-Hour Annual 

Parameter 
Existing 

and 
Approved 

Case 

Project 
Case 

Planned 
Development 

Case 

Existing 
and 

Approved 
Case 

Project 
Case 

Planned 
Development 

Case 

Existing 
and 

Approved 
Case 

Project 
Case 

Planned 
Development 

Case 

Local Study Area (LSA)          
peak NOX [µg/m³](a) 36.2 974.7 976.8 — — — — — — 
peak NO2 [µg/m³](a) 34.2 460.0 461.9 — — — — — — 
maximum NO2 [µg/m³](b) 27.1 91.7 91.9 23.6 30.6 31.0 2.8 3.4 3.9 
maximum NO2 (excluding developed areas)(b)(c) [µg/m³] 27.1 91.7 91.9 23.6 30.6 30.6 2.8 3.4 3.9 
distance to maximum concentration [km](d)(e) 6.5 0.4 0.4 6.7 0.6 0.6 6.7 1.5 1.5 
direction to maximum concentration(d)(e) NE W W SE WSW WSW SE ESE ESE 
occurrences above AAAQO(e)(f) 0 0 0 0 0 0 0 0 0 
areal extent above AAAQO (excluding developed 
areas)(c)(e)(f) [ha] 0 0 0 0 0 0 0 0 0 
Regional Study Area (RSA)               
peak NOX [µg/m³](a) 1,328.2 1,328.2 1,328.8 — — — — — — 
peak NO2 [µg/m³](a) 437.5 460.0 461.9 — — — — — — 
maximum NO2 [µg/m³](b) 161.5 161.5 165.7 92.1 92.1 94.5 6.6 6.6 7.3 
maximum NO2 (excluding developed areas)(b)(c) [µg/m³] 161.5 161.5 165.7 92.1 92.1 94.5 6.4 6.4 7.3 
distance to maximum concentration [km](d)(e) 83.1 83.1 83.1 89.1 89.1 89.1 65.4 65.4 86.1 
direction to maximum concentration(d)(e) N N N N N N SE SE N 
occurrences above AAAQO(e)(f) 0 0 0 0 0 0 0 0 0 
areal extent above AAAQO (excluding developed 
areas)(c)(e)(f) [ha] 0 0 0 0 0 0 0 0 0 
AAAQO(f) for NO2 [µg/m³] 400 200 60 

(a) The peak predictions include the eight highest 1-hour predictions from the CALPUFF model.  However, the eight highest 1-hour predictions should be excluded (AENV 2003) when 
determining compliance with the AAAQOs. 

(b) Maximum 1-hour predictions exclude the eight highest 1-hour concentrations, as per the Alberta model guidelines (AENV 2003). The eight highest 1-hour predictions were not excluded 
from the maximum 24-hour and annual values.   

(c) Developed areas include the Project plant sites and the plant site of other developments in the region. 
(d) Locations are relative to the Project plant site. 
(e) Locations, number of occurrences and areas are based on the maximum predictions outside developed areas. 
(f) AAAQO = Alberta Ambient Air Quality Objectives. 
Note : The eight highest 1-hour predictions were not excluded from the maximum 24-hour and annual values.  Therefore, “-“ indicates that there is no distinction between the peak and the 

maximum 24-hour and annual values. 
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44. Volume 3, Appendix III, Section 1.5, Figure III-20 and Figure III-21, Pages III-27 and 
III-28 

The figures show the 0.25 keq/ha/yr Potential Acid Input (PAI) contours for the Project 
and Planned Development Case, respectively. Alberta Environment defines a PAI 
monitoring load of 0.17 keq/ha/yr to initiate (among other things) a receptor sensitivity 
and PAI modelling validation study (AENV 2008). 

a) How do these limits affect the computation of this contour? 

b) How do these limits affect the computation of acid deposition to lakes at different 
distances from the source? 

Response:   
a) The limits do not affect the computation of the 0.17 keq/ha/yr contour.  Predicted PAI 

contours of 0.17, 0.25 and 0.5 keq/ha/yr are presented in Volume 3, Appendix III, 
Section 1.5. Figure III-20 shows the Project Case values and Figure III-21 shows the 
Planned Development Case results.  The application of the limits defined in the Alberta 
Acid Deposition Management Framework (AENV 2008) are based on the different soil 
sensitivities in the province using a 1 degree latitude by 1 degree longitude grid cell 
resolution.  According to Figure 2 in AENV (2008), the grid cell the Project is in 
(55°× 111°) is considered to be of moderate acid sensitivity.  Consequently, the 
applicable monitoring load in this region is 0.35 keq/ha/yr.  Critical, Target and 
Monitoring loads for Alberta are presented in Volume 3, Section 1.2.7.2, Table 1.2-7. Not 
only is the predicted Project Case PAI value, including background (0.168 keq/ha/yr) 
below this load (see Volume 3, Section 1.5.3.2, Table 1.5-21, Page 71) it is also below 
the monitoring load for a grid cell with acid sensitivity (i.e., 0.17 keq/ha/yr) 
(Cheng 2001).  Given that deposition monitoring and study of receptor sensitivity should 
be conducted above the applicable monitoring load, no further action is necessary at this 
time.   

b) The limits do not affect the computation of the contour or acid deposition to lakes at 
different distances from the source.   
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WATER 

45. Volume 1A, Section B7.2.1, Table B7.2-1, Page B7-7 

Water use and disposal volumes are shown for the Basal McMurray, Grand Rapids and 
Empress formations.  Table B7.2-1 shows between 120-223 m3 of non-saline water going 
to disposal everyday.  

a) Discuss what options Canadian Natural has for re-using this water in the process 
instead of disposing it. 

b) Explain why Canadian Natural is not utilizing these options. 

Response: 
a) Canadian Natural Resources Limited (Canadian Natural) has reduced the non-saline 

water disposal by choosing the evaporative water treatment technology instead of the 
more traditional lime softening water treatment technology.  A lime softener and once 
through steam generator (OTSG) will produce steam at 75% steam quality. If the entire 
OTSG blow down is sent to disposal the non-saline water disposal rate would be about 
950 to 1,200 m³/d.  Volume 1A, Section B7.2, Table B7.2-1 shows the highest average 
Project disposal rate is 1,500 m³/d. Table 34-2 (Question #34) shows the lower average 
disposal rate of 700 to 980 m³/d. The non-saline disposal water volume is reduced to 27 
to 107 m³/d. Table 34-1 (Question #34) provides the water balance excluding upset 
conditions and with new well start-ups. The non-saline disposal water volume is reduced 
to 27 to 67 m³/d under this scenario. 

 Non-saline water used for make-up water and utilities (seal flushes, gland water, 
chemical addition and floor washes) eventually blend with the produced water. The 
blended water stream is treated in the evaporator where the dissolved solids from the 
water are concentrated in the evaporator sump. The evaporator’s have a limit on the 
dissolved solids concentration therefore some of the water in the evaporator sump must 
be blown down.  Since the non-saline water is blended there is no way to separate it from 
the blow down stream. Crystallization has been attempted by other operators as a means 
of reducing disposal water volumes however it is not a proven technology in the industry 
(see Part b). 

b) Crystallization was considered to treat the evaporator blow down water. However after 
reviewing the publicly-available annual ERCB presentations prepared by other 
companies it appears the crystallizer system still has reliability and operability issues. 
Japan Canada Oil Sands Limited (JACOS) has a long history of operating a crystallizer 
system and they still have operating issues and have to dispose of some of the 
concentrated brine off-site. In collaborative efforts with JACOS as well as other operators 
in the Thermal Recovery Water Management Group (TRWMG), there appears to be 
sufficient concern that crystallizer facilities are not proven technologies in the in-situ oil 
sands industry yet. Furthermore crystallization increases the power consumption and 
consequently increases greenhouse gas emissions (refer to Question #24) 
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46. Volume 1A, Section B2.0, Figures B2.2-12 and B2.4-29 

Canadian Natural expressed concern with maintaining a pressure balance in the Basal 
McMurray formation through groundwater production and waste disposal. Comparing 
the water source locations with the disposal locations on the basal aquifer isopach map, 
Canadian Natural placed two water source wells near the Kirby Project reservoir with 
one disposal well. The second disposal well, 10-17-074-08W4, is positioned outside of the 
detailed geological study area.  

a) Discuss the hydraulic connection between the basal aquifer at the 10-17 disposal 
well location and the basal aquifer underlying the Kirby reservoir. 

b) Discuss the rational for positioning the 10-17 disposal well in a further leg of the 
basal aquifer, and two water source wells near the bitumen recovery area, when 
pressure maintenance of the Kirby reservoir is a primary concern for Canadian 
Natural. 

c) Quantify the change in water source volumes from the basal aquifer that would 
occur if the 10-17 disposal well was positioned closer to the Kirby reservoir and 
thereby providing increased pressure maintenance. 

d) At what distance from the Kirby reservoir would Canadian Natural have to position 
the Basal McMurray water source wells to give minimal depressurization effects on 
the Kirby reservoir while maximizing saline groundwater recovery from the Basal 
McMurray?  Provide the groundwater model which supports Canadian Natural’s 
findings. 

e) What is the maximum volume of saline groundwater that can be sourced from Basal 
McMurray wells at the locations noted in part d)?  Discuss the feasibility of utilizing 
Basal McMurray water source wells at these locations for the Kirby Project. 

f) Figure B2.4-29 shows thickening of the Basal aquifer in the southeast of the Project 
Area in 17-073-07W4, 31-072-06W4, 22-072-08W4 and 24-072-07W4. Discuss the 
hydraulic connection of the Basal aquifer between these locations and the Kirby 
reservoir. Support this discussion with measured permeability and aquifer 
thickness. Based on the connection, calculate the daily groundwater volumes (m3/d) 
Canadian Natural can potentially achieve from a basal water source well positioned 
at any of these locations instead of within the bitumen recovery area. 

Response:   
a) Mapping conducted in the area by Canadian Natural indicates that connectivity exists 

within the basal aquifer between the 10-17 disposal well and the reservoir underlying the 
western part of the Kirby In-Situ Oil Sands Project (the Project) area.  There is less 
connectivity to the reservoir underlying the eastern part due to the Project areal lower 
McMurray Formation basal aquifer thicknesses to the east. 
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b) The siting of water source and disposal wells is based on several factors including, 
favourable geology, terrestrial disturbance, surface land and mineral land factors, and 
distance to the plant and other facilities, and pressure maintenance as discussed below.  
The 10-17 disposal well and 7-33 water supply well locations were chosen in an attempt 
to balance these factors, with the 10-17 disposal well being placed as far away from the 
Project area as possible to minimize the potential adverse pressure effects.   

Canadian Natural anticipates the 7-33-73-8W4M well will be used for the majority of 
McMurray Formation source water production.  It is expected that the 14-30-73-7W4M 
well will only be used for pressure maintenance as required. 

Favourable Geology 
Ideally, in any project, selected water disposal zones are not in communication with the 
bottom water underlying the bitumen reservoir.  Wherever possible, disposal wells are 
positioned to be geographically or vertically separated from the bitumen reservoir.  Units 
with no porosity and permeability suitable for disposal in the Project area are limited to 
the McMurray Formation with suitable zones identified in the Paleozoic or above the 
McMurray Formation.  Disposal well locations within the McMurray Formation are 
further limited by the existence of bitumen deposits underlying the Project and adjacent 
lands.  The 10-17 disposal well location was chosen at a distance far enough from the 
Project area to allow pressure dissipation within the McMurray Formation basal aquifer 
and a distance that would not adversely affect the reservoir. 

Due to the variability within the McMurray Formation, source and disposal wells are 
generally drilled adjacent to areas where the geology has previously been determined by 
means of wells (stratigraphic wells or gas wells).  The 7-33 well was sited in an area of a 
proposed stratigraphic delineation well where there was certainty with respect to aquifer 
thickness. 

Terrestrial Disturbance 
Wherever possible every effort was made to minimize the terrestrial disturbance 
associated with the Project.  The 10-17 disposal well uses existing cut lines where 
possible with access via Highway 818.  This choice of location minimizes terrestrial 
disturbance. 

Mineral and Surface Land Factors  
Wherever possible Canadian Natural prefers to install water source and disposal wells on 
land for which it holds mineral rights.  Attempting to install wells on land for which 
others hold mineral rights creates uncertainty and the prospect of schedule impacts.  
Further issues may arise if the mineral rights holder in the disposal well location petitions 
to suspend disposal activities due to perceived pressure impacts on bitumen deposits on 
their land holdings.  For these reasons Canadian Natural has chosen to install a disposal 
well on Canadian Natural held mineral land and has selected a location that provides the 
most favourable geology while still located within the Project Lease area. 

Surface land access was also a consideration in the area.  Because access issues are 
common to the Cold Lake Air Weapons Range (CLAWR), a disposal location on the 
CLAWR was not considered.  Further information on this is provided in the reply to 
Question #51. 
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Distance to Plant and other Facilities 
For economical and operational reasons it is advantageous to place the disposal well as 
close to the plant or existing facilities as possible.  It will be possible to tie the 10-17 
disposal well into existing lines and take advantage of existing rights-of-way. 

c) Moving the 10-17 disposal well closer to the reservoir and thus closer to the 7-33 water 
supply well is not planned.  An appropriate distance between the two must be maintained 
to prevent the production of disposal fluids from the source well.  An assessment carried 
out during the McMurray Formation Basal aquifer modelling study indicated that 
disposed fluids would travel about 2/3 of the distance from the 10-17 disposal well to the 
7-33 source well at modelling disposal and source water pumping rates.  Given the 
uncertainty in the numerical model, it is prudent to maintain the planned separation 
distance between the wells and to maintain a balance between the supply and disposal 
volumes in the two wells. 

Canadian Natural believes the optimal source and disposal well locations have been 
chosen considering the selection criteria detailed in Part b). 

d) The well placement was based on the criteria presented in the answer to Part b).  These 
are favourable geology, terrestrial disturbance, mineral and surface land factors and 
distance to plant and other facilities in addition to balancing disposal pressures.  Clearly 
there are locations at greater distances from the Project that would result in minimal 
depressurization effects on the reservoir; however, considering the criteria presented in 
Part b), locations on land for which Canadian Natural holds mineral rights, has surface 
access to and in which terrestrial disturbance will be limited are limited.  The current plan 
maximizes the use of existing facilities where Canadian Natural holds mineral land rights 
while minimizing terrestrial disturbance by maximizing the use of existing disturbance 
area.  Most importantly, the operation of a source well in relatively close proximity to the 
disposal wells is required to balance pressures within the basal aquifer to prevent the 
generation of unacceptably high bottom water pressures overlying bitumen reservoir.  It 
is not possible to dispose into the basal aquifer without withdrawal unless both disposal 
and source wells are moved far enough away from the Project and other bitumen deposits 
to minimize pressure effects.   

Canadian Natural believes the optimal source and disposal well locations have been 
chosen considering the selection criteria detailed in Part b). 

e) Locations were not identified in the answer to Part d).  Locations within a 15 km radius 
for which Canadian Natural holds mineral rights were evaluated for source well and 
disposal well siting.  Canadian Natural believes that the optimal source and disposal well 
locations have been chosen considering the selection criteria detailed in Part b). 

f) The primary water source well is located at 7-33-73-8W4M.  The well located closer to 
the reservoirs, at 14-30-73-7W4, would only be used if unacceptable pressures were 
measured below the reservoir due to water disposal.  The 7-33 well location was selected 
because it is close to the 10-17 disposal well.  As discussed previously, in the Project area 
it is not possible to dispose into the basal aquifer without withdrawing water in 
reasonably close proximity to balance pressures. 
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Source wells would not be considered in the four sections identified above due to access 
and mineral land issues association with the CLAWR.  Further information on CLAWR 
access issues is provided in the reply to Question #51. 

Additional reasons for not developing source wells in these areas include the close 
proximity to the Project reservoir (17-073-07W4) and close proximity to other bitumen 
deposits (31-072-06W4). 

McMurray Formation basal aquifer permeabilities for the sections indicated are not 
available due to lack of basal aquifer characterization data outside of the Project area.  An 
understanding of the hydraulic properties of the basal aquifer have been developed 
through site-specific testing and groundwater level measurement of the McMurray 
formation basal aquifer at the Project area locations (e.g., 14-30-73-7 W4M, 16-25-73-7 
W4M).  The interpreted thickness of the McMurray Formation basal aquifer is shown in 
Figure B2.2-12, (Volume 1B, Section B2.2.3.1).  Because locating wells in these sections 
is not possible, numerical groundwater modelling to predict source water volumes has not 
been conducted. 

 

47. Volume 1A, Section B7.2.2.1, Page B7-9 
Volume 4A, Figure 2.3-4, Page 38 

When discussing utilization of the Basal McMurray (basal aquifer) as a saline 
groundwater source, Canadian Natural states Numerical modelling…indicates that 
combined McMurray Formation well production rates of 1,500 m3/d can be sustained 
without adversely affecting the Kirby Project reservoir…. This assumes that disposal rates 
are similar to McMurray groundwater production rates. 

a) Identify all active and suspended basal aquifer water source and disposal wells, and 
the associated project, on (updated) Figure B2.4-29 (Volume 1A).  Discuss the 
hydraulic connection between these water source wells and the basal aquifer within 
the detailed geological study area. 

b) Figure 2.3-4 shows predicted water levels in the Year 2016 in the basal aquifer.  
Provide the rationale for Canadian Natural’s statement that groundwater 
production rates of over 1,500 m3/d from the basal aquifer can be sustained without 
negatively impacting neighboring projects. 

Response: 
a) A revised copy of Figure B2.2-12 has been provided to show the search results for all 

active and suspended basal aquifer water source and disposal wells within the detailed 
geological study area instead of Figure B2.4-29.  This is because Figure B2.2-12 is an 
isopach map of the McMurray Formation basal aquifer and is better suited for a 
discussion of hydraulic connection between the McMurray Formation wells.  The 
difference between the McMurray Formation basal aquifer isopach map and the 
McMurry Formation bottom water map is detailed in the reply to Question #197. 
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The search results indicate eight active and suspended water source and disposal wells in 
the detailed geological study area, five in the Project area and three in the Devon Jackfish 
Project area.  The status of the five wells in the Project area are:   

• 1F1/14-30-073-07W4M is an active basal McMurray water source well.   

• 1AA/14-30-073-07W4M was a basal McMurray Formation disposal well and is now 
zonally abandoned in the McMurray Formation. 

• 100/09-34-073-08W4M is an active basal McMurray disposal well.   

• 1AA/06-35-073-08W4M was perforated in the McMurray Formation.  It is now 
zonally abandoned in the McMurray Formation and is a suspended Grand Rapids 
Formation gas well. 

• 100/06-36-073-08W4M is an abandoned McMurray Formation disposal well. 

Both 1F1/14-30-073-07W4M (water source well) and 100/09-34-073-08W4M (water 
disposal well) are in hydraulic communication with the McMurray Formation basal 
aquifer.   

Three McMurray Formation basal aquifer wells were identified in the Devon Jackfish 
Project area.  Two of the wells are active disposal wells and the other is a suspended well 
of a non-specified use. There appears to be poor hydraulic communication between the 
wells in the Project area and the wells in the Devon Jackfish Project area based on the 
McMurray Formation basal aquifer mapping. 

b) The rationale for the statement is illustrated by comparison of two different figures 
presented in the Hydrogeology Impact Assessment (Volume 4A, Section 2): 

• Figure 2.3-4 presents a planar view of the groundwater levels in the McMurray 
Formation basal aquifer predicted for year 2016 for the Existing and Approved Case 
(EAC). 

• Figure 2.4-3 provide a similar figure but for the Project Case with the predicted 
groundwater level for year 2016 (planar view). 

A comparison of Figure 2.3-4 (EAC) and Figure 2.4-3 (Project Case) shows that there is 
very little if any difference in the predicted groundwater levels between the EAC and 
Project Case for the two nearest projects which include the Devon Jackfish Project and 
EnCana Christina Lake Thermal Project. 

Canadian Natural plans to generally balance McMurray Formation basal aquifer 
withdrawal and injection at the Project in order to avoid adverse pressure changes in the 
McMurray reservoir which could compromise bitumen recovery at the Project.  The 
planned combined McMurray Formation basal aquifer withdrawal and injection should 
not adversely affect neighbouring projects. For this to occur, adverse pressure changes 
would first have to occur at the Project where, by design, they will be prevented from 
occurring. 
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48. Volume 1A, Part B, Figure B7.2-2, Page B7-12 

Figure B7.2-2 shows the predicted groundwater elevation change in the McMurray 
aquifer as a response from simultaneous production and disposal into the basal aquifer.  

Figure B4.2-6 (Volume 1A, Page B4-16) shows a second disposal well at 9-34-073-08W4, 
which has not been included in Figure B7.2-2.  

a) The basal aquifer source well location listed in Figure B7.2-2 is 3-33-073-08W4.  No 
source well has been proposed for this location in Table B7.2-2 (Volume 1A, 
Page B7-8). Provide clarification on the location of this source well. 

b) In a table, provide the anticipated disposal volumes for each of the 10-17 and 9-34 
wells separately throughout the life of the Project. 

c) Provide a discussion, supported by numerical modelling, on how projected disposal 
volumes for each of two disposal wells will affect groundwater elevations in the 
basal aquifer throughout the Kirby reservoir. Taking variability and thickness of 
the basal aquifer into consideration, show the extent of the disposal effects on the 
basal aquifer.  

Response:  
a) The 3-33-073-08W4 location for a planned McMurray Formation basal aquifer source 

well location listed in Figure B7.2-2 (Volume 1, Section 7.2) was an error.  The correct 
LSD for the planned McMurray Formation basal aquifer well is 7-33-073-08W4 as 
shown in Figure 2.3-1 (Volume 4A, Section 2.3).  This 7-33 well location is used in the 
EAC, Project Case and PDC assessments to evaluate the predicted groundwater level 
changes in the west-central part of the Project, due to the combined effects of the Project 
and other regional projects located to the north and south. 

b) The total annual average disposal volumes are provided in Table 34-1 presented in the 
reply to Question #34. It is not possible to predict precise disposal volumes for each of 
the disposal well locations.  Annual average disposal volumes are expected to range 
between 700 and 980 m3 per calendar day. The bulk of this disposal will be undertaken in 
the wells proposed for the 10-17-78-8 W4M location. It is expected that wells completed 
at 9-34-73-8 W4M will be used in rare cases of excess disposal.  The maximum 
anticipated disposal rate is 2,500 m3/d for a month, however there maybe plant upsets 
(e.g., loss of steam generation) that could result in disposal volumes around 4,000 m³/d. 
Numerical modelling completed as part of the EIA indicated that disposal volumes as 
high as 4,000 m3/d for a month period could be accommodated at the 10-17 well location. 

c) These effects can be determined by examining the difference in groundwater level 
elevations within the McMurray basal aquifer between EAC and the Project Case.  The 
numerical modelling only addressed the combined effects of pumping and injection 
(i.e., no separate case was made for injection only as Canadian Natural does not plan to 
inject wastewater without simultaneously diverting the formation water).  Concurrent 
withdrawal and injection is designed to minimized pressure changes on the reservoir 
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which could otherwise compromise the effective recovery of bitumen.  However, the 
injection effects can generally be ascertained from the difference in groundwater 
mounding between the EAC and Project Case.  A discussion on these effects is provided 
in Volume 4a, Section 2.4.1.2.  It is noted that the modelling disposal rates are higher 
than what is expected as a long term disposal average rate, as discussed in Part b). 

 

49. Volume 4B, Appendix I, Page I-47 

Canadian Natural states that particle tracking demonstrated that the waste water injected 
into the McMurray Formation basal aquifer at the Project will not reach the Project 
production well during the life of the Project. 

a) Should this model fail and waste water is produced by a Basal McMurray source 
well, provide the expected chemistry of produced basal aquifer groundwater mixed 
with disposal waste. 

b) Discuss Canadian Natural’s decision to continue operating the Basal McMurray 
well as a saline water source well.  If Canadian Natural discontinues operation of 
this well, discuss how an alternate saline source well will be found. 

Response:   
a) The particle tracking exercise conducted as part of the modelling study indicated disposal 

water would travel a maximum of 4 km toward the water supply well during the life of 
the Project at the modelling production and disposal rates (about two thirds of the 
distance between the wells).  This estimate is considered a worst-case scenario because: 

• it included the conservative assumptions of conservative transport and assumed that 
the injected dissolved constituent would travel at the rate of groundwater flow; 

• the modelling study assumed an annual average source water production and disposal 
rate of approximately 1,500 m3/d which is substantially higher than the predicted 
average annual rates of 700 to 980 m3/d presented in Table 34-1 in the response to 
Question #34.  

If the disposal water were able to travel at a much higher than predicted transport 
velocity, the water chemistry would change with increasingly higher Total Dissolved 
Solids (TDS) concentrations noted over time.  It is not possible to predict the source 
water chemistry if the source well were impacted by disposal well water due to the 
number of uncertainties inherent in a prediction of this type.  However, considering that 
the TDS concentration of the disposal water will be an estimated 200,000 to 
250,000 ppm, the TDS concentration  of source well water would be expected to increase 
over time if the well were to continue to produce once disposal water reached it. 
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b) If the source well were to be impacted and the water was found to be unacceptable as 
boiler feed make-up water, Canadian Natural would attempt to select an alternate location 
utilizing the criteria presented in the answer to Question #46 Part b) which considers 
balancing the factors of favourable geology, terrestrial disturbance, surface land and 
mineral land factors and distance to the plant and other facilities. 

 

50. Volume 1B, Attachment 3, Section 4.1, Page 12 

When discussing Canadian Natural’s investigation into use of produced water from 
surrounding operations as an alternative to sourcing non-saline groundwater, Canadian 
Natural states The assessment indicates that additional sources of produced water exist 
within the search area. Due to the early age of surrounding operations and produced water 
recycle and reuse at these operations, excess produced water is not available. 

a) Provide details on all produced water sources within 10 km of the Kirby Project. 
Include details on the type of operations (conventional gas, Oil Sands, waste water 
disposal, etc.), the volume of water that can be sourced from these operations 
(singularly and combined) and the salinity of the water.  

b) Provide the rationale for Canadian Natural’s position that none of these sources are 
available.  Expand this discussion to include operations outside of Oil Sands 
projects. 

Response:  
a) Table 50-1 provides a listing of all wells that produced water within a 15 km radius of the 

Project Central Plant Area, located in LSD 13-21-73-7 W4M.  The data was obtained 
from a search of ERCB records.  The table also presents produced water volumes for 
2007 which provides a sense of which wells in the area are operational and an expected 
annual well production volume.  It is noted that all wells within the 15 km radius that 
produced water in 2007 are gas wells.   

Because the produced water salinity is not readily available, an assumption of saline vs. 
non-saline produce water chemistry was made based on the producing formation, 
assuming that formations above the Clearwater Formation produced fresh water. All 
wells indicated as Mannville were assumed to produce fresh water as these wells most 
likely produce water from the upper Mannville Group Grand Rapids Formation, which is 
know to be non-saline in the Project area.  However, the chemistry of the produced water 
is probably not of consequence as all of the produced water must be disposed of 
regardless of chemistry and it is doubtful that any of the produced water salinity would 
exceed that of the McMurray Formation basal aquifer water which will be used for the 
Project. 
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Table 50-1 Summary of Produced Water Information Within a 15 km Radius of 
the Kirby Central Plant Area   

Well LSD Well Operator 
Produced 

Water 
[m3]  

Formation/Group Predicted 
Salinity 

00/14-07-072-06W4/0 EnCana 0.4 Grand Rapids Non-Saline 
00/10-02-072-07W4/0 EnCana 0.4 Joli Fou Non-Saline 
AB/09-02-073-06W4/2 EnCana 0.9 Colony (Grand Rapids) Non-Saline 
00/07-33-073-06W4/0 BP Canada 1.2 Clearwater Saline 
00/10-03-072-07W4/0 EnCana 1.8 Grand Rapids Non-Saline 
00/07-17-072-06W4/3 EnCana 2.8 Mannville Non-Saline 
00/05-33-072-07W4/2 EnCana 4.7 Grand Rapids Non-Saline 
00/10-34-072-06W4/0 EnCana 5.1 Grand Rapids Non-Saline 
00/05-33-072-07W4/0 EnCana 5.4 Grand Rapids Non-Saline 
00/11-33-074-07W4/0 BP Canada 6.1 Mannville Non-Saline 
00/06-09-073-08W4/2 EnCana 7 Grand Rapids Non-Saline 
00/11-22-072-08W4/0 EnCana 10.2 Grand Rapids Non-Saline 
00/05-14-073-07W4/2 EnCana 12.2 Mannville Non-Saline 
AA/06-35-073-08W4/3 EnCana 12.3 Mannville Non-Saline 
00/03-05-074-08W4/2 Canadian Natural 14.2 Mannville Non-Saline 
00/03-28-072-08W4/0 EnCana 14.2 Grand Rapids Non-Saline 
00/03-21-072-08W4/0 EnCana 15.4 Grand Rapids Non-Saline 
00/12-26-072-06W4/2 EnCana 18.9 Mannville Non-Saline 
00/10-05-073-08W4/0 EnCana 20.7 Grand Rapids Non-Saline 
00/03-18-072-06W4/0 EnCana 22.3 upper Mannville Non-Saline 
00/07-36-074-08W4/0 Canadian Natural 26.6 Mannville Non-Saline 
00/15-18-073-08W4/2 EnCana 29.9 Mannville Non-Saline 
00/03-35-074-08W4/0 Canadian Natural 30 Grand Rapids Non-Saline 
00/10-04-073-08W4/0 EnCana 33.5 Mannville Non-Saline 
02/06-31-073-06W4/0 BP Canada 36.3 Mannville Non-Saline 
AA/08-21-073-07W4/0 Canadian Natural 37 Mannville Non-Saline 
00/15-16-074-06W4/0 BP Canada 39.7 Mannville Non-Saline 
00/08-06-073-08W4/0 EnCana 48.6 Mannville Non-Saline 
00/10-30-073-07W4/0 Canadian Natural 50 Grand Rapids Non-Saline 
00/07-04-073-06W4/2 EnCana 52.7 Mannville Non-Saline 
00/10-11-073-07W4/2 EnCana 63.4 McMurray Saline 
00/10-34-074-07W4/0 BP Canada 63.9 Mannville Non-Saline 
00/12-32-074-07W4/0 BP Canada 67.6 Mannville Non-Saline 
00/05-10-073-08W4/2 EnCana 69.9 Grand Rapids Non-Saline 
00/09-17-073-08W4/0 EnCana 69.9 Mannville Non-Saline 
00/02-16-073-06W4/2 EnCana 71.7 Clearwater Saline 
00/11-33-073-07W4/0 Cnrl 83.3 Grand Rapids Non-Saline 
00/10-11-073-06W4/3 EnCana 88 Mannville Non-Saline 
00/10-01-073-09W4/0 EnCana 88.9 Grand Rapids Non-Saline 
00/12-18-072-07W4/3 EnCana 97.8 Grand Rapids Non-Saline 
00/08-33-072-08W4/2 EnCana 98.4 Grand Rapids Non-Saline 
00/06-08-073-08W4/0 EnCana 102.8 Grand Rapids Non-Saline 
00/10-28-073-07W4/0 Cnrl 104.4 Mannville Non-Saline 
00/09-15-074-06W4/0 BP Canada 105.5 Colony (Grand Rapids) Non-Saline 
00/11-22-073-06W4/2 BP Canada 106.4 McMurray Saline 
00/06-12-072-08W4/0 EnCana 109.3 Grand Rapids Non-Saline 
02/07-08-073-06W4/2 EnCana 109.6 upper Mannville Non-Saline 
00/10-29-072-08W4/0 EnCana 110.9 Grand Rapids Non-Saline 
00/05-09-073-06W4/2 EnCana 126.2 Mannville Non-Saline 
00/10-15-072-08W4/0 EnCana 137.1 Grand Rapids Non-Saline 
00/10-22-072-08W4/0 EnCana 137.8 Grand Rapids Non-Saline 
00/10-06-072-07W4/2 EnCana 139.1 Mannville Non-Saline 
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Table 50-1: Summary of Produced Water Information within a 15 km Radius of 
the Kirby Central Plant Area (continued) 

Well LSD Well Operator 
Produced 

Water 
[m3]  

Formation/Group Predicted 
Salinity 

00/10-34-073-08W4/3 EnCana 144.6 Mannville Non-Saline 
00/10-17-072-07W4/0 EnCana 171.1 Grand Rapids Non-Saline 
00/11-10-074-08W4/3 EnCana 171.9 Mannville Non-Saline 
00/07-07-072-07W4/0 EnCana 186.6 Mannville Non-Saline 
00/10-01-072-08W4/0 EnCana 187.5 Grand Rapids Non-Saline 
00/10-16-072-07W4/0 EnCana 189.4 Grand Rapids Non-Saline 
00/10-11-074-06W4/2 BP Canada 208.4 Mannville Non-Saline 
00/12-24-072-07W4/3 EnCana 209.4 Mannville Non-Saline 
00/09-09-074-06W4/0 BP Canada 211.4 Mannville Non-Saline 
00/05-32-072-08W4/3 EnCana 211.7 Mannville Non-Saline 
00/10-24-073-09W4/2 EnCana 749.5 Clearwater Saline 
00/09-04-075-07W4/0 BP Canada 819.3 Mannville Non-Saline 
F2/14-30-073-07W4/0 BP Canada 1455 Grand Rapids Non-Saline 
00/14-12-074-08W4/2 ISH Energy Ltd. 2053 Upper Mannville Non-Saline 

Notes: Volume of Produced Water in m3 (March-2007 to March-2008) 
All wells are Natural Gas wells except F2/14-30-073-07W4/0 which is a Canadian Natural Kirby Project Grand 
Rapids Source Well 
Salinity has been predicted on the assumption that all wells designated Mannville and Grand Rapids produce fresh 
water.   

Of the 66 wells within the 15 km radius producing water, 41 of the wells produced less 
than 100 m3 in 2007.  Of the remaining wells, only one well, other than the Kirby Grand 
Rapids Formation water supply well, produced over 1,000 m3 in 2007.  The very limited 
supply of produced water reflects the fact that:   

• oil and gas activity in the Project area is limited to gas production, which yields little 
produced water; and  

• there are no thermal bitumen recovery projects or heavy oil water flood projects 
which might have been a source of produced water within the search radius.   

b) Based on the limited availability, the non-centralized distribution and lack of pipelines 
and infrastructure of the existing produced water supplies, relying on this produced water 
does not represent a viable option for the Project.  There could be practical limitations to 
integrating this water into the Project plant including operator’s preference to use existing 
water disposal choices and water quality control issues at the Project Plant. 
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51. Volume 1B, Attachment 3, Section 4.2, Page 12 

When discussing Canadian Natural’s limits to utilizing the Basal McMurray aquifer as 
a primary saline groundwater source, Canadian Natural states (the) Lack of Canadian 
Natural mineral land rights for saline water production and limited access to the areas 
south of the Kirby Project (due to the presence of the Cold Lake Air Weapons Range) 
further limits McMurray Formation basal aquifer development options. 

a) Discuss why Canadian Natural might not be able to obtain mineral rights for saline 
water production from the Basal McMurray aquifer within the Cold Lake Air 
Weapons Range. 

b) Provide details on discussions between Canadian Natural and personnel of the Cold 
Lake Air Weapons Range regarding siting of groundwater source wells and 
pipelines on the military base. 

Response: 
a) Basal McMurray aquifer rights are vested in the Crown, as represented by the 

Department of Energy (DOE), and may be acquired by application as long as there are no 
objections from third party mineral interests.  The situation regarding acquisition of 
mineral rights on the Cold Lake Air Weapons Range (CLAWR) is unique for the 
following reasons. 

First, there is a moratorium on the disposition of mineral interests on the CLAWR as a 
result of an agreement between the DOE and the Department of Defense (DOD).  This 
moratorium would likely extend to the granting of rights to the basal McMurray aquifer 
in the northern part of the range. 

Second, from a surface access perspective, there is a Federal/Provincial agreement in 
place which allows only 20% of the CLAWR open to access for non-DOD operations 
where unfettered, manned operations are required (i.e., accessible 24 hours per day, seven 
days per week).  The non-DOD footprint is shared between three companies and the 20% 
threshold is very close.  Currently, surface access to the basal McMurray aquifer within 
the northern portion of the CLAWR is not available for manned operations.  
Development in this area for source water (or even bitumen) would require agreement 
from the DOD as well as from the three companies operating on the range.  In addition, 
the DOD has several target circles in this area.  A new surface application for a manned 
source water facility with continuous access is therefore unlikely to be given 
consideration. 

b) Canadian Natural has not entered into specific negotiations regarding surface access for 
groundwater supply development on the CLAWR based on the surface access issues 
stated above. 
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52. Volume 1B, Attachment 3, Section 4.3, Page 13 and Section 8.1, Page 49 

Canadian Natural has excluded hydrocarbon solvents from consideration as a non-
water injection fluid. 

a) Provide justification for omitting hydrocarbon solvents. 

Response:   
a) Canadian Natural has reviewed the use of hydrocarbon solvents as alternative recovery 

processes for the Project.  Specific hydrocarbon based recovery methods reviewed 
included vapour extraction (VAPEX) and a combination of steam and light hydrocarbons.  
A summary of these alternative recovery processes is presented in Volume 1A, 
Sections B1.5.1.5 and B1.5.1.6.  Canadian Natural continues to track the progress of 
these alternative approaches and to assess to determine the feasibility of the technologies.  
However, at this time, the VAPEX and hydrocarbon and steam combination based 
recovery processes are in their infancy and require further elucidation before a stand-
alone commercial project can be considered. 

 

53. Volume 4A, Section 2.1.2.6, Page 15-16 
Volume 4A, Section 2.4.1.2, Page 61 
Volume 4A, Section 2.4.1.2, Table 2.4-8, Page 74 
Volume 4A, Section 2.4.1.2, Table 2.4-9, Page 78 

Canadian Natural states Calibration and predictive use of the three models yield results 
which justify decoupling the three models. That is, from a water balance perspective, there 
appears to be limited hydraulic interaction between the aquifers in both the pre-pumping 
and pumping scenarios. Any such interaction can be managed through manual coupling to 
generally match the leakage out of a given model to that leaking into the other model. 

Table 2.4-8 shows a modelled total vertical inflow to the lower Grand Rapids Formation 
aquifer, for the Existing and Approved Case (EAC), of 7,136 m3/day (i.e., 5,708+1,428) 
and a net horizontal inflow of 4,052 m3/day (i.e., 2,403+1,649), or 43% smaller. 

a) Reconcile the first referenced statement’s conclusion that exchange with the 
overlying Empress Formation aquifer is a small water balance term for the Grand 
Rapids Formation aquifer, with the Table 2.4-8 indication that inter-aquifer influx 
is the dominant term, exceeding the horizontal input by 75%. 

 Volume 4A, Section 2.4.1.2, Page 74, Canadian Natural states As shown in 
Table 2.4-8, relative to EAC developments, the Project is predicted to cause 
incrementally 2% and 3%, more groundwater to recharge the Lower Grand Rapids 
Formation aquifer…; and, The increased rates of infiltration to the Lower Grand 
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Rapids Formation aquifer, from the Wiau and Christina channels in the Project Case, 
are accounted for in the Empress Formation numerical modelling. 

b) Reconcile the last referenced statement with Volume 4A, Section 2.4.1.2, Table 2.4-9, 
Page 78 indicating, for the Project Case, a 0.6% decrease in modelled leakage 
between the Empress Formation and Grand Rapids Formation (i.e., from 7,613 to 
7,564 m3/day). 

c) Explain the EAC flow divergence between the predicted vertical flows out of the 
Empress Formation in Table 2.4-9, and the predicted vertical flows into the lower 
Grand Rapids Formation presented in Table 2.4-8. 

d) What evidence supports the modelled pre-pumping exchange flux between the 
Empress Formation and the Grand Rapids Formation? 

e) How sensitive to the Grand Rapids Formation Model boundary conditions are the 
predictions of Grand Rapids Formation aquifer pressure response to Project 
pumping? 

f) What uncertainty underlies the Project pumping effects assessment given the model 
sensitivity (or insensitivity) described in e) and uncertainty in the vertical boundary 
condition specifications described in d)? 

Response:   
a) The main reasons for treating the three aquifers as three separate models are:   

• the three aquifers are very distinct hydrostratigraphic units;  

• the aquifers are separated by thick low permeability units (aquitards);  

• there are significant groundwater head differences between the three aquifers, thereby 
confirming the effectiveness of the separation by the intervening aquitards; and 

• the different hydro-chemical character of each of the aquifers supports the 
effectiveness of the aquitards. 

The component of downward groundwater flow out of the base of the Empress model 
from the Wiau Channel in the Empress Formation Model (EFM) is low (less than 6%) 
when considering the overall water balance for this model. However, in the lower Grand 
Rapids Aquifer Model (GRAM), the component of groundwater flow from the Wiau and 
Christina Channels is a large component of the GRAM’s total mass balance.  The first 
statement by Canadian Natural, as quoted in the question does not indicate that the 
component of flow (downwards) from the Wiau and Christina Channel to the Grand 
Rapids is a minor component of the water balance. Rather, the statement indicates that 
there is a limited hydraulic interaction between the aquifers due to pumping, and that the 
interaction between the models can be handled through manual coupling.  The manual 
coupling between the two models was accomplished by modelling the outflow from the 
base of the EFM with drain boundaries and by applying river boundaries to the GRAM 
model top boundary along the central axis of the Wiau and Christina Channels. The 
pumping induced changes in flux through these boundaries are about 6% of the pumping 
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rate in year 2025 (see Question #53 Part b) as the majority of pumped water is derived 
from storage and changes in horizontal boundary inflows and outflows. 

b) Model simulations of EAC and Project Case pumping scenarios in the EFM indicated 
that 0.6% less water (7,613 to 7,564 m3/day) would leak to the Grand Rapids Formation 
through the Wiau Channel boundaries for these scenarios.  Similarly, the EAC and 
Project Case simulations in the GRAM predict a 2% (5,707 to 5,829 m3/day) and 3% 
(1,428 to 1,464 m3/d) increase in infiltration from the overlying formations through the 
Wiau and Christina Channels respectively for the Project Case relative to the EAC.  The 
simulations for either model did not account for the effects of simultaneously pumping 
the Empress Formation and the Grand Rapids formation.  In year 2025, the reduction in 
recharge from the EFM to the GRAM due to pumping in the EFM is 49 m3/day, which is 
less than 2% of the pumping rate. These changes are fairly minor and well within the 
accuracy of the majority of the input parameters. Consequently, a fully integrated model 
was considered unnecessary, as it would only marginally change the results of either the 
Grand Rapids Formation or Empress Formation models. 

c) The EAC groundwater flows for the two models are as follows: 

• Empress Formation Leakage to the Grand Rapids (Volume 4A, Section 2, 
Table 2.4-9) – 7,613 m3/day. 

• Predicted Vertical Flows into the Grand Rapids Formation (Volume 4A, Section 2, 
Table 2.4-8) total 7,293 m3/day (5,829 m3/day Wiau and 1,464 m3/day Christina). 

For the Project Case, the daily groundwater flow (i.e., leakage rate) from the Empress 
Formation aquifer to the underlying lower Grand Rapids Formation aquifer is predicted 
to be 7,613 m3/day.  This leakage rate is approximately 5% more than predicted in the 
GRAM and is viewed as an acceptable agreement based on the geological uncertainty. 
The relatively higher downward groundwater flow out of the EFM and lower relative 
downward groundwater flow to the GRAM are conservative for both models from a 
pumping scenario perspective.  It should be noted that the EFM was calibrated to several 
parameters which took priority over the downward flow through the Wiau Channel (LSA 
hydraulic head values in the Empress and upper formations, RSA hydraulic head values 
in the Empress Formation and then checking that the flow to the Athabasca River was 
reasonable). 

d) The evidence for the modelling pre-pumping exchange flux between the Empress 
Formation and the Grand Rapids Formation is the head difference between these two 
formations at similar locations, with the hydraulic head in the Empress Formation being 
655.4 m masl (13-21-7 W4M) and 488 m masl in the Grand Rapids Formation 
(14-30-73-7 W4M). Both of these wells are within the Project LSA. Through geophysical 
log interpretation it is believed that the Joli Fou Formation shale is thinner beneath the 
incised Wiau and Christina Channels. The GRAM predicts the influx from the Empress 
Formation to the Grand Rapids Formation based on a known head difference between the 
two aquifers and the measured thickness and modelling conductivity for the Joli Fou 
Formation beneath the buried Wiau and Christina Channels.  There is also some 
geochemical evidence that groundwater within the Grand Rapids Formation may be less 
saline where it is overlain by Quaternary channels, as documented at the EnCana 
Christina Lake Thermal project (CH2M Gore & Storrie Limited 1999). 
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e) The GRAM model is sensitive to the Wiau Channel boundary condition but the range of 
values used as input for this “river type” boundary condition were constrained during the 
calibration process. If too much leakage was allowed into the model through the Wiau 
Channel boundary then the predicted heads in the Grand Rapids Formation aquifer, 
calculated with the GRAM model, were higher than the observed heads measured in this 
aquifer during field testing.  As such, the influx from the Wiau Channel is constrained by 
real data that was used during the calibration process of the GRAM. However, the model 
would also be sensitive to the eastern and southern no-flow boundaries and the south 
eastern general head boundary. In particular, the model considers the EnCana Foster 
Creek Project groundwater diversion from an assumption that the region south of the 
Project is essentially the same as it is to the north, and that the EnCana Foster Creek 
Project area is far from boundaries. 

f) As indicated above in Part e), the Grand Rapids Formation model was sensitive to the 
Wiau Channel boundary, but was constrained through the calibration process by 
matching to field-measured groundwater levels. The vertical boundary could be slightly 
more or less sensitive, depending on the applied hydraulic conductivity to the low-
permeability-formation (Jolie Fou Formation) between the lower Grand Rapids 
Formation aquifer and the Empress Formation Empress aquifer.  However, the range of 
groundwater flows modelling is considered acceptable given the geological conditions 
and the constraints of the calibration process. 

With respect to the lateral boundaries it appears that the groundwater withdrawal at the 
Project should not be very sensitive to the lateral boundary selections; as they are 
reasonably distant and the pumping rates are fairly limited. Therefore, the model is 
considered to accurately reflects the Project-related changes in groundwater heads and 
flow pattern at, and around, the Project site. 

Reference: 

CH2M Gore & Storrie Limited, May, 1999.  Report, Regional Groundwater Investigation, 
Christina Lake, Alberta. 

 

54. Volume 4A, Section 2.3.1.1, Page 32  
Volume 4A, Section 1.2.5, Figure 1.2-1, Page 6 
Volume 4B, Appendix V, Section 3.1.2, Table V-6, Page V-103 
Volume 4B, Appendix I, Section 3.1.4, Table I-7, Page I-19 
Volume 4B, Appendix V, Section 3.3.4, Page V-158 

Canadian Natural states (p.32) … effects on the Empress Formation aquifer by the 
EnCana Foster Creek and Christina Lake projects on groundwater resources have not 
been assessed using the Empress Formation numerical model. 
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Figure 1.2-1 shows EnCana Christina Lake project is located to the north, and outside 
of, the Empress Formation Hydrogeology RSA (which corresponds to Wiau Channel 
and Empress Formation Unit 1 Aquifer model domain). 

Table V-6 provides hydraulic conductivity values for the EnCana Christina Lake 
project, including a value at the high end of the range (i.e., 9 x 10-2 m/s), which is 
included in the geometric mean calculation for Empress Formation Unit 1. 

In Table I-7, the 9 x 10-2 m/s value was included to characterize the measured range for 
the Empress Formation Aquifer. 

Volume 4B, Appendix V, Section 3.3.4, Page V-158, Canadian Natural states: 
…groundwater flow through the Wiau Channel basal aquifer is estimated at approximately 
5.8 million m3/year (15,800 m3/day), assuming: a horizontal gradient of 0.0008 
(Table V-15); a geometric mean hydraulic conductivity (Kh) of 4.6 x 10-4 m/s (Table V-6); 
and a cross-sectional flow area of 500,000 m2….   

a) Explain why the Christina Lake project value of 9 x 10-2 m/s was included in the 
calculations. 

b) Explain how and to what extent including the Christina Lake project outlier 
affected the Wiau Channel hydraulic conductivity geometric mean calculation and 
associated estimate of channel flow-through rate.  

c) Discuss the implications of the implied uncertainty in Wiau Channel groundwater 
flow (and subsequent discharge to Athabasca River) to Empress Formation Model 
calibration and prediction uncertainty. 

Response:   
a) The EnCana Christina Lake Thermal Project hydraulic conductivity value of 9 x 10-2 m/s 

was included in Table V-6 (Volume 4B, Appendix V) as it is based on a aquifer test of 
OBW 9-17. As aquifer tests typically yield more reliable estimates of bulk hydraulic 
conductivity, relative to slug tests which were used to calculate the hydraulic 
conductivity in two of the other estimates provided in Table V-6 (Volume 4B, 
Appendix V), the 9 x 10-2 m/s result was included.   

The Empress Formation is a regionally extensive deposit.  Likewise, the Empress 
Formation Model (EFM) models groundwater flow on a regional scale.  From a 
hydrogeological perspective, the Empress Formation (Unit 1) is expected to have similar 
hydrogeological characteristics in the Wiau and Christina Channels.   

The hydraulic conductivity value from the EnCana Christina Lake Thermal Project was 
included as an acknowledgement that the Empress Formation aquifer could have a wider 
range of hydraulic conductivities than is indicated from the Project and EnCana Foster 
Creek Project sites, which are located fairly close together. 
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b) The geometric mean hydraulic conductivity estimate, which includes the high Christina 
Lake Thermal Project hydraulic conductivity in Table V-6 (Volume 4B, Appendix V), is 
4.5 x 10-4 m/s.  If this EnCana Christina Lake Thermal Project hydraulic conductivity 
value is excluded the hydraulic conductivity geometric mean is 2.9 x 10-4 m/s. The lower 
geometric mean value results in a channel flow-through rate estimate equal to 
3.7 million m3/year, or 36% less than the estimate that includes the higher EnCana 
Christina Lake Thermal Project value. 

c) The groundwater flow through the Wiau channel calculated using the Darcy Flux 
estimation was not used in calibrating or as an input parameter to the EFM.  The Darcy 
flux estimate of groundwater flow through the Wiau Channel was only used as a check of 
the volume of groundwater moving through the model after the model had already been 
calibrated to measured heads in the Empress Formation aquifer and the Canadian Natural 
Empress Formation (13-21) aquifer test.  The EFM model was calibrated locally with the 
existing data within the LSA for both the steady-state and transient cases and is 
considered to be an adequate calibration to this local data.  All available and relevant data 
was used in the modelling study.  However, it is noted that less data was available further 
away from the LSA (i.e., near the Athabasca River) except from the Alberta Geological 
Survey (AGS) spring report (Stewart 2003) which only provide a lower end of flow, so 
calibration in this area is less certain.  However, since the modelling exercise was more 
concerned with and concentrated on the effects of pumping near the production well, the 
implications of uncertainty farther away from the source well are low.   

Reference: 

Stewart, S.  2003.  Baseline Discharge and Chemistry of the Wiau Channel Springs, 
1999-2000, Athabasca Oil Sands (In-Situ) Area, Alberta.  Alberta Geological Survey.  
EUB/AGS Geo-Note 2002-06. 

 

55. Volume 4A, Section 2.4.1.1, Page 44  

Canadian Natural in its linkage analysis states Subquestion HG-1A: What effects could 
water supply wells for existing and approved developments and the Project have on 
groundwater quantity and levels? When groundwater is pumped from a well, it causes a 
decrease in the pressure and water levels in the aquifer around the well.  By decreasing the 
aquifer pressure, leakage from overlying strata will be induced.  This induced leakage may 
in turn cause increased infiltration from wetlands, larger discharge of groundwater to 
streams, lakes and wetlands, and lowering of the water table. … Based on these potential 
effects, the linkage between the Project and this subquestion is valid. 

a) In light of the above referenced statements, and a TOR requirement that the 
hydrogeology baseline establish the presence or absence of hydraulic connections 
between hydrostratigraphic units, explain: 
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 i. why it was considered unnecessary to monitor water levels in wells completed 
in overlying aquifers during pumping tests performed in the Grand Rapids and 
McMurray Formation aquifers; and,  

 ii. why it was also considered unnecessary to monitor water levels in wells 
completed in the shallow water table during these same pumping tests or any other 
pumping test performed for the Project. 

Response:   
a)  

i) As depicted on bedrock cross-sections Figures V-31 and V-32 (Volume 4B, 
Appendix V), the Grand Rapids Formation has a thickness up to approximately 100 m, 
with the upper one-half to two-thirds of the formation characterized by a shale sequence 
which represents an aquitard.  The lower portion of the formation includes a water-
bearing sandstone interval, which is below the thick low permeability shales (aquitard) 
that was aquifer tested by Canadian Natural at 14-30-73-7 W4M.   

Also as depicted on VI-31 and VI-32 (Volume 4B, Appendix V), underlying the Grand 
Rapids Formation, the Clearwater Formation consists of a shaley sequence (aquitard) 
which, in turn is underlain by the low-permeability (aquitard) bitumen-charged 
sandstones of the Wabiskaw Member.  The Wabiskaw Member is, in turn underlain by 
bitumen-charged deposits (aquitard) of the McMurray Formation.  Lastly, the McMurray 
Formation basal aquifer underlies the bitumen deposits. 

Owing to the multiple aquitards that separate the McMurray Formation basal aquifer and 
the lower Grand Rapids Formation aquifer from the Tertiary/Quaternary and shallower 
aquifers, no response to pumping of the McMurray Formation basal aquifer or the lower 
Grand Rapids Formation aquifer would be expected in shallower aquifers.  For this 
reason, and based on the observations from the Canadian Natural 13-21 aquifer test 
discussed below, the shallower aquifers were not monitored during the McMurray 
Formation basal aquifer and the lower Grand Rapids Formation aquifer tests.  

The lack of connectivity of the bedrock aquifers to shallow Quaternary aquifers was 
demonstrated during the testing of the Empress Formation Unit 1.  Monitoring wells in 
the overlying Quaternary aquifers were monitored during the Empress Formation aquifer 
test at the 13-21-73-7 W4M site.  During the test, groundwater levels were also 
monitored in four overlying intervals which previous drilling and testing had determined 
were the only units capable of sustaining some level of water production above the 
Empress Formation at the 13-21-73-7 W4M site.  The units that were monitored, from 
deepest to shallowest above the Empress Formation, are: 

• the Muriel Lake Formation (a regional aquifer); 

• a sandy unit in the Bonnyville Formation (local aquifer); 

• a local silty sand unit in the Bonnyville Formation (testing of this unit confirms it is 
not an aquifer); and 

• a silty sand unit identified within the undifferentiated drift (testing of this unit 
confirms it is not an aquifer). 
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During the 13-21-73-7 W4M aquifer test, no response to pumping was observed in the 
first two overlying units nor was it observed in the uppermost unit.  A 15 cm unresolved 
change in groundwater level was observed in the third overlying unit.  As there was less 
than 4 m of drawdown measured in the Empress Formation aquifer at the RAX 13-21 
well (located 20 m from the Canadian Natural 13-21 source well) and no measured 
drawdown detected in the first two overlying aquifers, the aquifer test results show that 
the thick low permeability clays of the Bronson Formation attenuate the effects from the 
pumping of the Empress Formation on the overlying units.  Considering the lack of 
response during the testing, the shallow aquifers were not monitored during the much 
deeper Grand Rapids and McMurray aquifer tests. 

ii) This question is addressed in Part a) i) above. 

 

56. Volume 4A, Section 2, Page 51 and Table 2.4-5, Page 52  

Canadian Natural provided two scenarios for utilizing non-saline groundwater from the 
Empress aquifer: 

• Scenario 1: Basal aquifer and Grand Rapids water source wells operating 

• Scenario 2: Basal aquifer and Grand Rapids water source wells not operating 

a) Discuss how often Canadian Natural expects Scenario 2 to occur. 

b) Should Scenario 2 occur, provide the expected length of time Canadian Natural will 
have to utilize the 100% of their makeup water from the Empress. 

c) Discuss all contingency plans Canadian Natural considered before deciding to use 
the Empress for 100% of makeup water needs in Scenario 2.  Explain why these 
contingency plans were not chosen.  

Response:   
a) Canadian Natural does not expect Scenario 2 to occur.  The purpose of the scenario was 

to demonstrate the supply capability of the Empress Formation.  Although it is not 
anticipated the Empress Formation will be used to provide all Project make-up water, the 
impact assessment demonstrated that this would be possible without adverse effects on 
the environment and other users.   

Canadian Natural does not intend to apply for non-saline groundwater diversions at rates 
greater than the 3,500 m3/d applied for in the Application (i.e., does not intend to apply 
for the Scenario 2 rates), or to complete wells that would provide non-saline water at 
these higher rates. 

b) Canadian Natural does not expect Scenario 2 to occur, therefore 100% Empress 
Formation make-up water usage is not expected. 
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c) Contingency plans were not considered because Canadian Natural does not expect 
Scenario 2 to occur.   

 

57. Volume 4A, Section 2, Page 75 

Canadian Natural states As a result, the slight predicted decrease in groundwater levels in 
the aquifers will not impact the availability of groundwater in the Empress Formation 
aquifer or in the overlying aquifers, for any future groundwater users in the hydrogeology 
RSA. 

a) Comment, from a human health perspective, on how the overall composition or 
quality of the water in the aquifers could be changed such that groundwater use 
may be limited for future users? 

Response:   
a) There would be no change in water quality to the Empress Formation due to the local 

decreases in groundwater levels.  This is due to the fact that groundwater pumped from 
the Empress Formation source well(s) is derived mainly from storage and a slight 
increase in recharge from the shallower aquifers and increased infiltration.  As is 
discussed in the response to Question #61, the net weighted average infiltration 
considering all regional and local surface water sub-basins is predicted to increase by 
approximately 1 mm/yr.  This slight increase in predicted infiltration would have no 
effect on groundwater quality.   

 

58. Volume 4A, Section 2.4.1.2, Page 77  
Volume 4B, Appendix V, Section 3.3.4, Page V-159 

Canadian Natural states The groundwater discharge from the Empress Formation aquifer 
to the Athabasca River is calculated at 118,860 m3/d. 

Volume 4B, Appendix V, Section 3.3.4, Page V-159 Canadian Natural states Stewart 
(2003) estimates the combined spring discharge at 7,700 m3/day…[Reference: Stewart, S. 
2002.  Baseline Discharge and Chemistry of the Wiau Channel Springs, 1991-2001, 
Athabasca Oil Sands (In-Situ) Area, Alberta.  Alberta Geological Survey.  EUB/AGS 
Geo-Note 2002-06.] 
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Based on the above two references, the calibrated Empress Formation Model (EFM) 
over-estimates the measured (i.e., Stewart 2003) seepage rate into the Athabasca River 
by over an order of magnitude (118,860 m3/d versus 7,700 m3/d). 

a) What is the rationale for allowing the model calibration to diverge to this extent 
from the empirical evidence?  

b) How does measured groundwater discharge to the Athabasca River compare as a 
calibration constraint to other data constraints to calibration, such as 
empirically-derived local and regional estimates of horizontal transmissivity, 
groundwater infiltration, and Wiau Channel flow-through (i.e., is it more or less 
constraining in terms of EFM calibration)? 

c) What does the latitude tolerance in model divergence evident in the EFM 
calibration infer about the assumed accuracy of Stewart’s (2003) estimate of 
Empress Formation seepage to the Athabasca River, and the merit of this estimate 
as a calibration constraint? 

d) What would be the consequence to EFM-based Project effects predictions, if one or 
more of the alternate constraints had been used to calibrate the model? 

Response:   
a) The Alberta Geological Survey (AGS) empirical spring evidence (Stewart 2003) is a 

lower range estimate of Wiau Channel groundwater discharge to the Athabasca River.  It 
was based on the springs identified by the author and their discharge measured or 
estimated in the field.  The Empress Formation aquifer sub-crops below the surface of the 
river and, therefore, it is likely that the much more water discharges from the aquifer 
directly into the river than what can be visibly measured as springs in the Athabasca 
River valley wall.  This is supported by the Darcy Flux estimates presented in the 
Volume 4B, Appendix V, Table V-19.  The pre-pumping and pumping model outflows to 
the Athabasca River are predicted to be about, 119,000 m3/day and 116,000 m3/day, 
respectively. These values are about 15 times the AGS measured spring values.  The 
AGS paper does not list an upper end to their estimate.  However, AGS recognizes that 
this is likely the lower end of the range as groundwater discharge also occurs over diffuse 
wet areas, seepage faces and to the river itself as base flow, both of which they have not 
quantified. 

b) The Empress Formation aquifer groundwater discharge to the Athabasca River or the 
river/general head boundary condition at this location does not constrain the EFM. The 
model is calibrated to steady-state conditions which involves matching the predicted 
groundwater levels to measured groundwater levels in the Empress Formation and upper 
aquifers.  The model was then calibrated in the transient state using groundwater level 
data from the Empress Formation aquifer test.  Once this initial calibration process was 
completed, the groundwater flow to the Athabasca River was calculated by the model and 
was examined for reasonableness. The Darcy Flux calculation and the Stewart estimate 
are very general comparisons to make sure the model’s predictions are in a wide but still 
reasonable range of groundwater flow values.  
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c) The model suggests that the Stewart (2003) estimate is a lower range estimate.  This 
estimate was only used as a lower end order of magnitude calibration value. It was known 
that this was a low end estimate and that the model should not yield estimates below the 
conservative estimate provided by Stewart (2003). In this regard, the Darcy Flux 
calculation was given more weight for checking that discharge to the Athabasca River 
predicted by the model was not unreasonable. 

d) Reduced discharge rates to the Athabasca River could be predicted using lower horizontal 
hydraulic conductivities within the Empress Formation.  However, this process would 
result in a far less transmissive aquifer and the calibration to the steady-state heads in the 
Empress Formation and the transient calibrations would be not match to existing data or 
to the transmisivity values predicted by the Empress Formation aquifer tests. Thus the 
flux of groundwater through the Wiau Channel and at the Athabasca River boundary 
seems reasonable. Additionally, recharge from the overlying sediments would have to be 
reduced by the same percentage, requiring a reduction in the harmonic average of the 
vertical hydraulic conductivity of the overlying formations. Most of these formations are 
already near the lower bounds of their reasonable value ranges. 

Reference: 

Stewart, S.  2003.  Baseline Discharge and Chemistry of the Wiau Channel Springs, 1999-
2001, Athabasca Oil Sands (In-Situ) Area, Alberta.  Alberta Geological Survey.  
EUB/AGS Geo-Note 2002-06. 

 

59. Volume 4A, Section 2, Page 89 

Canadian Natural states In general, casing failures and deficient cement jobs should 
have a negligible effect on groundwater quality and aquatic receptors. 

a) Provide evidence to support this conclusion. 

b) Provide an estimate of the likelihood of a casing failure. 

Response:   
a) The likelihood of a casing failure in Steam Assisted Gravity Drainage (SAGD) wells is 

extremely low.  It is also highly unlikely that casing failures would result in the released 
substances (condensed steam or emulsion) affecting fresh groundwater or surface water.  
This is due to the following: 

• The minimal likelihood of a casing failure due to the casing design and primary 
cementing practices. 

• The small likelihood of ongoing release of substances in the event of a casing failure 
due to monitoring and mitigation programs. 
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• The small likelihood of substances released in the event of a casing failure reaching 
fresh groundwater aquifers.  The likelihood of a casing failure above the base of 
groundwater protection is very low. The production casing cementing programs 
completed by Canadian Natural are designed to produce an impermeable barrier to 
flow along the well bore arising from deeper failures. 

In very rare cases, casing failures have occurred with high-pressure Cyclic Steam 
Stimulation (CSS) projects, but these employ much higher steam pressures than the 
SAGD operations planned for the Project. Based on Canadian Natural’s lengthy 
operational experience on CSS thermal projects, the rare casing failures that have 
occurred were within bedrock or directly overlying the reservoir.  Therefore, in the 
extremely unlikely event of a casing failure at the Project, a failure and release in the 
Quaternary/Tertiary sediments or Grand Rapids Formation would not be expected.  In the 
highly unlikely event of a casing failure and release occurrence, effects to the aquatic 
environment and groundwater users would be unlikely.  Fluids would likely have limited 
migration potential as the geologic sequence is dominated by aquitards which do not 
readily transmit fluids.  Moreover, as hydraulic gradients are vertically down in the 
Tertiary/Quaternary sediments, contaminants would be transmitted to depth and away 
from surface waterbodies and aquatic receptors.  Further, the nearest known non-saline 
groundwater user is located at 7-21-73-6 W4M and 12-1-73-6 W4M, approximately 10 
and 15 km, respectively east/southeast of the plant site. 

b) As noted above, the likelihood of a casing failure in the SAGD wells is extremely low.   
Thermal casing and associated facilities are designed to accommodate the pressures 
generated by SAGD operations.  Procedures developed and refined through the 
installation of hundreds of thermal wells at other Canadian Natural thermal operations 
will be employed to maximize the number of competent cement jobs and sound casing 
strings. 

Several preventative measures are undertaken to ensure casing and well integrity to 
prevent casing failure including: 

• thermal well casing design and primary cementing practices;  

• post drilling Quality Assurance/Quality Control (QA/QC) measures such as cement 
bond logging and remedial action, in the case of substandard cementing, to ensure 
proper hydraulic isolation of the wellbore; 

• Casing Integrity Program and Integrity Checks; and 

• ongoing thermal well monitoring. 

Furthermore, several Canadian Natural SAGD projects have been operated without a 
casing failure, including: 

• the Burnt Lake SAGD Pilot, three well pairs in operation since 1997; 

• the Wolf Lake Grand Rapids B10 Project, twenty well pairs in operation since 2001; 
and 

• the Tangleflags Thermal Project, two well pairs in operation since 2006. 
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Canadian Natural expects to extend this successful record of casing failure free SAGD 
operations to the Project. 

 

60. Volume 4A, Section 2.4.4.2, Page 90 
Volume 4B, Appendix V, Section 3.3.1.2, Page V-144 
Volume 4A, Section 2.4.4.2, Page 90 
Volume 4B, Appendix V, Section 2.1.2, Figure V-18, Page V-49 

Volume 4A, Section 2.4.4.2, Page 90 Canadian Natural states The hydrogeology Local 
Study Area (LSA) is characterized by strong downward hydraulic gradients in the 
Quaternary/Tertiary sediments to the underlying bedrock aquifers… 

Volume 4B, Appendix V, Section 3.3.1.2, Page V-144 Canadian Natural states …strong 
downward hydraulic gradients exist in the Quaternary sequence.  At the former thermal 
pilot plant site, a downward hydraulic gradient of approximately 2% is measured between 
nested monitoring well pair 01-3a and 01-3b, based on groundwater levels measured on 
January 30, 2007. 

Volume 4A, Section 2.4.4.2, Page 90 Canadian Natural states Such bulk downward 
gradients will act to transport arsenic in groundwater to depth and away from potential 
aquatic receptors at the surface… and, For the above reasons, thermally-induced increases 
in arsenic concentrations in groundwater arising from the Project are predicted to be a 
minor issue in terms of effects to aquatic receptors and potential drinking water in the 
hydrogeology LSA. 

Volume 4B, Appendix V, Section 2.1.2, Figure V-18, Page V-49 shows an upward 
hydraulic gradient in nested monitoring well pair 01-3a and 01-3b, based on 
groundwater levels measured on October 13, 2005. These results do not appear to be 
discussed in the report. 

a) The first two referenced statements, above, imply that a downward hydraulic 
gradient in the shallow aquifer is the prevailing condition in the LSA.  However, the 
Figure V-18 reference indicates that an upward gradient has been detected in the 
shallowest aquifer (at least once).  Discuss the implications of upward groundwater 
flow with regard to the Project’s potential to:  

i) alter groundwater-surface water interaction, and, 

ii) release contaminated groundwater (e.g., arsenic) to surface waterbodies. 
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Response:   
i) Table 60-1 summarizes the groundwater level measurements that have been recorded for 

the 01-3a and 01-3b monitoring wells since they were installed on July 24 to 25, 2001 at 
the Kirby Pilot Plant site.  The groundwater level data was collected as part of the annual 
groundwater reporting requirement for the Kirby Pilot Plant under Alberta Environmental 
Protection Enhancement Act (EPEA) Approval No. 136400-00-00, as well as to provide 
additional information for consideration in the preparation of the Hydrogeology Baseline 
Report (Volume 4B, Appendix V). 

Table 60-1 01-3a and 01-3b Groundwater Levels and Hydraulic Gradient  

GROUNDWATER LEVELS 
[MASL] DATE 

01-3a 01-3b 
HYDRAULIC GRADIENT 

August 1, 2001 726.16 726.09 Down 

September 25, 2001 725.89 725.89 Neutral 

June 25, 2002 725.98 725.84 Down 

October 2, 2002 726.05 726.05 Neutral 

June 25, 2003 726.33 726.27 Down 

September 25, 2003 726.24 726.19 Down 

September 29, 2004 726.04 726.23 Up 

October 13, 2005 725.73 726.05 Up 

January 30, 2007 725.24 725.14 Down 

Notes:  masl = metres above sea level. 

In considering the apparent upward hydraulic gradient values, the following should be 
considered: 

• Monitoring well 01-3a has a screened interval from 1.6 to 4.6 m below ground level 
(bGL).  The shallow geology of this interval is logged as clay, but including sand 
lenses from a depth of 1.7 to 3.0 m bGL. Based on hydraulic response testing of the 
well, the hydraulic conductivity of the soils adjacent to the completion interval is 
calculated at 2.4 X 10-6 m/s (Volume 4B, Appendix V, Table V-4).  

• Monitoring well 01-3b has a screened interval from 8.2 to 10.1 m bGL.  The shallow 
geology of this interval is logged clay, with no sand lenses. Based on hydraulic 
response testing of the well, the hydraulic conductivity of the soils adjacent to the 
completion interval is calculated at 8.2 X 10-8 m/s (Volume 4B, Appendix V, 
Table V-4). This hydraulic conductivity is more than 2 orders of magnitude lower 
than that measured for the overlying soils (i.e., measured at 01-3a). 

The gradient variability may be related to the fact that the shallower soils (i.e., 01-3a) 
have a hydraulic conductivity more than 2 orders of magnitude greater than the deeper 
soils (i.e., 01-3b), related to the sand lenses observed at 01-3a.  As such, the shallower 
soils may be able to respond more rapidly to recharge/discharge events (e.g., individual 
rain events, lack of recharge in the winter).  Depending on the timing of such events, the 
potential exists for some variability in the recorded gradients.   
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Overall, the data set supports bulk downward hydraulic gradients in the 
Pleistocene/Quaternary sediments, and this prevailing belief is consistent with that 
discussed in the Hydrogeology Baseline Report (Volume 4B, Appendix V). 

The noted upward hydraulic gradient, which is transient in nature, and which is located 
near the ground surface and potentially sensitive to seasonal fluctuations, does not alter 
the understanding of the groundwater – surface water interaction for the Project, as 
presented in the Hydrogeology Baseline Report (Volume 4B, Appendix V, 
Section 3.3.1.). 

ii) In light of the above, and for the reasons discussed in the Hydrogeology Impact 
Assessment (Volume 4A, Section 2.4.4.2), the noted upward hydraulic gradient, which is 
transient in nature, does not alter the condusions concerning the potential release of 
arsenic in groundwater or the predicted effects on surface waterbodies. 

 

61. Volume 4A, Section 3.5.1.3, Page 23 

Canadian Natural discusses groundwater withdrawal effects on surface hydrology in 
terms of potential change in groundwater recharge. The discussion does not include the 
indirect effect that a change in the vertical pressure gradient (and this recharge) could 
have on the shallow groundwater general flow field, the nature of which presumably 
supports the distribution of fen/peatlands prevalent in the LSA (see Volume 5, Part IV, 
Section 4.1.3.1, Figure IV-11, Page IV-56). 

a) Discuss how alteration of the vertical pressure gradient due to pumping could affect 
this surficial groundwater flow regime. 

b) Characterize the uncertainty and potential bias in this Empress Formation pumping 
effects estimate, given the uncertainty and potential bias in the Empress Formation 
Model estimate of altered infiltration.  

Response:   
a) In January 2007, Canadian Natural completed a comprehensive aquifer test at 

13-21-73-7 W4M, during which time groundwater was diverted from the Empress 
Formation aquifer, located at a depth of about 300 m bGL, at a rate of 3,500 to 
4,000 m3/day from the 13-21 source well.  During the test groundwater levels were 
monitored in the 13-21 source well, as well as in Empress Formation aquifer monitoring 
wells located at a distance of 20 m (RAX 13-21, located at 13-21-73-7 W4M) and 459 m 
(PEX 11-21, located at 11-21-73-7 W4M).  At the end of the pumping interval the 
drawdown measured in the RAX 13-21 well and in the PEX 11-21 well was 
approximately 3.3 m and 1.4 m, respectively. 

The test results indicated that there was no response to pumping in the first two overlying 
pumpable units, including the Muriel Lake aquifer and a sand unit in the Bonnyville 
Formation.  The results of the 13-21 aquifer test were provided in Volume 4B, 
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Appendix V, Attachment VI-B.  The reason for the lack of response in the overlying 
aquifers is that the Empress Formation is confined (overlain) by the thick, 
low-permeability deposits of the Bronson Lake Formation and the Bonnyville Formation.  
As a result any drawdown in the Empress Formation due to pumping is dampened by the 
overlying Bronson Lake aquitard, spread laterally by the Muriel Lake Formation aquifer, 
and then dampened again by the overlying Bonnyville Formation aquitard.  Based on this 
hydrogeologic model and as consistent with the Canadian Natural 13-21 aquifer test data, 
the water table is not expected to be adversely affected by Empress Formation pumping 
for the following reasons: 

• At the Canadian Natural 13-21 planned pumping centre, the downward vertical 
hydraulic gradient between the water table and the Empress Formation aquifer is 
measured at between 23 and 26%.  This gradient suggests poor connectivity between 
the Empress Formation and the overlying aquifers. 

• At the RAX 13-21 observation well, located 20 m from the Canadian Natural 13-21 
pumping well, the downward vertical hydraulic gradient measured between the water 
table and the Empress Formation aquifer is 24.7 %.  This is calculated by taking the 
difference in the elevation of the pressure surface (potentiometric surface) in the 
Empress Formation aquifer at the RAX 13-21 well and the water table elevation, 
which is 73.3 m; and dividing that value by the distance from the water table to the 
mid-screen depth of the RAX 13-21 well (296.5 m).  If the groundwater pressure in 
the Empress Formation aquifer at the RAX 13-21 location is decreased by 3.3 m, 
equal to what was measured in the Canadian Natural 13-21 aquifer test (when the 
Canadian Natural 13-21 well was pumped at 3,500 to 4,000 m3/day), this would 
increase the downward vertical hydraulic gradient from the water table to the at the 
RAX 13-21 location from 24.7 (73.3 m/296.5 m) to 25.8% (76.6 m/296.5 m).  

• Considering the minimal hydraulic connection at the Canadian Natural 13-21 planned 
pumping centre between the Empress Formation aquifer and the overlying aquifers, 
such minimal pressure decrease in the pumped aquifer, resulting in 1.1% increase of 
the hydraulic gradient, are highly unlikely to result in adverse water table 
disturbance, some 300 m above that.  Moreover, even if a response of several 
millimeters manifested itself at the water table, such a perturbation would be very 
difficult to quantity as it is several orders of magnitude less than the natural water 
table fluctuation, which has been measured at the Kirby Pilot site at 
13-21-73-7 W4M (see response to Question #60). 

• In light of the above, changes to the configuration of the water table are not expected 
from planned Empress Formation aquifer pumping.  That is, the water table is 
expected to continue to represent a subdued reflection of the ground surface.  

b) The Empress Formation numerical groundwater flow model was constructed to best 
incorporate recharge into the model given that the water table is near ground surface, and 
that much of the area is covered by wetlands. Recharge at the upper layer of the model 
was simulated with River Boundary cells, which are a third type boundary.  The flow 
across the River Boundary is determined by the model based on the river stage, the 
riverbed bottom elevation and the conductance (see Question #64). Use of a third type 
boundary is standard and accepted in groundwater flow modelling.  Moreover, allowing 
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the model to determine the recharge is a standard procedure. A good summary of 
determining recharge is provided in Sanford (2002).  The use of this boundary condition 
is detailed in the response to Question #64. 

To assess the rates of net infiltration reaching the Empress Formation aquifer under pre-
pumping and pumping conditions, the model was used to predict the weighted average 
net infiltration rates for seven local surface water sub-basins and three regional surface 
water sub-basins, parts or all of which are located within the Empress Formation aquifer 
model domain.  The location of the local and regional surface water sub-basins are shown 
in Figure 2.4-11 (Volume 4A, Section 2).  As shown in Figure 2.4-11, the planned 
Canadian Natural 13-21 Empress Formation aquifer pumping centre is located within 
local surface water sub-basin 3. 

Under non-pumping conditions the model predicts that the rate of weighted average 
infiltration for a given sub-basin ranges from 1.4 mm/year (regional sub-basin R2) to 
28.6 mm/yr (local sub-basin 3), and with a weighted average considering all local and 
regional sub-basins of 9.3 mm/year (Volume 4B, Section 2, Table 2.4-9).   

The numerical model was also used to predict the expected changes in infiltration 
reaching the Empress Formation aquifer under several pumping scenarios.  Of these 
scenarios, Scenario 2 represents the maximum pumping scenario and assumes that the 
McMurray Formation and Grand Rapids Formation make-up water wells are not 
operating, and that all Project make-up water is produced from the Empress Formation 
aquifer, with a peak pumping rate of 6,347 m3/d in year 2020.  The Scenario 2 simulation 
was undertaken to demonstrate that all project make-up water needs could be met by the 
Empress Formation aquifer. It should be noted that in Scenario 2, as with Scenario 1, an 
additional 950 m3/d of groundwater would be pumped from the Empress Formation to 
supply utility water for the Project.   

Under the Scenario 2 conditions, the model predicts that the rate of weighted average 
infiltration for a given sub-basin ranges from 1.4 mm/year (regional sub-basin R2) to 
28.7 mm/yr (local sub-basin 3), and with a weighted average considering all local and 
regional sub-basins of 9.4 mm/year (Volume 4B, Section 2, Table 2.4-9).  Thus, the 
predicted changes in net infiltration reaching the Empress Formation are only expected to 
increase by 0.l mm/year in local sub-basin 3 (which includes the 13-21 pumping centre), 
and by 0.1 mm/year when all local and regional sub-basins in the model domain are 
considered.   

The increases in infiltration rates are dwarfed by surface processes such as 
evapotranspiration and would not affect the water table.  The very limited increase in 
predicted net infiltration is consistent with the conceptual understanding of the Empress 
Formation aquifer hydrogeological framework, in which the effects of pumping from the 
aquifer, located 300 m bGL, should be attenuated by the overlying aquitard and aquifer 
units.  This understanding is supported by the groundwater level measurements made 
during the Canadian Natural 13-21 Empress Formation aquifer test. In this regard, 
although there is some level of uncertainty inherent to all numerical model predictions, 
the uncertainty in the Empress Formation predictions appear to be minor. 

In reviewing Tables 2.4-9 and 2.4-10 provided in the Hydrogeological Assessment 
(Volume 4B, Section 2), it was noted that the arithmetic average infiltration rate was 
provided in the Scenario 1 Pumping and Secnario 2 Pumping rows in the Tables as 
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13.2 mm/yr and 13.3 mm/yr, respectively.  Please find below revised Tables 2.4-9 and 
2.4-10 which reflect weighted averages for the Scenario 1 and 2 pumping conditions.  
The revised weighted average net infiltration values for Scenario 1 and 2 are consistent 
with the values referred to in Part b) above. 

