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Introduction
Directive 054: Section 4.1



4.1, 1) Scheme Setting and Background 
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• Canadian Natural’s Kirby In Situ Oil Sands 
Project operates in the Athabasca Oil Sands area 
under: 
‒ OSCA Scheme Approval No. 11475, as amended
‒ EPEA Approval No. 237382-01-00, as amended

• The McMurray and Wabiskaw D formations are 
the target bitumen-bearing sands in the operating 
areas.

• Recovery Process: 
‒ Steam Assisted Gravity Drainage (SAGD)

• Approved Bitumen Production Capacity: 
‒ 22,260 cubic meters per day (m3/d) on an annual 

average basis



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

• Project History:  
‒ Kirby South 
 Approval granted September 2006. First steam October 2013.

‒ Kirby Expansion (Kirby North) 
 Approval granted May 2014. First steam May 2019.

‒ Kirby South Pad Add Extension (Ipiatik) 
 Approval granted November 2021

‒ Kirby East Pad Add Extension 
 Approval granted December 2023
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Subsurface
Directive 054: Section 4.2
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4.2, 2) Production Plot: Kirby South

Kirby South Production

Well Count represents producing wells
Plant Turnaround (T/A)

Curtailments

Plant 
Issues

KS21/KS22
Addition
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4.2, 2) Production Plot: Kirby North

Curtailments

Plant Issues

Plant T/A

KN06/KN07 
Addition

Kirby North Production

Well Count represents producing wells
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4.2, 3 a) Drilled and Approved Drainage Areas

Kirby Expansion Project Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Development Area

• The Kirby Project is approved for 
lifecycle development within the Kirby 
North, East Extension and Ipiatik 
Development Areas.

- Final drainage boxes and well 
trajectories within the Lifecycle 
Development Areas will be updated 
in the Directive 054 presentation 
following drilling.



Bitumen Pay

• Characterizes the complete package accessible 
through SAGD 

• Defined by: 

• So > 50% 
• Encompasses all brecciated intervals
• May include minimal IHS

• So  is a standard petrophysical curve calculated from 
resistivity and porosity logs, and correlated to core data

4.2, 3 b) Resource Cut-off
Kirby Bitumen Pay Definition
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4.2, 3 b) Pay Isopach - Kirby South

2024 OSE Location

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Development Area

Kirby Expansion Project
Kirby South Development Area

SAGD Pay Isopach >10m
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4.2, 3 b) Pay Isopach: Kirby North

2024 OSE Location

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Development Area

Kirby Expansion Project
Kirby North Development Area

SAGD Pay Isopach >10m

Kirby Expansion Project
Kirby North Development Area

SAGD Pay Isopach >10m

WAB D
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4.2, 3 b) Pay Isopach: Ipiatik

Kirby Expansion Project
Ipiatik Project Area
SAGD Pay Isopach

Kirby Expansion Project Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Development Area
2024 OSE Location 
(No OSE wells 
Drilled 2024)
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4.2, 3 b) Pay Isopach: Kirby East

Kirby Expansion Project
Kirby East Project Area

SAGD Pay Isopach >10m

2024 OSE Location

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Development Area
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4.2, 3 c) Major Gas and Water Intervals
Kirby South McMurray Net Bottom Water Isopach

Kirby Expansion Project
Kirby South Development Area

MCM Net Bottom Water Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Development Area



15

4.2, 3 c) Major Gas and Water Intervals
Kirby North McMurray Net Bottom Water Isopach

Kirby Expansion Project
Kirby North Development Area

MCM Net Bottom Water Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Development Area
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4.2, 3 c) Major Gas and Water Intervals
Ipiatik McMurray Net Bottom Water Isopach

Kirby Expansion Project Area

Lifecycle Development Area

Kirby Expansion Project
Ipiatik Project Area

MCM Net Bottom Water Isopach
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4.2, 3 c) Major Gas and Water Intervals
Kirby East McMurray Net Bottom Water Isopach

Kirby Expansion Project
Kirby East Project Area

MCM Net Bottom Water Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Development Area
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4.2, 3 c) Major Gas and Water Intervals
Kirby North Gas Isopach - Wabiskaw D

Kirby Expansion Project
Kirby North Development Area

Wabiskaw D Gas Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Development Area
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4.2, 3 d) Geomechanical Anomalies

• No known geomechanical anomalies identified since last reporting period.



20

4.2, 3 d) Heave Monitoring

• No heave monitoring was conducted in 2024
‒ As there are no significant geomechanical issues observed at Kirby, heave monitoring is not 

considered to be required
 Kirby operates a low pressure SAGD recovery process

‒ Heave monitoring is not a condition of approval 
‒ Canadian Natural currently utilizes monitoring strategies such as:
 Real-time surface and bottom hole pressure monitoring
 Real-time flowrate monitoring
 Real-time producer bottom hole temperature monitoring with DTS
 Observation wells
 4D seismic acquisition 



No seismic was acquired in 2024 21

4.2, 3 e) Seismic

Kirby Expansion Project
Kirby Project Area

3D/4D Seismic coverage

1997 3D Seismic

2000 3D Seismic

2002 3D Seismic

2008-2010 3D Seismic

2012 Pike 3D Seismic

2013 3D Seismic

2015 4D Seismic

2019 3D Seismic

2021 4D Seismic

2022 3D Seismic

2022 4D Seismic

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Development Area



4.2, 4) Cross-Section 
Kirby South Structural Cross-Section

Top Wabiskaw Member

Top McMurray Formation

A

A’

