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4.1

Introduction



• The SE-SAGD Experimental Approval No. 12810 was approved October 22, 2018 

• As outlined in Approval No. 12810, clause 7, paragraph b:

‒ The information held confidential under this approval includes:

 annual presentations made in accordance with Directive 054: Performance Presentation, Auditing, and 

Surveillance of In Situ Oil Sands Schemes.

• As outlined in Approval No. 12810, clause 8

‒ The information held confidential, including Directive 054 Presentations, in accordance with 

this approval will be released on March 31, 2024

• Experimental Approval No. 12810 expires on March 31, 2024
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1. Experimental Scheme Background



• The SE-SAGD Experimental Pilot is located at the Kirby South G Pad

• Well pairs G9 and G10 were selected to pilot SE-SAGD as an experimental recovery 

process, utilizing butane co-injection with reduced steam volumes, targeting the 

following:

‒ 40-50% reduction in SOR, and therefore CO2 emissions

‒ >80% butane recovery from reservoir

‒ Sustained baseline bitumen production 

‒ Sustained reservoir pressure

• Location was selected due to relative isolation of G10 drainage box (G9 buffer well), 

as well as proximity to surface facilities required for co-injection

‒ Produced butane is routed with produced emulsion for processing at the Kirby South CPF with 

other light hydrocarbons
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1. Scheme Discussion



1. Kirby South Project - SE- SAGD Experimental Trial Location

5



4.2

Subsurface



Observed SOR reduction of 40-50% 7

2. Scheme Performance

Start of Solvent Injection

[Jun 2019]

End of Solvent Injection

[Dec 2020]
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3 a). SE SAGD Pilot Location

G9G10

Polygon Legend

G Pad Approved Drainage Area

Pilot Location

• SE-SAGD Pilot was trialed at 

the Kirby South G Pad

‒ Well pairs G9 and G10
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3 b). SAGD Pay Isopach

Polygon Legend

G Pad Drainage Area

Pilot Area



• There are no water or gas intervals in direct communication with pay within the pilot 

area
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3 c). Water and Gas Intervals



• There are no known geomechanical anomalies at G Pad
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3 d). Geomechanical Anomalies



Full 3D seismic coverage of G Pad and pilot area 12

3 e). Geology 3D seismic Coverage

Polygon Legend

G Pad Drainage Area

Pilot Area

3D Seismic Coverage 

• Pad G has full 3D seismic coverage

• Initial 3D in 2000

• 4D acquired in 2015

• Plan to acquire second 4D data set in 2021
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4. SE-SAGD Pilot Area Structural Cross Section
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5 and 6. SE-SAGD Pilot Area Volumes

OBIP = Original Bitumen in Place

PBIP = Producible Bitumen In Place

Volumetric calculation = Area within drainage box boundary and 10m contour x SAGD thickness x avg. oil saturation x avg. porosity

Note: in Kirby, PBIP=OBIP

Drainage Area Area (m2) 
Average pay 
thickness (m)

Average porosity Average oil 
saturation (%)

Average 
permeability 

(D)

OBIP/PBIP

Total recovery 
% of original 
bitumen in 

place

Ultimate 
recovery % of 

original bitumen 
in place(%) (e3m3)

G9/G10 149,824 20.9 33.2 82.9 5.7 862 20.8 50 - 70



• Butane was co-injected with steam into the injector of well-pairs G9 and G10

• Operating philosophy:

‒ Steam was reduced to a set target (40-50% SOR reduction)

‒ Butane injection was controlled to sustain chamber pressure

• While some vapour interference of ESP operation was 

observed in both wells, cumulative bitumen production 

was consistent with baseline SAGD performance while

requiring reduced steam volumes
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7. Co-Injection Information



4.2

Subsurface



8 a). Kirby South G Pad Plot Plan with SE-SAGD Modifications
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8 a). Kirby South Central Plant Plot Plan with SE-SAGD Modification
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‒ Plant modifications to optimize plant processes and recover the produced butane

‒ New construction completed on Pad G and Kirby South Plant for Solvent Injection 

Project includes:

 Installation of Hydra-cell pumps skid at the central plant. 

 Underground pipeline from the central plant to G pad.