Table 2.4-9 Estimate of Changes in Groundwater/Surface Water Interaction as a 
Result of Empress Formation Scenario 1 Groundwater Withdrawals – 
Project Case (revised) 

Pre-Pumping Conditions 
Sub-basin # Surface Infiltration

[m3/d] 
Surface Exfiltration 

[m3/d] 
Net Infiltration 

[m3/d] 
Infiltration Rate 

[mm/yr] 
Local 1 358 6 352 4.5 
Local 2 864 0 864 8.4 
Local 3 2,580 0 2,580 28.6 
Local 4 1,287 0 1,287 21.9 
Local 5 5,726 17 5,709 10.6 
Local 6 1,300 15 1,285 20.1 
Local 7 2,882 0 2,882 24.4 
Regional R1 32,641 11,313 21,328 7.7 
Regional R2 5,733 4,156 1,576 1.4 
Regional R3 25,393 12,423 12,970 3.3 
Regional R4 76,190 11,510 64,680 19.2 
Regional R5 10,924 59 10,865 8.0 
Empress Fm Leakage to the 
Grand Rapids Fm (m3/d) 

7,613 Net Infiltration Minimum for a Given Sub-basin 1.4 

Empress Fm Discharge to 
Athabasca River (m3/d) 

118,860 Net Infiltration Maximum for a Given Sub-basin 28.6 

Empress Fm Discharge to 
Christina Channel (m3/d) 

4,782 Net Infiltration Weighted Average – All Sub-basins 
Considered 

9.3 

Scenario 1 Pumping – Minimum Pumping Scenario 
Sub-basin # Surface 

Infiltration 
[m3/d] 

Surface 
Exfiltration

[m3/d] 

Net Infiltration 
[m3/d] 

Infiltration Rate  
[mm/yr] 

Change 
[m3/d] 

% Change 

Local 1 357 6 351 4.5 -1 -0.2 
Local 2 865 0 865 8.4 2 0.2 
Local 3 2,582 0 2,582 28.6 3 0.1 
Local 4 1,289 0 1,289 21.9 1 0.1 
Local 5 5,731 17 5,714 10.6 6 0.1 
Local 6 1,302 15 1,287 20.1 3 0.2 
Local 7 2,886 0 2,886 24.4 4 0.1 
Regional R1 32,595 11,302 21,293 7.6 -35 -0.2 
Regional R2 5,733 4,161 1,572 1.4 -4 -0.3 
Regional R3 25,414 12,356 13,058 3.3 88 0.7 
Regional R4 76,270 11,156 65,114 19.4 434 0.7 
Regional R5 10,912 61 10,851 8.0 -14 -0.1 
Net Infiltration Minimum for a Given Sub-basin 1.4 n/a -0.3 
Net Infiltration Maximum for a Given Sub-basin 28.6 n/a 0.1 
Net Infiltration Weighted Average – All Sub-basins Considered 9.3 n/a 0.4 
Empress Formation Leakage to the Grand Rapids Fm (m3/d) 7,564 -49 -0.6 
Empress Formation Discharge to Athabasca River (m3/d) 116,340 -2,520 -2.1 
Empress Formation Discharge to Christina Channel (m3/d) 4,683 -100 -2.1 

n/a = Not applicable. 
Note:  Negative value denotes a reduction in the value. 
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Table 2.4-10 Estimate of Changes in Groundwater/Surface Water Interaction as a 
Result of Empress Formation Scenario 2 Groundwater Withdrawals – 
Project Case (revised) 

Pre-Pumping Conditions 
Sub-basin # Surface Infiltration 

[m3/d] 
Surface Exfiltration 

[m3/d] 
Net Infiltration 

[m3/d] 
Infiltration Rate 

[mm/yr] 
Local 1 358 6 352 4.5 
Local 2 864 0 864 8.4 
Local 3 2,580 0 2,580 28.6 
Local 4 1,287 0 1,287 21.9 
Local 5 5,726 17 5,709 10.6 
Local 6 1,300 15 1,285 20.1 
Local 7 2,882 0 2,882 24.4 
Regional R1 32,641 11,313 21,328 7.7 
Regional R2 5,733 4,156 1,576 1.4 
Regional R3 25,393 12,423 12,970 3.3 
Regional R4 76,190 11,510 64,680 19.2 
Regional R5 10,924 59 10,865 8.0 
Empress Fm Leakage to the 
Grand Rapids Fm (m3/d) 

7,613 Net Infiltration Minimum for a Given Sub-basin 1.4 

Empress Fm Discharge to 
Athabasca River (m3/d) 

118,860 Net Infiltration Maximum for a Given Sub-
basin 

28.6 

Empress Fm Discharge to 
Christina Channel (m3/d) 

4,782 Net Infiltration Weighted Average – All Sub-
basins Considered 

9.3 

Scenario 2 Pumping – Maximum Pumping Scenario 
Sub-basin # Surface 

Infiltration 
[m3/d] 

Surface 
Exfiltration 

[m3/d] 

Net Infiltration 
[m3/d] 

Infiltration 
Rate  

[mm/yr] 

Change 
[m3/d] 

% Change

Local 1 363 5 358 4.5 6 1.8 
Local 2 878 0 878 8.5 14 1.6 
Local 3 2,593 0 2,593 28.7 13 0.5 
Local 4 1,295 0 1,295 22.0 8 0.6 
Local 5 5,783 13 5,770 10.7 62 1.1 
Local 6 1,309 14 1,295 20.3 11 0.8 
Local 7 2,899 0 2,899 24.5 17 0.6 
Regional R1 32,705 11,244 21,461 7.7 133 0.6 
Regional R2 5,735 4,159 1,576 1.4 -1 0.0 
Regional R3 25,557 12,167 13,390 3.4 420 3.2 
Regional R4 76,306 11,140 65,166 19.4 486 0.8 
Regional R5 11,043 53 10,990 8.1 125 1.2 
Net Infiltration Minimum for a Given Sub-basin 1.4 n/a 0.0 
Net Infiltration Maximum for a Given Sub-basin 28.7 n/a 0.5 
Net Infiltration Weighted Average – All Sub-basins Considered 9.4 n/a 1.0 
Empress Fm Leakage to the Grand Rapids Fm (m3/d) 7,489 -123 -1.6 
Empress Fm Discharge to Athabasca River (m3/d) 116,160 -2700 -2.3 
Empress Fm Discharge to Christina Channel (m3/d) 4,638 -144 -3.0 

n/a = Not applicable. 
Note:  Negative value denotes a reduction in the value. 
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Reference: 

Sandford, Ward. 2002.  Recharge and Groundwater Models:  an Overview.  Hydrogeology 
Journal.  Vol. 10, pp.110-120. 

 

62. Volume 4A, Section 4.4.1.1, Page 14 
Volume 4A, Section 4.4.1.1, Page 19. 

Canadian Natural states Process-affected waters will be disposed of by deep well 
injection…; and, Therefore, water releases from the Project would be limited to the 
discharge of wellpad runoff to nearby muskeg… 

Volume 4A, Section 4.4.1.1, Page 19, Canadian Natural states Based on the above 
evaluation, the only valid linkage is a potential change in surface water quality resulting 
from the discharge of runoff from wellpads. 

However, topographically-driven groundwater flow could provide a pathway by which 
process-affected water from the plant site is able to reach small surface waterbodies; 
waterbodies that are relatively susceptible to the effects of contaminant groundwater 
owing to their relatively small contributing surface drainages. Furthermore, 
hydrogeological evidence presented in the EIA indicates the potential contribution of an 
upwardly-directed pressure gradient to the shallow groundwater flow field, enhancing 
the potential for this adverse effect. 

a) In light of the foregoing, justify the pathway conclusion reached in the water quality 
linkage analysis in which surficial groundwater contamination is excluded as a valid 
Project effects linkage. 

b) In designing the groundwater monitoring program described in Volume 4A, 
Section 2.6.2, Page 117, identify which surface waterbodies were considered most at 
risk to groundwater contamination and describe how the proposed monitoring 
would minimize this risk.   

Response:   
a) Upward hydraulic gradients in the shallow groundwater flow regime are not predominant 

in the Project area for the reasons outlined in the response to Question #60.  Nevertheless, 
some local, topographically-driven flow paths may cause the migration of shallow 
groundwater towards surface waterbodies.  

To assess the potential for contaminants in shallow groundwater to impact surface 
waterbodies in the project area, the estimated shallow horizontal groundwater flow travel 
times between the planned plant site (13-21-73-7 W4M) and wellpads, and surface 



Canadian Natural Resources Ltd. - 133 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

waterbodies (i.e., open water) located within 2 km down gradient were assessed as 
follows: 

• The average linear groundwater velocities between the plant site / wellpad boundaries 
and the nearest down-gradient surface waterbodies were calculated, as described 
below; 

− The water table elevation at the plant site and wellpads was assumed to be 1 m 
below ground level (bGL).  Using this elevation, the elevation of the surface 
waterbody, and the horizontal distance from source to receptor, the hydraulic 
gradients were calculated as the difference in the water elevations divided by the 
distance between the plant site / wellpads and each respective waterbody. 

− The average linear groundwater velocity was then calculated as the product of the 
horizontal hydraulic gradient and the geometric mean hydraulic conductivity of 
the shallow soils (equal to 1.6 x 10-6 m/sec, see Volume 4B, Appendix V, 
Table V-4)  divided by a soil porosity of 0.3 (i.e., 30%).  The geometric mean 
hydraulic conductivity of 1.6 x 10-6 m/sec is representative of the hydraulic 
conductivity of soils consisting of silty sand to silt (Freeze and Cherry 1979). 

• The travel time was then estimated by dividing the separation distance between the 
edge of the plant site / wellpad and the nearest down gradient surface waterbody, by 
the average linear groundwater velocity.  

As summarized in Table 62-1, the estimated travel time for shallow groundwater flow 
from the northern edge of the Project plant site to the nearest surface waterbody 
(Unnamed Lake 4, Figure 62-1) is 65 years.  The lowest expected travel times for shallow 
groundwater between the edge of a wellpad and a surface waterbody is 56 years from 
Wellpad 10 to Unnamed Tributary 5, and 143 years from Wellpad 9 to Unnamed Lake 2.  
The travel times from Wellpads 1 through 3, 11 and 12 to the closest unnamed lakes or 
tributary streams is estimated at between 205 and 1014 years.  For Wellpad 8, the surface 
topography infers that shallow groundwater flow would be away from Unnamed Lake 4.  
Downgradient surface waterbodies appear to be absent within 2 km of Wellpads 4 
through 7.  The cases for Wellpads 4 through 8 were therefore considered not applicable 
for the purpose of conducting the analysis. 

All travel times shown in Table 62-1 are for a conservative tracer, such as dissolved 
chloride, which migrates at the speed of groundwater, does not enter in chemical 
reactions and is not consumed (absorbed or adsorbed) along the groundwater flow path.  
Almost all other compounds, including petroleum products do not behave conservatively 
in the subsurface in that they are consumed in biological reactions and, or are attenuated 
through chemical reactions.  In this regard, the travel velocity of most constituents 
introduced into the subsurface, would be appreciably retarded relative to the average 
linear groundwater velocity.  

In light of the above, there is little opportunity for potential contaminants in shallow 
groundwater to adversely impact surface waterbodies in the project area.  As such, the 
conclusion reached in the water quality linkage analysis in which surficial groundwater 
contamination is excluded as a valid project effects linkage is justified. 



Canadian Natural Resources Ltd. - 134 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

Table 62-1 Summary of Estimated Shallow Groundwater Flow Travel Times 
from the Project to Local Surface Waterbodies (within 2 km of a 
given Wellpad)  

Wellpad # 
gw 

ELEV 
[masl] 

SW 
BODY 

SW ELEV 
[masl] 

SPACING 
[m] 

GRAD 
[mm] 

HYD 
COND 

[m/sec] 
VELOCITY 

[m/yr] 

TRAVEL 
TIME 
[yr] 

Plant 
North 727.0 UNL 4 726.0 104 0.0096 1.6 x 10-6 1.6 65 

1 727.5 UNL 3 724.0 710 0.0041 1.6 x 10-6 0.7 1014 

2 721.0 UNT 5 720.5 100 0.0025 1.6 x 10-6 0.4 250 

3 726.0 UNT 5 720.5 735 0.0063 1.6 x 10-6 1.1 568 

4 727.0 NA NA NA NA NA NA NA 

5 727.0 NA NA NA NA NA NA NA 

6 713.0 NA NA NA NA NA NA NA 

7 711.0 NA NA NA NA NA NA NA 

8 724.0 NA 
Flow is 
away from 
UNL 4 

NA NA NA NA NA 

9 721.0 UNL 2 692.0 760 0.0314 1.6 x 10-6 5.3 143 

10 691.0 UNT 5 688.0 100 0.0109 1.6 x 10-6 1.8 56 

11 693.0 UNT 5 686.0 430 0.0127 1.6 x 10-6 2.1 205 

12 705.0 UNL 1 686.0 1550 0.0119 1.6 x 10-6 2.0 775 

Notes: Plant North denotes distance between the north edge of the plant site and the surface waterbody , GW denotes 
estimates elevation of water table (assumed to be 1 m bGL), SW denotes surface waterbody, GRAD denotes 
hydraulic gradient between water table at pad and applicable surface waterbody, HYD COND denotes shallow soil 
hydraulic conductivity (1.6 x 10-6 m/sec; Volume 4B, Appendix 5, Table 4), VELOCITY denotes average linear 
groundwater velocity, assuming a 30 percent porosity, TRAVEL TIME denotes estimated travel time in years 
between shallow groundwater at the wellpad and the applicable surface waterbody, UNL denotes Unnamed Lake, 
UNT denotes Unnamed Tributary, NA denotes no identified surface waterbody within 2,000 m of wellpad, or 
groundwater flow is likely directed away from pad (e.g., Wellpad 8 and Unnamed Lake 4). 

b) As detailed in Part a) shallow horizontal groundwater flow rates are estimated to be 
between 1 to 5 m/year in the Project area.  Such low rates will provide for ample time to 
detect, and mitigate as necessary, adverse groundwater quality conditions should they be 
detected.  A performance groundwater quality monitoring program for the Project will be 
developed in discussion with Alberta Environment. 

The assessment result presented in Table 62-1 indicated that potential source to potential 
receptor dissolved constituent travel times are lowest for the plant site to Unnamed 
Lake 4, Wellpad 10 to Unnamed Tributary 5 and Wellpad 9 to Unnamed Lake 2.  
Canadian Natural will monitor groundwater quality between these waterbodies and the 
plant site/wellpads through the installation of ground water observation wells and adding 
these wells to the Project groundwater monitoring program.  

Wellpads 9 and 10 are not planned for operation until about 10 years after Project 
start-up.  As such, there is merit to starting the monitoring at the plant site first, rather 
than at Wellpads 9 and 10. 
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Reference: 

Freeze, R. A. and J. A. Cherry. 1979.  Groundwater.  Prentice-Hall Inc.  pp 29. 

 

63. Volume 4B, Appendix I, Section 1, Page I-2 
Volume 4B, Appendix I, Section 3.3.5, Page I-43 
Volume 4B, Appendix I, Section 3.3.6, Page I-47 
Volume 1A, Section B7.3.3, Page B7-15 

As one of its modelling objectives (Page I-2), Canadian Natural states Are McMurray 
Formation basal aquifer production and disposal wells located sufficiently far apart to 
prevent the migration of disposal fluids to the water supply well? 

Canadian Natural states (Page I-43) Disposal waste water was modelled with a 
hypothetical injection well in 10-17-74-8 W4M and (Page I-47), The modelling results 
demonstrated that the wastewater disposal at the Project will not reach the production well 
during the Project life.  

Volume 1A, Section B7.3.3, Page B7-15, Canadian Natural states Canadian Natural may 
also use an existing water disposal well at 100/09-34-073-08 W4M in periods of excess 
disposal requirements, if required. 

a) As water supply pumping well 7-33-73-8W4M is located much closer to disposal well 
100/09-34-073-08W4M than to disposal well 10-17-74-8W4M, it may be more 
vulnerable to potential migration of disposal fluids from 100/09-34-073-08W4M.  
Accordingly, provide an effects evaluation for temporary disposal at well 
100/09-34-073-08W4M (e.g., discuss modelling results). 

Response:   
a) The wells located at 10-17-73-8W4M will be used primarily for disposal and the 

9-34-73-8W4M well will be used only for the disposal of excess fluids during plant 
upsets or 10-17 well workovers etc.  Because the 9-34 will be used at unknown times for 
unknown volumes, it is not possible to predict the rates and volumes expected at the 9-34 
disposal well and therefore it is not possible to accurately predict the disposal fluid 
transport distance from the 9-34 well toward the 7-33 source well.   

 A rough estimate of disposal fluid transport distance may be obtained by employing the 
conservative assumption that 9-34 disposal rates are expected to be less than 10% of the 
disposal rates at the 10-17 well.  During the life of the Project the distance fluids were 
predicted in the particle tracking exercise to travel between the 10-17 disposal well and 
the 7-33 source well (conducted as part of the numerical modelling study) was about 
4 km. 
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 Assuming aquifer conditions at the 9-34 disposal well are similar to those at  the 10-17 
well and assuming that 10% of the 10-17 injection volumes results in 10% of the travel 
distance at the 9-34 location relative to the 10-17 well, fluids from the 9-34 disposal well 
may be expect to travel about 400 m toward the 7-33 water supply well.  The estimated 
400 m travelled is much less than the approximate 2 km between the two wells. 

 

64. Volume 4B, Appendix I, Section 3.1.2, Page I-16  

Canadian Natural states River cells were assigned to all cells in the upper layer, to 
simulate the interaction of groundwater with surface water in wetlands and lakes. 

a) Describe the calibration process as it relates to the surface boundary in general, and 
in particular, explain and rationalize how the available parameters in the River 
Package were used in this exercise.   

b) Were independent estimates of recharge used as calibration constraints? If they 
were not, justify the approach. 

c) Explain how and to what extent invoking a recharge rate more in line with these 
independent recharge estimates would alter the modelling results and the prediction 
of effects due to Empress Formation pumping, especially as it relates to the potential 
for altered groundwater/surface water interaction.   

d) More generally, what is the relative model sensitivity to the recharge boundary 
condition specification when compared to other sources of error? 

e) Explain the consequences to model calibration and effects prediction of this 
sensitivity when combined with the uncertainty about regional recharge. 

f) Given these consequences, what is the justification for not propagating the recharge 
uncertainty (or any other limiting source of error) through the Empress Formation 
Model calibration and effects prediction process?  

Response:   
a) A description of the River Boundary condition, how it was applied along the upper 

boundary and the principals of the calibration process used in the Empress Formation 
Model (EFM) are as follows: 

• It is not possible to pre-determine the flux through the upper boundary (recharge) as 
this would fix the recharge and not allow for predicting changes to recharge due to 
pumping the Empress Formation Aquifer.  In lieu of specifying a recharge value, it 
was assumed that the water table is near the ground surface. This is a reasonable 
assumption given that much of the area is covered by wetlands. In upland locations, 
this will overestimate the elevation of the water table. Recharge at the upper layer 
was simulated with River Boundary cells (not as a river), which are a third type 
boundary.  The flow across the River Boundary is determined by the model based on 
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the river stage, the riverbed bottom elevation and the conductance.  Use of a third 
type boundary is standard and accepted in groundwater flow modeling (Anderson and 
Woessner 1992). 

• The river stage was set at 0.5 m above the elevation of the top of model. 

• The riverbed bottom was set at the elevation of the top of the model. 

• The conductance of each River Boundary cell was calculated by MODFLOW using 
the following formula: 

C = K x L x W / M 

Where; 

• K, the hydraulic conductivity of the riverbed material, = 1 x 10-7 m/s 

• M, the thickness of the riverbed, = 0.1 m; and 

• L and W are the X and Y dimensions of the River Boundary cells. 

• This boundary condition is nearly equivalent to setting the hydraulic head of the top 
layer to the surface elevation of the cells (i.e., the water table at the surface). As a 
calibration constraint, the natural recharge values calculated by the model should be 
within a reasonable range (remembering that the model assesses recharge to the 
Empress Formation aquifer, not the total recharge). In addition, the induced recharge 
due to pumping in the Empress Formation aquifer must not be so large that it could 
lower the water table below the top of the model in a significant manner.  Allowing 
the model to determine the recharge is a standard procedure especially for shallow 
water tables as occur in wetlands areas (Sandford 2002). 

• Average values of hydraulic conductivities of the various layers were targeted to be 
within or near the range of measured values. 

• The limited values of measured hydraulic heads in both the Empress Formation 
aquifer and in the overlying units were matched within reasonable tolerances. 

The main calibration exercise entailed adjusting the vertical hydraulic conductivity of the 
layers overlying the Empress Formation aquifer and the horizontal hydraulic conductivity 
of the Empress Formation aquifer. There is an inherent non-uniqueness in the individual 
vertical hydraulic conductivity values of the overlying units.  However, the integrated 
average of the combined geologic package is constrained reasonably well by the head 
values measured in the overlying units and by the Athabasca River Valley volumetric 
discharge value (or total recharge to the Empress Formation). The hydraulic conductivity 
within the Empress Formation is also constrained by the measured head gradients in this 
formation and the constraint of the Athabasca River Valley volumetric discharge. 

In the calibrated model, the calibrated hydraulic heads are a reasonable match to 
measured heads.  The hydraulic conductivities in the model, with a couple of exceptions, 
fall within the measured ranges. 

b) As described above, the main method to determine the recharge (infiltration) to the 
Empress Formation aquifer is through the calibration process of adjusting the vertical 
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hydraulic conductivities of the layers above the formation to match the groundwater 
levels measured in these formations. No other external infiltration estimates were used as 
inputs to the model.  External estimates of infiltration based on percentages of annual 
precipitation were used to indicate if the non-pumping case infiltration rates calculated 
with the model were reasonable.  The regional weighted average of steady-state recharge 
(infiltration) that reaches the deeper model formations, as calculated by the model, is 
between 9 and 10 mm/yr or about 2% of the Project area annual precipitation of 
516 mm/yr.  Literature values indicate that values between 1 and 10% of precipitation are 
reasonable (Farvolden et.al. 1963). 

c), d) and e) Responses to these questions are provided in the following discussion. 

As indicated in the answers to Part a) and Part b), an infiltration rate could not be 
specified for this type of predictive model.  Standard and well-accepted modelling 
procedures were used to simulate infiltration and calibrate the model.  Specifying a 
recharge rate would not be considered a defensible option.   

The model was calibrated in a process that involved adjusting the vertical hydraulic 
conductivities of the upper layers in order to match the static groundwater levels 
observed in monitoring wells in the field.  The model was found to be sensitive to the 
vertical hydraulic conductivity of the upper layers.  There was only a limited range of 
hydraulic conductivity values for which the model would match the field data.   The 
model was further constrained by having to match the transient response measured in 
monitoring wells during the Empress Formation aquifer pumping test, completed at 
13-21-73-7 W4M.  As a result, there is a high level of confidence in the predictive 
calculations made with the model. 

f) As there are no apparent negative consequences, there is no propagation of uncertainty 
within the EFM model. 

Reference: 

Anderson, M.P. and W.W. Woessner.  1992.  Applied Groundwater Modelling, Simulation of 
Flow and Advective Transport. Academic Press Inc.  pp 381. 

Farvolden, R.N., W. A. Meneley, E.G. LeBreton, D.H. Lennox and P. Meyboom. 1963.  Rate 
of Groundwater Recharge Near Devon, Alberta.  In: Early Contributions to the 
Groundwater Hydrology of Alberta, Alberta Research Council Bulletin 12. 

Sandford, W. 2002. Recharge and groundwater models; an overview.  Hydrogeology Journal 
10:110-120.  
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65. Volume 4B, Appendix I, Section 3.1.4, Table I-7, Page I-19 

Table I-7 compares the calibrated model and independent estimates of hydraulic 
parameters for the Empress Formation Model (EFM) domain. 

The hydraulic conductivity arrived at for EFM Layer 1 (i.e., 2 x 10-9 m/s) falls by an 
order of magnitude outside the measurement range presented in the Table I-7. This 
divergence approaches two orders of magnitude when compared to the range of 
8.2 x 10-8 to 7.2 x 10-6 m/s for shallow Quaternary sediments (corresponding to the 
upper portion of Layer 1), presented in Volume 4B, Appendix V, Section 3.1.1, 
Page V-96. 

The measured range in hydraulic conductivity for EFM Layer 2, presented in Table I-7, 
is inconsistent with the pumping test derived estimates for OBS2006-01 and 
OBS2006-02 (3.5 x 10-5 and 1.8 x 10-6 m/s, respectively) as provided in Volume 4B, 
Appendix V, Section 3.1.2, Table V-5, Page V-99. 

a) The measured hydraulic conductivity range for Empress Formation Model (EFM) 
Layers 1 and 2 (i.e., 4.8 x 10-8 to 4.5 x 10-4 m/s) are identical. Explain why they would 
be identical. 

b) Indicate the source of the measured hydraulic conductivity ranges for Layers 1 and 
2 presented in Table I-7, and explain/rationalize the indicated divergences. 

Response:   
a) The response to this question is provided in the response to Part b). 

b) The source of data for the hydraulic conductivity ranges for Layers 1 and 2 in Table I-7 is 
Table V-6 of Volume 4B, Appendix V, and, specifically, the nine locations/projects listed 
under the Undifferentiated Drift unit.  Most of these tests did not indicate the depth 
intervals.  Therefore, separate ranges were not reported for Layer 1 versus Layer 2.   

As indicated in Table V-6, most of the tests were conducted on sand lenses (or unknown 
units which appear to be sand lenses based on the hydraulic conductivity).  As a result, 
the hydraulic conductivity values in the table are biased high.  In reality the shallow 
geology is characterized by clay till.  It is the fine-grained nature of the till that can be 
correlated between boreholes in the Local Study Area (LSA), and over the regional scale 
(not the sandy lenses, as they are discontinuous).  

A harmonic average is an appropriate average to consider to characterize vertical 
groundwater flow passing through alternating high conductivity and low conductivity 
units. The harmonic average approach heavily weights the low conductivity units in the 
average compared to the high hydraulic conductivity units. Based on this knowledge, it is 
expected that the average vertical hydraulic conductivity of the upper layers of the model 
will be at or below the low end of the measured horizontal conductivity values (i.e., in the 
range characteristic of sediments dominated by clay content).  The model confirms that 
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this is the case.  After completing the model calibration process, it was found that the 
model is sensitive to the vertical hydraulic conductivity of the till layers.  In the calibrated 
model, the hydraulic conductivity values assigned to Layers 1 and 2 (which represent till 
deposits) were low (i.e., representative of clay-dominated material, rather than sand). 

 

66. Volume 4B, Appendix V, Table V-13, Page V-134 to V-136 

McMurray Formation groundwater chemistry for wells 7-14-072-06W4 and 
10-24-073-08W4 show a total dissolved solid (TDS) concentration of 1,787 and 
4,030 mg/L, respectively.  

a) Clarify if the groundwater was sampled from the Basal aquifer portion of the 
McMurray Formation. 

b) Discuss and provide a geological explanation for the decreased TDS concentration 
within the McMurray Formation for these two locations. 

c) Discuss if Canadian Natural anticipates the proposed Basal McMurray water source 
wells for this Project to become non-saline at anytime during the life of the Project. 

d) Discuss how Canadian Natural will monitor salinity change of sourced water from 
the Basal McMurray. 

e) Provide Canadian Natural’s contingency plan should any of the proposed Basal 
McMurray water source wells begin to produce non-saline groundwater. 

Response:   
a) The groundwater samples were not collected from the McMurray Formation basal 

aquifer.  The groundwater sample from 7-14-072-06W4 was collected in the upper 
McMurray Formation within the interval of 490 to 500 mKB.  The groundwater sample 
at 10-24-073-08W4 was also collected in the upper McMurray Formation within the 
interval of 456 to 462 mKB.  These two samples were obtained during Drill Stem Testing 
(DST) in the late 1970s by other operators.   

In drill stem testing, the formation of interest is isolated during or after the well is drilled 
(uncased open hole) and fluid samples and pressure measurements representative of the 
formation are obtained. Fluid samples obtained in this manner are commonly 
contaminated with drilling mud filtrate and/or mixed with other formation waters, and 
may not be representative of the zone tested. 

Chemical analytical results for the two samples were obtained from a publicly available 
database.  The Total Dissolved Solids (TDS) concentrations measured in the two samples 
were 1,787 and 4,030 ppm for the 7-14-072-06W4 and 10-24-073-08W4 wells 
respectively. McMurray Formation basal aquifer chemistry in the Project area was 
determined by analysing samples taken during the basal aquifer testing program 
completed at 1F2/14-30-73-7W4M in the first quarter of 2007.  Chemical analytical 
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results indicate that the TDS concentration of the McMurray Formation basal aquifer 
ranged from 14,100 to 14,400 ppm.  These TDS concentrations are much higher than 
those reported in the two historical DST sample results.  It is likely that the samples 
obtained during DSTs were most likely diluted by drilling mud filtrate and/or mixed with 
other formation water.  The DST sample results are, therefore, not believed to be 
indicative of the chemistry of the McMurray Formation basal aquifer. 

b) As discussed in the reply to Part a), the groundwater sample analytical results are not 
reflective of McMurray Formation basal aquifer groundwater chemistry due to sampling 
issues. Lateral variations in groundwater chemistry to the degree demonstrated by the 
DST sample and 1F2/14-30-73-7W4M chemical analytical results would not be expected 
in the McMurray Formation.  There is no geological explanation for the anomalous DST 
analytical results. 

c) The McMurray Formation water source wells are unlikely to become non-saline over the 
lifetime of the Project.  Non-saline water has not been identified in the McMurray 
Formation basal aquifer in the Project area.  Furthermore, because so much of the 
groundwater that is produced at a given source well is released from aquifer storage 
rather than through lateral groundwater movement through the aquifer, groundwater 
chemistry at the source wells is not expected to change significantly. 

d) Because the chemistry of water produced at the saline water source wells is unlikely to 
change over time, Canadian Natural does not plan to regularly monitor source 
groundwater salinity over time.  However, Canadian Natural will likely analyze sourced 
water from the Basal McMurray periodically over the lifetime of the Project. 

e) If any of the proposed McMurray Formation basal aquifer wells produce non-saline 
groundwater, Canadian Natural would apply for licensing of the water source wells under 
the terms of the Water Act. Based on the discussion in the responses to Part a) to Part d), 
this is unlikely to occur. 

 

67. Volume 4B, Appendix V, Section 3.1.2, Page V-97  
Volume 4B, Appendix V, Section 2.1.3, Pages V-54 to V-55 
Volume 4B, Appendix V, Section 3.4, Page V-160 
Volume 4B, Appendix I, Section 1, Page I-2 
Volume 4B, Appendix I, Section 3.1.1, Figure I-2, and Table I-5, Page I-13 

Canadian Natural states (Page V-97) monitoring well OBS2006-01 was constructed in a 
sand unit in the Bonnyville Formation and pumped at a rate of 288 m3/day.  

Volume 4B, Appendix V, Section 2.1.3, Pages V-54 to V-55, Canadian Natural states 
Drilling by PEX at 15-29-73-7 W4M intersected a sand and gravel interval from 153.0 to 
159.7 m below ground surface(mbgs) …, drilling by AENV at 15-29-73-7 W4M intersected 
a sand and gravel interval from 153.0 to 168.9 mbgs…  In 2001, drilling on the north side 
of the Canadian Natural 13-21 lease confirmed a sand interval from 138.4 to 142 mbgs, 
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and a gravel unit from 143.2 to 152.4 mbgs.  In 2007, drilling on the west side of the 
Canadian Natural 13-21 lease confirmed a relatively clean sand interval from 
approximately 148 to 156 mbgs. Testing confirms that the Kirby 2 unit can sustain 
groundwater pumping, and therefore this unit may represent a local aquifer.  

Volume 4B, Appendix V, Section 3.4, Page V-160, Canadian Natural states …the first 
aquifer in the LSA that appears to have mapable lateral continuity and recharge capacity is 
located at a depth of approximately 145 mbgs (Canadian Natural Observation Well 
OBS2006-01 is constructed in this sand unit).  

Volume 4B, Appendix I, Section 1, Page I-2, Canadian Natural states as one of its 
modelling objectives: What are the effects of groundwater production from the three 
aquifers on surface water and shallow aquifers? Could groundwater production cause an 
adverse effect? 

Volume 4B, Appendix I, Section 3.1.1, Figure I-2, and Table I-5, Page I-13 show 
OBS2006-01 represented in the Empress Formation Model within Layer 2, as an 
aquitard.  

The first three references above describe the Bonnyville Formation (in which OBS2006-
01 was completed) as an aquifer that: 1) yields usable volumes of water, and 2) has 
mapable lateral continuity in the area overlying the Project source well pumping 
centers.  The fourth statement indicates, as an EIA modelling objective, estimating 
groundwater production effects on overlying aquifers. 

a) With reference to the above statements, explain the decision (summarized in 
statement five) to represent the OBS2006-01 aquifer in the modelling as an aquitard 
unit. 

Response:   
a) At the local scale, sandy portions of the Bonnyville Formation and the apparently isolated 

sandy units directly above the Bonnyville Formation indicate there are small aquifers of 
limited local extent within the Project LSA.  However, on a regional scale the Bonnyville 
Formation is mapped (Andriashek 2003) as a till unit with discontinuous sand and gravel 
lenses and layers (Figures V-7 and V-8 in Volume 4B, Appendix V).  As the extent and 
location of the sand lenses in the Bonnyville Formation can not be correlated regionally, 
it was decided to represent the Bonnyville Formation as an aquitard. The Bonnyville 
Formation unit was modelling as one layer with a single hydraulic conductivity set as an 
estimate of the bulk hydraulic conductivity of both the sand lenses and the till.  This 
approach is supported by the fact that OBS2006-01 showed no response to pumping of 
the Empress Formation (see Question #69). 
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Reference: 

Andriashek, L.  2003.  Quaternary Geological Setting of the Athabasca Oil Sands (In-Situ) 
Area, Northeast Alberta.  EUB/AGS Earth Science Report ESR 2002-03.  April 
2003. 

 

68. Volume 4B, Appendix V, Section 3.1.2, Page V-98 
Volume 4B, Appendix I, Section 3.1.3, Page I-19 

Volume 4B, Appendix V, Section 3.1.2, Page V-98, Canadian Natural states During the 
aquifer test, no water level response attributed to pumping of the Empress Formation 
aquifer at Canadian Natural 13-21 was measured in any of the overlying aquifers. 

Volume 4B, Appendix I, Section 3.1.3, Page I-19 Canadian Natural states During the 
transient calibration, groundwater levels in the observations wells located in 
stratigraphically higher units showed no drawdown, even though the field observations 
during 2007 tests provided some measurable groundwater level changes. 

a) Explain or reconcile the apparent contradiction between these referenced 
statements with respect to whether or not a response to pumping in the Empress 
Formation aquifer was seen in any overlying units. 

b) In which hydrostratigraphic unit(s) was the groundwater level change mentioned in 
the second referenced statement detected?  Characterize and interpret these 
groundwater level changes.   

Response:   
a) A groundwater level change was measured in OBS2006-02 coincident with the Canadian 

Natural 13-21 aquifer test. However, the OBS2006-02 data set is not corrected for 
barometric changes.  As such, it is not possible to resolve the source of the 0.15 m 
groundwater level change also (see Question #73). It is noted, however, that no 
groundwater level change was measured in OBS2006-01, during the Canadian Natural 
13-21 aquifer test, which appears to be hydraulically connected to OBS2006-02.  
Generally similar groundwater levels were recorded in these wells and pumping of well 
OBS2006-01 caused drawdown in OBS2006-02.  Based on these data it seems unlikely 
that the 0.15 m water level change was caused by pumping of the Empress Formation 
aquifer. 

b) Monitoring well OBS2006-02 is completed in a sand lens within the Bonnyville 
Formation, at a depth of approximately 80 m bKB. The Empress Formation aquifer 
numerical groundwater flow model transient calibration did not predict drawdown at this 
depth which is comparable to what was observed in the field at OBS2006-02.  This lack 
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of agreement may be another indirect indication that the groundwater level fluctuation in 
OBS2006-02 was not caused by pumping of the Empress Formation aquifer. 

 

69. Volume 4B, Appendix V, Section 3.1.2, Page V-100  
Volume 4B, Appendix V, Attachment V.D, Section 4.4.1, Page 12 
Volume 4B, Appendix V, Section 3.3.2.2, Pages V-148 to V-149 
Volume 4B, Appendix V, 3.3.2.2, Page V-149 

Canadian Natural states (Page V-100) Based on similar groundwater levels, the sands 
that OBS200--01 and OBS2006-02 are completed in appear to be in hydraulic 
communication.   

In Volume 4B, Appendix V, Attachment V.D, Section 4.4.1, Page 12, Canadian Natural 
states Response to pumping OBS2006-01 was also detected in the overlying OBS2006-02, 
indicating hydraulic communication through the Bonnyville Formation.   

In Volume 4B, Appendix V, Section 3.3.2.2, Pages V-148 to V-149,  Canadian Natural 
states the neutral gradient observed between the deep OBS2006-01 well and shallower 
OBS2006-02 well is indicative of a single hydraulic unit in which the two observation wells 
were completed.   

In Volume 4B, Appendix V, 3.3.2.2, Page V-149, Canadian Natural states vertical 
groundwater flow above the Muriel Lake Formation in the Project area is controlled by 
slow, vertical infiltration through thick, low permeability sediments of the Bonnyville 
Formation.   

a) Explain the inconsistency between the first three referenced statements describing 
the Bonnyville Formation, in which the wells OBS2006-01 and OBS2006-02 were 
completed as a single hydraulic unit with a neutral hydraulic gradient 
(characteristic of an aquifer); and the last referenced statement describing the 
Bonnyville as a low permeability formation that occurs within a 
Tertiary/Quaternary sequence characterized by vertical flow patterns with large 
pressure drops.  

Response:   
a) Regionally the Bonnyville Formation is a low permeability till unit which includes small, 

discontinuous sand lenses, as shown on regional cross-sections prepared by Andriashek 
(2003), several of which are reproduced as Figures V-7 and V-8 in Volume 4B, 
Appendix V.  Monitoring wells OBS2006-02 and OBS2006-01, were constructed by 
Canadian Natural in the sandier units encountered during drilling in the Bonnyville 
Formation. The wells were then tested to see if they represented local aquifers 
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(pumpable) that could be affected by pumping of the Empress Formation aquifer.  As 
shown on the Andriashek (2003) cross-sections, owing to their discontinuous nature, the 
nature of the continuity and possible connection between the sand layers or lenses is 
unknown. A review by Canadian Natural of the gamma ray geophysical logs in the 
Project area confirms a relatively high content of fine-grained material in the Bonnyville 
Formation, which further supports the generally low-permeability (i.e., aquitard) 
character assigned to this unit.  

Reference: 

Andriashek, L.  2003.  Quaternary Geological Setting of the Athabasca Oil Sands (In-Situ) 
Area, Northeast Alberta.  EUB/AGS Earth Science Report ESR 2002-03.   

 

70. Volume 4B, Appendix V, Section 3.3.3.2, Figure V-52, Page V-154 
Volume 4B, Appendix I, Section 3.1.3, Figure I-3, Page I-17 
Volume 4B, Appendix I, Section 3.1.2., Page I-16 

Figure V-52 shows an increase in groundwater flow with depth in the vicinity of well 
13-21. 

Figure I-3 shows no-flow lateral boundary conditions everywhere in the Empress 
Formation Model except at the Athabasca River seepage face and at the contact between 
the Wiau and Christina channels. 

Volume 4B, Appendix I, Section 3.1.2., Page I-16, Canadian Natural states Athabasca 
River: The seepage face where aquifers in the Wiau Channel discharge into the Athabasca 
River…; and, water levels measured in wells at the Project site and EnCana’s Christina 
Lake Project indicate groundwater flow from the Wiau Channel into the Christina 
Channel. 

a) Reconcile the first referenced statement with the second and third, given that in 
combination they imply that the depth-dependent vertical flow depicted in 
Figure V-52 violates mass continuity. 

Response:   
a) Figure V-52 (Volume 4B, Appendix V) is a schematic diagram showing vertical and 

horizontal groundwater flow in the entire geological sequence, from the Quaternary 
through the Devonian strata.  The arrows indicate that the flow in a vertical direction is 
primarily downward.  The direction of horizontal flow is toward the west.  The relative 
magnitude of the flows is illustrated by the size of the head placed on each of the arrows.  
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The figure is intended to illustrate that the groundwater flows vertically at a low rate 
through the aquitards, and horizontally at a higher rate through the aquifers.   

Figure I-3 and Section 3.1.2 (Volume 4B, Appendix I) indicate that the majority of 
horizontal flow in the Empress Formation Model is from east to west.  This concurs with 
the schematic diagram in Figure V-52 (Volume 4B, Appendix V). 

 

71. Volume 4B, Appendix V, Section 3.3.4, Page V-158  

Canadian Natural states As shown in Table V-19, the recharge rate ranges from 0.005 to 
0.026 m/year, with an average rate in the order of approximately 0.01 m/year.  However, 
the arithmetic average of the empirical recharge values in Table V-19 appears to be 
0.03 m/yr, not 0.01 m/yr. 

a) Clarify these discrepancies. 

b) If 30 mm represents a more defensible estimate of groundwater recharge than does 
10 mm, what does it say about the ability of the Empress Formation Model (EFM) 
to generate realistic results? 

c) Are there any constraints preventing an EFM calibration that would be able to 
predict this (or higher) recharge rate, and if so, what are they?  

Response:   
a) Table V-19, (Volume 4B, Appendix V) includes an oversight.  That is, the Darcy method 

values of 0.023 to 0.026 for the Recharge Rate (expressed in m/yr) actually represent the 
calculated range for the average linear groundwater velocity (length/time), rather than the 
Darcy flux (which commonly is reported in volume/time units).  The difference between 
the two rates is that the Darcy flux is divided by the soil porosity (typically about 30% 
expressed as a fraction of unity) to estimate the average linear groundwater velocity.  

By this oversight, in the version of the Table V-19 (Volume 4B, Appendix V) the average 
groundwater velocity term, which was erroneously provided in the table entitled 
“Recharge Rate”, was used to calculate the recharge to the area overlying the Wiau 
Channel.  This increased the Total Recharge Volume by a factor of about 3 (as the Darcy 
Flux is about 3 times less than the groundwater flow velocity).  

All other terms and calculations listed in the Table V-19 (Volume 4B, Appendix V) were 
correctly reported.  The one exception is that, based on a subsequent Canadian Natural 
survey of the ground and top of casing elevations of the Empress Formation water wells 
(CNRL 13-21, RAX 31-21 and PEX 11-21), the range of calculated vertical hydraulic 
gradient between the water table and the Empress Formation slightly increases from 
0.23 – 0.26 to 0.24 – 0.26.  A revised Table V-19 is presented below. 
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Table V-19 Estimated Annual Wiau Recharge Rates and Volumes (revised) 

Method of Recharge Estimate Source Recharge Rate 
[m/yr] 

Total Recharge Volume 
[m3/yr] 

37,843,200 to  
Darcy Volume 4B, Appendix V, 

Section 3.3, Table V-17 0.0076 to 0.0082 

40,996,800(a)

Hydrologic Mass Balance Appendix VII, 
Section 4.2.4.2 0.060 300,000,000 

Back-calculated (Empress 
Formation numerical model), 
weighted average considering 
all local and regional sub-basins 

Volume 4A, Section 2 0.00928 46,400,000 

Published Update AENV(b) 0.012 60,000,000 

Anecdotal (2 to 4% of 
Precipitation) Various(c) 0.01 to 0.02 50,000,000 to 100,000,000 

(a) Calculated using a measured hydraulic gradient of 0.24-0.26, and a hydraulic conductivity 1x10-9 m/s. 
(b) Infiltration rate for fine-grained sediments (From RAX meeting with AENV in July 2001). 
(c) Various studies have used a minor (e.g., 2 to 4%) component of average annual precipitation to constitute recharge.  

For the Canadian Natural site average annual precipitation of 516 mm (0.52 m), 2 to 4% is approximately 0.01 to 
0.02 m. 

As shown in Table V-19 (revised) above, the revised recharge estimate using the Darcy 
method is 0.0076 to 0.0082 mm/yr.  When this range of recharge is applied to the 
5 billion m2 recharge area estimated for the Wiau Channel, the Total Annual Recharge 
Volume for the Wiau Channel is estimated at 37,843,200 to 40,996,800 m3/yr. 

The geometric average of the recharge rates listed in Table V-19 (revised) is 
approximately 14 mm/yr.   

None of the revisions provided in Table V-19 (revised) change the conceptual 
understanding of recharge to the Wiau Channel, or to the Empress Formation numerical 
model construction, calibration or predictive results. 

b) As discussed in Part a) above, the geometric average of the recharge rates is calculated at 
approximately 14 mm/yr, indicating that the majority of the values are on the low end of 
the range listed in Table V-19 (revised).  If the hydrologic estimate (60 mm/yr) were 
excluded, the recharge rate would be 10.5 mm/yr.  In terms of the hydrologic estimate, 
the following must be considered: 

• There is considerable uncertainty associated with the groundwater recharge term in 
the hydrogeolgic water balance.  Essentially, the groundwater recharge (or discharge, 
as applicable) term is assigned as the difference between the main input and output 
terms.  That is, direct measurements of infiltration are not typically made in a surface 
water mass balance. 

• The recharge term in the hydrologic balance considers all groundwater recharge, 
including water which may not make it to the Empress Formation.  Conversely, the 
numerical model estimate includes only the net infiltration that makes it to the 
Empress Formation.  That is, it does not consider infiltrating water which discharges 
to surface arising from local topographic elevation changes. 
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 The most accurate estimate of the net infiltration that actually makes it to the Empress 
Formation is believed to be represented in the pre-pumping condition of the Empress 
Formation numerical model.  That is, the model is sufficiently refined to allow net 
infiltration to vary on a local and regional surface water sub-basin basis in response to 
topographic elevation differences.  In this regard, the Empress Formation numerical 
model (pre-pumping scenario) predicts that the weighted average net infiltration rate, for 
a given sub-basin ranges from 1.4 (regional sub-basin R2) to 28.6 mm/yr (local 
sub-basin 3, which includes the 13-21 planned pumping centre).  When all local and 
regional sub-basins are considered together, the pre-pumping weighted average net 
infiltration is calculated at 9.3 mm/yr.  Canadian Natural continues to believe that these 
infiltration values are reflective of Project conditions. 

c) As discussed in Question #61, the Empress Formation numerical groundwater flow 
model was constructed so as to best incorporate recharge into the model given that the 
water table is near ground surface, and that much of the area is covered by wetlands. 
Recharge at the upper layer of the model was simulated with River Boundary cells, which 
are a third type boundary.  The flow across the River Boundary is determined by the 
model based on the river stage, the riverbed bottom elevation and the conductance.  Use 
of a third type boundary is standard and accepted in groundwater flow modelling.  
Moreover, allowing the model to determine the recharge is a standard procedure. A good 
summary of determining recharge is provided in Sanford (2002). 

In terms of constraints, it is possible to calibrate the EFM to allow greater groundwater 
recharge at surface. However, this would require the use of higher hydraulic 
conductivities within sediments overlying the Empress Formation and within the Empress 
Formation itself.  This would be required to allow the flow-through of the increased flux 
at the water table vertically and horizontally through the model.  Calibrating to a higher 
groundwater recharge is not necessary as the current calibrated model uses a defensible 
groundwater recharge rate as discussed in the answers to a) and b) above, and as 
previously concurred with Alberta Environment at the July, 2001 Project meeting with 
Rio Alto Exploration Ltd (see footnote b, Table VI-19 [revised]).   

In light of the above, the numerical modelling approach used to simulate the water table 
configuration and, ultimately to allow for infiltration at the water table, is quite flexible in 
that it allows for either recharge to the model or discharge from the model to occur 
depending on the local water table configuration.  

Reference: 

Sandford, W. 2002.  Recharge and Groundwater Models: an Overview. Hydrogeology 
Journal.  10 : 110 – 120. 
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72. Volume 4B, Appendix V, Section 3.4.1, Page V-161 
Volume 4B, Appendix V, Section 3.4, Page V-160 

Canadian Natural estimates the annual shallow groundwater contribution to Ipiatik 
Lake, and concludes that inflow of shallow horizontal-flow groundwater to it, as well as 
to Wiau Lake and Unnamed Lake [2-74-8 W4M], do not make a substantive 
contribution to water balance.  

Volume 4B, Appendix V, Section 3.4, Page V-160 Canadian Natural states lateral flow 
from a topographic high (e.g ,the former thermal pilot plant site) might discharge locally 
and never reach larger, key topographic lows (e.g., Ipiatik Lake). 

The implication here would appear to be that shallow (<10 mbgs) horizontal-flow 
groundwater that might be affected by Project operations (e.g., plant site leaking) 
would more likely discharge to smaller local waterbodies, such as Unnamed Lake 4 (see 
Volume 4B, Appendix VI, Section 4.4, Figure VI-35). However, the discussion in 
Section 3.4.1 (first referenced statement above) does not evaluate potential change to 
surface water quality for these smaller waterbodies that could arise as a result of the 
transport and discharge of potentially contaminated groundwater. 

a) Discuss the relative potential for contamination of these small local waterbodies 
(e.g., Unnamed Lake 4), given the greater contribution (compared to Ipiatik Lake) 
of groundwater to total lake inflow that might be expected. 

Response:   
a) The potential for contamination of the Unnamed Lakes and Tributaries in the Project area 

is viewed as very low due to the estimated very long travel times from the source to the 
receptor. A detailed explanation of the potential movement of process-affected water in 
the shallow groundwater system to local topographic lows is described in the answer to 
Question #62.  
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73. Volume 4B, Appendix V, Attachment V.D, Figure 11 
Volume 4B, Appendix V, Attachment V.D, Section 4.3, Page 11 

Figure 11 shows overall decreasing water levels in OBS2006-02 during the CNRL 13-21 
pumping period, followed by water level rebound during the recovery period (obscured 
by barologger failure). 

Volume 4B, Appendix V, Attachment V.D, Section 4.3, Page 11, Canadian Natural 
states No pressure response during the testing period was observed in the overlying Muriel 
Lake and Bonnyville Formation aquifers instrumented on the site… 

a) If the data is to be interpreted as indicating absence of a pressure response, then to 
what can the >15 cm decrease in water level in OBS2006-02 be attributed? 

b) Provide plausible explanations for why a water level change during CNRL 13-21 
pumping was detectable in OBS2006-02, but not in the underlying and overlying 
instrumented Quaternary water-bearing units. 

Response:   
a) and b) The cause of the 15 cm groundwater level response observed in OBS2006-02 is 

unresolved (see also Question #68 response).  It must be remembered that the Quaternary 
sediments represent a complex geologic sequence, as mapped by Andriashek (2003) and 
discussed in the answer to Question #69.  Groundwater levels in OBS2006-02 will be 
monitored during Project operation, as will the groundwater level in other Project 
monitoring wells.  This additional operational data may help to resolve the cause for the 
15 cm response observed in OBS2006-02 during the Canadian Natural 13-21 aquifer test. 

Reference: 

Andriashek, L. 2003.  Quaternary Geological Setting of the Athabasca Oil Sands (In-Situ) 
Area, Northeast Alberta.  EUB/AGS Earth Sciences Report ESR 2002-03. 

 

74. Volume 4B, Appendix VI, Section 1.2.1, Page VI-1 
Volume 4B, Appendix V, Section 2.1.1, Figure V-9A, Page V-20 

Canadian Natural states the RSA is defined primarily on the basis of the potential 
cumulative effects of the Project on flows and water levels in regional rivers, lakes, and 
streams in addition to considering likely surface water/groundwater interaction. 

Inspection of the surface hydrology RSA (Volume 4B, Appendix VI, Section 1.2.1, 
Figure VI-1, Page VI-2) and the Empress Formation Model (EFM) regional recharge 
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area (Volume 4B, Appendix 1, Section 3.1.1, Figure I-1, Page I-13) indicates potentially 
important differences in spatial coverage. In particular, the House River drainage 
overlying the western region of the EFM recharge zone is not included in the surface 
hydrology RSA. Given that one of the important roles of the surface hydrology 
component of the EIA is (arguably) to help establish important boundary conditions for 
the hydrogeological modelling. 

a) Explain why this drainage and the Calder River drainage overlying a smaller 
eastern extreme of the EFM recharge zone are not included in the RSA. 

b) How and to what extent would the regional net infiltration (i.e., inactive 
groundwater recharge) be affected by including these drainages? 

c) Figure V-9A shows Empress Formation Unit 1 and Unit 2 extending to the 
Athabasca River valley. 

 Given the known contribution Empress Formation discharge makes to Athabasca 
River baseflow, and perhaps more importantly given the uncertainty about this 
contribution as discussed in Volume 4B, Appendix V, Section 3.3.4, Page V-159, 
justify excluding the Athabasca River reach downstream of the Empress Formation 
contact from the hydrology RSA.  

Response:   
a) The Aquatics Resources RSA boundaries encompass all major waterbodies that would 

receive any surface water runoff or water releases from the Project, or could be affected 
on a cumulative basis by changes in hydrology originating within the Project area.  
During the course of the impact assessment, the assumption of non-negligible effects 
outside the RSA is tested and the RSA boundaries adjusted if necessary.  Aquatic 
Resources RSA boundaries often do not coincide with Hydrogeology RSA boundaries, 
and are not set to incorporate hydrogeological boundary conditions as suggested in the 
question (though there may be input from the surface water hydrology team in setting 
these conditions).  If groundwater withdrawals are found to significantly influence 
surface water hydrology outside the Aquatic Resources RSA boundaries then these 
boundaries would need to be adjusted. 

 The Hydrogeology RSA is defined primarily on the basis of fundamental hydrogeologic-
hydrologic principles, such as interpreted recharge and discharge areas of regional 
groundwater flow systems.  The results of the hydrogeological modelling indicated that 
there will be negligible impact on surface water flows due to changes in groundwater 
infiltration as a result of groundwater withdrawals.  

b) The local and regional surface water sub-basins considered in the hydrogeology 
assessment are shown in Volume 4A, Section 2.4.1, Figure 2.4-11, Page 76.  The House 
River drainage is labelled R4 and the Calder River drainage is labelled R2.  The estimate 
of changes in groundwater/surface water interaction are shown in Volume 4A, 
Section 2.4.1, Table 2.4-9 and Table 2.4-10. Section 3.5.1.3 of the hydrology assessment 
(Volume 4A) considers the effects on all local and regional sub-basins reported in 
Table 2.4.9 and 2.4.10, including the House and Calder River drainages, and shows that 
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the impacts of groundwater withdrawals on the hydrology of lakes and streams are 
expected to be negligible. 

c) The Athabasca River reach downstream of the Empress Formation was not included in 
the Aquatic Resources RSA because effects from the Project on groundwater discharges 
from the formation to the river reach, are not expected. 

 Daily flow data recorded on the Athabasca River at Fort McMurray from 1957 to 2006 
indicate that the average February flow ranges from about 99 m3/s to about 266 m3/s, 
with a mean February flow value of about 160 m3/s and a standard deviation of about 
38 m3/s.  Surface water contribution to the Athabasca River during the mid-winter period 
is expected to be close to zero, so that the February flows represent essentially the annual 
low baseflow contribution to the river flow.   

 Volume 4A Section 2 Section 2.4.1.2 states that the groundwater discharge from the 
Empress Formation aquifer to the Athabasca River is about 118,860 m3/d or about 
1.4 m /s.  Table 2.4-9 and Table 2.4-10 show that the change in groundwater contribution 
from the Empress Formation to the Athabasca River is about 2,520 to 2,700 m3/d (about 
0.03 m3/s) depending on the pumping scenario.  The contribution of the Empress 
Formation to the winter Athabasca River baseflow is then about 1% of the mean February 
flow and about 4% of the standard deviation.  The change in the groundwater 
contribution of the Empress Formation due to the assumed pumping scenarios is about 
0.02% of the mean February flow.   

 

75. Volume 4B, Appendix VI, Section 3.1, Page VI-11 

Canadian Natural indicates that the rationale, in part, for using the Cold Lake Airport 
station to establish long-term RSA air temperature climate is the smaller mean absolute 
divergence (1.2 °C) from Regional Study Area summertime records, compared to 1.4 °C 
for the Fort McMurray Airport. 

However, Table VI-5 on Page VI-13 indicates a Fort McMurray absolute divergence of 
only 0.9 °C, implying that (on this basis at least) Fort McMurray is the more 
appropriate proxy for air temperature. This Table VI-5 contrast is also consistent with 
the relationships presented in Volume 4B, Appendix VI, Figure VI-4 on Page VI-12. 

a) Clarify and explain these discrepancies. 

 Canadian Natural states Fort McMurray Airport does not appear to follow the general 
relationship between elevation and temperature (referring to the RSA summertime 
air temperature records). 

b) If this statement is referring to the data presented in Figure VI-4, what is the 
statistical evidence supporting it (i.e., what makes an air temperature vs. elevation 
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regression line that includes Fort McMurray Airport less appropriate than one that 
includes the Cold Lake Airport)? 

c) If the statement referenced in b) is not referring to Figure VI-4, what is meant by 
the general relationship on Page VI-11? 

d) Justify the approach used to calculate the Figure VI-4 regression line if it is not an 
established objective procedure (i.e., least-squares, quantile, nonparametric, or 
Bayesian). 

Response:   
 Subsequent to the submission of the EIA, an improved procedure for temperature 

estimation was developed that incorporates both elevation and latitude.  This procedure is 
described below.  The change in methodology presented does not affect the conclusions 
presented in the EIA. 

a) As noted above, an improved method of estimating temperature is described below.  
However, in response to the stated question, the correct temperature difference between 
the average of the three lookout stations and Fort McMurray is 0.9°C, as reported in 
Volume 4B, Appendix VI, Table VI-1.  The reported difference of 1.4°C given in 
Volume 4B, Appendix VI, Section 3.1 is incorrect. 

b) The revised procedure incorporates both Fort McMurray and Cold Lake airport data.  A 
comparison of predicted and measured mean summer air temperatures is provided in the 
revised Figure VI-4.  The revised regional least-squares regression equation appears to 
predict measured summer temperatures at both Fort McMurray and Cold Lake. 

c) With the change in analytical procedure, this question is no longer relevant. 

d) The regression equations for both the original and revised procedures were established 
using least-squares analysis.  

 Procedure: 

 An improved procedure for deriving long-term air temperature in the RSA and LSA has 
been developed since the Project Baseline Report was issued. Rather than relating mean 
summer air temperatures to elevation alone, the modified procedure now also includes 
latitude as a regression parameter.  The following text, table and figures replace the 
information presented in Volume 4B, Appendix VI, Section 3.1. 

 A least-squares regression analysis was conducted using the regional climate stations 
shown in Table VI-5 (revised) for the period 1965 to 2005.  The resultant regression 
equation is as follows: 

 Mean Summer Air Temperature  
= [-0.0038 x Elevation] – [0.405 x Latitude] + 38.40,   r2 = 0.92 

 where, temperature is in °C, elevation is in metres above sea level (masl) and latitude is 
in decimal degrees.  A comparison of predicted (using the regression equation) and 
measured mean summer air temperatures for the climate stations is shown in Figure VI-4 
(revised). 
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Table VI-5 Regional Variation of the Mean Summer Air Temperature with Station 
Elevation and Latitude (1965 to 2005) (revised) 

Mean Monthly Air Temperature
[°C] Station Name 

Station 
Elevation 

[masl] 
Latitude

[degrees] 
May June July Aug 

Mean Summer Air 
Temperature 

[°C] 

Winefred Lookout 744 55.33 9.0 13.4 15.6 14.7 13.2 
Sand River Lookout 673 54.65 9.7 13.8 16.0 15.0 13.6 
Conklin Lookout 671 55.62 9.5 13.7 15.9 14.8 13.5 
Cowpar Lookout 563 55.83 9.9 13.9 16.2 14.9 13.7 
Fort McMurray Airport 369 56.65 9.9 14.5 16.7 15.2 14.1 
Cold Lake Airport 541 54.42 10.5 14.7 17.0 15.8 14.5 
Round Hill Lookout 750 55.30 9.6 13.5 15.6 14.4 13.3 
Algar Lookout 770 56.12 8.7 13.1 15.2 14.0 12.7 
Wandering River 564 55.20 9.8 13.9 16.0 14.9 13.6 

Note:  Mean summer air temperature is the average of mean monthly temperature from May to August. 

 Using the regression equation, the mean summer temperature for the RSA (mean 
elevation of 500 masl and mean latitude of 55.35° N) is estimated to be 14.1°C.  
Similarly, the mean summer temperature for the LSA (mean elevation of 680 masl and 
mean latitude of 55.35° N) is estimated to be 13.4°C. 

 Fort McMurray Airport and Cold Lake Airport stations are about 140 km north and 
120 km southeast of the LSA, respectively.  Fort McMurray Airport station exhibits 
greater variability in mean monthly temperatures, particularly in winter.  The smaller 
variability at Cold Lake Airport may be attributable to the adjacent large lake.  Cold Lake 
Airport station also has a shorter period of record than Fort McMurray.  Therefore, the 
Fort McMurray Airport station was considered to be a better choice to characterize the air 
temperature in the RSA and LSA. 

 The predicted mean summer temperature for the RSA (14.1°C) is equal to the measured 
mean summer temperature at the Fort McMurray Airport station.  Therefore the Fort 
McMurray temperature data was adopted without change to describe the monthly, annual 
and extreme temperature characteristics of the RSA.  Figure VI-5 (revised) illustrates the 
variation in derived monthly air temperatures within the RSA.  The derived mean annual 
air temperatures for the RSA from 1919 to 2006 (period of record for Fort McMurray) 
are presented in Figure VI-6 (revised).  The mean annual air temperature for the RSA is 
about 0.0°C with a minimum mean monthly air temperature of -20.1°C in January and a 
maximum mean monthly air temperature of 16.6°C in July. 

 To derive monthly, annual and extreme temperature characteristics for the LSA, a 
temperature difference factor of -0.7°C (predicted mean summer temperature for the LSA 
minus measured mean summer temperature at the Fort McMurray Airport station) was 
used to transpose Fort McMurray temperature data to the LSA.  Figure VI-7 (revised) 
illustrates the variation in derived monthly air temperature within the LSA.  The derived 
mean annual air temperatures for the LSA from 1919 to 2006 (period of record for Fort 
McMurray) are presented in Figure VI-8 (revised).  The average monthly temperatures 
typically drop below freezing by the beginning of November, reach a minimum of 
-20.8°C in January and remain below zero until April.  The warmest month on average is 
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July, with an average temperature of 15.9°C.  The annual average air temperature derived 
for the LSA was estimated to be -0.7°C. 

 Figure VI-9 and VI-10 are unchanged.  Figure VI-11 (revised) shows the monthly 
average air temperature recorded at the temporary monitoring station in the LSA 
compared to the derived mean monthly air temperature for the LSA.  The recorded data 
falls within the derived temperature range. 
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76. Volume 4B, Appendix VI, Section 3.4, Page VI-22 

Canadian Natural states the Fort McMurray data were found to more closely match the 
relationship between precipitation and elevation than do the Cold Lake data, as shown in 
Figure VI-12. 

a) What is the statistical basis for this statement? 

 The regression line shown in Figure VI-12 (Volume 4B, Appendix VI, Page VI-23) 
appears to pass precisely through the Fort McMurray data point, suggesting that it 
was substantially over-weighted in the fitting exercise, relative to the seasonal 
station data points. 

b) Justify this over-weighting. 

c) Explain why the fitting approach used is more appropriate than: 

 i) An unweighted fit; 

 ii) An unweighted fit using all the available data (including Cold Lake). 

d) Justify the calculation underlying the regression line presented in Figure VI-12, if it 
is not based on an established objective procedure. 

 Volume 4B, Appendix VI, Section 3.4, Page VI-22, Canadian Natural states The 
mean annual precipitation for the RSA was estimated to be about 470 mm… 

e) Given the scatter in the regional data, what uncertainty underlies this estimate 
(e.g., provide 95% confidence limits)? 

f) What would be the consequence (direction and extent) of propagating this 
uncertainty through the basin water balance calculation presented in Volume 4B, 
Appendix VI, Section 4.2.4.2? 

Response:   
a) The regression line shown in Figure VI-12 (revised) was derived by an unweighted least 

squares regression to the mean seasonal (May to August) precipitation at eight regional 
stations with records for the period 1965 to 2005.  The stations included two year-round 
stations (Fort McMurray and Cold Lake) and six lookout stations (Wandering River, 
Conklin, Round Hill, Sand River, Winefred, Cowpar).  The regression equation was 
found to more closely predict the measured precipitation at Fort McMurray (difference of 
less than 1%) than at Cold Lake (difference of 7%).  Statistically, however, measured 
precipitation at both Fort McMurray and Cold Lake is within the 95% confidence 
intervals of the regression line curve fit (revised Figure VI-12). 

b) The data was unweighted.  The close fit of the Fort McMurray data point is a 
coincidence. 
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c) Volume 4B, Appendix VI, Figure VI-12 (revised) shows an unweighted fit using all 
available data (including Cold Lake). 

d) As stated in a) above, the regression line shown in Figure VI-12 (revised) was derived by 
an unweighted least squares regression.  

e) Statistical analysis of the data in the Figure VI-12 (revised) gives 95% confidence limits 
of ±37 mm (±14%) for the estimate of the RSA mean summer precipitation (269 mm) 
and ±36 mm (±13%) for the estimate of the LSA mean summer precipitation (283 mm). 

f) The consequence of propagating this uncertainty through the basin water balance 
calculation would be limited to a change in the evapotranspiration estimate.  Effectively, 
the basin water balance methodology lumps the uncertainty into the evapotranspiration 
estimate.  The evapotranspiration is considered to be parameter with the most uncertainty 
and is adjusted using the basin water balance.  There is no significant effect on the 
assessment of Project effects on hydrology or hydrogeology associated with this level of 
uncertainty. 

 

77. Volume 4B, Appendix VI, Section 3.4, Page VI-22 

Canadian Natural states Approximately 75% (350 mm) of average annual precipitation in 
the RSA (470 mm) occurs as rain and 25% (125 mm) as snowfall. 

a) On what is this 25% to 75% split based? 

 Volume 4B, Appendix VI, Section 3.4, Page VI-27, Canadian Natural states 
Comparing this data to the derived annual average snowfall for the RSA (125 mm) 
it can be concluded that the 2000 to 2001 winter season (138 mm) was relatively wet. 

b) Provide details on how an above-normal LSA snowfall characterization was 
established for 2000 to 2001. 

Response:   
a) Environment Canada publishes “Climate Normals” for long-term stations across Canada 

(Allsop and Morris 2004).  Based on the recent reporting period (i.e., 1971 to 2000) about 
75% of the annual precipitation at both Fort McMurray Airport and Cold Lake Airport 
stations occurs as rainfall, and the remaining 25% occurs as snowfall.  The climate 
normals for these stations were considered to be the most applicable year-round data 
available for the Project area, and consequently a 25 to 75% split was assumed to be 
appropriate for the RSA and LSA. 

b) The statement above is incorrect as there is insufficient data to characterize the 2000 to 
2001 LSA snowfall as above-normal.  Please disregard this statement “Comparing this 
data to the derived annual average snowfall for the RSA (125 mm) it can be concluded 
that the 2000 to 2001 winter season (138 mm) was relatively wet”. 
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Reference: 
Allsop, D. and R. Morris.  2004.  Calculation of the 1971 to 2000 Climate Normals for Canada. 

14th Annual Conference on Applied Climatology. January 11 - 15, 2004.  American 
Meteorological Services.  Seattle, WA.   

 

78. Volume 4B, Appendix VI, Section 3.4, Page VI-29 

Canadian Natural states …and therefore the short duration rainfall statistics at the Fort 
McMurray Airport, adjusted for appropriate elevation, are used to represent the rainfall 
conditions in the RSA and LSA. 

a) How was the elevation difference accounted for? 

b) If the answer to a) references the 1.04 conversion ratio used on Page VI-22 to 
extrapolate annual precipitation, justify its use for extreme events given the 
characteristic order of magnitude range in apparent elevation dependence across 
different return periods for the Oil Sands Region.  [Reference: Golder 2003.  
Regional Surface Water Hydrology Study for the Re-calibration of HSPF Model, 
70 pages + appendices.] 

Response:   
a) The report Regional Surface Water Hydrology Study for the Re-calibration of HSPF 

Model (Golder 2003) details statistical analyses of long-term seasonal rainfall records in 
the Oil Sands Region.  The results of the analyses indicate that the magnitude of rainfall 
for a particular return period increases with elevation.  The elevation adjustment factor 
varies with the magnitude of rainfall (i.e., different elevation adjustment factor for 
rainfall with different return period).  The HSPF model report considered rainfall data 
from stations north of Fort McMurray (to a maximum distance of 150 km).  Multiple 
parameter regression analysis for this dataset showed that latitude was not statistically 
significant in regards to precipitation.  It was assumed that this finding would apply to the 
Project area, which is located 140 km south of Fort McMurray and within a similar 
climatic zone. Therefore, consistent with the procedures outlined in the HSPF model 
report, the short duration rainfall statistics for Fort McMurray Airport were used to derive 
the rainfall conditions in the LSA and RSA.  As detailed in the HSPF report, a separate 
equation was used for each return period to adjust for elevation. 

b) The 1.04 conversion ratio was not used for extreme events.  

Reference: 

Golder (Golder Associates Ltd.).  2003.  Regional Surface Water Hydrology Study for Re-
Calibration of HSPF Model.  Submitted to Canadian Natural Limited, Shell Canada 
Limited, Suncor Energy Inc. and Syncrude Canada Ltd.  Calgary, AB.  71 pp. 
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79. Volume 4B, Appendix VI, Section 3.6, Page VI-36 
Volume 4A, Section 3.3.2.3, Page 11 
Volume 4A, Section 3.5.1.3, Page 22 

Canadian Natural estimates a mean RSA actual evapotranspiration (ET) rate of 
314 mm/yr on the basis of the 1953–2005 Fort McMurray Airport weather data and the 
Bouchet–Morton complementary relationship (CR), but then on Page VI-51 
(Volume 4B, Appendix VI, Section 4.2.4.2) defers to an Empress Formation Modelling 
(EFM) estimate and states This adjustment made to the evapotranspiration for the RSA 
is acceptable based on previous experience and considering the accuracy of the 
equation. 

a) What averaging period was used in applying the regional climate data to the CR 
calculation of areal evapotranspiration? 

b) What validation exercise was done to establish whether or not the CR generates 
reasonable estimates for Northeastern Alberta and what were the results? 

c) What is the estimated uncertainty (e.g., 95% confidence limits) for the RSA annual 
evapotranspiration estimate based on a CR driven by the regional climate data? 

d) How does this compare to the less than ±10% suggested in Morton’s seminal paper 
on the CR method? 

 [Reference: Morton, F.I. 1983. “Operational Estimates of Areal Evapotranspiration 
and their significance to the science and practice of hydrology.”  Journal of 
Hydrology 66: 1-76.] 

e) How does the uncertainty of the CR-based evapotranspiration estimate compare 
with the latitude in the evapotranspiration estimate necessary to accept the EFM 
10 mm annual recharge estimate? 

f) Justify deferring to an EFM-inferred estimate for actual evapotranspiration, even 
though the EFM is directly validated only by the model’s ability to replicate the 
Empress Formation pressure response to the CNRL 13-21 pumping test. Consider 
the indication that the EFM is not well calibrated with respect to either the 
measured Empress Formation seepage rate or independent Darcy-based infiltration 
estimates (i.e., diverges by a factor of 15 and 3, respectively, the same sense in each 
case (see Volume 4B, Section Appendix V, Section 3.3.4, Table V-19, Page V-157). 

 Volume 4A, Section 3.3.2.3, Page 11, Canadian Natural states: The Morton 
evaporation model (Morton et al. 1985) was used to predict the mean annual area and 
potential evapotranspiration, which were found to be about 314 and 794 mm, 
respectively.  In the next paragraph on Page 11 Canadian Natural states: A water 
balance method was then used to estimate total evapotranspiration for the RSA and 
LSA. 
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 In combination these two statements appear to say that the divergence in an area 
evapotranspiration estimate of 314 mm/yr and a total evapotranspiration estimate 
of 364 mm/yr is reconcilable because they represent different hydrometerological 
quantities, when in fact they do not (i.e., they both are supposed to represent 
estimates of actual evapotranspiration, the variable of interest to hydrological water 
balance and groundwater recharge). Also, reference to the 314 mm/yr estimate as 
area evapotranspiration (in Volume 4A, Section 3.3.2.3, Page 11) and as actual areal 
evapotranspiration (in Volume 4B, Appendix VI, Section 3.6, Page VI-36 where 
Canadian Natural states: The actual areal evapotranspiration averages 
314 mm/year…) adds to the general confusion and contributes to the false 
impression that there are no materially divergent estimates of actual 
evapotranspiration in the analysis that require reconciliation. 

g) Clarify these discrepancies. Consider the fact that Morton’s CR model estimates 
actual evapotranspiration on the basis of prerequisite estimates of potential 
(i.e., point) and wet-weather areal evapotranspiration. 

 Volume 4A, Section 3.5.1.3, Page 22, Canadian Natural states The water balance 
analysis presented in Section 3.3.4, Appendix VI (Hydrology Baseline Report) shows 
that the estimated groundwater infiltration rate in the LSA is about 10 mm on an 
annual basis. The groundwater modelling results for pre-pumping conditions show an 
average estimated groundwater infiltration rate of 14.3 mm on an annual basis 
(Table 2.4-9, Hydrogeology Assessment), which is of the same order of magnitude. 

 This statement appears to imply that the 10 mm LSA infiltration estimate is based 
on a surface water balance analysis that is validated by an essentially similar 
(14 mm) estimate emerging from the groundwater modelling. This implication is 
inconsistent with Volume 4B, Appendix VI, Section 4.2.4.2, Page VI-51 where 
Canadian Natural states: Based on the above basin water balance relationship, the 
mean annual ground water recharge for the RSA was estimated to be 60 mm, followed 
by the statement (also on Page VI-52) The estimated mean annual evapotranspiration 
for the LSA is assumed to be equal to the value for the RSA, 364 mm.  The latter 
implicates an evapotranspiration estimate different from the 314 mm CR estimate 
underlies the LSA recharge estimate. 

h) Clarify the relationship between the hydrology and hydrogeology-based estimates of 
groundwater infiltration presented in the EIA for the RSA and LSA. 

Response:   
a) The initial estimate of areal evapotranspiration was based on monthly mean air 

temperature, relative humidity and solar radiation, and mean annual precipitation, derived 
from climate data recorded at the Fort McMurray Airport climate station from 1953 to 
2005. 

b) Information presented in a report prepared by then Alberta Environmental Protection 
(AEP 1999), currently Alberta Environment (AENV), indicates that mean annual areal 
evapotranspiration at the Cold Lake climate station is about 362 mm using Morton’s 
model.  At Fort McMurray, the estimate is about 288 mm.  
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 The initial areal evapotranspiration estimate of 314 mm for the RSA that is presented in 
Volume 4B, Appendix VI was based on Morton’s model and climate data at Fort 
McMurray.  This estimate is about 10% higher than the AEP/AENV estimate for Fort 
McMurray using Morton’s model.   

 The final areal evapotranspiration estimate of 364 mm for the RSA was based on an 
assumed average infiltration rate of 10 mm/yr that was approximated from groundwater 
modelling recharge estimates (Volume 4B, Appendix V, Table V-19) and a water balance 
analysis using regional runoff and precipitation estimates (Volume 4B, Appendix VI, 
Section 4.2.4.2).  This estimate is less than 2% higher than the AEP/AENV estimate at 
Cold Lake using Morton’s model.  Cold Lake is spatially closer than Fort McMurray to 
the RSA. 

 A comparison of independently derived estimates of areal evapotranspiration 
(AEP/AENV’s Morton’s model and groundwater modelling/water balance analysis) 
suggests that the value of 364 mm is reasonable for the RSA. 

 The adjustment from 314 mm/yr to 364 mm/yr is reasonable because mean annual 
evapotranspiration is expected to vary to some degree due to differences in solar 
radiation, ground topography, vegetation, precipitation and temperature between Fort 
McMurray and the RSA. 

c) The final areal evapotranspiration estimate of 364 mm for the RSA was based on an 
average infiltration rate of 10 mm/yr approximated from groundwater modelling recharge 
estimates (Volume 4B, Appendix V, Table V-19) and a water balance analysis that used 
regional estimates of mean annual runoff and precipitation.  This estimate is corroborated 
by AEP/AENV’s estimate of 362 mm for Cold Lake using Morton’s model.  Mean 
annual runoff and precipitation are estimated from independently measured data and are 
assumed to be representative of their expected values for the RSA. 

 Table V-19 in Volume 4B, Appendix V suggests a range for recharge rate from 5 mm/yr 
to 26 mm/yr (back-calculated modelling and Darcy methods), with 10 mm/yr being a 
reasonable average considering other approaches such as AENV’s infiltration estimate 
for fine-grained sand and a percentage (2 to 4%) of mean annual precipitation.  Using the 
5 to 26 mm/yr range for average infiltration rate, the possible range for average annual 
evapotranspiration based on the water balance approach is then from 348 to 369 mm, 
with 364 mm being a reasonable expected value. 

d) Please refer to the response given to Part c) of this question.   

 Using the 5 to 26 mm/yr range for average infiltration rate, the possible range for average 
annual evapotranspiration based on the water balance approach is from 348 to 369 mm, 
with 364 mm being a reasonable expected value, or between -5% and 2% of the estimate 
of 364 mm for the RSA.  The expected estimate of 364 mm for the RSA is corroborated 
by AEP/AENV’s estimate of 362 mm for Cold Lake using Morton’s model. 

e) The expected areal evapotranspiration estimate of 364 mm for the RSA, based on a water 
balance of mean annual runoff, mean annual precipitation and an assumed average 
infiltration rate of 10 mm/yr, is corroborated by AEP/AENV’s estimate of 362 mm for 
Cold Lake using Morton’s model. 



Canadian Natural Resources Ltd. - 172 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

 Table V-19 in Volume 4B, Appendix V provides a range for the groundwater recharge or 
infiltration rate in the RSA from 5 to 26 mm/yr, with an average value of about 
10 mm/yr.  An uncertainty of about 5% (which is less than the 10% indicated in Part d) of 
the question) in the CR-based estimate of 362 mm at Cold Lake (i.e., ±18 mm) would 
require the infiltration rate to range from a low of -6 mm to a high of 30 mm for the 
RSA’s water balance to be still valid.   

 The two key inputs (precipitation and runoff) in the water balance are estimated from 
regional observed data and are therefore considered to be reasonably accurate.  This 
means that greater uncertainty in the complimentary ration (CR)-based 
evapotranspiration estimate results in a wider acceptable range for infiltration rate.   A 
reasonable assumed uncertainty of 5% results in a range of infiltration rate that is similar 
to that given in Volume 4B, Appendix V, Table V-19.  An average infiltration rate of 10 
mm/yr is therefore acceptable.  

f) The final areal evapotranspiration estimate of 364 mm for the RSA was based on an 
average infiltration rate of 10 mm/yr approximated from groundwater modelling recharge 
estimates (Volume 4B, Appendix V, Table V-19) and a water balance analysis that used 
regional estimates of mean annual runoff and precipitation.  The estimate of 364 mm is 
corroborated by AEP/AENV’s estimate of 362 mm for Cold Lake using Morton’s model.  
Cold Lake is close in latitude to the RSA. 

 As discussed in the response to e), the acceptable range in the infiltration rate for the 
water balance in the RSA to be valid, given a reasonable level of uncertainty in the areal 
evapotranspiration estimate, is similar to that given in Volume 4B, Appendix V, 
Table V-19.  Hence, there is indirect corroboration for the range of values given in 
Volume 4B, Appendix V, Table V-19. 

g) The word “area” in the quote above: Volume 4A, Section 3.3.2.3, Canadian Natural 
states: The Morton evaporation model (Morton et al. 1985) was used to predict the mean 
annual area [underline added] and potential evapotranspiration… is a typographical 
error.  The correct word is “areal”. 

 Volume 4B, Appendix VI, Section 3.6 states that “potential evapotranspiration is the 
evapotranspiration that occurs in a continuously moist environment from a small area.  
Areal evapotranspiration is the evapotranspiration that occurs from a large area.”  Areal 
evapotranspiration is the actual evapotranspiration from an area so large that the effects 
of upwind boundary transitions are negligible; potential evapotranspiration represents the 
evapotranspiration that would occur from a hypothetical moist surface with radiation 
absorption and vapour transfer characteristics similar to those of the study area and so 
small that the effects of the evapotranspiration on the overpassing air would be negligible 
(AEP 1999). 

 As discussed in the responses to Part a) to Part f), the initial estimate of areal (actual) 
evapotranspiration of 314 mm/yr was based on Morton’s model using climate data for 
Fort McMurray.  The final estimate of areal (actual) evapotranspiration was based on an 
average infiltration rate of 10 mm/yr approximated from groundwater modelling recharge 
estimates (Volume 4B, Appendix V, Table V-19) and a water balance analysis that used 
regional estimates of mean annual runoff and precipitation.  The estimate of 364 mm is 
corroborated by AEP/AENV’s estimate of 362 mm for Cold Lake using Morton’s model.  
Cold Lake is spatially close in latitude to the RSA. 



Canadian Natural Resources Ltd. - 173 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

 The adjustment from the initial estimate of 314 mm/yr to the final estimate 364 mm/yr is 
reasonable because mean annual evapotranspiration in different locations is expected to 
vary to some degree due to differences in solar radiation, ground topography, vegetation, 
precipitation and temperature. 

h) The estimation of the infiltration rate for hydrology was an iterative process.  As 
discussed in the responses to Part a) to Part g), the initial estimate of areal (actual) 
evapotranspiration of 314 mm/yr was based on Morton’s model using climate data for 
Fort McMurray.  The infiltration rate determined from this initial areal evapotranspiration 
estimate was 60 mm/hr.  When the groundwater modelling results became available from 
the hydrogeology component, the final estimate of areal (actual) evapotranspiration of 
364 mm/yr was derived from a water balance analysis for the RSA and an average 
infiltration rate of 10 mm/yr that was approximated from groundwater modelling 
recharge estimates presented in Volume 4B, Appendix V, Table V-19. As discussed in 
the responses to Part b) to Part g), the estimate of 364 mm/yr is corroborated by 
AEP/AENV’s estimate of 362 mm for Cold Lake using Morton’s model. 

 The infiltration rate of 10 mm/yr used in the water balance analysis presented in 
Volume 4B Appendix VI is not materially different from the “average estimated 
groundwater infiltration rate of 14.3 mm on an annual basis (Volume 4, Section 2.4.1.2, 
Table 2.4-9)”. Table V-19 in Volume 4B, Appendix V suggests a range for recharge rate 
from to 26 mm/yr.  This range encompasses both the hydrology and hydrogeology-based 
estimates of average infiltration rate. 

 The areal evapotranspiration estimate of 364 mm/yr for the RSA is used for the LSA as 
well to estimate the annual yield from the LSA. A difference of about 4 mm/yr between 
the hydrology and hydrogeology-based estimates of average infiltration rate results in a 
difference of less than 1% in the areal evapotranspiration estimate of 364 mm and less 
than 4% in the mean annual basin water yield estimate of 121 mm for the LSA.  These 
differences are well within the inter-annual variability of either areal evapotranspiration 
or mean annual yield, and smaller than measurement errors in either climate or runoff 
variables required for their calculations.  These differences are therefore not significant 
for effects assessment. 

