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Introduction

Directive 054: Section 4.1



• 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 expired on March 31, 2024.
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4.1, 1) Scheme Setting and Background



• Solvent Enhanced SAGD (SE-SAGD) Concept

‒ Select butane as solvent base on boiling point at operating pressure

‒ Reduce steam rate and inject butane to maintain pressure

‒ Expect to maintain oil production with significantly reduced SOR (up to 50%)

‒ Expect high solvent return from reservoir 

• Pilot Overview

‒ Solvent injection to pilot wells (G9 and G10) commenced in June 2019

‒ Butane injection to pilot wells was ceased in December 2020

 Pump skid and associated pilot surface facilities were decommissioned in October 2022

‒ Butane production monitoring was suspended at the end of 2022

• Status

‒ Pilot achieved all KPIs

‒ Process patent granted (CA 3,079,710)

‒ Pad scale demonstration project at Kirby North under construction

‒ Integrating into business plan 
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4.1, 1) Scheme Setting and Background (cont’d)



4.1, 1) Scheme Setting and Background (cont’d)
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Subsurface

Directive 054: Section 4.2



7

4.2, 2) Production Plot (2 WPs)
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4.2, 3 a) Drilled and Approved Drainage Areas

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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4.2, 3 b) SAGD Pay Isopach

Resource cut-off aligned with the Kirby Project 
(Approval No. 11475) definition.

Polygon Legend

G Pad Approved Drainage Area

Pilot Location



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

area.
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4.2, 3 c) Major Gas and Water Intervals
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4.2, 3 d) Geomechanical Anomalies

• No known geomechanical anomalies identified since last reporting period.
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4.2, 3 e) Seismic

Polygon Legend

G Pad Drainage Area

Pilot Area

3D Seismic Coverage 

• Pad G has full 3D seismic coverage

• Initial 3D in 2000

• First 4D acquired in 2015

• Second 4D acquired in Feb 2021
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4.2, 4) Pilot Area Structural Cross-Section
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4.2, 5/6) Pilot Area Volumetrics

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

*Referenced recovery volumes to March 31, 2024

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(%) (e6m3)

G9/G10 149,824 20.9 33 83 5.7 0.9 53 70



• Pilot Co-Injection:

‒ G10 solvent injection from June 12, 2019 to November 6, 2020

‒ G9 solvent injection from August 28, 2019 to December 10, 2020

• Co-injection philosophy:

‒ Steam was reduced to a set target (40-50% of SAGD rate)

‒ Butane was injected to sustain chamber pressure

• While some vapor interference of ESP operation was observed in both wells, 

cumulative bitumen production was consistent with baseline SAGD performance 

while requiring reduced steam volumes

• After solvent co-injection stopped, both wells were operated as normal SAGD wells
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4.2, 7) Co-Injection



Surface

Directive 054: Section 4.3
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4.3, 8 a) Built and Planned Surface Infrastructure

Solvent Bullets

Solvent Injection Pumps

Solvent Bullets

SE-SAGD Injection Schematic



4.3, 8 a) Built and Planned Surface Infrastructure
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4.3, 8 a) Built and Planned Surface Infrastructure (cont’d)
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Solvent injected with the high pressure steam 20

4.3, 8 a) Built and Planned Surface Infrastructure (cont’d)
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Casing vapours are cooled, condensed, and then pumped into emulsion pipeline 21

4.3, 8 a) Built and Planned Surface Infrastructure (cont’d)

G9/G10 Casing 
Gas blended 
into emulsion



Vapours flashed at the CPF are cooled and recycled back into process stream 22

4.3, 8 a) Built and Planned Surface Infrastructure (cont’d)

Inlet Sep Vapor Re-routed

Future 
compression 
skid



4.3, 8 b) Modifications to the Central Processing Facility
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• Modifications were made to optimize plant processes and recover the produced 

butane

• New construction completed on Pad G and Kirby South Plant for pilot includes:

‒ Installation of Hydra-cell pumps skid at the central plant 

 The Hydra-cell pumps skid has been decommissioned as butane injections has stop at the end of 2020

‒ Underground pipeline from the central plant to G pad

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

pad



• Bitumen production and steam injection rates were within the pilot design.