 Installation of butane injection flow control module, aerial cooler and Multiphase Pump skid on G 

pad.

8 b). Kirby South Facility– Summary of Modifications For SE-SAGD
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• Bitumen production and co-injection butane/steam rates were within the SAGD 

well pair design
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8 c). Annual Bitumen/Steam rates to Design Throughputs. 



4.4

Historical & 

Upcoming Activity



• N/A
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9. Suspension and Abandonment Activity
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10 a).  Regulatory Approvals

Application Description Application Number Submission Date Approval Date

Kirby South In Situ Oil Sands Project 

Solvent Enhanced Pilot 
1911685 July 19, 2018 October 22, 2018



• Butane co-injection was ceased in 2020

‒ Continuing to monitor butane production over time for economic considerations
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10 b). Regulatory and Operational Changes



• Butane supply may contain water content resulting in freezing issues

‒ Methanol injection and/or heat-trace is required for reliable winter operation
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10 c). SE-SAGD Learnings



• No further changes to learnings or pilot scheme as butane injection ceased in 2020
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10 d). Regulatory and Operational Changes



• No reportable incidents, voluntary self-disclosures, contraventions or 

remediation/compliance efforts were associated with the SE-SAGD Project in 2020.
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11. Compliance History



• G Pad

‒ Decommission all associated SE-SAGD surface facility after the butane injection has 

stopped.

• Plant

‒ Removal of Butane injection pumps skid to Canadian Natural PAW Project for future 

light hydrocarbon injection pilot project.

• Continuing to monitor butane production over time for economic considerations

‒ Currently evaluating options for expanding butane injection at Kirby South G-Pad

12. Future Plans:  2021 – 2022 Activities
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Special Note Regarding Forward-Looking Statements

Certain statements relating to Canadian Natural Resources Limited (the "Company") in this document or documents incorporated herein by reference constitute forward-looking statements or information (collectively referred to herein as "forward-looking
statements") within the meaning of applicable securities legislation. Forward-looking statements can be identified by the words "believe", "anticipate", "expect", "plan", "estimate", "target", "continue", "could", "intend", "may", "potential", "predict", "should", "will",

"objective", "project", "forecast", "goal", "guidance", "outlook", "effort", "seeks", "schedule", "proposed", "aspiration" or expressions of a similar nature suggesting future outcome or statements regarding an outlook. Disclosure related to expected future
commodity pricing, forecast or anticipated production volumes, royalties, production expenses, capital expenditures, income tax expenses and other targets provided throughout this presentation and the Company's Management’s Discussion and Analysis
("MD&A") of the financial condition and results of operations of the Company, constitute forward-looking statements. Disclosure of plans relating to and expected results of existing and future developments, including, without limitation, those in relation to the

Company's assets at Horizon Oil Sands ("Horizon"), the Athabasca Oil Sands Project ("AOSP"), Primrose thermal oil projects, the Pelican Lake water and polymer flood projects, the Kirby Thermal Oil Sands Project, the Jackfish Thermal Oil Sands Project, the
North West Redwater bitumen upgrader and refinery, construction by third parties of new, or expansion of existing, pipeline capacity or other means of transportation of bitumen, crude oil, natural gas, natural gas liquids ("NGLs") or synthetic crude oil ("SCO")
that the Company may be reliant upon to transport its products to market, the development and deployment of technology and technological innovations, and the financial capacity of the Company to complete its growth projects and responsibly and

sustainably grow in the long term also constitute forward-looking statements. These forward-looking statements are based on annual budgets and multi-year forecasts, and are reviewed and revised throughout the year as necessary in the context of targeted
financial ratios, project returns, product pricing expectations and balance in project risk and time horizons. These statements are not guarantees of future performance and are subject to certain risks. The reader should not place undue reliance on these
forward-looking statements as there can be no assurances that the plans, initiatives or expectations upon which they are based will occur.

In addition, statements relating to "reserves" are deemed to be forward-looking statements as they involve the implied assessment based on certain estimates and assumptions that the reserves described can be profitably produced in the future. There are
numerous uncertainties inherent in estimating quantities of proved and proved plus probable crude oil, natural gas and NGLs reserves and in projecting future rates of production and the timing of development expenditures. The total amount or timing of
actual future production may vary significantly from reserves and production estimates.