Reference: 

AEP (Alberta Environmental Protection). 1999.  Evaporation and Evapotranspiration in 
Alberta, Report 1912-1985, Data 1912-1996. Prepared by C. Abraham, Water 
Sciences Branch. January 1999. 

 



Canadian Natural Resources Ltd. - 174 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

80. Volume 4B, Appendix VI, Section 4.2.4.1, Page VI-48 

Canadian Natural indicates that the annual RSA water yield of 96 mm is based on three 
of the six (hydrology) RSA streamflow records. 

a) Justify the restricted calculation, given that the calculation’s purpose is to estimate a 
characteristic water yield for the RSA and not to characterize inter-watershed 
response differences to inter-annual fluctuations in forcing conditions (i.e., screening 
on the basis of overall data record coincidence appears invalid). 

b) Is the RSA water yield estimate a weighted average (e.g., weighting based on 
fractional areal contribution)? If not, provide justification for using an unweighted 
average. 

c) What uncertainty underlies the 96 mm RSA annual water yield estimate 
(e.g., provide 95% confidence intervals) and, what potential bias in the 
complementary Empress Formation recharge estimate is introduced by excluding 
low-yield watersheds in the recharge zone? 

d) What would be the consequence of propagating the water yield uncertainty and 
potential bias through the basin water balance calculation presented in Volume 4B, 
Appendix VI, Section 4.2.4.2? 

Response:   
 A revision to the water yield estimate calculated in Volume 4A, Section 4.2.4.2 is 

provided at the end of the response to this question.  The update uses a revised station list 
that provides a better yield estimate than was provided in the original baseline.   

a) The revised RSA water yield was derived using seasonal water yields from three stations 
(Logan River, Christina River and Sand River) with periods of record from 1984 to 2005.  
Birch Creek, Jackfish River and Punk Creek were excluded due to their short period of 
record (and the anomalous data for Punk Creek).  Wolf River and Pony Creek were 
excluded because they are sub-basins of the Sand River and Christina River watersheds, 
respectively (i.e., including these stations would be counting the same runoff area twice).  
The three selected stations represent the three major watersheds in the RSA (Volume 4B, 
Section VI, Figure VI-3).  The unweighted average of the three Environment Canada 
gauging stations is used to represent the annual water yield in the RSA, which was found 
to be 85 mm (seasonal water yield of 78 mm +8%).  

 A concurrent period of record of 22 years (1984 to 2005) was used in the water yield 
analysis.  This length of record is expected to be sufficient to include a cycle of wet and 
dry periods, stations with shorter periods of record were therefore excluded. 

b) The calculated RSA seasonal water yield estimate of 78 mm (see below for revised 
calculation) is the unweighted average of three stations (Christina River, Sand River and 
Logan River). Weighting based on fractional areal contribution is not considered 
appropriate, since it would effectively result in the under-representation of the 
Lac La Biche watershed due to the relatively small watershed area of Logan River 
station. 
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c) The methodology for calculating water yield does not allow for calculation of 95% 
confidence intervals.  There is no linkage between the water yield estimate and recharge 
estimates to the Empress Formation.  Estimates of recharge to groundwater were based 
on the assumption of saturated surface conditions.  

d) The consequence of propagating this uncertainty through the basin water balance 
calculation would be limited to a change in the evapotranspiration estimate.  Effectively, 
the basin water balance methodology lumps the uncertainty into the evapotranspiration 
estimate.  The evapotranspiration is considered to be parameter with the most uncertainty 
and is adjusted using the basin water balance. 

 

81. Volume 4B, Appendix VI, Section 4.2.5.4, Page VI-57 

Canadian Natural states Maximum daily flood discharge curves for the LSA were derived 
from the maximum daily data at three representative gauged basins (Logan River, Pony 
River, and Birch Creek) for concurrent periods of record from 1984 to 1995, as illustrated 
in Figure VI-32. From this figure, the estimated 10- and 100-year maximum daily flood 
discharges for a small basin with a drainage area of 20 km2 are estimated to be 3 m3/s and 
6 m3/s, respectively. 

a) Justify restricting the calculation to include only the 1984–1995 period given that 
annual streamflow was below the total record average by 13% and 19% (Logan River 
and Birch Creek, respectively) over this limited interval. 

b) How and to what extent would including the full record for both watersheds affect 
calculated 24-hour water yields for rainstorm events?    

Response:   
a) The reviewer is correct in suggesting that the use of the full period of record is more 

appropriate in estimating storm flows in this case.  Consequently, the storm runoff 
estimation procedure was revised to include the full period of record for each station.  
However, as shown in the response to Part b), the effect of this revision on estimated 
storm flows is minor. 

Figure VI-32 (revised) shows the revised maximum daily flood discharge curves.  These 
curves are applicable to the estimation of maximum daily flood discharges for watershed 
areas down to about 200 km2.  A separate methodology is provided below for estimating 
flood flows from small drainage areas of less than 10 km2.  This procedure was omitted 
from the original baseline report (Volume 4B, Appendix VI). 

 Flood flow estimates for various design return flow periods are required for designing 
water management facilities such as culverts, drainage ditches, berms and stormwater 
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retention ponds, as well as bridges and elevated pipeline crossings.  The revised 
maximum daily flood discharge does not effect the required size of the stormwater runoff 
pond. 
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 Flood peak flows from the nearby stations within the RSA cannot be used for estimating 
floods from small drainage areas within the LSA since the gauged drainage areas are 
typically much larger (more than 200 km2) and may have different characteristics. 

 Golder conducted a 1998 hydrologic modelling study (Golder 1998) for small watersheds 
in the Cold Lake area that have characteristics similar to drainage areas within the LSA 
(i.e., average catchment areas range from 1 to 10 km2, basin slopes range from 0.1 to 5% 
and the study area has lakes).  In the 1998 study, an empirical relationship was developed 
based on the modelling results.  This empirical equation relates flood peak discharge, Qp 
(m3/s), to drainage area, A (km2), return period, T (years) and average basin slope, Sp 
(%).  This empirical relationship is recommended for estimating the flood flow of a small 
drainage area (less than 10 km2):  

 Qp = 0.6A0.72[log(T)]1.61Sp0.27

 The above equation is considered appropriate for estimating flood flows for the smaller 
sub-basins (e.g., less than 10 km2) within the LSA since it has similar basin 
characteristics. 

 For example, the estimated maximum daily discharges for a 10 km2 drainage basin in the 
LSA, with a slope of 0.1%, are 5.1 m3/s for the 100-year return period flood and 1.7 m3/s 
for the 10-year return period flood. 

b) Using the full period of record produces an estimated 100 year return period maximum 
daily flood discharge of 20.3 m3/s for a drainage area of 200 km2.  The previous estimate, 
using the concurrent period of record, produced an estimated 100-year return period 
maximum daily flood discharge of 20.7 m3/s for a drainage area of 200 km2. This 
difference in the 100-year flood estimate for a 200 km2 basin is insignificant.    

Reference: 

Golder 1998.  Drainage Assessment of Cold Lake Operation Area.  Prepared for Imperial Oil 
Resources Limited. 
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82. Volume 4B, Appendix VI, Section 4.3.3, Figures VI-33 and VI-34, Pages VI-63/64 

These figures show the seasonal water level for Unnamed Lake 1 (Reach 4) in 2001 and 
2006 to 2007, respectively. 

a) Clarify if the elevation datums are the same for both figures (i.e., is water level 
comparable across the two figures)? 

b) If yes, what is the possible contribution of inter-annual variability in precipitation to 
the contrast in the two hydrographs? 

c) If precipitation was likely an important influence, what do the hydrographs say 
about the sensitivity of the lake to precipitation forcing relative to other potential 
contributors such as surface water–groundwater interaction? 

Response:   
a) The two stations do not have the same datum and the water levels are not comparable 

across the two figures. 

b) and c) 
 Between June 7, 2001 and June 20, 2001 the recorded rainfall at the temporary climate 

station in the LSA was 70 mm and the corresponding rise in the water level of Unnamed 
Lake 1 was 0.16 m.  Between April 28, 2007 and May 13, 2007 the recorded rainfall was 
45 mm with a corresponding rise in the water level of Unnamed Lake 1 of 0.06 m. 

 Precipitation is likely an important influence on water levels in the lake.  Insufficient data 
are available to quantify the magnitude of its influence relative to other factors such as 
groundwater-surface water interactions.  However, as discussed in the Hydrogeology 
Baseline Report (Volume 4B, Appendix V, Section 3.4), the influence of the Project on 
local lakes, including Unnamed Lake 1, is expected to be negligible. 

 

83. Volume 4B, Appendix VII, Section 2.1.2, Page VII-24 
Volume 4B, Appendix VII, Section 1.5, Page VII-16 
Volume 3, Appendix III, Section 1.5, Figure III-20 and Figure III-21, Page III-26 and 
III-27 

Canadian Natural states Based on the alkalinity data, this lake [Unnamed Lake 13] is 
moderately sensitive to acidification; and Table VII-7 on Page VII-25 presents two 
spring/summer total alkalinity values of 12 and 14 mg/L. 

Volume 4B, Appendix VII, Section 1.5, Page VII-16, Canadian Natural discusses an acid 
sensitivity scale in which a total alkalinity of <11 mg/L marks the transition from 
moderately to highly sensitive.  
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Volume 3, Appendix III, Section 1.5, Figure III-20 and Figure III-21, Page III-26 and 
III-27. The figures show the 0.25 keq/ha/yr PAI contours for the Project and Planned 
Development Case, respectively. 

Alberta Environment defines a PAI monitoring load of 0.17 keq/ha/yr to initiate (among 
other things) a receptor sensitivity validation study.  [Reference:  Alberta Environment 
2008.  Alberta Acid Deposition Framework.  Alberta Environment Publication Number:  
978-0-7785-6725-7, 30p.] 

a) In light of the foregoing statements and the indication that Unnamed Lake 13 is at 
or near the moderate to high acid sensitivity transition, justify the omission of the 
0.17 keq/ha/yr contour from Figure III-20 and Figure III-21, and the apparent 
absence in the EIA of an Unnamed Lake 13 critical load characterization. 

Response:   
a) The 0.17 keq/ha/yr contour is present in both Figure III-20 and Figure III-21 (Volume 3, 

Appendix III); this contour is outlined by the dotted black line.  

The critical load for Unnamed Lake 13 (Lake Identifier #50) is located in Volume 3, 
Appendix IV, Section 5.3, Table IV-13.  The critical load calculated with organic acids is 
0.2 keq/ha/yr.  The critical load calculated without the consideration of organic acids is 
0.33 keq/ha/yr.  

A summary of the methods used to calculate critical loads can be found in Volume 3, 
Appendix IV, Section 4.2.2.2.  A summary of water chemistry data used to determine 
lake sensitivity is also provided in Volume 3, Appendix IV, Section 5.1.1, Table IV-10.  
Based on the methodology used and information available, Unnamed Lake 13 (Lake 
ID #50) is classified as moderately sensitive to acidification.   

 

84. Volume 4B, Appendix VII, Section 2.3.4, Table VII-18, Page VII-51 

Table VII-18 presents total alkalinity median and maximum seasonal values for an 
ensemble of small lakes and ponds in the vicinity of Christina Lake. Spring and summer 
median values of 47 and 43 mg/L, respectively, are indicated. These medians are 
approaching the acid sensitivity threshold scale described on Page VII-16 of the same 
section. 

a) How were the individual total alkalinity values distributed with respect to this 
sensitivity scale? 

b) Comment on whether or not there an indication that one or more of these small 
lakes and ponds is seasonally potentially acid sensitive? 
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Response:   
a) In spring, four of the eleven lakes sampled had alkalinity results that were indicative of 

low sensitivity to acid deposition (i.e., more than 20 to 40 mg/L), while the remaining 
seven had alkalinity values above 40 mg/L, indicating that they were least sensitive to 
acid deposition.  In summer, 5 of the 13 lakes sampled had alkalinity results that were 
indicative of low acid sensitivity to acid deposition, while the remaining 8 had alkalinity 
values above 40 mg/L, indicating that they were least sensitive to acid deposition.  No 
lakes had results that were indicative of moderate or high acid sensitivity. 

b) None of the small lakes and ponds sampled had any alkalinity results that would be 
indicative of moderate or high sensitivity to acid deposition. 

 

85. Volume 4A, Section 1.4, page 18 and Section 3.2.5, Page 9 

Canadian Natural states that Plant site stormwater runoff will be collected in a pond and 
will be used as process water. 

a) Discuss how the surface water runoff from all areas of the plant site will be directed 
to the retention pond.  

b) Discuss the pond design (such as containment liners and wall slope design) and 
confirm it is technically appropriate to contain storm water for this situation and 
duration. 

Response:   
a) The final grading plan of the Central Plant provides for a gradual sloping of the site 

towards the stormwater runoff pond in the northeast corner. A series of swales and 
culverts will be included in the final grading plan to collect, drain and direct the 
stormwater to the runoff pond. 

b) Canadian Natural has not finalized the design for the pond liner, but will ensure it meets 
the Alberta Environment guideline for maximum hydraulic coefficient.  This will be done 
with either compacted clay or a synthetic (HDPE) liner. A 1-in-50 year 24-hour rainfall 
event, obtained from the 2005 National Building Code, has been used in the sizing of the 
runoff pond.  The sideslopes of the berms shall be no steeper than 2.5H:1V, the nominal 
storage volume will be 12,650 m2 with 0.3 m of freeboard.   
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86. Volume 4A, Section 3.5.1.2, Page 17 

Canadian Natural states that The perimeter of the wellpads will be completely or partially 
bermed to contain local runoff… Canadian Natural continues to state that Retained 
water will be discharged back to the watershed at controlled release rates, subject to 
compliance with regulatory requirements for water quality, or will be disposed of at an off-
site facility if it does not meet regulatory standards. 

a) Describe a scenario where a wellpad would be partially bermed, and explain how 
this approach is as effective controlling surface water runoff as a complete berm 
would be. 

b) Discuss the source and type of the material used to construct the berms. 

c) Clarify how often retained water will be tested. 

d) Explain how the retained water will be managed if it is not suitable for release 
(i.e., will it be sent to offsite facilities and by what mechanism, pipelines, trucked 
out, etc.). 

Response: 
a) A wellpad would be partially bermed when construction requires cut and fill.  In this 

situation the wellpad surface will slope slightly towards the fill side.  A berm would then 
be constructed on the fill side to prevent wellpads runoff.  A ditch would be constructed 
on the cut side to direct offsite runoff around the pad and to prevent it from accessing the 
pad.  The combination of pad slope, a berm on the fill side and a ditch on the cut side 
would provide effective control of surface runoff, as a wellpad constructed entirely of fill 
completely bermed. 

b) Clay materials will be used for construction of berms on wellpads.  If clay fill generated 
during wellpad excavation is in short supply, berm materials will be obtained from plant 
site surplus or from borrow areas. 

c) The retained runoff water will be tested each week during the wet spring season, usually 
from April to May.  In the summer months, from June to September, tests will also be 
done weekly.  The testing frequency will then be reduced to once per month during the 
dry period from October to December. From January to March, or when the water is 
frozen, no testing will be conducted.  

d) If the water is found to be unsuitable for local release, the water will be trucked offsite for 
proper disposal. 
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87. Volume 4B, Appendix VI, Figure VI-35, Page VI-67 

a) Clarify if there is a surface waterbody or channel that connects Unnamed Lake 2 
and Unnamed Lake 12. If so, describe the mitigation measures that will be 
implemented for the pipeline passing in-between the two unnamed lakes. 

Response:   
a) Baseline survey of Unnamed Lake 12 indicated it was isolated with no inlet or outlet 

streams (Volume 4B, Appendix VIII, Section 3.12). 

 

88. Volume 4A, Section 5.5.1.1, Page 18 

Canadian Natural states that No surface water withdrawals are planned for the Project. 

a) Confirm whether or not any dust control will be done on the area roads.  If so, 
where will the water come from? 

b) If road or pad freezing is required in the winter, confirm where this water will come 
from.   

Response:   
a) Dust control on roads will be conducted as required.  Water for dust control will be 

obtained under license from the Empress Formation. 

b) If water is required for road or wellpad freezing it will be drawn from the Empress 
Formation. 
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89. Volume 4A, Section 5.5.1.1, Page 19 

 Canadian Natural states that the water quality assessment determined that spills 
would present negligible risks to water quality. 

a) Provide information and references to support this claim.  

b) What contingency plans does Canadian Natural have in place to protect aquatic life 
during a spill situation? 

Response: 
a) The water quality assessment conclusion is based on the incorporation of  a number of 

design features, management practices and mitigation plans to minimize the potential for 
spills that may adversely affect surface waters, as described in Volume 4A, 
Section 5.5.1.1. These are described in the surface facilities description (Volume 1A, 
Sections B1.0, B4.0, B5.0 and B6.0), in the spill response and pipeline integrity plans 
provided in Volume 1A, Section B11.4 and in the groundwater response plan 
(Volume 4A, Section 2.6.3). 

The controls and mitigation include handling and storage of chemicals and fuels, 
containment mechanisms, inspections and monitoring programs and detailed response 
planning. 

b) Canadian Natural has described contingency plans to protect aquatic life at various 
locations in the application, as described in Part a). If a spill occurs, Canadian Natural’s 
Environmental Coordinator will be notified immediately.  As soon as possible, the source 
of the spill will be determined and appropriate mitigation measures will be undertaken to 
contain the spill and minimize or halt further impact. The magnitude and likely extent of 
the impact will be determined and appropriate actions involving remediation, risk 
assessment and/or risk management will be initiated. 

Canadian Natural participates in oil spill response cooperatives.  The Project is located in 
Western Canadian Spill Service Zone Y, with spill response equipment located in Fort 
McMurray.  Canadian Natural will request deployment of this equipment if it is 
warranted.   

 Canadian Natural will report spills and provide notifications in compliance with 
regulatory requirements. 
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90. Volume 4A, Section 5.5.1.2, Page 21 

Even though there are only 2 watercourse crossings in this Project, sedimentation 
caused by these crossings could still affect fish health.   

a) Provide the rationale for concluding that impacts due to sedimentation will be 
negligible. 

Response:   
a) Canadian Natural has committed to compliance with the Alberta Water Act Codes of 

Practice for construction of crossings over or through watercourses (AENV 2001a, b) and 
Fisheries and Oceans Canada Operational Statements for clear span bridges and pipeline 
crossings (DFO 2007, 2008).  These guidelines provide specific mitigation measures for 
the protection of fish and fish habitat, including control of sedimentation, within the 
stream that is being crossed.  Canadian Natural commits that the construction practices 
for all stream crossings made during the construction of the two proposed watercourse 
crossings will include, but not be limited to, implementation of the following mitigation 
measures: 

• minimization of the width of the rights-of-way at the site of the crossing; 

• maintenance of the original groundcover wherever possible; 

• contsruction of the pipeline crossing during frozen conditions; 

• management of the flow of surface and subsurface water in and around the crossing 
site during the installation and removal of the watercourse crossing in a manner that 
minimizes erosion and sedimentation of the waterbody; 

• stabilization of all disturbed areas around the watercourse crossing by establishing a 
vegetation cover as soon as possible following construction and by installing 
temporary erosion control measures; and 

• placing any excavated materials at a location where the potential for its erosion into 
the waterbody is minimized. 

Through implementation of these and others practices as outlined in the Codes of Practice 
and Operational Statements, Canadian Natural will comply with regulatory requirements 
for stream crossings and mitigate potential affects from sedimentation of all streams 
crossed during the construction of the proposed watercourse crossings. 

References: 

AENV (Alberta Environment).  2001a.  Code of Practice for Pipelines and 
Telecommunication Lines Crossing a Waterbody.  Water Act – Water (Ministerial) 
Regulation.  24p. 

AENV.  2001b.  Code of Practice for Watercourse Crossings.  Water Act – Water 
(Ministerial) Regulation.  26 p. 
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DFO (Fisheries and Oceans Canada). 2007. Clear Span Bridges – Alberta Operational 
Statement Version 3.0.   

DFO. 2008. Isolated or Dry Open-Cut Stream Crossings – Alberta Operational Statement 
Version 1.0. 

 

91. Volume 4B, Appendix VIII, Page VIII-29 to 30 

a) There are fish present in Ipiatik and Unnamed Lake 5; however, there are no data 
to confirm if Unnamed Lake 6 also supports fish.  Provide evidence to show whether 
or not Unnamed Lake 6 supports fish. 

b) Although oxygen concentrations are high enough to sustain some large species, no 
fish inventory was done on Unnamed Lake #8.  Provide information to determine if 
adult fish still reside in this lake. 

Response:   
a) A winter habitat evaluation was conducted on Unnamed Lake 6 in 2001.  The resulting 

low recorded Dissolved Oxygen (DO) concentrations (range of 1.4  to 1.8 mg/L) and 
limited under ice water depth (0.43 m) led to the conclusion that overwintering potential 
for some fish species was considered low, although seasonal fish use would be possible 
based on the fish catch results from Unnamed Lake 5 and Ipiatik Lake.  Unnamed Lake 6 
is outside of the Project footprint and is not predicted to be affected by the Project. Based 
on the information available from other adjacent lakes within the Project footprint, 
Unnamed Lake 6 was not included in the 2006/2007 baseline surveys.  Additional 
baseline data for Unnamed Lake 6 would not alter the conclusions of the impact 
assessment and are not warranted. 

b) A winter habitat evaluation was conducted on Unnamed Lake 8 in 2001.  However, 
Unnamed Lake 8 is upstream of the Project footprint and is not predicted to be affected 
by the Project. Additional baseline data for the lake would not alter the conclusions of the 
impact assessment and are not warranted. As a result, no additional baseline surveys of 
Unnamed Lake 8 were conducted.   
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92. Volume 4B, Appendix VIII, Section 4.1, Page VIII-39 

A stream is shown that flows out of Ipiatik Lake.  Any detrimental effects to this aquatic 
system would be evident in this stream making it a good candidate for a baseline study. 

a) Explain why was the stream flowing out of Ipiatik Lake on the south side not 
surveyed?   

Response:   
a) The tributary flowing out of the south end of Ipiatik Lake, named Ipiatik River, is located 

outside the Aquatics Local Study Area (LSA).  The rationale for the downstream 
boundary of the Aquatics LSA is based on the drainage sub-basins where runoff and 
receiving waterbodies could be directly or indirectly affected by the development and 
operation of the Project (Volume 4A, Section 1.2.5).  Unnamed Tributary 3 and Ipiatik 
Lake were selected as the downstream sites to assess any potential adverse effects of the 
Project within this sub-watershed.  However, no adverse effects are predicted at these 
locations and additional baseline data collection further downstream from the Aquatics 
LSA was not warranted. 

 

93. Volume 1A, Part B, Section B7.3.2, Page B7-14 

Canadian Natural states that The initial salt cavern wash water will be the brackish 
source water from the McMurray Formation. 

a) Clarify whether or not any non-saline water sources will be used as wash water. If 
non-saline sources are to be used, provide further details on the quantities and 
duration of the usage. 

b) Provide details on how Canadian Natural will ensure that groundwater is protected 
during the washing and injection process. 

Response: 

a) Canadian Natural plans to use only saline water for the initial salt cavern washing phase. 

b) The salt cavern well will be designated as a Class 1b disposal well.  The well will be 
designed and completed in accordance with the Class 1b requirements as described in the 
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ERCB Directive 051, before washing and injection.  The integrity of the well will be 
ensured by implementing the following protective measures: 

• the production casing will be cemented to surface; 

• hydraulic isolation will be installed between hydrocarbon formations; 

• casing integrity and pressure testing; and  

• annual packer isolation testing. 
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TERRESTRIAL 

94. Volume 1A, Part A, Section A8.15, Page A8-7 

Canadian Natural states that forested areas in the LSA will increase by 2% resulting in 
a low, positive environmental consequence. 

a) Provide clarification that this increase in forested areas is the result of pads left in 
place on organic soils. 

b) Provide details on the productivity and land capability classification ratings 
associated with this increased forested area. 

Response:   
a) The increase in forested areas upon closure is the result of the reclamation of wellpads 

and the camp to upland forested communities that were constructed on organic soils.  The 
reclamation of areas that were classified as disturbed in the Existing and Approved Case 
(EAC) to forested communities also contributes to the increase at closure. 

b) The predicted changes in land capability for forestry due to the Kirby In-Situ Oil Sands 
Project (the Project) are discussed in Volume 5, Section 2.5 and presented in Table 4 of 
the Conservation and Reclamation Plan (Volume 1B, Attachment 1, Section 3.1.1).  The 
predicted increase in forested land capability is the result of fill material on the wellpads 
and camp left in place over organic soil. These increases are due mostly to the change in 
moisture regime in the 1 m soil profile. The drier profile upon closure is not limited by 
hydric conditions, as the pre-development organic soils are. In these areas the land 
capability for forestry rating is predicted to increase from Class 5 to Class 3 or 4, 
depending on the chemical and physical properties of the fill left in place.   

 

95. Volume 1A, Part B, Section B1, Pages B1-2 and B1-3  

Canadian Natural states that underground pipelines are part of the Project. 

a) Describe the location of these facilities, the soil map units they impact and any 
environmental protection plans and mitigation that may be required.   

Response:   
The underground pipelines are associated with groundwater source and disposal pipeline 
Rights-of-Way (ROW).  The soil map units impacted by underground pipelines include: 
KNS2, KNS5, MIL1, MIL5, MLD1-2, MUS1, MUS1-2, STP3, SUT5 and WNF5. 
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Refer to Volume 1B, Attachment 1, Section 6.1.2. for environmental protection plans and 
mitigation.  Additional Environmental Protection Plans and mitigation specific to the 
construction, operation and maintenance of underground pipelines include: 

Soil Admixing 

Soil admixing can occur during pipeline construction when organic and nutrient-rich 
topsoil is mixed with mineral subsoil.   

Admixing will be minimized by stripping and storing the topsoil (Ah or Ap horizons) 
separately from the subsoil (spoil).  Soil materials will be replaced in the reverse order.  
Subsoil will be replaced in the trench in layers and compacted as practical to reduce 
potential settling of the trenchline.  Mounding of the trenchline and feathering of soils 
over the ROW will be minimized.   

Erosion 

The physical loss of topsoil would lower the capability of the land by decreasing the 
amount of available nutrients and organic matter in the root zone.   

Loss of topsoil may occur if soil handling, either stripping or replacement, occurs during 
windy conditions.  The time between salvage, storage and reclamation will be minimized 
to reduce the exposure of any salvaged topsoil to such effects.   

Soil erosion from surface water runoff is possible on slopes and in wet soil areas.  Soil 
stabilization by revegetation will be achieved along erosion-prone areas of the ROW by 
seeding disturbed areas with Alberta Sustainable Resource Development (ASRD) 
approved native seed.  On steeper slopes (more than 10%), roll-back of woody debris and 
diversion berms can be used to slow and divert surface runoff water.  Erosion can also 
occur as a result of rutting by vehicle traffic along the ROW after reclamation.  Large 
woody debris will be used for roll back over most of the ROW to reduce large motorized 
vehicle access.  A portion of the ROW will need to be kept clear of roll back to allow 
all-terrain-vehicle access for required pipeline inspection and maintenance.  Follow-up 
inspections of the ROW and communication with reclamation inspectors by Canadian 
Natural Resources Limited (Canadian Natural) will ensure potential erosion issues are 
addressed, as required.   

Compaction 

The capability of soil to support plant growth required for reclamation can be altered if 
the soil is compacted.   

The activity of heavy equipment, such as pipeline stringing trucks, will be restricted on 
fine (clay, sandy clay) and moderately fine-textured (clay loam, sandy clay loam) soils 
during wet or moist soil conditions.   

Excess Stones  

Grading, topsoil stripping and trenching can bring stones to the surface in excess of 
natural conditions, particularly in areas where there is a non-stony surficial deposit 
(i.e., glaciofluvial) overlying a stony deposit (i.e., morainal), or bedrock that is within 
trench depth.  Excess stones on the soil surface can result in decreased success in 
reclamation. 
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Stones on the ROW, in excess of natural or pre-disturbance conditions will be picked 
after topsoil placement.  Any stones picked from the ROW will be hauled to an approved 
location for disposal. 

 

96. Volume 1A, Part B, Section B5-13, Figure 5.13-2, Page B5-29 

Figure 5.13-2 shows the pre-construction surface drainage in the Project Area. In 
Volume 1B, Attachment 1, Section 5.2, Page 38 Canadian Natural provides details on 
plant site drainage.  

In Volume 5, Section 2.5.4.2, Page 14 Canadian Natural states that wellpads and 
facilities constructed on organic soils will be constructed with borrow material…these soils 
will be reclaimed to a land capability Classes of 3 and 4 (Table 2.5-4). 

a) Provide details of the final reclaimed site drainage plans for the Project considering 
that Canadian Natural stated the clay pads will be left in place on organic soils. 

Response:   
a) Detailed site drainage plans have not been completed at this stage of the project planning. 

Reclaimed wellpads will be graded and shaped using geomorphic design principles for 
sustainable surface drainage as illustrated in Volume 1B, Attachment 1, Figure 9, 
page 36.  This will maintain the overall natural drainage patterns shown in Volume 1A, 
Section B5.13.10, Figure B5.13-2, page B5-29.  More detail will be provided in the 
Pre-Development Assessments prepared for the surface disposition applications. 

 

97. Volume 1B, Attachment 1, Section 1.1, Figure 1, Page 4 
Volume 5, Appendix III, Section 2.1.2, Figure III-3, Page III-7 and  
Supplemental Baseline Data, Section 1.1.2, Figure 1, Page 2 

A proposed disposal well and associated infrastructure (i.e., pipeline and access road) 
are located outside of the Project Development Area (PDA) in 10-17-74-8W4M. There 
does not appear to be any soil inspection sites along the liner disturbance from the PDA 
to the disposal well.  

a) Provide a discussion on why no soil inspection sites were included for this 
disturbance area.  Discuss any plans to conduct pre-construction assessments along 
the road and pipeline corridor. 
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b) Discuss the confidence Canadian Natural has that impacts associated with this 
disturbance area have been adequately assessed and addressed. Include a discussion 
on the potential for construction, mitigation and reclamation to change based on site 
specific conditions not currently assessed. 

Response:   
a) Clarification:  There is an existing Canadian Natural well site at 10-17-74-8 West of the 

Fourth Meridan (W4M) which is proposed as the location of a groundwater disposal well 
for the Project.  The existing well site is accessible from Highway 881.  Therefore, new 
infrastructure to the well site will consist of a pipeline only. 

The proposed linear disturbance was not assessed due to poor accessibility.  Canadian 
Natural will complete a pre-development (pre-construction) assessment and then submit 
it to Alberta Environment and Alberta Sustainable Resource Development at the time of 
Canadian Natural’s application for the pipeline rights-of-way surface disposition. 

b) Canadian Natural is confident that the impacts associated with these facilities are 
adequately assessed and addressed.  The objective of soil surveys as part of 
Environmental Impact Assessments (EIAs) is to map areas to determine general soil 
properties across the landscape.  The Level 1 mapping in the Local Study Area (LSA) 
provides understanding of the soil patterns in that area.  However, Canadian Natural 
recognizes that site-specific soil properties such as topsoil and subsoil depths have high 
spatially variability.  This will be addressed through the pre-development assessment 
work.  As well, an environmental inspector(s) will be used during construction to ensure 
proper soil salvage and replacement practices. 

 

98. Volume 1B, Attachment 1, Figure 1, Page 4 
Volume 1B, Attachment 1, Page 11 

Canadian Natural has proposed numerous borrow pits for this application. Canadian 
Natural states that Borrow pits will be reclaimed when they are exhausted of useful 
borrow material and possibly independent of adjacent wellpad reclamation.  It is currently 
estimated that most of the Kirby Project footprint will be reclaimed during the 2032-2034 
period, at the end of the Project’s operational life.  

Generally borrow pits are constructed and reclaimed in a shorter period (i.e., 3 years) 
rather than the 30 years proposed. 

a) Provide clarification on the reclamation schedule of the borrow pits. 

b) Quantify the total volume of fill material required for the construction of wellpads, 
roadways and Project facilities. Also include information that describes the soil/fill 
type (i.e., heavy clay) sought for construction as appropriate and discuss whether 
the proposed borrow pit areas contain the appropriate/desired fill material. 
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c) Discuss whether the proposed borrow areas will serve to adequately supply the 
proposed Project for its entire life cycle. 

d) Discuss how this fill material will be successfully incorporated into Project 
reclamation. 

Response:   
a) To conserve borrow resources, it is Canadian Natural’s intention to keep each borrow pit 

active until the available borrow material is exhausted.  Once a borrow pit is exhausted, it 
will be reclaimed within a reasonable period of time. 

b) The estimated total quantity of fill required for the construction of wellpads, roads and 
other project facilities is shown in Table 98-1.  A geotechnical investigation of the plant 
site indicated the site soil profile mostly consisted of clay till, which is suitable as fill 
material.  Available fill materials in proposed borrow areas are expected to be similar in 
character.  A geotechnical evaluation of the prospective borrow sources will be 
conducted before the applications for surface dispositions. 

Table 98-1 Estimated Fill Required for the Project 

Construction Activity Fill Required 
[m3] 

wellpads 242,400 
roadways 477,000 
central plant 110,000 
Total 829,400 

 

c) In addition to fill from proposed borrow areas, it is estimated there could be a net surplus 
of fill from the plant site for use in wellpad and road construction.  It will be possible for 
Canadian Natural to determine whether proposed borrow areas will adequately supply the 
borrow needs of the Project once the volume of material from the plant site is better 
defined and geotechnical studies of the proposed borrow areas have been completed. 

d) As discussed in Volume 1B, Attachment 1, Sections 4.5 and 4.6 of the Conservation and 
Reclamation Plan, the fill will be used as subsoil material on reclaimed landscapes, and 
will be recontoured to establish and maintain desired topographical and drainage patterns. 
The fill will be ripped, if required, to alleviate compaction and minimize physical 
limitations related to land capability for forestry classification. 
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99. Volume 1B, Attachment 1, Section 2, Table 2, Page 6 

Table 2 identifies the Kirby Project facilities and the associated disturbance areas. 
However, it is unclear if the table includes any disturbances associated with access 
roads, pipelines and power lines. 

a) Confirm that all of these linear disturbances have been included (combined) under 
the title ‘rights-of-way’ found in Table 2. If not, revise Table 2 to include all 
disturbance areas associated with the Kirby Project. 

Response:   
a) All of the linear disturbances including access roads, pipelines and power lines are 

combined under the title ‘rights-of-way’ found in Table 2 (Volume 1B, Attachment 1, 
Section 2). 

 

100. Volume 1B, Attachment 1, Section 2, Figure 3, Page 8 

Figure 3 depicts a typical wellpad layout, including areas on the pad to be used for 
topsoil and subsoil storage.   

a) Confirm that Canadian Natural’s proposed footprint can accommodate all salvaged 
soil stockpiles. 

b) Discuss the length of time that topsoil, subsoil and peat will be stored and the 
associated potential impacts to the soils and seed bank viability as a result of the 
duration of storage. 

Response:   
a) Canadian Natural confirms that adequate space is available to accommodate all salvaged 

soil stockpiles.  Details of the stockpile volumes and available storage area are outlined in 
Table 100-1 and Table 100-2 and are based on a maximum final slope of 3H:1V and a 
maximum height of 5 m for stockpiles.  On average, all salvaged subsoil will be used for 
wellpad and berm construction.  Additional required fill will be obtained from borrow 
areas.  Stockpile capacity on a typical wellpad can accommodate all salvaged soil 
materials. 
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Table 100-1 Average Stockpile Requirements Per Pad 

Activity Salvaged 
[m3] 

Need 
[m3] 

topsoil salvaged 4,000 n/a 
subsoil salvaged 18,500 n/a 
Total 22,500 n/a 
berm construction n/a 788 
fill for pad n/a 19,416 
Total n/a 20,204 

n/a= Not Applicable. 

Table 100-2 Available On-Site Soil Storage 

Stockpile Location Available Storage Volume 
[m3] 

east side of pad 6,000 
west side of pad 7,770 
Total 13,770 

Note: Based on a typical wellpad, as shown in Volume 1B, Attachment 1, Section 2, Figure 3. 

b) It is difficult to identify the length of time soil materials will be stored on the wellpads 
because the operational life of a wellpad will vary.  The first wellpad is expected to still 
be operational when the last pad is constructed.   

Considering the overall project schedule (Volume 1A, Section A6, Table A6.0-1, 
page A6-3) and the wellpad development schedule (Volume 1B, Attachment 1, 
Section 2.2, Table 3) soil storage on wellpads could last as little as seven years and as 
long as 23 years. 

Potential impacts to stockpiled soils and seed bank viability include wind and/or water 
erosion, accelerated decomposition of organic matter, desiccation (organic soils), 
compaction and loss of seed viability. 

Wind and water erosion will be mitigated by the seeding of stockpiles with an Alberta 
Sustainable Resource Development (ASRD) approved native grass seed mix and the 
installation of silt fences as necessary to minimize erosion losses. Accelerated 
decomposition of organic (peat) soils is possible, as decomposition is known to occur at a 
much faster rate in aerobic conditions than anaerobic conditions (Quinty and Rochefort 
2003). Establishment of vegetation on the stockpiles will be important for controlling 
weeds on the stockpiles, particularly on the surface. 

Compaction caused by equipment grading the stockpile and handling and driving over the 
soil will be alleviated at the time of reclamation by ripping, if necessary.  Low ground 
pressure equipment will be used in the recontouring and ripping operations to mitigate 
further compaction.   
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Seed bank viability in soil stockpiles is highly variable and depends on numerous factors. 
The size and hardiness of the seed, along with climatic conditions and other variables 
determine the dormancy period of the seed bank.  Appropriate trees and shrubs will be 
planted on reclaimed wellpad landscapes as required to augment natural vegetation re-
establishment. 

Reference: 

Quinty, F. and Rochefort, L. 2003. Peatland Restoration Guide. 2nd Edition. Canadian 
Sphagnum Peat Moss Association and New Brunswick Department of Natural 
Resources and Energy. 

 

101. Volume 1B, Attachment 1, Section 3.1.2, Page 19 and Section 3.1.3, Page 20 

Canadian Natural states that Wellpads located on wetlands classes will be re-contoured 
to create a distinct low-lying area on the wellpad to act as a transition to the 
surrounding undisturbed wetlands.  Canadian Natural (Page 20) states that Wetlands 
habitats directly affected by the Kirby Project will shift to terrestrial habitats that are 
predominantly early successional habitats to mid-successional habitats. The C&R Plan 
is predicted to increase terrestrial habitats and slightly decrease wetlands habitats.  In 
addition, Canadian Natural (Page 19) states Wetlands disturbed by pipelines and other 
disturbances created without significant fill materials being added to the surface may 
naturally regenerate to the pre-disturbance wetlands type. 

a) Summarize discussions Canadian Natural has had with AENV and SRD regarding 
the conversion of wetlands areas to upland sites. 

b) Discuss Canadian Natural’s experience (successes and challenges) with reclaiming 
wetlands areas, and reliance upon natural regeneration. Include any research 
initiatives Canadian Natural has been involved in or is aware of. 

Response:   
a) During the process of preparing Pre-Disturbance Assessments (PDAs) for new wellpads 

and infrastructure associated with the Primrose and Wolf Lake Project, Canadian Natural 
has held discussions with AENV and ASRD related to possible conversion of wetlands to 
uplands.  Specifically, for the PDA reports prepared for the Primrose North pad-adds in 
2005, Canadian Natural recognized there was considerable uncertainty related to the 
success of wetlands reclamation following the removal of wellpads.  As a result, 
Canadian Natural suggested proceeding with an approach that allowed for consideration 
of two reclamation options in wetlands areas: 

• leave the wellpad in place and reclaim to an upland area; or 
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• remove all fill and geotextile liner, exposing peat and allowing recovery to a 
wetlands. 

This approach of presenting reclamation options in conservation and reclamation plans 
was considered acceptable to AENV and ASRD. 

b) Subsection 5.3.18 of Environmental Protection Enhancement Act (EPEA) Approval No. 
11115-02-10 for the Primrose and Wolf Lake Project required Canadian Natural to 
develop a Wetlands Reclamation Trial Program.  The intent of this program was to 
identify wellpads and access roads that were previously developed in wetlands areas, and 
evaluate the feasibility of removing fill and then subsequently reclaiming the sites to 
wetlands.  Given that the Primrose and Wolf Lake Project is primarily in the development 
stage rather than abandonment and decommissioning stages, wellpad candidate sites are 
not yet available for the trial.  However in 2008, Canadian Natural identified two borrow 
pits that have been contoured to wetlands and an access road that has been removed from 
a wetlands.  Monitoring of these sites will begin in 2008.  These wetlands reclamation 
trial sites are marshes.  Natural regeneration at the sites has been successful in the 
establishment of vascular plants adapted to marsh-type wetlands (e.g., cattails, reeds and 
sedges).  

Canadian Natural is aware that other oil and gas companies are conducting some research 
on a trial basis involving the removal of wellpads and reclamation of the sites to 
wetlands.  This research is in the early stages. Canadian Natural will continue to track the 
development of this research and will consider the findings in our reclamation planning. 

 

102. Volume 1B, Attachment 1, Section 4.3, Page 26 

Canadian Natural states topsoil salvage plans for the first 10 years of wellpad 
development are included in Attachment B. However only 8 wellpads are outlined on 
Figures B-1, B-2, B-3 and B-4. In Volume IB, Attachment 1, Section 2, Page 6, Canadian 
Natural states that of the 12 wellpads in the Kirby Project, 8 are primarily located on 
upland areas and four on wetlands. 

a) Provide topsoil and subsoil plans (written description and figures) for all wellpads 
covered by this Application (12 pads) and all associated facilities (access roads, 
transmission line right of ways, pipeline right of ways, camps, borrow areas, etc). 

b) Provide more details on Canadian Natural’s site specific pre-disturbance 
assessments and associated conservation and reclamation plans for soil disturbed 
during construction.  Include plans for salvage of disturbed soils. 

c) Discuss topsoil and subsoil salvage plans beyond the 10 years provided in the EIA. 

Response:   
a) Wellpad and associated facility topsoil and subsoil salvage plans are depicted in 

Figures 102-1 to 102-13.  Topsoil and subsoil salvaged depths are shown for all ROWs. 
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Topsoil and subsoil salvage will be completed as outlined in Volume 1B, Attachment 1. 
Soil salvage and soil replacement for all wellpads and associated facilities are addressed 
in the Conservation and Reclamation Plan (Volume 1B Attachment 1, Section 4.3 and 
4.6).  These soil salvage and replacement plans cover the life of these facilities in 
addition to the first 10 years of development.  Tables 102-1 and 102-2 show details of the 
topsoil and subsoil salvage volumes and depths for all project facilities.   
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Undisturbed Mineral Soil Undisturbed Organic Soil 

Project 
Component 

Area 
[ha] 

Area of 
Existing 

Disturbed 
Soil 
[ha] 

Area of 
Mineral Soil

[ha] 

Average 
Topsoil 
Depth 

[m] 

Topsoil-Mineral
[m3] 

Area of 
Peat/Mineral 

Soil 
[ha] 

Average 
Peat/Mineral 

Depth  
[m] 

Peat/Mineral 
Mix(a) 

[m3] 

Total 
Available 

[m3] 

Topsoil 
Required(b) 

[m3] 

Balance  
(+/-) 
[m3] 

plant site 22 2 3 0.17 5,000 17 1.0 170,000 175,000 44,000 131,000 

wellpads (12)(c) 54 2 20 0.23 46,000 0 0 0 46,000 108,000 -54,000 

disposal and 
source well (c) 16 4 6 0.17 10,000 2 0.9 17,000 27,000 32,000 -5,000 

rights-of-way(d) 122 20 7 0.17 12,000 0.3 0.3 1,000 13,000 13,000 0 

camp, 
stockpiles 23 7 12 0.12 14,000 4 0.8  33,000 37,000 44,000 -5,000 

borrow pits(e) 90 0.6 49 0.20 100,000 41 1.0 430,000 530,000 90,000 444,000 

Total 327  35.6  97 n/a 187,000 n/a n/a 651,000 828,000 331,000 511,000 

adian Natural Resources Ltd. - 212 - Supplemental Information 
  July 2008 

(c) Deep peat (>80 cm) will not be salvaged on wellpads. Areas of deep peat-include wellpads (32 ha) and disposal/source well (4 ha). 
(d) Pipeline/power line construction soil salvage and replacement is immediate (95 ha) and therefore is not calculated in balances.  Road salvage volumes are included. 
(e) Borrow pits will be turned into shallow ponds for waterfowl habitat so only a portion of borrow areas will require soil replacement. 

(b) Topsoil replacement depths assumed to average 20 cm or the depth salvaged from a facility. 

Table 102-1 Topsoil Balance for the Project 

(a) Includes peat greater than 20 cm mixed with 50% mineral soil. 

Can
Kirby In-Situ Oil Sands Project
 
 

n/a =  not applicable. 
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Table 102-2 Subsoil (B Horizon) Balance for the Project 

Project 
Component(a)

Area 
[ha] 

Subsoil Available 
[m3] 

Subsoil Replacement(a) 

[m3] 

plant site 22 8,000 8,000 

wellpads 1 to 12 54 13,000 13,000 

disposal and source 
well 16 12,000 12,000 

rights-of-way(b) 122 15,566  15,566  

camp, stockpiles 23 33,000 33,000 

borrow pits(c) 90 77,000 77,000 

Total 327 158,566 158,566 
(a) Subsoil replacement volumes will be same as all subsoil salvaged for each facility. 
(b) Pipeline/power line construction soil salvage and replacement is immediate and, therefore, is not 

calculated in balances. Subsoil salvage will only occur on roads. 
(c) Since borrow pits will be partially reclaimed to shallow open water systems, only 50% of 

available subsoil is required for reclamation purposes. 

b) Canadian Natural will complete detailed Pre-Disturbance Assessments (PDA) before 
construction according to the Project EPEA approval.  The PDA reports will provide 
more site-specific conservation and reclamation plans. 

Disturbed area soils will not be salvaged, although disturbed areas have been accounted 
for in the area to be reclaimed in Table 102-1.   

c) The salvage plan in Part a) accounts for the topsoil and subsoil salvage for the 12 well 
pads and associated facilities for the entire life of the Project (the first 10 years and 
thereafter).  Soil salvage plans beyond 10 years will be similar to the first 10 years. 
Site-specific soil salvage plans will be provided in the PDA reports submitted before 
construction. 

 

103. Volume 1B, Attachment 1, Section 4.3, Page 26  

Canadian Natural states that typical topsoil depths for uplands soils range from 15 to 
25 cm.  It also states in Section 4.3 that for any facilities constructed on mineral soils, 
topsoil salvage will consist of LFH/Om plus Ae horizon which generally averages from 10 
to 20 cm. 

a) Clarify which depth of topsoil salvage is correct. 

b) Confirm the calculation of topsoil material balance. 
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Response:   
a) Typical topsoil depths (Aeplus LFH/Om horizons) for the uplands mineral soils 

encountered during soil surveys range from 15 to 25 cm. The correct topsoil depth is 15 
to 20 cm. All available topsoil will be salvaged during soil stripping operations. 

b) The calculation of the topsoil material balance is based on estimates of the soil polygon 
composition by soil series and average topsoil depths by soil series. The average topsoil 
depths by series were used to calculate the estimate presented in Volume 1B, 
Attachment 1, Table 7.  

 

104. Volume 1B, Attachment 1, Section 4.3, Page 26 

Canadian Natural states that Where road and infrastructure corridors are constructed on 
mineral soil, soil salvage will consist of 10 to 20 cm of surface life (LFH plus Ae). 

a) Provide a discussion as to the rationale Canadian Natural used to determine that 
soil salvage depths of 10 to 20 cm would be appropriate. Include a discussion on how 
site specific information obtained during soil inspections would be used. 

Response:   
a) Typical topsoil depths of mineral soil series encountered during baseline field surveys 

ranged from 15 to 25 cm (LFH plus Ae horizons). All available topsoil will be salvaged 
during soil stripping operations. 

On-site environmental monitors during soil salvage operations will work with contractors 
to ensure that topsoil is salvaged.  Site-specific information is compiled on a soil series 
basis over the Project footprint and is used as a guide for soil salvage operations but 
actual conditions will dictate the final salvage depths.  

 

105. Volume 1B, Attachment 1, Section 4.3, Page 26 

Canadian Natural states that Peat is typically salvaged; where the peat depth is less than 
80 cm it will be over-stripped into the underlying mineral material to create a peat/mineral 
mix…On organic soils with peat depths greater than 80 cm the peat is typically not 
salvaged where leaving it intact is required to provide geotechnical stability. 

a) Provide a discussion as to the rationale Canadian Natural used to determine the 
80 cm depth cut off for peat salvage. 
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Response:   
a) As described on Volume 1B, Attachment 1, Section 4.3 the 80 cm depth cutoff for peat 

salvage is assessed on a site by site basis.  Canadian Natural has developed this internal 
guideline based on experience with wellpad and road construction on organic soils at the 
Primrose and Wolf Lake Project.  In general, where the peat is less than 80 cm in depth 
this represents shallow peatlands that if left in place will result in variable settling over 
the surface of the fill and excessive maintenance problems.  On deep peatlands, with peat 
depths typically greater than 80 cm, it has been found that leaving the peat layer fully 
intact establishes a more uniformly stable surface for the placement of fill and 
construction of infrastructure.  Deep peatlands may be encountered where it is 
appropriate to leave the peat intact.  The requirement for peat removal will be determined 
on a site-by-site basis. 

 

106. Volume 1B, Attachment 1 C&R Plan, 4.3 and 4.8.2, Page 26 and 34 

A new policy is being considered by Alberta Sustainable Resource Development and 
Alberta Environment that will require all fill to be removed from peatland 
developments prior to the issuance of a reclamation certificate. 

a) Explain how pad/road construction techniques and reclamation will be    carried out 
on these sites if this policy were implemented. 

b) How will this affect borrow requirements? 

Response:   
a) Wellpad and road removal from peatlands and reclamation of these sites has little 

precedent.  Techniques are being developed through research programs being conducted 
by various companies.  If the described ASRD and AENV policy is implemented, 
Canadian Natural will consider the implemation of findings from these research programs 
to facilitate the construction and reclamation of Project wellpads and roads located in 
peatlands. 

b) Depending on the timing of new wellpad and road development in relation to future 
reclamation of existing wellpads and roads, the borrow requirements for the Project may 
not change with the implementation of a policy requiring fill removal from peatlands.  
Currently, the first Project wellpad is anticipated to have producing wells and be in 
operation when the last wellpad is constructed. 
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107. Volume 1B, Attachment 1, Section 4.3, Page 26 and 27 

Canadian Natural states that up to 15 cm of subsoil may be salvaged on access roads if 
needed…and up to 30 cm of suitable B horizon (subsoil) rated Fair to Good for 
reclamation suitability will be salvaged on wellpads and the plant site constructed on 
upland mineral soil.  Up to 15 cm of subsoil may be salvaged on access roads if needed; 
and B horizon rated as Poor reclamation suitability (very sandy texture) may be 
salvaged pending site needs. 

a) Provide a discussion as to the rationale Canadian Natural used to determine that 
subsoil salvage depths of 30 cm and 15 cm would be appropriate. 

b) Clarify how much of the 30 cm of subsoil (rated as Fair to Good) will be salvaged 
(Volume 1B, Attachment I, Section 4.3, Table 8, Page 28). If not all of the 30 cm of 
subsoil (rated as Fair to Good) will be salvaged, clarify why Canadian Natural will 
not salvaged all of the 30 cm of subsoil (rated as Fair to Good) for reclamation 
purposes. 

c) Clarify why the entire mineral A Horizon may not be salvaged for reclamation 
purposes. 

d) Discuss the criteria that Canadian Natural will use to determine that subsoil would 
be salvaged on access roads. Provide any supporting information on the successes 
and challenges Canadian Natural has experienced with respect to long term 
reclamation success of these types of disturbances. 

Response: 
a) The subsoil salvage depths proposed by Canadian Natural are based on the need to 

salvage enough suitable subsoil to reclaim all project disturbances.  The depth of road 
subsoil salvage will be up to 30 cm in the subsoil balance based on the requirements 
found in recent Environmental Protection and Enhancement Act approvals.  The 
corrected subsoil balance, including rights-of-way (Table 107-1) from the Conservation 
and Reclamation Plan is outlined below. 

Table 107-1 Subsoil (B Horizon) Balance for the Project 

Kirby Project Component(a) Area 
[ha] 

B Horizon 
Available 

[m3] 

B Horizon to 
Replace(a) 

[m3] 
plant site 22 8,000 8,000 
wellpads 1 to 12 54 13,000 13,000 
disposal and source well 16 12,000 12,000 
rights-of-way(b) 122 15,566  15,566  
camp, stockpiles 23 33,000 33,000 
borrow pits(c) 90 77,000 77,000 
Total 327 158,566 158,566 

(a)
 B horizon replacement volumes will be same all B horizon salvaged for each facility. 

(b)
 Pipeline/power line construction soil salvage and replacement is immediate and, therefore, is not 

calculated in balances. Subsoil will not be salvage from roads as the borrow material used for 
construction will serve as subsoil material during reclamation. 

(c)
 Since borrow pits will be partially reclaimed to shallow open water systems, only 50% of available 

subsoil will be salvaged. 
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b) All of the fair to good rated subsoil will be salvaged for use in reclamation. 

c) All of the A horizon will be salvaged for reclamation purposes.   

d) Canadian Natural will preferentially salvage subsoil rated as fair to good for reclamation 
as outlined in the document “Soil Quality Criteria Relative to Disturbance and 
Reclamation” (AAFRD 1987), including that from access roads. 

Reference: 

AAFRD (Alberta Agriculture, Food and Rural Development).  1987.  Soil Quality Criteria 
Relative to Disturbance and Reclamation Prepared by the Soil Quality Criteria 
Working Group, Soil Reclamation Subcommittee, Alberta Soils Advisory 
Committee, Alberta Agriculture.  Edmonton,  AB. 

 

108. Volume 1B, Attachment 1, Section 4.3, Table 7, Page 27 

This table shows the topsoil balance for the Kirby Project, and indicates a topsoil 
surplus of 511,000 m3.  

a) Provide the calculations to support the topsoil material balance. 

b) Provide a discussion on why Canadian Natural anticipates a topsoil surplus. 

c) Confirm that all topsoil salvaged will be replaced. 

Response:   
a) The following are the calculations used to determine topsoil volumes: 

• Calculation for mineral topsoil volume:  area of mineral (m2) x average topsoil depth 
(m) = volume topsoil-mineral (m3) 

Sample calculation: wellpads: 20 ha x 10,000 m2/1 ha x 0.23= 46,000 m3

• Calculation for peat/mineral mix volume:  area of peat/mineral soil (m2) x average 
peat/mineral mix depth (m) = volume peat/mineral mix (m3) 

Sample calculation:  plant site: 17 ha x 10,000m2/1 ha x 1.0 m = 17,000 m3 

Please note, average soil depths are based on weighted averages.  Wellpad volumes are 
based on the wellpad total. 

Table 108-1 provides additional information to support the topsoil material balance.  
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Table 108-1 Topsoil Balance for the Project 

Kirby Project 
Component 

Area 
[ha] 

Area of 
Disturbe

d Soil 
[ha] 

Area of 
Mineral 

Soil 
[ha] 

Average 
Topsoil 
Depth 

[m] 

Topsoil-Mineral
[m3] 

Area of 
Peat/Mineral 

Soil 
[ha] 

Average 
Peat/Mineral 

Depth 
[m] 

Peat/Mineral 
Mix(a) 
[m3] 

Total 
Available

[m3] 

Topsoil 
Required(b)

[m3] 

Balance
(+/-) 
[m3] 

plant site 22 2 3 0.17 5,000 17 1.0 170,000 175,000 44,000 131,000 

wellpads (12)(c) 54 2 20 0.23 46,000 0 0 0 46,000 108,000 -54,000 

disposal and 
source well (c) 16 4 6 0.17 10,000 2 0.9 17,000 27,000 32,000 -5,000 

rights-of-way(d) 122 20 7 0.17 12,000 0.3 0.3 1,000 13,000 13,000 0 

camp, stockpiles 23 7 12 0.12 14,000 4 0.8 33,000 37,000 44,000 -5,000 

borrow pits(e) 90 0.6 49 0.20 100,000 41 1.0 430,000 530,000 90,000 444,000 

Total 327 36   97   n/a 187,000  64  n/a 651,000 828,000 331,000 511,000 
(a) Includes peat greater than 40 cm mixed with 50% mineral soil. 
(b) Topsoil replacement depths assumed to average 20 cm or depth salvaged from a facility. 
(c) Deep peat (>80 cm) will not be salvaged on wellpads. Areas of deep peat include wellpads (32 ha) and disposal/source well (4ha). 
(d) Pipeline/power line construction soil salvage and replacement is immediate (95 ha) and therefore is not calculated in balances.  Road salvage volumes are included. 
(e) Borrow pits will be turned into shallow ponds for waterfowl habitat so only a portion of borrow areas will require soil replacement. 
n/a = Not applicable. 
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b) There are two types of development in which surplus of topsoil for reclamation 
requirements is anticipated: 

• A topsoil surplus is anticipated because of the development of borrow pits and the 
plant site on deep peatlands.  Mineral topsoil and peat/mineral mix will be salvaged, 
but not all of the material salvaged will be required for replacement in those locations 
since portions of the borrow pits are expected to become pond waterfowl habitat at 
closure.  For the wellpads only 22 ha of mineral soil will be salvaged over the entire 
54 ha area.  The deep peat will not be salvaged (32 ha).  Topsoil replacement will 
occur over the entire wellpad area including the areas that were not salvaged.  The 
deficit in top soil volumes at the wellpads will be compensated for by the soil 
surpluses from the borrow pits and the plant site. 

• The development of the plant site requires the removal of all peat for geotechnical 
purposes before construction, but reclamation of the plant site will not require the full 
volume of peat salvaged for topsoil during reclamation.   Topsoil considered surplus 
in the reclamation of borrow pits, wellpads and the plant site will be used in other 
reclamation areas on-site where deeper reclamation soils may assist in vegetation 
community development. 

c) Canadian Natural will use all salvaged topsoil in reclamation activities. 

 

109. Volume 1B, Attachment 1, Section 4.3, Tables 7 & 8, Pages 27 - 28 and Section 4.8.3, 
Page 34 

Under Table 7, Canadian Natural states that Borrow pits will be turned into shallow 
ponds for waterfowl habitat so only part of borrow areas will require soil, and Table 8 
(c), states that since borrow pits will be partially reclaimed to shallow open water 
systems, only 50% of available subsoil will be salvaged. In addition, Section 4.8.3, Page 
34 states that Following recontouring to a more natural and stable position, borrow pits 
will be allowed to fill with water and integrate into the regional drainage regime. 

a) Discuss the rationale Canadian Natural used to justify this end land use change. 

b) Provide the other potential end land use options that Canadian Natural considered 
with respect to the reclamation of the borrow pit areas. 

c) Summarize the conversations Canadian Natural has had with AENV/SRD 
regarding this end land use change for the borrow pit areas. 

Response:   
a) Volume 1B, Attachment 1, Section 4.8.3 states, “For the purpose of the C&R Plan, it is 

assumed all borrow sites will be excavated to the full extent and will be depressions at the 
times of reclamation.” As depressions they will likely collect water.  If borrow areas are 
not fully excavated and do not collect water they would be reclaimed as upland areas.  
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However, as a conservative measure, it is assumed all borrow areas will be fully 
excavated and will collect water. Under these conditions, reclaiming the excavated 
depressions to sustainable upland vegetation communities would be impractical.  
Canadian Natural expects that the reclaimed borrow pits will consist of small ponds with 
a perimeter of upland habitats as outlined in the Closure and Reclamation (C&R) Plan 
(Volume 1, Attachment 1, Section 4.8.3).   

b) Given the shallow water table in the Project area, there are not any other potential land 
use options that are practical at this time.  Canadian Natural will consider alternate 
reclamation scenarios for borrow pits on an individual basis during final reclamation 
planning, and will focus on achieving functional vegetation communities at closure. 

c) During the process of preparing Pre-Disturbance Assessments (PDAs) for new borrow 
areas associated with the Primrose and Wolf Lake Project, Canadian Natural presented to 
AENV and ASRD Canadian Natural’s intent to proceed with an approach that allowed 
for consideration of reclamation options for borrow areas: 

• allowing depressional areas that have filled with water to be reclaimed as wetlands; 
and 

• reclaiming the upland areas at the perimeter of the depressions as uplands. 

This approach of presenting reclamation options in conservation and reclamation plans 
was considered acceptable to AENV and ASRD.  The same approach will be presented in 
the PDAs for the Project. 

 

110. Volume 1B, Attachment 1, Section 4.3, Table 7 & 8, Pages 27 - 28 
Volume 5, Section 3.4.1.2, Page 17 

Under Tables 7 and 8, it is noted that Pipeline/power line construction soil salvage and 
replacement is immediate and therefore is not calculated in the balances. Also Canadian 
Natural will attempt to minimize Project disturbances by minimizing surface 
disturbance. 

a) Provide a discussion on the volume of topsoil and subsoil disturbance associated 
with pipeline and power line construction. 

b) Discuss the potential use of new procedures for underground pipeline construction, 
for example low impact pipeline systems (LIPS), or describe why they are not 
applicable to the Kirby Project. (Note: for additional information on LIPS contact 
Doug Kulba, Partners in Resources Coordinator, Alberta Environment, Grande 
Prairie, (780) 833-4232). 

Response:   
a) As outlined in the C&R Plan (Volume 1, Attachment 1), the volume of topsoil and 

subsoil from pipelines is not critical to the overall Project soil balance.  For below-ground 
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pipelines this is because the reclamation material is only stored for a few days before 
being replaced in the trench.  The actual volumes of topsoil and subsoil salvage for 
below-ground pipelines will include the topsoil depth for the first lift and the remaining 
depth to the bottom of trench for the second lift.  All salvaged topsoil and subsoil will be 
replaced immediately and therefore soil volumes were not estimated.  Figures 102-1 to 
102-13 (Question #102) depict the estimated soil salvage depths. 

There will be no soil salvaged on rights-of-way for above-ground pipelines and power 
lines.  During construction, temporary work platforms will be placed on the undisturbed 
soil until work in the active work area is completed. 

b) Canadian Natural will consider all construction options to understand their potential for 
minimizing disturbance during pipeline construction, their history of use, and their 
applicability to the Project site conditions and Project design plans. 

 

111. Volume 1B, Attachment 1, Section 4.3, Page 27  
Volume 5, Section 3.4.1.2, Page 17 

Canadian Natural states that Where organic soils predominate, it is expected that most 
roads will be constructed using corduroy, geogrid and woven geotextiles, rip rap, fill and 
clay. Moreover, Canadian Natural explains how corduroy and geotextile fibre may be 
used to allow drainage under roads and facilities. 

a) Summarize the conversations Canadian Natural has had with SRD regarding the 
use of corduroy, geogrid or woven geotextiles. 

b) Clarify if these materials be removed at closure.  If not, describe potential future 
impacts that may occur as a result of material being left in place and mitigations to 
prevent these from occurring. 

Response:   
a) Canadian Natural has used corduroy (non-merchantable trees), geogrid and geotextiles in 

the construction of Primrose and Wolf Lake Project facilities and roads for several years.  
This has been communicated by Canadian Natural to Bonnyville ASRD staff through 
verbal communications, site tours and Pre-Disturbance Assessment (PDA) reports. 

b) For wellpads and partial roads left in place at closure the added corduroy, geogrid and 
geotextile will not be removed, unless the materials are on the wellpad surface.  As these 
materials will not be exposed and are generally inert, they will have minimal impact. 
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112. Volume 1B, Attachment 1, Section 4.5, page 30 and Section 4.6, Page 31 

Canadian Natural states that Salvaged subsoil and then topsoil will be placed evenly over 
the disturbed site once all initial re-contouring is completed. Section 4.6, Page 31 states 
that for Wellpads and roads constructed on fens and bogs, salvaged topsoil will be placed 
15-20 cm thick over surfaces to be reclaimed…Plant site, wellpads, source and disposal 
wells and roads constructed on mineral soil…It is estimated that an average of 20 cm of 
topsoil will be replaced. 

a) Comment on the rationale Canadian Natural used to determine the topsoil and 
subsoil replacement depths.  

b) Discuss how even replacement of subsoil and topsoil will result in similar 
biodiversity and ecosite function as existed prior to disturbance. 

Response:  
a) The topsoil and subsoil replacement depths are based on average salvage depths for each 

soil series prior to disturbance.  The soil replacement prescriptions to achieve the end 
land capability and target ecosite goals, which are outlined in Table 3.3 of the 
“Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region” 
(OSVRC 1998) were also considered and account for the slight modifications from the 
original salvage depths.  All topsoil and subsoil salvaged will be replaced on facilities, 
with the goal of replacing a similar average depth as baseline conditions at each facility.  
Canadian Natural will provide actual topsoil and subsoil volumes and depths salvaged in 
the Annual Conservation and Reclamation Report. 

b) Even replacement of topsoil and subsoil allows viable seed propagules in the topsoil to be 
uniformly distributed. In practice, it is expected that the depth of topsoil and subsoil 
replaced will vary in order to mimic baseline conditions.  The surface of the subsoil and 
topsoil will be roughened to allow for microhabitat establishment and to promote 
biodiversity on the reclaimed landscape. 

Reference: 

OSVRC (Oil Sands Vegetation Reclamation Committee). 1998. Guidelines For Reclamation 
To Forest Vegetation In The Athabasca Oil Sands Region. Fort McMurray, Alberta, 
October 1998. 
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113. Volume 1B, Attachment 1, Section 6.1.2., Page 44 

Canadian Natural states that it will have an on-site inspector during salvage operations. 

a) Clarify Canadian Natural’s intent to use a qualified soil specialist to oversee all 
salvage and replacement operations.  Confirm the duties of this person and what 
authority they will have. 

Response:   
a) Canadian Natural commits to employing qualified field construction and reclamation 

specialists to supervise all soil salvage and replacement operations.  These individuals 
have extensive experience constructing and reclaiming well sites and roads in a variety of 
conditions and environmental settings.  They will have the authority to oversee the 
salvage and replacement of topsoil and subsoil, and to modify or shut down these 
operations if they are being conducted improperly or under unsuitable conditions.  

 

114. Volume 1B, Attachment 1, Section 6.3.2., Page 47 

Canadian Natural describes reclamation in wetlands areas in terms of access roads and 
pipelines. 

a) Provide detail on how the development footprint of the wellpads and other facilities 
in wetlands areas (Gleysolic and Organic soils) will be reclaimed. 

Response:   
a) Fill materials will be graded on the edge of facilities, such as wellpads and the plant site, 

to allow the re-establishment of transitional terrestrial ecosite phases (e.g., Labrador 
tea-subhygric black spruce-jackpine [g1]).  These transitional ecosites are expected to 
blend in with the surrounding wetlands as shown in C&R Plan (Volume 1B, 
Attachment 1, Figure 9).  The graded fill material will be piled on the remaining portions 
of the facility to create a natural variable topographic surface as found in the surrounding 
undisturbed areas. 
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115. Volume 1B, Section 4.7, Page 31 and Section 7, Page 48 

Canadian Natural indicates it will adopt a natural recovery approach to revegetation 
and conservation and reclamation monitoring will be documented annually. 

a) Provide Canadian Natural's current reclamation monitoring program for the Kirby 
Pilot Plant and progress on using this revegetation method for reforestation as well 
as flora and fauna reclamation.  

b) Clarify whether Canadian Natural's position on reforestation in the Green Area is 
dependent on the trees being provided by the FMA holder. 

Response:   
a) In November 2004 Canadian Natural submitted a Reclamation Monitoring Program 

Proposal to AENV for the Kirby Pilot Project.  The proposal was approved by AENV in 
November 2005.  In March 2005 Canadian Natural submitted a Revegetation Plan to 
AENV for the Kirby Pilot Project.  The plan was approved by AENV in September 2005.  
Since that time decommissioning work has been conducted at the Kirby Pilot Project 
plant site, but no additional reclamation work has taken place.  Canadian Natural is 
proposing to incorporate the pilot project plant site into the plant site for the Project.  
Apart from conducting a Phase II environmental assessment of the pilot plant site and 
subsequent cleanup of contaminated soil at the site, if any is required, Canadian Natural 
is not planning further reclamation work at the pilot site until the end of the life of the 
Project. 

b) Canadian Natural will work to have the Forest Management Agreement (FMA) holder 
undertake the majority of reforestation conducted during reclamation of the Project.  If 
infill planting is required, Canadian Natural will obtain seedling stock from local, 
approved suppliers, which might include the FMA holder.  

 

116. Volume 1B, Attachment 7, Page 27 

The concordance table indicates that the Terms of Reference item 4.8.1.3.g is addressed 
in Volume 5, Section 2.5, Page 8. 

a) In relation to Terms of Reference item 4.8.1.3.g, Canadian Natural does not describe 
how mitigation will occur given the potential for changes in the ground surface 
during operations (e.g., temperature, ground heave and ground subsidence).  
Provide detail to address this item as described in the final Terms of Reference. 

b) As part of the Terms of Reference, summarize applicable Canadian Natural 
experience in temperature change, surface heaving, subsidence; and factor involved 
in their occurrence regarding the Project.  
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c) As part of the Terms of Reference, describe the environmental implications of any 
terrain changes during steam and recovery operations. 

Response:   
a) There are a number of factors related to the Steam Assisted Gravity Drainage (SAGD) 

process and the McMurray Formation in the Project area that have the potential to result 
in minor ground temperature change, heave and subsidence.  These factors are expected 
to require minimal mitigation, based on Canadian Natural’s understanding of the issue 
and our experience at the Primrose and Wolf Lake Project. 

Surface heave is generally ascribed to elevated temperature and elevated pressure 
associated with steam injection.  The effect of these factors becomes attenuated as the 
reservoir becomes deeper.  The SAGD process at the Project will be a low-pressure 
operation compared to other in-situ operations.  The anticipated reservoir operating 
pressure at the Project will be in the range of 2.5 to 3.0 MPa which is similar to the 
pressure of the McMurray formation bottom water (pressure of approximately 2.7 MPa).  
Temporary surface heave of 22 cm has been observed by Canadian Natural at the 
Primrose and Wolf Lake Project where Cyclic Steam Stimulation (CSS) is used for in-
situ bitumen recovery at a similar reservoir depth, but at considerably higher pressure 
(10 MPa) than to be used on the Project.  Surface heave at the Primrose and Wolf Lake 
Project was found to subside to near normal, about three months after the start of bitumen 
flowback following the completion of steaming. 

Surface heave of only 50 mm from SAGD operations was reported for Phase B of the 
Alberta Oil Sands Technology Research Authority (AOSTRA) Underground Test 
Facility (UTF) Project, but the reservoir at the AOSTRA facility was about five times 
shallower than the reservoir in the Project area.  Surface heave resulting from the Project 
would be expected to be lower in magnitude than at the AOSTRA facility. 

Temperature changes at surface, if they occur at the Project, will only occur near to the 
wellbores, and will be well within pad disturbance boundaries. Surface temperature 
changes are highly unlikely in areas outside of pad boundaries. 

Well and casing design, cementing procedures, and the well integrity program, as 
described in Volume 1A, Sections B4.2, B4.5 and B4.7, respectively, will act in 
combination as significant mitigation against unwanted well-related steam release and 
associated possible surface heating. All other hot piping on a wellpad will be insulated to 
minimize radiant heat losses that could otherwise contribute to soil heating at other areas 
of a wellpad. 

b) As discussed in Part a) above, Canadian Natural has experience with surface heave and 
subsequent subsidence on the Primrose and Wolf Lake Project where CSS is used for 
in-situ bitumen recovery.  Soil heating has been observed at surface near Primrose and 
Wolf Lake Project injection wells.  Typical observations have included premature snow 
melt or increased drying rate after precipitation.  The observable area of effect is typically 
less than two metres radius around a wellhead. Some of this effect is due to heat 
conduction through the soil on the wellpad, and some is due to heat radiation from the 
portion of the wellhead that extends above ground level.  
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c) Canadian Natural does not anticipate any environmental implications of terrain changes 
from surface heave, subsidence and heating because they will be minimal in magnitude 
and reversible (in the case of heave) or will affect disturbed soils on operational wellpads 
(in the case of temperature changes). 

 

117. Volume 1B, Attachment 7, Page 27 

According to the Terms of Reference concordance table, the Terms of Reference 
4.8.1.4.d (possible measures to mitigate changes to ground surface (temperature, heave 
and subsidence) during operations) is addressed in Volume 1B, Attachment 1: 
Conservation and Reclamation.  However, Canadian Natural does not describe possible 
measures to mitigate changes to ground surface (temperature, surface heaving, and 
subsidence) during operations in Volume 1B, Attachment 1. 

a) Provide detail to support this final Terms of Reference impact assessment topic. 

Response:   
a) Well and casing design, cementing procedures, and the well integrity program, as 

described in Volume 1A, Sections B4.2, B4.5 and B4.7, respectively, will act in 
combination to prevent uncontrolled well-related steam release and associated possible 
surface heating. All other hot piping on a wellpad will be insulated to minimize radiant 
heat losses that could otherwise contribute to soil heating at other areas of a wellpad.  
Because of the low operating pressures of the SAGD process at the Project, surface 
heave, if any is expected to be minimal in magnitude (i.e., less than 50 mm).

 

118. Volume 2, Section 2.2.10.4, Page 29 

Canadian Natural states that No soils monitoring is planned for this Project. 

a) Provide an update on the status and the data collected through the Soil Monitoring 
Program for the Kirby Pilot Plant (as per the current Volume 1B, Attachment 2, 
Approval 136400-00-00, Page 22, Section 4.8). 

Response:   
a) Two soil monitoring programs are required by the EPEA Approval 136400-00-00 for the 

Kirby Pilot Project.  The first one was undertaken in 2003.  The report was filed with 
AENV Enforcement and Monitoring and concluded there were no effects from operations 
on soil salinity, glycols and metals.  There was slight surface impact from toluene and F3 
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and F4 hydrocarbons.  Soil contaminant concentrations were below the criteria specified 
in EPEA Approval 136400-00-00. 

A second Soil Monitoring Program was planned for 2007 and 2008.  However, Canadian 
Natural is planning to incorporate the pilot plant into the Project plant site, and has 
requested AENV approval for a Decommissioning and Reclamation Plan Proposal to 
conduct a Phase II soil contaminant delineation program at the pilot site during summer 
2008.  Any required remediation will be undertaken during fall 2008 or summer 2009. 

 

119. Volume 2, Appendix IV 

Several in-situ operators are participating in an industry-led group looking to address 
connectivity and wildlife corridor issues in the oil sands region south of Fort 
McMurray. 

a) Comment on Canadian Natural’s participation in this regional initiative. 

Response:   
a) Discussions around this regional wildlife monitoring program are in very early stages. 

Canadian Natural has expressed interest to other industry companies and will be 
participating in discussions as they evolve. 

 

120. Volume 4A, Section 5.3.2.3, Page 15 

Water course crossing CR-1 will include a road, power line, and above ground 
pipelines. 

a) Provide plan and cross section drawings or figures that show disturbance to 
riparian habitats. 

b) Describe how the potential for vehicle/wildlife interactions at these locations will be 
minimized. 

Response:   
a) There will be minimal disturbance to riparian habitats during bridge, pipeline and power 

line construction.  Watercourse crossing CR-1 is located on an existing road and only 
requires the installation of a bridge and some approach work to become functional.  
Figure 120-1 provides the proposed cross-section and plan view of the Rights-of-Way 
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(ROW) in the area of the crossing.  A previously constructed road crossing was washed 
out by a beaver dam breach.  As currently planned for CR-1, a clear-span type 1 bridge 
crossing will be constructed in winter and will follow the Alberta Code of Practice for 
Watercourse Crossings (AENV 2000) as well as the Fisheries and Oceans Canada (DFO) 
Operational Statement for clear-span bridges (DFO 2007).  The Code of Practice for 
watercourse crossings can also be applied to above-ground pipelines and power lines 
when no support structures will be built within the active bed or banks of a stream.   

 A detailed assessment was conducted in 2001 with support information collected in 2006 
and 2007 as part of the baseline program.  If required, some back sloping and bank 
erosion protection will be constructed under dry conditions in the winter where the old 
road approach has scoured along the left downstream bank.  Tree clearing will be 
required in areas of new ROW.  Clearing of riparian shrubs within the new ROWs may 
be required, depending on their height and potential for interference with the new 
infrastructure.  This will be determinded prior to construction. 

b) Canadian Natural will minimize the potential for vehicle/wildlife interactions at this 
location with the following mitigation: 

• the above-ground pipe will be elevated relative to the watercourse at the crossing 
location, which should permit the unimpeded movement of smaller wildlife along the 
watercourse and under the bridge; 

• on-site staff and worker orientation for local wildlife and wildlife safety issues; 

• a posted speed limit on the road and at the bridge; 

• signage to alert to the potential for wildlife in area; 

• provision of a clear line of sight on the approach to the bridge; 

• vegetation control to ensure visibility; 

• locate wildlife crossings over above-ground pipelines away from the immediate 
vicinity of the bridge; and 

• signage to indicate the presence of wildlife crossings. 

References: 

AENV (Alberta Environment).  2000.  Code of Practice for Pipelines and Telecommunication 
Lines Crossing a Water Body.  Water Act – Water (Ministerial) Regulation.  
Edmonton, Alberta. 

DFO (Fisheries and Oceans Canada).  2007.  Clear-Span Bridges, Alberta Operational 
Statement, Habitat Management Program, Version 2.0.  Fisheries and Oceans 
Canada, Edmonton, AB. 
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121. Volume 4A, Section 1.4, Page 18 
  Volume 1A, Section A2, Figure A2.1-3, Page A2-9 

Canadian Natural states Wellpads and borrow pits will have a minimum setback of 
100 m from waterbodies to minimize impacts on local flow patterns and stream flows. 

a) Confirm that the setback distance is from the valley break for any watercourse and 
start of woody vegetation for any waterbodies to edge of disturbance (including 
vegetation clearing). 

b) In Volume 1A, Figure A2.1-3, Page A2-9 it appears that a borrow pit and a wellpad 
are encroaching on this setback.  Confirm that the setback is being adhered to or 
provide details of any special mitigation measures Canadian Natural would employ 
for disturbed areas within the 100 m setback. 

Response: 
a) With the absence of valley breaks in the Project area, Canadian Natural has located 

Project facilities in locations that adhere to a 100 m setback from open waterbodies.  
Given the definition of a waterbody in Energy Respources Conservation Board (ERCB) 
Directive 056 and the fact the Project is largely surrounded by peatlands, it has not been 
possible to locate Project facilities in strict adherence to a 100 m setback from 
waterbodies other than open water. 

b) During the development of the Project footprint, Canadian Natural used existing 
disturbances wherever possible.  The pad boundary of the groundwater source well in 
Section 30-73-7, shown due west of the camp Mineral Surface Lease (MSL) in 
Figure A2.1-3 (Volume 1A, Section A2), is less than 100 m from Unnamed Tributary #5.  
However, the outline shown encompasses an existing pad containing water source wells 
(in 14-30-73-7 W4M).  This existing disturbance is greater than 100 m from Unnamed 
Tributary #5.   Any future expansion of the pad will adhere to a 100 m setback from the 
tributary.  The proposed borrow pit, adjacent to this site, is sited about 120 m from the 
edge of the tributary.  
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122. Volume 5, Section 2.5.3, Page 12 

Canadian Natural states the Project results in a soil disturbance of 327 ha (9% of the 
LSA) of terrain units under the Project Case.  Morainal units decrease by 85 ha (2% 
ha), glaciofluvial units decrease by 70 ha (2% LSA) and shallow fen units decrease by 
60 ha (2% of the LSA).  These changes in terrain will be partially mitigated by the 
creation of 327 ha of constructed landscape that will perform many of the same 
functions as natural terrain in the area.  

In Volume 1B, Attachment 1, Sections 4.8.1 & 4.8.2, Page 33 and Figures 9 & 10, Pages 
36 & 37, Canadian Natural provides information and schematic drawings of potential 
revegetation and reclamation plans. 

a) Provide details and schematic drawings of the anticipated changes (type and extent) 
to the pre-disturbance topography, elevation and drainage patterns within the 
Project Area resulting from disturbance during construction, operation and 
reclamation. 

Response:   
a) The closure topography, elevation and drainage patterns are expected to be similar to 

baseline conditions as outlined in the C&R plan Volume 1, Attachment 1, Section 1, 
Figures 4 and 5 with the closure conditions outlined in Figures 7 and 8.  The changes in 
topography are so subtle as not to be obvious on maps at this scale.  Existing maps show 
the general trends.  Since detailed wellpad designs have not been prepared at this stage of 
project planning, detailed schematics are not available but will be presented in the 
Pre-Development Assessments.

 

123. Volume 5, Section 3.1.2.4, Figure 3.1-1, Page 6 

a) Explain the rationale for not including the main access road to Highway 881 and the 
adjacent Canadian Natural footprint (airstrip) within the LSA. 

b) What is the probability of future Canadian Natural development along this access 
corridor over the life of the Project? 

Response:   
a) The Terrestrial Local Study Area (LSA) was designed to encompass the Project footprint 

plus 500 m as the overall area within which direct effects of the Project could be 
reasonably expected to occur.  The airstrip and the main access road to Highway 881 are 
existing disturbances.  These disturbances are not included in the Project footprint and, 
therefore, were not included in the Terrestrial LSA. 
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b) Canadian Natural has no current plans for project-related development along the access 
corridor over the life of the Project. 