‒ SE-SAGD is a small scale pilot with no impact on the fluid handling capacity of the Kirby South 

Central Processing Facility.
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4.3, 8 c) Annual Operational Bitumen and Steam Rates



Historical & Upcoming Activity

Directive 054: Section 4.4



• Not Applicable
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4.4, 9) Suspension and Abandonment Activity
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4.4, 10 a)  Regulatory Approvals

Application Description Application Number Submission Date Approval Date

Kirby South In Situ Oil Sands Project Solvent Enhanced Pilot 1911685 7/19/2018 10/22/2018

Kirby South Experimental Scheme Approval No. 12810 Expiry and 

Amalgamation with Kirby Approval No. 11475
1949503 12/15/2023 01/23/2024



• Solvent injection to pilot wells commenced in June 2019

• Butane injection to pilot wells was ceased in December 2020

‒ Following the stop of butane injection, the pilot wells were operated as normal SAGD well pairs

‒ Pump skid and associated pilot surface facilities were decommissioned in October 2022

• Butane production monitoring was suspended at the end of 2022

• No change to pilot activity in 2023/24
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4.4, 10 b) Events with Potential to Impact to Scheme Performance



• Pilot achieved 40-50% SOR reduction and maintained similar SAGD oil rate

• G10 well demonstrated 80% steady state solvent recovery, G9 experienced lower 

solvent recovery due to solvent leak off to adjacent SAGD well pairs

• Oil density improved by up to 1.5 API as a result of in situ upgrading 

• Existing artificial lift could handle extra vapour volumes

‒ Majority of produced butane is produced up the annulus

• Butane production continued after butane injection stopped 

• Precipitation of asphaltene was encountered when emulsion was inadvertently 

introduced into the butane-rich annulus gas system on surface

• Butane supply may contain water resulting in freezing issues
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4.4, 10 c) Learnings



• Experimental Scheme expired March 2024
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4.4, 10 d) Regulatory and Operational Changes



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

remediation/compliance efforts were associated with the SE-SAGD Project through 

the duration of the pilot.
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4.4, 11) Compliance History



• No further pilot activities planned for the upcoming 12 months.

‒ Experimental scheme expired in March 2024

4.4 12 a) Future Plans: Upcoming 12 Month Activity
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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 taxexpenses, and other targets provided throughout this presentation and the 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"), the Primrose thermal oil projects, the Pelican Lake water and polymer flood projects, the Kirby thermal oil sands project, the Jackfish thermal oil sands project and 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 Companymay be reliant upon to transport its products to mar ket; the abandonment of certain assets and the timing thereof, the development and deployment of technologyand technological innovations; the financial capacityof the Company to complete
its growth projects and responsiblyand sustainabl ygrow in the long-term; and the impact of the Pathways Alliance ("Pathways") initiative and acti vities, government support for Pathways and the ability to achieve net zero emissions from oil production, 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 riskand 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 invol ve 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 Companyand the industry in which the Companyoperates, 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 bysuch forward-looking statements. Such risks and uncertainties include, among others: general economic and business conditions (including as a result of the actions of the Organization of the Petroleum
Exporting Countries Plus ("OPEC+"), the impact of armed conflicts in the Middle East, the impact of the Russian invasion of Ukraine, increased inflation, and the riskof decreased economic activity resulting from a global recession) which may impact, among
other things, demand and suppl y for and market prices of the Company's products, and the availabilityand cost of resources required by the Company's operations; volatilityof and assumptions regarding crude oil, natural gas and NGLs prices; fluctuations in
currencyand interest rates; assumptions on which the Company's current targets are based; economic conditions in the countries and regions in which the Companyconducts business; political uncertainty, including actions of or against terrorists, insurgent
groups or other conflict including conflict between states; the ability of the Company to prevent and recover from a cyberattack, other cyber-related crime and other cyber-related incidents; industrycapacity; ability of the Company to implement its business
strategy, including exploration and development activities; the Company's ability to implement strategies and leverage technologies to meet climate change initiatives and emissions targets on the expected timelines; the 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; abilityof the Companyto 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 the mining, extracting or
upgrading the Company's bitumen products; availabilityand cost of financing; the Company's and its subsidiaries' success of exploration and development acti vities 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 currentlyclassified as proved; actions bygovernmental authorities; government regulations and the expenditures required to comply with them (especiallysafety 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 adequacyof the Company's provision for taxes; and other circumstances affecting revenues and expenses.

The Company's operations have been, and in the future may be, affected bypolitical developments and bynational, 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 anyof the Company's assumptions prove incorrect, actual
results may vary in material respects from those projected in the forward-looking statements. The impact of anyone 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 expresslyqualified in their entirety by these cautionarystatements. 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.
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Advisory



PROVEN                    EFFECTIVE STRATEGY