The forward-looking statements are based on current expectations, estimates and projections about the Company and the industry in which the Company operates, which speak only as of the earlier of the date such statements were made or as of the date of
the report or document in which they are contained, and are subject to known and unknown risks and uncertainties that could cause the actual results, performance or achievements of the Company to be materially different from any future results,
performance or achievements expressed or implied by such forward-looking statements. Such risks and uncertainties include, among others: general economic and business conditions (including as a result of effects of the novel coronavirus ("COVID-19")

pandemic and the actions of the Organization of the Petroleum Exporting Countries Plus ("OPEC+") which may impact, among other things, demand and supply for and market prices of the Company’s products, and the availability and cost of resources
required by the Company's operations; volatility of and assumptions regarding crude oil and natural gas and NGLs prices including due to actions of OPEC+ taken in response to COVID-19 or otherwise; fluctuations in currency and interest rates; assumptions
on which the Company’s current targets are based; economic conditions in the countries and regions in which the Company conducts business; political uncertainty, including actions of or against terrorists, insurgent groups or other conflict including conflict

between states; industry capacity; ability of the Company to implement its business strategy, including exploration and development activities; impact of competition; the Company’s defense of lawsuits; availability and cost of seismic, drilling and other
equipment; ability of the Company and its subsidiaries to complete capital programs; the Company’s and its subsidiaries’ ability to secure adequate transportation for its products; unexpected disruptions or delays in the mining, extracting or upgrading of the
Company’s bitumen products; potential delays or changes in plans with respect to exploration or development projects or capital expenditures; ability of the Company to attract the necessary labour required to build, maintain, and operate its thermal and oil

sands mining projects; operating hazards and other difficulties inherent in the exploration for and production and sale of crude oil and natural gas and in mining, extracting or upgrading the Company’s bitumen products; availability and cost of financing; the
Company’s and its subsidiaries’ success of exploration and development activities and its ability to replace and expand crude oil and natural gas reserves; the Company's ability to meet its targeted production levels; timing and success of integrating the
business and operations of acquired companies and assets; production levels; imprecision of reserves estimates and estimates of recoverable quantities of crude oil, natural gas and NGLs not currently classified as proved; actions by governmental authorities

(including production curtailments mandated by the Government of Alberta); government regulations and the expenditures required to comply with them (especially safety and environmental laws and regulations and the impact of climate change initiatives on
capital expenditures and production expenses); asset retirement obligations; the sufficiency of the Company's liquidity to support its growth strategy and to sustain its operations in the short, medium, and long term; the strength of the Company's balance
sheet; the flexibility of the Company's capital structure; the adequacy of the Company’s provision for taxes; the continued availability of the Canada Emergency Wage Subsidy ("CEWS") or other subsidies; and other circumstances affecting revenues and

expenses.

The Company’s operations have been, and in the future may be, affected by political developments and by national, federal, provincial, state and local laws and regulations such as restrictions on production, changes in taxes, royalties and other amounts
payable to governments or governmental agencies, price or gathering rate controls and environmental protection regulations. Should one or more of these risks or uncertainties materialize, or should any of the Company’s assumptions prove incorrect, actual

results may vary in material respects from those projected in the forward-looking statements. The impact of any one factor on a particular forward-looking statement is not determinable with certainty as such factors are dependent upon other factors, and the
Company’s course of action would depend upon its assessment of the future considering all information then available.

Readers are cautioned that the foregoing list of factors is not exhaustive. Unpredictable or unknown factors not discussed in this presentation or the Company's MD&A could also have adverse effects on forward-looking statements. Although the Company

believes that the expectations conveyed by the forward-looking statements are reasonable based on information available to it on the date such forward-looking statements are made, no assurances can be given as to future results, levels of activity and
achievements. All subsequent forward-looking statements, whether written or oral, attributable to the Company or persons acting on its behalf are expressly qualified in their entirety by these cautionary statements. Except as required by applicable law, the
Company assumes no obligation to update forward-looking statements in this presentation or the Company's MD&A, whether as a result of new information, future events or other factors, or the foregoing factors affecting this information, should circumstances

or the Company’s estimates or opinions change.

Advisory
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