 

124.  Volume 5, Section 5.5.2, Page 12 
Volume 5, Section 3.4.1.2, Page 15, also Section 3.4.1.4, Page 35 

Canadian Natural has committed to reclaiming wellpads and roads located in wetlands 
to the expected reclamation criteria of the day.  Reclamation criteria are evolving 
toward the expectation of the complete removal of pads and roads to permit the return 
of these areas to wetlands habitat rather than reclaiming to upland ecosites.  
Additionally, it has been recognized that water flow in wetlands should be maintained in 
a manner that permits the down-gradient area to persist in its current form and 
function.   

a) Comment on Canadian Natural’s current operations with regard to maintenance of 
wetlands integrity and water flow during operations and closure. 

b) Explain Canadian Natural’s strategy to ensure that no indirect vegetation losses 
occur as a result of impeded surface water flow. 

c) Describe Canadian Natural’s monitoring process and maintenance schedule. 

d) Explain how the land will be reclaimed to ensure that the final landscape will have 
equivalent forest capabilities.  What mitigation will be used to ensure this? 

e) What feasible, cost-effective ideas and solutions are currently being put into practice 
by other companies that might be adopted and/or shared?  

f) Discuss how an appropriate flow regime will be maintained across/through/around 
the roads, pads and other infrastructure corridors to maintain downgradient 
wetlands function.   

g) Discuss Canadian Natural's commitment to monitoring and mitigating areas where 
flow connectivity might be compromised and provide a mitigation time frame.  For 
example, if flow issues are identified on the downgradient side of a road, how 
quickly will Canadian Natural implement mitigation?   

Response:   
a) At Canadian Natural’s Primrose and Wolf Lake Project, water is typically redirected 

around (e.g., wellpads) or through (e.g., roads) facilities located in wetlands using 
ditching or culverts, respectively.  Canadian Natural has achieved success maintaining 
wetlands integrity and flow with these approaches.  Canadian Natural’s experience with 
maintaining wetlands integrity and water flow at closure is limited.  As discussed in 
Question #101, one of the candidate sites for the Primrose and Wolf Lake Project 
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Wetlands Reclamation Trial Program is a wetlands where an access road was removed.  
Monitoring of the site will begin in 2008. 

b) Canadian Natural will rely on its experience with the use of culverts and ditching in 
wetlands areas at the Primrose and Wolf Lake Project, and the results of trials it is 
conducting with weeping tiles, and will adapt that information to addressing conditions at 
the Project.  Monitoring will determine whether any indirect effects to vegetation occur 
as a result of impeded surface water flow.  If these occur, Canadian Natural will 
determine the cause and take corrective action as appropriate. 

c) All culverts will be inspected in spring and fall to ensure they are functioning properly.  
Maintenance will be conducted as required when it is safe to do so.  Additional culverts 
will be installed if they are required. 

d) Section 3.1.1 of Volume 1B summarizes the predicted changes in land capability for 
forestry following reclamation due to the Project.  The Project is predicted to result in 
less Class 4 and 5 and more Class 3 land capability for forestry.  The mitigations 
Canadian Natural will implement during reclamation are outlined in Volume 1B, 
Attachment I, Section 4 of the Detailed Reclamation Plan and include: 

• implementing a soil salvage and replacement plan to salvage all available topsoil and 
suitable subsoil; 

• during soil replacement, mitigation of any soil issues, such as compaction, before 
planting; and 

• planting appropriate tree and shrub mixes approved by ASRD. 

e) Canadian Natural works with other companies on issues of common concern and shares 
techniques to manage environmental impacts.  At this time all known techniques are 
planned to be employed at the Project.  As new information becomes available it will be 
incorporated into operational activities. 

f) As stated in Volume 4A, Section 3.5.1.2 the following measures will be implemented to 
ensure that surface runoff retention and detention are minimized so that the surface runoff 
contribution to the receiving streams will not be significantly affected and that natural 
drainage patterns are maintained. 

Properly sized crossing structures (bridge, culverts) will be installed at watercourses and 
at low points along all access roads to maintain natural flow patterns and eliminate 
potential flow impediment.  The use of culverts where roads cross wetlands areas will 
minimize potential ponding on the upstream side of the road and prevent "drying out" on 
the downstream side.  Culvert locations will be kept free of debris to minimize any 
impediment to water flow. 

In addition, Canadian Natural will consider the use of ditching and possibly weeping tiles 
around wellpads to maintain downgradient waterflow and wetland function. 

g) Canadian Natural’s monitoring approach is summarized in response Part b).  If vegetation 
effects are noted during the scheduled monitoring Program, Canadian Natural will 
implement mitigation such as installing additional culverts as soon as practical. 
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125. Volume 5, Appendix III, Section 1.2.2, Figure III-2, Page III-4 

Figure III-2 shows the LSA to be outside the Kirby Project Area (indicated by area 
shaded in yellow). 

a) Clarify why the Terrestrial LSA does not fully encompass the Kirby Project Area. 

Response:   
a) The Terrestrial LSA was designed to encompass the Project footprint plus 500 m as the 

overall area within which direct effects of the Project could be reasonably expected to 
occur.  The Project area consists of sections of Canadian Natural’s oil sands leases that 
encompass the Project facilities as well as existing surface disturbances that will not be 
incorporated into the Project.  The Terrestrial LSA was more directly relevant to the 
assessment of the Project-related impacts. 

 

126. Volume 5, Appendix III, Section 2.1.2, Figure III-3, Page III-8 

Addendum Report (Soil and Terrain Baseline Update 2008), Section 1.2.1, Page 3 

Canadian Natural indicates that of the 231 sites in the 2001 field survey, 20 were outside 
the LSA.   

In the Canadian Natural Addendum Report (Soil and Terrain Baseline Update 2008), 
Section 1.2.1, Page 3, Canadian Natural indicates that there were 329 soil inspection 
sites (2001/2007 surveys) in the LSA. 

a) Clarify the correct number of total site inspections in the Regional Study Area, LSA 
and the Development Footprint. 

b) Explain how the 20 inspection sites in the RSA provide sufficient information to 
allow extrapolation of the soil types and determination of project effects to the RSA. 

Response:   
a) Table 126-1 provides data for the Regional Study Area (RSA) that is equivalent to Table 

III-5 data for the LSA (Volume 5, Appendix III). 
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Table 126-1 Defining Characteristics of Soil Map Units in the Regional Study Area 

Soil Map Unit Parent Material(a) Classification Drainage Defining 
Characteristics(b)

Algar-Bitumount glaciolacustrine/moraine (Lg1/M) Orthic Luvic Gleysol, Orthic 
Gleysol poor – 

Dover-Kinosis glaciolacustrine/moraine (Lg1/M) Orthic Gray Luvisol moderately well – 

Dover-Steepbank glaciolacustrine/moraine (Lg1/M) Orthic Gray Luvisol, Orthic 
Gleysol 

moderately well to 
poor – 

Gipsy-Kinosis till M2 Eluviated Dystric Brunisol, 
Orthic Gray Luvisol moderately well – 

Gipsy-Livock till (M2) Eluviated Dystric Brunisol, 
Orthic Gray Luvisol moderately well – 

Hartley-Anzac shallow fen Terric Fibrisol, Rego Gleysol poor to very poor 40 to 160 cm of 
peat 

Hartley-Bitumount shallow fen Terric Fibrisol, Orthic Gleysol poor to very poor 20 to 140 cm of 
peat 

Hartley-McLelland shallow fen Terric Fibrisol, Typic Mesisol very poor 40 to 160 cm of 
peat 

Kinosis till (M1) Orthic Gray Luvisol moderately well Clay loam dead ice 
moraine 

Kinosis-Buckton till (M2) Orthic Gray Luvisol moderately well – 
Kinosis-Livock till (M2) Orthic Gray Luvisol moderately well – 

Kinosis-Mildred till (M1) Orthic Gray Luvisol, Eluviated 
Dystric Brunisol 

well to moderately 
well – 

Livock-Steepbank LFg Orthic Gray Luvisol, Orthic 
Gleysol well to poor – 

Mariana-Muskeg shallow bog Terric Mesisol, Typic Mesisol very poor 40 to 160 cm of 
peat 

McLelland-Hartley fen Typic Mesisol, Terric Fibrisol very poor 40 to 160 cm of 
peat 

Mildred glaciofluvial Eluviated Dystric Brunisol well kame and esker 
deposits 

Mildred-Bitumount glaciofluvial Eluviated Dystric Brunisol, 
Orthic Gleysol well to poor – 

Muskeg-Mariana bog Typic Mesisol, Terric Mesisol very poor 40 to 160 cm of 
peat 

(a) Lg1/M-fine glaciolacustrine over moraine;  M1-gravelly, medium textured moraine, M2-medium textured moraine. 
(b) Defining characteristics of some of the large soil map are not presented because those units include many soil series and are 

broad in scope.   
– = Not applicable. 

b) Table 126-2 provides the additional data requested on soil map units in the RSA and 
Project development footprint. 

Table 126-2 Composition and Area of Soil Map Units in the Regional Study Area 
and Development Footprint 

Map Unit RSA 
[ha] 

RSA 
[%] 

Development 
Footprint 

[ha] 

Development 
Footprint 

[%] 
Dominant 

Soil 1 
Dominant

[%] 
Co/ 

Subdominant 
Soil  

Co/sub
[%] 

Algar-Bitumount 4,645 0 0 0 Algar 65  Bitumount 35  

Dover-Kinosis 34,269 2 0 0 Dover 65  Kinosis 35  

Dover-Steepbank 9,180 1 0 0 Dover 65  Steepbank  35 

Gipsy-Kinosis 7,908 1 0 0 Gipsy 65  Kinosis  35 

Gipsy-Livock 748 0 0 0 Gipsy 65  Livock  35 

Hartley-Anzac 896 0 0 0 Hartley 65  Anzac  35 

Hartley-Bitumount 1,584 0 0 0 Hartley  65  Bitumount  35 

Hartley-McLelland 239,356 15 41 12 Hartley 65  McLelland  35 
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Table 126-2 Composition and Area of Soil Map Units in the Regional Study Area 
and Development Footprint (continued) 

Map Unit RSA 
[ha] 

RSA 
[%] 

Development 
Footprint 

[ha] 

Development 
Footprint 

[%] 
Dominant 

Soil 1 
Dominant

[%] 
Co/ 

Subdominant 
Soil  

Co/sub
[%] 

Kinosis 352,158 23 21 7 Kinosis 100   

Kinosis-Buckton 10,284 1 0 0 Kinosis  65 Buckton 35  

Kinosis-Livock 35,675 2 0 0 Kinosis  65 Livock 35  

Kinosis-Mildred 2,802 0 0 0 Kinosis  65 Mildred 35  

Livock-Steepbank 644 0 0 0 Livock  65 Steepbank 35  

Mariana-Muskeg 4,410 0 0 0 Mariana  65 Muskeg 35  

McLelland-Hartley 126,387 8 4 1 McLelland  65 Hartley 35  

Mildred 110,387 7 17 5 Mildred 100 – – 

Mildred-Bitumount 63,668 4 0 0 Mildred  65 Bitumount 35  

Muskeg-Mariana  324,105 21 212 65 Muskeg  65 Mariana 35  

Rough Broken 9,277 1 0 0 Rough 
Broken 100 – – 

Disturbance 58,727 4 23 7 Disturbance 100 – – 

Agriculture 58,826 4 0 0 Agriculture 100 – – 

Water 94,919 6 8 3 Water 100 – – 

Total 1,550,853 100 327 100 – – – – 

Note: Some numbers are rounded for presentation purposes.  Therefore, it may appear that the totals do not equal the sum of the 
individual values.  

– = denotes not applicable. 

 

127. Volume 5, Appendix III, Section 2.3, Table III-2, Table III-3, Page III-10 
Volume 5, Appendix III, Section 3.1, Table III-4, Page III-12 
Volume 5, Appendix III, Section 3.2 Table III-5, Table III-6, Page III-14 
Volume 5, Appendix III, Section 3.2, Figure III-5, Page III-15 

In Volume 5, Appendix III, Section 2.1, Page III-9, Canadian Natural states that 
multiple soil series exist in each map unit due to high spatial variability exhibited by the 
area soils.  Dominant soil series polygons contained 60-80% of the unit and significant 
soils series contained 20-40% of the unit.   

a) Provide detailed information on the composition and extent of each map unit 
(e.g., Map unit, dominant series (name, % of unit), significant series 1 (name, % of 
unit), significant series 2 (name, % of unit), area in LSA (ha), % in LSA, area in 
Development Footprint, % in Development Footprint).  Note:  All significant series 
should be included. (e.g., BMT3, KNS1, KNS2, KNS6, MIL1, MIL2, MIL5, MLD1, 
MLD1-2, MUS1, MUS1-2, STP2, STP3, SUT5, WNF1, WNF5, DIS). 

b) Provide details on the extent of the identified soil map units within the LSA in 
Table III-6. 
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Response:   
a) and b) 

Table 127-1 provides information on soil map unit composition and the extent of the map 
units in the LSA and the development footprint. Soil map unit names are defined in 
Table 127-2. 
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Table 127-1 Soil Map Unit Composition and Area in the Local Study Area and Development Footprint 

Map Unit(a) LSA 
[ha] 

LSA 
[%] 

Development 
Footprint 

[ha] 

Development 
Footprint 

[%] 
Dominant

Soil 1(a)
Dominant

[%] 
Co/ 

Subdominant 
Soil(a) 

Co/sub
[%] Inclusion 1(a) Inclusion 1

[%] Inclusion 2(a)  Inclusion 2
[%] 

BMT3 30 1 4 1 BMT 60 HLY 20 KNS 20 – – 

KNS1 132 4 21 6 KNS 90 STP 5 HLY 5 – – 

KNS2 72 2 7 2 KNS 60 STP 15 BMT 15 HLY 10 

KNS6 726 20 50 15 KNS 65 MIL 20 STP 15 – – 

MIL1 131 4 15 5 MIL 90 BMT 10 – – – – 

MIL2 6 0 0 0 MIL 70 BMT 20 KNS 10 – – 

MIL5 18 0 1 0 MIL 70 KNS 20 BMT 10 – – 

MLD1 23 1 4 1 HLY 60 BMT 30 KNS 10 – – 

MLD1-2 1,563 44 134 41 HLY 40 MLD 30 BMT 20 KNS 10 

MUS1 64 2 12 4 MRN 70 BMT 20 HLY 10 – – 

MUS1-2 312 9 18 6 MUS 45 MRN 35 BMT 20 – – 

STP1 1 0 0 0 STP 90 KNS 10 – – – – 

STP2 22 1 2 1 STP 65 KNS 20 BMT 15 – – 

STP3 34 1 2 1 STP 65 KNS 35 - – – – 

SUT1 1 0 0 0 SUT 60 KNS 30 BMT 10 – – 

SUT2 0 0 0 0 SUT 60 KNS 30 BMT 10 – – 

SUT5 18 0 1 0 SUT 60 KNS 30 BMT 10 – – 

WNF1 44 1 1 0 WNF 90 STP 10 – – – – 

WNF2 8 0 0 0 WNF 60 STP 25 HLY 15 – – 

WNF5 75 2 15 5 WNF 60 MIL 20 BMT 20 – – 

disturbance 249 7 40 12 dis 100 – – – – – – 

water 41 1 0 0 water 100 – – – – – – 

Total 3,568 100 327 100 – – – – – – – – 
(a) Refer to Table 172-2 for soil map unit abbreviations. 
Note:  Some numbers are rounded for presentation purposes.  Therefore, it may appear that the totals do not equal the sum of the individual values.  
– = No data. 
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Table 127-2 Key to Soil Map Unit Names 

Soil Map Unit Name Code 

Winefred WNF,WNF1, WNF5 
Mildred MIL, MIL1, MIL2, MIL5 
Bitumount BMT, BMT3 
Hartley HLY 
Kinosis KNS, KNS1, KNS2, KNS6 
Steepbank STP, STP1, STP2, STP3 
Sutherland SUT, SUT1, SUT2, SUT5 
Mariana MRN 
Muskeg MUS, MUS1, MUS1-2 
McLelland MLD, MLD1, MLD1-2 

 

128. Volume 5, Appendix III, Section 3.1, Figure III-4, Table III-4, Pages III-12 and 
III-13 

Canadian Natural indicates the geographic extent of soils in the Regional Study Area. 

a) Provide detailed soil classification and morphological descriptions for the soils map 
units described (e.g., Algar-Bitumont; Dover-Kinosis; Dover-Steepbank; Gipsy-
Kinosis, etc.), equivalent to Table III-5, Page III-14 for the LSA. 

b) Provide detailed information on the composition and extent of each map unit (e.g., 
Map unit, dominant series (name, % of unit), significant series 1 (name, % of unit), 
significant series 2 (name, % of unit), area in RSA (ha), % in RSA, area in 
Development Footprint, % in Development Footprint).  Note:  All significant series 
should be included. 

Response:   
a) Table 128-1 provides data for the RSA that is equivalent to Table III-5 data for the LSA 

(Volume 5, Appendix III). 
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Table 128-1 Defining Characteristics of Soil Map Units in the Regional Study Area 

Soil Map Unit Parent Material(a) Classification Drainage Defining 
Characteristics 

Algar-Bitumount glaciolacustrine/moraine 
(Lg1/M) 

Orthic Luvic Gleysol, Orthic 
Gleysol poor – 

Dover-Kinosis glaciolacustrine/moraine 
(Lg1/M) Orthic Gray Luvisol moderately well – 

Dover-Steepbank glaciolacustrine/moraine 
(Lg1/M) 

Orthic Gray Luvisol, Orthic 
Gleysol 

moderately well to 
poor – 

Gipsy-Kinosis till M2 Eluviated Dystric Brunisol, 
Orthic Gray Luvisol moderately well – 

Gipsy-Livock till (M2) Eluviated Dystric Brunisol, 
Orthic Gray Luvisol moderately well – 

Hartley-Anzac shallow fen Terric Fibrisol, Rego Gleysol poor to very poor 40 to 160 cm of 
peat 

Hartley-Bitumount shallow fen Terric Fibrisol, Orthic Gleysol poor to very poor 20 to 140 cm of 
peat 

Hartley-McLelland shallow fen Terric Fibrisol, Typic Mesisol very poor 40 to 160 cm of 
peat 

Kinosis till (M1) Orthic Gray Luvisol moderately well Clay loam dead ice 
moraine 

Kinosis-Buckton till (M2) Orthic Gray Luvisol moderately well – 
Kinosis-Livock till (M2) Orthic Gray Luvisol moderately well – 

Kinosis-Mildred till (M1) Orthic Gray Luvisol, Eluviated 
Dystric Brunisol 

well to moderately 
well – 

Livock-Steepbank LFg Orthic Gray Luvisol, Orthic 
Gleysol well to poor – 

Mariana-Muskeg shallow bog Terric Mesisol, Typic Mesisol very poor 40 to 160 cm of 
peat 

McLelland-Hartley fen Typic Mesisol, Terric Fibrisol very poor 40 to 160 cm of 
peat 

Mildred glaciofluvial Eluviated Dystric Brunisol well kame and esker 
deposits 

Mildred-Bitumount glaciofluvial Eluviated Dystric Brunisol, 
Orthic Gleysol well to poor – 

Muskeg-Mariana bog Typic Mesisol, Terric Mesisol very poor 40 to 160 cm of 
peat 

(a) Lg1/M-fine glaciolacustrine over moraine; M1-gravelly, medium textured moraine, M2-medium textured moraine. 
– = Not applicable. 

Note:  Defining characteristics of some of the large soil map are not presented because those units include many soil 
series and broad in scope.   

b) Table 128-2 provides the additional data requested on soil map units in the RSA and 
Project development footprint. 



Canadian Natural Resources Ltd. - 241 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

Table 128-2 Composition and Area of Soil Map Units in the Regional Study Area 
and Development Footprint 

RSA RSA Development 
Footprint  

Development 
Footprint Dominant Co/subMap Unit 

ha % ha % 

Dominant 
Soil 1 

[%] 

Co/ 
Subdominant 

Soil  [%] 

Algar-Bitumount 4,645 0 0 0 Algar 65  Bitumount 35  

Dover-Kinosis 34,269 2 0 0 Dover 65  Kinosis 35  

Dover-
Steepbank 9,180 1 0 0 Dover 65  Steepbank  35 

Gipsy-Kinosis 7,908 1 0 0 Gipsy 65  Kinosis  35 

Gipsy-Livock 748 0 0 0 Gipsy 65  Livock  35 

Hartley-Anzac 896 0 0 0 Hartley 65  Anzac  35 

Hartley-
Bitumount 1,584 0 0 0 Hartley  65  Bitumount  35 

Hartley-
McLelland 239,356 15 41 12 Hartley 65  McLelland  35 

Kinosis 352,158 23 21 7 Kinosis 100     

Kinosis-Buckton 10,284 1 0 0 Kinosis  65 Buckton 35  

Kinosis-Livock 35,675 2 0 0 Kinosis  65 Livock 35  

Kinosis-Mildred 2,802 0 0 0 Kinosis  65 Mildred 35  

Livock-
Steepbank 644 0 0 0 Livock  65 Steepbank 35  

Mariana-Muskeg 4,410 0 0 0 Mariana  65 Muskeg 35  

McLelland-
Hartley 126,387 8 4 1 McLelland  65 Hartley 35  

Mildred 110,387 7 17 5 Mildred 100 - - 

Mildred-
Bitumount 63,668 4 0 0 Mildred  65 Bitumount 35  

Muskeg-Mariana  324,105 21 212 65 Muskeg  65 Mariana 35  

Rough Broken 9,277 1 0 0 Rough 
Broken 100 - - 

Disturbance 58,727 4 23 7 Disturbance 100 - - 

Agriculture 58,826 4 0 0 Agriculture 100 - - 

Water 94,919 6 8 3 Water 100 - - 

Total 1,550,853 100 327 100 - - - - 

– = Not applicable. 
Note: Some numbers are rounded for presentation purposes.  Therefore, it may appear that the totals do not equal the 

sum of the individual values.  
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129. Volume 5, Appendix III, Section 3.2, Table III-6, Page III-14 and Figure III-5, Page 
III-15 

Canadian Natural indicates that in the LSA, the McLelland soil map unit (Fen-Deep 
Organics) comprises a geographic extent of 1,585 ha or 44%, that the Muskeg soil map 
unit (Bog-Deep Organics) covers 376 ha or 11%, and that the total peatland/wetlands 
soils area is 1,961 ha or 55 %.  Canadian Natural also stated that the Gleysolic soils 
(Bitumont and Steepbank) account for only 87 ha or 3% of the LSA. This indicates a 
total extent for wetlands type soils of 2,048 ha or 58% of the total LSA. This does not 
correlate with Volume 5, Appendix IV, Section 4.1.1 Table IV-19, Page IV-53, where 
Canadian Natural indicates that in the LSA, fens comprise 904 ha or approximately 
25% and bogs comprise 431 ha or 12% of the total area; and that the total wetlands 
area is 1,359 ha or 38%.   

a) Clarify these discrepancies. 

b) Provide details on how these potential changes in soil description affect the 
environmental assessment, material balance, land capability calculations, and 
conservation and reclamation plan. 

Response:   
a) The classification of organic soils uses a different system than that used for wetlands 

vegetation.  This results in different area calculations for soils and vegetation. 

b) The area of organic soils is accurate so no changes are required to the material balance, 
land capability calculations, or the Conservation and Reclamation Plan. 

 

130. Vollume 5, Appendix III, Section 3.2, Table III-6, Page III-14 

Table III-6 provides the geographic extent of soil map units in the LSA.  The soil map 
unit listed as Disturbed is cited as 249 ha in size.   

a) How does this relate to the Conservation and Reclamation Plan, Volume 1B, 
Attachment 1, Sections 4.3, 4.6? 

b) Clarify how the existing disturbed soils will be addressed in the soil salvage and soil 
replacement plan. 

Response:   
a) Disturbed soils were not included in the soil volume estimates of the Conservation and 

Reclamation Plan.  Existing disturbances in the Project footprint will be reclaimed at 
closure assuming Canadian Natural or another development does not have a use for the 
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disturbed sites.  However, existing disturbances outside of the Project footprint (e.g., in 
the Local Study Area) will not reclaimed at closure. 

b) As outlined in the response to Part a), disturbed soils were not included in the soil salvage 
and replacement plan.   

 

131. Volume 5, Appendix III, Section 3.2, Table III-6, Page III-14 

Addendum Report (Soil and Terrain Baseline Update 2008) Figure: NA (Feb 11, 2008). 

As mapped onto Addendum Figure: NA (Feb 11, 2008) Dominant Soil Map Units using 
the Local Study Area Scale 1:10,000, a number of soil inspection sites fall within an 
Existing Industrial Disturbance (e.g., DIB, RBS060, RBS059, RAS001, B6D, 022, 023, 
RAS016, RAS013, RAS033, S26, RAS028, RBS025, RBS023, RBS022, RBS001, RBS020, 
P2A, BorrowPit2, SAO003, RBS005, RBS007, RBS056, RBS038, RBS037, CFS009, 
CBS010, SFS029).  

a) Clarify the classification methods for disturbed soils and how this correlates with 
the applicable 2001/2007 soil inspection sites, and the descriptions provided within 
the two tables (Volume 5, Appendix IIIB, Table III.B-1, Pages B1-B5 and 
Addendum Report (Soil and Terrain Baseline Update 2008), Section 2.1, Table 1, 
Pages 4-5). 

b) Volume 5, Appendix III, Section 3.2, Table III-6 provides the geographic extent of 
soil map units in the LSA.  The soil map unit listed as Disturbed is cited as 249 ha in 
size.  How does this correspond and correlate to the soil inspection sites from 
question part (a) above? 

Response:   
a) The area of disturbed soils is based on 2006 Alberta Vegetation Index (AVI) data and 

disturbance footprint layer information.  While the area is now classified as disturbed 
according to the AVI data, when the area was classified in 2001, the area was not yet 
disturbed.   

b) The disturbed area of 249 ha is based on the recent AVI data as outlined in the response 
to Part a).  
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132. Volume 5, Appendix III , Section 5.2, Pages III-28 and III-29 

Canadian Natural states that for organic soils, up to 50 cm of peat should be 
salvaged…and … organic soils will be salvaged and used as a soil amendment to increase 
cation exchange capacity and water holding capacity of the mineral soils.  

a) Provide details for which specific soil map units Canadian Natural will salvage up to 
50 cm of peat and how this will done. 

b) Provide details on which specific soil map units will be salvaged for reclamation 
materials (amendment) and how organic soils will be mixed with mineral soils to be 
used as soil amendment. 

Response:   
a) The soil map units from which Canadian Natural will salvage up to 80 cm of peat include 

the following: STP 2 (40 cm), STP3 (40 cm), BMT3 (35 cm) and in MLD1 and MUS1.  
Peat salvage will occur during winter when the soil is frozen.  The material will be deep 
ripped and then removed with a dozer. 

b) Peat is typically salvaged where the peat depth is less than 80 cm.  These materials will 
be over-stripped into the underlying mineral material to create a peat/mineral mix (peat 
plus Ae/Ahe/Ah horizon).  Further mixing of the peat and mineral materials will occur 
during soil handling at the time of stockpile creation and reclamation. At some locations 
it may be necessary to leave the organic soil intact since undisturbed peat can provide a 
strong surface upon which to construct wellpads.  Specific organic soil map units that 
will be salvaged as a peat/mineral mix include MUS1 and MLD1.  All upland mineral 
soil map units will be salvaged and used as reclamation material.  These map units 
include BMT3, KNS1, KNS2, KNS6, MIL 1, MIL2, MIL5, STP1, STP2, STP3, SUT1, 
SUT2, SUT5, WNF1, WNF2 and WNF5 soil map units.  

 

133. Volume 5, Appendix III, Section 5.4, Tables III-15, III-16, Pages III-33, III-34
 Volume 3, Section 5.4.2.1, Page 27 

Canadian Natural states the soil series specific load chosen to be most representative for 
the Project is the 30-year mid case load.   

In Volume 3, Section 5.4.2.1, Page 27, Canadian Natural states that acid deposition will 
exceed the critical loads in some areas. In the next paragraph Canadian Natural states 
that Therefore there is a valid linkage between air quality and soils (Figure 5.2-2).  
(Figure 5.2-2 is found in Volume 3, Section 5.2.5.3, Figure 5.2-2, Page 10). 
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a) Provide details on which areas Canadian Natural is referring to (i.e., where acid 
deposition will exceed critical loads) and the soils series being affected. 

Response:   
a) In Volume 3, Section 5.4.2.1 there was a valid link for acid deposition since there was 

some deposition predicted.  However, the analysis showed no increase in critical load 
exceedances for the Kirby Project Case. Without any soil critical load exceedances, no 
potential impacts from acidifying emissions are predicted to terrestrial resources from the 
Project. Therefore, no detailed assessment was completed on potential effects of acid 
deposition on soils.  Should there be effects, critical load exceedances would be expected 
to occur first in the coarse-textured soils with low buffering capacity like Mildred and 
Firebag soil series.  Refer to Volume 5, Appendix III, Section 3, Figure III-4 for the 
geographic extent of the Mildred series. 

 

134. Volume 5, Appendix III, Attachment III.B, Table III.B-1, Pages B1 - B5 and 
Addendum Report (Soil and Terrain Baseline Update 2008), Section 2.1, Table 1, 
Pages 4-5  

Canadian Natural provides detailed site inspection lists. These sites were mapped onto 
Addendum Figure: NA (Feb 11, 2008) Dominant Soil Map Units using the LSA Scale 
1:10000. 

a) Clarify why the soil series per site inspection on the tables do not correlate well with 
the mapped soil survey (e.g., Table III.B-1 – of  the 33 sites randomly checked, 11 
sites mapped differently; Table 1 – of  33 sites randomly checked, 22 sites had 
different soil series than what was mapped on the Addendum Figure: NA (Feb 11, 
2008):  

i) 2007 Supplemental Soil Baseline inconsistent site inspection data in Table 1 
with Addendum Figure: NA (Feb 11, 2008) e.g., CBS014; CBS018; CBS019; 
CBS020; CBS026; CBS028; CBS029; CBS03l CBS033; CBS034; CBS035; 
CBS036; CFS002; CFS004; CFS011; CFS012 to cite a few. 

ii) 2001 Soil site inspection data Table III.B-1: e.g., RAS032; RAS048; RBS003; 
RBS004; RBS016; RBS028; S2s-001; S3P-017 to cite a few. 

b) Clarify the relationship of the soil series DOV, CHT, LVK, FIR, HRR, PEA, FRT 
identified in Table III B-1 and/or Table I to the soil mapping.   

i) Update the key to the soil mapping units and inspection sites to include the 
missing soil series.  

ii) Clarify the relationship of these soil series to the soil map units. 
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c) Provide correlation of the labeled site inspection numbers on the Addendum Figure: 
NA (Feb 11, 2008) to match the Table III.B.1 (e.g., P7D, P7C, P7A, B16A, Camp C, 
P2D, P5A, B16D, etc.) as these sites do not exist on the table. 

d) How do these inconsistencies in soil mapping affect material balance calculations, 
the land capability assessment, and conservation and reclamation planning? 

Response:   
a) The Addendum figure depicts the most dominant soil map units for a particular area.  

Dominant soil map units are comprised of a variety of soil series (refer to the response to 
Question #127).  Soil mapping was updated to reflect the 2007 survey and revised soil 
mapping methods.  Some soil series were grouped together because there were only very 
small, minor inclusions in the Local Study Area. The mineral soil map unit designation 
guidelines, similar to that of the AGRASID model (ASIC 2001) are outlined below. 

Soil Map Unit Designation Guidelines 

For mineral soils the numerical codes describe soil patterns based on the following 
guidelines. 

1. Relatively “pure” unit dominated by the named soil(s).  Inclusions do occur but tend 
not to be extensive or important. 

2. Map unit features sub-dominant wetlands soils (usually Gleysolic, sometimes 
Organic) that occur in low-lying areas too small to map on their own. 

3. Map unit features sub-dominant drier upland soils too small to map on their own 
within landscapes dominated by Gleysolic soils. 

4. Map unit features sub-dominant wetlands soils (as in 2 above) AND sub-dominant 
Solonetzic or solonetzic-like (e.g., Solonetzic Gray Luvisol) soils. 

5. Map unit features sub-dominant finer textured soils than the named soil series, and 
where applicable, sub-dominant wetlands soils (as in 2 above). 

6. Map unit features sub-dominant wetlands soils (as in 2 above), and subdominant 
coarser textured soils than the named soil series. 

b) Organic soil map units were identified somewhat differently than those dominated by 
mineral soils.  To simplify the complexity of peat-dominated areas, the naming soil series 
were restricted to Mildred (MLD) or Muskeg (MUS), with MLD used for fen, marsh and 
swamp ecosite types and MUS used for bog vegetation.  The numerical portion of the 
map unit symbol indicated depth of peat as follows (ASIC 2001). 

1. Peat depth 40 to 100 cm. 

2. Peat depth 100 to 200 cm. 

3. Peat depth more than 200 cm. 

i) The revised key to soil mapping units is shown in Table 134-1 and Table 134-2 
shows the 2007 site inspection list with respective soil map unit designations. 
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Table 134-1 Soil Map Unit 

Soil Map Unit Name Code 

Winefred WNF1, WNF5 
Mildred MIL1, MIL2, MIL5 
Bitumount BMT3 
Kinosis KNS1, KNS2, KNS6 
Steepbank STP2, STP5 
Sutherland SUT5 
Muskeg MUS1, MUS1-2 
McLelland MLD1, MLD1-2 

Note: Map unit is named after dominant soil series.  Small inclusions of: LVK, DOV, CHT, FIR, FRT, 
HRR and PEA are found in the soil map units.  Refer to question b)ii. 
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Table 134-2 2007 Soil Inspection List with Soil Map Unit Designations 

Site Soil Series Soil Map Unit (a) Parent Material Vegetation 
Community Drainage Landform Surface 

Expression 
Depth of 
Peat or 

LFH [cm] 
Slope 
Class 

Slope 
Position 

CBS001 MUS MLD1-2 O BTNN VP Bog Level 100+ 1 Level 

CBS002 MUS MUS1 O BTNN VP Bog Level 100+ 1 Level 

CBS003 MRN MUS1 O/GL BTNN VP Bog Level 80 2 Level 

CBS005 DOV MUS1-2 M c1 VP Upland  Level 10 1 Level 

CBS006 KNS KNS1 M d1 W Upland  Undulating 4 3 M 

CBS007 MILfi SUT5 M c1 W Upland  Level 5 2 Level 

CBS008 CHTzr STP2 Ov/GL or M g1 P Upland  Level 39 1 Level 

CBS009 BMTzr MLD1-2 Ov/GF g1 P Upland  Level 40 1 Level 

CBS010 MLD MLD1-2 O FTNN VP Fen Level 110+ 1 Level 

CBS011 MLD MLD1-2 O FTNN VP Fen Level 110+ 1 Level 

CBS012 MLDxs MUS1 O/GF FONS VP Fen Level 90 1 Level 

CBS013 MLD MLD1-2 O FONS VP Fen Level 110+ 1 Level 

CBS014 LVK MLD1-2 M c1 W Upland  Undulating 4 3 M 

CBS015 MLD MLD1-2 O FTNN VP Bog Level 120+ 1 Level 

CBS016 MUS MUS2 O BTNN VP Bog Level 120+ 1 Level 

CBS017 MILgl MIL5 GF g1 I Bog Level 16 1 Level 

CBS018 MUS MUS1-2 O BTNN VP Bog Level 120+ 1 Level 

CBS019 MUS MUS1-2 O BTNN VP Bog Level 120+ 1 Level 

CBS020 MUS MUS1-2 O BTNN VP Bog Level 120+ 2 Level 

CBS021 MLD MLD1-2 O FTNN VP Fen Level 120+ 1 Level 

CBS022 MUS MUS1 O BTNN VP Fen Level 120+ 2 Level 

CBS023 KNS KNS2 M g1 W Upland  Undulating 7 3 M 

CBS024 KNSowzb KNS2 M c1 MW Upland  Undulating 4 3 L 

CBS025 KNSzb KNS2 M g1 MW Upland  Undulating 6 3 M 

CBS026 KNSgl disturbed M c1 W Upland  Undulating 3 2 M 

CBS027 MLDxt MLD1-2 M FTNN VP Bog Level 100 1 Level 

CBS028 WNFgl MLD1-2 M g1 I Upland  Undulating 15 2 Level 
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Table 134-2 2007 Soil Inspection List with Soil Map Unit Designations (continued) 

Site Soil Series Soil Map Unit (a) Parent Material Vegetation 
Community Drainage Landform Surface 

Expression 

Depth of 
Peat or 

LFH [cm] 
Slope 
Class 

Slope 
Position 

CBS029 FIR MIL1 M d2 W Upland  Undulating 5 3 M 

CBS030 KNSzb WNF5 GF/M c1 W Upland  Undulating 5 3 U 

CBS031 MLD MLD1-2 O FONS VP Fen Level 120+ 1 Level 

CBS032 MLD MLD1-2 O FONS VP Fen Level 120+ 1 Level 

CBS033 SUT SUT5 GF b3 R Upland  Undulating 8 4 U 

CBS034 FRTzb SUT5 M g1 W Upland  Undulating 13 3 M 

CBS035 HRR MIL1 M d1 W Upland  Hummocky 7 4 L 

CBS036 MLD MLD1-2 O FTNN VP Fen Level 120+ 1 Level 

CBS037 HRR DOV2 M d2 W Upland  Undulating 5 3 M 

CBS038 CHTzh KNS6 GL g1 I Upland  Level 17 2 Level 

CBS039 MUSxs MLD1-2 O/GF BTNN VP Bog Undulating 70 2 Level 

CBS040 MLD MLD1-2 O FTNN VP Bog Level 120+ 1 Level 

CBS041 MLD MLD1-2 O FTNN VP Fen Level 120+ 1 Level 

CBS042 SUT MLD1-2 GF/M c1 R Upland  Hummocky 10 4 L 

CBS043 HRRgl MLD1-2 GL g1 I Upland  Level 18 2 Level 

CBS044 MILfi KNS6 GF c1 R Upland  Ridge 3 4 M 

CBS045 BMTxtpt SUT5 GF g1 P Upland  Level 23 – Level 

CBS046 MLD MLD1-2 O FTNN VP Fen Level 120+ 1 Level 

CBS047 MLD MLD1-2 O FTNN VP Fen Level 120+ 1 Level 

CBS048 MLD MLD1-2 O FTNN VP Fen Level 120+ 1 Level 

CBS049 MLD MLD2 O BTNN VP Bog Level 120+ 1 Level 

CFS001 HLY – O/M FTNN P Fen Undulating 98 2 Level 

CFS002 KNSow KNS2 M d1 MW Upland  Undulating 7 3 M 

CFS003 KNSgl KNS1 M d2 MW Upland  Undulating 6 2 M 

CFS004 MLDxc STP2 Ov/M FTNN P Fen Undulating 102 2 Level 

CFS005 MUS MUS1-2 Ov BTNN P Bog Undulating 120+ 2 M 

CFS006 MRN – Ov/M BTNN – Bog Undulating 56 – – 
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Table 134-2 2007 Soil Inspection List with Soil Map Unit Designations (continued) 

Site Soil Series Soil Map Unit (a) Parent Material Vegetation 
Community Drainage Landform Surface 

Expression 

Depth of 
Peat or 

LFH [cm] 
Slope 
Class 

Slope 
Position 

CFS007 WNFcogl SUT5 M g1 MW Upland  Level 26 3 Level 

CFS008 KNSow MUS1-2 M c1 W Upland  Hummocky 14 6 C 

CFS009 MRN disturbed O/M – P Bog Level 62 2 Level 

CFS010 PEAgl MLD1-2 M c1 MW Upland  Level 10 2 Level 

CFS011 MRN MLD1-2 O/M BTNN – Bog Undulating 98 – – 

CFS012 MUS MUS1 Ov/M BTNN – Bog Undulating 120+ – – 

CFS013 MRN MUS1 Ov/M BTNN P Bog Hummocky 62 3 Level 

CFS014 KNSgl MLD1-2 M g1 MW Upland  Undulating 12 3 M 

CFS015 MUS MUS1-2 Ov BTNN P Bog Undulating 120+ 2 Level 

CFS016 MUS MUS2 Ov BTNN P Bog Undulating 120+ 3 Level 

CFS017 MILfi MIL5 GF/M c1 P Upland  Undulating 11 2 Level 

CFS018 KNSgl KNS6 M g1 I Upland  Level 22 1 Level 

CFS019 MLD MUS1-2 Ov FTNN I Fen Level 120+ 1 Level 

CFS020 MLD MLD1-2 Ov FTNN P Fen Undulating 120+ 2 Level 

CFS021 HLY MLD1-2 Ov BTNN P Bog Undulating 89 3 – 

CFS022 MUS MUS1-2 Ov BTNN P Bog Undulating 120 2 Level 

CFS023 KNSgl MUS1 M g1 I Upland  Ridge 10 6 C 

CFS024 KNS KNS2 M c1 MW Upland  Level 19 2 Level 

CFS025 KNSgl KNS2 M c1 MW Upland  Ridge 11 5 D 

CFS026 MUS MUS1-2 O BTNN I Bog Level 120+ 2 Level 

CFS027 KNSzbgl KNS2 M c1 MW Upland  Undulating 9 3 M 

CFS028 PEA BMT3 M g1 W Upland  Undulating 8 3 M 

CFS029 KNSgl disturbed M d2 MW Upland  Undulating 11 2 D 

CFS030 SUT BMT3 GF/M c1 MW Upland  Undulating 7 2 M 

CFS031 MLD MLD1-2 Ov FTNN P Fen – 120+ 1 Level 

CFS032 MLD MLD1-2 Ov FTNN P Fen Level 120+ 2 Level 

CFS033 MIL SUT5 GF b3 R Upland  Hummocky 10 7 M 
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Table 134-2 2007 Soil Inspection List with Soil Map Unit Designations (continued) 

Site Soil Series Soil Map Unit (a) Parent Material Vegetation 
Community Drainage Landform Surface 

Expression 

Depth of 
Peat or 

LFH [cm] 
Slope 
Class 

Slope 
Position 

CFS034 KNSzbgl KNS2 M g1 I Upland  Undulating 26 2 D 

CFS035 WNF WNF5 M d1 W Upland  Undulating 12 3 Level 

CFS036 MRN MLD1-2 – BTNN P Bog Level 45 – – 

CFS037 DOV DOV2 GF d1 W Upland  Hummocky 11 4 C 

CFS038 MLDxs MLD1-2 O/GF FTNN P Bog Level 60 2 Level 

CFS039 MLD MLD1-2 Ov/M FTNN VP Fen Undulating 120+ – – 

CFS040 MLD KNS6 Ov FTNN P Fen – 120+ 2 Level 

CFS041 MUS MLD1-2 O BTNN VP Bog Undulating 120+ 2 Level 

CFS042 MIL MIL1 GF/M d1 MW Upland  Undulating 13 2 – 

CFS043 MLD MLD1-2 O FONS P Fen Level 120+ 2 Level 

CFS044 MLD MLD1-2 Ov/M FTNN VP Fen Undulating 120+ 2 Level 

CFS045 SUTgl SUT5 GF/M c1 MW – Undulating 20 3 – 

CFS046 MLD MLD1-2 Ov FTNN P Fen Level 120+ 2 Level 

CFS047 MUSxs MUS1 Ov/M BTNN P Bog Level 78 2 Level 

CFS048 MUS MLD1-2 Ov BTNN P Bog Undulating 120+ 3 Level 

CFS049 MUSxs MUS1-2 Ov/GF BTNN P Fen Level 100 2 Level 

Note:  Key to soil mapping units and inspection sites provided in Attachment 203-I. 
– = Denotes no change. 
(a) For definitions see Table 134-1. 
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ii) The other soil series are very small inclusions in soil map units that were not found in 
a large enough area to warrant identification of a new soil map unit. Therefore, these 
inclusions were grouped into the soil map units in which they were found.  Examples 
include: 

• LVK inclusion is found in the WNF 5 soil map unit; 

• DOV inclusion is found in the WNF5 soil map unit; 

• CHT inclusion is found in the STP2 soil map unit; 

• FIR inclusion is found in the MIL1 soil map unit; 

• FRT inclusion is found in the MIL 5 soil map unit; 

• HRR inclusion is found in the SUT 5 soil map unit; and 

• PEA inclusion is found in the WNF5 soil map unit. 

The mineral map unit numbers (1 to 6) allow designation of inclusions in the 
dominant soils found in the map unit.  For example, Dover was found in the 
Winnifred 5 map unit; the 5 designates that finer textured soils than the modal can be 
found in the map unit. 

c) There are no soil or site-specific data for these points, so they were not included in 
Table III.B.1. 

d) The material balance calculations, land capability assessment and conservation and 
reclamation planning were based on the soil map units including soil series inclusions 
depicted in the Soil and Terrain Baseline Update 2008, Attachment 1. Therefore, there is 
no effect to material balance calculations, the land capability assessment, and 
conservation and reclamation planning. 

References: 

ASIC  (Alberta Soil Information Centre).  2001.  AGRASID 3.0: Agricultural Region of 
Alberta Soil Inventory Database (Version 3.0).    Agriculture and Agri-Food Canada, 
Research Branch; Alberta Agriculture, Food and Rural Development, Conservation 
and Development Branch.   
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135. Volume 5, Appendix III, Attachment III.D, Page III.D-5 

Canadian Natural indicates that the Steepbank sample calculation has a land capability 
class (LCC) of 3 and a final soil rating of 48.  Steepbank soil series is a Gleysolic soil 
which generally has a LCC of 4. 

a) Provide the calculations to confirm the land capability class of the Steepbank soil 
map unit.  Revise the class, if necessary. 

Response:   
a) The land capability class for the Steepbank soil map unit is Class 4.  Class 3 was stated in 

error.  Refer to Table 135-1 and Table 135-2 for a calculation of a representative profile 
for the unit.  
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Table 135-1 Land Capability Rating System:  Oil Sands 
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Table 135-2 SNR Index Determination  
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136. Volume 5, Section 3.2, Page 8 and Section 3.4.1.5, Page 35 

No mention of weeds or invasive species was found in the description of baseline 
conditions. 

a) Indicate what weeds and invasive species were found during vegetation surveys and 
their extent in the LSA. 

b) Describe Canadian Natural’s current and planned measures to monitor and control 
weeds and invasive species. 

Response:  
a) Nine non-native and native invasive species (or “weeds’) were found in the Local Study 

Area (LSA) as described in Volume 5, Section 4.3. 

“Three of the weeds, annual hawk's-beard (Crepis tectorum), rough cinquefoil (Potentilla 
norvegica) and common dandelion (Taraxacum officinale) are classed as nuisance weeds 
under the Alberta Weed Control Act (Province of Alberta 2002).  Other non-native and 
native invasive species found within the LSA were awnless brome (Bromus inermis), 
pineappleweed (Matricaria matricarioides), alfalfa (Medicago sativa), white 
sweet-clover (Melilotus alba), yellow sweet-clover (Melilotus officinalis), timothy 
(Phleum pratense), Kentucky bluegrass (Poa pratensis), common knotweed (Polygonum 
arenastrum), alsike clover (Trifolium hybridum) and white clover (Trifolium repens).”  
The rough cinquefoil was found in a graminoid fen.  All other species identified above 
were found in disturbed areas such as well sites, rights-of-ways and borrow pits.  Some of 
the species might have been planted historically as a means to control erosion. 

b) Canadian Natural maintains a weed management policy which requires the following.  
New construction equipment brought in from outside the Project area is first steam 
cleaned.  Once inside the area, equipment tracks are cleaned with track shovels before 
being moved between sites. 

Identification of weeds at Project facility sites will be assisted through required 
Pre-Disturbance Assessment surveys and Environmental Field Reports (EFR) before 
construction. Operational sites are inspected once per week during the growing season.  If 
noxious or restricted weeds are found they are mowed, sprayed, picked, or a combination 
of these approaches, depending on which is the most effective means of 
control/eradication for the weed species in question. 

The following additional weed control measures for the Project, consistent with Weed 
Management in Forestry Operations - Directive 2001-06 (ASRD 2001), were identified in 
Volume 1B, Attachment 1, Section 4.4.1: 

• limiting soil disturbance to only those areas required for construction and operation 
of the Project; 
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• restricting the use of straw bales for erosion control; 

• using mechanical weed control whenever possible; and 

• using certified “weed free” seed for any revegetation activities. 

ASRD  (Alberta Sustainable Resource Development).  2001.  Weed Management in Forestry 
Operations (Directive 2001-06).   

 

137. Volume 5, Section 3.4.1 Page 13 

Canadian Natural states that Vegetation health may be affected through water releases as 
a result of the construction and operation of the Project. 

a) Explain what mitigation and monitoring will be carried out to ensure that 
vegetation health is not impacted as a result of water releases.   

b) Explain what constitutes a water release. 

Response:   
a) Water releases will only occur if the water is of acceptable quality, otherwise collected 

wellpad water will be trucked offsite and disposed of at an appropriate facility. 

All water releases will be conducted at controlled rates and into well-vegetated muskeg 
or areas beyond facility perimeters in order to control erosion.  Canadian Natural will 
ensure that the water is released far enough away from the wellpads and on the 
down-gradient side to prevent impoundment in the surrounding vegetation.  Based on the 
anticipated level of passive treatment on the wellpads (e.g., settling of suspended solids), 
the controlled nature (quality and rate) of water releases from the wellpads and the small 
amount of runoff waters that may be discharged, the effects of runoff water releases on 
surrounding vegetation are expected to be negligible.  

b) Water releases would be limited to the discharge of stormwater runoff from wellpads to 
nearby muskeg or other well-vegetated areas. The Project will not result in the release of 
process-affected waters to surface waterbodies or shallow groundwater.  All process 
affected water will be disposed of by deep well injection.   All runoff water collected on 
the plant site will be used as process water. 
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138. Volume 5, Section 3.4, Page 13 

Potential effects on vegetation and wetlands from road dust have not been evaluated. 

a) Provide a summary of concerns expressed by stakeholders concerning the impacts 
of road dust on vegetation and traditional/medicinal plants. 

b) Provide a summary of the mitigation measures Canadian Natural plans to 
implement to reduce road dust within the LSA. 

Response:   
a) Canadian Natural’s stakeholders on the Project have not expressed concern about the 

impact of road dust on vegetation or traditional/medicinal plants. 

b) Canadian Natural will use water trucks, during the dry summer seasons, to spray water on 
the gravel roads in order to control and reduce road dust within the LSA. 

 

139. Volume 5, Section 3.4.1.3, Page 27 and Table 3.4-2, Page 20 

Canadian Natural states that Current reclamation practices do not allow for the 
reclamation of fens and bogs. Therefore, this represents a permanent loss of 82 ha (2%) of 
peatlands in the LSA as a result of the Project.  Section 3.4.1.3, page 18 states that 
Development of the Project will remove 84 ha or 6% of all wetlands within the LSA. 

a) Canadian Natural states that wetlands occupy 1,359 ha of the LSA and peatlands 
occupy 1,335 ha of the LSA. Clarify how removing 82 ha of peatlands equals 2% of 
peatlands within the LSA. 

b) Explain the rationale for stating that fens and bogs cannot be reclaimed. 

Response:   
a) Removing 82 ha of peatlands equals 6% of peatlands within the LSA.  The reference to 

2% of peatlands being affected by the Project was incorrect.  The assessment conclusion 
for wetlands (including peatlands) does not change as a result of the error. 

Canadian Natural states that “current reclamation practices do not allow for the 
reclamation of fens and bogs.”  This statement is based on the fact that fens and bogs 
have not been reclaimed by any operator to date in the Oil Sands Region.  Canadian 
Natural is aware that research work is currently being conducted by other operators and 
universities in Alberta in an attempt to develop methods to accomplish this goal in the 
boreal forest on reclaimed well sites.  When fen and bog reclamation practices are 
available that show potential for success, Canadian Natural will consider their 
implementation in the Project reclamation program. 
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140. Volume 5, Section 3.5.1.1 and Table 3.5-1, Page 36-37 

Canadian Natural states that No existing, approved or planned developments, except the 
Project, are located with in the LSA… 

a) Describe discussions with all timber harvest operators within the Kirby lease area 
regarding harvest and access plans, as well as coordination between Canadian 
Natural and timber harvest operators. 

b) Clarify if there are any future seismic activities planned with in the LSA. If so, 
update the EIA to include these in the Planned Development Case (PDC). 

Response:  
a) Alberta-Pacific Forest Industries Inc. (Al-Pac) is the only timber harvest operator in the 

Project area.  Canadian Natural has held multiple conversations with an Al-Pac 
representative to identify opportunities for coordinating the Project site development, 
including access, with Al-Pac’s forest harvesting plans.  Canadian Natural and Al-Pac 
have agreed to coordinate their efforts.  A summary of these conversations is provided in 
Volume 1B, Section C1.0, Table C1.8-20, page C1-25.  These discussions will continue 
in the future. 

b) Future seismic activity has typically been excluded from the scope of development 
activities considered during the preparation of EIA Terms of Reference and the 
subsequent completion of the EIA.  As required by the Final Terms of Reference, 
Canadian Natural included in the Planned Development Case “any project or activity that 
has been publicly disclosed during the time period ending six months prior to the 
submission of the Project Application and EIA report.”   This did not include future 4D 
seismic activities associated with the Project.  

Canadian Natural has not yet defined the scope of future 4D seismic plans associated 
with the Project and cannot identify specifics at this time. Once the scope of the future 
seismic programs is defined, Canadian Natural will work with ASRD to obtain the 
necessary approvals before proceeding. 
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141. Volume 5, Section 3.5.1.2. Page 43 

Reclamation efforts will require Jack Pine communities to be re-established in an 
attempt to achieve equivalent land capability.  The Jack Pine stands are the primary 
source of merchantable, harvestable timber in this area of the Forest Management Units 
and are therefore a vital contributor to the Annual Allowable Cut.   As well, these 
stands are of vital importance to caribou at critical times throughout the year. 

a) Explain how reclamation will ensure that Jack Pine communities are re-established? 

Response:   
a) Canadian Natural is committed to re-establishing forest habitat in the Project area 

following reclamation. As outline in the Conservation and Reclamation Plan (Volume 1, 
Attachment 1B, Section 4.7, Table 9, page 33), the blueberry jack pine-aspen (b1), 
Labrador tea-mesic jack pine-black spruce (c1) and Labrador tea-hygric black 
spruce-jack pine (g1) ecosite phases contain jack pine and are part of the vegetation 
communities targeted for re-establishment during reclamation of the Project.  To help 
ensure that the jack pine communities will be successfully established, tree stock planted 
will be locally sourced.  Weed control will be implemented as required.  Starter fertilizer 
may be applied as recommended from soil testing.  Soils will be reconstructed to meet an 
equivalent pre-disturbance land capability for forestry.  Canadian Natural will monitor all 
reclamation plantings as outlined in the Conservation and Reclamation Plan 
(Volume 1B, Attachment 1, Section 7).  Revegetation success will be evaluated and 
practices will be adjusted, as required, to ensure revegetation is successful. 

 

142. Volume 5, Appendix IV, Section 4.4.1.7, Page IV-75 

a) Why are cutblocks excluded from the Timber Productive lands calculation?   

b) Recalculate Table IV-28 to include cutblocks and indicate specifically what the 
resulting increase in productive land will be. 

Response:   
a) There was an error in the calculation for Timber Productive lands.  Cutblocks were 

mistakenly classified as an unproductive landbase.   

b) The Timber Productive lands calculation, as shown in the revised Table IV-28, has been 
adjusted to include cutblocks.  With this reclassification, the 3,568 ha LSA has 1,638 ha 
(46%) of productive forest and 1,930 ha (54%) of unproductive forest.  This is an 
increase to the productive land base of 16 ha (i.e., an increase of 10 ha in good timber 
productivity rating and an increase of 6 ha in the medium timber productivity rating).  
Unproductive forest includes black spruce or tamarack dominated wetlands, non-forested 
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land, burns, water and previously disturbed areas, excluding cutblocks. Therefore, 
cutblocks are included in the forest productive land base. 



Canadian Natural Resources Ltd. - 262 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

Table IV-28 Area and Percent Cover of Productive and Unproductive Timber 
Sites in the Local Study Area (Revised) 

Local Study Area Timber Productivity Rating Ecosite 
Phase/Wetlands Type [ha] % of LSA 

a1 25 1 
b1 30 1 
b2 22 1 
b4 2 <1 
c1 242 7 
d1 79 2 
d2 3 <1 
d3 15 <1 
e2 2 <1 
g1 65 2 
h1 6 <1 

good 

cutblock 10 <1 
good subtotal 501 14 

a1 6 <1 
b1 69 2 
b2 9 <1 
b4 2 <1 
c1 396 11 
d1 101 3 
d3 11 <1 
e2 3 <1 
g1 401 11 
h1 2 <1 
STNN 2 <1 

medium 

cutblock 6 <1 
medium subtotal 1,009 28 

b3 2 <1 
c1 58 2 
d2 5 <1 
g1 58 2 

fair 

STNN 4 <1 
fair subtotal 127 4 

BTNI <1 <1 
BTNN 431 12 
burn 7 <1 
disturbed 493 14 
FONG 10 <1 
FONS 33 1 
FTNI 65 2 
FTNN 785 22 
FTPN 11 <1 
g1 32 1 
lake 44 1 

unproductive 

SONS 18 1 
unproductive subtotal 1,930 54 

timber productive subtotal (good, medium and fair) 1,638 46 
Total 3,568 100 

Note: Some numbers are rounded for presentation purposes.  Therefore, it may appear that the totals 
do not equal the sum of the individual values.  

With this revision, Volume 5, Appendix IV, Section 4.4.1.7, page IV-75, should read:  
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Economic forests were selected as a community-level Key Indicator Resource (KIR) 
because of their economic importance in the LSA.  Within the LSA, there are 1,638 ha 
(46%) of potentially productive forested land (Table IV-28).  This includes all forested 
stands with a good, moderate or fair timber productivity rating.  Timber productive land 
excludes wetlands with black spruce and tamarack as dominant species, non-forested 
wetlands, burned areas, lakes and disturbances.  Details on productive forests, including 
Mean Annual Increment (MAI) and Long Run Sustained Yield Average (LRYSA) within 
the LSA are presented in the Forestry Baseline Report (Appendix V). 

 

143. Volume 5, Appendix V, Forestry Baseline 

a) Re-evaluate all of the Forestry Baseline section as to the impact on each of the 
Forest Management Units (L01 and L11) rather than just the LSA.  Include impact 
on the Annual Allowable Cut (AAC) for each and assess the accessibility of 
merchantable stands for the life of the development. 

Response:   
a) The Forestry Baseline assesses standing forested area, volumes and Mean Annual 

Increment (MAI) for the LSA.  Below is an assessment of impact to the L01 and L11 
Forest Management Units (FMU) in terms of reduction to net harvestable land base and 
estimated Annual Allowable Cut (AAC). 

To assess net harvestable area and loss to AAC, the Alberta Vegetation Inventory (AVI) 
of the LSA was reduced to areas with merchantable leading species.  Merchantable tree 
species include aspen, balsam poplar, white spruce, pine and balsam fir.  The 
merchantable area also includes cutblocks, as they are assumed to be part of the 
productive landbase.  For this assessment, black spruce and tamarack are not considered 
merchantable.   

The LSA was then divided into the portions that fall within FMU L01 and FMU L11, 
respectively.  To assess the effect of the Project on each of these FMUs, only the 
merchantable area within the Project footprint was assessed.  

Al-Pac estimates the Net Harvestable Landbase in FMU L01 at 129,558 ha 
(Al-Pac 2006a).  The total area of forest stands (including forested peatlands) and 
cutblocks within FMU L01 that will be affected by the Project footprint is 89 ha, of 
which 54 ha is estimated to be merchantable (i.e., stands with merchantable tree species 
as well as cutblocks) (Table 1).  The estimated net merchantable landbase is less than 1% 
of Al-Pac’s Net Harvestable Landbase and AAC in FMU L01. 

Al-Pac estimates the Net Harvestable Landbase in FMU L11 at 305,683 ha 
(Al-Pac 2006b).  The total area of forest stands (including forested peatlands) and 
cutblocks within FMU L11 that will be affected by the Project footprint is 168 ha, of 
which 58 ha is estimated to be merchantable (i.e., stands with merchantable tree species 
as well as cutblocks) (Table 143-1).  The estimated net merchantable landbase is less than 
1% of Al-Pac’s Net Harvestable Landbase and AAC in FMU L11. 
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Table 143-1 Effects of the Project on FMU L01 and FMU L11 

Kirby Project Footprint 
FMU Value 

Al-Pac’s 
Landbase(a) 

[ha] 
Merchantable 

Landbase  
Percent of Al-Pac 

Value 
Net Harvestable Landbase 129,558 54 ha <1% 
Coniferous Annual Allowable Cut 110,039 68 m3/yr <1% 
Deciduous Annual Allowable Cut 180,267 40 m3/yr <1% 

L01 

Total Annual Allowable Cut 290,306 108 m3/yr <1% 
Net Harvestable Landbase 305,683 58 ha <1% 
Coniferous Annual Allowable Cut 249,246 81 m3/yr <1% 
Deciduous Annual Allowable Cut 403,827 33 m3/yr <1% 

L11 

Total Annual Allowable Cut 653,073 114 m3/yr <1% 
(a) Values reported are from Al-Pac (2006a, 2006b). 

Canadian Natural will work with Al-Pac to coordinate the Project access and timber 
removal with Al-Pac’s forest harvesting plans. 

References: 

Al-Pac (Alberta-Pacific Forest Products Incorporated).  2006a. Detailed Forest Management 
Plan – FMA Timber Supply Analysis for FMU L01 Mixedwood Management 
Scenario. Available at: 
http://srd.alberta.ca/forests/pdf/alpac/L1_Summary_Netdwn_Map.pdf.  
Accessed May 30, 2008. 

Al-Pac.  2006b. Detailed Forest Management Plan – FMA Timber Supply Analysis for FMU 
L11 Mixedwood Management Scenario. Available at: 
http://srd.alberta.ca/forests/pdf/alpac/L1_Summary_Netdwn_Map.pdf.  
Accessed May 30, 2008. 

 

144. Volume 1B, Section 4.8.3.1, Page 35 

Canadian Natural states Both above-ground and below-ground pipeline ROWs are 
expected to naturally regenerate to pre-disturbance conditions since the soils will be 
replaced as construction progresses. 

a) Explain whether or not ROWs will be permitted to revegetate during operations to 
the natural pre-existing ecosite or wetlands across the entire width of the ROW? 

b) Open ROWs often result in avoidance by wildlife.  Discuss Canadian Natural’s 
commitment to actively replanting woody vegetation on ROWs to replace wildlife 
habitat lost during the clearing and construction process.   
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Response:   

a) Canadian Natural will allow pipeline ROWs to naturally revegetate during operations to 
the extent the vegetation growth does not interfere with normal pipeline operations as 
required by the codes or standards.  For example, Canadian Standards Association (CSA) 
Z662 requires the operator to control vegetation on ROWs in order to maintain clear 
visibility for integrity inspection and surveillance purposes and to provide ready access 
for maintenance crews. 

b) Canadian Natural’s approach to the revegetation of pipeline ROWs during operations is 
described above.  During the final reclamation of pipeline ROWs at the end of the Project 
life Canadian Natural will rely on natural revegetation.  Active replanting of woody 
species will only be considered at locations where effective natural revegetation does not 
occur. 

 

145. Volume 5, Section 4.2.2, Page 7 

Most baseline information is based on wildlife surveys completed by Rio Alto 
Exploration Ltd. in 2001. Subsequent photographic bait station and aerial surveys were 
undertaken in 2006/2007.  

a) Given that most surveys completed in 2001 have not been repeated since 
construction of the Kirby Pilot Project, discuss Canadian Natural’s confidence in 
the findings of wildlife inventories and variability in populations, as stated in the 
findings and conclusions of the EIA. 

Response:   
a) Given current ASRD-accepted standards of assessment for wildlife abundance, additional 

surveys plots in the Project Local Study Area (LSA) will not increase the level of 
confidence in the wildlife abundance determinations. 

The wildlife surveys conducted in 2001 were designed to meet the Terms of Reference 
(TOR) for the earlier project.  In 2007 additional surveys were conducted for mammals to 
supplement data collected in 2001 and to meet the TOR for the Project.  Photographic 
bait stations were set up to capture mammal presence in the LSA, including fisher and 
black bear.  In addition an ungulate aerial survey was also flown in 2007 to increase the 
baseline data for ungulate species, primarily moose and caribou.  These additional 
surveys in 2007 provided an inventory of mammals on the LSA in 2007 and targeted the 
following Key Indicator Species (KIRS): 
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• woodland caribou; 

• moose; 

• Canada lynx; 

• black bear; and 

• fisher.  

After review of the baseline conditions of the LSA and Regional Study Area (RSA) in 
2001 and the baseline conditions in 2007, it is evident that the amount of disturbance on 
the landscape has increased.  Anthropogenic disturbance (i.e., cutlines and clearings for 
development) has increased by at least one-third in the LSA and has more than doubled 
in the RSA.  Short-term small scale surveys (i.e., baseline studies) give a point in time 
assessment of presence or absence, rather than a true estimate of abundance.  However, 
given the eruptive and/or cyclical nature of many of these species (i.e., amphibians, 
Canada lynx, fisher) and the current decreasing population trend in other species 
(i.e., caribou and old-growth birds), further collection of baseline data at a local scale will 
give little value-added information on actual abundance in the LSA as these population 
changes occur at a larger scale. 

 

146. Volume 5, Section 4.4.1.2, Page 20 

Canadian Natural indicates The following wildlife abundance linkages were considered 
valid for the Project:  site clearing; removal of nuisance wildlife; interactions with 
infrastructure; increased predation/hunting/trapping; increased vehicle wildlife collisions; 
and sensory disturbance. 

Some in-situ projects in the oil sands region are considering the use of 3D-seismic 
surveys repeated through time (4D-seismic) to monitor bitumen reserves through the 
life of the Project. 

a) Provide details of any plans Canadian Natural has to conduct 4D-seismic surveys 
during the post-construction phase of the Project to monitor bitumen reserves 
including grid size, frequency, time of year, equipment used, and duration expected.   

b) If Canadian Natural plans to conduct 4D-seismic surveys, provide further details 
regarding additional impacts expected for wildlife, vegetation, and soils and 
mitigation plans to minimize the impacts of seismic exploration on wildlife and 
vegetation (including rare plants and traditional use plants) in the region.  Include 
details on grid size, frequency, time of year, equipment used and duration expected. 

Response:   
a) Canadian Natural has not yet defined the scope of future 4D seismic plans associated 

with the Project and cannot identify specifics at this time.   
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b) Once the scope of future seismic programs is defined, Canadian Natural will work with 
ASRD to obtain the necessary approvals before proceeding. 

 

147. Volume 5, Table 4.4-1, Page 23 

This table indicates that the area, length, and density of cutlines, road and power lines 
decrease from the Existing and Approved Case (EAC) to Project Case.  However, it is 
not clear why or how this occurs.   

a) Explain how the decrease occurs. 

Response:  

a) During the preliminary engineering and design stage of the Project Canadian Natural 
sited Project facilities and linear corridors on existing disturbance where possible.  
Existing cutlines, roads, and power lines are being redisturbed as proposed Project 
facilities (e.g., above-ground and below-ground pipelines).  This results in a decrease in 
the area, length and density of these particular linear features during operations as 
indicated in Table 4.4-1 (Volume 5, Section 4).  However, there is a net increase in total 
area, length, and density of all linear features during operations. 

 

148. Volume 5, Section 4.4.1.2, Page 26 

Canadian Natural notes that A 500 m area around the physical disturbance footprint of 
the project was considered to be the area subject to sensory disturbance to encompass the 
potential effects of noise and light. 

a) Provide a rationale including references for choosing 500 m as an appropriate area 
of impact for both noise and light.   

b) Confirm whether decibel (dBA) levels given are averages, and if yes, provide 
minimum and maximum volumes for the plant and wellpads. 

Response:   
a) A buffer of 500 m was used as conservative area of impact for both noise and light.  A 

500 m buffer is frequently used in spatial models to determine the effects of disturbances, 
including light and noise, on sensitive species (e.g., grizzly bears, Gibeau et al. 2001).  
There is some evidence in the literature to suggest that songbirds may be affected up to 
700 m when noise levels range from 75 to 90 dBa (Bayne et al. In Press):  The noise 
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levels estimated for the Project in Volume 3, Section 2 (i.e., a maximum of 38 dBA at 
1.5 km from the Project area boundary, Figure 2.4-2) were lower than those used in 
Bayne et al.’s (In Press) study.  Therefore the 500 m buffer was considered appropriate. 

At this time the distance at which light pollution influences animal behaviour is largely 
unknown.  Dignan and Bren (2003) developed models to describe light environment edge 
effects in mountain ash/riparian forest in southeastern Australia following edge creation 
by clearfell logging.  They found that light penetration attenuated rapidly over the first 10 
to 30 m from the forest edge and reduced gradually thereafter.  The Project area is largely 
forested, and light penetration from the Project will be minimized by the forest 
surrounding the Project area.  Therefore, it is likely that 500 m would encompass the 
influence of light sources from the Project on animal behaviour.  

b) In Volume 2, Section 2.4.4.1 noise levels are presented as averages for the entire Project 
Case.  The average noise levels presented are based on all Project-related activities 
(i.e., plant site, wellpads).  The highest Project Case average noise level is 38 dBA 
(Volume 5, Section 2).  Only averages are predicted, since the majority of equipment 
operates continuously with very little variation or loud/startling events from 
Project-related activities.     

References: 

Bayne, E.M., L. Habib and S. Boutin. In Press. Impacts of Chronic Anthropogenic Noise 
from Energy-Sector Activity on Abundance of Songbirds in the Boreal Forest. 
Conservation Biology. 

Dignan, P. and L. Bren. 2003. Modelling light penetration edge effects for stream buffer 
design in mountain ash forest in southeast Australia. Forest Ecology and 
Management 179:95-106.  

Gibeau, M. L., S. Herrero,  B. N. McLellan and J. G. Woods. 2001. Managing for grizzly 
bear security areas in Banff National Park and the Central Canadian Rocky 
Mountains. Ursus 12:121-130. 

 

149. Volume 5, Section 4, Table 4.4-3, Page 32 

Table 4.4-3 shows a 54.1% decrease in high quality woodland caribou habitat, and a 
38.1% decrease in moderate quality woodland caribou habitat during the life of the 
Project.  The table also indicates a change of 0.0% and 0.5%, respectively, at time of 
closure.  This seems to indicate that there will be a small increase in caribou habitat at 
closure. 

a) Clarify the length of time required to reclaim caribou habitat to equivalent 
capability and confirm that the reclaimed habitat will be able to support woodland 
caribou at time of closure. 
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b) Provide details of Canadian Natural’s progressive reclamation program, specifically 
how it will impact caribou populations and herd numbers at the time of closure. 

c) Provide updated values for percent change of habitat for woodland caribou at time 
of closure. 

Response: 
a) Caribou prefer mature to old forests because their primary winter food, lichen, is most 

abundant in these forest stands (Dzus 2000).  Older habitats (40+ years) of 
fen/bog/peatland complexes are considered primary caribou habitat in the boreal forest. 
While caribou show a preference for these habitats (Anderson 1999; Bradshaw et al. 
1995; Stuart-Smith et al. 1997; Schneider et al. 2000; Thomas et al. 1996), they also use 
other areas with high lichen cover such as upland jack pine and lodgepole pine stands 
(Dzus 2000).  Jack pine typically takes 40 to 60 years to mature to habitat that is capable 
of supporting caribou.  Jack pine stands can be reclaimed on the Project landscape. 
Wetlands habitats important to caribou, such as wooded fens, currently cannot be 
reclaimed because of a lack of a peatland reclamation technology.  

The apparent reclamation of caribou habitat in the closure landscape results from the 
removal of linear disturbances after reclamation and closure.  Although the linear 
disturbances may not have developed into caribou habitat, the zones of influence and 
associated disturbance coefficients are removed, thereby increasing habitat quality in all 
areas immediately adjacent to reclaimed disturbance.  This means that high-quality 
habitat that is not disturbed, but avoided by caribou due to human activity in the area, is 
expected to revert to high-quality woodland caribou habitat after reclamation and closure.  
The operational life of the Project is 20 years and most reclamation will occur after 
operations cease (see Part b) for details).  Assuming that the primary reason for 
avoidance is human activity, habitat adjacent to disturbance could support woodland 
caribou once activity ends some 20 to 25 years following start-up.  

b) It is currently estimated that most of the Project footprint reclamation will occur during 
the 2032 to 2034 period, at the end of the Project’s operational life.  The extent to which 
progressive reclamation of the Project will be possible during operations is currently 
uncertain considering that the first wellpad is anticipated to still have producing wells 
when the last wellpad is constructed.  Borrow pits will be reclaimed when they are 
exhausted of useful borrow material.  Canadian Natural has adopted a natural recovery 
approach to revegetation, supplemented as required with targeted tree and shrub planting. 

In Volume 5, Section 4.5.1.2, Canadian Natural states that the regional boreal caribou 
population is at high risk of extirpation.  This has been identified as an issue even without 
the Project.  Based on population viability analysis, the probability of the population 
declining below a threshold value is almost 100% (Volume 5, Appendix II, Figure II-27, 
page II-84).  After 30 years, caribou population densities are estimated to decline to 
effectively zero, with total populations estimated to be about seven individuals in all 
cases (i.e., with or without the Project on the landscape). This is consistent with results in 
McLoughin et al. (2003), which predicted extirpation of woodland caribou from 
northeastern Alberta in the near future unless rates of decline are reduced.  It is therefore 
unlikely that progressive reclamation of the Project could have any effect on caribou 
populations or herds in the area.  
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c) The original values are still applicable based on the response in Part a). 
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150. Volume 5, Section 4.4.1.3, Page 46 

Canadian Natural has proposed the following as a mitigation measure to reduce and/or 
eliminate effects to wildlife in the Project Area:  Provisions for ungulate crossing 
opportunities at approximately 400 m intervals in appropriate habitat along the above-
ground pipelines in the form of either elevated pipe or ‘over the pipe’ wildlife crossing 
structures. 

The Boreal Caribou Committee Strategic Plan and Industrial Guidelines (2001) state: “It 
is anticipated that to avoid being barriers to caribou travel, above ground pipelines 
should be constructed very near the ground with minimal width, or with a clearance of 
at least 2.5 meters above the ground level.”  In a recent study, it was found that deer 
and moose prefer not to cross over above-ground pipelines (Dunne 2007). 

a) Identify how Canadian Natural plans to implement the recommendations of the 
Boreal Caribou Committee. 
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 Dunne, Bridget.  2007.  Effectiveness of Above-Ground Pipeline Crossing Structures 
for the Movement of Moose and other Large Mammals. M.E.D. Thesis. University 
of Calgary. 136p. 

Response:   
a) Canadian Natural‘s experience with the installation of wildlife crossing structures at its 

Primrose and Wolf Lake Project indicates that the design of “elevated pipe” and “over the 
pipe” crossings needs to consider site-specific conditions such as the presence of 
appropriate habitat, presence of game trails, local topography and associated design 
constraints.  These factors in the Project area will be determined before construction and 
will be incorporated into crossing designs.  Canadian Natural’s experience also indicates 
that caribou will use elevated pipe crossings where the base of pipe is 1.8 to 2.0 m above 
the ground.  Canadian Natural will use this experience in combination with experience 
from the Alberta Caribou Committee (formerly the Boreal Caribou Committee) and in 
consultation with ASRD to determine the most appropriate caribou crossings options on a 
site-specific basis.  

 

151. Volume 5, Section 4.4.1.3, Page 46 

Proposed mitigation measures for wildlife habitat include the use of common rights-
of-way for different project components.  A pipeline for source and disposal wells is 
proposed in 33/34-73-8-W4. However, much of this proposed route appears to require 
new disturbance. 

a) Discuss why the proposed route was selected rather than following existing 
disturbances to a greater extent (e.g., following existing corridors to 35-73-8-W4).   

b) Describe other routes that were considered and why they were not selected. 

Response:   
To clarify, Canadian Natural identified in Volume 5, Section 4.4.1.3 it would “use 
common Rights-of-Way (ROW) for different Project components to the extent possible”.  
This means Canadian Natural will seek to locate its proposed pipelines and roads along 
existing rights-of-way with consideration of various factors, including direction by 
regulators, potential conflicts with other infrastructure, facilities, activities, overall 
footprint and cost.  For the purpose of this response, Canadian Natural assumed the 
existing disturbances being referred to include existing road/pipeline/power line corridors 
that will be followed by a proposed above-ground pipeline to 35-73-8-W4M 
(above-ground route). 

a) The proposed buried water source and disposal pipeline route (buried route) parallels 
existing ROWs and disturbance except for about 1 km in NW 25, SE 35 and SW 36 of 
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Twp. 73, Rge. 8, W4M.  Additional factors that were considered in Canadian Natural’s 
decision to propose this route include the following:  

• The proposed buried route is approximately the same distance when compared with 
the above-ground route, and would have similar disturbance footprints and materials 
requirements. 

• The proposed buried route minimizes potential infrastructure conflicts associated 
with the sequencing of construction.  If the above-ground route was used, the buried 
pipeline would be constructed first and this would likely impose restrictions to 
equipment involved in the construction of the above-ground pipeline away from the 
side where the buried pipelines will be constructed.  Additional ROW width would 
be required to reduce these conflicts. 

• The proposed buried route reduces the intensity of development and net disturbance 
compared to the above-ground route.  This is consistent with requests from regulatory 
agencies on applications for Canadian Natural’s Primrose and Wolf Lake Project to 
limit the combined width of any one utility and pipeline corridor. 

b) The two routes discussed in Part a) above were considered.  The buried route was 
considered the better route for the reasons described. 

 

152. Volume 5, Section 4.4.1.3, Page 47 and Section 4.5.1.2, Page 49 

Section 4.4.1.3 describes monitoring plans to assess wildlife affects.  However, additional 
information is needed to understand Canadian Natural’s wildlife monitoring program. 

a) Describe the overall goal and approach of the wildlife monitoring program. 

b) Describe how Canadian Natural will measure and evaluate changes in abundance 
and productivity of wildlife Key Indicator Resources (KIR) in the LSA and lease 
area. 

c) Section 4.5.1.2 indicates that population performance projections are strongly 
influenced by assumptions regarding rates of survival and reproduction for moose, 
black bear, and caribou (page 50).  Describe how Canadian Natural will measure 
and evaluate changes in these parameters in order to validate Population Viability 
Analysis (PVA) models. 

Response:   
a) The goal of the monitoring program is to assess predicted wildlife effects from the 

Project. As stated in Volume 5, Section 4.4.1.3, the following monitoring is planned. 

Wildlife log and sighting cards will be maintained at the plant site to allow staff to record 
wildlife observations (i.e., sighting, call, nest and den).  Records will be summarized 
annually.  The wildlife log will also be used to record potential nuisance wildlife 
problems related to beavers, bears and other species and will be reported to ASRD.   
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Project infrastructure and pond areas will be monitored for signs of wildlife use to assess 
the effects of wildlife interaction.  As well, stacks and other physical structures will be 
monitored for evidence of wildlife mortality.  Any active nests removed outside of the 
migratory bird clearing restriction period during clearing will be noted and reported to 
ASRD. 

To assess the effects of increased vehicle/wildlife collisions, monitored as roads will be 
part of the wildlife monitoring program.  Monitoring will include regular surveys for road 
kill and documentation of large game trails that require signage.  Personnel will be 
required to report all vehicle/wildlife collisions.  This information will be kept in a 
mortality log. 

To assess the effects of barriers to wildlife movement, monitoring will include surveys of 
wildlife tracks and wildlife presence in relation to above-ground pipelines and crossing 
opportunities (i.e., areas of elevated pipeline or wildlife crossing structures) to evaluate if 
movements are being affected and to determine the effectiveness of the mitigation 
measures employed.  Roads will be monitored during winter to ensure that snow berms 
are not too high and that gaps are left to facilitate wildlife movement at regular intervals.  

Canadian Natural will contribute information collected as part of its wildlife monitoring 
program to regional wildlife databases. 

b) Monitoring trends in abundance requires field surveys that are conducted on a regular 
basis over multiple years at appropriate scales.  On approval of the Project a monitoring 
program will be designed to collect species-specific data on abundance and distribution 
within the LSA.  As part of monitoring program planning, Canadian Natural will 
continue to review research in order to find means to effectively monitor productivity of 
wildlife KIRs.  Abundance and measures of productivity must be tied to a regional 
monitoring program that has the rigour to assess changes in species-specific productivity 
at spatial and temporal scales appropriate to the species in question.  

c) As indicated in the response to Part b), there is currently no method for measuring 
productivity and survival that is cost-effective, efficient and accurate for black bears, 
moose and caribou at the scale of the LSA. Ungulate aerial surveys provide calf:cow 
ratios that give a point in time assessment of reproductive productivity; however, that 
information cannot be extrapolated to assess productivity and survival of any of these 
species in the LSA. Garshelis (2000) states that data used to test a model can frequently 
be better used to modify the existing model to make it better. It is in this fashion that 
local species’ population and life history data are used in the Population Viability 
Analysis (PVA) modelling for the EIA.  Any additional data obtained on productivity and 
survival will be used to improve PVA models and not to validate them.  
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153. Volume 5, Appendix I, Caribou Protection Plan – Lakeland Forest Area Winter 

2006/2007 Activity   

a) Provide a list of draft mitigation measures for caribou, specific to the Kirby Project. 

Response:   
As stated in Volume 5, Section 4.4.1.3 Canadian Natural will develop and implement a 
Caribou Protection Plan (CPP) which outlines annual mitigation to minimize effects to 
caribou.   

Specifically, Canadian Natural will undertake a number of mitigation measures to be 
implemented during construction, operations and reclamation to reduce the Project’s 
effects on caribou.  Some measures (e.g., use of existing disturbance) have already been 
incorporated into the Project design.  Other measures are protective of wildlife in general 
and are not specific to caribou. 

Construction 

Mitigation measures that will minimize the effects of the Project to Terrestrial Resources, 
Wetlands and Biodiversity during construction are listed below: 

• To avoid the main breeding, nesting and calving seasons for wildlife, clearing will be 
conducted from August 1 through March 14 within the Wiau Caribou Area (Twps 73 
and 74, Rge 8 W4M) and from August 1 to April 30 outside the Wiau Caribou Area 
(Twps 73 and 74, Rge 7 W4M). However, following clearing Canadian Natural 
intends to continue project construction and operation year-round. 

• Pre-planning will ensure activities use common corridors and share access with other 
proponents in the LSA, to the extent possible. 

• Wherever possible, existing ROW will be used for access and installation of any new 
infrastructure to minimize direct habitat loss. Where this is possible, Canadian 
Natural will consider the use of actively used rights-of-way, rather than re-opening 
those that are starting to regenerate. 

• Areas for facilities and wellpads will be as small as reasonably possible. 

• All ROWs will be sized to the minimum width required, bearing in mind safety 
considerations such as traffic flow on roads and possible tree-fall onto power lines. 

• To minimize barriers to wildlife movements, no welded pipe will remain on the 
ground or on skids for more than three days during pipeline construction, or the 
welded pipe will have 10-m-wide gaps spaced every 500 m if pipe is greater than 
0.75 m above the ground. 

• Any open trenches or ditches will have 10-m-wide breaks or crossing points at least 
every 500 m. 

• Where snow or debris berms are necessary, berms will not exceed 0.75 m heights. 

• Areas of relatively undisturbed vegetation that are not cleared for Project 
development will be left intact to allow passage and movement of wildlife around the 
development areas. 
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• Pre-construction surveys will be undertaken to determine the location of wildlife 
above-ground pipeline passages with respect to pipeline height, well-used game 
trails, high-quality habitat, riparian areas and topography. Canadian Natural will 
optimize the location of above-ground pipeline crossing structures to ensure adequate 
passage for caribou and other ungulates. Canadian Natural will construct wildlife 
crossing structures based on the best management practices (BCC 2001).  

• Where two pipelines run together and they are constructed low enough to allow for 
animals to cross over, they will have a spacing between them of about 50 cm. This 
has been shown to allow deer to jump both pipes, but moose are still able to step in 
between them. 

• When a small gas pipeline or fibre-optic cable runs along with an above-ground 
pipeline, they will not hang more than a few centimetres below the main pipeline. 

• Natural woody vegetation will be allowed to grow back along the edge of cleared 
pipeline and power line rights-of-way where possible, while accommodating safety 
and pipeline monitoring concerns to reduce lines of sight. Additionally, human access 
will be restricted on pipelines through the use of a variety of techniques including 
line blocking with available timber and flagging, excluding traditional access routes. 

• Where “windrows” are necessary, they will be intermittent so that wildlife 
movements along access routes are not blocked. 

• All work will be kept within surveyed ROW and other construction areas. 

• Outside of the excavated trench, every reasonable effort will be made to reduce 
disturbance to the forest cover root mat (duff layer) during pipeline construction to 
promote accelerated reforestation along ROW (e.g., mulchers and hand slashing). 

• Wellpad, source and disposal well access will follow seismic line clearings wherever 
reasonable. 

• Native vegetation will be preserved where possible. 

• Canadian Natural will continue to be a member of the Alberta Caribou Committee 
(ACC) and mitigation activities that are recommended by ACC research programs 
will be considered for inclusion in the Project. 

Operations 

Specific mitigation measures designed to minimize the effects of the Project during 
operations are listed below: 

• Canadian Natural will construct aboveground pipeline crossing structures to ensure 
adequate passage for caribou and other ungulates. Canadian Natural will construct 
wildlife crossing structures based on the standards established in the guide Wildlife 
Crossing Structure Design/Location Evaluation (Golder 2004) which has been 
provided to AENV. 

• Dust control will be undertaken on roads, as required, during the spring and fall. 

• Wooded buffers will be maintained, where possible, as appropriate to reduce noise. 
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• During the April 1 to July 15 period, access by Project personnel into the Wiau 
Caribou Area will be restricted to those specifically given authority. Gates will be 
installed at the plant site. 

• Signage will be used on the main access road to increase awareness of caribou issues, 
at the start of both the access road to the plant site and utility corridors. 

• Canadian Natural will submit annual Caribou Protection Plans (BCC 2001). 

• Recreational use of All Terrain Vehicles (ATVs) by Canadian Natural staff and 
contractors will be prohibited on-site. 

• All personnel working at the site will participate in an orientation session on wildlife. 
The purpose of this session will be education and awareness about species of concern 
(i.e., woodland caribou), expected behaviour, and practices while operating within 
wildlife habitat. 

• Except for authorized safety purposes, Canadian Natural will prohibit, all employees 
and contractors entering the Project area from possessing firearms, bows, and pets. 

• Speed limits will be put in place for all access and speeding will not be tolerated. 

• Personnel contravening Canadian Natural’s operating practices will be disciplined 
appropriately. 

• Canadian Natural will employ an environmental coordinator to ensure that mitigation 
measures committed to are carried out in the field. 

• Roads will be monitored for wildlife road kill and mortality logs will be kept to check 
for trends that indicate causes that are correctable.  Any caribou deaths or injuries 
will be reported to ASRD. 

• Roads under a Canadian Natural Licence of Occupation (LOC) will be monitored to 
ensure snow berms are not too high and that gaps are created at regular intervals to 
facilitate wildlife movement. 

• Wildlife log and sighting cards will be maintained at the plant site and the camp to 
allow staff to record wildlife observations. Records will be summarized annually. 

• Canadian Natural will continue to be a member of the ACC and mitigation activities 
that are recommended by ACC research programs will be considered for inclusion in 
the Project. 

Reclamation 

The key mitigation methodology to minimize residual effects on Terrestrial Resources, 
Wetlands and Biodiversity is reclamation. The Project Conservation and Reclamation 
(C&R) Plan is detailed in Volume 1B, Attachment 1. The basic end land use goals that 
form the foundation of the Project C&R Plan are listed below: 

• Reclaim the landscape to provide wildlife habitat. 

• Revegetate according to the reclamation guidelines prepared by the Oil Sands 
Vegetation Reclamation Committee (OSVRC 1998) or updated standards based on 
consultation with AENV.  Jack pine stands, which provide habitat for caribou, will be 
one of the vegetation communities targeted for reclamation. 
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• Use a variety of methods to maintain or improve caribou habitat, while not promoting 
moose or deer habitat, or encouraging access by hunters or predators.  

• Reclaim development and construction areas that are no longer required for 
operations at facilities and well sites/pads, ideally within one year of abandonment. 
To the extent it is possible, reclamation will be ongoing through the life of the Project 
rather than deferred to the end. 

• When well sites, wellpads or pipelines require additional clearing for development 
and construction space, areas no longer needed for operations will be reclaimed. 

• Native vegetation will be used to reclaim disturbed areas. 

• Reclaimed vegetation communities will be designed to provide key habitat variables 
for wildlife KIRs. 

• Canadian Natural will continue to be a member of the ACC and mitigation activities 
that are recommended by ACC research programs will be considered for inclusion in 
the Project. 

Final reclamation design will be completed in consultation with regulators and local 
stakeholders. Landscape (vegetation community patch size, shape and juxtaposition), 
wetlands and microtopographic components of habitat will be designed in greater detail 
in the final C&R Plan for the Project. 

Canadian Natural will develop a monitoring strategy.  Specific details and methods of the 
monitoring program will be developed in consultation with regulators before 
implementation. 
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154. Volume 5, Appendix I, Section 1.4, Page 3, Caribou Protection Plan – 

Lakeland Forest Area Winter 2006/2007 Activity  

Canadian Natural states To mitigate stress during the critical caribou calving period, 
Canadian Natural will complete operations in caribou areas prior to spring break-up. The 
calving period extends from March 15 until July 15, and includes the sensitive pre- and 
post- calving time periods.  

a) Provide a commitment to complete operations prior to March 15 annually and to 
ensure no new work commences prior to July 15. 

Response:   
a) The caribou protection plan provided in Volume 5, Appendix I was provided as an 

example.  This was identified in Volume 5, Section 4.4.1.3.  The same paragraph stated 
“Canadian Natural will also develop and implement a caribou protection plan which 
outlines annual mitigation to minimize effects to caribou. The plan will be developed in 
consideration of Canadian Naturals intent to drill SAGD injection and production wells 
and keep the Kirby Project fully operational year round.”  Consistent with work at our 
Primrose operations, Canadian Natural will commit to ending tree clearing activities 
during the March 15 to July 31 period within the Wiau Caribou Area and from May 1 to 
July 31 outside the Wiau Caribou Area. 

 

155. Volume 5, Appendix II, Page II-3 to II-16 

Canadian Natural states that As these models were built using winter observation data, 
validation results are only reliable for estimating winter habitat preference….The moose 
Regional Study Area (RSA) model performed relatively poorly. 

a) Comment on the use of a winter model to make inferences on year-round habitat 
use by moose, lynx and fisher. 

b) Given that the moose model performed poorly, explain why it was accepted and 
used to assess impacts to moose from the Project. 

Response:   
a) Canadian Natural does not infer that the winter models developed for moose, Canada 

lynx and fisher reflect how these species use habitat year-round. However, winter is often 
a time of hardship for wildlife species (i.e., food limiting) and it is not uncommon to 
focus habitat management efforts on delineating and preserving high-quality winter 
habitat that may be limiting populations (e.g., moose, ASRD 2002).  
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Furthermore, empirical models (e.g., Resource Selection Function [RSF]) can only be 
built with the data available.  In the absence of freely accessible data, mammal presence 
observations in spring, summer and fall are not available.  In winter, years of wildlife 
track transect surveys in the Oil Sands Region has produced a large, high-quality, reliable 
data set for  locations of wildlife species. 

b) The moose RSF model performed moderately well at the LSA scale and confidence in the 
results are moderate to high. Although the model did not perform as well at the RSA 
scale, both the LSA and RSA models demonstrated a positive correlation between model 
predictions and field observations.  Given this, the moose RSF model was used to assess 
impacts at both the LSA and RSA scales. While a more accurate model would improve 
confidence in results, such a model is not currently available. Results from the model 
construction effort detailed in the EIA (Volume 5, Appendix II) suggest that it is difficult 
to predict moose habitat selection from large-scale variables (i.e., at the RSA scale).  

Reference: 

ASRD (Alberta Sustainable Resource Development).  2002.  Fort McMurray - Athabasca Oil 
Sands Subregional Integrated Resource Plan. Approved by Cabinet on May 7, 2006. 
Amended June, 2002. Publication No. I/358.  Alberta Sustainable Resource 
Development.  Edmonton, AB.  59 pp.   

 

156. Volume 5, Appendix II, Page II-22 

Regarding the Resource Selection Function (RSF) model for barred owl at the LSA 
level, Canadian Natural states: This model was developed using location data from fifteen 
barred owl nests located within the Calling Lake and Athabasca areas of northeastern 
Alberta. 

a) Comment on the applicability of this RSF to the Kirby Project LSA given that the 
model is based on only fifteen known nest locations. 

b) Provide a validated RSF for barred owl. 

Response:  
a) The Terrestrial Local Study Area (LSA) falls within the same natural subregion (central 

mixedwood) as the Calling Lake and Athabasca areas, where the barred owl nest data 
were collected.  Therefore, the model is applicable to the LSA.  Although 15 known nest 
locations was not a large number of observations, it was all that was available during 
model production.  Therefore, the RSF model developed is the best available and is 
relevant for predicting barred owl nesting habitat selection for the LSA. 

b) The model’s author (Dr. Anne Hubbs, ASRD) did not pursue validation of the barred owl 
model.   
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157. Volume 5, Appendix II, Page II-28 
Volume 5, Appendix VI, Section 5.1, Page VI-76 

Regarding the Canadian toad Habitat Suitability Index (HSI) validation, Canadian 
Natural states To validate the above model, all Canadian toad observations within the 
Biological Species Observation Database (BSOD) were acquired from ASRD and were 
overlaid on the habitat suitability coverage created for the Athabasca Oil Sands Region.  

a) How many observations in total were used to validate the Canadian toad HSI? 

b) Provide a map showing the locations of any observations made within the Kirby 
Project LSA.  Comment on the applicability of validation given the number of 
observations made within the LSA.  Also indicate areas of high overwintering and 
breeding potential. 

c) Discuss why additional surveys for Canadian toad have not been completed since 
2001 to determine important habitats for this species within the lease area. 

Response:   
a) At the time of model validation, 185 observation locations were available and used for 

model validation.  

b) Three occurrences of Canadian toad were reported in the Wildlife Baseline Report 
(Volume 5, Appendix VI).  In 2007, two incidentals were reported during other surveys; 
however, there is no location information tied to these sightings so they cannot be 
mapped.  The Canadian toad sighting from the 2001 survey should have been reported as 
a boreal toad; the data entered into the database was incorrect.  The original datasheet 
makes a note that this should have been reported as a boreal toad.  When reporting in 
2007, it was assumed that data presented in the 2001 Wildlife Baseline Report 
(Volume 5, Appendix VI) was correct. The data has been checked to confirm that no 
other errors have been made.  

The Project LSA falls within the central mixedwood natural subregion, which is the same 
subregion encompassing the area where data were collected for model validation.  As 
such, the ecological context is appropriate, and the model is therefore applicable to the 
Project LSA. Although none of the locations used for model validation is within the LSA, 
the model is the best available that is relevant for predicting Canadian toad habitat 
selection for the Project LSA. Figure 157-1 includes recorded Canadian toad observations 
in and around the RSA. 

c) Given that ecological context of the validated model is appropriate, additional surveys are 
not required. 
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158. Volume 5, Appendix II, Page II-31 

Canadian Natural states that woodland caribou habitat selection is largely affected by two 
factors; predation risk and forage availability. This assumption was used in the 
development of the HSI model for woodland caribou. 

a) Explain how the HSI accounts for predation risk. 

b) Explain how the HSI model accounts for 4D-seismic activity, if Canadian Natural is 
using this technique. 

c) Clarify how many data points used for validation were within the Kirby Project 
LSA. 

Response:   
a) The inclusion of “Sensory Disturbance” factors effectively accounts for both sensory 

disturbance and predation risk in the caribou Habitat Suitability Index (HSI) model. 
Linear disturbance features, which are penalized in the model with disturbance 
coefficients within zones of influence, are associated with increased wolf access and 
predation (James and Stuart-Smith 2000). 

b) Future seismic activity has typically been excluded from the scope of development 
activities considered during the preparation of the EIA Terms of Reference and the 
subsequent completion of the EIA.  As a result, future seismic activity was not included 
in the HSI model.  The HSI model does not account for 4D seismic activity since 
Canadian Natural has not yet defined the scope of future 4D seismic plans and cannot 
identify specifics in terms of timing, surface locations and footprint.  Once the scope of 
future seismic programs is defined, Canadian Natural will work with Alberta Sustainable 
Resource Development to obtain the necessary approvals before proceeding.   

c) No data points used to validate the caribou HSI model were within the LSA or RSA. 
Validation points are northwest of the RSA and, along with the LSA, fall within the 
central mixedwood natural subregion. As such, the ecological context is considered 
appropriate, and the model validation results applicable to the LSA. Validation results 
using data from within the RSA or LSA would likely result in some difference; however, 
the data necessary for an additional validation effort are unavailable.  Therefore, present 
validation results represent a best estimate of model performance within the RSA and 
LSA. During ungulate surveys in 2007, no caribou were observed. Only two caribou were 
observed during the 2001 ungulate survey. 

Reference: 

James, A.R.C., A.K. Stuart-Smith. 2000. Distribution of caribou and wolves in relation to 
linear corridors. Journal of Wildlife Management 64:154-159. 
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159. Volume 5, Appendix II, Pages II-38 to II-41 

The black bear and beaver HSI models provided have not been validated. 

a) Provide HSI models which have been validated at the local and regional scale. 

Response:   
Models used in the EIA are those that have been applied repeatedly in assessments of 
developments in the Oil Sands Region.  These models have been subjected to numerous 
reviews by scientific experts, regulators and stakeholders.  As such, Canadian Natural is 
confident with the existing models. 

With specific reference to Habitat Suitability Index (HSI) Models, the HSI models used 
in the oil sands are field verified, in that they have been modified by making changes that 
reflect local field information.  Therefore, the predictions are very good as applied in the 
Oil Sands Region. The "requirements" for modification are satisfied by continually 
updating to reflect new inputs.  

Validated HSI models for black bear and beaver are not currently available because the 
data necessary for validating these models are unavailable. However, empirical wildlife 
data from the LSA and the Oil Sands Region have been used in a qualitative iterative 
fashion to update the models before the Project EIA was completed so that they 
accurately reflect the current understanding of a species’ use of the LSA and RSA.  

 

160. Volume 5, Appendix VI, Section 2, Page VI-6  

Methods for several wildlife surveys were not provided in the EIA. 

a) Provide methods used to conduct aerial ungulate surveys. 

b) Provide methods used when conducting owl call playback surveys. 

c) Provide methods used when conducting amphibian call surveys. 

d) Provide methods used to conduct bat surveys. 

Response:   
a) Ungulate aerial surveys were conducted in 2001 and 2007 to determine population 

parameters and habitat use for woodland caribou, moose and deer within the LSA.  
Methods followed those recommended by AENV (Floyd Kunnas, pers. comm.).  Aerial 
surveys were conducted by helicopter during favourable weather conditions (i.e., good 
visibility, complete snow cover and good flying weather) at an altitude between 60 and 
90 m and a speed of 80 to 100 km/hr.  The surveys were conducted by three observers: a 
navigator in the front seat and two additional observers in the back seat.  The LSA was 
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overflown along parallel transects at a spacing that provided 50% coverage. The pilot 
navigated by the use of a Global Positioning System (GPS) unit.  

For every wildlife observation, the observers recorded the date, species, time, sex, age 
(if possible), location and vegetation type (i.e., ecosite phase or wetlands type) on 
prepared datasheets.  Observation locations were recorded on a 1:50,000 National 
Topographic Service (NTS) map at the time of the survey with a GPS reading taken to 
record waypoints.  Weather conditions, including temperature, snow conditions, cloud 
cover and visibility were also recorded.   

To obtain an estimate of the total number of ungulates residing in the surveyed areas, a 
correction factor of two was applied to account for the survey coverage of 50%.  A 
detection correction factor was not applied to the sighting data. 

b) The owl survey was conducted in the LSA during the 2001 owl breeding season (i.e., late 
winter, early spring).  The call play-back surveys consisted of playing a series of owl 
calls from tape recordings to elicit responses, thus determining the presence/non-
detection of owl species within the LSA.  This type of survey is currently the best known 
method to census owls in extensively wooded areas (Smith 1987), as owls are territorial 
and will respond to call play-backs, particularly during the breeding season. A total of 20 
survey plots were established in eight vegetation types 

c) Amphibian call surveys were conducted to describe amphibian occurrence and relative 
abundance in the LSA.  A variety of wetlands types and some upland vegetation types 
were sampled within the LSA so that amphibian habitat use could also be determined.  
Each plot was visited in early and late spring in 2001 to ensure recording of both early 
(e.g., chrorus frogs) and late season breeders (e.g., Bufo spp.).  

Survey effort was dispersed across the LSA to the extent possible.   During daylight 
hours, each plot was visited to record water temperature, pH, substrate, water depth, 
surrounding vegetation and a GPS waypoint.  The wetlands margin at each plot location 
was searched for signs of amphibians, including egg masses and tadpoles, as well as 
non-calling species (e.g., salamanders).  Survey plots were located along cutlines and 
roads at a minimum of 250 m apart to avoid overlap.  Plots were accessed using 4x4 
trucks and ATVs. 

Auditory surveys began one half-hour after sunset, as described in the protocol used for 
the North American Amphibian Monitoring Program (AEP and ACA 1997).  Wetlands 
were surveyed for amphibians by listening for breeding males for 10 minutes following a 
one-minute waiting period upon arrival at the sample site.  A rough estimate of breeding 
chorus size was determined by rating the chorus on the following call index scale 
(Heyer et al. 1994): 

• 0:  no calls; 

• 1:  one individual; 

• 2:  few (some overlapping of calls, but individuals can still be counted); 

• 3:  several (calls distinguishable but overlapping); and 

• 4:  large numbers (full continuous chorus). 
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Calls were further divided on the basis of location.  Individual numbers were recorded for 
adjacent wetlands and, where possible, surrounding wetlands. Locations sampled 
included bogs, creeks, cutlines, ditches, fens, lakes, ponds and uplands.  In total, 73 plots 
were surveyed in 15 vegetation types. 

d) Bat surveys were conducted in late July to early August 2001 in the LSA.  The purpose of 
the surveys was to describe species occurrence, relative activity and habitat preferences 
of bats within the various vegetation types in the LSA.  The timing of the surveys 
corresponded with the time when young of the year are likely to be flying, but before 
migration to hibernacula has occurred.  Surveys were conducted by capturing individuals 
with mist nets to determine species presence and by recording echo-location calls to 
assess activity levels.   

Mist Netting 

Mist nets were set according to the guidelines recommended by Vonhof (2001), in 
habitats where capture was likely (e.g., over small streams or channels, beaver ponds and 
dams, and roads and trails surrounded by dense vegetation).  In total, 11 mist net plots 
were set in three vegetation types.  Mist nets were opened 30 minutes after sunset to 
prevent the capture of birds in the area.  Species, age, sex, forearm length, mass and 
reproductive condition were recorded for each bat captured.  It was occasionally difficult 
to discriminate between little brown and northern long-eared bats due to an overlap in ear 
length.  To allow discrimination between the two Myotis spp., ear length, tragus shape and 
distance the ears extended past the bat’s nose were assessed for each Myotis spp. captured.  
Age was determined by examining the epiphyseal plates in the knuckles of the fourth 
metacarpal, which is fully calcified in adults, but partially cartilaginous in juveniles 
(Anthony 1988).   

The reproductive condition of females was classified as either non-reproductive, pregnant, 
lactating or post-lactating.  Palpation of the lower abdomen revealed pregnancy, whereas 
enlarged nipples and expression of milk indicated lactation.  The presence of bare patches 
of skin around dry, dark nipples indicated post-lactating females (Racey 1988).  

Ultrasonic Detection 

Nine bat detector plots were established in eight vegetation types.  Detector/recorder 
set-ups were placed a minimum of 50 m from netting areas in a variety of habitats, which 
were at least 50 m from cutlines, habitat changes or other disturbances.  Cutlines were 
also monitored.  In the case of lakes, ponds, rivers and creeks, detectors were placed at 
the edge of the waterbody.  Relative bat activity was measured using AnabatII remote 
systems that consisted of an AnabatII detector (Titley Electronics, Ballina, Australia) 
connected to a tape recorder (Optimus CTR-116).  Using this system, tape recorders 
operated continuously.  To sample for 2.5 hours, one and one-half 110-minute tapes were 
used, requiring sides to be changed and replacement of tapes.  Remote systems were 
housed in weatherproof containers and mounted 1 m off the ground.  Detectors were set 
at a sensitivity of eight and oriented at a 45o angle to the ground.  Monitoring began 
30 minutes after sunset and continued for 165 minutes, which is the period when 
maximum foraging activity is usually detected (Patriquin 2001; Crampton and 
Barclay 1998). 

When bats echolocate they produce a series of vocalizations known as calls.  A sequence 
of calls is considered a single pass.  The number of passes detected at a site provides an 
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index of relative use.  A single pass can be divided into three phases.  The beginning of 
the call sequence is the search phase.  During this phase, as a bat commutes or explores a 
foraging area the calls are longer in duration, the time between calls is longer and each 
call spans a wider range of frequencies.  If a bat detects an object, the calls enter the 
approach phase, where calls are produced more quickly to provide the bat with 
information about the object. If the object is suitable prey, the bat then produces the final 
phase, a terminal feeding buzz, which is a rapid burst of echolocation calls to provide 
precise information about the insect.  The number of feeding buzzes detected was used as 
a relative measure of foraging activity in the plots (Griffin et al. 1960). 

Species Identification of Echolocation Calls 

Call Analysis 

Echolocation call characteristics are believed to be species specific 
(O’Farrell et al. 1999).  Larger bat species, including silver-haired, big brown and hoary 
bats produce echolocation calls that end around 25 kHz.  These calls can be distinguished 
from smaller species, such as Myotis spp. (e.g., the little brown and northern long-eared 
bat), whose echolocation calls typically end around 40 kHz. 

Passes recorded on tape were transformed to a visual frequency-time display using a zero 
crossing analysis interface module (Titley Electronics).  To determine the presence of 
northern long-eared bats, the only listed bat species in Alberta in 2001, the two species of 
Myotis were differentiated quantitatively.  Several search phase call variables were 
measured, including maximum frequency (i.e., the highest frequency of a call), minimum 
frequency (i.e., the lowest frequency of a call) and duration, to determine which species 
of bat produced the passes in the plots.  From these parameters, slope (i.e., the difference 
between the maximum and minimum frequency, divided by duration) was calculated.  
These variables were compared to a library of reference calls collected from individuals 
identified to species.  Library calls were not available to differentiate between the larger 
species, thus these calls were identified simply as belonging to the ‘larger species group’. 

A set of criteria established for discriminating between background noise and calls was 
used to ensure consistent, accurate measurement of call variables (Patriquin 2001).  If a 
single point on the frequency-time display followed the same trajectory as the clear signal 
(no obvious noise), and it was less than or equal to 5 kHz above or below the clear signal, 
it was considered part of the call.  Likewise, if a group of points followed the same 
trajectory as the clear component of the signal, and were less than or equal to 10 kHz 
above or below the signal, they were considered part of the call.  Signals that were not 
clear were not analyzed. 

Library Calls 

Reference calls were used from a pre-existing library of echolocation passes obtained 
from a study conducted in similar habitat and at similar latitude (Patriquin 2001).  Thus, 
potential geographic variation in calls was minimal.  Library calls were obtained in the 
field by recording the calls of free-flying bats that had been previously identified to 
species.  A previous study found slope was the most useful call parameter for 
distinguishing between little brown and northern long-eared bats (Patriquin 2001).  
Therefore, the same parameters were used to distinguish between the two Myotis species 
in this study.  Any calls with a maximum frequency less than 60 kHz were removed from 
analysis, as they were defined as call fragments. 
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161. Volume 5, Appendix VI, Figure VI-3, Page VI-11 

Snow tracking surveys conducted in and around the LSA do not cover the eastern 
portion and the northwestern portion of the LSA, including areas of high suitability 
woodland caribou habitat.   

a) Provide a rationale for the transect sites chosen. 

b) Comment on whether these transects provide a representative sample of the entire 
LSA. 

c) Provide a plan and schedule of implementation to augment track surveys for areas 
where sampling effort may be inadequate. 

Response:   
a) Transects were designed to provide a representative sample of vegetation types in the 

LSA, as well as to cover a significant portion the LSA.  The winter track survey followed 
the methods recommended by Golder (1997a; 1998a,b; 2000a,b,c).  Tracks were 
identified using information from Rezendes (1992) and Murie (1974).  Transects were 
situated using 1:50,000 topographic maps and were located 10 m from cover type 
boundaries to eliminate edge effects. 

b) The data collected in 2001 and 2006 to 2007 provide qualitative and quantitative 
confirmation that mammals within the LSA are using habitat in the manner predicted by 
the general knowledge of mammal habitat use in the Oil Sands Region.  Transects 
conducted within the LSA in 2001 provide a representative sample in terms of 
distribution of vegetation types.  At this time significant coverage of the LSA was 
obtained.  Canadian Natural is confident that the data presented on life history, 
distribution, habitat use, requirements and key habitat areas is current.  See the response 
to Question #145 for further discussion on baseline studies and abundance data.   

c) Given that the 2001 and 2006 to 2007 sampling effort provides a representative sample in 
the LSA,  a plan for further sampling is not required.  

References: 
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Golder.  1998b.  Winter Wildlife Surveys - Steepbank River Valley, Shipyard Lake, and 
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162. Volume 5, Appendix VI, Figure VI-10, Page VI-25 

Breeding bird survey point count locations do not cover the eastern portion and the 
northwestern portion of the LSA. 

a) Provide a rationale for the survey points chosen including an explanation of how 
these points provide a representative sample of the entire LSA. 

b) Provide a plan and schedule of implementation to augment breeding bird surveys 
for areas where sampling effort may be inadequate. 

Response: 
a) Survey points were randomly selected in the 2001 LSA and distributed across a 

significant portion of that LSA.  A transect was walked at a pre-determined compass 
bearing.  The compass bearing was set to ensure that the direction of the transect 
remained in the LSA and was more than 250 m away from other point count stations on 
other transects.  Each point count station on a transect was more than 250 m away from 
the last point and was within a vegetation type and not on a boundary between two 
vegetation types.  Canadian Natural considers these points to be a representative sample 
of the 2001 LSA because the dominant vegetation types were sampled most often and the 
more rare vegetation types were sampled less.  No new ecosite phases or wetlands types 
were included in the 2007 LSA. Table 162-1 provides the number of point count 
locations by ecosite. 

The data collected in 2001 and 2006 to 2007 provide qualitative and quantitative 
confirmation that songbirds within the LSA are using habitat in the manner predicted by 
the general knowledge of songbird habitat use in the Oil Sands Region.  Significant 
coverage of the LSA was obtained. Canadian Natural is confident that the data presented 
on life history, distribution, habitat use, requirements and key habitat areas is current. 
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Table 162-1 Number of Point Counts per Vegetation Type for the Breeding Bird 

Survey 
Area 

Vegetation Type Description 
Number of 

Point Count 
Survey 
Sites 

[ha] % of LSA 

lichen jack pine 8 31 1 
blueberry  3 136 4 
Labrador tea–mesic  11 695 19 
low-bush cranberry  15 218 6 
dogwood  0 2 <1 
Labrador tea–subhygric  19 556 15 
Labrador tea/horsetail  0 8 <1 
bog 3 431 12 
fen 43 904 25 
swamp 8 24 1 
lake 1 44 1 
uplands/shrublands 2 7 <1 

 

b) Given that the 2001 and 2006 to 2007 sampling effort provides a representative sample in 
the LSA, a plan for further sampling is not required. 

 

163. Volume 5, Appendix VI, Page VI-65 

Twenty-five vegetation types exist in the LSA.  Owl surveys were conducted in only 
eight vegetation types.  Browse surveys, pellet group counts, and ground raptor surveys 
were not conducted in areas representative of all vegetation types present on the 
landscape.  No vegetation data is given for breeding bird point count survey locations 
and bat capture/ultrasonic detection locations.  

a) Provide a rationale for not conducting surveys in all vegetation types in the LSA. 

b) Provide a discussion of the importance of conducting wildlife surveys using sites 
which are representative of all the ecosites present in the LSA. 

c) Provide vegetation data for breeding bird point count survey locations and bat 
capture/ultrasonic detection locations. 

Response: 
a) Vegetation types in the LSA are classified in a hierarchical system (i.e. the ecosite 

classification system) using the Alberta Vegetation Inventory and the Alberta Wetlands 
Inventory.  Ecosites form the basis of terrestrial vegetation mapping in the LSA, ecosites 
are further broken down into ecosite phases.  The rationale for selecting sites was to 
target the ecosites and wetlands types that were representative of the LSA.  Surveys 
including owl, ground raptor and browse and pellet surveys were conducted in all 
ecosites (Beckingham and Archibald 1996).  The most common terrestrial vegetation 
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type in the LSA is the Labrador tea-subhygric black spruce-jack pine (g1) ecosite phase 
covering 556 ha (15%) of the LSA, followed by the low-bush cranberry aspen (d1) 
ecosite phase (180 ha or 5% of the LSA).  Surveys also targeted blueberry, lichen (a) and 
Labrador tea-mesic (c) ecosites.  The most common wetlands type in the LSA is the 
wooded fen (FTNN) covering 785 ha (22%) of the LSA followed by the wooded bog 
(BTNN) representing 431 ha (12%) of the LSA.  Surveys targeted bog and fen habitats in 
the LSA.  

For some surveys particular species were targeted, and thus specific habitats were 
targeted.  For example, forested sites were preferred for photographic bait station surveys 
because the primary target species is fisher which has a preference for upland forests.  
These sites provide suitable, large-diameter trees for bait station and camera installations.  
All cameras were set up in either low-bush cranberry aspen (d1) or low-bush cranberry 
aspen-white spruce (d2) ecosite phases. 

b) Habitat use specific to the LSA is reported in Volume 5 Appendix VI, however Golder’s 
knowledge of species-specific use of different vegetation types is not limited to those 
data.  Golder has an extensive database on species-specific habitat use from baseline 
wildlife surveys conducted in the central mixedwood natural subregion over the last 
20 years.  The EIA and accompanying baseline report use data collected in ecologically 
similar habitats to determine potential use of habitats as well as to identify key habitat 
areas.  In this manner, the data collected in 2001 and 2006 to 2007 provide qualitative 
and quantitative confirmation that wildlife species within the LSA are using habitat in the 
manner predicted by the general knowledge of wildlife habitat use in the Oil Sands 
Region.   

The intent of sampling in all vegetation types is to compare species presence or 
abundance to the various vegetation types present in the landscape.  However, wildlife 
species choose habitat based on characteristics that may or may not be included in the 
way habitat is defined by humans.  For example, stand age or stand size may be of more 
importance than vegetation type.  Survey locations were selected based on best 
knowledge of a target species habitat needs and survey locations were representative of 
the study area and specific to the target species.  It is not appropriate to be surveying for a 
particular species in habitat that is not suitable based on that species’ habitat 
requirements.   

c) Bat surveys were conducted in conjunction with flying squirrel surveys in representative 
vegetation types.  Table 163-1 provides additional details on bat survey locations. 
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Table 163-1 Vegetation Types Sampled During Bat Surveys 

Vegetation Type(a)
Mist-

netting 
Plots 

Detector 
Plots 

Mist-net 
Hours 

Detector 
Hours 

low-bush cranberry trembling aspen d1 0 1 0 2.75 
low-bush cranberry aspen-white spruce-black 
spruce d2 3 2 20.1 5.5 

dogwood aspen-white spruce e2 0 1 0 2.75 
dogwood aspen-white spruce cutline e2-disturbed 5 1 27.9 2.75 
treed bog BTNN 0 1 0 2.75 
graminoid fen FONG 0 1 0 2.75 
shrubby fen FONS 0 1 0 2.75 
shrubby marsh MONS 3 1 15.8 2.75 
Total  11 9 63.8 24.75 

(a) Beckingham and Archibald (1996) and Vitt et al. (1997). 

Bat capture locations are presented in Volume 5, Appendix VI, Section 3.8.2.  All four 
bats were captured along a cutline in a dogwood balsam poplar-white spruce (e2) ecosite 
phase.  Locations of all ultrasonic detections are presented in Volume 5, Appendix VI, 
Section 3.8.1, Table VI-19 and Table VI-20. 

Volume 5, Appendix VI, Section 4.4.1 provides information on all vegetation types 
where bird surveys were conducted (see Tables VI-29, 30 and 31).  For clarity, 
Table 163-2 summarizes the vegetation types and the number of point counts per 
vegetation type sampled during point count surveys.   

Table 163-2 Number of Point Counts per Vegetation Type for the Breeding Bird 
Survey 

Vegetation Type(a) Number of 
Point Counts 

lichen (jack pine) a1 8 
blueberry jack pine-aspen b1 2 
blueberry aspen-white spruce b3 1 
Labrador tea–mesic jack pine-black spruce c1 11 
low-bush cranberry aspen d1 5 
low-bush cranberry aspen-white spruce d2 10 
Labrador tea–subhygric black spruce-jack pine g1 19 
treed bog BTNN 3 
shrubby fen FONS 17 
treed fen FTNN 26 
graminoid marsh MONG 1 
shrubby marsh MONS 2 
shrubby swamp SONS 3 
wooded swamp STNN 1 
shallow open water WONN 2 
shrubland Shrub 2 
Total 113 

(a) Beckingham and Archibald (1996) and Vitt et al. (1997). 
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HEALTH 

164. Volume 1A, Section A8.7, Page A8-4 

Canadian Natural states the Project is predicted to increase ozone precursor emissions 
by less than 5% in the Air Quality Regional Study Area (RSA) and modelling domain, 
which is too small to result in a measurable change in ground-level ozone 
concentrations. Under these conditions, the effect of ozone on terrestrial vegetation 
and wetlands is likely negligible. 

a) Discuss potential impacts to human health. 

Response:  
a) Potential impacts to human health as a result of ozone (O3) were discussed in 

Section 4.4.1.1 of the Human Health Risk Assessment (HHRA). Because of the 
uncertainty associated with the sources of O3 in northeastern Alberta, the chemical 
reactions associated with O3 formation and destruction, and the possible transport of O3 
over long distances, ground-level O3 concentrations were not predicted as part of the Air 
Quality Assessment (Volume 3, Section 1). 

However, the Air Quality Assessment (Volume 3, Section 1) did report that the Kirby In-
Situ Oil Sands Project (the Project) could potentially increase O3 precursor emissions in 
the region by 3.7%.  The Ozone Modelling Working Group of the Wood Buffalo 
Environmental Association (WBEA) predicted that a near doubling of anthropogenic 
(man-made) nitrogen oxide (NOx) and volatile organic compound (VOC) emissions 
would increase peak-hourly O3 concentrations by as much as 30 ppb on hot, stagnant 
days (Earth Tech and Conor Pacific 1998).  On this basis, the Project’s estimated increase 
in O3 precursor emissions would likely result in an increase in peak-hourly O3 
concentrations of approximately 2 ppb in the Regional Study Area (RSA).  

Maximum monitored 1-hour and 8-hour O3 concentrations at the Cold Lake South 
continuous monitoring station were 65.8 ppb and 60.5 ppb, respectively 
(Volume 3, Appendix I). Because the Cold Lake South station is located in an area that is 
more developed than the area surrounding the Project, the data from this station can be 
assumed to provide a conservative estimate of existing ambient concentrations for the 
Project area. These monitored O3 concentrations represent about 80% or less of the 
1-hour Alberta Ambient Air Quality Objective (AAAQO) of 82 ppb and about 93% or 
less of the 8-hour Canada-Wide Standard (CWS) of 65 ppb for O3.  

On this basis, even with the addition of the Project, regional O3 concentrations would 
remain below the 1-hour AAAQO. 

References: 

Earth Tech and Conor Pacific. 1998. Initial CALGRID Ozone Modelling in the Athabasca 
Oil Sands Region.  Prepared for Syncrude Canada Ltd. 
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165. Volume 2, Section 2.2.1.2, Page 10 

Canadian Natural states the emissions associated with the Planned Development Case 
(PDC) are listed in Table 2.2-1. When the Existing and Approved Case (EAC) and PDC 
emissions in the RSA are compared, there is a projected increase of 14.9% for 
calendar-day SO2, 30.8% for NOX, 23.3% for CO, 33.3% for PM2.5, 214.9% for VOCs 
and 254.6% for Total Reduced Sulphur (TRS). When the EAC and PDC emissions 
within the modelling domain are compared, there is a projected increase of 15.5% for 
calendar-day SO2, 31.2% for NOX, 21.8% for CO, 27.6% for PM2.5, 28.6% for Volatile 
Organic Compounds ( VOC) and 20.4% for TRS. 

a) Provide an explanation for why the modelling domain increases are less than the 
RSA emission comparisons. 

Response:  
The percent change of emissions within the modelling domain and the RSA are different 
because of the different areas covered by each. The modelling domain covers a larger 
area (i.e., 390 km × 605 km), and as a result includes more emission sources than the 
RSA (i.e., 141.5 km × 193 km).  

An increase in emission rates due to the future projects (PDC) will, in general, result in a 
less marked percent change in the modelling domain than the RSA. In addition, different 
emission rates are being compared in each area. For example, TRS emissions in the RSA 
are 0.14 t/d for the EAC and 0.49 t/d for the PDC with a percent change of 254.6%. 
However, TRS emissions within the modelling domain are 7.63 t/d for the EAC and 
9.18 t/d for the PDC with a percent change of 20.4%. 

 

166. Volume 3  

Canadian Natural refers to stream-day and calendar-day SO2 emissions throughout 
this volume.   

a) Discuss which calculated SO2 emissions were used in the Human Health Risk 
Assessment (HHRA) and why. 

Response:  
It is Canadian Natural Resources Limtied’s (Canadian Natural) understanding that the 
reviewer is referring to air concentrations of SO2 rather than emissions. Emissions are 
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used in a dispersion model to predict ground-level concentrations of a selected compound 
which are in turn used by a discipline (e.g., Human Health) in their evaluation.  
Therefore, the SO2 emissions were not used directly in the HHRA. 

For the purpose of predicting ground-level SO2 concentrations for use in the HHRA, the 
stream-day emission rates were used for predicting short-term (i.e., 1-hour, 8-hour and 
24-hour) ground-level concentrations and the calendar-day emission rates were used for 
predicting long-term (i.e., annual) ground-level SO2 concentrations (Volume 3, 
Appendix II, Section 3.1). The stream-day emission rates were used to determine short-
term exposure because these rates represent expected day-to-day operation when all 
pollution control and facility processes are in operation.  

The calendar-day emission rates were used to represent long-term exposure because these 
rates take into account releases that may occur during upset conditions (over the course of 
the year). They are also comparable to the licensed emission limits from the facilities. 

 

167. Volume 3, Section 1.3.2, Page 26  

Canadian Natural states Although the Lakeland Community and Industrial 
Association (LICA) Cold Lake South Station is located in an area that is more 
developed than the Project site, the data from this station should provide a conservative 
estimate of the existing ambient air quality in the Project area. 

Discuss the implications of using potentially overestimated baseline concentrations 
which could minimize the perceived impact of the Project. 

Response:  
The sentence should be reworded to read “Although the Lakeland Community and 
Industrial Association (LICA) Cold Lake South Station is located in an area that is more 
developed than the Project site, the data from this station should be representative of the 
existing ambient air quality in the Project area.” This station may be located in a more 
developed area than the Project site; however, it is not certain if the data is truly 
“conservative” (i.e., higher ground-level concentrations) since there are no monitoring 
data near the Project site for comparison. Hypothetically, if the ground-level 
concentration monitored at the Cold Lake Station were higher than those at the Project 
site (again, assuming that monitoring data at the Project site were available), the 
conservative monitored concentrations could minimize the perceived impact of the 
Project.  

It is important to note that with the exception of the City of Cold Lake, the data from the 
Cold Lake South Station were not used as background concentrations in the modelling of 
air quality for any of the cases (i.e., Existing and Approved Case [EAC], Project Case or 
Planned Development Case [PDC]). 
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An air assessment of the “baseline” or EAC was conducted using an air dispersion model. 
In doing so, ground-level concentrations were considered in the EIA at many of the 
community receptors and at the location of the maximum prediction outside the 
developed areas that do not have monitored data and for many compounds that were not 
monitored at the Cold Lake Station. This allowed for a comparison of predicted ground-
level concentrations resulting from the Project Case with EAC concentrations for a wider 
range of compounds at community receptors. This provides another means of 
determining the perceived impact of the Project on the air quality in the region without 
relying solely on monitored data from 105 km away.  

 

168. Volume 3, Section 1, Page 81   

With respect to predicting odor effects, Canadian Natural notes that there are 
various conversion factors available to convert 1-hour average predictions from 
CALPUFF to peak concentrations. Canadian Natural states that A factor of 10 is 
most suitable when near point sources and a factor of 2 is most suitable when receptors 
are distances of 2 to 5 km away from the emission source. As such, Canadian Natural 
used the factor of 2 for estimating impacts at receptor locations.  

Provide evidence (i.e., reference sources) to support the use of this conversion factor. 

Response:   
a) Modelling is typically conducted for one-hour time steps since one-hour meteorological 

data sets are usually available. However, human perception of odour occurs over much 
shorter time scales. Van Harreveld et al. (2001) state that a 5-second interval is the 
minimum relevant interval for odour perception (i.e., “peak” concentration).  

 The difference in perception and the odour dispersion modelling output may be 
accommodated by applying “peak-to-mean” factors to the modelled odour 
concentrations. A peak-to-mean ratio can be used to estimate very short duration (e.g., a 
few seconds) odour levels from predicted 1-hour average concentrations (Best et al. 
2001). There are significant variations in the “peak-to-mean” factors depending on the 
type of source, the Pasquill-Gifford (PG) stability class (PG classes A, B, C, D, E, and F), 
the intensity of the odour and the distance of a receptor from the source (e.g., near-field 
or far-field) (Van Harreveld et al. 2001). 

 Turner (1969), Hanna et al. (1982), Pasquill and Smith (1983), and Best et al. (2001) 
have proposed methodologies and various factors to convert predicted 1-hour average 
concentrations to peak concentrations. Based on the literature available, a factor of 10 is 
representative of peak concentrations near an emission source and a factor of 2 is 
representative of peak concentrations at distances of 2 to 5 km away from the source. 
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169. Volume 3, Appendix II, Page II-56  

With regard to estimating community concentrations, Canadian Natural comments 
on the difficulty of estimating community activities to provide an estimate of 
emissions, and thus background concentrations were applied using monitored data. 
Predicted impacts to communities are based solely on project activities, and do not 
take in to account the increased community emissions as a result of population 
increases and increased activity within the community.  

Discuss the limitations to this approach which does not account for community 
emissions through time due to increased populations and community activities 
(i.e., including increased fuel consumption, wood burning stove use, etc. in the 
application and Planned Development Case [PDC]). 

Provide further discussion as to why community emissions cannot be modelled 
through time to account for future cumulative exposures. 

(Ref: Vol. 3, Appendix II, p.II-57): Canadian Natural states The first was to assume 
that the community contribution of a particular compound is negligible when 
compared to industrial sources. This was the approach used to determine the 
community background concentrations for hydrogen sulphide (H2S), TRS, Polycyclic 
Aromatic Hydrocarbons (PAH) and metals. 
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Discuss the usefulness of this approach, given the concentration of home heating, 
industrial activity and vehicle use within communities.  It seems that the community 
emissions may have a sizeable impact on community concentrations of these 
compounds. 

Response: 
a) Potential increases in community populations and activities are not expected to affect the 

ground-level concentrations substantially. Monitoring data over the last decade has 
shown little to no changes in ground-level concentrations within communities.  More 
discussion of this has been detailed in Existing Air Quality and Meteorology sections of 
other EIA Applications in the region (Canadian Natural 2006; Suncor 2007; Shell 2007). 

The reason for the lack of increase could be the proportional increase in community size 
as population goes up.  This results in a relatively constant emission rate per unit area. 
The lack of increases in ground-level concentrations may be because there is a relatively 
constant emission rate per hectare for the communities. As a community increases in 
population, and emissions, the area occupied by the community also increases. 

b) Please see response to Part a).  

c) The approach taken is appropriate. As detailed in Volume 3, Appendix II, community 
emissions of hydrogen sulphide (H2S), Total Reduced Sulphur (TRS), Polycyclic 
Aromatic Hydrocarbons (PAH) and metals were assumed to be negligible compared to 
industrial sources. Based on AP-42 (U.S. EPA 1995), activities within communities do 
not typically result in H2S and TRS emissions. In addition, PAH and metal emissions 
from communities are also very low.  Existing information from AP-42 supports this 
(U.S. EPA 1995). Therefore, H2S, TRS, PAH and metals from only industrial sources 
were included in the assessment. 
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170. Volume 4A, Section 2, Page 90  

With regard to thermal mobilization of arsenic, Canadian Natural states Such bulk 
downward gradients will act to transport arsenic in groundwater to depth and away from 
potential aquatic receptors at the surface. The one exception to this would be the 
component of shallow (less than 10 m below ground surface) groundwater flow, which 
flows laterally through the weathered soil horizon from local topographic highs to the 
margins of adjacent topographic lows. Overall, however, topographic lows in the 
hydrogeology LSA, which typically consist of small ponds or sloughs, represent sources 
of groundwater recharge. 

a) What contingency measures are proposed should groundwater monitoring indicate 
a greater than predicted impact? 

b) With respect to the one exception, discuss the potential impacts to surface water, 
and human and wildlife receptors drinking this water.   

c) Discuss the potential to liberate minerals other than arsenic. 

Response:   
a) As discussed below, the likelihood that thermally influenced shallow groundwater would 

adversely impact surface water (and therefore human and wildlife receptors) in the 
Project area is remote. In the response to Question #62, Canadian Natural estimated the 
minimum times for shallow groundwater to travel from a potential source (e.g., a 
wellpad) to nearby surface waterbodies (e.g., an unnamed lake or tributary) to be as 
follows: 

• approximately 56 years from Wellpad 10 to Unnamed Tributary 5; and 

• approximately 143 years from Wellpad 9 to Unnamed Lake 2. 

The travel times from Wellpads 1 to 3, 11 and 12 to the closest unnamed lakes or 
tributary streams is estimated at between 205 and 1014 years.  For Wellpad 8, the surface 
topography infers that shallow groundwater flow would be away from Unnamed Lake 4.  
Downgradient surface waterbodies appear to be absent within 2 km of Wellpads 4 
through 7. The cases for Wellpads 4 through 8 were therefore considered not applicable 
for the purpose of conducting the analysis. 

All travel times are for a conservative tracer, such as dissolved chloride which migrates at 
the speed of groundwater, does not enter in chemical reactions nor is it consumed 
(absorbed or adsorbed) along the groundwater flow path.  In this regard, the velocity of 
most constituents in the subsurface would be retarded relative to the average linear 
groundwater velocity.   

Owing to the relatively low groundwater velocities and extended travel times from the 
potential sources to shallow groundwater discharge areas, Canadian Natural’s planned 
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groundwater monitoring program would detect any potential adverse groundwater quality 
conditions well in advance of an impact to identified surface waterbodies. Canadian 
Natural would apply a risk management approach to issues of aquatic receptor impact if 
impact due to elevated concentrations of dissolved constituents in the subsurface were 
identified.  Remedial options (e.g., hydraulic containment or the use of a passive reactive 
barrier technology) would be considered as contingency measures if the risk management 
approach suggested this course of action. This would be determined with input from 
Alberta Environment. 

b) As discussed in Question #135 Part a), the likelihood that thermally influenced 
groundwater would impact surface water (and therefore human and wildlife receptors) in 
the Project area is remote.  Further, the monitoring program that Canadian Natural will 
put in place to detect such a plume would identify any elevated concentrations well in 
advance of such a plume affecting surface waterbodies.  Finally, the implementation of 
remedial options described in Question #135 Part a) would eliminate the possibility of 
surface water and receptors in the Project area being at risk. 

c) As discussed in Question #135 Part a), most constituents that are dissolved in 
groundwater do not behave conservatively in the subsurface.  As such, their subsurface 
travel time and the ultimate travel distance will be both slower than the average linear 
groundwater velocity and limited in length, respectively.  Compounds, which may be 
liberated by the Project operations will be assessed and incorporated into the groundwater 
monitoring program, which will be developed in discussion with Alberta Environment. 

Minerals are not expected to be liberated into groundwater through thermal processes.  
Work conducted by Canadian Natural at their Primrose and Wolf Lake Project operations 
has indicated the following changes in dissolved constituent concentrations downgradient 
of a thermal pad: 

• dissolved calcium, magnesium and bicarbonate concentrations are generally lower 
than background and increase toward background with distance; 

• groundwater pH is generally lower than background; 

• groundwater potassium concentrations are higher than background and decrease with 
increasing distance from the wellpad; and 

• groundwater iron concentrations in the thermal plume are slightly higher than 
background. 
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171. Human Health Risk Impact Assessment (HHRA)  

a) Provide an update on any changes to the Project, and their impacts to human 
health, which have occurred since the filing of the application. 

Response:   
a) No changes have been made to the Project since the filing of the application that would 

affect the conclusions of the human health risk assessment. 

 

172. HHRA, Section 4.4.1.1, Page 17 

Canadian Natural states Development of the initial chemical inventory considered 
possible Project emissions to air and releases to water. Only Project emissions or releases 
resulting in potential changes to environmental quality were identified in the initial 
inventory of chemicals. 

(HHRA, Section 4.4.1.1, p. 26):  Canadian Natural states Most of the chemicals listed in 
the initial inventory were retained as Chemicals of Potential Concern (COPC) for the 
HHRA. The only chemicals not retained from the initial inventory due to a lack of 
health-based exposure limits and applicable surrogates were: 

• ozone (for reasons discussed above); 

• eight alkylated mercaptans, including amyl mercaptan, butyl mercaptan, ethyl 
mercaptan, isobutyl mercaptan, isopropyl mercaptan, methyl mercaptan, propyl 
mercaptan and tert-butyl mercaptan; and 

• seven alkylated thiophenes, including 1,3-dimethyl thiophene, 2,3-dimethyl 
thiophene, 2,5-dimethyl thiophene, 2-ethyl thiophene, 2-methyl thiophene, 
3-methyl thiophene and thiophene.  

a) There appears to be a discrepancy between the chemicals presented in the air 
quality section versus those presented in the HHRA.  If a chemical screening was 
conducted, provide a detailed description of the process applied to determine the final 
list of COPCs used in the HHRA to ensure all the appropriate chemicals were assessed.   

i) Update the HHRA if certain COPCs were missed.  

b) Clarify why there appears to be a discrepancy between the rather large number of 
chemicals presented in Table 4.4-1 (HHRA, Pages 24-26) and those presented in the Air 
Quality section of the EIA (Volume 3, Section 1).   
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c) Explain why Table 4.4.-1 seems to be different than Table 3.2-2 (Volume 3, Section 
3, Pages 15-17).   A similar problem is noted for the wildlife assessment (Volume 3, 
Section 4, Table 4.2-2, Pages 13-15) as compared with Table 3.5-1 in the WHRA 
(Section 3, Pages 13-16).  If necessary, update the HHRA and WHRA. 

d) Provide evidence as to why acrolein was not identified as a COPC.  This would be 
the first in-situ project that has not assessed acrolein.  What makes this Project different 
than all the other oil sands in-situ projects in this area?  If substantive evidence cannot 
be provided, update the HHRA accordingly. 

e) Similarly, provide evidence as to why acetaldehyde was not identified as a COPC? If 
substantive evidence cannot be provided, update the HHRA accordingly. 

Response:   
a) The identification of Chemicals of Potential Concern (COPCs) for the HHRA began with 

the development of a comprehensive inventory of chemicals that could be emitted by the 
Project. The initial inventory considered those chemicals listed in the Air Quality 
Assessment (Volume 3, Section 1, Table 1.2-3 to 1.2-6), but focused only on those 
chemicals that will actually be emitted by the Project. The chemical list provided in the 
Air Quality Assessment is presented in Table 172-1, along with the emissions associated 
with the Project. As stated, those chemicals that are not expected to be emitted by the 
Project were not included in the initial chemical inventory for the HHRA. 

Table 172-1 Project Emissions Associated with the Chemicals Listed in the Air 
Quality Assessment  

Chemical 
Project 

Emissions  
[t/d] 

Inclusion in the Initial Chemical 
Inventory  

Volatile Organic Compounds (VOCs) 
1,1,1-trichloroethane 0 No 
1,1,2-trichloroethane 0 No 
1,2-dichloropropane 0 No 
1,3-dichloropropene 0 No 
1,3-butadiene 0 No 
2-ethylhexanol 0 No 
acrolein 0 No 
acetaldehyde 0 No 
acetone 0 No 
aldehyde 0 No 
aliphatic C2-C8 group 2.586E-01 Yes 
aliphatic C9-C16 group 2.234E-03 Yes 
aliphatic C17-C34 group 3.047E-04 Yes 
aromatic C6-C8 group 1.811E-04 Yes 
aromatic C9-C16 group 8.615E-07 Yes 
benzene 6.416E-05 Yes 
carbon tetrachloride 0 No 
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Table 172-1 Project Emissions Associated with the Chemicals Listed in the Air 
Quality Assessment (continued) 

Chemical 
Project 

Emissions  
[t/d] 

Inclusion in the Initial Chemical 
Inventory  

chlorobenzene 0 No 
chloroethane 0 No 
chloroform 0 No 
cumene 4.533E-10 Yes 
dichloroethanes 0 No 
ethylbenzene 8.017E-10 Yes 
ethylene 1.536E-05 Yes 
formaldehyde 1.519E-03 Yes 
hexane group 3.647E-02 Yes 
isopropanol 0 No 
ketone 1.135E-04 Yes 
methanol 0 No 
methylene chloride 0 No 
octachlorodibenzo-p-dioxin (OCDD) 0 No 
phenol 0 No 
propylene oxide 0 No 
styrene 0 No 
tetrachloroethanes 0 No 
trimethylbenzene 9.158E-08 Yes 
toluene 1.490E-04 Yes 
vinyl chloride 0 No 
xylenes 7.778E-06 Yes 
Metals 
aluminum 0 No 
antimony 0 No 
arsenic 5.785E-06 Yes 
barium 1.273E-04 Yes 
beryllium 3.471E-07 Yes 
cadmium 3.182E-05 Yes 
chromium 4.050E-05 Yes 
cobalt 2.430E-06 Yes 
copper 2.459E-05 Yes 
lead 1.446E-05 Yes 
manganese 1.099E-05 Yes 
mercury 7.521E-06 Yes 
molybdenum 3.182E-05 Yes 
nickel 6.075E-05 Yes 
selenium 6.942E-07 Yes 
silver 0 No 
strontium 0 No 
tin 0 No 
vanadium 6.653E-05 Yes 
zinc 8.389E-04 Yes 
Polycyclic Aromatic Hydrocarbons (PAHs) 
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Table 172-1 Project Emissions Associated with the Chemicals Listed in the Air 
Quality Assessment (continued) 

Chemical 
Project 

Emissions  
[t/d] 

Inclusion in the Initial Chemical 
Inventory  

1-chloronaphthalene 0 No 
2-chloronaphthalene 0 No 
acenaphthenes/acenaphthylenes 2.327E-06 Yes 
anthracenes/phenanthrenes (includes substituted 
compounds) 1.254E-05 Yes 

biphenyls 0 No 
carcinogenic PAH group 1 1.306E-05 Yes 
carcinogenic PAH group 2 4.653E-06 Yes 
carcinogenic PAH group 3 1.939E-06 Yes 
fluorenes/fluoranthenes (includes substituted 
compounds) 3.749E-06 Yes 

naphthalene (includes substituted compounds) 4.098E-04 Yes 
pyrenes (includes substituted compounds) 3.232E-06 Yes 
Total Reduced Sulphur Compounds (TRS Compounds) 
carbon disulphide 9.436E-05 Yes 
carbonyl sulphide 5.825E-05 Yes 
hydrogen sulphide 1.624E-03 Yes 
mercaptans 1.872E-04 Yes 
thiophenes 1.191E-03 Yes 
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i) The HHRA does not require updating since all of the chemicals listed in the Air 
Quality Assessment (Volume 3, Section 1, Table 1.2-3 to 1.2-6) that could be emitted 
by the Project were evaluated in the HHRA. 

b) The Air Quality Assessment (Volume 3, Section 1) provided only those chemicals with 
an Alberta Ambient Air Quality Objective (AAAQO) or an Effects Screening Level 
(ESL) established by the Texas Commission on Environmental Quality (TCEQ). The 
HHRA assessed all chemicals potentially emitted by the Project that were: 

• identified by stakeholders as being of concern to human health; 

• with sufficient toxicological information to assess potential health risks (i.e., through 
use of available regulatory “exposure limits”); and/or 

• with a suitable chemical surrogate.  

c) The COPCs provided in Table 3.2-2 (Volume 3, Section 3 ) were based on the complete 
list of chemicals provided in the Air Quality Assessment (Volume 3, Section 1, 
Table 1.2-3 to 1.2-6). However, a number of the chemicals listed in the Air Quality 
Assessment are not expected to be emitted by the Project. On this basis, the chemicals 
listed in Table 4.4-1 (HHRA, Section 4.4) were restricted to those potentially emitted by 
the Project (Table 172-1). 

The same rationale can be used to explain the discrepancy between the Table 3.2-2 of the 
Air Quality Assessment (Volume 3, Section 3) and Table 4.2-2 of the Wildlife Health 
Risk Assessment (WHRA). 

d) Based on AP-42 (U.S. EPA 1995), the Project emission sources are not acrolein emitters, 
including the natural gas fired steam generators, glycol heaters, flares and plant fugitive 
emissions.  Therefore, it was assumed that there will be no acrolein emissions from the 
Project and acrolein was not included in the initial chemical inventory from which the 
COPCs for the HHRA were selected. 

e) Based on AP-42 (U.S. EPA 1995), the Project emission sources are not acetaldehyde 
emitters, including the natural gas fired steam generators, glycol heaters, flares and plant 
fugitive emissions.  Therefore, it was assumed that there will be no acetaldehyde 
emissions from the Project and acetaldehyde was not included in the initial chemical 
inventory from which the COPCs for the HHRA were selected. 

Reference: 

U.S. EPA (United States Environmental Protection Agency).  1995.  Compilation of Air 
Pollutant Emission Factors.  Document AP-42.  Office of Air Quality Planning and 
Standards.  27711. Research Triangle Park, NC. 

 



Canadian Natural Resources Ltd. - 307 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

173. HHRA, Section 4.4.1.1, Pages 18 to 19 

Canadian Natural states The following pathways that potentially link Project-related 
activities and water quality effects were examined as part of the Water Quality 
Assessment:  

• releases of suspended sediments to watercourses during construction and 
decommissioning activities and stream crossings; 

• changes in groundwater levels, flows and quality; 

• changes in stream flows and lake levels; 

• changes in runoff quality and quantity; and 

• the potential for spills. 

After further evaluation, the Water Quality Assessment concluded that each of these 
potential linkages was invalid, the exception being the potential change in surface water 
quality resulting from the discharge of runoff from wellpads. 

(Ref: Vol. 4A, Section 4, p.18-19): Canadian Natural notes that the linkage between 
spills and water quality effects is valid. Canadian Natural states However, due to the 
mitigation described above, the effects are expected to be negligible. 

(Ref: Vol. 4A, Section 2, p.88-89): Canadian Natural notes that surface facilities could 
impact groundwater quality, and then notes that the mitigation measures and 
groundwater response plan will effectively lead to negligible impacts. 

(Ref: Vol. 4A, Section 4, p.15): With regard to sediment release to surface waters, 
Canadian Natural states Mitigation measures are designed to minimize effects on 
sediment yields and sediment concentrations in receiving streams, lakes, ponds and 
wetlands. Further details on the relevant mitigation and design measures can be found in 
Section 3 of this volume. With these measures in place, this linkage is invalid. 

a) Provide more detail with respect to the spill management plan (i.e., Environmental 
Management Plan) that Canadian Natural plans to implement.  Specifically, as per the 
Terms of Reference: 

i. provide a summary of Canadian Natural’s emergency response plan and 
discuss mitigation plans to ensure workforce and public safety during 
pre-construction, construction, operation and reclamation of the Project. 
Include prevention and safety measures for wildfire occurrences, accidental 
release or spill of chemicals to the environment and failures of structures 
retaining water or fluid wastes. 
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b) Describe how local residents will be contacted during an emergency and the type of 
information that will be communicated to them. 

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

Response:   
a) Providing prompt and effective response to any emergency situation is one of the guiding 

principles of Canadian Natural’s “Corporate Statement on Health & Safety”.  Canadian 
Natural’s Corporate Emergency Response Plan [(ERP), Attachment 173-1] is a 
well-developed, implemented and tested system that includes: 

• response procedures for various types of emergencies and incidents, including spills 
and releases to land, air and water; 

• incident notification procedures, both internally within Canadian Natural, as well as 
to appropriate regulatory agencies and the public; 

• procedures for managing the health and safety of the affected public; and 

• procedures for minimizing impacts to the environment that might result from incident 
response activities. 

 Tables of Contents for Canadian Natural’s Corporate ERP and the Project ERP were 
provided in Volume 1A, Section B11.4.  The full, current Project-specific ERP is 
provided in Attachment 173-1 of this document.  It will be implemented in the context of 
Canadian Natural’s overall corporate ERP.   The Project ERP is based on the Incident 
Command System (see Attachment 173-2 Ten Steps to Emergency Response) and shares 
a common format to all Canadian Natural facility-specific ERPs, allowing Canadian 
Natural emergency response and operations personnel to become quickly assimilated into 
emergency response efforts at any Canadian Natural facility.  The Project ERP is in a pre-
commission state and will be updated as the Project work progresses.  

 The Project facility is expected to be a sour facility, with an Emergency Planning Zone of 
100 m.  Canadian Natural will ensure its emergency planning is in adherence to ERCB 
Directive 071 (revised) - Emergency Preparedness and Response Requirements for the 
Petroleum Industry. 

 To address workforce safety, Canadian Natural has a Health and Safety Management 
System (H&SMS) as described in Volume 1A, Section B11.2. This H&SMS integrates 
heath and safety into all areas of operation.  Canadian Natural educates its workers 
through its Comprehensive Safety and Emergency Response Manual and the Employee 
Guide to Safety and Compliance.   Canadian Natural has also developed a Safety 
Management System to enhance monitoring and help plan future programs.   In 2000, 
Canadian Natural developed and implemented a mandatory site supervisor safety training 
course for all field operations personnel working for Canadian Natural.  Canadian Natural 
also conducts regular audits of all facilities and activities to help operations staff fully 
implement safety management practices into all areas of operations and reduce the risk of 
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incidents.  All operators for the Project will undergo training in emergency response 
procedures before commissioning. Regular training exercises will be undertaken to 
ensure ongoing readiness, and to continually improve on emergency preparedness. 

 Canadian Natural expects all service providers to pass our Service Provider vetting 
process.  Included in this vetting process is a detailed requirement where service 
providers must have a safety program which meets or exceeds the applicable provincial 
safety legislation. 

 Canadian Natural has a proven Hazard Assessment documentation which enhances the 
verbal direction given when conducting tasks on our worksites.  This document has been 
reviewed by Alberta Workplace Health and Safety regulators and is an acceptable means 
of identifying hazards and instituting measures to eliminate the hazards before 
undertaking a task. 

 Public safety will be addressed by pre-assessment and planning to identify potential 
safety risks associated with Project activities and to incorporate appropriate mitigation.  
For example, during construction along roads, signs will be posted and flag men will be 
used as required to advise the public of potential safety issues, and to manage the 
movement of people.  Flagging and signs and/or barriers will be used as required during 
construction to prevent public access where hazards might exist.  The plant site will be 
gated and access will be limited to authorized personnel only.  All hazards presenting a 
possible risk to the public during operations will be clearly marked on signs which will 
contain Canadian Natural emergency contact information.  Although the area has little 
public use, in the event of an emergency, Canadian Natural will check for the presence of 
members of the public in the area.  Public access controls will be incorporated as 
necessary to ensure public safety. 

 A Fire Control Plan discussing Canadian Natural’s approach to managing fire hazards 
was provided in Volume 1A, Section B11.4.4.  On an annual basis Canadian Natural 
submits the provincially recognized SEPAC/ASRD/CAPP Industrial Wildfire Control 
and Prevention Plan to ASRD.  This plan augments Canadian Natural’s Ten Steps to 
Emergency Response (Attachment 173-2).  Wildfire reporting telephone contact 
information is included in the Project ERP. 

 As discussed in Question #89, The Project will incorporate several design features, 
management practices and mitigation plans to minimize the potential for spills. These are 
described in the surface facilities description (Volume 1A, Sections B1.0, B4.0, B5.0 and 
B6.0), in the spill response and pipeline integrity plans provided in Volume 1A, 
Section B11.4, Page B11-7 and in the groundwater response plan (Volume 4A, 
Section 2.6.3, Page 122).  Facilities and structures, including those designed to retain 
water and fluid wastes, will be monitored on a regular basis and will be maintained or 
replaced as required to prevent accidental releases or spills.  Secondary containment will 
comply with the ERCB Directive 055: Storage Requirements for the Upstream Petroleum 
Industry, in addition to other applicable acts, codes, and regulations.  Canadian Natural 
will follow ERCB Directive 050 regarding drilling waste and solid waste disposal.  

 If a spill occurs, Canadian Natural’s Environmental Coordinator will be notified 
immediately.  As soon as possible, the source of the spill will be determined and 
appropriate mitigation measures will be undertaken to contain the spill and minimize or 
halt further impact. The magnitude and likely extent of the impact will be determined and 
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appropriate actions involving remediation, risk assessment and/or risk management will 
be initiated.  External assistance will be requested as required. 

 Canadian Natural will report spills and provide notifications in compliance with 
regulatory requirements. 

b) During an emergency, public safety would be addressed as identified in Step 6 of 
Canadian Natural’s “Ten Steps to Emergency Response” (Attachment 173-2).  The only 
residence in the Project area is a trapline cabin owned by the holder of Registered Fur 
Management Area (RFMA) #2361.  The cabin is occupied on a temporary basis.  It is at 
least 2 km away from the nearest above-ground pipelines, production wellpads and the 
plant site and outside of the 100 m Emergency Planning Zone identified in the Project 
ERP.  There are four trappers with RFMAs overlapping with the Project area.  For safety 
reasons, the trappers have been requested to advise Canadian Natural when they are 
active in the area.  

 Two of the trappers (including the holder of RFMA #2361) have traplines which overlap 
with the 100 m Emergency Planning Zone.  If an emergency occurs, the trappers will be 
contacted, advised about the nature of emergency, the implications to their use of the 
area, and any directions about locations to avoid.  Follow-up will be conducted once the 
emergency has ended. 

c)  Canadian Natural participates in oil spill response cooperatives.  The Project is located in 
Western Canadian Spill Services Limited Zone Y, with spill response equipment located 
in Fort McMurray.  Canadian Natural will request deployment of this equipment if it is 
warranted.  Further information on this cooperative is provided in the Project ERP. 

 Canadian Natural participates in all field level exercises conducted by the cooperative.  
These exercises are overseen by the ERCB. 

 In addition, once the project is approved Canadian Natural will work with the local 
community administration (likely within Conklin) to develop agreements concerning the 
use of its emergency planning and fire control services during situations (e.g., a 
neighbouring fire) when Canadian Natural’s internal resources would not be adequate. 



 

 

ATTACHMENT 173-1 
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1 SITE SPECIFIC DISTRIBUTION LIST 

1.1 INTERNAL COPIES 

Copy # Recipient Position Location 
1 Kirby In-Situ Oil Sands Plant Plant Office 14-21-73-7W4 
2 Matt Russett Area Foreman  
4 Dave Golden Area Safety & Compliance Co-ordinator Wolf Lake Office 
5 Chris Cross Operations Superintendent Wolf Lake Office 
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2 GENERAL INFORMATION 

2.1 INTRODUCTION AND SUMMARY 

2.1.1 Facility Location and Key Contacts 

Facility location: KIRBY IN-SITU PLANT` 14-21-73-7 W4 
Mailing Address: c/o Wolf Lake District Office 

Bag 1003 
Bonnyville, Alberta  T9N 2J7  

Courier Address: c/o Wolf Lake District Office 
Bag 1003 
Bonnyville, Alberta  T9N 2J7 

Phone Numbers: Number Description 
TBD  
  

 

  
 

District Office Wolf Lake 
Mailing Address: Bag 1003 

Bonnyville, AB 
Canada, T9N 2J7 

 

Office Phone Numbers: Number Description 
(780) 826-4000 Office  
(780) 826-8180 Fax 
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2.1.2 Mandatory Emergency Notifications 

Organization Location Contact Phone Description 
(780) 826-5352 Office Energy Resources Conservation Board 

(ERCB)  
Bonnyville – Field Center 

Bonnyville    
(780) 826-2366 Fax 

(780) 799-8888 Office RCMP -   Ft. McMurray    
911 Emergency 

Number 
(780) 791-6024 Office Regional Health Authority - Northern 

Lights  
Ft. McMurray    

(780) 791-6029 Fax 
(780) 743-7000 Office Regional Municipality- Wood Buffalo Ft. McMurray  
(780) 743-7025 Fax 

 

2.1.3 External Emergency Response Plans 

N/A 
 

2.1.4 Special Considerations For Emergency Response 

The Kirby facilities are just north of the N.W. boundary of the Cold Lake Air Weapons Range.  
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2.1.5 Driving Directions and Map 

Driving Route: 
From Ft. McMurray travel South on Hwy 63, 16 kms, turn SE on Hwy 881.Travel approximately 220 kms.  A gravel road 
entering from Highway 881 and an airstrip in Twp 74, Rge. 8 W4 provide access to the project area 

Proximity to nearest Town: 

Approximately 40 kms by road south of Conklin 

Latitude and Longitude Coordinates  

KIRBY IN-SITU PLANT Latitude: 55.3384 Longitude: 111.0215 
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2.1.6 General Land Use and Population Density 

Name of Municipal District / County:M.D. Of  Rural Municipality of Wood Buffalo 
Land use of area surrounding facility:  
Population Density (Within EPZ – 100 M): 
No. Type Description 
0 Residences    
0 Businesses / Organizations  
0 Public Facilities / Recreational Areas  

2 Trappers There are 4 trappers in the area; refer to section 3.9 for information about 
the trappers within the EPZ. 

0 Grazing Leases/Reserves  
0 First Nation Groups  
0 Lakes / Rivers One unnamed watercourse 
0 Public Highways  
1 Other System is located just north of the N.W. edge of the Cold Lake Air 

Weapons range 
 

2.1.7 Facility Summary 

kirby in-situ Plant - 14-21-73-7 W4 
The Kirby facilities consist of a stand-alone bitumen processing facility without an upgrader and will use SAGD (steam 
assisted gravity drainage) for the recovery of bitumen from the in-situ oil sands resources.  The project will encompass twelve 
multi-well pads located near the processing facility. 

 

Facility Type Facility 
Codes LSD Est. Max H2S % EPZ (m) 

Processing Facility Not available 14-21-73-7 W4 0.5 % of the vapour phase of a oil/water/gas emulsion 100 m 
 

Wells Sweet Sour Total Estimated Total Production/ day 
Producing & Commingled Gas Wells     
Suspended Gas Wells     
Standing Gas Wells     
Abandoned Gas Wells     
Pumping Oil Wells  12 multi-well pads  7154 m3/d 
Flowing Oil Wells     
Suspended Oil Wells     
Standing Oil Wells     
Abandoned Oil Wells     

Note: Sour well count includes wells with trace amounts of H2S 
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2.2 EMERGENCY DETECTION, NOTIFICATION AND CONFIRMATION SYSTEMS 

Note: 

The following emergency detection, notification and confirmation systems are planned to be place once the 
facility has been constructed.  This list may be altered before the facilities are commissioned. 

Present  at 
Facility Type Description 

Y 

24-Hour 
Emergency 
Phone 
Number  

Posted at all facility and pipeline crossing signs.  Any operator, landowner, or public citizen 
can call to notify Canadian Natural of an emergency situation.  On-call Canadian Natural 
personnel will then call appropriate operators to confirm and manage emergencies. 

Y 
SCADA 
System (on 
sales line) 

Electronic monitoring equipment on all wells throughout gathering system, will transmit signal 
to central control panel.  Complete with alarm & call out system. 

Y 
Alarm & Call-
Out Process 

Gas detection monitoring equipment throughout facilities that will trigger an alarm to an 
answering service, who will use a call-out system to notify applicable operators. 

Y Aerial 
Surveillance 

Pipelines are surveyed on a regular basis to detect leaks. 

N/A 
Landowner 
Complaint 
System 

Landowners with concerns or who have identified any potential problems can call the facility 
directly, or the 24-hour emergency number. 

Y Operator 
Inspections 

Operators do regular inspections of pipelines, wells and facilities and will report any 
emergency they detect. 

N 
24-Hour 
Manned 
Stations 

Operators continually monitor electronic panels at the facility to detect irregularities. 

N 
H2S Monitors 
– Continuous 

Continuous H2S Monitors are located throughout the sour facilities.  Monitors are calibrated 
regularly.  The detectors alarm at 10 PPM. At 20 PPM, the detectors engage a facility shut 
down.  

Y H2S Monitors 
– Handheld 

Canadian Natural field personnel are equipped with handheld personal monitors. 

Y 
Gas Detection 
Equipment 

Continuous Combustible Gas Detectors are located throughout the facility. The detectors 
alarm at 20% lower explosion limit (LEL). At 40% LEL, the detectors engage a facility shut 
down.   

Y Fire Detection 
Equipment 

An ultra violet fire detection system – “Fire Eyes” – are installed throughout the facility.   

 

2.3 COMMUNICATIONS 

2.3.1 Communication Equipment 

EQUIPMENT COMMENT 
Cell Phones Cell phone in the area is generally good.  
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2.3.2 Radio Frequencies 

Name Receive Number Transmit Number 
To be determined.   

 

2.4 EMERGENCY EQUIPMENT 

Note: 

The following equipment is located at the West Kirby 06-36-73-8W4 Facility and would be available in the event 
of an emergency at the Kirby facility before it is fully operational.  This list will be updated to reflect emergency 
equipment at the Kirby facility once the plant has been constructed and emergency equipment has been installed. 

Type # DESCRIPTION (Location, Contents, Etc.) 
Burn Kit 1 office 

Personal Gas Monitor 2 office 

Eye Wash Station (15 min flow) 0  

Eye Wash Station (1 litre bottle) 4 office, shop, compressor & booster buildings 

1st Aid Kit 2 office, shop 

First Aid Room 0  

Fire Extinguisher 12 at all exits 

Ignition Equipment 0  

Portable Gas Detector 1 office 

SCBA 0  

SABA 0  

Wheeled Fire Extinguisher 0  
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3 CONTACTS & TELEPHONE LISTS 

3.1 EMERGENCY SERVICE NUMBERS 

Service Location Emergency 
Number 

Standby/Notificat
ion 

RCMP Emergency 911  

RCMP Fort McMurray  (780) 799-8888 

Hospital Emergency 911  

Hospital Fort McMurray  (780) 791-6121 

Ambulance Emergency 911  

Ambulance Fort McMurray  (780) 791-6121 

Fire Department Emergency 911  

Fire Department Fort McMurray  (780) 743-7000 

 

3.2 COMPANY EMERGENCY CONTACTS   

POSITION  NAME OFFICE HOME CELL 
Area Foreman Matt Russett (780) 826-8195 (780) 826-7789 (780) 812-5663 
Assistant Foreman Field Slade Bowers (780) 826-8146 (780) 826-2721 (780) 826-1600 
Operations Superintendent Chris Cross (780) 826-4000 (780) 826-6482 (780) 826-9243 
Area Safety & Compliance Co-
ordinator Dave Golden (780) 826-4000 (780) 614-2399 (780) 812-9681 

Manager, Health and Safety Neil Bozak (403) 517-6710 (403) 938-2186 (403) 650-1636 
Manager, Eastern Field Operations Mike Catley (403) 517-7410 (403) 932-1727 (403) 650-2354 
VP, Field Operations Scott Stauth (403) 386-5662 (403) 441-9151 (403) 998-6295 
Senior VP, North American 
Operations Tim McKay (403) 517-6726 (403) 547-1761 (403) 803-2442 
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3.3 PROVINCIAL GOVERNMENT CONTACTS 

Name Location Contact Phone Description 
(780) 826-5352 Office 

(780) 826-2366 Fax 

  

Energy Resources Conservation Board 
-(ERCB)  
Bonnyville Field Office 

Bonnyville   Field Inspector 

  

(800) 272-9600 24-Hour 

  

  

Municipal Affairs (EMA) - Alberta  Alberta  Emergency Number  

  

(780) 743-7120  

  

  

Alberta Environment - Fish & Wildlife  Ft. McMurray    

  

(800) 272-9600 24-Hour 

  

  

Alberta Transportation - Coordination 
and Information Center  

Edmonton    

  

(800) 222-6514 24-Hour 

  

  

Alberta Environment - Compliance 
Branch  

Edmonton  Emergency 
Reporting Line  

  

(780) 743-7200  

  

  

Alberta Environment - Land & Forest  Ft. McMurray    

  

(403) 299-7800  

  

  

Provincial Emergency Program - PEP  Calgary    

  

(780) 799-8888  

  

  

RCMP -   Ft. McMurray    

  

(866) 415-8690 24-Hour 

(780) 427-8848 Office 

(780) 427-0999 Fax 

Occupational Health and Safety - 
Alberta  

Edmonton  Edmonton Call 
Center  

  

(780) 791-6024 Office 

(780) 791-6029 Fax 

Regional Health Authority - Northern 
Lights  

Ft. McMurray    
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Name Location Contact Phone Description 
  

(780) 498-4000 Office 

(780) 498-7875 Fax 

(866) 922-9221 24 Hour 

Workers Comp Board - Alberta  Edmonton    

  

(000) 310-3473 Emergency 
Number 

  

  

Wild Fire Reporting- -   Alberta    

  
 

3.4 MUNICIPAL GOVERNMENT CONTACTS (FOR NOTIFICATION PURPOSES 
ONLY) 

Name Location Contact Phone Description 
(780) 743-7000 Office Regional Municipality - Wood Buffalo  Ft. McMurray    

(780) 743-7025 Fax 

 

3.5 FEDERAL GOVERNMENT CONTACTS 

Name Location Contact Phone Description 
(800) 668-6767 24-Hour 

(403) 299-7800 24 hr. Environment Canada (Meteorlogical 
Services) -   Calgary    

  

(800) 272-9600 24-Hour 

(613) 996-6666 Emergency 
Number 

  

  

Transport Canada (CANUTECH TDG 
Emergencies) -       
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3.6 CONTRACT SERVICES 

Well Blowout Control/Firefighting 
Company Location Services Phone Description 
SafetyBOSS Services Red Deer - well control & special 

services 
- freeze jobs 
- hot taps 
- porta-lathe 
- water jet cutting 
- wildland fire fighting 
vehicles 
      - (1) 1 ton Bush Truck 
      - (2) 8 x 8 Trucks 
      - (3) 6 x 6 Trucks 
- personnel and fire fighting 
equipment 
- 5 well control specialists 

(800) 882-4967 
(403) 340-0718 

Toll free, 24 hr. 

HSE Integrated  Sylvan Lake - well control recovery, fire 
fighting 
- hot taps, freeze jobs & 
has working deal with 
CEDA for water cutting 
- thermal lances 
- 1 ATHEY wagon 
- 4 well control specialists 
- 4 fire trucks (basic fire 
protection) 
- 1hard suction package 
- 1 well control tool crib 
- 2 ground monitor shacks 
- 20 H2S safety trailers (2 
SCBA, 6 SABA, other 
breathing apparatus, flare 
pistol & first aid kits 
included) 
- personal H2S monitors 
- 50 roadblock kits 

(866) 347-3911 24 hr. 
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  Aircraft/Helicopters 
  Company   Location   Services Phone Description  

(780) 675-5225  Alberta Central Airways CNRL 
Approved) 

Athabasca  
  
(780) 791-2182  McMurray Aviation Fort McMurray  
   
(780) 623-2109  Canadian Helicopter (CNRL 

Approved) 
Lac La Biche  

  
(780) 743-4888  Canadian Helicopters Ltd. 

(CNRL Approved) 
Fort McMurray  

   
 

Safety Services/Communication 
Company Location Services Phone Description 

HSE Integrated Ltd. Red Deer 

- 70-100 personal H2S 
monitors 
- 55 handheld 3-head/4-
head monitors 
- 80-100 SCBA, 180 SABA 
- 25 breathing air trailers 
- 8-10 rig rats (monitor in 
parts per million, solar 
powered, wireless) 
- 8 hard wired rig packs 
(stationary monitoring units 
hard wired into control 
panels) 
- portable gas monitors 
(can be placed in one spot 
e.g. yard & measures 
levels of H2S, LELs, & SO2) 
- Wind Hawks (measures 
wind variances) 
- Reactors (self contained, 
solar powered, wireless 
monitoring stations that can 
be customized to read up 
to 10 different 
measurements gas, wind, 
temp., etc.) 
NOTE:  Reactors are only 
located in Rocky Mountain 
House 

(888) 346-8260 
(403) 347-9100 
 

24 Hour 
Main Office 
(24 Hr) 
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Safety Services/Communication 
Company Location Services Phone Description 

Life Line Safety Services Medicine Hat 

6 site supervisors 
(personnel) 
7 breathing air trailers (10 
air cylinders, 2 SCBAs, 5 
SABAs) 
1 breathing air & fire 
suppression combo trailer 
1 fire suppression trailer 
personal H2S monitors 
6 portable 4-head gas 
detectors 
15 toxic clips (single H2S 
monitors) 

(403) 866-5433 24 Hour 

 

Labour Crews  
  Company   Location   Services Phone Description  
CP Services Janvier  (780) 559-2770  
      

(780) 623-7428  Guys Welding Lac La Biche  
  
(780) 790-9612  Pamco Fort McMurray  
  
(780) 791-2929  Universal Compression Fort McMurray  
   

 

Tank Trucks 
Company Location Services Phone Description 

(780) 791-0707  CEDA Fort McMurray  
  

Ever Ready Industrial Services Fort McMurray  (780) 743-0222  
     

 

Water Trucks 
Company Location Services Phone Description 

(780) 791-0707  CEDA Fort McMurray  
  

Ever Ready Industrial Services Fort McMurray  (780) 743-0222  
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Heavy Equipment 
Company Location Services Phone Description 

(780) 799-3222  Demers Ft. McMurray  
  

Rickard Excavating Ft. McMurray  (780) 791-2868  
     

 

Vacuum TRUCK  
Company Location Services Phone Description 

(780) 791-0707  CEDA Fort McMurray  
  

Ever Ready Industrial Services Fort McMurray  (780) 743-0222  
     

 

Hotels & Motels 
Company Location Services Phone Description 

(780) 623-4427 Office Lac La Biche Inn Lac La Biche  
  

Sawridge Hotel Fort McMurray  (780) 791-7900  
     

 

GAS MONITORING 
Company Location Services Phone Description 

(403) 342-7500  Fire Master Red Deer  
  

Red Flame Red Deer  (403) 343-2012  
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Oil Spill Co-operativeS      
WCSS Area Custodian/co. equipment Summary contacts Description 

(780) 598-1972 24 Hour 
  
  

WCSS Spill Co-op - Area "Y" Coop Custodian 
 
Randy Bourgeau 
 
L. Robert 
Enterprises Ltd. 

Equipment Summary: 
OSCAR Trailer (Towing 
Requirements - Semi-
tractor unit) 
Skid Unit (Towing 
Requirements - Semi-
tractor unit) 
Aqua Dek workboat 
(Towing Requirements - 
Semi-tractor unit) 
Boon Vane (Towing 
Requirements - Semi-
tractor unit) 
 
Equipment Location: 
L. Robert Enterprises 
200 MacLennan Crescent  
Fort McMurray, AB T9H 
4E8 
Telephone: (780) 791-0118 

  

* For WCSS Area Details Please Refer to Corporate Manual Section 6.4-L 

3.7 INDUSTRIAL OPERATORS  

If an industrial operator is the first person to identify a problem or emergency involving Canadian Natural 
facilities, their response will be to notify Canadian Natural immediately.  If Canadian Natural personnel are the 
first people to identify a problem or an emergency, they will immediately notify all industrial operators within the 
determined Emergency Planning Zone (EPZ).  Whether or not assistance will be given by neighbouring industrial 
operators will depend on the resources of the company at the time.   

The following companies operate in the Kirby Emergency Planning Zone.. 

Industrial Operator Operations 
Contact 
Description Notes Phone Description 

Not Applicable      
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3.8 RESIDENT INFORMATION 

There are not residents in the vicinity 

3.9 TRAPPERS INFORMATION 

Registered Area Name 

TPA2304 Terry Smallface 

TPA2361 Paul Padlesky 

These trappers will be notified to visit or call 
the Kirby office when they are in the area , so 
Canadian Natural’s personnel can contact 
them in case of an event.  
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4 GATHERING SYSTEMS INFORMATION 

4.1 EMERGENCY CONTROL SYSTEMS 

Type Location Notes 
Emergency Shut Down 14-21-73-7 W4 Plant Shutdown 

 

4.2 FACILITY EMERGENCY PLANNING ZONE 

Facility Type LSD Est. Max H2S % EPZ (m) GLR (m3) Total liquid flow rate 
(m3)/d 

Processing Facility 14-21-73-7 W4 

0.5 % of the 
vapour phase of a 
oil/water/gas 
emulsion 

100  2.73 26,235 
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4.3 FACILITY PLOT PLAN 
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4.4 FACILITY GATHERING SYSTEM MAP 

Not Available. 
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174. HHRA, Section 4.4.1.1., Page 19  

Canadian Natural highlights the conclusion that the Project activities would not 
influence surface water quality. In addition, Canadian Natural notes that the likelihood 
of impacting drinking water wells is minimal. Canadian Natural states On this basis, 
possible Project releases to groundwater were not included in the development of the initial 
inventory of chemicals. 

(Ref: HHRA, p.20): Canadian Natural states Because potential emissions to surface 
water and groundwater were determined to be negligible, atmospheric emissions will be the 
only Project emissions assessed in terms of potential human health risks. The conclusion 
that water impacts are negligible is not based on a quantitative assessment, nor is there 
any published data to support this conclusion. As such, it may be premature to conclude 
that Project emissions to water do not need to be evaluated for the HHRA Chemical 
Inventory. 

a) Provide quantitative evidence to support the conclusion that water impacts are 
negligible. 

b) Clarify if anyone is using surface and groundwater as a source of drinking water.  If 
so, update the HHRA to include this pathway. 

Response:   
a) A qualitative assessment of the potential for Project emissions to impact surface water 

quality was conducted in the water quality linkage analysis.  With the exception of 
potential impacts to surface water quality due to changes in runoff quantity and quality, 
potential linkages between project emissions and surface water impacts were invalidated 
(Volume 4A, Section 4.4.1.1).   

 Further examination of potential impacts to surface water quality due to changes in runoff 
quantity and quality determined that containment and passive sedimentation treatment of 
runoff waters from wellpads, in conjunction with monitoring for compliance with 
regulatory standards, would result in negligible potential impacts on surface water quality 
(Volume 4A, Section 4.4.1.2).  A quantitative assessment of potential impacts of project 
emissions on water quality was, therefore, not provided. 

 Additional discussion and quantification of the improbability of potential contaminants in 
shallow groundwater affecting surface waterbodies is discussed in responses to Question 
#62. 

b) An update to the HHRA to include health risks associated with the use of groundwater 
and surface water as drinking water is unwarranted.    Groundwater is not being used for 
drinking water in the Project area.  The nearest drinking water well is in the Hamlet of 
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Conklin, which is more than 30 km away from Project facilities and therefore will not be 
affected by project operations.  There are no other known drinking water wells near the 
Project area.   

No surface waters are known to be used as a drinking water sources.    Unnamed Lake 5 
where there is a trapper’s cabin and Unnamed Lake 1 which has known past traditional 
use based on information presented in the Traditional Land Use Assessment (Volume 6, 
Section 1.3) could be used as occasional sources of drinking water.  Both lakes are shown 
in Figure 62-1 of Question #62.  However, assessments conducted as part of the EIA and 
Supplental Information Request responses (e.g. Question #62) indicate that surface water 
(and therefore potential surface drinking water supplies) have limited potential to be 
impacted by project activites. 

 

175. HHRA, Section 4.4.1.3, Page 36  

Canadian Natural identifies exposure pathways for the receptors residing in the area on 
a long term basis. Dermal contact with water was not included as a potential pathway of 
exposure.  

a) Update the HHRA to include this pathway. 

Response:  Intrinsik 
a) Dermal contact may occur as a result of recreational activities such as swimming. 

However, this type of exposure is expected to occur on a short-term basis only.  As well, 
the predicted effect of the Project on nearby surface water quality is negligible 
(Volume 4A, Section 3). As a result, dermal contact with nearby surface water was not 
included in the chronic multiple pathway exposure assessment of the Human Health Risk 
Assessment (HHRA). 

 In response to the supplemental information request, the health risks associated with 
dermal contact with nearby surface water were predicted for the Aboriginal and 
community residents.  

 Surface water was collected within the Aquatic Resources Local Study Area (LSA) as 
part of the baseline sampling program (Volume 4B, Appendix VII). Surface water 
samples were collected from: 

• Wiau Lake (1 sample); 

• Unnamed Lake 1 (1 sample);  

• Unnamed Tributary 4 (2 samples); and 

• Unnamed Tributary 5 (2 samples). 

 In total six surface water samples were collected for metal analysis. Surface water 
samples were not analyzed for polycyclic aromatic hydrocarbons (PAHs) because waters 
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in the LSA are unlikely to be influenced by natural or industrial sources. It is not 
expected that PAH levels would be detectable in the water column under existing 
conditions since PAHs are of low solubility in water. According to Health Canada 
(1994): 

 In aquatic systems, PAHs generally adsorb to suspended matter or sediments where 
they persist. Thus, although most PAHs are emitted to the atmosphere, sediments are 
the major environmental sink for these compounds.  

 Measured surface water concentrations were used to calculate the 95 percent upper 
confidence limit on the mean (95UCLM) that was assumed to represent background 
concentrations of the chemicals of potential concern (COPCs) in the multiple pathway 
assessment of the HHRA.  The 95UCLM was used to estimate potential exposure 
associated with dermal contact during swimming for the Aboriginal and community 
residents. The 95UCLM for each of the metals used in the HHRA is provided in 
Table 175-1.  

Table 175-1 Measured Concentrations of the Chemicals of Potential Concern in 
Nearby Surface Water Used in the Human Health Risk Assessment 

Chemical of Potential Concern Surface Water Concentration 
[95UCLM, mg/L] 

Arsenic 0.00056 

Barium 0.02 

Beryllium – 

Cadmium – 

Chromium 0.0022 

Chromium VI 0.00022 

Copper – 

Lead – 

Manganese 0.030 

Mercury 0.00000064 

Molybdenum 0.00017 

Nickel 0.00070 

Selenium 0.00064 

Vanadium 0.00073 

Zinc 0.018 

Note: – = COPCs were not detected in the 2006 to 2007 sampling data above their Method 
Detection Level (MDL) in the surface water sampling program and were assumed to be 
negligible (i.e., 0).  Copper detected in 2001 (1 slightly above, 1 equivalent to MDL) was 
insufficient for calculation of a 95UCLM. 

 The estimated daily intakes (EDIs) of the COPCs from dermal contact during swimming 
were calculated using the following equation (U.S. EPA 2004): 
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EDI = ET x SA x Kp x Cw x 0.001 
  BW 

Where: 

EDI = estimated daily intake from dermal exposure during  swimming 
(mg/kg bw/d) 

ET = exposure time (1.6 hr/d based on 5 hr/d for 120d/365d;  U.S. EPA 2004) 

SA = surface area of skin exposed (cm2; Table 175-2) 

Kp = chemical-specific permeability coefficient (cm/hr; Table 175-3) 

Cw = surface water concentration (mg/L) 

0.001 = conversion factor from L to cm3

BW = body weight (kg; Table 175-2) 

Table 175-2 Assumed Physical Characteristics of People in the Region 

Life Stage 
Physical Characteristic 

Infant Toddler Child Adolescent Adult 

Body weight (kg) 8.2 16.5 32.9 59.7 70.7 

Surface area of exposed skin (m2) 0.362 0.613 1.014 1.547 1.764 

Reference:  Health Canada (2004). 

Table 175-3 Log Kp for the Chemicals of Potential Concern Measured in Nearby 
Surface Water 

Chemical of Potential Concern Log Kp 
[cm/hr] 

Arsenic 0.001 
Barium 0.001 
Beryllium n/a 
Cadmium n/a 
Chromium 0.001 
Chromium VI 0.002 
Copper n/a 
Lead n/a 
Manganese 0.001 
Mercury 0.001 
Molybdenum 0.001 
Nickel 0.0002 
Selenium 0.001 
Vanadium 0.001 
Zinc 0.0006 

Note: n/a = Not applicable; COPCs were not detected above their MDL in the surface water 
sampling program and were assumed to be negligible (i.e., 0).  
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 The risk estimates for the non-carcinogens, presented as risk quotients (RQs), were 
calculated as follows: 

RQ = EDI    
  RfD   

Where: 

RQ  = risk quotient (unitless; Table 175-4) 

EDI = estimated daily intake from dermal exposure during  swimming 
(mg/kg bw/d; Table 175-4) 

RfD = reference dose or oral exposure limit (mg/kg bw/d; Table 175-4) 

Table 175-4 Chronic Risk Quotients from Dermal Exposure during Swimming 

Chemical of Potential Concern(a)(b) EDI 
[mg/kg bw/d] 

RfD 
[mg/kg bw/d] RQ(c)

Barium 0.000015 0.2 0.000073 

Chromium 0.0000016 1.5 0.0000010 

Chromium VI 0.00000031 0.003 0.00010 

Manganese 0.000022 0.14 0.00016 

Mercury 0.00000000046 0.0003 0.0000015 

Molybdenum 0.00000012 0.005 0.000024 

Nickel 0.00000010 0.022 0.0000046 

Selenium 0.00000046 0.005 0.000093 

Vanadium 0.00000053 0.005 0.00011 

Zinc 0.0000077 0.3 0.000026 
(a) RQ values were not predicted for beryllium, cadmium, copper and lead as these COPCs were not detected above 

their MDL in the surface water sampling program and were assumed to be negligible (i.e., 0).  
(b) The risk estimates for the carcinogens (i.e., arsenic) are provided and discussed below. 
(c) An RQ equal to or less than 1.0 signifies that the estimated exposure is less than the exposure limit and no health 

effects are expected. Boldface values show a RQ of greater than 1.0.   

 The RQ values predicted for dermal exposure during swimming were combined with the 
multiple pathway RQ values presented in the HHRA for the Aboriginal and community 
residents in Table 175-5 and Table 175-6, respectively. The addition of dermal exposure 
to nearby surface water during swimming is predicted to have no effect on the multiple 
pathway RQ values. As a result, the predicted RQ values remain less than 1.0, indicating 
that the predicted exposures for the Aboriginal and community residents are less than the 
health-based guidelines and that health-related effects associated with multiple pathways 
of exposure are not predicted. The only exception is the neurotoxicants mixture.  These 
exceedances and the related discussion remain unchanged from the HHRA. 
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Table 175-5 Chronic Risk Quotients from Multiple Pathways of Exposure –
Aboriginal Residents 

RQ(b) 

Presented in the HHRA 
RQ(b) 

Updated to Include Dermal Exposure during 
Swimming Chemical of Potential 

Concern(a)(b)

EAC Project 
Case PDC EAC Project Case PDC 

Barium 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 

Chromium 1.9E-03 1.9E-03 1.9E-03 1.9E-03 1.9E-03 1.9E-03 

Chromium VI 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 

Manganese 4.0E-01 4.0E-01 4.0E-01 4.0E-01 4.0E-01 4.0E-01 

Mercury 4.1E-02 4.2E-02 4.2E-02 4.1E-02 4.2E-02 4.2E-02 

Molybdenum 9.8E-02 9.8E-02 9.9E-02 9.8E-02 9.8E-02 9.9E-02 

Nickel 1.1E-01 1.1E-01 1.1E-01 1.1E-01 1.1E-01 1.1E-01 

Selenium 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 

Vanadium 7.7E-02 7.7E-02 7.7E-02 7.7E-02 7.7E-02 7.7E-02 

Zinc 8.6E-02 8.6E-02 8.6E-02 8.6E-02 8.6E-02 8.6E-02 

Mixtures(c)       

Hepatotoxicants  3.4E-01 3.4E-01 3.7E-01 3.4E-01 3.4E-01 3.7E-01 

Renal toxicants 1.7E-01 1.7E-01 1.7E-01 1.7E-01 1.7E-01 1.7E-01 

Haematological toxicants 2.8E-01 2.8E-01 3.0E-01 2.8E-01 2.8E-01 3.0E-01 

Neurotoxicants 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 
Reproductive/ 
developmental toxicants 7.6E-01 7.6E-01 7.6E-01 7.6E-01 7.6E-01 7.6E-01 

(a) RQ values for beryllium, cadmium, copper and lead will remain the same as those presented in the HHRA as these 
COPCs were not detected above their MDL in the surface water sampling program and were assumed to be 
negligible (i.e., 0).  

(b) An RQ equal to or less than 1.0 signifies that the estimated exposure is less than the exposure limit and no health 
effects are expected. Boldface values show a RQ of greater than 1.0.  With scientific notation, any value expressed to 
the negative power (i.e., E-x) shows that predicted exposures were less than the exposure limit; whereas, a value 
expressed to the positive power (i.e., E+x) shows exposure estimates exceeded the exposure limit. 

(c) Individual constituents of the chemical mixtures are identified in Table 4.4-12 of the HHRA. 
Note: EAC = Existing and Approved Case, PDC = Planned Development Case. 
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Table 175-6 Chronic Risk Quotients from Multiple Pathways of Exposure – 
Community Residents 

RQ(b) 
Presented in the HHRA 

RQ(b) 
Updated to Include Dermal Exposure during 

Swimming Chemical of Potential 
Concern(a)

EAC Project 
Case PDC EAC Project Case PDC 

Barium 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 

Chromium 2.0E-03 2.0E-03 2.0E-03 2.0E-03 2.0E-03 2.0E-03 

Chromium VI 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 

Manganese 9.3E-01 9.3E-01 9.3E-01 9.3E-01 9.3E-01 9.3E-01 

Mercury 5.1E-02 5.1E-02 5.1E-02 5.1E-02 5.1E-02 5.1E-02 

Molybdenum 5.8E-02 5.8E-02 5.8E-02 5.8E-02 5.8E-02 5.8E-02 

Nickel 1.1E-01 1.1E-01 1.1E-01 1.1E-01 1.1E-01 1.1E-01 

Selenium 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 

Vanadium 5.8E-02 5.8E-02 5.8E-02 5.8E-02 5.8E-02 5.8E-02 

Zinc 9.5E-02 9.5E-02 9.5E-02 9.5E-02 9.5E-02 9.5E-02 

Mixtures(c)       

Hepatotoxicants  4.4E-01 4.4E-01 5.2E-01 4.4E-01 4.4E-01 5.2E-01 

Renal toxicants 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 

Haematological toxicants 2.7E-01 2.7E-01 2.9E-01 2.7E-01 2.7E-01 2.9E-01 

Neurotoxicants 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 
Reproductive/ 
developmental toxicants 7.6E-01 7.6E-01 7.6E-01 7.6E-01 7.6E-01 7.6E-01 

(a) RQ values for beryllium, cadmium, copper and lead will remain the same as those presented in the HHRA as these 
COPCs were not detected above their MDL in the surface water sampling program and were assumed to be 
negligible (i.e., 0).  

(b) An RQ equal to or less than 1.0 signifies that the estimated exposure is less than the exposure limit and no health 
effects are expected. Boldface values show a RQ of greater than 1.0.  With scientific notation, any value expressed to 
the negative power (i.e., E-x) shows that predicted exposures were less than the exposure limit; whereas, a value 
expressed to the positive power (i.e., E+x) shows exposure estimates exceeded the exposure limit. 

(c) Individual constituents of the chemical mixtures are identified in Table 4.4-12 of the HHRA. 
Note: EAC = Existing and Approved Case, PDC = Planned Development Case. 

 The risk estimates for the carcinogens (i.e., arsenic) are expressed as lifetime cancer risks 
(LCRs) that refer to the number of cancer cases that could potentially result from the 
estimated dermal exposure to arsenic from swimming in nearby surface water in a 
population of 100,000 people.  The regulatory benchmark of an acceptable incremental 
lifetime cancer risk of one in 100,000 is policy-based.  Since regulators have not 
recommended an acceptable cancer incidence rate (or LCR) for exposure to carcinogens 
associated with background or “baseline” conditions, interpretation of the significance of 
the LCR values could not be based on the regulatory “benchmark” of one in 100,000. 

 The LCRs are calculated as follows: 

EDInLCR  = ∑  [ RsD  x LAFn   ] 
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Where: 

EDIn  =  estimated daily intake of chemical via dermal exposure during swimming 
on a per body weight basis for the "n" life stage (µg/kg bw/d; Table 175-7) 

RsD  = risk-specific dose (µg/kg bw/d; Table 175-7) 

LAFn  = life adjustment factor for the "n" lifestage (unitless; Table 175-7) 

Table 175-7 Chronic Lifetime Cancer Risks for Arsenic per 100,000 from Dermal 
Exposure during Swimming 

Chemicals of Potential Concern EDI 
[mg/kg bw/d] 

RsD 
[mg/kg bw/d] LAF LCR(a)

Infant 0.00000041 0.000006 0.0067 0.00045 

Toddler 0.00000034 0.000006 0.060 0.0034 

Child 0.00000029 0.000006 0.093 0.0044 

Adolescent 0.00000024 0.000006 0.11 0.0043 

Adult  0.00000023 0.000006 0.73 0.028 

Composite n/a n/a n/a 0.041 
(a) Lifetime cancer risks refer to the number of cancer cases that could potentially result from the estimated dermal 

exposure to the arsenic during swimming among a population of 100,000 people. The regulatory benchmark of an 
acceptable incremental lifetime cancer risk of one in 100,000 is policy-based.  Since regulators have not 
recommended an acceptable cancer incidence rate (or LCR) for exposure to carcinogens associated with background 
or “baseline” conditions, interpretation of the significance of the LCR values could not be based on the regulatory 
“benchmark” of one in 100,000. 

Note: EDI = estimated daily intake, RsD = risk-specific dose, LAF = life adjustment factor, RAF = relative dermal 
absorption factor, LCR = lifetime cancer risk. 

 The LCR values predicted for dermal exposure during swimming were combined with 
the LCR values presented in the HHRA for the Aboriginal and community residents in 
Table 175-8 and Table 175-9, respectively. The addition of dermal exposure to nearby 
surface water during swimming is predicted to have no effect on the EAC LCR for the 
Aboriginal residents, but is predicted to increase the EAC LCR for the community 
residents from 3.8 to 3.9. However, the predicted increase in the EAC LCR for the 
community residents does not change the conclusions presented in the HHRA for 
multiple pathway health risks associated with arsenic. The EAC LCR values for the 
Aboriginal and community residents are still dominated by existing naturally occurring 
and anthropogenic sources of arsenic in the region, with essentially negligible 
incremental risk presented by the Project and planned developments (i.e., IRCLs less than 
0.003).  In addition, given the high degree of conservatism in both the exposure and 
toxicity assessments (see discussion contained in Section 5.3.2.1 of the HHRA), the 
predicted EAC LCR values likely overstate the carcinogenic risks associated with 
multiple pathway exposure to arsenic. 

 Because the predicted impact of the Project on nearby surface water quality is negligible 
(Volume 4A, Section 3), the addition of dermal exposure to nearby surface water during 
swimming resulted in no change to the HHRA incremental lifetime cancer risks (ILCRs) 
for arsenic. As a result, the predicted ILCR values associated with the Project 
(i.e., Project Case minus EAC) and the Future Emission Sources (i.e., PDC minus EAC) 
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remain less than one in 100,000, indicating that the incremental cancer risk is deemed to 
be “essentially negligible” according to Health Canada protocol (Health Canada 2004). 

Table 175-8 Chronic Lifetime and Incremental Lifetime Cancer Risks per 100,000 
from Multiple Pathways of Exposure – Aboriginal Residents 

LCR(a) 

Presented 
in the 
HHRA 

ILCR(b) 

Presented in the HHRA 

LCR(a) 

Updated to 
Include Dermal 

Exposure during 
Swimming 

ILCR(b) 

Updated to Include Dermal 
Exposure during Swimming 

Chemicals 
of Potential 

Concern 

EAC 

Project 
Emissions 
Sources 
(Project 

Case – EAC) 

Future 
Emissions 
Sources(c)  

(PDC – EAC) 

EAC 

Project 
Emissions 
Sources 
(Project 

Case – EAC) 

Future 
Emissions 
Sources(c) 

(PDC – EAC) 

Arsenic 1.0E+01 2.3E-03 2.6E-03 1.0E+01 2.3E-03 2.6E-03 

Acceptable 
ILCR n/a 1 1 n/a 1 1 

(a) Lifetime cancer risks refer to the number of cancer cases that could potentially result from the estimated exposures to 
the carcinogenic COPCs among a population of 100,000 people. Since an acceptable cancer incidence rate has not 
been recommended for exposure to carcinogens associated with anything other than the Project and Future Emission 
Sources by any leading scientific or regulatory authority, interpretation of the significance of the LCR values 
determined for the EAC could be not based on comparison against a numerical “benchmark” of one in 100,000. With 
scientific notation, any value expressed to the negative power (i.e., E-x) shows that predicted exposures were less 
than the exposure limit; whereas, a value expressed to the positive power (i.e., E+x) shows exposure estimates 
exceeded the exposure limit. 

(b) An ILCR equal to or less than 1.0 signifies an incremental lifetime cancer risk that is below the benchmark ILCR of 
one in 100,000 (i.e., within the generally accepted limit deemed to be protective of public health). Boldface values 
show an ILCR of greater than the de minimus risk level of one in 100,000.  With scientific notation, any value 
expressed to the negative power (i.e., E-x) shows that predicted exposures were less than the exposure limit; 
whereas, a value expressed to the positive power (i.e., E+x) shows exposure estimates exceeded the exposure limit. 

Note: EAC = Existing and Approved Case, PDC = Planned Development Case, LCR = Lifetime Cancer Risk, ILCR = 
Incremental Lifetime Cancer Risk. 
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Table 175-9 Chronic Lifetime and Incremental Lifetime Cancer Risks per 100,000 
from Multiple Pathways of Exposure – Community Residents 

LCR(a) 
Presented 

in the 
HHRA 

ILCR(b) 
Presented in the HHRA 

LCR(a) 
Updated to 

Include Dermal 
Exposure during 

Swimming 

ILCR(b) 
Updated to Include Dermal 

Exposure during Swimming 
Chemicals of 

Potential 
Concern 

EAC 

Project 
Emissions 
Sources 
(Project 

Case – EAC) 

Future 
Emissions 
Sources(c) 

(PDC – EAC) 
EAC 

Project 
Emissions 
Sources 
(Project 

Case – EAC) 

Future 
Emissions 
Sources(c) 

(PDC – EAC) 

Arsenic 3.8E+00 1.9E-03 2.0E-03 3.9E+00 1.9E-03 2.0E-03 

Acceptable 
ILCR n/a 1 1 n/a 1 1 

(a) Lifetime cancer risks refer to the number of cancer cases that could potentially result from the estimated exposures to 
the carcinogenic COPCs among a population of 100,000 people. Since an acceptable cancer incidence rate has not 
been recommended for exposure to carcinogens associated with anything other than the Project and Future Emission 
Sources by any leading scientific or regulatory authority, interpretation of the significance of the LCR values 
determined for the EAC could be not based on comparison against a numerical “benchmark” of one in 100,000. With 
scientific notation, any value expressed to the negative power (i.e., E-x) shows that predicted exposures were less 
than the exposure limit; whereas, a value expressed to the positive power (i.e., E+x) shows exposure estimates 
exceeded the exposure limit. 

(b) An ILCR equal to or less than 1.0 signifies an incremental lifetime cancer risk that is below the benchmark ILCR of 
one in 100,000 (i.e., within the generally accepted limit deemed to be protective of public health). Boldface values 
show an ILCR of greater than the de minimus risk level of one in 100,000.  With scientific notation, any value 
expressed to the negative power (i.e., E-x) shows that predicted exposures were less than the exposure limit; 
whereas, a value expressed to the positive power (i.e., E+x) shows exposure estimates exceeded the exposure limit. 

n/a = Not applicable. 
Note: EAC = Existing and Approved Case, PDC = Planned Development Case, LCR = Lifetime Cancer Risk, ILCR = 

Incremental Lifetime Cancer Risk.  

References: 

Health Canada. 2004. Federal Contaminated Site Risk Assessment in Canada. Part I and II. 
Environmental Health Assessment Services Safe Environments Program. Ottawa, 
Ontario. September 2004. ISBN 0 662-38244-7 and ISBN 0-662-38245-5. 

U.S. EPA (United States Environmental Protection Agency). 2004. Risk Assessment 
Guidance for Superfund Volume 1: Human Health Evaluation Manual. (Part E, 
Supplemental Guidance for Dermal Assessment). Final. 
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176. HHRA, Section 4.4.2, Page 41  

Canadian Natural states that the premise of the screening exercise is that if a COPC  
Kow)], potential for the chemical to persist or accumulate in the environment is 
negligible. The definitions set out for persistence and bioaccumulation are 
determined within the Canadian Environmental Protection Act (CEPA) to prioritize 
substances on the Domestic Substance List (DSL).  As there are 10s of 1000's of 
compounds this has proven to be a useful method to prioritize which compounds 
need national guidance and regulation.  However, in no way does this say that if a 
substance does not meet these criteria that the chemical should be consider to be 
safe and/or non-toxic; instead these chemicals just don’t become part of the 
categorization program.  Health Canada states that “Experience with profiling of 
thousands of substances on the DSL to meet the CEPA 1999 mandate for 
categorization indicates that persistence and bioaccumulation rarely, in themselves, 
identify priorities for either exposure or hazard from a human health perspective.”   

Provide a screening for the multi-media exposure assessment which also considers 
the inherent toxicity of a chemical.  Update the Human Health Risk Assessment 
accordingly. 

Response:   
a) The results of the toxic potency screening of the project emissions are presented in 

Table 176-1. A compound’s toxic potency was calculated by dividing its project emission 
rate by its oral exposure limit (or Toxicity Reference Value). A compound’s relative toxic 
potency was calculated by dividing the summed toxic potency of the emissions profile by 
the compound’s individual toxic potency.  

 According to the results, only benzene and the carcinogenic Polycyclic Aromatic 
Hydrocarbon (PAH) group 1 would be assessed through multiple pathways of exposure 
(i.e., they comprise more than 99% of the emissions’ profile cumulative oral toxic 
potency).   

 Use of this screening exercise would be less inclusive than the approach used in the 
Human Health Risk Assessment (HHRA). The HHRA assessed all PAHs (including the 
carcinogenic PAH group 1), metals, and aliphatic and aromatic hydrocarbon groups 
through the multiple pathways of exposure.  
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Table 176-1 Screening of the Chemicals of Potential Concern for the Multiple Pathway Assessment on the Basis of 
Relative Toxic Potency  

Chemicals of Potential Concern 
Project 

Emission Rate
[t/d] 

Oral Exposure 
Limit 

[µg/kg bw/d] 
Reference Toxic 

Potency 
Relative 
Potency 

Cumulative 
Potency 

Assessed 
Through Multiple 

Routes in the 
HHRA? 

benzene 6.42E-05 0.0000322 Health Canada 1.99E+00 99.0% 99.0% No 

carcinogenic PAH group 1 1.31E-05 0.0014 U.S. EPA 9.33E-03 0.46% 99.5% Yes 

formaldehyde 1.52E-03 0.2 U.S. EPA 7.60E-03 0.38% 99.8% No 

toluene 1.49E-04 0.08 U.S. EPA 1.86E-03 0.093% 99.9% No 

arsenic 5.79E-06 0.006 Health Canada 9.64E-04 0.048% 100% Yes 

carcinogenic PAH group 2 4.65E-06 0.014 U.S. EPA 3.32E-04 0.017% 100% Yes 

aliphatic C2-C8 group 2.59E-01 5,000 CCME 5.17E-05 0.0026% 100% Yes 

carcinogenic PAH group 3 1.94E-06 0.047 U.S. EPA 4.13E-05 0.0020% 100% Yes 

xylenes 7.78E-06 0.2 U.S. EPA 3.89E-05 0.0019% 100% No 

cadmium 3.18E-05 1 U.S. EPA 3.18E-05 0.0016% 100% Yes 

mercury 7.52E-06 0.3 U.S. EPA 2.51E-05 0.0012% 100% Yes 

aliphatic C9-C16 group 2.23E-03 100 CCME 2.23E-05 0.0011% 100% Yes 

naphthalene group 4.10E-04 20 U.S. EPA 2.05E-05 0.0010% 100% Yes 

vanadium 6.65E-05 5 U.S. EPA 1.33E-05 0.00066% 100% Yes 

aromatic C9-C16 group 4.29E-04 40 CCME 1.07E-05 0.00053% 100% Yes 

molybdenum 3.18E-05 5 U.S. EPA 6.36E-06 0.00032% 100% Yes 

lead 1.45E-05 3.5 WHO 4.13E-06 0.00021% 100% Yes 

zinc 8.39E-04 300 ATSDR 2.80E-06 0.00014% 100% Yes 

nickel 6.07E-05 22 WHO 2.76E-06 0.00014% 100% Yes 

carbon disulphide group 1.53E-04 100 U.S. EPA 1.53E-06 0.000076% 100% No 

chromium VI 4.05E-06 3 U.S. EPA 1.35E-06 0.000067% 100% Yes 

barium 1.27E-04 200 U.S. EPA 6.36E-07 0.000032% 100% Yes 

methyl ethyl ketone group 1.13E-04 600 U.S. EPA 1.89E-07 0.0000094% 100% No 

copper 2.46E-05 140 RIVM 1.76E-07 0.0000087% 100% Yes 

beryllium 3.47E-07 2 U.S. EPA 1.74E-07 0.0000086% 100% Yes 

aliphatic C17-C34 group 3.05E-04 2,000 CCME 1.52E-07 0.0000076% 100% Yes 
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Table 176-1 Screening of the Chemicals of Potential Concern for the Multiple Pathway Assessment on the Basis of 
Relative Toxic Potency (continued) 

Chemicals of Potential Concern 
Project 

Emission Rate
[t/d] 

Oral Exposure 
Limit 

[µg/kg bw/d] 
Reference Toxic 

Potency 
Relative 
Potency 

Cumulative 
Potency 

Assessed 
Through Multiple 

Routes in the 
HHRA? 

selenium 6.94E-07 5 U.S. EPA 1.39E-07 0.0000069% 100% Yes 

aromatic C17-C34 group 3.23E-06 30 CCME 1.08E-07 0.0000054% 100% Yes 

manganese 1.10E-05 140 U.S. EPA 7.85E-08 0.0000039% 100% Yes 

chromium 4.05E-05 1,500 U.S. EPA 2.70E-08 0.0000013% 100% Yes 

ethylbenzene 8.02E-10 0.1 U.S. EPA 8.02E-09 0.00000040% 100% No 

trimethylbenzenes 9.16E-08 – – n/a n/a n/a No 

hexane group 3.65E-02 – – n/a n/a n/a No 

ethylene 1.54E-05 – – n/a n/a n/a No 

cobalt(a) 2.43E-06 – – n/a n/a n/a Yes 

hydrogen sulphide 1.62E-03 – – n/a n/a n/a No 
(a) Although cobalt was identified as a persistent and bioaccumulative chemical in the environment, cobalt was not included as part of the multiple pathway exposure 

assessment in the HHRA due to the lack of an appropriate oral exposure limit. 
Notes: ATSDR = Agency for Toxic Substance and Disease Registry, CCME = Canadian Council of Ministers of the Environment, HHRA = human health risk assessment, 

RIVM = National Institute of Public Health and the Environment, U.S. EPA = United States Environmental Protection Agency, WHO = World Health Organization 
 – = Not available; n/a = Not applicable. 

 



Canadian Natural Resources Ltd. - 346 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

 

177. HHRA, Section 4.4.2.2, Page 45  

With regard to the soil and vegetation sampling program, Canadian Natural states 
Samples were collected from nine locations within the Project area and four locations 
outside the Project area. 

a) Discuss whether the number and location of sample sites adequately represent the 
background COPC concentrations in the study area? 

Response:   
 Canadian Natural collected 75 soil samples, 18 alder samples, 14 berry samples, 17 

cattail samples, and 16 Labrador tea samples (all included composites and triplicates) 
from 13 sampling areas in support of the Project application. The HHRA also included 40 
soil and vegetation samples collected in 10 areas at the Primrose East Project area in the 
analysis (Table 177-1).  The sampling program was specifically designed to: 

• provide estimates of the chemical concentrations in media that people are potentially 
exposed to through traditional activities in the Local Study Area (LSA) 
(e.g., harvesting berries or Labrador tea);  

• improve the confidence in the predicted exposures and health risks in the 
Environmental Impact Assessment (EIA) by using site-specific information; and  

• ensure that baseline risks are not underestimated in the LSA when compared to 
regional data. 

The intent of the baseline assessment was to collect samples from areas where traditional 
foods are not only available but also accessible for the local population.  Therefore, 
sample size was not the primary determining factor when designing the baseline sampling 
program. For the purpose of estimating baseline exposure, the number and location of 
sample sites chosen are considered to be an adequate representation of background 
chemical concentrations in the LSA.  Support for this is provided in the following 
discussion. 

Determination of an adequate sample size with sufficient spatial coverage to characterize 
background requires confidence to be defined a priori.  For example, are we 95% 
confident that the sample mean (i.e., LSA mean) is representative of the population mean 
(i.e., regional mean)? The determination of an adequate sample size in tests concerning 
the mean for this level of confidence requires specifying acceptable limits on decision 
errors, which are used to establish performance goals for limiting uncertainty in the data 
(U.S. EPA 1996).  Sample size, n, can be estimated if an estimate of variance, s2, is 
known.  Determining the sample size that is required for the estimation of the population 
mean (i.e., μ) requires the following information (Zar 1984): 
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• An understanding of how close we want our estimate to be to the true value of the 
population parameter μ and how certain we want to be that our estimate will fall 
within a given number of units of the population mean (i.e., a narrow confidence 
interval will necessitate a larger sample size); and 

• an estimate of the variability in the population (s2). 

The following equation is typically used to estimate the sample size required to detect the 
“distance” (or difference), D, from the population mean: 

 

2

2
,

2

D
ts

n να×
=   Equation 1 

 

Where: 

n = estimated sample size determined iteratively 

s = standard deviation 

D = acceptable distance from population mean  

tα = t-statistic for Type I error (5%); two-tailed test 

ν = estimated sample size, minus one degree of freedom 

The problem with Equation 1 is that the distance, D, is subjective and profoundly affects 
the sample size, n (e.g., can range orders in magnitude from 1 to 1000).  For example, 
sampling of 10 random values (with replacement) from regional data 100 times indicates 
that mean concentrations of lead in soil are likely to vary from 0.5 to 3.7 mg/kg 
95 percent of the time.  Table 177-1 outlines the number of samples and type collected in 
the region to date for five projects.  The difference, D, between the 95th upper confidence 
level on the mean (95UCLM) and the mean is 2.4 mg/kg. Based on the simulation, it is 
not unreasonable to expect mean concentrations to be 2.4 mg/kg higher or lower than the 
sample mean for the Project.  This analysis was also performed for regional samples of 
Labrador tea and alder to determine other potential tolerance ranges.  The results of this 
analysis are provided in Table 177-2. 
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Table 177-1 Sample Size of Soil and Vegetation Collected in Support of Regional 
Applications  

Proposed Project Soil Alder Berries Cattail Labrador tea Sampling 
Initiated 

Canadian Natural 
Kirby 75 18 14 17 16 July 2007 

Canadian Natural 
Primrose East 40 10 10 10 10 July 2007 

ConocoPhillips 
Surmont 3 2 2 1 1 July 2007 

MEG Christina Lake 11 11 ND 9 11 September 
2007 

EnCana Christina 
Lake 17 ND ND ND ND August 2006 

Total 146 41 26 37 38 n/a 

Note:  Sample sizes contain all samples including composites and triplicates. 
n/a = Not Applicable. 
ND =  No data. 

The analysis provided in Table 177-2 identifies the distance (D) of the 95 UCLM from 
the mean that was used in Equation 1 to estimate the sample size based on the variability 
(s2) observed in the regional data.  The sample size analysis is provided in Table 177-1-1 
in Attachment 177-1.  The iterative process demonstrates that some sample sizes, n, are 
adequate to represent background concentrations in the regional area, however for other 
sample size estimations the numbers are extremely high and impractical.  One reason 
why some sample sizes are high is most likely due to the range of distance, D, that was 
calculated from the bootstrap analysis (Distance = 95UCLM - Mean).  A small D implies 
that there is little variance within the regional data.  The high estimated sample sizes 
(e.g., arsenic and lead in Labrador tea; and lead in alder) are most likely due to the greater 
variance of the mean in the local data relative to the regional data (Attachment 177-1, 
Table 177-1-1,).  Therefore, a higher sample size is required from the local data to detect 
a similar distance than was observed in the regional data. 
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Table 177-2 Comparison of Boot-strap Analysis to Regional Statistics for 
Selected Samples Collected from the Regional Database 

Mean, Upper & Lower Confidence Interval from Boot-strap Analysis 
[mg/kg] (a)Media Chemical 

Mean 5LCLM – 95UCLM Distance(b)

Arsenic 1.3 0.5 to 3.7 2.4 

Lead 2.4 1.8 to 3.0 0.6 

Manganese 177 37 to 655 478 
Soil 

Zinc 14 8.5 to 21 7 

Arsenic 0.06 0.04 to 0.08 0.02 

Lead 0.09 0.06 to 0.12 0.03 

Manganese 573 406 to 723 150 
Labrador tea 

Zinc 18 16 to 21 3 

Arsenic 0.06 0.04 to 0.08 0.02 

Lead 0.11 0.09 to 0.15 0.04 

Manganese 400 247 to 592 192 
Alder 

Zinc 23 13 to 36 13 
(a) Repeatedly sampled regional database 100 times with a random sample size of 10 from the regional database.  
(b) Distance = Estimated 95UCLM - Mean. 

Another problem with Equation 1 is that it assumes that the data are normally distributed.  
Attachment 177-1 provides a series of histograms (Figures 177-1-1 to 177-1-5) 
demonstrating that distributions are variable and often are not normal.  These examples 
are typical of distributions of other parameters sampled in environmental media collected 
in the LSA.  In addition, Attachment 177-1 provides cumulative distribution charts 
(Figures 177-1-6 to 177-1-17) that demonstrate how similar the distributions of local 
concentrations are to the regional database.   

Methods to determine sample size are often provided in guidance documents for 
contaminated sites.  A contaminated site investigation typically defines D as the distance 
between sample mean and an acceptable soil quality guideline, and is therefore used to 
determine when sufficient samples have been collected to meet decision requirements for 
characterizing the global mean (U.S. EPA 1996; BC Environment 1995).  Unfortunately, 
D cannot be defined for background concentrations in this case because statistical tests or 
comparisons to guidelines are not being performed. Instead, the data are used to 
characterize site-specific exposures.  It can be argued that the population mean is best 
represented by the observed mean in the regional data; however, local concentrations 
may be significantly different than the regional data due to local geology and ecology.  
Without consensus on an acceptable method for defining D, an “adequate” sample size 
cannot be determined.   

As shown in Attachment 177-1, many of the distributions of concentrations for metals in 
soil and plants from the local and regional database do not follow a normal or log normal 
distribution (i.e., parametric distribution).  Therefore, a bootstrap analysis or simulation 
method was used to estimate the confidence interval on the mean concentration that is 
expected from the regional and local data.  The lower 5% confidence limit and upper 
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95% confidence limit on the mean (5LCLM and 95UCLM) were estimated and 
compared.  The simulation was based on the following steps: 

1. ten observed values were random selected from the regional and local databases; 

2. the mean was calculated for both the regional and local samples; 

3. the process was repeated 100 times; and 

4. the confidence interval (i.e., 5LCLM and 95UCLM) was calculated. 

Four metals were selected out of 34 from the data sets. The following four metals were 
identified as being of potential concern in the HHRA and were detected in the vast 
majority of the soil and vegetation samples: 

• arsenic; 

• lead; 

• manganese; and 

• zinc. 

The results of the bootstrap analysis were used to identify where 95UCLM concentrations 
of the local samples were observed to be higher than the regional database.  In all 
circumstances, with the exception of manganese, 95UCLM concentrations of the local 
data are observed to be similar or higher than the regional data (Table 177-3).  The same 
observations can also be made in the cumulative distribution charts found in 
Attachment 177-1 (Figures 177-1-6 to 177-1-17).   

Table 177-3 demonstrates how local concentrations of manganese in alder and Labrador 
tea are observed to be lower than what has been observed in the regional data.  
Alternatively, the 95UCLM for arsenic, lead and zinc in alder and Labrador tea are higher 
in the Project data than the regional data.  Finally, local concentrations of lead, 
manganese and zinc are observed to be higher than the regional data.  The comparison 
indicates that background concentrations in the LSA can be different and higher than 
what is observed in the regional data.   

It appears that the use of local or site-specific data is preferred over non-site-specific 
(i.e., regional) data, because human health risks for the lead and zinc exposure would 
have been underestimated (i.e., less conservative) if based on the regional data alone.  
Human health risks from the remaining media and chemicals in Table 177-3 would 
present similar risks to those if based on the regional data. 
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Table 177- 3 Comparison of Boot-strap Analysis of Regional and Project Statistics 
Using a Sample Size of 10 

Regional(a) Project 10 Sample Size 
5LCLM 95UCLM 5LCLM 95UCLM 

Project 95UCLM> Regional 95UCLM?  

Alder 
Arsenic 0.042 0.08 0.027 0.14 Yes 
Lead 0.091 0.14 0.12 0.64 Yes 
Manganese 292 595 228 488 No 
Zinc 12 46 60 140 Yes 
Labrador Tea  
Arsenic 0.047 0.085 0.025 0.15 Yes 
Lead 0.057 0.14 0.18 0.68 Yes 
Manganese 449 742 337 415 No 
Zinc 16 20 23 27 Yes 
Soil   
Arsenic 0.54 3.7 0.90 2.9 No 
Lead 1.8 3.0 2.2 4.4 Yes 
Manganese 38 179 127 505 Yes 
Zinc 7.7 25 13 32 Yes 

(a) Regional consists of data from Canadian Natural Primrose East Project; ConocoPhillips Surmont Project; MEG 
Christina Lake Regional Project; and EnCana Christina Lake Thermal Project. 

To provide an estimate on the sensitivity of the confidence intervals with different sample 
sizes, the bootstrap analysis was performed with a sample size of 5 rather than 10.  
Table 177-4 demonstrates that lowering the sample size for the bootstrap analysis has no 
material impact on the outcome of the comparison of 95UCLM values between the local 
and regional database.   

Table 177-4 Comparison of Boot-strap Analysis of Regional and Project Statistics 
Using a Sample Size of 5 

Regional(a) Project 5 Sample Size 
5LCLM 95UCLM 5LCLM 95UCLM 

Project 95UCLM> Regional 
95UCLM? 

Alder  
Arsenic 0.040 0.085 0.025 0.16 Yes 
Lead 0.088 0.16 0.11 0.80 Yes 
Manganese 223 648 196 547 No 
Zinc 12 49 53 163 Yes 
Labrador Tea  
Arsenic 0.04 0.085 0.025 0.15 Yes 
Lead 0.048 0.14 0.12 0.81 Yes 
Manganese 362 781 320 431 No 
Zinc 15 22 22 27 Yes 
Soil 
Arsenic 0.44 5.9 0.70 3.0 No 
Lead 1.6 3.2 1.8 5.4 Yes 
Manganese 19 275 64 642 Yes 
Zinc 6.3 27 8.8 34 Yes 

(a) Regional consists of data from Canadian Natural Primrose East Project; ConocoPhillips Surmont Project; MEG 
Christina Lake Regional Project; and EnCana Christina Lake  Thermal Project. 
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In conclusion: 

• The performance of the sampling program should not be based on sample size, 
considering that the objective is to characterize human exposures to the site; 

• The sampling program identified 13 locations or “areas” where traditional foods can 
be harvested within the study area on a routine basis;  

• Site-specific measured concentrations from the LSA are the best data to be used for 
estimating human exposures and risks in the EIA; however, regional data can also be 
used if site-specific data is unavailable. 

• Exposure point concentrations used in the HHRA were based on the 95UCLM 
recommended by ProUCL statistical software; which performs a series of tests to 
determine the most appropriate method (i.e., parametric or non-parametric) to 
estimate the mean based on the observed variability and data distribution.  Therefore, 
an unbiased upper estimate is used in the risk assessment that incorporates 
uncertainty in the measured data; and 

• Concentrations observed in the LSA are not very different from those in the regional 
database (see cumulative distribution charts in Attachment 177-1); therefore, risks are 
not that much different and the sample size and locations are determined to be 
adequate for characterizing baseline health risks. 
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Table 177-1-1 Summary of Iterative Process Used to Estimate Sample Size 

Chemical Iteration Media Average Standard  
Deviation Max Min Count DF1 Alpha t,alph d n 

Arsenic 1 Soil 1.7 1.8 10.4 0.03 75 75 0.05 1.99 2.4 2 

Arsenic 2 Soil 1.7 1.8 10.4 0.03 75 70 0.05 1.99 2.4 2 

Arsenic 3 Soil 1.7 1.8 10.4 0.03 75 65 0.05 2.00 2.4 2 

Arsenic 4 Soil 1.7 1.8 10.4 0.03 75 62 0.05 2.00 2.4 2 

Lead 1 Soil 3.4 2.3 11 0.31 75 75 0.05 1.99 0.62 55 

Lead 2 Soil 3.4 2.3 11 0.31 75 70 0.05 1.99 0.62 55 

Lead 3 Soil 3.4 2.3 11 0.31 75 65 0.05 2.00 0.62 56 

Lead 4 Soil 3.4 2.3 11 0.31 75 62 0.05 2.00 0.62 56 

Manganese 1 Soil 242.5 363.7 2310 1.05 75 75 0.05 1.99 478 2 

Manganese 2 Soil 242.5 363.7 2310 1.05 75 70 0.05 1.99 478 2 

Manganese 3 Soil 242.5 363.7 2310 1.05 75 65 0.05 2.00 478 2 

Manganese 4 Soil 242.5 363.7 2310 1.05 75 62 0.05 2.00 478 2 

Zinc 1 Soil 20.4 17.7 82 1 75 75 0.05 1.99 7 25 

Zinc 2 Soil 20.4 17.7 82 1 75 70 0.05 1.99 7 25 

Zinc 3 Soil 20.4 17.7 82 1 75 65 0.05 2.00 7 26 

Zinc 4 Soil 20.4 17.7 82 1 75 62 0.05 2.00 7 26 

Arsenic 1 Lab tea 0.09 0.12 0.39 0.03 16 15 0.05 2.14 0.0165 255 

Arsenic 2 Lab tea 0.09 0.12 0.39 0.03 16 14 0.05 2.16 0.0165 259 

Arsenic 3 Lab tea 0.09 0.12 0.39 0.03 16 12 0.05 2.20 0.0165 268 

Arsenic 4 Lab tea 0.09 0.12 0.39 0.03 16 10 0.05 2.26 0.0165 284 

Lead 1 Lab tea 0.39 0.46 1.49 0.06 16 15 0.05 2.14 0.03 1,073 

Lead 2 Lab tea 0.39 0.46 1.49 0.06 16 14 0.05 2.16 0.03 1,088 

Lead 3 Lab tea 0.39 0.46 1.49 0.06 16 12 0.05 2.20 0.03 1,130 

Lead 4 Lab tea 0.39 0.46 1.49 0.06 16 10 0.05 2.26 0.03 1,193 

Manganese 1 Lab tea 378.94 76.71 477.00 245.00 16 15 0.05 2.14 150 1 

Manganese 2 Lab tea 378.94 76.71 477.00 245.00 16 14 0.05 2.16 150 1 

Manganese 3 Lab tea 378.94 76.71 477.00 245.00 16 12 0.05 2.20 150 1 

Manganese 4 Lab tea 378.94 76.71 477.00 245.00 16 10 0.05 2.26 150 1 

Zinc 1 Lab tea 24.44 3.94 34.80 18.30 16 15 0.05 2.14 3 8 
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Table 177-1-1 Summary of Iterative Process Used to Estimate Sample Size (continued) 

Chemical Iteration Media Average Standard  
Deviation Max Min Count DF1 Alpha t,alph d n 

Zinc 2 Lab tea 24.44 3.94 34.80 18.30 16 14 0.05 2.16 3 8 

Zinc 3 Lab tea 24.44 3.94 34.80 18.30 16 12 0.05 2.20 3 8 

Zinc 4 Lab tea 24.44 3.94 34.80 18.30 16 10 0.05 2.26 3 9 

Arsenic 1 Alder 0.07 0.12 0.54 0.03 18 20 0.05 2.09 0.02 165 

Arsenic 2 Alder 0.07 0.12 0.54 0.03 18 18 0.05 2.11 0.02 168 

Arsenic 3 Alder 0.07 0.12 0.54 0.03 18 14 0.05 2.16 0.02 176 

Arsenic 4 Alder 0.07 0.12 0.54 0.03 18 11 0.05 2.23 0.02 187 

Lead 1 Alder 0.32 0.56 2.47 0.07 18 20 0.05 2.09 0.04 868 

Lead 2 Alder 0.32 0.56 2.47 0.07 18 18 0.05 2.11 0.04 882 

Lead 3 Alder 0.32 0.56 2.47 0.07 18 14 0.05 2.16 0.04 925 

Lead 4 Alder 0.32 0.56 2.47 0.07 18 11 0.05 2.23 0.04 984 

Manganese 1 Alder 323.76 260.88 1,250.00 55.90 18 20 0.05 2.09 192 8 

Manganese 2 Alder 323.76 260.88 1,250.00 55.90 18 18 0.05 2.11 192 8 

Manganese 3 Alder 323.76 260.88 1,250.00 55.90 18 14 0.05 2.16 192 9 

Manganese 4 Alder 323.76 260.88 1,250.00 55.90 18 11 0.05 2.23 192 9 

Zinc 1 Alder 97.49 84.84 233.00 13.70 18 20 0.05 2.09 13 187 

Zinc 2 Alder 97.49 84.84 233.00 13.70 18 18 0.05 2.11 13 190 

Zinc 3 Alder 97.49 84.84 233.00 13.70 18 14 0.05 2.16 13 199 

Zinc 4 Alder 97.49 84.84 233.00 13.70 18 11 0.05 2.23 13 211 
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178. HHRA, Section 5.3.1, Page 83-87 

Canadian Natural notes that the chronic risk quotients for multiple pathway exposure 
exceeds 1.0 for the neurotoxicant mixture (for both Aboriginal and community 
residents). This was primarily due to manganese and methyl mercury exposure. It was 
earlier noted, based on local ingestion surveys, that Aboriginals were presumed to ingest 
approximately 51g of fish per day, rather than the 220g per day estimated by Health 
Canada.  

Discuss the possibility that some of the Aboriginal receptors are more likely to ingest a 
volume of fish closer to the Health Canada estimate. If so, what would be the predicted 
health effects given the considerably increased ingestion of methyl mercury? 

Response:   
a) Alberta Health and Wellness (2007) did not consider Health Canada’s (2004) fish 

consumption rates to be representative of the amounts of fish that might be consumed by 
indigenous people in the Wood Buffalo region.  Accordingly, Alberta Health and 
Wellness (2007) adjusted the Health Canada rates using data collected as part of a survey 
of traditional food use among First Nations people living in the community of Fort 
McKay (FMES 1996).  The survey revealed a relatively high frequency of consumption 
of fish meals (i.e., 85 days per year) by these people. Alberta Health and Wellness 
calculated its rate by adjusting the Health Canada consumption rate by the Fort McKay 
Environmental Services Ltd. (FMES) frequency (i.e., 220 grams/day x 85 days/365 days 
= 51 grams/day).  This same approach was used in the determination of the fish 
consumption rates for the Aboriginal residents in the Human Health Risk Assessment 
(HHRA). 

 Note that the calculated adult fish consumption rate of 51 grams/day is comparable to the 
median consumption rate of 46 grams/day previously reported by Alberta Health and 
Wellness in the 1997 diet and activity survey conducted in Swan Hills, Alberta (AHW 
1997) and the high consumption rate of 40 grams/day reported by Health Canada in its 
recent reassessment of mercury in retail fish (Health Canada 2007). 

 In light of the supplemental information request, the health risks for the Aboriginal 
residents were updated using the unadjusted Health Canada (2004) fish consumption 
rates for Canadian First Nations populations.  The updated multiple pathway exposure 
assessment was not limited to methyl mercury, although the supplemental information 
request specifically identifies methyl mercury as the chemical of concern.  To address the 
impact of the revised fish consumption rates on the neurotoxicant and reproductive and 
developmental toxicant mixtures to which methyl mercury belongs, the other constituents 
of these mixtures were also assessed. These include the aliphatic C9-C16 group, lead, 
manganese and nickel. 
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 Risk estimates, presented as risk quotients (RQs), are provided in Table 178-1. The 
predicted risk estimates that exceeded 1.0 are discussed below. 

Table 178- 1 Chronic Risk Quotients from Multiple Pathways of Exposure – 
Aboriginal Residents 

Risk Quotient(a) 

Calculated Using the Combined 
Fish Consumption Rate (i.e., 51 g/d) 

Risk Quotient(a) 

Calculated Using the Health Canada Fish 
Consumption Rate Only (i.e., 220 g/d) Chemicals of Potential 

Concern 
EAC Project 

Case PDC EAC Project 
Case PDC 

Aliphatic C9-C16 group 1.9E-01 1.9E-01 2.2E-01 1.9E-01 1.9E-01 2.2E-01 

Lead 3.8E-02 3.8E-02 3.8E-02 3.8E-02 3.8E-02 3.8E-02 

Manganese 4.0E-01 4.0E-01 4.0E-01 6.6E-01 6.6E-01 6.6E-01 

Methyl mercury 6.1E-01 6.1E-01 6.1E-01 2.6E+00 2.6E+00 2.6E+00 
Nickel 1.1E-01 1.1E-01 1.1E-01 2.4E-01 2.4E-01 2.4E-01 

Mixtures(b)       

Neurotoxicants 1.1E+00 1.1E+00 1.1E+00 3.3E+00 3.3E+00 3.3E+00 
Reproductive/ developmental 
toxicants 7.6E-01 7.6E-01 7.6E-01 2.9E+00 2.9E+00 2.9E+00 

(a) An RQ equal to or less than 1.0 signifies that the estimated exposure is less than the exposure limit and no health 
effects are expected. Boldface values show a RQ of greater than 1.0.  With scientific notation, any value expressed to the 
negative power (i.e., E-x) shows that predicted exposures were less than the exposure limit; whereas, a value expressed 
to the positive power (i.e.  E+x) shows exposure estimates exceeded the exposure limit. 
(b)  Individual constituents of the chemical mixtures are identified in Table 4.4-12, Section 4.4.3.1 of the HHRA.  
Note: EAC = Existing and Approved Case, PDC = Planned Development Case.    

Methyl Mercury 

 The Health Canada (2004) fish consumption rates were predicted to increase the RQ 
values associated with methyl mercury exposure from 0.61 to 2.6 under all three 
assessment cases (i.e., Existing and Approved Case [EAC], Project Case and Planned 
Development Case [PDC]). 

 The Project is still predicted to have little influence on the predicted exposure for methyl 
mercury. That is, there is a negligible increase between the predicted RQ values under the 
EAC and the Project Case for the Aboriginal residents. Risk estimates of 2.6 were 
predicted for the Aboriginal residents under all three assessment cases (Table 178-1).  
The RQ values predicted under the Project Case were entirely attributable to the existing 
conditions captured under the EAC predictions, indicating that the Project is not 
predicted to increase the risk of adverse health effects associated with the long-term 
exposure to methyl mercury via fish consumption. 

 A high degree of conservatism was incorporated into this updated assessment. The 
conservative assumptions include: 

• The Aboriginal residents were assumed to obtain all (100%) of their fish from local 
waterbodies over their lifetime.  

 



Canadian Natural Resources Ltd. - 375 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

• Tissue concentrations of the fish consumed were assumed to be equivalent to the 95th 
upper confidence limit on the mean (95UCLM) of fish collected from Wiau Lake and 
Unnamed Lake 1 within the Local Study Area (LSA). 

• At the request of Alberta Health and Wellness, it was assumed that the adult 
Aboriginal residents would consume 220 grams of locally caught fish per day, which 
is equivalent to consuming about two cans of tuna every day, for their lifetime 
(Health Canada 2007). Health Canada’s suggested fish consumption rates for the 
other life stages are equally as conservative. 

 Further conservatism was introduced into the methyl mercury assessment through the use 
of the U.S. EPA’s oral exposure limit of 0.1 µg/kg bw/day (U.S. EPA 2001, website).  
Health Canada (2007) has recently adopted a provisional Tolerable Daily Intake (pTDI) 
of 0.2 µg/kg bw/d for women of child-bearing age and young children. The pTDI is 
protective of the increased susceptibility of the developing foetus and young children to 
the effects of methyl mercury.  Health Canada also provides a TDI of 0.47 µg/kg/bw/d 
for the general adult population (Health Canada 2007).  In this assessment, a maximum 
exposure of 0.26 µg/kg bw/d was estimated for the Aboriginal residents.  If Health 
Canada's pTDI for women of childbearing age and children or the TDI for the adult 
general population had been used in the assessment, RQ values for methyl mercury of 1.3 
and 0.55, respectively, would have been be calculated for the Aboriginal residents.   

 Additionally, it should be noted that the predicted RQ values for methyl mercury are 
entirely attributable to the assumed methyl mercury concentration of 0.046 ppm in fish 
(under the EAC, Project Case and PDC), which was estimated using the 95UCLM of 
total mercury concentrations of 0.048 ppm (measured in fish collected from Wiau Lake 
and Unnamed Lake 1 within the LSA). This mercury concentration meets the Health 
Canada retail consumption guideline of 0.5 ppm. This standard is intended to ensure that 
the health of Canadians is protected from the toxic effects of methyl mercury (Health 
Canada 2007). 

 The 95UCLM concentration of 0.048 ppm is also at the low end of the range of mercury 
concentrations measured in fish collected from other regions of North America. Mercury 
concentrations measured in fish collected from Canadian and United States waterbodies 
are listed in Table 178-2. 
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Table 178-2 Measured Mercury Concentrations in Freshwater Fish Collected in 
North America 

Fish Tissue Concentration [ppm] Description 

Canada  

0.03 to 0.84 Concentrations measured in Longnosed Sucker, Lake Whitefish, Walleye and 
Northern Pike collected from the Athabasca River and Muskeg River. 

0.4 to 1.3 Concentrations measured in Walleye and Pike collected from lake in 
northwestern Ontario. 

0.04 to 0.28 Concentrations measured in Whitefish collected from lake in northwestern 
Ontario. 

0.02 to 0.28 Concentrations measured in 64 Whitefish by the Canadian Food Inspection 
Agency (CFIA) at processing plants during the periods April 1, 2002 to March 
31, 2003 and April 1, 2003 to October 7, 2004. 

0.01 to 0.56 Concentrations measured in 86 Trout (Lake and Rainbow) by the CFIA at 
processing plants during the periods April 1, 2002 to March 31, 2003 and April 
1, 2003 to October 7, 2004. 

U.S.  

0.23 to 1.65 Concentrations measured in Panfish aged 2 to 10+ years collected from 12 
Adirondack lakes. 

0.01 to 0.19 Concentrations measured in Yellow Perch collected from 16 New York lakes. 

0.05 to 1.45 Concentrations measured in Pike/Pickerel, Panfish and Trout collected from 42 
New Jersey lakes and rivers.  

0.16 to 1.74 Concentrations measured in Walleye collected from 38 Wisconsin lakes. 

0.19 to 1.00 Concentrations measured in Walleye collected from 34 Northern Wisconsin 
lakes. 

Source: RAMP (2007, website); Health Canada (1986, 2007); U.S. EPA (1997). 

Neurotoxicants 

The Health Canada (2004) fish consumption rates were predicted to increase the RQ 
values associated with the neurotoxicants exposure from 1.1 to 3.3 under all three 
assessment cases (i.e., EAC, Project Case and PDC). 

Despite the predicted increase in risk estimates for the Aboriginal residents, the potential 
for neurological effects in the region as a result of chemical emissions remain low since: 

• Project emissions are still predicted to have little influence on the potential health 
risks associated with long-term exposure to the neurotoxicants mixture in the region 
as there was negligible change in the RQ values for the neurotoxicants mixture 
between the EAC and the Project Case. Similarly, there was negligible change 
predicted in the RQ values for the EAC and the Project Case for the primary 
contributors (i.e., manganese and methyl mercury) to the mixture’s risks. 

• Risk Quotient values associated with manganese and methyl mercury, the primary 
contributors to the mixture RQ values, are conservative estimates based on the 
assumptions made in the HHRA. 

• Most of the methyl mercury RQ values under the EAC were the result of the assumed 
daily consumption of fish (obtained entirely from local waterbodies) by Aboriginal 
residents for their entire lives. 
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• The compounding conservatism of the assessment of risks associated with each of the 
individual neurotoxicants likely overstates the actual cumulative risk of experiencing 
chemically induced neurological effects (Section 5.3.1.1 of the HHRA). 

Developmental and Reproductive Toxicants 

The Health Canada (2004) fish consumption rates were predicted to increase the RQ 
values associated with exposure to the developmental and reproductive toxicants from 
0.76 to 2.9 under all three assessment cases (i.e., EAC, Project Case and PDC). 

As was the case for the neurotoxicants, much of the risk associated with the 
developmental and reproductive toxicants is being “driven” by manganese and methyl 
mercury. Together, manganese and methyl mercury exposure represent 99% of the 
predicted RQ values for the Aboriginal residents, methyl mercury alone represents 80%.  

Despite the predicted increase in risk estimates for the Aboriginal residents, the potential 
for developmental and reproductive effects in the region as a result of chemical emissions 
remain low since: 

• Project emissions are still predicted to have little influence on the potential health 
risks associated with long-term exposure to the developmental and reproductive 
toxicants mixture in the region as there was negligible change in the RQ values for 
the developmental and reproductive toxicants mixture between the EAC and the 
Project Case. Similarly, there was negligible change predicted in the RQ values for 
the EAC and the Project Case for the primary contributors (i.e., methyl mercury) to 
the mixture’s risks. 

• Risk Quotient values associated with manganese and methyl mercury, which are the 
primary contributors to the mixture RQ values, are conservative estimates based on 
the assumptions made in the HHRA. 

• Most of the methyl mercury RQ values under the EAC were the result of the assumed 
daily consumption of fish (obtained entirely from local waterbodies) by Aboriginal 
residents for their entire lives. 

• The compounding conservatism of the assessment of risks associated with each of the 
individual developmental and reproductive toxicants likely overstates the actual 
cumulative risk of experiencing chemically induced developmental and reproductive 
effects. 
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179. HHRA, Section 5 

a) Clarify whether a Human Health Risk Assessment was completed for the 
construction phase.  If not, quantitatively assess the potential health impacts 
associated with the construction phase.   

b) The proponent typically discusses potential health impacts as related to the 
predicted concentrations associated with the project’s increase to background or the 
development scenarios.  However, to understand cumulative impacts, discuss 
potential health impacts from the predicted chronic chemical exceedances in the 
region in total (i.e., for the background case plus the project, the three development 
cases). 

c) For Lifetime Cancer Risks, compare arsenic to typical Canadian exposures. 

Response:  
a) The estimated air emission rates during the construction phase of the Project will be less 

than those during the operation phase; therefore, an assessment was not completed for the 
construction phase alone.  As the emission rates from the operation phase are higher than 
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the construction phase emission rates, results of the human health risk assessment 
provided for the operation phase can be used as a conservative surrogate for the 
construction phase.  The comparison of the estimated daily emission rates during the 
construction phase are: 

• 0.6% of the sulphur dioxide (SO2) emission rate during the operation phase; 

• 40% of the oxides of nitrogen (NOX) emission rate during the operation phase; 

• 45% of the carbon monoxide (CO) emission rate during the operation phase; 

• 37% of the particulate matter (PM2.5) emission rate during the operation phase; and 

• 97% of the Volatile Organic Compounds (VOC) emission rate during the operation 
phase. 

 Based on the comparison between construction phase and operational phase daily 
emission rates, the construction phase is predicted to generate a fraction of the emissions 
that might be released by the Kirby Project as a whole. Therefore, it is reasonable to 
believe that the original Human Health Risk Assessment (HHRA) provided a 
conservative estimate of exposure for people that reside in or visit the area during all 
phases of the Project. 

b) Cumulative impacts for all three assessment cases (i.e., Existing and Approved Case 
(EAC), Project Case and Planned Development Case (PDC)) were assessed in Section 5 
of the HHRA.  The following is a summary of that section. 

 Chronic risk estimates were only predicted to exceed 1.0 for the “neurotoxicants” mixture 
as part of the multiple pathway exposure assessment. Risk estimates for the chronic 
inhalation assessment did not exceed 1.0 for any of the Chemicals of Potential Concern 
(COPCs) or mixtures under any of the three assessment cases (i.e., EAC, Project Case 
and PDC). 

 Risk estimates for the neurotoxicants, expressed as RQ values, exceeded 1.0 for the 
Aboriginal and community residents (1.1 and 1.6, respectively) under all three 
assessment cases.  Despite the predicted RQ values above 1.0 in the PDC, the 
weight-of-evidence indicates that there is low potential for neurological effects in the 
region. The weight-of-evidence is as follows: 

• there is no or negligible increase from the predicted EAC RQ values to the RQ values 
predicted for the PDC, indicating that the RQ values predicted under the PDC were 
entirely attributable to the existing conditions captured under the EAC predictions; 
and 

• there is a high degree of conservatism incorporated in virtually every step of the 
assessment, including the exposure and toxicity assessments.   

 A high degree of conservatism was incorporated into the HHRA to ensure that health 
risks would not be understated.  Thus, it is important that the assumptions underlying the 
potential health risks be known and understood.  A summary of the conservative 
assumptions that were incorporated into the multiple pathway exposure assessment of the 
neurotoxicants is provided below: 
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• Residents were considered to be exposed to the upper 95% confidence limit on the 
mean (95UCLM) concentration in each environmental media every day over a 
75-year period. 

• Predicted environmental media concentrations were based on 75 years of continuous 
emissions and deposition. 

• Aboriginal residents were considered to obtain 100% of their food and water from 
local sources, while community residents were considered to obtain 100% of their 
fruits, wild game and fish and 10% of their vegetables from local sources.  

• In accordance with Health Canada methodology, chemical mixtures were assumed to 
be additive in nature. As such, RQ values for the neurotoxicant mixture were 
predicted by adding the RQ values for each of the individual neurotoxicants, which 
serves to compound the conservatism associated with the assessment of each of the 
individual neurotoxicants.  

 For the neurotoxicant mixture, most of the predicted risk is attributed to manganese and 
methyl mercury. In addition to the general list of conservative assumptions provided 
above, chemical-specific conservatism was introduced into the assessment of each of 
these COPCs.  The following chemical-specific conservative assumptions were applied: 

• The exposure limit for manganese was based on a reference dose (RfD) of 140 µg/kg 
bw/day recommended by the U.S. EPA (1996). However, manganese is an essential 
element required for enzyme co-factors and is a constituent of metalloenzymes. As 
such, Health Canada has established a tolerable upper intake level (UL) of 160 µg/kg 
bw/day for manganese, which represents the highest average daily nutrient intake 
level likely to pose no risk of adverse health effects to almost all individuals in a 
given life stage and gender group (Health Canada 2006a) .  

• The exposure limit for methyl mercury was based on a reference dose (RfD) of 
0.1 µg/kg bw/day that is currently recommended by the U.S. EPA (2001).  However, 
Health Canada has recently adopted a provisional Tolerable Daily Intake (pTDI) for 
women of child-bearing age and young children of 0.2 µg/kg bw/day.  Health Canada 
(2007) also provides a TDI of 0.47 µg/kg bw/day for the general adult population.   

• Had the Health Canada UL for manganese and the Health Canada pTDI for methyl 
mercury been used in the assessment of neurotoxicants, the mixture RQ values would 
have been reduced to 0.70 and 1.2 under all three assessment cases for the Aboriginal 
and community residents, respectively. 

• The RQ values for each of the COPCs (e.g., manganese and methyl mercury) were 
predicted for the most sensitive life stage (i.e., the life stage with the highest 
predicted RQ value).  The toddler was identified for both methyl mercury and 
manganese as the most sensitive life stage for the Aboriginal residents. However, the 
most sensitive life stages for the community residents were predicted to be the 
toddler for methyl mercury and the infant for manganese.  Combining the risk 
estimates for two distinct life stages in the prediction of the mixture RQ value likely 
overstates the risk to the community residents. 
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 Based on the above, the HHRA concluded that the RQ values of 1.1 and 1.6 for the 
Aboriginal and community residents, respectively, under all three assessment cases, 
indicate a low potential for neurological effects in the region.   

c) A number of conservative assumptions were applied in the estimation of the inorganic 
arsenic Estimated Daily Intakes (EDIs) for the Aboriginal and community residents. 
These include: 

• Residents would be exposed to the 95UCLM concentration of local environmental 
media, including soil, vegetation, wild game, water, sediment and fish every day over 
a 75-year period. 

• 95UCLM values in the environmental media were predicted using half of the Method 
Detection Level (MDL). 

• Predicted environmental media concentrations were based on 75 years of continuous 
emissions and associated chemical deposition. 

• 78% of total arsenic in vegetables or forage was assumed to be inorganic (Schoof et 
al. 1999), as opposed to the 37% assumed by Health Canada in its estimation of total 
daily inorganic arsenic for a typical Canadian (CEPA 1993; Health Canada 1995).   

• 25% of total arsenic in wild game was assumed to be inorganic, which appears to be 
conservative relative to the results of two total diet studies (Schoof et al. 1999; U.K. 
FSA 2004, website). Schoof et al. (1999) reported an inorganic arsenic content in 
beef, chicken, pork and eggs of less than 1%, 1%, 4% and 5%, respectively.  
Inorganic arsenic content in dairy was reported to be 8% by Yost et al. (2004).   

 Table 179-1 compares the EDIs of inorganic arsenic for the Aboriginal and community 
residents assessed as part of the HHRA and the estimated average daily arsenic intakes 
for a typical Canadian reported by Health Canada (CEPA 1993).  Although the EDIs for 
the Aboriginal and community residents are lower than the estimated average daily 
arsenic intakes reported for a typical Canadian, the use of measured site-specific data 
(discussed below) and the above conservative assumptions suggest that the EDIs for the 
Aboriginal and community residents do not underestimate the Lifetime Cancer Risks 
(LCRs) associated with arsenic exposure for Aboriginal and community residents. 
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Table 179-1 Estimated Daily Intakes of Inorganic Arsenic  
 

(a) LCRs refer to the number of cancer cases that could potentially result from the estimated 
exposures to arsenic among a population of 100,000 people. According to the Alberta Cancer 
Board (2007), approximately 1 in 2 Albertans (i.e., 50%) will develop cancer in their lifetime. Based 
on the above LCRs, less than 0.2% (i.e., 0.02 to 0.17%) of Canadians are predicted to develop 
cancer in their lifetime as a result of arsenic exposure, and less than 0.02% (i.e., 0.0038 to 0.01%) 
of the Aboriginal and community residents are predicted to develop cancer in their lifetime as a 
result of arsenic exposure.   

Estimated Daily Intake  
[µg/kg bw/d] Life  

Stage 
Aboriginal Residents Community 

Residents 
Canadians  

(CEPA 1993) 

infant 0.072 0.046 0.1 to 2.6 

toddler 0.097 0.049 0.3 to 2.4 

child 0.052 0.027 0.2 to 2.1 

adolescent 0.060 0.019 0.1 to 1.3 

adult 0.058 0.021 0.1 to 0.7 

LCR(a) 10 3.8 20 to 165 

 As was the case with the Aboriginal and community residents, the primary contributors to 
the estimated daily arsenic intake for a typical Canadian were ingestion of water and food 
(CEPA 1993). The average EDIs associated with water and food ingestion estimated by 
Health Canada for a typical Canadian are provided in Table 179-2, along with the EDIs 
for the Aboriginal and community residents. 

Table 179-2 Estimated Daily Intakes of Inorganic Arsenic based on Water and 
Food Ingestion 

Estimated Daily Intake  
[µg/kg bw/d] Life  

Stage Aboriginal  
Residents 

Community  
Residents 

Canadians  
(CEPA 1993) 

Water 
infant 0.021 0.011 0.08 
toddler 0.020 0.011 0.3 
child 0.014 0.0073 0.2 
adolescent 0.0094 0.0050 0.1 
adult 0.012 0.0064 0.1 
Food 
infant 0.027 0.044 <0.04 to 2.4 
toddler 0.023 0.062 <0.05 to 2.0 
child 0.018 0.036 <0.03 to 1.9 
adolescent 0.013 0.050 <0.02 to 1.2 
adult 0.014 0.045 0.02 to 0.6 
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 The EDIs for the Aboriginal and community residents based on water ingestion were 
substantially lower than those estimated by Health Canada. The average EDI from water 
was estimated by Health Canada assuming a drinking water concentration of 5 µg/L. The 
drinking water concentration for the Aboriginal residents was assumed to be 0.56 µg/L 
based on the 95UCLM of measured surface water concentrations in Wiau Lake and a 
number of unnamed lakes and tributaries in the Aquatics Local Study Area (LSA). For 
the community residents, the drinking water concentration was assumed to be 0.30 µg/L 
based on the 95UCLM measured in the municipal water supply from the Conklin water 
treatment plant. The measured water concentrations used in the HHRA were likely the 
primary contributors to the prediction of lower EDIs for the Aboriginal and community 
residents relative to the typical Canadian.  
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NOISE 

180. Volume 3, Section 2.2.1, Table 2.2-1, Page 2 

 This table describes all of the developments included in the Assessment Case for this 
NIA. Directive 038 only pertains to ERCB regulated facilities; roadways and 
forestry are not included.  

a) Confirm if roadway and forestry noise contributes were included in the NIA. If so, 
resubmit the NIA excluding all non-ERCB regulated facilities. 

Response:   
a) Only noise contributions from the Energy Resources Conservation Board (ERCB) 

regulated developments were considered in the assessment. The contribution from 
roadways, railroads and forestry activities is not included in the noise assessment.  

 

181. Volume 3, Section 2.2.4.1, Page 4, and Table 2.2-4, Page 5 

 Canadian Natural states that All six receptors are currently not classified as 
permanent residences or seasonally occupied dwellings. 

a) Provide a summary of the documentation confirming RR1-RR5 can not be classified 
as permanent or seasonally occupied dwellings. 

b) The proposed work camp for this Project is labeled as RR6 in Table 2.2-4. The 
ERCB does not recognize facility work camps as receptors, but instead as noise 
sources. If this work camp contains equipment that produces noise levels which can 
increase the ambient conditions, resubmit the model including the camp as a noise 
source and its associated noise output.  

Response:  
a) According to Directive 038, a permanent residence is occupied full time.  A seasonally 

occupied dwelling is a residence occupied at least 60 days out of the year.  Receptors 
RR1-RR5 are located near Unnamed Lake #1 (locally known as Big Muskeg Lake).  
According to the interviews in the Traditional Land Use study (Volume 6, 
Section 1.5.1.2), cabins near this lake are no longer used and have been abandoned.  The 
Historical Resource assessment for the Kirby In-Situ Oil Sands Project (the Project) 
(Volume 6, Section 4) indicated no cabins or associated foundations were identified on 
the shores of Unnamed Lake #1 during the field survey. 
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b) The camp is planned for the construction phase only. Volume 3, Section 2.3 indicates that 
the construction phase was not assessed in the Noise Impact Assessment based on the 
results of previous Oil Sands Region assessments.  The referenced study (Suncor 2006) 
demonstrated that construction noise is generally less than operations noise.  In addition, 
power generation, typically the major source associated with the construction camp, will 
not be present as the camp will get power from the existing electrical grid.  Since the 
construction camp will be operating only during the construction phase and will consist 
of minor noise sources, such as small air conditioners, RR6 was not considered a noise 
source in this study 

Reference: 

Suncor (Suncor Energy Inc.).  2006.  Voyageur Project - Additional Supplemental 
Information-Parts 1 & 2.  Submitted to Alberta Energy and Utilities Board and 
Alberta Environment, March 2006. 

 

182. Volume 3, Section 2.3.1, Table 2.3-1, page 12 

 This table displays an ambient nighttime noise level of 24 dBA at the Padlesky 
residence.  

a) Confirm if the Padlesky residence has raised any concerns with the proposed Kirby 
Project in relation to noise. 

Response:   
a) The Padlesky residence is a trapline cabin and not a permanent residence.  Mr. Padlesky 

has not raised any concerns about Project-related noise in relation to the use of his 
trapline cabin. 

 During an interview for the Traditional Land Use Assessment (Volume 6, Section 1), Mr. 
Padlesky did express concern to Canadian Natural Resources Limited (Canadian Natural) 
about the effect of noise from current developments on wildlife.  Sensory disturbance to 
wildlife has been addressed in the Wildlife Assessment (Volume 5, Section 4). 
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183. Volume 3, Section 2.4.1, Page 13  

 Canadian Natural states The assessment focused on equipment that would be 
considered a major noise emitter on the site. 

a) Confirm that the noise assessment takes into consideration overall noise produced at 
the site rather than only noise produced by major noise emitters on the site. 

Response:   
a) As demonstrated by the equipment listings in Volume 3, Appendix V, Section 3, overall 

noise from the Project was considered.    

 The equipment listings for the Project were reviewed to determine items that would be 
emitters.  Small equipment such as pumps and fans with low power ratings (less than 
10kW) were considered to have negligible noise emission levels relative to the overall 
noise contribution of the Project at the receivers.  These smaller items were not included 
in the model. 

 

184. Volume 3, Section 2.4.3, page 17 

 Canadian Natural states that Several design features provide noise mitigation and 
were considered in the noise assessment completed for the project case… where 
components of the processing equipment are housed in buildings, building attenuation 
is considered… 

a) Confirm if any noise mitigation measures were incorporated into the noise model. If 
so, provide these measures and Canadian Natural’s commitment to implementing 
them. If Canadian Natural is not willing to commit to all of the mitigation 
incorporated into the noise model, provide the commitments Canadian Natural is 
willing to do and resubmit the model to only include the mitigation Canadian 
Natural is committing to. 

b) Provide a list of all the building attenuation measures Canadian Natural is 
considering implementing. If any of these have already been incorporated into the 
noise model, provide the mitigation used and to which buildings they were applied 
to.  

Response:   
a) Noise mitigation measures applied in the noise model are listed in Table 184-1 below. 

Canadian Natural will consider these options during the detailed design process in order 
to meet the ERCB criteria for the receptors identified.  Commitment to specific 
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mitigation measures is not currently practical as the detailed design stage may indicate 
more appropriate means to achieving compliance. 

Table 184-1 Noise Mitigation Included for the Project Noise Modelling 

Noise Mitigation Description Volume Section Sub-section 

Mobile equipment is fitted with standard 
silencers/mufflers 3 2 2.4.3 

Where components of the processing equipment are 
housed in buildings, building attenuation is considered 3 2 2.4.3 

Fixed equipment will meet Alberta Occupational 
Health and Safety Code (OHS Code) design 
requirements. 

3 2 2.4.3 

Noise emission spectrum data will be obtained from 
the preferred steam generator manufacturer to 
confirm the low frequency content of the stack sound 
level rating. If the Low Frequency Noise (LFN) 
prediction based on the manufacturer specification is 
not acceptable, mitigation will be implemented at the 
design stage. 

3 2 2.4.4.2 

If a LFN complaint occurs, a noise assessment 
program will be conducted to confirm the presence of 
LFN from the stacks has been mitigated. 

3 2 2.4.4.2 

Stack exhaust design will be assessed to determine 
the need for LFN mitigation. 3 2 2.6 

 

b) Table 184-2 lists the proposed building construction details that were incorporated into 
the noise model. As stated in Part a) above, Canadian Natural commits to finalizing 
appropriate noise controls to meet ERCB criteria. Building design requirements will be 
determined at the detailed design stage. 

Table 184-2 Building Construction Used in the Noise Model 

Building Name Noise Mitigation Measure 

BU1001 - Glycol Pump Building 

BU2001 - Oil Treating 

BU2002 - ISF Building 

BU2003 - Water Slop Area VRU Building 

BU3001 - Water Treatment Building - Evaporator 
Package 

BU3002 - Water Pump Building 

BU4001 - Steam Generator Building 

BU5001 - Tank Farm Pump Building 

BU5002 - VRU Tank Farm Building 

Pre-eng wall and roof (22ga+R12+24ga) 
for all the buildings 
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185. Volume 3, Section 2.4.4.2, page 21 

 Canadian Natural states that if the Low Frequency Noise (LFN) prediction based on 
the manufacturer noise specification is not acceptable, mitigation control (e.g., stack 
silencer) at the design stage will be implemented… 

a) Provide the criteria in which Canadian Natural will find the LFN prediction to be 
not acceptable. 

Response:   
a) ERCB Directive 038, Section 3.5.2 “Low Frequency Noise Considerations” indicates that 

“LFN may be a problem in some situations where the dBA value is satisfactory but the 
concerns is a dominate low frequency that creates a great deal of annoyance”. According 
to Directive 038, if the time-weighted average dBC - dBA value for the day or nighttime 
period is equal to or greater than 20dB at a residential receptor, there is a potential for 
LFN issues to result.   

The Directive also indicates that LFN should be considered for noise impact assessments, 
but only if data are available.  As part of the worst-case approach for the EIA, the noise 
spectrum for the stack, established through empirical formulae, was used to provide an 
indication of whether LFN was a potential issue. 

The Directive was developed with a focus on people’s full time residences.  Locations 
that are used as a residence for less than 60 days a year are not covered by the Directive.  
According to the interviews conducted for the Traditional Land Use Study, the Padlesky 
cabin is not a full time residence (Volume 6, Section 1.5.1.2).  Since the amount of time 
the cabin is occupied in a year is not clear, the EIA took a worst-case approach of 
assuming the cabin is occupied for more than 60 days a year. 

Canadian Natural does not presently have sufficient detailed information to determine the 
acceptable level of LFN for the Padlesky cabin.  The determination of an acceptable level 
of dBC-dBA is a function of true occupancy level of the cabin, the amount of dBC-dBA 
the final design will give and the practicality of mitigation.  Canadian Natural will 
continue to work with the ERCB during the engineering design stage to verify the LFN 
content of the stack noise and to determine an acceptable level of dBC – dBA for this 
location.   
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SOCIO ECONOMICS 

186. Volume 6, Section 5.4.2.1, Page 21  

Canadian Natural states that Canadian Natural royalty payments will approximate 
$560 million from 2011 to 2031 and Canadian Natural corporate tax payments will be 
in the order of $515 million. 

a) Provide Canadian Natural’s estimates for municipal taxes. 

Response:   
a) Canadian Natural Resources Limited (Canadian Natural) estimates an annual contribution 

of $3.2 million in municipal taxes, based on municipal tax rates set by the Regional 
Municipality of Wood Buffalo in 2008. 

 

187. Volume 6, Section 5.5.4.2, Page 35 

Canadian Natural indicates that the population increase associated with the 
operations phase of the Project is expected to create demand for up to 115 dwellings by 
2012.  This estimate of housing demand in the study area is lower than the current 
estimated rate of new dwelling increase in the study area of 175 to 200 units per year.  

a) Provide information on the availability of lands for residential development in the 
study area.  

b) Discuss whether or not the housing demands will be met when all planned projects 
are on-line.  

c) A Planned Development Case (PDC) could not be found in the Socio-Economic 
Impact Assessment (SEIA).  Provide the PDC for socioeconomic effects. 

Response:   
a) Lac La Biche County continues to make efforts to increase the number of serviced lots 

for residential development through investment in water distribution and sanitary sewage 
collection systems.  There are currently plans for about 100 new lots in the hamlet of Lac 
La Biche and 700 new lots in the rest of Lac La Biche County.  The county has received 
about 3,000 lot development applications, which are all at various stages of approval 
(Jane Palmer, pers. comm.).  Land availability is not considered a constraining factor for 
residential development within the county or hamlet. 
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 In contrast, while there is land available for development in Conklin and the surrounding 
rural area, there is insufficient infrastructure (i.e., roads, water and sewage services) to 
support any increase in residential development (Jessica Daymond, pers. comm.). 

b) The Planned Development Case considers approximately $5.5 billion in planned projects, 
that is, about nine times the capital investment the Kirby In-Situ Oil Sands Project (the 
Project) expects to make. There is no information available on projected population 
increases (and consequent housing demand) for these projects. A simple linear projection 
(on the basis of the Project analysis of population and housing effects) would suggest a 
potential demand of up to about 1,000 new houses, a demand that could almost be met by 
the existing new lots currently available in Lac La Biche County, and that is well within 
the number of lots for which applications are currently on file.  

c) Volume 6, Section 5.6 of the EIA presents the Planned Development Case. 

References: 

Daymond, Jessica (Wood Buffalo Housing and Development Corporation). 2008. Personal 
communication with Bethany Beale (Golder Associates Ltd.). Initially Contacted on 
June 2, 2008. 

Palmer, Jane (General Manager of Community Futures, Lac La Biche). 2008.  Personal 
communication with Bethany Beale (Golder Associates Ltd.). Initially Contacted on 
June 2, 2008. 
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TRANSPORTATION 

188. Volume 1A, Section B1.4, Page B1-4 

Canadian Natural indicates that discussions with the forest industry, as well as other 
companies in the petroleum industry, are ongoing to better coordinate resource use 
and make more effective use of the transportation infrastructure in the Project Area. 

a) Provide an indication if other forestry or petroleum industry projects are proposed 
or imminent, which could generate additional traffic on the Project access road. 

Response: 
a) Canadian Natural Resources Limited (Canadian Natural) is not aware of any other 

forestry or petroleum industry projects, proposed or imminent, which could generate 
additional traffic on the the Kirby In-Situ Oil Sands Project (the Project) access road.  It 
is not expected that any petroleum industry project announced since the Project 
application was submitted will use the access road and, as stated in the Resource Use 
Impact Assessment (Volume 6, Section 2.3), Alberta-Forest Industries Ltd., the timber 
rights holder in the area, does not currently have harvesting plans within the Project LSA. 

 

189. Volume 6 Section 5.5.5, Page 36 

Canadian Natural noted that the company is in discussion with Alberta Infrastructure 
and Transportation concerning potential upgrades to the intersection of highway 881 
and the access road.  In Volume 1A, Part B 6.1, Page B6-1, Canadian Natural notes 
that the company may be required to submit a Roadside Development Application to 
Alberta Infrastructure and Transportation to upgrade the intersection at the access road 
and Highway 881 to safely accommodate larger sized trucks coming to and from the 
Project site. 

a) Provide current status of any discussions with Alberta Transportation (AT) 
concerning the potential upgrades to the intersection of Highway 881 and the access 
road. 

b) Will the upgrades be in place prior to the start of construction? 

c) Provide a map showing the access route to the plant and the location of the 
intersection. 
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Response: 
a) At the request of Alberta Infrastructure and Transportation (INFTRA) a Traffic Impact 

Assessment was completed in February 2008.  Results from this assessment recommend 
the upgrading of the intersection of Highway 881 and the Kirby access road to a Type IIc 
intersection.  INFTRA accepted this recommendation and a Roadside Development 
Action Plan will be submitted by Canadian Natural.  Work will start on the intersection 
once the Roadside Development Action Plan has been approved by INFTRA. 

b) Upgrading of the intersection is critical for the construction of the Project.  Canadian 
Natural plans to have the upgrade finished before the start of major construction activities 
for the Project. 

c) Figure 189-1 showing the access route to the plant site area and the location of the 
intersection with Highway 881 is attached. 
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190. Volume 6, Section 5.5.6, Pages 37-38 

Canadian Natural states Assuming 65% of construction workers move to and from the 
Project site in buses, with the balance in passenger vehicles, the maximum traffic impact 
associated with the Project including trucks is expected to total 430 vehicle movements 
per day…. The largest proportion of traffic associated with the construction phase will be 
commuter traffic by workers.  At peak during the second and third quarters of 2010, this 
will account for approximately 290 of the total 430 daily vehicles. 

a) Provide clarification for the derivation of these values for commuter traffic. 

Response: 
a) Canadian Natural estimates that the construction labour force will peak at 420 workers.  

It is estimated that 65% (273) of workers will commute between Lac La Biche and the 
construction site by buses, (70% [191] of commuters) or passenger vans (30% [82] of 
commuters).  Each bus is assumed to carry an average of 30 passengers and each van an 
average of 12 passengers.  The remaining 35% (147) of commuters were assumed to 
travel to site in passenger vehicles with an average of 1.25 passengers per vehicle. 

Based on the above estimates and assumptions the calculation for commuter traffic is as 
follows: 

AADT = Average Annual Daily Traffic 

AADT (Commuter Buses) = (191 people)/(30 people per bus) * (4 AADT per bus per day) = 
26 AADT/day 

AADT (Passenger Van) = (82 people)/(12 people per van) * (4 AADT per bus per day) = 28 
AADT/day 

AADT (Individual Vehicles) = (147 people)/(1.25 people per vehicle) * (2 AADT per vehicle 
per day) = 236 AADT/day 

Total AADT = AADT (Bus) + AADT (Van) + AADT (Passenger Vehicle) = 290 AADT/day 
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ENVIRONMNETAL PROTECTION AND ENHANCEMENT 
ACT AND WATER ACT 

191. Volume 1A, Section B9.5, Page B9-3 

Canadian Natural states that Produced gas will be tested routinely for hydrogen 
sulphide content which will be used to calculate overall facility sulphur dioxide 
emissions. 

a) Describe the frequency and duration of the produced gas testing. 

Response: 
a) Canadian Natural Resources Limited (Canadian Natural) plans to monitor the hydrogen 

sulphide concentration of the produced gas on a monthly basis until levels have 
stabilized.  Once the hydrogen sulphide concentration is stable, the monitoring frequency 
may be revised in consultation with AENV and the ERCB. 

 

192. Volume 4A, Section 2.4.4.2, Page 121 

Canadian Natural has identified natural dissolved arsenic within the Quaternary to 
exceed the maximum acceptable concentration for the Canadian Drinking Water 
Quality Guidelines. Canadian Natural states The occurrence of arsenic in groundwater 
has recently become a concern in Alberta and beyond. Work on other projects has 
indicated that thermal operations may have the potential to liberate arsenic. Arsenic 
monitoring will be undertaken to measure the concentration of this metal in area 
groundwater. 

a) Provide Canadian Natural’s groundwater monitoring plan for measuring dissolved 
arsenic concentrations and arsenic liberation in aquifers for the following stages of 
the Project: 

i) baseline conditions (prior to steaming on each pad); 

ii) during steaming operations for each pad; 

iii) post steaming for each pad. 

b) Provide details on which aquifers will be screened and sampling frequency. 
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c) Discuss how Canadian Natural will monitor and report cumulative effects of 
increasing arsenic concentrations and mobilization for the entire Project. Include 
Canadian Natural’s long term plan for monitoring the movement of liberated 
arsenic off the site once steaming operations have ended. 

d) Provide Canadian Natural’s mitigation plan should liberated arsenic move off the 
Kirby lease. 

Response: 
a) The Hydrogeology Assessment (Volume 4A, Section 2) identified there are no users of 

the Empress Formation aquifer within 10 km of the Kirby In-Situ Oil Sands Project 
(the Project).  As well, the assessment concluded that strong downward hydraulic 
gradients in the Quaternary/Tertiary sediments will generally transport any thermally 
liberated arsenic in groundwater to depth and away from potential aquatic receptors at the 
surface, with the possible exception of lateral, shallow (less than 10 m below ground 
surface) groundwater flow to topographic lows. 

 As discussed in Canadian Natural’s response to Question #62 there was little opportunity 
for potential contaminants in shallow groundwater to adversely impact surface 
waterbodies in the Project area.  In addition, it is not certain that arsenic will be liberated 
through thermal processes at the Project.  The thermal release of arsenic into groundwater 
has been shown to require arsenic bearing aquifer material and the appropriate 
geochemical conditions for arsenic release.  The liberation of arsenic in shallow, 
oxygenated aquifers has not yet been established as empirical studies to date have 
focused on deeper aquifers where reducing conditions predominate.  Furthermore, if 
thermally sourced, elevated dissolved arsenic concentrations were observed in these 
shallow aquifers, it is not clear that surface waterbodies would be effected.  This is due to 
the oxidizing conditions in shallow aquifers and surface waterbodies themselves which 
would tend to result in the partitioning of dissolved arsenic to the solid phase before it 
could discharge into a waterbody. 

 Despite these conclusions, Canadian Natural is proposing to monitor groundwater quality 
at wellpads up-gradient of surface waterbodies that are most likely to receive baseflow 
contributions from groundwater flowing beneath the wellpads.   This is a risk-based 
approach that will consider the most sensitive potential receptor.  Monitoring at the 
wellpads will also act as a surrogate for understanding the potential movement of 
thermally-influenced water in shallow groundwater towards the Project lease boundary.  
Wellpads 9 and 10 have been chosen for monitoring based on the assessment presented in 
the reply to Question #62 which estimated that groundwater travel times from these 
wellpads to downgradient surface waterbodies would be the shortest of the 12 Project 
wellpads.  In the case of Wellpad 10, this is due to the short distance to the potential 
receptor while, in the case of Wellpad 9, a higher groundwater gradient is the factor 
affecting the high estimated groundwater flow velocity.  The results of the assessment 
suggest that these groundwater travel times will be in the order of decades.  Monitoring 
groundwater chemistry downgradient of Wellpads 9 and 10 will provide ample time to 
institute mitigative steps if required and will provide an indication of whether or not the 
liberation and migration of arsenic is occurring at these shallow depths. 
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 Observation wells will be installed on the periphery of the selected wellpads, which is 
typically about 40 m from the closest thermal well.  In the case of the wellpad where the 
highest predicted groundwater flow velocity would occur (Wellpads 9 at 5.3 m/year), it 
would take an estimated 7.5 years for the groundwater to travel the distance to the 
observation well.  In the case of wellpads 1 to 3 which will be installed about 10 years 
earlier, it would take an estimated 57 years, 100 years and 36 years, respectively, for the 
groundwater to reach the observation wells due to the much lower groundwater flow 
velocities.  Therefore, it makes sense to install the observation wells at Wellpads 9 and 10 
even though they will be constructed about 10 years later than Wellpads 1 through 3. 

 The installation of monitoring wells on the selected wellpads will be undertaken once 
thermal well installation has been completed to prevent damage to the thermal wells.  
This will provide ample time to collect background samples before the migration of 
groundwater from the area of the thermal wells to the monitoring well.  The groundwater 
monitoring frequency is not expected to vary temporally through the different stages of 
the Project.  Because of the predicted low shallow groundwater flow velocities, annual 
monitoring of the wells through the life of the Project will be sufficient to indicate the 
presence of thermally liberated arsenic.  If thermally liberated arsenic is identified during 
the Project, a risk-based approach would be taken and remedial options could be 
considered.  Canadian Natural would continue to monitor arsenic concentrations, 
including beyond Project closure. 

b) As geological conditions are site specific, it is not possible to provide screened interval 
details at this point.  In general, screened intervals will be selected based on the geology 
of the sediments up to 10 m depth.  Monitoring wells will be installed downgradient of 
select wellpads within the coarsest grained units encountered.  Groundwater flow 
velocities within these units would be higher than surrounding fine grained sediments and 
would conduct dissolved arsenic, if present, at the highest rates.  The selection of the 
completion interval would be undertaken following the drilling of the observation well 
borehole. 

c) As mentioned in the reply to Part a) above, it is not certain that arsenic will be liberated 
through thermal processes at the Project.  If it occurs in shallow aquifers, elevated arsenic 
concentrations in shallow groundwater due to thermal processes will first be identified 
downgradient of Wellpads 9 and 10.  Existing observation wells installed in the deeper 
aquifers (e.g., Empress Formation and Muriel Lake Formation) will be sampled annually 
and tested for dissolved arsenic concentrations.  If elevated dissolved arsenic 
concentrations are noted in these locations, Canadian Natural will take a risk 
management approach to addressing potential receptors and pathways to these receptors.  
This will include an assessment of the need to monitor other wellpads, deeper aquifers, 
and locations upgradient of Canadian Natural’s oil sands lease boundary.  Monitoring 
information will be documented in the annual monitoring report submitted to AENV. 

d) It is not certain that operations at the Project will liberate arsenic in deeper, more regional 
aquifers nor is there evidence to suggest that thermally-liberated arsenic would migrate 
beyond the Projecy Lease boundaries.  Work conducted by Canadian Natural at the 
Primrose and Wolf Lake Project indicates that dissolved arsenic plumes appear to travel 
at rates lower than the groundwater flow velocity and are attenuated with time and 
distance. 
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 As discussed in Part c) above, if elevated dissolved arsenic concentrations are noted 
downgradient of Wellpads 9 and 10, Canadian Natural will take a risk management 
approach to addressing potential receptors and pathways to these receptors.  This will 
include: consideration of possible mitigation; and an assessment of the need to monitor 
other wellpads, deeper aquifers, and locations upgradient of Canadian Natural’s oil sands 
lease boundary.  Canadian Natural would continue to monitor dissolved arsenic 
concentrations, including beyond Project closure. 

 

193. Volume 4A, Section 2.6.2.1, Page 117 
 Volume 4B, Appendix V, Section 3.4, Page V-160 

Canadian Natural states (Page 117) RAX installed eight shallow (less than 10 mbgs) 
monitoring wells, including a nested well completion at the Kirby Thermal Pilot site in 
August 2001 (Matrix, 2001).  Since that time, Canadian Natural has monitored the wells 
for groundwater levels and quality on an annual basis. The monitoring wells to be 
completed at the Project central plant site will be used to determine the direction and 
velocity of shallow groundwater flow, and to monitor groundwater level and quality 
changes over time… and, The installation will include at least one nested well pair… 

Volume 4B, Appendix V, Section 3.4, Page V-160, Canadian Natural states As such, 
lateral flow from a topographic high (e.g., former thermal pilot plant site) might 
discharge locally and never reach larger, key topographic lows (e.g., Ipiatik Lake). 

a) To date, the shallow aquifer wells at the site have been monitored on an annual 
basis.  Describe the planned monitoring interval for shallow water table wells at the 
Project central plant site, and explain how this would be sufficient to enable an 
understanding of the spatial and temporal character of the hydraulic gradient 
reversal evident in presented data, its underlying controls, and environmental 
implications.  

b) For how long a period prior to plant startup should baseline water level monitoring 
data (for all aquifers) be collected, and at what frequency? Provide justification. 

c) Indicate the probable location and purpose of nested well pair completions in the 
shallow water table.  Explain what information nested well pairs would provide 
regarding potential gradient reversals and surface water–groundwater interaction, 
especially at Unnamed Lake 4 (see Volume 4B, Appendix VI, Section 4.4, Figure 
VI-35), located north of the Project central plant. 

Response: 
a) The Plant site groundwater monitoring program should be initiated early enough to 

establish baseline groundwater conditions.  However, it is not possible to install 
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groundwater monitoring wells earlier than about six months before plant start-up due to 
the close proximity of the observation wells to construction areas.  If wells are installed to 
early there is a strong possibility that the wells will impede access or even be destroyed.  
Therefore, Canadian Natural intends to install the wells comprising the plant site 
groundwater monitoring network about six months before plant start-up. 

The layout of the Project Central Plant site has yet to be finalized and, thus, the exact 
location of monitoring wells cannot be shown relative to the proposed plant site.  
However, Canadian Natural will install shallow monitoring wells adjacent to key 
buildings and process areas, including the glycol coolers, the oil-storage area, the water 
storage area, the fuel storage area and the water treatment area.  The installations will 
include at least one nested well pair and one up gradient (background) location.  Each of 
these wells will be positioned to maximize the interpretation of the groundwater 
monitoring results.  The objective of the monitoring wells will be to detect any changes in 
groundwater quality in a timely manner so that Canadian Natural can effectively mitigate 
against potential environmental effects. 

Canadian Natural plans to install automated groundwater level measuring devices 
(dataloggers) in the plant site nested well pair that will be completed in the shallow 
groundwater regime (i.e., similar to the 01-3a and 01-3b well pair installed at the former 
13-21 pilot plant site).  The dataloggers will collect daily groundwater elevations in order 
to provide an expanded understanding of hydraulic gradients at the plant site area.  
Groundwater levels in the other shallow site monitoring wells will be collected 
semi-annually for the first year of operation and on an annual basis thereafter.   

b) It is generally not possible to install groundwater monitoring wells earlier than about six 
months before plant start-up due to the close proximity of the observation wells to 
construction areas.  Therefore, groundwater monitoring is expected to start about six 
months before plant start-up and be conducted quarterly in the first six months.  
Thereafter the groundwater wells will be monitored and sampled annually. 

c) As discussed in the response to Question #62, the estimated travel time for shallow 
groundwater from the central 13-21 plant site to Unnamed Lake 4 is about 106 years.  
From a receptor perspective it is not key to locate the nested well pair on a given site or 
part of the 13-21 lease.  Once the layout of the Project Central Plant site is finalized, the 
nested well pair location, as well as the other monitoring well locations, can be finalized 
in discussion with Alberta Environment to maximize groundwater level and quality 
information.  
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194. Volume 4A, Section 3.5.1.2, page 16 and Section 3.5.1.4, Page 25 

Canadian Natural states that A series of mitigation measures will be designed and 
implemented as part of Canadian Natural’s overall water management plan to minimize 
the potential effects of the Project… Moreover, Section 3.5.1.4, Page 25 states that A 
hydrological monitoring program will be established as part of the operations of the 
Project. 

a) Discuss Canadian Natural’s experience (successes and challenges) with mitigating 
surface water hydrology in an area predominantly covered by wetlands. Include any 
research initiatives Canadian Natural has been involved in or aware of. 

b) Discuss who will be conducting the monitoring, how often monitoring will take 
place, and the reporting process used to ensure results are reviewed and necessary 
action taken if needed. 

c) If any problems are found through the monitoring program at the plant site or 
wellpads, discuss Canadian Natural’s mitigation measures to resolve the situation.  

d) Discuss if Canadian Natural will monitor the hydrological impacts associated with 
the work camp area. If so, summarize this monitoring and mitigation plan. 

Response: 
a) Culverts will be placed in roads where they cross wetlands areas to minimize the 

interruption of surface water flow.  Ditching will be used to direct flow around and down 
gradient of wellpads.  Canadian Natural has experience with successfully using both 
these techniques as a result of proper installation, monitoring, maintenance and adaptive 
management.  

Canadian Natural is conducting research trials where weeping tiles are being installed 
beneath the peat surface.  This is being assessed as an alternative to ditches for moving 
water downgradient of wellpads. 

b) Monitoring will occur in the spring and the fall or immediately after significant flooding 
events (e.g., 1 in 100 year storm).  This will allow for any required remediation following 
periods of major runoff and for assessment of conditions at the end of summer to ensure 
the water management facilities are operational prior to winter.  Monitoring results will 
be reported to AENV on an annual basis.  Canadian Natural will either use one of its 
Environmental Coordinators or a qualified consultant to conduct the monitoring. 

c) If monitoring detects problems at the wellpads or plant site, each problem will be 
assessed and resolved with the appropriate mitigation measures,  For example, if wellpad 
berms are eroding they will be rebuilt; if plant site ditches are blocked the blockage will 
be removed. 

d) The proposed Project work camp area is an existing Canadian Natural surface disposition 
that has surface disturbance on approximately half of its area.  Hydrological monitoring 
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of culverts within associated roads will be conducted to ensure they are operating 
properly, and appropriate maintenance will be undertaken as required. 
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ERRATA 

195. Volume 1A, Section B5.0, Figure B5.13-2, Page B5-29 

 To fully understand the impacts of the Project on local hydrology, more information 
needs to be provided. 

a) Provide a map (1:20,000 scale) depicting the hydrology (i.e., streams and 
waterbodies) in the Project Area with an overlay of the Project footprint. 

b) Provide Figure B5.13-2 with an overlay of the Project footprint. 

Response:   
a) The requested information is provided in Figure 195-1. 

b) The requested information is provided in Figure 195-2. 
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196. Volume 3, Appendix III, Figure III-4, Page III-6 

 This figure appears to be missing the 1-hour SO2 concentration isopleth.  

a) Correct and resubmit the figure. 

Response:   
a) Figure III-4 has been revised to show the maximum estimated 1-hour ground-level 

sulphur dioxide (SO2) concentrations for the Kirby In-Situ Oil Sands (the Project) Case.  
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197. Volume 1A, Figures B2.2-12, B2.4-29 and B7.2-1 

 These figures provide detailed isopach maps of the Basal McMurray aquifer. The 
zero edge of the basal aquifer represented on Figure B2.4-29 does not match the 
zero edge presented on the other two figures.  

a) Clarify which of the figures has the most accurate representation of the Basal 
aquifer and provide updated figures.  

Response: 
a) The referenced figures present geological information compiled in different manners.  

Figures B2.2-12 and B7.2-1 (Volume 1A, Sections B2) present the same isopach map of 
the McMurray Formation basal aquifer, at different scales.  Figure B2.4-29 (Volume 1A, 
Section B2) is a map of bottomwater thickness underlying the reservoir.  Differences in 
mapping process and criteria between the basal aquifer and the bottomwater figures, 
which have resulted in a contrast between them, include: contour interval, data density 
and gridding parameters as described below.   

Contour Interval - Figures B2.2-17 and B7.2-1 (Volume 1A, Section B2) used a contour 
interval of 5 m and Figure B2.4-29 (Volume 1A, Section B2) used a contour interval of 
2 m.  This results in the appearance of greater apparent thickness in Figure B2.4-29 
(Volume 1A, Section B2) and means that the zero edges seen in the two basal aquifer 
isopachs and the bottomwater isopach are not comparable.   

Data Density – Figures B2.2-17 and B7.2-1 (Volume 1A, Section B2) have a lower data 
density than Figure B2.4-29 (Volume 1A, Section B2).  Therefore, there is a difference 
between the maps including the zero edge. 

Gridding Parameters - The gridding parameters of: 1) gridding algorithm 2) Z value 
projection and 3) applied geologic anisotropy were different in Figures B2.2-17 and 
B7.2-1 (Volume 1A, Section B2) compared with Figure B2.4-29 (Volume 1A, 
Section B2).  These gridding parameters have been selected and refined during 
McMurray Formation basal aquifer mapping conducted for the Canadian Natural 
Resources Limited (Canadian Natural) Primrose and Wolf Lake Project.  Experience 
gained over the years in mapping this unit associated with work on the Primrose and 
Wolf Lake Project has shown that the gridding parameters provide an interpretation better 
suited for McMurray Formation basal aquifer mapping than that used for the bottomwater 
map.  Due to the variations in gridding techniques employed in the basal aquifer isopachs 
and the bottomwater isopach map, the zero edges are not expected to be fully 
comparable.    

Base on this discussion updated figures are not presented. 
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198. Volume 4B, Appendix VIII, Section 2.2, PageVIII-9 

Summer aquatic surveys are mentioned in Section 2.2; however, no dates are provided. 

a) Provide dates for any summer aquatic surveys.   

Response:   
a) Summer aquatic surveys were conducted from July 31 to August 9, 2001.  During this 

sampling period, fish habitat was evaluated and the presence of fish in lakes and ponds 
was documented.  A summer habitat assessment was also conducted from July 26 to 
July 27, 2007 as summarized in the Fish and Fish Habitat Baseline Update 
(Canadian Natural 2008). 

Reference: 

Canadian Natural. 2008. Kirby In-Situ Oil Sands Project Application for Approval. Human 
Health Risk Impact Assessment, Wildlife Health Risk Impact Assessment, 
Supplemental Baseline Data. Submitted to Energy Resources Conservation Board 
and Alberta Environment. February 2008. Calgary, AB.  

 

199. Volume 5, Section 4.2.3.5, Page 15 

 Note that the Wiau Caribou herd map boundary is not based on population presence 
but rather on geopolitical and existing activity levels at the time when the lines were 
drawn on the map.   Further research and data collection will likely result in Canadian 
Natural’s development being included within the Wiau habitat boundary. 

Response:   
Noted.  Canadian Natural will follow this potential change closely. 

 

200. Volume 5, Appendix I, Section 3, Tables 2 and 3, Pages 7-12 

Tables 2 and 3 are meant to have changes highlighted, but highlighting is not evident.  
Provide an updated version of Tables 2 and 3. 

Response:   
 Tables 2 and 3 are part of a 2006/2007 Canadian Natural caribou protection plan.  As 

described in Volume 5, Section 4.4.1.3, the plan was provided as an example. The plan 
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and tables in question contain information that is unrelated to the Kirby In-Situ Oil Sands 
Project (the Project). Updated versions of the tables have therefore not been provided. 

 

201. Volume 5, Appendix III, Section 2.1.2, Page III-7 

Addendum Report (Soil and Terrain Baseline Update (2008), Section 1.2.1, Page 1 

Canadian Natural indicates that a total of 231 soil site inspections were examined 
during the 2001 field program.  

 In the Canadian Natural Addendum Report (Soil and Terrain Baseline Update (2008), 
Section 1.2.1, Page 1, Canadian Natural states that a total of 97 soil inspection sites were 
examined in the 2007 field program in order to meet the Soil Intensity Level 1 and in 
Section 2.1, Page 3, Canadian Natural states that the soil inspection sites increased in the 
Local Study Area from 232 to 329. 

a) Clarify the correct number of total site inspections conducted (2001 and 2007). 

Response:   
a) The total number of soil inspections sites (Local Study Area [LSA] and Regional Study 

Area [RSA]) conducted in 2001 was 231 points.  The total for both years (2001/2007) 
was 328 soil inspection sites. 

 

202. Volume 5, Appendix III, Section 2.1.2, Figure III-3, Page III-7, Section 4.2, Figure 
III-7, Page III-20, Section 5.1.2, Figure III-9, Page III-26, Section 5.3, Figure III-10, 
Figure III-11, Page III-30 and III-31, and Supplemental Baseline Data, Section 1.1.2, 
Figure 1, Page 2  

Canadian Natural has not included its proposed project foot print on these figures.  

a) Provide mapping or an overlay that shows the proposed disturbance foot print on 
the listed figures. 

Response:   
a) Revised Figures (III-3, III-7, III-9, III-10, III-11 and 1) are attached. 
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203. Volume 5, Appendix III, Attachment III.B, Table III.B-1, Pages B-1 to B-5 

Addendum Report (Soil and Terrain Baseline Update 2008, Table 1, Page 4 & 5) 

The Addendum Report provides 2007 soil inspection data.  In Volume 5, Attachment 
III.B, Table III.B-1, Page B-1 – B-5, Canadian Natural provides a soil inspection list of 
the 2001 field survey. The type of data presented by these two reports is inconsistent 
between the two tables and incomplete. 

a) Provide additional data to the Addendum Table 1 that includes soil subgroup, 
topsoil texture, and subsoil texture for each site inspection. 

b) Provide additional data to Table III.B-1 that includes landform and surface 
expression for each site inspection. 

c) Provide site inspection structure and consistency data for both site inspection tables 
(i.e., Addendum Table 1 and Volume 5, Attachment III.B, Table III.B-1).  

Response:   
a) Addendum Table 1 has been revised to include subgroups, topsoil texture and subsoil 

texture data for each site inspection.  Attachment 203-1 provides the key to soil mapping 
units and inspection sites. 

b) Table III.B-1 has been revised to include landform and surface expression data for each 
site inspection. 

c) The representative structure and consistence for each soil series in the LSA (Baseline and 
Addendum report) is provided in Volume 5, Appendix III, Attachment IIIA. 
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Table 1 2007 Soil Inspection Data with Topsoil and Subsoil Textures (Revised) 

Site Soil 
Subgroups 

Soil 
Series 

Topsoil 
Texture 

Subsoil 
Texture 

Parent 
Material Ecosite Drainage  Landform Surface 

Expression 
Depth of 

Peat or LFH
[cm] 

Slope 
Class  

Slope 
Position 

CBS001 T.M MUS – – O BTNN VP Bog Level 100+ 1 Level 
CBS002 T.M MUS – – O BTNN VP Bog Level 100+ 1 Level 
CBS003 T.M MRN – – O/GL BTNN VP Bog Level 80 2 Level 
CBS005 O.GL DOV SiL C M c1 VP Upland Level 10 1 Level 
CBS006 O.GL KNS SiL CL M d1 W Upland Undulating 4 3 M 
CBS007 E.DYB MILfi SL SL M c1 W Upland Level 5 2 Level 
CBS008 R.Gpt CHTzr – C Ov/GL or M g1 P Upland Level 39 1 Level 
CBS009 R.Gpt BMTzr – SL Ov/GF g1 P Upland Level 40 1 Level 
CBS010 TME.F MLD – – O FTNN VP Fen Level 110+ 1 Level 
CBS011 TME.F MLD – – O FTNN VP Fen Level 110+ 1 Level 
CBS012 T.H MLDxs – SL O/GF FONS VP Fen Level 90 1 Level 
CBS013 T.M MLD – – O FONS VP Fen Level 110+ 1 Level 
CBS014 O.GL LVK LS CL M c1 W Upland Undulating 4 3 M 
CBS015 T.M MLD – – O FTNN VP Bog Level 120+ 1 Level 
CBS016 T.M MUS – – O BTNN VP Bog Level 120+ 1 Level 
CBS017 GLE.DYB MILgl LS SL GF g1 I Bog Level 16 1 Level 
CBS018 T.M MUS – – O BTNN VP Bog Level 120+ 1 Level 
CBS019 T.M MUS – – O BTNN VP Bog Level 120+ 1 Level 
CBS020 T.M MUS – – O BTNN VP Bog Level 120+ 2 Level 
CBS021 T.M MLD – – O FTNN VP Fen Level 120+ 1 Level 
CBS022 T.F MUS – – O BTNN VP Fen Level 120+ 2 Level 
CBS023 O.GL KNS SL CL M g1 W Upland Undulating 7 3 M 
CBS024 GLBR.GL KNSowzb LS CL M c1 MW Upland Undulating 4 3 L 
CBS025 BR.GL KNSzb LS CL M g1 MW Upland Undulating 6 3 M 
CBS026 GL.GL KNSgl LS CL M c1 W Upland Undulating 3 2 M 
CBS027 T.M MLDxt – CL M FTNN VP Bog Level 100 1 Level 
CBS028 GLE.DYB WNFgl SL SCL M g1 I Upland Undulating 15 2 Level 
CBS029 E.DYB FIR SL SL M d2 W Upland Undulating 5 3 M 
CBS030 E.DYB KNSzb LS CL GF/M c1 W Upland Undulating 5 3 U 
CBS031 T.F MLD – – O FONS VP Fen Level 120+ 1 Level 
CBS032 T.F MLD – – O FONS VP Fen Level 120+ 1 Level 
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Table 1 2007 Soil Inspection Data with Topsoil and Subsoil Textures (Revised) (continued) 

 

Site Soil 
Subgroups 

Soil 
Series 

Topsoil 
Texture 

Subsoil 
Texture 

Parent 
Material Ecosite Drainage  Landform Surface 

Expression 
Depth of 

Peat or LFH
[cm] 

Slope 
Class  

Slope 
Position 

CBS033 E.DYB SUT LS SCL GF b3 R Upland Undulating 8 4 U 
CBS034 E.DYB FRTzb SL SL M g1 W Upland Undulating 13 3 M 
CBS035 O.GL HRR LS SiCL M d1 W Upland Hummocky 7 4 L 
CBS036 FI.M MLD – – O FTNN VP Fen Level 120+ 1 Level 
CBS037 O.GL HRR SiL SiCL M d2 W Upland Undulating 5 3 M 
CBS038 O.HGpt CHTzh L SiC GL g1 I Upland Level 17 2 Level 
CBS039 T.M MUSxs – SL O/GF BTNN VP Bog Undulating 70 2 Level 
CBS040 T.F MLD – – O FTNN VP Bog Level 120+ 1 Level 
CBS041 T.F MLD – – O FTNN VP Fen Level 120+ 1 Level 
CBS042 E.DYB SUT LS SCL GF/M c1 R Upland Hummocky 10 4 L 
CBS043 GL.GL HRRgl SL SCL GL g1 I Upland Level 18 2 Level 
CBS044 E.DYB MILfi LS SL GF c1 R Upland Ridge 3 4 M 
CBS045 R.Gpt BMTxtpt LS SCL GF g1 P Upland Level 23 – Level 
CBS046 T.F MLD – – O FTNN VP Fen Level 120+ 1 Level 
CBS047 T.F MLD – – O FTNN VP Fen Level 120+ 1 Level 
CBS048 T.F MLD – – O FTNN VP Fen Level 120+ 1 Level 
CBS049 T.F MLD – – O BTNN VP Bog Level 120+ 1 Level 
CFS001 T.M HLY – CL O/M FTNN P Fen Undulating 98 2 Level 
CFS002 O.GL KNSow SL CL M d1 MW Upland Undulating 7 3 M 
CFS003 GL.GL KNSgl SL CL M d2 MW Upland Undulating 6 2 M 
CFS004 TFI.M MLDxc – SiCL Ov/M FTNN P Fen Undulating 102 2 Level 
CFS005 T.M MUS – – Ov BTNN P Bog Undulating 120+ 2 M 
CFS006 T.M MRN – CL Ov/M BTNN – Bog Undulating 56 – – 
CFS007 GL.GL WNFcogl SL SCL M g1 MW Upland Level 26 3 Level 
CFS008 O.GL KNSow SL CL M c1 W Upland Hummocky 14 6 C 
CFS009 T.M MRN – – O/M – P Bog Level 62 2 Level 
CFS010 GL.GL PEAgl LS SiCL M c1 MW Upland Level 10 2 Level 
CFS011 TME.F MRN – CL O/M BTNN – Bog Undulating 98 – – 
CFS012 T.M MUS – – Ov/M BTNN – Bog Undulating 120+ – – 
CFS013 T.M MRN – – Ov/M BTNN P Bog Hummocky 62 3 Level 
CFS014 GL.GL KNSgl SL CL M g1 MW Upland Undulating 12 3 M 
CFS015 T.M MUS – – Ov BTNN P Bog Undulating 120+ 2 Level 
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Table 1 2007 Soil Inspection Data with Topsoil and Subsoil Textures (Revised) (continued) 

 

Site Soil 
Subgroups 

Soil 
Series 

Topsoil 
Texture 

Subsoil 
Texture 

Parent 
Material Ecosite Drainage  Landform Surface 

Expression 
Depth of 

Peat or LFH
[cm] 

Slope 
Class  

Slope 
Position 

CFS016 T.M MUS – – Ov BTNN P Bog Undulating 120+ 3 Level 
CFS017 E.DYB MILfi LS SL GF/M c1 P Upland Undulating 11 2 Level 
CFS018 GL.GL KNSgl SL SiCL M g1 I Upland Level 22 1 Level 
CFS019 T.M MLD – – Ov FTNN I Fen Level 120+ 1 Level 
CFS020 T.M MLD – – Ov FTNN P Fen Undulating 120+ 2 Level 
CFS021 T.M HLY – CL Ov BTNN P Bog Undulating 89 3 – 
CFS022 FI.M MUS – – Ov BTNN P Bog Undulating 120 2 Level 
CFS023 GL.GL KNSgl LS CL M g1 I Upland Ridge 10 6 C 
CFS024 O.GL KNS SL CL M c1 MW Upland Level 19 2 Level 
CFS025 GL.GL KNSgl SL CL M c1 MW Upland Ridge 11 5 D 
CFS026 FI.M MUS – – O BTNN I Bog Level 120+ 2 Level 
CFS027 BR.GL KNSzbgl SL CL M c1 MW Upland Undulating 9 3 M 
CFS028 O.GL PEA SL SiCL M g1 W Upland Undulating 8 3 M 
CFS029 GL.GL KNSgl LS SCL M d2 MW Upland Undulating 11 2 D 
CFS030 E.DYB SUT LS – GF/M c1 MW Upland Undulating 7 2 M 
CFS031 FI.M MLD – – Ov FTNN P Fen – 120+ 1 Level 
CFS032 FI.M MLD – – Ov FTNN P Fen Level 120+ 2 Level 
CFS033 E.DYB MIL S S GF b3 R Upland Hummocky 10 7 M 
CFS034 GLD.GL KNSzbgl SCL CL M g1 I Upland Undulating 26 2 D 
CFS035 O.GL WNF SL CL M d1 W Upland Undulating 12 3 Level 
CFS036 T.M MRN – CL – BTNN P Bog Level 45 – – 
CFS037 O.GL DOV SL C GF d1 W Upland Hummocky 11 4 C 
CFS038 T.M MLDxs – SL O/GF FTNN P Bog Level 60 2 Level 
CFS039 TME.H MLD – – Ov/M FTNN VP Fen Undulating 120+ – – 
CFS040 T.M MLD – – Ov FTNN P Fen – 120+ 2 Level 
CFS041 FI.M MUS – – O BTNN VP Bog Undulating 120+ 2 Level 
CFS042 E.DYB MIL LS LS GF/M d1 MW Upland Undulating 13 2 – 
CFS043 T.M MLD – – O FONS P Fen Level 120+ 2 Level 
CFS044 T.M MLD – – Ov/M FTNN VP Fen Undulating 120+ 2 Level 
CFS045 GLE.DYB SUTgl LS SCL GF/M c1 MW – Undulating 20 3 – 
CFS046 T.M MLD – – Ov FTNN P Fen Level 120+ 2 Level 
CFS047 T.M MUSxs – SCL Ov/M BTNN P Bog Level 78 2 Level 
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Table 1 2007 Soil Inspection Data with Topsoil and Subsoil Textures (Revised) (continued) 

 

Site Soil 
Subgroups 

Soil 
Series 

Topsoil 
Texture 

Subsoil 
Texture 

Parent 
Material Ecosite Drainage  Landform Surface 

Expression 
Depth of 

Peat or LFH
[cm] 

Slope 
Class  

Slope 
Position 

CFS048 T.M MUS – – Ov BTNN P Bog Undulating 120+ 3 Level 
CFS049 T.F MUSxs – – Ov/GF BTNN P Fen Level 100 2 Level 

– = Denotes no change. 
Note:  Key to soil mapping units and inspection sites provided in Attachment 203-1. 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) 

Site Sub– 
group Series Parent 

Material 
Depth Peat 

or LFH 
[cm] 

Topsoil 
Text 

Subsoil 
Text 

Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

RAS001 E.EB MIL xt FG 15 fLS SiL 3 crest bog – W b1 
RAS002 T.M MLD xs O/FG 87 O SCL 1 level Bog – VP BTNN 
RAS003 TY.M MLD O 120+ O O 1 level Fen – VP FTNN 
RAS004 E.DYB MIL FG 10 S LS 3 crest Upland – W d1 
RAS005 O.GL KNS gl M 6 CL SiC 2 lower Upland – MW d1 
RAS006 TY.M HLY O/M 120 O O 1 level Fen – VP FTNN 
RAS007 O.G STP pt O/LG 30 O CL 2 level Upland – VP g1 
RAS008 O.GL KNS M 10 CL CL 3 crest Upland – MW c1 
RAS009 E.DYB MIL xt FG/LG 5 S vfLS 6 mid Upland – W c1 
RAS010 TY.M MLD O 120 O O 1 level FEN – VP FTNN 
RAS011 O.GL WNF LG 15 LS SL 1 level Upland – MW d2 
RAS012 TY.M MLD O/LG 150 O O 1 level Fen – VP FTNN 
RAS013 O.HG STP FG/M 15 SiCL CL 1 level Upland – P d1 
RAS014 GL.GL WNF gl FG 8 SL CL 1 level Upland – I b4 
RAS015 E. DYB MIL FG 5 mS mS 4 crest Upland – W c1 
RAS016 E.DYB MIL FG 5 S S 5 crest Upland – R c1 
RAS017 O.GL KNS M 5 SiCL SiC 4 nd Upland – MW c1 
RAS018 O.GL KNS LG 10 SiC Si 5 mid Upland – MW d2 
RAS019 O.GL WNF FG/M 10 LS SCL 3 mid Upland – MW d1 
RAS020 R.G pt STP M 50 O CL 1 level Bog – P BTNN 
RAS022 THU.F MRN O/M 65 O CL 1 level Upland – P h1 
RAS024 O.GL KNS M 12 SiCL SiC 4 mid – – MW d1 
RAS026 TME.F MRN O/FG 90 O O 1 level Bog – VP BTNN 
RAS027 T.F MRN O/FG 85 O O 1 level Bog – VP BTNN 
RAS028 E.DYB MIL xt FG 8 S S 3 upper Upland – VP c1 
RAS029 O.G BMTpt M 30 O SiCL 1 lower Upland – P f2 
RAS030 O.GL KNS M 4 SiL CL 1 mid Upland – MW g1 
RAS031 E.DYB MIL xt FG/M 7 LS LS 1 lower Upland – MW c1 
RAS032 E.DYB FIR FG 5 S S 3 upper Upland – R c1 
RAS033 E.DYB FIR FG 5 LS S 2 mid Upland – W d2 
RAS034 E.EB MIL st FG 15 LS LS 3 upper Upland – W d2 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

RAS035 O.HG STP M 10 SCL SCL 1 lower Upland – P g1 
RAS036 ME.F MLD O 210 O O 1 level Fen – VP FTNN 
RAS037 TME.H HLY O/LG 95 O O 1 lower Fen – P FTNN 
RAS038 E.DYB FIR FG 10 LS SCL 3 mid Upland – W d2 
RAS039 O.G 5 SCL SC 5 mid Upland BMT FG – P c1 
RAS040 T.M HLY O/LG 90 O O 1 level Fen – VP FTNN 
RAS041 O.G BMT pt FG 30 O LS 1 lower Upland – P h1 
RAS042 O.GL KNS ow LG 10 CL–C C 4 upper Upland – MW c1 
RAS043 TY.M MLD O 225+ O O 1 lower Fen – VP FTNN 
RAS044 O.GL KNS ow FG/M 10 LS CL 3 mid Upland – MW d2 
RAS045 O.HG STP M 15 L SC 1 lower Upland – P c1 
RAS046 TY.M MLD O 210+ O O 1 level Fen – VP FTNN 
RAS047 O.GL KNS FG/M 5 SCL SiC 4 crest Upland – W d2 
RAS048 T.F HLY O/LG 85 O SiCL 1 level Fen – VP FTNN 
RAS049 O.HG STP M 5 SL SiCL 1 lower Upland – P d2 
RAS050 O.GL KNS M 8 SiCL Si 3 upper Upland – MW c1 
RAS051 TFI.M HLY O/FG 135 O O 1 lower Fen – VP FTNN 
RAS052 TY.M MLD O 210 O O 1 level Fen – VP FTNN 
RAS053 E.DYB FG 10 S S upper Upland – W MIL 4 b4 
RAS054 T.F MRN 65 O LS 1 Upland – P c1 O level 
RAS055 O.GL KNS M 15 SiCL SiCL 2 lower Upland – MW–I d2 
RAS056 O.GL KNS M 10 CL–C CL 3 nd Upland – MW d2 
RAS057 O.GL WNF FG/M 5 LS LS 1 level Upland – I g1 
RAS058 O.GL KNS M 10 SiC SiC 3 upper Upland – MW g1 
RAS059 TME.F MRN O/LG 100 O O 1 level Upland – VP g1 
RAS060 O.GL KNS M 10 SiL SiC–C 4 upper Upland – MW d1 
RAS061 O.GL KNS M 10 L SiC 3 mid Upland – W d1 
RAS062 TME.F MRN M 70 O C 1 level Upland – VP h1 
RAS063 E.DYB WNF FG/M 10 S SiC 2 upper Upland – W d2 
RAS064 T.M HLY O/FG 70 O LS 1 level Upland – P c1 
RAS065 O.GL KNS M 10 SiS SiCL 2 mid Upland – MW d1 
RAS066 E.DYB MIL xt M 5 S C 2 mid Upland – MW c1 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

RAS067 TY.M MLD O 120+ O O 1 level Fen – VP FTNN 
RBS001 TY.M MLD O 120+ O O 1 level Fen – VP FTNN 
RBS002 T.M BMT pt O/FG 45 O SCL 1 level Fen – VP FTNN 
RBS003 O.GL WNF FG/M 7 LS SiCL 3 upper Upland – MW d2 
RBS004 O.HG STP M 20 O CL 1 level Bog – I BTNN 
RBS005 O.G pt STP pt O/M 20 CL SiC–C 1 level Upland – P g1 
RBS006 O.GL WNF FG/M 5 SL C 5 mid Upland – MW c1 
RBS007 O.GL KNS M 3 CL C 4 upper Upland – MW b1 
RBS008 TY.M MLD O 25+ O O 1 level Fen – VP FTNN 
RBS009 THU.M MRN O/M 115 O O 1 level Bog – VP BTNN 
RBS010 THU.M MRN O/FG 60 O SiL 1 level Bog – VP BTNN 
RBS011 T.M HLY O/M 65 O O 1 level Fen – VP FTNN 
RBS012 O.GL KNS M 6 SiCL C 3 mid Upland – MW c1 
RBS013 TY.M HLY O/M 115 O O 1 level Fen – VP FTNN 
RBS014 O.HG STP pt M 10 L C 2 level Upland – I c1 
RBS015 O.GL KNS M 12 CL C 4 upper Upland – MW d2 
RBS016 O.GL KNS GF 10 CL C 2 lower Upland – MW c1 
RBS017 TY.M MLD O 190+ O O 1 level Fen – VP FTNN 
RBS018 TY.M MLD O/M 160 O O 1 level Fen – VP FTNN 
RBS019 TY.M MLD O 210 O O 1 level Fen – VP FTNN 
RBS020 O.HG STP pt O/M 18 O CL 2 lower Upland – P g1 
RBS021 TY.M MLD O 120 O O 1 level Fen – VP FTNN 
RBS022 O.GL KNS M 9 CL CL 7 mid Upland – MW c1 
RBS023 O.HG STP pt M 10 SiCL C 1 lower Upland – P g1 
RBS024 O.G STP M 5 L CL 3 level Upland – P g1 
RBS025 O.GL KNS M 7 CL Sic 4 upper Upland – MW c1 
RBS026 T.F HLY O 80 O S 1 depression Fen – VP FTNN 
RBS027 O.GL KNS M 8 CL SiC 4 upper Upland – MW c1 
RBS028 O.G STP pt M 12 SiCL SiL 3 upper Upland – P g1 
RBS029 TY.M MLD O 120+ O O 1 level Fen – VP FTNN 
RBS030 TY.M MUS O 150 O O 1 depression Bog – VP BTNN 
RBS031 O.GL KNS M 100 CL SiCL 4 upper Upland – W c1 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

RBS032 O.GL KNS LG 5 SiCL SiC 3 crest Upland – MW d2 
RBS033 O.GL KNS M 11 CL–SiCL C 3 mid Upland – W c1 
RBSO34 O.G BMT FG 7 SL S 2 lower Upland – P g1 
RBS035 O.G STP pt FG/M 40 O LS 2 upper Upland – P– VP g1 
RBS036 T.M MRN O/M 90 O O 1 level Upland – P g1 
RBS037 O.GL KNS M 5 SiCL C–CL 2 upper Upland – MW d2 
RBS038 O.GL KNS M 8 SiCL C 2 mid Upland – MW c1 
RBS039 O.GL KNS ow FG/M 9 SL SiCL–CL 2 upper Upland – MW c1 
RBS040 O.GL KNS ow FG/M 4 CL SiCL 3 mid Upland – I g1 
RBS041 GL.GL WNF gI FG/M 9 S CL 4 lower Upland – I g1 
RBS042 GL.GL KNSowgl FG/M 10 L C 1 crest Upland – I g1 
RBS043 T.M MLD O 195 O O 1 level Fen – VP FTNN 
RBS044 TFI.M HLY O/FG 85 O S 1 level Fen – VP FTNN 
RBS045 T.M MRN O/LG 85 O O 1 level Bog – VP BTNN 
RBS046 O.G STP FG/M 15 L C 2 upper Upland – I c1 
RBS047 TY.M MLD O 40 O O 1 level Fen – VP FTNN 
RBS048 T.F HLY O 50 O CL 1 level Fen – VP FTNN 
RBS049 THU.M HLY O/LG 100 O O 1 level Fen – VP FTNN 
RBS050 T.M MLD O/M 180 O O 1 level Fen – VP FTNN 
RBS051 TFI.M MRN O/LG 95 O O 1 level Bog – VP BTNN 
RBS052 O.GL KNS M 6 CL C 3 nd Upland – MW c1 
RBS053 O.GL KNS M 7 CL C 5 upper Upland – MW g1 
RBS054 O.GL KNS M 5 CL CL 2 mid Upland – MW g1 
RBS055 TME.F MRN O/M 135 O O 1 level Bog – P BTNN 
RBS056 HU.M MUS O 230+ O O 1 level Bog – VP BTNN 
RBS057 O.GL BMT pt FG/M 10 SL L 1 level Upland – P g1 
RBS058 O.GL KNS M 10 CL SiC–C 5 crest Upland – MW g1 
RBS059 T.M MRN O 40 O O 1 depression Bog – VP BTNN 
RBS060 O.G STP FG/M 15 SiCL CL 4 crest Upland – P g1 
RBS061 O.GL KNS ow FG/M 10 CL C 4 upper Upland – W d2 
RBS062 O.G BMT pt FG 20 SL SL 2 lower Upland – I g1 
RBS063 E.DYB MIL FG 10 S S 3 upper Upland – MW c1 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

RBS064 O.G STP pt FG 20 SiCL–CL SiC 1 level Upland – P g1 
RBS065 E.DYB FIR yt FG/M 6 S S 4 crest Upland – W c1 
RBS066 GL.DYB FIR gl FG 15 S S 3 upper Upland – I c1 
RBS067 O.GL KNS ow FG/M 15 SCL C 3 lower Upland – MW d1 
RBS068 GL.GL WNF gl FG/M 4 S S 2 mid Upland – I g1 
RBS069 O.GL KNS M 7 SCL C 4 upper Upland – MW d1 
RBS070 O.GL WNF FG/M 7 LS LS 3 upper Upland – MW c1 
RBS071 TFI.M HLY O/FG 110 O O 1 level Fen – VP FTNN 

PLI ME.F MUS O 210+ O O 1 level – – VP BTNN 
PL2 O.GL KNS M 12 CL C 5 crest – – MW d3 
PL3 O.GL KNS M 10 CL C  mid – – MW c1 
PL4 T.M MLD O/M 190 O O 1 level – – VP FTNN 
PL5 T.M MLD O 200 O O 1 level – – VP FTNN 
PL6 O.GL KNS M 10 CL CL–C 3 upper – – MW c1 
PL7 TFI.M HLY O/M 65 O SCL 1 level – – P FTNN 
PL8 O.GL KNS M 7 SiC SiC 3 upper – – MW c1 
PL9 O.G pt STP pt O/M 25 CL CL 1 level – – P FTNN 

PL10 BR.GL KNS ow FG/M 5 CL C 3 upper – – MW d1 
PL11 O.HG STP pt M 35 O CL 3 depression – – P d2 
PL12 THU.M HLY O/M 10 O O 1 level – – P FTNN 
PL13 O.EB MIL FG 5 LS LS 4 crest – – W d2 
PL14 FI.M MUS O 50 O O 1 level – – VP BTNN 
PL15 BR.GL KNS M 3 LS L–CL 4 upper – – MW c1 
PL16 O.GL KNS ow M 7 CL CL 4 upper – – MW d2 
PL17 T.M MLD O 200 O O 1 level – – VP FTNN 
PL18 OH.G STP pt M 8 CL CL 2 depression – – P MONG 

Water Well R.G pt STP pt O/M 10 SL CL 3 upper Upland – P g1 
Borrow Pit1 E.DYB pt WNF pt FG/M 12 LS CL 3 upper – – MW c1 
Borrow Pit2 BR.GL WNF FG/M 9 LS LS 3 mid – – MW–W c1 

PS01 O.GL KNS M 13 CL CL–C nd upper Upland – MW c1 
PS02 BR.GL KNS FG/M 4 SL CL 3 crest Upland – MW c1 
PS03 R.G pt STP pt O/M 25 O CL 3 mid Upland – P f2 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

PS04 THU.M MRN O/M 90 O O 1 level Bog – VP BTNN 
OBB–3 TY.M MLD O 210+ O O 1 level – – VP FTNN 
OBA–1 O.G STP pt M 30 O SL 2 level – – P BTNN 
OBA–2 TY.M MLD O 180 O O 1 level – – VP FTNN 

Wellpad 1 FI.M MLD O 210+ O O 1 level – – VP FTNN 
Wellpad 2 TY.M MLD O 210+ O O 1 level – – VP FTNN 
RAS021 O.LG STP pt M 30 O SiC 1 level Upland – P e1 
RAS023 O.G BMT xt FG/M 10 fLS SCL 1 level – – I d2 
RAS025 TY.M MLD O/M 150 O O 1 level – – VP FTNN 

1 O. EB. FIRxt FG 2 SL SL–LS nd mid – rolling W c1 
2 E.EB FIRxt FG/M 2 SiL CL 5 upper – undulating W c1 
3 O.GL WNF FG/M 10 SiL CL 4 nd – undulating W d1 
4 O.GL WNF M 7 SiL CL 4 upper – level MW d1 
5 O.GL KNS M 6 SiL CL 3 mid – undulating MW d1 

S1P–011 GL.GL KNS gl M 5 CL SiCL nd nd – – I nd 
S1P–013 O.GL WNF FG/M 5 LS C nd nd – – MW nd 
S2S–001 T.M HLY M 65 O C 1 nd – – VP nd 
S2S–002 T.M MLD O 110+ O O 1 level – level VP nd 
S2P–003 O.GL KNS M  CL CL nd nd – – MW nd 
S2P–004 O.GL KNS M 10 SCL C nd nd – – MW nd 
S2P–005 O.GL KNS M 5 CL CL nd nd – – MW nd 
S2P–006 O.GL KNS M 10 CL C nd nd – – W nd 
S2S–007 T.M HLY O/M 95 O O 1 level – level VP nd 
S2P–008 O.GL KNS M 10 C C nd nd – – MW nd 
S2P–009 O.GL KNS M 5 CL C nd nd – – MW nd 
S2P–010 GL.GL KNSgl M 10 CL C nd nd – – I nd 
S1P–014 O.GL KNS M 5 CL C nd nd – – MW nd 
S2P–011 O.GL KNS M 5 CL C nd nd – – MW nd 
S1P–015 GL.GL KNS gl M 10 CL C nd lower – – I nd 
S1P–016 O.G pt STP pt M 40 O CL 1 level – – P nd 
S1S–017 T.M HLY O 100 O O 1 level – – VP nd 
S1P–018 O.GL KNS M 5 CL C nd nd – – MW nd 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

S1P–019 O.G pt STP pt M 20 O CL 1 level – – P nd 
S1P–020 GL.GL KNS gl M 10 LS CL nd nd – – I nd 
S1P–021 O.G BMT pt FG 20 LS LS 1 level – – I nd 
S1P–022 O.GL KNS ow FG/M 5 SCL C nd nd – – MW nd 
S4P–001 O.GL KNS ow FG/M 5 SCL CL nd nd – – MW nd 
S3S–002 E.DYB MIL xt FG/M 5 S S nd nd Upland – W c1 
RDS–007 R.G BMT FG 40 O LS nd nd Upland – P g1 
S3S–003 T.M MRN FG 50 O SL 1 level Fen – VP FTNN 
RDS–008 T.M HLY O 100 O O 1 level Fen level VP FTNN 
S3P–004 O.GL KNS M 5 SCL CL nd nd Upland – MW b1 
S3P–005 O.DYB WNF FG/M 5 LS SCL nd nd Upland – MW d1 
S3S–006 R.G pt BMT FG 30 O LS 1 nd Upland – P g1 
S3P–007 GL.GL KNS gl M 5 C SiCL 4 nd Upland – I d2 
S3P–008 O.G STP M 10 SCL–CL SCL nd nd – – P nd 
S3P–009 O.G STP O/LG 40 O SiC 2 level Upland level P h1 
S3P–010 O.GL WNF FG/M 5 LS CL–C nd nd Upland – MW d1 
S3S–011 T.M HLY O 100 O O nd nd Fen – VP FTNN 
S3P–012 O.GL KNS M 5 CL C nd nd Upland – MW c1 
S3P–013 T.M HLY O/M 85 O SiL 1 nd – – VP FTNN 
S3P–014 O.GL WNF FG/M 5 SL CL 5 nd Upland – MW c1 
S3P–015 E.DYB MIL FG 15 S S 4 nd – – W nd 
S3P–016 O.G pt BMT FG/M 10 LS SCL 1 level – level P nd 
S3P–017 T.M HLY O 100 O O 3 level Fen – VP FTNN 
S3S–018 O.G pt BMT GF 40 O SiL 1 level – level P nd 
S3S–019 O.GL KNS M 5 C C nd nd Upland – MW b1 
S4S–003 FI.M HLY O 100 O O 1 level Fen level VP FONG 
S4P–006 O.GL WNF FG/M 15 S CL nd nd Upland – MW d1 
S4S–008 O.GL WNF FG/M 5 S CL nd nd Upland – MW d1 
SA0–003 E.DYB MIL FG 5 S S 6 crest Upland – W c1 
SA0–002 O.GL KNS M 5 SCL CL 2 nd – – MW nd 
S1P–001 O.GL KNS M 10 CL C–CL nd nd – undulating MW nd 
S1P–003 O.GL KNS M 10 SL SCL nd nd – – W nd 
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Table III.B–1 Site Inspection Points with Landform and Surface Expression (Revised) (continued) 

 

Site Sub– 
group Series Parent 

Material 

Depth Peat 
or LFH 

[cm] 
Topsoil 

Text 
Subsoil 

Text 
Slope 
Class 

Slope 
Position Landform Surface 

Expression 
Drain 
Class Eco–site 

S1P–005 O.G STP M 15 SCL C nd i – – P nd 
S1S–010 O.GL KNS ow FG/M 5 SCL CL–C nd nd – undulating MW nd 
RDS–001 O.G STP M 35 O C–SiC 1 level Bog – P BTNN 
RDS–002 T.M HLY O 145 O O 1 level Fen level VP FTNN 
RDS–004 T.M HLY O 140 O O nd nd Fen level VP FTNN 
RDS–006 T.M HLY O/LG 130 O O 1 level Fen level VP FTNN 
RDS–005 TME.H HLY O/FG 120 O SL–LS 1 level Fen level VP FTNN 
RDS–003 O.GL KNS M 3 C–CL C–SiC nd crest Upland undulating MW c1 

Note : Topsoil texture = dominant soil texture 0-50 cm; Subsoil Texture = dominant soil texture 50-100 cm. 
– = Denotes no change. 
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KEY TO SOIL MAPPING UNITS AND INSPECTION SITES 

Table 203-1-1 Soil Subgroup Classification 

Brunisolic Order 
E.DYB Eluviated Dystric Brunisol 

GLE.DYB Gleyed Eluviated Dystric Brunisol 

O.DYB Orthic Dystric Brunisol 

E.EB Eluviated Eutric Brunisol 

Gleysolic Order 
O.G Orthic Gleysol 

O.HG Orthic Humic Gleysol 

O.LG Orthic Luvic Gleysol 

R.G Rego Gleysol 

Luvisolic Order 
GLBR.GL Gleyed Brunisolic Gray Luvisol 

BR.GL Brunisolic Gray Luvisol 

GL.GL Gleyed Gray Luvisol 

O.GL Orthic Gray Luvisol 

Organic Order 
THU.F Terric Humic Fibrisol 

TME.F Terric Mesic Fibrisol 

T.F Terric Fibrisol 

ME.F Mesic Fibrisol 

TY.F Typic Fibrisol 

TME.H Terric Meisc Humisol 

T.H Terric Humisol 

FI.M Fibric Mesisol 

TFI.M Terric Fibric Mesisol 

THU.M Terric Humic Mesisol 

T.M Terric Mesisol 

TY.M Typic Mesisol 

 

Table 203-1-2 Soil Map Unit 
Soil Map Unit Name Code 

Winefred WNF1, WNF5 
Mildred MIL1, MIL2, MIL5 
Bitumount BMT3 
Kinosis KNS1, KNS2, KNS6 
Steepbank STP2, STP5 
Sutherland SUT5 
Muskeg MUS1, MUS1-2 
McLelland MLD1, MLD1-2 

Notes:  Map Unit is Named After Dominant Soil Series. 
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Table 203-1-3 Soil Phases 
Soil Phase Description 

Gl gleyed (soil saturated for part of the year) 
Pt peaty (has thick organic deposits) 
Xc clay within 1 m 
Xs sand within 1 m 
Xt till within 1 m 
St >20% coarse fragments within profile 

Notes:  suffix applied as series modifier. 
Examples: KNSgl = Gleyed Kinosis. 
FIRxt = Mildred soil with till contact within 1 m. 

Table 203-1-4 Soil Textural Classes 

HC heavy clay 

C clay 

CL clay loam 

SC sandy clay 

SCL sandy clay loam 

SiC silty clay 

SiCL silty clay loam 

SiL silt loam 

Si silt 

L loam 

SL sandy loam 

LS loamy sand 

S sand 

c prefix denoting coarse (e.g., cLS) 

f prefix denoting fine (e.g., fLS) 

 

Table 203-1-5 Parent Materials 
Symbol Description 

FG glaciofluvial 
M morainal 
LG glaciolacustrine 
O organic 
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Table 203-1-6 Ecosite 

Map Code Description 

Central Mixedwood Terrestrial Ecosite Phases 

b1 blueberry jack pine-aspen 

b3 blueberry aspen-white spruce 

b4 blueberry white spruce-jack pine 

c1 Labrador tea-mesic jack pine-blackspruce 

d1 low-bush cranberry aspen 

d2 low-bush cranberry aspen-white spruce 

d3 low-bush cranberry white spruce 

e1 dogwood balsam poplar-aspen 

f2 horsetail balsam poplar-white spruce 

g1 Labrador tea-subhygric black spruce-jack pine 

h1 Labrador tea/horsetail white spruce-black spruce 

Wetlands  

BTNN wooded bog 

FONS shrubby fen 

FTNN wooded fen 

FTPN wooded patterned fen 

MONG marsh 

 

Table 203-1-7 Drainage Classes 
Symbol Description 

R rapidly 
W well 
MW moderately well 
I imperfectly 
P poorly 
VP very poorly 
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Table 203-1-8 Slope Class 
Symbol Description 

1 0 to 0.5% level 
2 0.5 to 5% nearly level 
3 2 to 5% very gentle slopes 
4 5 to 9% gentle slopes 
5 9 to 15% moderate slopes 
6 15 to 30% strong slopes 
7 30 to 45% very strong slopes 
8 45 to 70% extreme slopes 

 

Table 203-1-9 Slope Position 
Symbol Description 

C crest  
U upper slope  
M middle slope  
L lower slope  
D depression  
Le level  
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204. HHRA, Appendix F 

Example calculations for meat tissue and Risk Quotients (RQ) have not been provided.  

a) Provide a worked example calculation used in the HHRA for review. 

Response:   
Canadian Natural assumes that the supplemental information request is referring to 
example calculations provided in Appendix B (Human Health Risk Assessment [HHRA] 
Exposure Model) and Appendix F (Health Canada’s SUM15) of the HHRA. Appendix F 
provides an evaluation of the Particulate Matter (PM)-attributable health impacts based 
on Health Canada’s SUM15 method.  

Each of the exposure equations used in the HHRA exposure model was provided in 
Appendix B, Table B-7 of the HHRA, with the exceptions of the exposure equations for 
the calculation of animal tissue concentrations and Risk Quotients (RQs). These exposure 
equations were omitted in error from Appendix B, Table B-7 of the HHRA. These 
missing exposure equations are provide below, along with example calculations of these 
input variables. 

Animal Tissue Concentrations 

Animal tissue concentrations were calculated based on the United States Environmental 
Protection Agency’s Office of Solid Waste (U.S. EPA OSW 2005) guidance.  The 
following equation was used to calculate the animal tissue concentrations. 

Canimal = BTF * EDItotal

Where: 

Canimal   =  chemical concentration in animal tissue (mg/kg wet weight [WW]) 

BTF      =  biotransfer factor (day/kg WW; Appendix C, Table C-28 of the HHRA) 

EDItotal =  total estimated daily intake (mg/day; Appendix C, Table C-1 of the 
HHRA) 

Example Calculation: predicted barium concentration in moose in the Existing and 
Approved Case (EAC) 

Canimal = BTF * EDItotal

Canimal = 0.00015 * 370 

Canimal = 0.0555 mg/kg WW 

 

Risk Estimates 

Inhalation Risk Estimates 
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Inhalation risk estimates were provided for all of the discrete locations in Appendix E of 
the HHRA. Inhalation risk estimates for the non-carcinogens, presented as Risk Quotients 
(RQs), are calculated by comparing the predicted levels of exposure for the 
non-carcinogenic Chemicals of Potential Concern (COPCs) with their respective 
exposure limits developed by regulatory or scientific authorities (Section 4.4.4.1 of the 
HHRA).  The chronic RQs for the three assessment cases (i.e., EAC, Project and Planned 
Development Case [PDC]) are calculated as follows: 

Air Concentration (µg/m3) RQ = RfC (µg/m3)  

Where: 

RQ =  inhalation risk quotient (unitless; Section 5 and 
Appendix E, Table E-2 of the HHRA) 

Air Concentration =  predicted air concentration (µg/m3; Appendix E, 
Table E-1 of the HHRA) 

RfC =  Reference Concentration (µg/m3; 
 Section 4.4.3.1, Table 4.4-11 of the HHRA) 

Potential inhalation risks associated with the COPCs deemed to be carcinogenic to either 
laboratory animals or humans are expressed as Lifetime Cancer Risks (LCRs) for the 
EAC, or Incremental Lifetime Cancer Risks (ILCRs) for the Project (i.e., Project Case 
minus EAC) and the “Future Emission Sources” (i.e., PDC minus EAC). 

Air Concentration (µg/m3) LCR or ILCR = RsC (µg/m3)  

Where: 

LCR =  lifetime cancer risks (unitless; Section 5 and 
Appendix E, Table E-2 of the HHRA) 

ILCR =  incremental lifetime cancer risks (unitless; 
Section 5 and Appendix E, Table E-2 of the HHRA) 

Air Concentration =  predicted air concentration (µg/m3; Appendix E, 
Table E-1 of the HHRA) 

RsC =  Risk-specific Concentration (µg/m3; 
 Section 4.4.3.1, Table 4.4-11 of the HHRA) 
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Multiple Pathway Risk Estimates 

Multiple-pathway risk estimates were provided for the three application lifestyle 
categories (i.e., Aboriginal residents, community residents and workers) in Section 5.3 of 
the HHRA. Risk estimates for the multiple-pathway exposure assessment were not 
provided for each of the discrete locations because persons within each of the lifestyle 
categories were assumed to share common behavioral characteristics, such as time spent 
at the discrete location, dietary consumption patterns and portion of diet obtained locally, 
that would result in similar levels of exposure and ultimately risks. 

Risk estimates for the non-carcinogens, presented as RQs, were calculated as follows: 

EDItotal (µg/kg bw/d) RQ =   RfD (µg/kg bw/d)  

Where: 

RQ    =  multiple pathway risk quotient (unitless; Section 5 of the 
HHRA) 

EDItotal       =  total estimated daily intake (µg/kg body weight 
[BW]/day; Appendix B, Table B-6 of the HHRA) 

RfD =  Reference Dose (µg/kg BW/day; Section 4.4.3.1, 
 Table 4.4-11 and Appendix B, Table B-8 of the HHRA) 

Example Calculation: predicted barium RQ for the most sensitive life stage ( infant) of 
the community residents in the Existing and Approved Case (EAC) 

RQ = EDItotal / RfD 

RQ = 26.1 / 200 

RQ = 0.13 

Risk estimates for the carcinogens, presented as LCRs or ILCRs, were calculated as 
follows: 

(EDItotal)nLCR or ILCR = ∑  [ RsD  x LAFn ]  

Where: 

(EDItotal)n  =  Estimated daily intake of chemical via all routes of exposure 
on a per body weight basis for the "n" lifestage (µg/kg bw/d; 
Appendix B, Table B-6 of the HHRA) 

RsD           = Risk-specific dose (µg/kg bw/d; Appendix B, Table B-8 of 
the HHRA) 

LAFn         = Life adjustment factor for the "n" lifestage (unitless; 
Appendix B, Table B-9 of the HHRA) 
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Example Calculation: predicted arsenic LCR for the community residents in the Existing 
and Approved Case (EAC) 

LCR = ∑[(EDItotal)n / RsD * LAFn] 

LCR = [0.0460/0.006 * 0.00667]infant  + [0.0489/0.006 * 0.0467]toddler  + [0.0269/0.006 * 0.0933]child + 
[0.0189/0.006 * 0.107]adolescent  + [0.0211/0.006 * 0.747]adult

LCR = [0.0511]infant  + [0.381]toddler  + [0.418]child + [0.337]adolescent  + [2.62]adult 

LCR = 3.8 

 

References: 

U.S. EPA OSW (United States Environmental Protection Agency’s Office of Solid Waste). 
2005. Screening Level Ecological Risk Assessment Protocol for Hazardous Waste 
Combustion Facilities, Final. United States Environmental Protection Agency 
Region 6. Multimedia Planning and Permitting Division. Center for Combustion 
Science and Engineering, Office of Solid Waste. 
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1 GLOSSARY 

Aboriginal 
Communities 

Include: 

Beaver Lake Cree Nation 
Buffalo River Dene Nation #193 
Chard Métis Local #214 
Chipewyan Prairie Dene First Nation 
Cold Lake First Nations 
Conklin Métis Local #193 
Fort McMurray #468 First Nation 
Fort McMurray Métis Local #1935 
Métis Nation of Alberta – Region 1 
Whitefish Lake First Nation #128 (Goodfish) 

Aquitard A material of intermediate permeability between an aquifer and an 
aquiclude.  An aquitard allows some measure of leakage between 
the aquifers it separates. 

Archaeology The scientific study of the unwritten portion of man’s historic and 
prehistoric past. 

Artifact Any portable object modified or manufactured by man. 

Artifact Scatter A site with six or more artifacts. 

Artificial Lift The use of pumping equipment to lift the fluids out of a well. 

At Risk  Any species known to be “At Risk” after formal detailed status 
assessment and designation as “Endangered” or “Threatened” in 
Alberta. 

Attenuation (Noise) A reduction in sound level that occurs with sound propagation over 
distance by means of physical dissipation or absorption 
mechanisms, or a reduction in sound level that occurs by means of 
noise control measures applied to a sound source. 

Background An area not influenced by chemicals released from the site under 
evaluation. 

BADT (Best Available 
Demonstrated 
Technology) 

Best Available Demonstrated Technology has been defined as 
“emission control technology based on the maximum degree of 
emission reduction that has been shown to be practicably and 
economically achievable for a given source and type.” 
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Barrels Per Day 
(bbl/d) 

A unit of measure for oil production and processing operations.   

Basal Aquifer A water-bearing strata located at the lowest portion of a 
stratigraphic unit. 

Base Cation An alkali or alkaline earth metal cation (Ca2+, Mg2+, K+, Na+). 

Base Saturation The extent to which the adsorption complex of a soil is saturated 
with exchangeable cations other than hydrogen and aluminum.  It 
is expressed as a percentage of the total cation exchange capacity. 

Baseline A surveyed or predicted condition that serves as a reference point 
to which later surveys are coordinated or correlated. 

Basement The undifferentiated rocks, commonly igneous and metamorphic, 
that underlie the rocks of interest, commonly sedimentary, in a 
given area. 

Bathymetry Measurement of the depth of an ocean or large waterbody.  

Bedding The arrangement of sedimentary rocks in layers; stratification. 

Bedrock The body of rock that underlies gravel, soil or other surficial 
material. 

Bedrock Topography The general configuration of rock that underlies gravel, soil or 
other surficial material. 

Benthic Invertebrates Invertebrate organisms living at, in or in association with the 
bottom (benthic) substrate of lakes, ponds and streams.  Examples 
of benthic invertebrates include some aquatic insect species (such 
as caddisfly larvae) that spend at least part of their lifestages 
dwelling on bottom sediments in the waterbody. These organisms 
play several important roles in the aquatic community.  They are 
involved in the mineralization and recycling of organic matter 
produced in the water above, or brought in from external sources, 
and they are important second and third links in the trophic 
sequence of aquatic communities.  Many benthic invertebrates are 
major food sources for fish. 

Bent-sub Part of a drilling assemble used above the bit to direct the bit in a 
chosen direction 
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Benzene A colourless, liquid, flammable, aromatic hydrocarbon that boils at 
80.1ºC and freezes at 5.4 to 5.5ºC.  It is used to manufacture 
styrene and phenol. 

Bioavailability / 
Bioavailable 

The amount of chemical that enters the general circulation of the 
body following administration or exposure. 

Biochemical Oxygen 
Demand (BOD) 

An empirical test in which standardized laboratory procedures are 
used to determine the relative oxygen requirements of wastewaters, 
effluents and polluted waters. 

Bioconcentration A process where there is a net accumulation of a chemical directly 
from an exposure medium into an organism. 

Biodiversity The variety of plant and animal life in a particular habitat (e.g., 
plant community or a country).  It includes all levels of 
organization, from genes to landscapes, and the ecological 
processes through which these levels are connected. 

Bioturbation The churning and stirring of sediment by organisms. 

Bitumen A highly viscous, tarry, black hydrocarbon material having an API 
gravity of about 9 (specific gravity about 1.0).  It is a complex 
mixture of organic compounds.  Carbon accounts for 80 to 85% of 
the elemental composition of bitumen, hydrogen 10%, 
sulphur 5%, and nitrogen, oxygen and trace elements form the 
remainder. 

Bog Sphagnum or forest peat materials formed in an ombrotrophic 
environment due to the slightly elevated nature of the bog, which 
tends to disassociate it from the nutrient-rich groundwater or 
surrounding mineral soils. Characterized by a level, raised or 
sloping peat surface with hollows and hummocks. 

Mineral-poor, acidic and peat-forming wetlands that receives water 
only from precipitation. 

Boreal Forest The northern hemisphere, circumpolar, tundra forest type 
consisting primarily of black spruce and white spruce with balsam 
fir, birch and aspen. 

Borrow Pit A bank or pit from which earth is taken for use in filling or 
embanking. Often used in the construction of roads. 
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Brackish Water For the purpose of this application, used interchangeably with 
“saline water”.  Water that has more than 4,000 mg/L of total 
dissolved solids. 

Brine Water which has concentrated sodium chloride. 

Brown Water Water with a total dissolved solids concentration ranging from 
1,000 to 10,000 g/m3. 

Brunisol A mineral soil order of the Canadian System of Soil classification 
developed under forest vegetation.  These soils have sufficient soil 
development to exclude them from the Regosolic Order but lack 
the specific horizon development for other orders.   

Brunisolic Soil An order of soils whose horizons are developed sufficiently to 
exclude the soils from the Regosolic order, but that lack the 
degrees or kinds of horizon development specified for soils of the 
other orders. These soils, which occur under a wide variety of 
climatic and vegetative conditions, all have Bm or Btj horizons. 

Bryophyte Non-vascular plants from the phylum Bryophyta. Include species 
within this phylum mosses, liverworts and hornworts. 

Buffer Zone A transition zone between areas managed for different objectives. 

Calendar Day Stream day multiplied by a service factor for planned and 
unplanned downtime.   

Calendar Day Rate Peak year annual average flow rate. 

CALPUFF A non-steady Lagrangian Gaussian Puff Model containing modules 
for complex terrain effects, overwater transport interaction effects, 
building downwash, wet and dry removal, and simple chemical 
transformation. 

Canadian Water 
Quality Guidelines 
(CWQG) 

Numerical concentrations or narrative statements recommended to 
support and maintain a designated water use in Canada.  The 
guidelines contain recommendations for chemical, physical, 
radiological and biological parameters necessary to protect and 
enhance designated uses of water. 

Canopy An overhanging cover, shelter or shade.  The tallest layer of 
vegetation in an area. 

Carbonaceous Said of a rock or sediment that is rich in carbon; organic matter. 
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Carbonate A mineral compound characterized by a fundamental anionic 
structure of CO3

-2. 

Catchment Area The area of land from which water finds its way into a particular 
watercourse, lake or reservoir (Also termed “river basin” or 
“watershed.” 

Cation A positively charged ion. 

Cation Exchange 
Capacity 

The sum total of exchangeable cations that a soil can adsorb.  It is 
usually expressed in milliequivalents per 100 grams of soil. 

The sum of exchangeable bases plus total soil acidity at a specific 
pH, values, usually 7.0 or 8.0. When acidity is expressed as salt 
extractable acidity, the cation exchange capacity is called the 
effective cation exchange capacity (ECEC) because this is 
considered to be the CEC of the exchanger at the native pH value. 
It is usually expressed in centimoles of charge per kilogram of 
exchanger (cmolckg-1) or millimoles of charge per kilogram of 
exchanger. 

Caustic embrittlement Intercrystalline cracking of steel caused by exposure to caustic 
solutions 70°C while under tensile stress. 

Cenozoic The latest of the four eras into which geologic time is divided; it 
extends from the close of the Mesozoic Era, about 65 million years 
ago, to the present. 

Chlorosis A yellowing of leaf tissue due to a lack of chlorophyll. Possible 
causes of chlorosis include poor drainage, damaged roots, 
compacted roots, high alkalinity, and nutrient deficiencies in the 
plant. 

Christina Channel Paleoriver channel system that formed during the Late Tertiary, 
inferred to be filled with preglacial fluvial drift.  The estimated 
channel width ranges from 1.5 to 8 km with an estimated length of 
120 km. 

Chronic The development of adverse effects after extended exposure to a 
given substance.  In chronic toxicity tests, the measurement of a 
chronic effect can be reduced growth, reduced reproduction or 
other non-lethal effects, in addition to lethality.  Chronic should be 
considered a relative term depending on the life span of the 
organism. 
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Chronic Exposure Exposures occurring over a relatively long duration of time (Health 
Canada considers periods of human exposure greater than three 
months to be chronic while the U.S. EPA only considers human 
exposures greater than seven years to be chronic). 

Chronic Toxicity The development of adverse effects after an extended exposure to 
relatively small quantities of a chemical. 

Class Area (CA) The total area of each patch type, or of the total undisturbed 
landscape area (in hectares). This provides a direct summary of 
area for comparison of losses due to disturbances, that either 
decreases the total amount of undisturbed land, or which changes 
patch types from one type to another.   

Class II Landfill Certified landfill allowing disposal of specified solid waste 
materials 

Climax The culminating stage in plant succession for a given site where the 
vegetation has reached a stable condition. 

Climax Community The culminating stage in plant succession for a given site where the 
vegetation has reached a stable condition. 

Climax Forest A community of plants that will eventually grow and remain 
dominant in an area.   

Closure The point after shutdown of operations when regulatory 
certification is received and the area is returned to the Crown. 

Coefficient of 
Variation 

Standardized index of the variability of a value relative to the mean 
value. 

Cogeneration The co-production of electricity and steam.  A gas-fired 
combustion turbine is used to produce electricity, with the hot 
exhaust from the combustion turbine being used to produce steam. 

Conductivity A measure of the capacity of water to conduct an electrical current.  
It is the reciprocal of resistance. This measurement provides an 
estimate of the total concentration of dissolved ions in the water. 

Cone of Depression An inverted cone depression in groundwater surface surrounding a 
pumped well or dewatered/depressurized excavation. 
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Confined Aquifer A body of groundwater surrounded by impermeable strata.  In 
confined aquifers the pressure of the water is usually higher than 
that of the atmosphere and the water in well stands above the top of 
the aquifer.  The water in a confined aquifer is called confined or 
artesian water. 

Conifer Trees in the division Pinophyta of the plant kingdom.  These are 
cone-bearing trees with no true flower (e.g., white spruce, black 
spruce, balsam fir, jack pine and tamarack). 

Conklin (Leismer) 
Channel 

Paleoriver channel system that formed during the Late Tertiary, 
inferred to be filled with preglacial fluvial drift.  The estimated 
channel width ranges from 3 to 6 km with an estimated length of 
145 km. 

Connectivity A measure of how connected or spatially continuous a corridor or 
matrix is. 

Conservative 
Approach 

Approach taken to incorporate protective assumptions to ensure 
that risk will not be underestimated. 

Contour Interval The difference in value between two adjacent contours, e.g. the 
vertical distance between the elevations represented by two 
successive contour lines on a topographic map 

Corduroy A road across swampy ground, made of logs laid transversely. 

Corridor A travel route allowing animals to migrate from one faunal region 
to another.   

Cretaceous The final period of the Mesozoic era, thought to have covered the 
span of time between 135 and 65 million years ago; also the 
corresponding system of rocks. 

Critical Load A quantitative estimate of an exposure to one or more pollutants 
below which significant harmful effects on specified sensitive 
elements of the environment do not occur according to present 
knowledge.  For waterbody acidification, the critical load 
represents an estimate of the amount of acidic deposition below 
which significant adverse changes are not expected to occur in a 
lake’s ecosystem. 

Cross Exchange Mechanical heat exchanger: one fluid is cooled while the other 
fluid is heated. 
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Cross Flow Flow via a wellbore between two vertically segregated geologic 
layers 

Cumulative 
Environmental 
Management 
Association (CEMA) 

An association of oil sands industry, other industry, regional 
community representatives, regulatory agencies and other 
stakeholders designed to develop systems to manage cumulative 
effects associated with developments in the Oil Sands Region. 

Data Loggers An electronic digital data recorder used by engineers, scientists, 
and technicians. 

dBA A decibel value which has been A-weighted, or filtered to match 
the response of the human ear. 

Deciduous Tree species that lose their leaves at the end of the growing season. 

Department of 
Fisheries and Oceans 
(DFO) 
(now Fisheries and 
Oceans Canada) 

Responsible for policies and programs in support of Canada’s 
economic, ecological and scientific interests in oceans and inland 
waters; for the conservation and sustainable utilization of Canada’s 
fisheries resources in marine and inland waters; for leading and 
facilitating federal policies and program on oceans; and for safe 
effective and environmentally sound marine services responsive to 
the needs of Canadians in a global economy.  

Developable Bitumen 
In Place 

The volume of bitumen in place between the top and base of SAGD 
Pay that meet the SAGD Pay cut-offs.  

Development Area Any area altered to an unnatural state.  This represents all land and 
water areas included within activities associated with the 
development of oil sands leases. 

Diameter at Breast 
Height (DBH) 

The diameter of a tree 1.37 m above the ground surface. 

Digital Elevation 
Model (DEM) 

A three-dimensional grid representing the height of a landscape 
above a given datum. 

Dilbit Any blend of diluent and bitumen. 

Diluent A light liquid hydrocarbon added to bitumen to lower viscosity and 
density.  The thinning agent is used by the oil sands to make heavy 
oil more fluid so it can be transported.   
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Direct Habitat Loss Direct habitat loss results from the physical removal of habitat 
through site clearing, changes in hydrology and physical effects to 
habitat from air emission in the Local Study Area. 

Direct Steam Injection Injection of steam into the reservoir rather than circulating steam to 
warm-up a well pair. 

Dissolved Organic 
Carbon (DOC) 

The dissolved portion of organic carbon water; made up of humic 
substances and partly degraded plant and animal materials. 

Dissolved Oxygen 
(DO) 

Measurement of the concentration of dissolved (gaseous) oxygen 
in the water, usually expressed in milligrams per litre (mg/L). 

Disturbance An event that causes a sudden change from the existing pattern, 
structure and/or composition in an ecological system or habitat. 

Diversity The variety, distribution and abundance of different plant and 
animal communities and species within an area. 

Domestic Water Water that meets the Alberta Drinking Water Quality Guidelines 
also meets Canadian Drinking Water Quality Guidelines 

Drawdown Lowering of water level caused by pumping.  It is measured for a 
given quantity of water pumped during a specified period, or after 
the pumping level has become constant. 

Ecosite Ecological units that develop under similar environmental 
influences (climate, moisture and nutrient regime).  Ecosites are 
groups of one or more ecosite phases that occur within the same 
portion of the moisture/nutrient grid.  Ecosite is a functional unit 
defined by the moisture and nutrient regime.  It is not tied to 
specific landforms or plant communities, but is based on the 
combined interaction of biophysical factors that together dictate the 
availability of moisture and nutrients for plant growth. 

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. 

Ecosystem An integrated and stable association of living and non-living 
resources functioning within a defined physical location.  A 
community of organisms and its environment functioning as an 
ecological unit.  For the purposes of assessment, the ecosystem 
must be defined according to a particular unit and scale.   
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Edge Where different plant communities meet in space on a landscape; 
and where plant communities meet a disturbance.  An outer band 
of a patch that usually has an environment significantly different 
from the interior of the patch. 

Ekman Grab Cube-shaped mechanical device with a spring-loaded opening that 
is lowered to the bottom of a waterbody and triggered to close as to 
collect a sample of the bottom substrate. 

Electrical Conductivity The capability of a solution to transmit an electrical current.  A 
capability closely related to the concentration of salts in soils. 

Electrofishing A ‘live’ fish capture technique in which negative (anode) and 
positive (cathode) electrodes are placed in the water and an 
electrical current is passed between the electrodes.  Fish are 
attracted (galvano-taxis) to the anode and become stunned 
(galvano-narcosis) by the current, allowing fish to be collected, 
measured and released. 

Empress Formation 
Interfluve 

Terrace caps on the bedrock surface separating the Wiau, Leismer, 
and Christina paleoriver channels. 

Empress Formation 
Unit 1 

Preglacial sand and gravel composed of light-coloured 
metaquartzite, darkcoloured chert and other resistant rock types 
derived from the Rocky Mountains and local bedrock 

Empress Formation 
Unit 2 

Silt and clay of undifferentiated fluvial and lacustrine origin. 

Empress Formation 
Unit 3 

Glacial sand and gravel characterized by an abundance of granite 
and gneiss fragments derived from the Canadian Shield 

Emulsion Mixture of oil and water with very fine bubbles of oil-in-water or 
water-in-oil. 

Endangered A species facing immediate extinction or extirpation. 

Environmental Impact 
Assessment (EIA) 

A review of the effects that a proposed development will have on 
the local and regional environment. 

Environmental 
Protection and 
Enhancement Act 
(EPEA) (Alberta) 

The purpose of the act is to support and promote the protection, 
enhancement and wise use of the environment. 
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Epilimnion A freshwater zone of relatively warm water in which mixing 
occurs as a result of wind action and convection currents. 

Epiphyte A plant that grows upon another plant, but is neither parasitic on it 
nor rooted in the ground. 

Episodic Acidification Also referred to as a spring acid pulse, this natural phenomena 
occurs commonly in surface waters and is usually a response to 
snowmelt or rainfall. Industrial sources can contribute to this 
depression of pH and increase the recovery period.  

Erosion The process by which material, such as rock or soil, is worn away 
or removed by wind or water. 

Eutrophic The nutrient-rich status (amount of nitrogen, phosphorus and 
potassium) of an ecosystem. 

Evaporation  The process by which water is changed from a liquid to a vapour. 

Evaporite A sediment that is deposited from aqueous solution as a result of 
extensive or total evaporation. 

Evaporative Water 
Treatment 

Uses mechanical vapour compression to evaporate water to 
produce distillate quality boiler feed water. 

Evapotranspiration A measure of the capability of the atmosphere to remove water 
from a location through the processes of evaporation and water loss 
from plants (transpiration). 

Evenness The relative abundance of species; measured using the Shannon 
Weiner Index. 

Exposure The contact reaction between a chemical and a biological system, 
or organism.  Estimated dose of chemical that is received by a 
particular receptor via a specific exposure pathway (e.g., ingestion, 
inhalation); expressed as the amount of chemical received, per 
body weight, per unit time (i.e., mg/kg/day). 

Exposure Ratio (ER) 
or Hazard Quotient 
(HQ) 

A comparison between total exposure from all predicted routes of 
exposure and the exposure limits for chemicals of concern. This 
comparison is calculated by dividing the predicted exposure by the 
exposure limit.  Also referred to as hazard quotient (HQ). 
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Fen Sedge peat materials derived primarily from sedges with inclusions 
of partially decayed stems of shrubs formed in a eutrophic 
environment due to the close association of the material with 
mineral rich waters.  Minerotropic peat-forming wetlands that 
receive surface moisture from precipitation and groundwater. Fens 
are less acidic than bogs, deriving most of their water from 
groundwater rich in calcium and magnesium. 

Flue Gas 
Desulphurization 
(FGD) 

A process involving removal of a substantial portion of sulphur 
dioxide from the combustion gas (flue gas) formed from burning 
petroleum coke.  Desulphurization is accomplished by contacting 
the combustion gases with a solution of limestone.  Gypsum 
(CaSO4) is formed as a by-product of this process. 

Footprint The proposed development area that directly affects the soil and 
vegetation components of the landscape. 

Forage Fish Small fish that provide food for larger fish (e.g., longnose sucker, 
fathead minnow). 

Forb A broad-leaved herb, that is not a grass. 

Forest A growth of trees and underbrush covering a tract of land. 

Forest Cover Type Primary stand groupings based on the percent composition of 
coniferous or deciduous species.  Forest cover type can be 
deciduous, coniferous or mixedwood.  Also, regenerating stands 
are included as a forest cover type.   

Forest Fragmentation The change in the forest landscape, from extensive and continuous 
forests. 

Forest Productivity A measure of forest growth based on the volume of wood fibre 
added to the landbase annually (i.e., mean annual increment) or the 
rate at which trees grow in height over a given period of time as 
defined by a timber productivity rating or site index value. 

Fracture pressure The pressure at which the strata dilates or fractures. 

Fragmentation The process of breaking into pieces or sections.  For example, 
dividing contiguous tracts of land into smaller and less connected 
sections through site clearing (e.g., for roads). 

Fragmentation 
Analysis 

Evaluation of the level or degree of fragmentation in the landscape 
to assess current or future habitat condition. 
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Freeboard The distance between the water level and the top of a containing 
structure such as a dyke crest or channel top of bank. 

Fugitive Emissions Substances emitted from any source except those from stacks and 
vents.  Typical sources include gaseous leakage from valves, 
flanges, drains, volatilization from ponds and lagoons, and open 
doors and windows.  Typical particulate sources include bulk 
storage areas, open conveyors, construction areas or plant roads. 

Geographic 
Information System 
(GIS) 

Computer software designed to develop, manage, analyze and 
display spatially referenced data. 

Geomorphic The natural evolution of surface soils and landscape over long 
periods. 

Geosteering The action of steering a well trajectory based on different 
petrophysical tool responses 

Glacial Till Unsorted and unstratified glacial drift (generally unconsolidated) 
deposited directly by a glacier without subsequent reworking by 
water from the glacier.  Consisting of a heterogeneous mixture of 
clay, silt, sand, gravel and boulders (i.e., drift) varying widely in 
size and shape. 

Glaciofluvial 
(or Glacio-Fluvial) 

Sediments or landforms produced by melt waters originating from 
glaciers or ice sheets. Glaciofluvial deposits commonly contain 
rounded cobbles arranged in bedded layers. 

Glaciolacustrine (or 
Glacio-Lacustrine) 

Sediments that were deposited in lakes that formed at the edge of 
glaciers when the glaciers receded. Glaciolacustrine sediments are 
commonly laminar deposits of fine sand, silt and clay. 

Gleysolic Soil An order of soils that have properties indicating prolonged, 
intermittent or continuous saturation with water during soil 
development Diagnostic horizon is either Bg or Cg. 

Global Positioning 
System (GPS) 

A system of satellites, computers and receivers that is able to 
determine the latitude and longitude of a receiver on Earth by 
calculating the time difference for signals from different satellites 
to reach the receiver. 

Graminoid Grasses and grass-like plants such as sedges and rushes. 
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Gravel-pack 
completion 

Wellbore configuration within the target strata containing high 
permeability sand which is placed between with wellbore piping 
and the target strata 

Grid Cell (Cell) A small, regular-shaped subregion of a numerical groundwater flow 
model domain within which groundwater flow and hydraulic head 
are represented by simple mathematical equations.  The 
mathematical equations for all grid cells in a model domain are 
solved at once using a computer to calculate the hydraulic heads 
and groundwater flows for the entire model domain. 

Ground-Level 
Concentration (GLC) 

The ambient concentration (mass per unit volume of air) of a 
substance predicted to occur at the ground surface.  These 
concentrations are predicted using dispersion models, and are 
typically reported in micrograms per cubic metre [µg/m³]. 

Groundtruth or 
Groundtruthing 

Visiting locations in the field to confirm or correct information 
produced from remote sources such as interpreted aerial 
photographs or classified satellite imagery. 

Groundwater  That part of the subsurface water that occurs beneath the water 
table, in soils and geologic formations that are fully saturated. 

Groundwater 
Mounding 

An area of a groundwater system featuring an increased 
groundwater surface elevation above the baseline condition for that 
area.   

Guild A set of co-existing species that share a common resource. 

Habitat The place or environment where a plant or animal naturally or 
normally lives or occurs.   

Habitat Fragmentation Occurs when extensive, continuous tracts of habitat are reduced by 
habitat loss to dispersed and usually smaller patches of habitat.  
Generally reduces the total amount of available habitat and reduces 
remaining habitat into smaller, more isolated patches.   

Habitat Suitability 
Index (HSI) Model 

Analytical tools for determining the relative potential of an area to 
support individuals or populations of a wildlife species.  They are 
frequently used to quantify potential habitat losses and gains for 
wildlife as a result of various land use activities. 
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Habitat Unit (HU) Generally, used in Habitat Suitability Index models.  A habitat is 
ranked in regards to its suitability for a particular wildlife species.  
This ranking is then multiplied by the area (ha) of the particular 
habitat type to give the number of habitat units (HU) available to 
the wildlife species in question. 

Head The energy, either kinetic or potential, possessed by each unit 
weight of a liquid; expressed as the vertical height through which a 
unit weight would have to fall to release the average energy 
possessed.  It is used in various compound terms such as pressure 
head, velocity head and loss of head. 

Heterogeneity Consisting of parts that are unlike each other.  For example, the 
variety and abundance of ecological units (e.g., ecosite phases and 
wetlands types) comprising a landscape mosaic. 

Historical Resources 
Impact Assessment 
(HRIA) 

A review of the effects that a proposed development will have on 
the local and regional historic and prehistoric heritage of an area. 

Historical/Heritage 
Resources 

Works of nature or of man, valued for their palaeontological, 
archaeological, prehistoric, historic, cultural, natural, scientific or 
aesthetic interest. 

Home Range The area within which an animal normally lives, and traverses as 
part of its annual travel patterns. 

Human Health Risk 
Assessment 

The process of defining and quantifying risks and determining the 
acceptability of those risks to human life. 

Hydrate An ice plug that can form in gas lines at low temperatures. 

Hydraulic Boundary Boundaries of groundwater flow systems generally formed by the 
physical presence of an impermeable body of rock or a large body 
of surface water. 

Hydraulic 
Conductivity 

The permeability of soil or rock to water. A coefficient “k” 
depends on the physical properties of formation and fluid. It 
describes the “ease” with which a fluid will flow through a porous 
material. “k” is the rate of flow per unit cross sectional area under 
the influence of a unit gradient. 
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Hydraulic Gradient A measure of the force of moving groundwater through soil or 
rock.  It is measured as the rate of change in total head per unit 
distance of flow in a given direction.  Hydraulic gradient is 
commonly shown as being dimensionless, since its units are 
metres/metre.   

Hydraulic Head The elevation, with respect to a specified reference level, at which 
water stands in a piezometer (a pipe in the ground used to measure 
water elevations/or a small diameter observation well) connected to 
the point in question in the soil.  Its definition can be extended to 
soil above the water table if the piezometer is replaced by a 
tensiometer (instrument used to measure moisture content of soil).  
The hydraulic head in systems under atmospheric pressure may be 
identified with a potential expressed in terms of the height of a 
water column.  More specifically, it can be identified with the sum 
of gravitational and capillary potentials, and may be termed the 
hydraulic potential. 

Hydric Soil moisture conditions where water is removed so slowly that the 
water table is at or near the soil surface all year; has organic and 
gleyed mineral soils. 

Hydrogeology The study of the factors that deal with subsurface water 
(groundwater) and the related geologic aspects of surface water.  
Groundwater as used here includes all water in the zone of 
saturation beneath the earth’s surface, except water chemically 
combined in minerals. 

Hydrologic Simulation 
Program – Fortran 
(HSPF) 

The Hydrologic Simulation Program – Fortran (HSPF) model is a 
comprehensive, conceptual, continuous watershed simulation 
model designed to simulate the water quantity and water quality 
processes that occur in a watershed.  The model can reproduce 
spatial variability by dividing the basin in hydrologically 
homogeneous land segments and simulating runoff for each land 
segment independently, using segment-specific meteorological 
input data and watershed parameters. 

Hydrology The science of waters of the earth, their occurrence, distribution, 
and circulation; their physical and chemical properties; and their 
reaction with the environment, including living beings. 

Hydrostratigraphic 
Unit 

Geologic units of similar hydrogeologic properties. 

 



Canadian Natural Resources Ltd. - 17 - Supplemental Information 
Kirby In-Situ Oil Sands Project  July 2008 
 
 

Hypolimnion The deep, cold layer of a lake lying below the metalimnion 
(thermocline) during the time a lake is normally stratified. 

Incremental Lifetime 
Cancer Risk 

The risk associated with daily exposure to a carcinogenic chemical 
that is separate from the risk associated with assumed background 
exposures. 

Indirect Habitat Loss Indirect habitat loss occurs when habitat is physically available, but 
wildlife does not use it because of sensory disturbance or habitat 
fragmentation. 

Inductively Coupled 
Plasma (Atomic 
Emission Spectroscopy) 
(ICP) (Metals) 

This analytical method is an U.S. EPA designated method 
(Method 6010).  The method determines elements within samples 
of groundwater, aqueous samples, leachates, industrial wastes, 
soils, sludges, sediments and other solid wastes.  Samples require 
chemical digestion before analysis. 

Infrastructure Basic facilities, such as transportation, communications, power 
supplies and buildings, which enable an organization, project or 
community to function. 

In-Situ Also known as “in place”.  Refers to methods of extracting deep 
deposits of oil sands without removing the groundcover.  The in-
situ technology in oil sands uses underground wells to recover the 
resources with less impact to the land, air and water than for oil 
sands mining. 

Instream Flow Needs Amount of water needed in a watercourse for sustaining instream 
values (such as fisheries or related riverine resources) at an 
acceptable level based on appropriate study. 

Internal Lawn Wet depressional area within bog or fen wetlands types that are 
absent of trees and contain species adapted to wetter conditions 
than the surrounding wooded habitat. In bogs, internal lawns 
contain wet Sphagnum species and sedges and represent previous 
areas of permafrost that have degraded in the past.  In fens, internal 
lawns contain wetter species of Sphagnum or brown moss. 

Interspersion The percentage of map units containing categories different from 
the map unit surrounding it. 
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Interspersion and 
Juxtaposition Index 
(IJI) 

A measure of the dispersion and interspersion of patches in the 
landscape. It is a true landscape-level index that is computed based 
on the probabilities of a patch belonging to a class and its 
neighbours belonging to another.    

Invasive Species A species that has moved into an ecosystem and reproduced so 
successfully that it has displaced the original structure of the 
community. 

Isopleth A line on a map connecting places sharing the same feature (e.g., 
ground-level concentrations). 

Joint industry project A study undertaken with cooperation from several industry 
participants to resolve a common industry challenge  

Key Indicator 
Resources (KIRs) 

Environmental attributes or components identified as a result of a 
social scoping exercise as having legal, scientific, cultural, 
economic or aesthetic value.  

Kick Sampling Sampling of the streambed using a small mesh net with a long 
handle.  The net is placed against the streambed and the substrate is 
disturbed (kicked) upstream of the net to dislodge fish eggs which 
float down into the net.  

Kirby Channel Paleoriver channel system that formed during the Late Tertiary, 
inferred to be filled with preglacial fluvial drift.  The channel 
breaches the bedrock bench linking the Christina Channel with the 
Wiau channel.  The estimated channel width ranges from 1.5 to 3 
km with an estimated length of 20 km. 

Kjeldahl Method A quantitative analysis of organic compounds to determine 
nitrogen content by interaction with concentrated sulphuric acid.  
Ammonia is distilled from the NH4SO4 formed. 

Land Reclamation The stabilization, contouring, maintenance, conditioning, 
reconstruction, and �rtefacts�on of the surface of the land to a 
state that permanently returns the plant to a land capability 
equivalent to its pre disturbed state. 

Landsat 5 A specific satellite or series of satellites used for earth resource 
remote sensing.  Satellite data can be converted to visual images 
for resource analysis and planning. 

Leakage The flow of water from one hydrogeological unit to another.  It may 
be natural or anthropogenic. 
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Lean Oil Sands Oil bearing sands that do not have a high enough saturation of oil 
to make extraction of them economically feasible. 

Lignin A complex polymer occurring in plant cell walls making the plant 
rigid. 

Lithic Consolidated bedrock I within the control section below a depth of 
10 cm. The upper surface of a lithic layer is a lithic contact. 

Lithic Scatter A small concentration of lithic (stone) �rtefacts on the surface.  
This term is usually used when there is insufficient information 
present to identify the function of the site. 

Lithology The systematic description of sediment and rocks, in terms of 
composition and texture. 

Litter, Fibric and 
Humic (LFH) 

Organic layers developed primarily from leaves, twigs and wood 
materials with minor components of mosses. The forest floor that 
accumulates on the mineral soil surface under forest vegetation, 
and which includes dead vegetation and organic matter, including 
litter and unincorporated humus. 

Littoral Zone  The zone in a lake that is closest to the shore.  It includes the part 
of the lake bottom, and its overlying water, between the highest 
water level and the depth where there is enough light (about 1% of 
the surface light) for rooted aquatic plants and algae to colonize the 
bottom sediments. 

Local Study Area 
(LSA) 

Defines the spatial extent directly or indirectly affected by the 
project. 

Lognormal Of, relating to, or being a logarithmic function with a normal 
distribution. 

Long Range Sustained 
Yield Average 
(LRSYA) 

The sum of Mean Annual Increments (MAI) for all forest cover 
types in a study area.  The LRSYA is an estimate for the sustained 
yield or expected annual growth of the coniferous and deciduous 
fibre in a study area.   

Lowest Observed 
Adverse Effect Level 
(LOAEL) 

In toxicity testing, it is the lowest concentration at which adverse 
effects on the measurement end point are observed. 
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Lowest Observed 
Effect Concentration 
(LOEC) 

The lowest concentration in a medium that causes an effect that is a 
statistically significant difference in effect compared to controls. 

Luvisol An order of soils that have eluvial (Ae) horizons and illuvial (Bt) 
horizons in which silicate clay is the main accumulation product. 
The soils developed under forest or forest-grassland transition in a 
moderate to cool climate. 

Macrophytes Plants large enough to be seen by the unaided eye.  Aquatic 
macrophytes are plants that live in or in close proximity to water. 

Make-up Water The process water required to replace that lost by evaporation or 
leakage in a closed-circuit, recycle operation. 

Magnetic ranging The use of a magnetic field to determine the separation and 
orientation of the second well in well pair. 

Marine Of, relating to, or occurring in a sea or ocean. 

Mature Fine Tailings 
(MFT) 

Fine tailings that have dewatered to a level of about 30% solids 
over a period of about three years after deposition.  The rate of 
consolidation beyond this point is substantially reduced.  Mature 
fine tailings behave like a viscous fluid. 

May Be At Risk Any species that “May Be At Risk” of extinction or extirpation and 
is therefore a candidate for detailed risk assessment. 

McMurray Formation 
basal aquifer 

A water-bearing strata located at the lowest portion of the 
McMurray Formation. 

Mean Centroid value of a data population when viewing its probability 
distribution function (or histogram) as a mass distribution. 

Mean Annual 
Increment (MAI) 

The measure of cubic metres of fibre that accumulates per year 
from each hectare of forest.  Calculated MAI for each stand is 
summed by forest cover type, and multiplied by its area to derive 
expected fibre accumulation for that forest cover type. 

Mean Nearest 
Neighbour (MNN) 

The mean of the shortest distance, in metres, between each patch 
and each adjacent patch of the same type. 

Mean Patch Size 
(MPS) 

The area of an ecosystem type divided by the number of patches of 
that type. For total undisturbed areas, it is the mean size of the 
undisturbed patches.   
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Measurement while 
drilling 

The gathering of well data while drilling to allow well steering or 
petrophysical analysis 

Merchantable Forest A forest area with potential to be harvested for production of 
lumber/timber or wood pulp.  Forests with a timber productivity 
rating of moderate to good. 

Mesh screen Wellbore piping wrapped with a special wire, and installed within 
the target strata to allow fluid to pass through but prevent most 
solids from passing 

Mesic A moderate soil moisture regime value whereby water is removed 
somewhat slowly in relation to supply; neither wet nor dry. 
Available soil water reflects climatic inputs. 

Mesisol A type of Organic soil that contains peat with an intermediate stage 
of decomposition between a Fibrisol or a Humisol. 

Microhabitat A small-scale surface in the landscape that has its own unique 
surface properties different from surrounding surfaces.  The 
characteristics of surface promote the development of a unique 
assemblage of plant species relative to the surrounding vegetation 
(e.g., Sphagnum hummock or hollow, downed and decayed log, 
wetlands pool). 

Mineral Soil Soils containing low levels of organic matter.  Soils that have 
evolved on fluvial, glaciofluvial, lacustrine and morainal parent 
material.  The A, B, and C horizons and underlying parent material. 

 

Minerotrophic Receiving mineral-rich water from groundwater sources, e.g., fens 
are minerotrophic. 

Mix-bury-cover Waste is stabilized by incorporating into the subsoil below the 
major rooting zone and above the water table 

Mixedwood A terrestrial forest type that is an assemblage of both deciduous 
and coniferous tree species. 

Modelling A simplified representation of a relationship or system of 
relationships.  Modelling involves calculation techniques used to 
make quantitative estimates of an output parameter based on its 
relationship to input parameters.  The input parameters influence 
the value of the output parameters. 
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Moose Home Range The average moose home range is 97 km2. The average diameter, 
assuming a circular home range is about 11 km.  Terrestrial 
Regional Study Areas are designated to ensure there is a minimum 
distance equal to the diameter of two moose home ranges (about   
22 km) from oil sands developments.  

Moraine Sediment generally consisting of well compacted material that is 
nonstratified and contains a heterogeneous mixture of particle 
sizes, often in a mixture of sand, silt, and clay that has been 
transported beneath, beside, on, within and in front of a glacier and 
not modified by any intermediate agent. 

Motor Control Centre Building on a pad which houses electric motor controllers, and 
electric switch gear. 

Mud motor Rotor and stator which provides rotational power to a drill bit by 
pumping fluid through. 

Muskeg A soil type comprised primarily of organic matter.  Also known as 
bog peat. 

Native Species Species that are known to be historically present in a given area. 

Nearest Neighbour 
Coefficient of 
Variation (NNCV)  

A percentage measurement of the variability of mean nearest 
neighbour (MNN) distance to the actual MNN distance. The 
number of patches and patch density are required to provide a 
complete understanding of NNCV.   

Necrosis Death of cells or plant parts, usually resulting in the tissue turning 
brown or black due to oxidation of phenolics.  

Nitrogen Oxides (NOx) A measure of the oxides of nitrogen comprised of nitric oxide (NO) 
and nitrogen dioxide (NO2). 

No Observed Adverse 
Effect Level (NOAEL) 

In toxicity testing, it is the highest concentration at which no 
adverse effects on the measurement end point are observed. 

No Observed Effect 
Concentration (NOEC) 

The highest concentration in a medium that does not cause a 
statistically significant difference in effect as compared to controls. 

Non-Native Plant A plant that has been brought over from another country by man 
and has established itself within its new environment.  Because 
non-native plants have not evolved within the current environment, 
they may become invasive and detrimental to native plant 
communities. 
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Non-Vascular Plant Plants that do not possess conductive tissues (e.g., veins) for the 
transport of water and food. 

Not at Risk A species that has been evaluated and found to be not at risk. 

Oil Cut The fraction of oil in a mixture of oil and water. 

Oil Sands A sand deposit containing a heavy hydrocarbon (bitumen) in the 
intergranular pore space of sands and fine grained particles.  
Typical oil sands comprise approximately 10 wt% bitumen, 85% 
coarse sand (>44 µm) and a fines (<44 µm) fraction, consisting of 
silts and clays. 

Oil Sands Region The Oil Sands Region includes the Fort McMurray – Athabasca 
Oil Sands Subregional Integrated Resource Plan (IRP), the 
Lakeland Subregional IRP and the Cold Lake – Beaver River 
Subregional IRP. 

Old Growth Forest An ecosystem distinguished by old trees and related structural 
attributes.  Old growth encompasses the later stages of stand 
development that typically differ from earlier stages in a variety of 
characteristics which may include tree size, accumulations of large 
dead woody material, number of canopy layers, species, 
composition, and ecosystem function.  Old growth forests are those 
forested areas where the annual growth equals annual losses, or 
where the mean annual increment of timber volume equals zero.  
They can be defined as those stands that are self-regenerating (i.e., 
having a specific structure that is maintained). 

Oligotrophic Trophic state classification for lakes characterized by low 
productivity and low nutrient inputs (particularly total phosphorus). 

Ombrotrophic Wetlands which receive all water and nutrients from direct 
precipitation. 

Organic Soil A soil order that have developed primarily on organic deposits.  
Soils containing high percentages of organic matter (fibric and 
humic inclusions). 

Original Bitumen in 
Place 

The volume of bitumen in place within the McMurray Formation 
over the Kirby Project Area. 

Outlier A data point that falls outside of the statistical distribution defined 
by the mean and standard deviation. 
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Overwintering Habitat Habitat used during the winter as a refuge and for feeding. 

Ozone (O3) Ozone is a gas that occurs both in the Earth's upper atmosphere and 
at ground level.  Ozone in the upper atmosphere protects living 
organisms by preventing damaging ultraviolet light from reaching 
the Earth’s surface.  Ground-level ozone is an air pollutant with 
harmful effects on the respiratory systems of animals. 

Palaeontological Sites that include evidence of multicellular invertebrate and 
vertebrate faunal remains and plant materials that have been 
fossilized or otherwise preserved. 

Palaeontology The study of the forms of life existing in prehistoric or geologic 
times, as represented by the fossils of plants, animals and other 
organisms. 

Patch An area that is different from the area around it (e.g., vegetation 
types, non-forested areas).  This term is used to recognize that most 
ecosystems are not homogeneous, but rather exist as a group of 
patches or ecological islands that are recognizably different from 
the parts of the ecosystem that surround them but nevertheless 
interact with them. 

Patch Density (PD) The number of patches per 100 hectares divided by total landscape 
area. Patch density equals the number of patches of the 
corresponding patch types (NP) divided by total landscape area, 
multiplied by 10,000 and 100 (to convert to 100 hectares).   

Patch Richness (PR) A measure of the number of different patch types that occur within 
a study area or landscape unit within a study area. The patch types 
used here are vegetation units.   

Patch Size Coefficient 
of Variation (PSCV) 

The patch size coefficient builds off the mean patch size (MPS) as 
the variability of patch size relative to the mean. The PSCV is 
calculated as the standard deviation of patch size divided by the 
MPS and is thus a relative measure.   

Patterned Fen Peatlands that display a distinctive pattern due to alterations 
between open wet areas (flarks) and drier shrubby to wooded areas 
(strings). 

Peatland Areas where there is an accumulation of peat material at least 
40 cm thick.  These are represented by bog and fen wetlands types. 
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Percentile (e.g., 95%) 
in Context of Exposure 
Ratios (ERs) 

The 95th percentile is the reference level used when a stochastic 
analysis is conducted.  The stochastic analysis can calculate 
Exposure Ratios (Ers) at various percentile levels of distribution.  
Stochastic analysis uses a range of values (e.g., body weights, 
consumption rates, inhalation rates) in an attempt to adequately 
depict the assessed population.  Exposure model results are 
presented as a range of values.  The 95th percentile represents a 
level of risk that 95% of the population should never experience.  
In other words, the ER value at the 95th percentile indicates that 
95% of the population will experience an ER equal to or less than 
the value at the 95th percentile.  Thus, only 5% of the population 
would experience ER values greater than the value at the 95th. 

Periglacial Lakes A periglacial lake is one formed where the natural drainage of the 
topography is obstructed by an ice sheet, ice cap or glacier. 

Permissible Sound 
Level (PSL) 

The allowable overall A-weighted sound level of noise from 
energy industry sources, as specified by the EUB Noise Control 
Directive, which may contribute to the sound environment of a 
residential location. 

Petrophysical Analysis involving the study of the physical properties of oil- or 
natural gas-bearing rock 

pH The degree of acidity (or alkalinity) of soil or solution.  The pH 
scale is generally presented from 1 (most acidic) to 14 (most 
alkaline).  A difference of one pH unit represents a ten-fold change 
in hydrogen ion concentration. 

pH Value The degree of acidity (or alkalinity) of soil or solution.  The pH 
scale is generally presented from 1 (most acidic) to 14 (most 
alkaline).  A difference of one pH unit represents a ten-fold change 
in hydrogen ion concentration. 

Photo Rate The proportion of photographic bait stations where a species is 
photographed. 

Phtyotoxic Toxic or poisonous to plants or plant tissue.  

Physiography Pertaining to the form of the earth or its surface features. 

Phytotoxic Metals Metals in concentrations toxic to plants. 
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Piezometric Surface If water level elevations in wells completed in an aquifer are 
plotted on a map and contoured, the resulting surface described by 
the contours is known as a potentiometric or piezometric surface. 

Planned Development 
Case (PDC) 

The Planned Development Case includes the Application Case 
components and planned developments that have been publicly 
disclosed at least six months prior to submission of the 
Environmental Impact Assessment. 

PM2.5 Airborne particulate matter with a mean diameter less than 2.5 µm 
(microns) in diameter.  This represents the fraction of airborne 
particles that can be inhaled deeply into the pulmonary tissue. 

Podzolic Soil A soil that develops in temperate to cold moist climates under 
coniferous or heath vegetation; an organic mat over a grey leached 
layer. 

Polycyclic Aromatic 
Hydrocarbon (PAH) 

A chemical by-product of petroleum-related industry.  Aromatics 
are considered to be highly toxic components of petroleum 
products.  PAHs, many of which are potential carcinogens, are 
composed of at least two fused benzene rings.  Toxicity increases 
along with molecular size and degree of alkylation of the aromatic 
nucleus. 

Population A collection of individuals of the same species that potentially 
interbreed. 

Population Viability 
Analysis (PVA) 

A modelling process that uses estimates of landscape changes, 
demographic rates and environmental variation to calculate the 
probability of species extinction within a given period of time and 
space. 

Porosity The percentage of the bulk volume of a rock or soil that is occupied 
by interstices (minute openings or crevices), whether isolated or 
connected. 

Potable Water Water that less than 4,000 TDS that may or may not meet drinking 
water quality. 

Potential Acid Input 
(PAI) 

A composite measure of acidification determined from the relative 
quantities of deposition from background and industrial emissions 
of sulphur, nitrogen and base cations. 
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Potentiometric Surface Under confined aquifer conditions, an imaginary surface 
representing the confined pressure throughout all or part of a 
confined aquifer. 

Preglacial sand Sand deposited by fluvial systems prior to glaciation. 

Probable Effects Level Concentration of a chemical in sediment above which adverse 
effects on an aquatic organism are likely. 

Produced Gas Gas co-produced with the bitumen.  It includes solution gas (gas 
produced with crude oil). 

Proportional Sampler Device to capture numerous small samples of a fluid stream to 
enable sample averaging over an extended period. 

Quality 
Assurance/Quality 
Control (QA/QC) 

A set of practices that ensure the quality of a product or a result.  
For example, “Good Laboratory Practice” is part of QA/QC in 
analytical laboratories and involves such things as proper 
instrument calibration, meticulous glassware cleaning and an 
accurate sample information system. 

Rare Plant Potential A ranking system used to determine and map the likelihood of 
finding rare plants or the relative abundance of rare plant species 
among different vegetation types or land cover classes within the 
landscape. 

Rare Plants A native plant species found in restricted areas, at the edge of its 
range or in low numbers within a province, state, territory or 
country. 

Raster A graphic structure where the data is divided into cells on a grid.  
An example would be a computer screen where an image is 
represented by horizontal lines of coloured pixels.  Shapes are 
represented by cells of the same colour or content adjacent to each 
other. 

Reach A comparatively short length of river, stream channel or shore. The 
length of the reach is defined by the purpose of the study. 

Rearing Habitat Habitat used by young fish for feeding and/or as a refuge from 
predators. 

Receptor The person or organism subjected to exposure to chemicals or 
physical agents. 
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Recharge / Discharge 
Area 

Areas that either contribute (recharge) or take away (discharge) 
to/from the overall volume of groundwater in an aquifer. 

Reclamation  The restoration of disturbed land or wasteland to a state of useful 
capability.  Reclamation is the initiation of the process that leads to 
a sustainable landscape (see definition), including the construction 
of stable landforms, drainage systems, wetlands, soil 
reconstruction, addition of nutrients and revegetation.  This 
provides the basis for natural succession to mature ecosystems 
suitable for a variety of end uses. 

Reclamation 
Certificate 

A certificate issued by an Alberta Environment signifying that the 
terms and conditions of a conservation and reclamation approval 
have been complied with. 

Reference Value The maximum acceptable dose (per unit body weight and unit of 
time) of a chemical to which a specified receptor can be exposed 
to, assuming a specified risk (e.g., one in one hundred thousand).  
May be expressed as a Reference Dose (RfD) for threshold-
response chemicals or as a Risk Specific Dose (RsD) for non-
threshold response chemicals. 

Regional Aquatics 
Monitoring Program 
(RAMP) 

RAMP was established to determine, evaluate and communicate 
the state of the aquatic environment in the Athabasca Oil Sands 
Region.  

Regional Issues 
Working Group 
(RIWG) 

A group that works to promote the responsible, sustainable 
development of resources within the Regional Municipality of 
Wood Buffalo. 

Regional Study Area 
(RSA) 

Defines the spatial extent related to the cumulative effects resulting 
from the project and other regional developments. 

Regional Sustainable 
Development Strategy 
(RSDS) 

A regulatory framework for balancing development of Alberta’s oil 
sands resources with protection of the environment. 

Regosol The only great group in the Regosolic order. The soils in the group 
have insufficient horizon development to meet the requirements of 
the other orders. 
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RfD (Reference Dose) The maximum recommended daily exposure for a non-
carcinogenic chemical exhibiting a threshold (highly nonlinear) 
dose-response based on the No Observed Adverse Effect Level 
(NOAEL) determined for the chemical from human and/or animals 
studies and the use of an appropriate uncertainty factor. 

Richness The number of species in a biological community (e.g., habitat). 

Riffle-Run-Pool A mixture of flows and depth and providing a variety of habitats. 
Pools are deep with slow water. Riffles are shallow with fast, 
turbulent water running over rocks. Runs are deep with fast water 
and little or no turbulence. 

Riparian Refers to terrain, vegetation or simply a position next to or 
associated with a stream, floodplain or standing waterbody. 

Riprap Large rocks used for erosion control.   

Risk The likelihood or probability that the toxic effects associated with a 
chemical or physical agent will be produced in populations of 
individuals under their actual conditions of exposure.  Risk is 
usually expressed as the probability of occurrence of an adverse 
effect, i.e., the expected ratio between the number of individuals 
that would experience an adverse effect at a given time and the 
total number of individuals exposed to the factor.  Risk is 
expressed as a fraction without units and takes values from 0 
(absolute certainty that there is no risk, which can never be shown) 
to 1.0, where there is absolute certainty that a risk will occur. 

Risk Analysis Quantification of predictions of magnitudes and probabilities of 
potential impacts on the health of people, wildlife and/or aquatic 
biota that might arise from exposure to chemicals originating from 
a study area. 

Risk Assessment Process that evaluates the probability of adverse effects that may 
occur, or are occurring on target organism(s) as a result of 
exposure to one or more stressors. 

Risk Characterization The process of evaluating the potential risk to a receptor based on 
comparison of the estimated exposure to the toxicity reference 
value. 
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Risk Management The managerial, decision-making and active hazard control process 
used to deal with those environmental agents for which risk 
evaluation has indicated the risk is too high. 

Rotaflex Sometimes called a “strapjack”. An alternative mechanism to a 
pumpjack for running a stroking pump. 

Runoff The portion of water from rain and snow that flows over land to 
streams, ponds or other surface waterbodies. It is the portion of 
water from precipitation that does not infiltrate into the ground, or 
evaporate. 

Run-On Essentially the same as runoff, but referring to water that flows 
onto a property, or any piece of land of interest.  Includes only 
those waters that have not been in contact with exposed oil sands, 
or with oil sands operational areas. 

SAGD Pay Steam Assisted Gravity Drainage Pay.  Defined as McMurray 
sediments belonging to Facies Association 5 (Facies 5a & 5b) found 
within Pre B2 Channel Deposits and McMurray Incision “A” that 
have a minimum density porosity of 27% and deep resistivity 
readings of greater than or equal to 10 ohm-m which equate an oil 
saturation (So) of greater than or equal to 40%. 

Saline Water For the purpose of this application used interchangeably with 
“brackish water”.  Water that has more than 4,000 mg/L of total 
dissolved solids. 

Scavenging Removal of a pollutant from the air through chemical or physical 
processes such as dry deposition or washout by precipitation.  

Secchi Depth Secchi depth is a parameter used to determine the clarity of surface 
waters. The measurement is made with a “secchi” disk, a black and 
white disk that is lowered into the water and the depth is recorded 
at which it is no longer visible. A secchi depth recording of 5 ft 
indicates that the device was last visible at 5 ft below the surface. 
High secchi depth readings indicate clearer water that allows 
sunlight to penetrate to greater depths. Low readings indicate 
turbid water which can reduce the passage of sunlight to bottom 
depths. Limited light penetration can be a factor in diminished 
aquatic plant growth below the surface, thus reducing biological 
reaeration at lower depths. Secchi depth measurements, in feet (ft), 
are reported from 1986 to 2003 in this report. 

Secure A species that is not “At Risk”, “May Be At Risk” or “Sensitive”. 
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Sedge Any plant of the genus Carex, perennial herbs, often growing in 
dense tufts in marshy places.  They have triangular jointless stems, 
a spiked inflorescence and long grass-like leaves which are usually 
rough on the margins and midrib.  There are several hundred 
species. 

Sediment Solid material that is transported by, suspended in, or deposited 
from water.  It originates mostly from disintegrated rocks; it also 
includes chemical and biochemical precipitates and decomposed 
organic material, such as humus.  The quantity, characteristics and 
cause of the occurrence of sediment in streams are influenced by 
environmental factors.  Some major factors are degree of slope, 
length of slope soil characteristics, land usage and quantity and 
intensity of precipitation. 

Sensitive Any species that is not at risk of extinction or extirpation but may 
require special attention or protection to prevent it from becoming 
at risk. 

Sensory Disturbance Visual, auditory, or olfactory stimulus that creates a negative 
response in wildlife species. 

Seral Stage In an ecological succession, the series of biotic communities that 
follow one another on the way to the stable stage, or climax 
community.   

Seven-Day 10-Year 
Low Flow (7Q10) 

The lowest average stream flow during a 7-day interval that is 
expected to occur once every 10 years on average. 

Shannon’s Evenness 
Index (SHEI) 

Distribution of area among or within patch types in the landscape. 

Short thread and collar A standard API casing connection 

Shovel Test A subsurface test approximately 40 to 50 cm on a side excavated 
by hand to determine the presence/absence of buried cultural 
materials. 

Shredder Insect A herbivorous or detritivorous aquatic insect that chews or gorges 
vascular plants, decaying plant material or woody material as a 
food source.   

Slotted liner Wellbore piping with cut slots, installed within the target strata to 
allow fluid to pass through but prevent most solids from passing. 
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Sodic Soil A nonsaline soil containing sufficient exchangeable sodium to 
adversely affect crop production and soil structure under most 
conditions of soil and plant type. The sodium adsorption ratio of the 
saturation extract is at least 13.  

 

Soil The naturally occurring, unconsolidated mineral or organic 
material at least 10 cm thick that occurs at the earth’s surface and is 
capable of supporting plant growth. 

Soil Nutrient A chemical element or compound found in the soil that is essential 
for plant growth. 

Soil Salinity The amount of soluble salts in a soil. The conventional measure of 
soil salinity is the electrical conductivity of a saturation extract.  

Soil Salvage The process of physically removing soil from the pre-disturbance 
landscape for use in reclamation activities. 

Spawning Habitat A particular type of area where a fish species chooses to reproduce.  
Preferred habitat (substrate, water flow, temperature) varies from 
species to species. 

Special Concern 
(Vulnerable) 

A species of special concern because of characteristics that make it 
particularly sensitive to human activities or natural events. 

Special Plant 
Community 

Communities that are suspected to be rare or unique but are 
differentiated from known rare plant communities in that there is 
less information known about them, and currently are not included 
on Alberta Natural Heritage Information Centre’s Preliminary 
Ecological Community Tracking and Watch List. 

Species A group of organisms that actually or potentially interbreed and are 
reproductively isolated from all other such groups; a taxonomic 
grouping of genetically and morphologically similar individuals; 
the category below genus. 

Species Abundance The number of individuals of a particular species within a 
biological community (e.g., habitat).  

Species Distribution Where the various species in an ecosystem are found at any given 
time.  Species distribution varies with season. 
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Species Diversity A description of a biological community that includes both the 
number of different species and their relative abundance.  Provides 
a measure of the variation in number of species in a region.   

Species Richness The number of different species occupying a given area. 

Sport / Game Fish Large fish caught for food or sport (e.g., northern pike, Arctic 
grayling). 

Standard Deviation 
(Sd) 

A measure of the variability or spread of the measurements about 
the mean.  It is calculated as the positive square root of the 
variance. 

Steam Assisted Gravity 
Drainage (SAGD) 

An in-situ oil sands recovery technique that involves the use of two 
horizontal wells, one to inject steam and a second to produce the 
bitumen. 

Stomatal Closure The movement of stomata guard cells to slow or prevent gas 
exchange between the plant and its environment. 

Stream Day Maximum daily rate (design capacity for equipment).   

Stream Day Rate Calendar day rate divided by 0.95. 

Subhygric Soil moisture conditions where water is removed slowly enough to 
keep the soil wet for a significant part of the growing season. There 
is some temporary seepage and possible mottling below 20 cm. 

Subsoil A stratum that includes one or more of the following:  

(i) that portion of the B horizon left after salvage of upland surface 
soil; 

(ii) the C horizon of an upland soil;  

(iii) underlying parent material at an upland location that is rated 
good, fair or poor as described in Table 9, Page 28 of the Soil 
Quality Criteria Relative to Disturbance and Reclamation,1987, as 
amended; and 

(iv) mineral material below an organic layer at a location other than 
upland, that is rated good, fair or poor as described in Table 9, 
Page 28 of the Soil Quality Criteria Relative to Disturbance and 
Reclamation,1987, as amended. 

Surficial Geology Geology of surficial deposits, including soils. 
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Suspended Sediments Particles of matter suspended in the water.  Measured as the oven 
dry weight of the solids, in mg/L, after filtration through a standard 
filter paper.  Less than 25 mg/L would be considered clean water, 
while an extremely muddy river might have 200 mg/L of 
suspended sediments. 

Swale A natural depression or wide shallow ditch used to convey runoff. 

Swamp Land having soils that are saturated with water for at least part of 
the year and which usually occur next to waterbodies or in areas in 
association with fluctuating water levels such as along peatland 
margins. 

Taxa A group of organisms of any taxonomic rank (e.g., family, genus, 
or species). 

Terrestrial Vegetation Forested or non-forested areas of the landscape with non-saturated 
and non-peat-forming soils.  Excludes bogs, fens, swamps and 
marshes. 

Theis Non-Equilibrium An equation for the flow of groundwater in a fully confined aquifer 
for non-steady state conditions. 

Thermoclines A layer within a body of water where the temperature changes 
rapidly with depth. 

Thermocouple A thermoelectric device used to measure temperatures accurately, 
especially ones consisting of two dissimilar metals joined so that a 
potential difference generated between the contact points measures 
the temperature. 

Threatened A species likely to become endangered if limiting factors are not 
reversed. 

Till Sediments laid down by glacial ice. 

Timber Productivity 
Rating (TPR) 

The potential timber productivity of a stand based on height and 
age of dominant and co-dominant trees of the leading species. 

Top drive Hydraulically driven system to rotate and run drilling tubulars in a 
drilling rig. 

Topsoil Ae, Ah, Ahe, Ahj and gleyed and weakly gleyed versions of these 
horizons were usually considered to be part of the topsoil. 
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Total Dissolved Solids 
(TDS) 

The total concentration of all dissolved solids that pass through a 
0.45 µm filter.  Determination of TDS can be done by a number of 
methods, such as (but not limited to): summation of anions, 
summation of cations, gravimetric evaporation and weighing of 
residue, electrical conductivity. 

Total Edge (TE) A measure of the total length of all patch boundaries. Total edge 
differs from the total perimeter of a patch because each edge 
represents the boundary of two patches, whereas perimeter refers to 
only one patch.   

Total Hydrocarbons 
(THC) 

Total hydrocarbons include all airborne compounds containing 
only carbon and hydrogen. 

Total Organic Carbon 
(TOC) 

Total organic carbon is composed of both dissolved and particulate 
forms.  Total organic carbon is often calculated as the difference 
between total carbon (TC) and total inorganic carbon (TIC).  Total 
organic carbon has a direct relationship with both biochemical and 
chemical oxygen demands, and varies with the composition of 
organic matter present in the water.  Organic matter in soils, 
aquatic vegetation and aquatic organisms are major sources of 
organic carbon. 

Total Reduced 
Sulphur (TRS) 

A term used to collectively describe hydrogen sulphide and 
mercaptans. 

Total Suspended Solids 
(TSS)  

The amount of suspended substances in a water sample that can be 
removed by a o.45 µm filter.  Solids, found in wastewater or in a 
stream, which can be removed by filtration. The origin of 
suspended matter may be artificial or anthropogenic wastes or 
natural sources such as silt. 

Toxic A substance, dose or concentration that is harmful to a living 
organism. 

Toxic Threshold Almost all compounds (except genotoxic carcinogens) become 
toxic at some level with no evident harm or adverse effect below 
that level.  Scientists refer to the level or concentration where they 
can first see evidence for an adverse effect on an organism as the 
toxic threshold.  Genotoxic carcinogens exhibit some toxic 
potential at any level. 

Toxicity  The inherent potential or capacity of a material to cause adverse 
effects in a living organism. 
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Toxicity Assessment The process of determining the amount (concentration or dose) of a 
chemical to which a receptor may be exposed without the 
development of adverse effects. 

Toxicity Reference 
Value (TRV) 

For a non-carcinogenic chemical, the maximum acceptable dose 
(per unit body weight and unit of time) of a chemical to which a 
specified receptor can be exposed, without the development of 
adverse effects.  For a carcinogenic chemical, the maximum 
acceptable dose of a chemical to which a receptor can be exposed, 
assuming a specified risk (e.g., 1 in 100,000). May be expressed as 
a Reference Dose (RfD) for non-carcinogenic (threshold-response) 
chemicals or as a Risk Specific Dose (RsD) for carcinogenic (non-
threshold response) chemicals.  Also referred to as exposure limit. 

Traditional 
Environmental (or 
Ecological) Knowledge 
(TEK) 

Knowledge and understanding of traditional resource and land use, 
harvesting and special places. 

Traditional Land Use 
(TLU) 

Activities involving the harvest of traditional resources such as 
hunting and trapping, fishing, gathering medicinal plants and 
travelling to engage in these activities.  Land use maps document 
locations where the activities occur or are occurring.   

Transducer (pressure) A type of measurement device that converts pressure-induced 
mechanical changes into an electrical signal 

Transmissivity The rate at which water of the prevailing kinematic viscosity is 
transmitted through a unit width of an aquifer under a unit 
hydraulic gradient.  Length2 x Time (e.g., m2/s). 

Treatment-recovery-
disposal 

Process to separate liquid and solids waste, then facilitate disposal 
to landfill, salt caverns and/or disposal wells. 

Tree Throws Dirt-filled root system of a tree that is ripped up when the tree falls. 

Trim Blending Add diluent at the end to meet the final sales specification. 

Uncertainty Imperfect knowledge concerning the present or future state of the 
system under consideration; a component of risk resulting from 
imperfect knowledge of the degree of hazard or of its spatial and 
temporal distribution. 
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Uncertainty Factor A unitless numerical value that is applied to a reference 
toxicological value (i.e., No Observed Adverse Effect Level 
[NOAEL]).  It accounts for uncertainties in the experimental data 
used to derive the toxicological value (e.g., short testing period, 
lack of species diversity, small test group) as well as to increase the 
confidence in the safety of the exposure dose as it applies to species 
other than the test species (e.g., sensitive individuals in the human 
population).  RfD equals the NOAEL divided by the uncertainty 
factor. 

Understorey Trees or other vegetation in a forest that exist below the main 
canopy level. 

Ungulate Belonging to the former order Ungulata, now divided into the 
orders Perissodactyla and Artiodactyla, and composed of the 
hoofed mammals such as horses, cattle, deer, swine and elephants. 

Uniface A stone artifact flaked only on one surface. 

United States 
Environmental 
Protection Agency 
(U.S. EPA) 

The U.S. EPA is responsible for implementing the federal laws 
designed to protect the environment.  The U.S. EPA endeavours to 
accomplish its mission systematically by proper integration of a 
variety of research, monitoring, standard-setting and enforcement 
activities.  As a complement to its other activities, the U.S. EPA 
coordinates and supports research and anti-pollution activities of 
state and local governments, private and public groups, individuals 
and educational institutions.  The U.S. EPA also monitors the 
operations of other federal agencies with respect to their impact on 
the environment. 

Universal Transverse 
Mercator (UTM) 

The UTM system applies the Transverse Mercator projection to 
mapping the world, using 60 pre-defined standard zones to supply 
parameters. UTM zones are six degrees wide. Each zone exists in a 
north and south variant. The northern hemisphere projections for 
the UTM system consist of 120 zones (60 different zones with 
north and south variants of each). Originally developed for military 
use and now widely used in civil mapping.  

Upland Areas Areas that have typical ground slopes of 1 to 3% and are better-
drainage. 

Utility Water (Also known as Plant water) the water used at the plant but is not 
used in the water treatment plant to make boiler feed water. 
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Variable frequency 
drive 

Electrical equipment to allow adjustment to the speed of an electric 
motor. 

Vascular Plant Plants possessing conductive tissues (e.g., veins) for the transport 
of water and food. 

Visual Aesthetics The study of the psychological responses to appearances. 

Volatile Organic 
Compounds (VOC) 

Volatile Organic Compounds include aldehydes and all of the 
hydrocarbons except for ethane and methane.  VOCs represent the 
airborne organic compounds likely to undergo or have a role in the 
chemical transformation of pollutants in the atmosphere.   

VShale The volume of sediment classified as shale within a given interval. 

Vulnerable  A species of special concern because of characteristics that make it 
particularly sensitive to human activities or natural events. 

Water Table The shallowest saturated ground below ground level - technically, 
that surface of a body of unconfined groundwater in which the 
pressure is equal to atmospheric pressure. 

Watershed The entire surface drainage area that contributes water to a lake or 
river. 

Weeds Plants that are defined as controlled weeds, nuisance weeds, or 
noxious weeds by the Weed Control Act, as amended. 

Well pair Two horizontal wells as required to operate in a SAGD fashion. 
Generally one well slightly above the other. 

Wellpad 1. The platform from which a hole or shaft is excavated, drilled, 
bored or cut into the earth so as to tap a supply of some material 
(e.g., water, oil, gas). 2. An area associated with Steam Assisted 
Gravity Drainage operations on which pairs of wells are drilled.  
The pairs of wells include a steam injection well and a production 
well.   

Wetlands Wetlands are land where the water table is at, near or above the 
surface or which is saturated for a long enough period to promote 
such features as wet-altered soils and water tolerant vegetation.  
Wetlands include organic wetlands or “peatlands,” and mineral 
wetlands or mineral soil areas that are influenced by excess water 
but produce little or no peat. 
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Wiau Channel Paleoriver channel system that formed during the Late Tertiary, 
inferred to be filled with preglacial fluvial drift.  The channel is 
considered to be one of the widest, if not the largest, buried 
preglacial channels in the Plains region of North America.  The 
estimated channel width ranges from 5 to 30 km, with an estimated 
length of 195 km. 

Wire wrap screen Wellbore piping with special wire wrapped around, and installed 
within the target strata to allow fluid to pass through but prevent 
most solids from passing 

Wood Buffalo 
Environmental 
Association (WBEA) 

The mission of the Wood Buffalo Environmental Association is to 
monitor and provide accurate, credible, transparent and 
understandable information on air quality and air related 
environmental impacts in the Regional Municipality of Wood 
Buffalo. 

Worst-Case A semi-quantitative term referring to the maximum possible 
exposure, dose or risk that can conceivably occur, whether or not 
this exposure, dose, or risk actually occurs or is observed in a 
specific population.  It should refer to a hypothetical situation in 
which everything that can plausibly happen to maximize exposure, 
dose, or risk does happen.  The worst-case may occur in a given 
population, but since it is usually a very unlikely set of 
circumstances in most cases, a worst-case estimate will be 
somewhat higher than what occurs in a specific population.  

Zooplankton Small (often microscopic) aquatic animals suspended or weakly 
swimming in water. 
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1 ABBREVIATIONS 

~  Approximately 
o Degree 
°C Temperature in degrees Celsius 
# Number 
% Percent  
< Less than 
> More than 
≤ Less than or equal to 
≥ More than or equal to 
± Plus or minus 
3-D Three dimensional 

7Q10 Lowest 7-day consecutive flow that occurs, on average, once every 10 
years 

AAAQO Alberta Ambient Air Quality Objectives 
AAC Annual Allowable Cut 
AATC Ambient Air Technical Committee 
ABMI Alberta Biodiversity Monitoring Institute  
ABMP Alberta Biodiversity Monitoring Program 
ACC Alberta Caribou Committee 
ACFN Athabasca Chipewyan First Nation 
AENV Alberta Environment 
AEP Alberta Environmental Protection 
AIT Alberta Infrastructure and Transportation 
Al Aluminum  
Albian or Albian 
Sands Albian Sands Energy Inc. (Muskeg River Mine) 

Al-Pac Alberta-Pacific Forest Industries Inc. 
ALS ALS Laboratory Group 
AMD Atmosphere Monitoring Division 
ANC Acid Neutralizing Capacity 
ANClim Acid Neutralizing Capacity Limit 
ANCorg Weak Organic Acids 
AOs Aesthetic Objectives 
AOSERP Alberta Oil Sands Environmental Research Program 
ARC Alberta Research Council 
ARC-Vegreville Alberta Research Council in Vegreville 
AREA_CV Patch Size Coefficient of Variation 
AREA_MD Patch Size Median 
AREA_MN Patch Size Mean 
AREA_SD Patch Size Standard Deviation 
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ASRD Alberta Sustainable Resource Development 
ATPRC Alberta Tourism, Parks, Recreation and Culture 
AVI Alberta Vegetation Inventory 
AWI Alberta Wetlands Inventory 
BACT Best Available Control Technology 
BATEA Best Available Technology Economically Achievable 
BADT Best Available Demonstrated Technology 
bbl Barrel, petroleum (42 US gallons) 
bbl/cd Barrels per calendar day 
BC Base cation 
BC/Al Base cation to aluminum ratio 
BCF Bioconcentration factors 
BC/H Base cation to hydrogen ratio 
BFW Boiler Feed Water 
BLCN Beaver Lake Cree Nation 
BOD Biochemical Oxygen Demand 
BOP Blow-Out Preventer 
bpd Barrels per day 
BSL Basic sound level 
BTEX Benzene, Toluene, Ethylbenzene, Xylene  
bTOC Below top of casing 
BW Receptor Body Weight 
BW% Bitumen Weight Percent 
BWS Basal Water Sands 
BWSG Biodiversity and Wildlife Subgroup of CEMA 
Ca Calcium 
Ca2+ Calcium base cation (particle) 
CA Class Area 
CaCO3 Calcium carbonate 
CadnaA Computer Aided Noise Attenuation 
CAI_AM Core Area Index Area Weighted Mean 
CALMET Computer Aided Learning in Meteorology 
Canadian Natural Canadian Natural Resources Limited 
CAPP Canadian Association of Petroleum Producers 
CASA Clean Air Strategic Alliance 
CCME Canadian Council of Ministers of the Environment 
CEA Cumulative Effects Assessment 
CEAA Canadian Environmental Assessment Act 
CEMA Cumulative Environmental Management Association 
CEPA Canadian Environmental Protection Act 
CH4 Methane 
CI Continuous Improvement 
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CICS Canadian Institute for Climate Studies 
CL Critical Load 
CLAWR Cold Lake Air Weapons Range 
CLFN Cold Lake First Nations 
CLPL Cold Lake Pipeline 
cm Centimetre 
CNRL Canadian Natural Resources Limited  
CO Carbon monoxide 
CO2 Carbon dioxide 
CO2e Equivalent Carbon Dioxide 
CONRAD Canadian Oil Sands Network for Research and Development 
COPC Chemicals of Potential Concern 
COS Carbonyl sulphide 
COSEWIC Committee on the Status of Endangered Wildlife in Canada 
CPUE Catch per unit of effort 
CPDFN Chipewyan Prairie Dene First Nation 
C&R Conservation and Reclamation 
CS2 Carbon disulphide 
CSS Cyclic Steam Stimulation 
cSt CentiStokes – kinematic viscosity 
CV Coefficient of Variance 
CWQG Canadian Water Quality Guidelines 
CWS Canada-Wide Standards  
D Darcy 
dB Decibel, a measure of sound power 
dBA A-weighted decibels 
dBC C-weighted decibels 
DBH Diameter at breast height 
DBIP Developable Bitumen In Place 
DEM Digital Elevation Model 

DFO Fisheries and Oceans Canada 
(Note: formerly Department of Fisheries and Oceans Canada) 

DGSA Detailed Geologic Study Area 
DO Dissolved Oxygen 
DOC Dissolved Organic Carbon 
E East 
EAC Existing and Approved Case 
EC Electrical Conductivity 
e.g. For example 
EH&S Environment, Health and Safety 
EIA Environmental Impact Assessment 
ELC Ecological Land Classification 
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EMS Emergency Management System 
EOR Environmental and Operating Renewal 
EPA U.S. Environmental Protection Agency 
EPEA Alberta Environmental Protection and Enhancement Act 
ER Exposure Ratio 
ERP Emergency Response Plan 
ERW Electric resistance weld 
ESA Environmentally Significant Area  
ESL Effects Screening Level 
ESP Electric Submersible Pump 
et al. Group of authors 
EUB Alberta Energy and Utilities Board 
FA 1 Facies Association One 
FA 5 Facies Association Five 
FA 6 Facies Association Six 
FA 7 Facies Association Seven 
FA 8 Facies Association Eight 
FCSG Forced Circulation Steam Generators 
FGD Flue Gas Desulphurization 
FMA Forest Management Agreement 
FM#468FN Fort McMurray #468 First Nation 
FMU Forest Management Unit 
FMVB Fort McMurray Visitors Bureau 

FPTCCEA Federal-Provincial-Territorial Committee on Climate Change and 
Environmental Assessment 

FRAC_MN Mean Patch Fractal Dimension 
g Grams 
GCM General Circulation Model 
g/GJ Grams per gigajoule 
GHG Greenhouse Gas 
GIS Geographic Information System 
GJ or Gj Gigajoule (109 Joules) 
GJ/hr or Gj/hr Gigajoule per hour 
Golder Golder Associates Ltd. 
GPS Global Positioning System 
h or hr Hour 
H+ Hydrogen Ions 
H2NO3 Hydrogen Nitrate 
H2S Hydrogen sulphide 
H2SO4 Hydrogen Sulphate 
ha Hectare 
HADD Harmful alteration, disruption or destruction 
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HASP Health and Safety Plan 
HEMC Human Exposure Monitoring Committee of the WBEA 
HHRA Human Health Risk Assessment 
HLFN Heart Lake First Nation 
HP High Pressure 
HRIA Historical Resources Impact Assessment  
HRMB Heritage Resource Management Branch, Royal Alberta Museum 
HRV Historical Resource Value  
HSI Habitat Suitability Index 
H&SMS Health and Safety Management System 
HSPF Hydrological Simulation Program-Fortran 
Ht Height 
H:V Ratio of horizontal length (H) to vertical length (V) for a specific slope 
HVAC Heating, ventilation and air conditioning 
Hwy Highway 
Hz Hertz 
I.A. Instrument Air 
ICO2N Integrated CO2 Network 

ICP/MS Inductively Coupled Argon Plasma Atomic Emission Spectrometric 
Analysis/Mass Spectrometry 

ID Interim Directive  
IDF Intensity-Duration-Frequency 
i.e. That is 
IFN Instream Flow Needs 
IGF Induced Gas Flotation 
IHS Inclined Heterolithic Stratification 
IJI Interspersion/Juxtaposition 
IL Information Letter 
ILCR Incremental Lifetime Cancer Risk 
ILMM Integrated Land Management Model 
INAC Indian and Northern Affairs Canada 
IPCC Intergovernmental Panel on Climate Change 
IR Indian Reserve 
IRC Industry Relations Corporation 
ISF Induced Static Flotation 
ISO International Organization for Standardization 
ISQG Interim Sediment Quality Guidelines  
JACOS Japan Canada Oil Sands Limited (Hangingstone Project) 
JIP Joint industry project 
K Carrying capacity (wildlife) 
K+ Potassium base cation (particle) 
KCP Kirby Central Plant 
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keq Kiloequivalent – equal to 1 kmol of hydrogen ion (H+) 
keq/ha/yr Kiloequivalent per hectares per year 
kg Kilogram 
kg/m3 Kilograms per metre cubed 
KIRs Key Indicator Resources 
km Kilometre 
km2 Square kilometre 
km/h or km/hr Kilometres per hour 
km/km2 Kilometre per square kilometre 
kPa Kilopascals 
kt/yr Kilotonnes per year 
kW Kilowatt 
L or l Litre 
LACT Lease Automatic Custody Transfer 
LCR Lifetime Cancer Risk 
LEL Lower Explosive Limit 
Leq Equivalent continuous sound level 
LFH Litter, Fibric and Humic 
LFN Low frequency noise 
LGP Low ground pressure 
LICA Lakeland Community and Industrial Association 
LLBRICC Lac La Biche Region Industry Consultation Committee 
Lmax Maximum sound level  
Lmin Minimum sound level   
LOEC Lowest Observed Effect Concentration 
LOEL Lowest Observed Effect Level 
Lp Sound pressure 
LP Low Pressure 
LRSYA Long Run Sustained Yield Average 
L/s Litres per second 
LSA Local Study Area 
LSD Legal Sub-Division 
Lw Sound power level 
LZA  Linkage Zone Ana 
m Metre 
m/m Metres/metre 
m/s Metres per second 
m/yr Metres per Year 
m2 Square metres 
m2/d Metres squared per day 
m3 Cubic metres 
m3/cd Cubic metres per calendar day 
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m3/s Cubic metres per second 
m3/y Cubic metres per year 
MAC Maximum Acceptable Concentration (for drinking water quality) 
MAGIC Model for Acidification of Groundwater in Catchments 
M above GS Metres above Ground Surface 
MAI Mean Annual Increment  
masl Metres Above Sea Level 
max Maximum 
M-B-C Mix, Bury, Cover 
mbgs Metres below Ground Surface 
m bTOC Metres Below Top of Casing 
MCC Motor Control Center 
mD milliDArcy 
meq Milliequivalents 
MFT Mature Fine Tailings 
Mg2+ Magnesium base cation (particle) 
mg/kg/d Milligrams per kilograms per day 
mg/L Milligrams per litre 
min Minimum 
mm Millimetre  
mm/hr Millimetres per hour 
mm/yr Millimetres per year 
Mn Manganese 
MN Mean Patch Size 
MNA Zone 1 Métis Nation of Alberta Zone 1  
mPa-s MilliPascal Seconds – Dynamic Viscosity 
MPOI Maximum Point of Impingement 
MPS Mean patch size 
m/s Metres per second 
MSL Mineral Surface Lease 
MWD Measurement while drilling 
n or No. Sample size 
N Nitrogen 
N North 
N/A and n/a Not applicable  
NAD North American Datum 
NCAR National Center of Atmospheric Research  
NCWAG Northeast Co-operative Weed Management Group 
NE Northeast 
Nexen Nexen Canada Ltd. 
ng/g Nanograms per gram 
Ni Nickel 
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NO Nitric oxide (gas) 
NO2 Nitrogen dioxide (gas) 
NO3 Nitrate (particle) 

NOX
Oxides of nitrogen (NO, NO2) (gas), or all nitrogen species (e.g., NOX, 
N2O, N3O) 

N2O Nitrous Oxide 
NOAEC No Observable Adverse Effect Concentration 
NOAEL No Observed Adverse Effect Level 
NP Number of Patches 
NPRI National Pollutant Release Inventory 
NSMWG NOx/SOx Management Working Group 
NST Non-Segregating Tailings 
NTDB National Topographic Database 
NTS National Topographic Survey 
O3 Ozone 
OBIP Original Bitumen In Place 
Ohm-m Resistivity 
OIP Oil In Place 
OPTI OPTI Canada Inc. 
OSEC Oil Sands Environmental Coalition 
OSCA Oil Sands Conservation Act 
OSL Oil Sands Lease 
OSWWG Oil Sands Wetlands Working Group  
OTSG Once Through Steam Generator 
PAH Polycyclic aromatic hydrocarbons 
PAI Potential Acid Input 
PAW Canadian Natural Primrose and Wolf Lake Project 
PDC Planned Development Case 
PEL Probable Effects Level 
pers. comm. Personal Communication 
Phi Porosity 
PM2.5 Particulate matter with nominally smaller than 2.5 µm in diameter 
ppb Parts per billion 
ppm Parts per million 
PQRA Preliminary Quantitative Risk Assessment 
PR Patch Richness 
PSL Permissible Sound Level 
PSV Pressure Safety Valve 
PVA Population Viability Analysis 
pW picoWatt (Watts x 10-12) 
Q Quarter (i.e., three months of a year) 
Q1, Q2, Q3, or Q4 First, second, third, or fourth quarter of a year 
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Q20
Sustainable long-term yield for a 20-year period for a proposed production 
well (m3/day) (AENV 2003) 

QA/QC Quality Assurance/Quality Control 
RAMP Regional Aquatics Monitoring Program 

REASMC Regional Environmental Air and Soil Monitoring Committee (a 
subcommittee of LICA) 

RELAD Regional Lagrangian Acid Deposition Model 
RfD Reference Dose 
RFDi Inhalation Reference Dose 
RFDo Oral Reference Dose 
RFMA Registered Fur Management Areas 
Rge, Rg or R Range 
RGS Regional Geological Study 
RGSA Regional Geologic Study Area 
RID Regional Integrated Decision 
RIWG Regional Issues Working Group 
RMWB Regional Municipality of Wood Buffalo 
rms Root mean square 
ROW Rights-of-way 
RPM Rotations per minute 
RQ Risk Quotient 
RSA Regional Study Area 
RSDS Regional Sustainable Development Strategy for the Athabasca Oil Sands 
RSF Resource Selection Function 
RWG Reclamation Working Group of CEMA 
S Sulphur 
S South 
SAGD Steam Assisted Gravity Drainage 
SAorg Strong Organic Acids 
Sd Standard deviation 
SEWG Sustainable Ecosystems Working Group of CEMA 
SHEI Shannon’s Evenness Index 
Shell Shell Canada Limited  
SIR Supplemental Information Request 
SK Saskatchewan 
SLERA Screening Level Ecological Assessment 
SO2 Sulphur dioxide 
SO4

2- Sulphate (particle) 
sp. Species 
spp. Multiple Species 
SRES Special Report on Emissions Scenarios 
SRU Sulphur Recovery Unit 
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ssp. Subspecies 
SSWC Steady-State Water Chemistry 
ST&C Short Thread and Collar 
STP Suncor South Tailings Pond 

Suncor Suncor Energy Inc. (Lease 86/17, Steepbank, Millennium, Voyageur, 
Firebag) 

SW Southwest 
SWWG Surface Water Working Group of CEMA 
Syncrude Syncrude Canada Ltd.  
TASA Terrestrial Air Study Area 
t/cd Tonnes per calendar day 
TCEQ Texas Commission on Environmental Quality 
TCU True Colour Unit 
t/d Tonnes per day 
TDG Transportation of Dangerous Goods 
TDS Total Dissolved Solids 
TE Total Edge 
TEEM Terrestrial Environmental Effects Monitoring Program of WBEA 
TEH Total Extractable Hydrocarbons 
TEK Traditional Ecological Knowledge 
THAI Toe to Heel Air Injection 
THC Total Hydrocarbons 
TK Traditional Knowledge 
TKN Total Kjeldahl Nitrogen 
TLU Traditional Land Use 
TMAC Trace Metals and Air Contaminants of CEMA 
TOC Total Organic Carbon 
TOR Terms of Reference 
Tp or Twp. Township 
TP Total Phosphorus 
TPR Timber Productivity Rating 
TRD Treatment, recovery, disposal 
TRS Total Reduced Sulphur 
TRV Toxicity Reference Value 
t/sd Tonnes per stream day 
TSS Total Suspended Solids 
Twp. Or Tp Township  
UPS Uninterruptible Power Supply 
U.S. EPA United States Environmental Protection Agency 
UTM Universal Transverse Mercator 
V Vanadium 
VAPEX Vapor Extraction Process 
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var. Variety 
VFD Variable Frequency Drive 
VNS Visual Nature Studio 
VOC Volatile Organic Compound 
VRU Vapour Recovery Unit 
vs. Versus 
W West 
W3M West of the Third Meridian  
W4M West of the Fourth Meridian 
W5M West of the Fifth Meridian  
WBEA Wood Buffalo Environmental Association 
WCSS Western Canada Spill Services 
WDS Water Data System 
WHO World Health Organization 
WHMIS Workplace Hazardous Materials Information System 
WLFN #128 Whitefish Lake First Nation #128 (Goodfish) 
yr Year 
μeq/L Microequivalent per litre 
μg Microgram 
μg/g Micrograms per gram 
μg/kg BW/d Micrograms per kilogram body weight per day 
μg/L Micrograms per litre 
μg/m3 Micrograms per cubic metre 
μm Micron or Micrometre 
μPa Micro Pascal 
μS/cm Microsiemens per centimetre 
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