A’A
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MCMR 
Pay

McMurray
Basal Water Sand

DPHI_SS >0.3

DPHI_SS > 
NEUT_SS

Porosity Track Legend

Regional Caprock

Gas cross over

Top Clearwater A Shale

PreCretaceous Unconformity

MCMR Pay Top

MCMR Pay Base
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4.2, 4) Cross-Section 
Kirby North Structural Cross-Section

A

A’

A A’

MCMR 
Pay

McMurray
Basal Water Sand

Top Clearwater A Shale

PreCretaceous Unconformity

DPHI_SS >0.3

DPHI_SS > 
NEUT_SS

Porosity Track Legend

Gas cross over

Regional Caprock

Top McMurray Formation

Top Wabiskaw Member

MCMR Pay Top

MCMR Pay Base
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4.2, 5) Project, Development and Combined Active Well Pattern Volumetrics

OBIP = Original Bitumen In Place
Volumetric calculation = Area within 10m contour x SAGD thickness x avg. oil saturation x avg. porosity

Average pay 
thickness (m)

Average oil 
saturation (%)

Average porosity 
(%)

Average 
Permeability 

(D)

Original bitumen in 
place
(e6m3)

Cumulative % 
bitumen recovery

KS Combined 
Active Well Pattern 25 74 33 4.7 41 44%

KN Combined 
Active Well Pattern 24 79 33 5.2 32 33%

Kirby South 
Approved 
Development Area

23 74 33 4.5 54 -

Kirby North 
Approved 
Development Area 
(McMurray)

18 81 33 4.8 78 -

Kirby North 
Approved 
Development Area 
(Wabiskaw D)

16 78 33 3.5 44 -

Kirby Approved 
Project Area 15 79 33 4.6 273 -
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4.2, 6) Well Patterns Volumetrics: Kirby South

Drainage 
Area Area (m2) Average pay 

thickness (m)

Average 
porosity 

(%)

Average oil 
saturation (%)

Average 
permeability 

(D)

OBIP/PBIP
(e6m3)

Total recovery % of 
original bitumen in 

place

Ultimate recovery % 
of original bitumen in 

place

A 650,936 27 33 76 4.6 4.4 43% 50-70%

B 669,008 30 32 70 4.1 4.5 53% 50-70%

C 631,017 32 33 75 4.8 5.0 65% 50-70%

D 808,782 29 32 70 4.4 5.2 54% 50-70%

E 487,683 28 33 70 4.5 3.1 59% 50-70%

F 596,898 20 32 70 4.6 2.6 45% 50-70%

G 905,529 21 34 90 5.7 5.7 57% 50-70%

21 991,020 22 34 75 5.5 5.6 9% 50-70%

22 1,073,280 17 33 76 5.8 4.7 21% 50-70%

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
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4.2, 6) Well Patterns Volumetrics: Kirby North

Drainage 
Area Area (m2) 

Average pay 
thickness 

(m)

Average 
porosity 

(%)

Average oil 
saturation 

(%)

Average 
permeability 

(D)

OBIP/PBIP
(e6m3)

Total recovery % of 
original bitumen in 

place

Ultimate recovery % 
of original bitumen in 

place

KN01 763,253 25 32 79 4.7 4.8 28% 50-70%

KN02 754,806 24 32 82 5.0 4.8 47% 50-70%

KN03 763,821 25 33 83 5.6 5.3 48% 50-70%

KN04 741,275 25 33 82 5.4 5.0 44% 50-70%

KN05a 443,980 24 33 81 5.3 2.8 40% 50-70%

KN05b 205,465 21 33 73 5.6 1.0 31% 50-70%

KN06 812,270 21 33 78 4.8 4.4 9% 50-70%

KN07 616,700 23 33 77 5.0 3.6 6% 50-70%

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
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4.2, 7) Non-Condensable Gas Co-Injection

Producing Pad

NCG Co-Injection Pad

• Co-injection: Non-condensable gas (NCG) 
• Target concentration: 
‒ KS: 0.5-2.75 mol%

• KS: F Pad co-injection started in 2021 
• KS: B Pad, C Pad & D Pad co-injection 

started in Q1/Q2 2024
• KN: no NCG co-injection in 2024



• Discussion:
‒ Primarily used for steam re-allocation and reservoir pressure management

• Learnings to date:
‒ NCG injection rates within expected range 
‒ NCG successful in maintaining chamber pressure with reduced steam
‒ No negative impact to resource recovery observed in late life NCG co-injection
 Improved SOR observed
 Increased WSR observed

‒ No McMurray aquifer or well integrity impacts evident to date
• Go Forward Plan:
‒ Continue to monitor and evaluate NCG utilization and performance
‒ Add NCG co-injection capability on pads KS21, KS22, KS-A and KS-G

4.2, 7) Non-Condensable Gas Co-Injection (cont’d)
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Approved Development Area

Lifecycle Development Area

Drainage Box (existing)

Light Hydrocarbon Co-injection pad

• Light hydrocarbon (solvent) co-
injection started in June 2024 at 
pad KN06

• 2024 performance results were 
positive
‒ SOR reduction of approximately 

30%, trending towards target
‒ Light hydrocarbon recovery reached 

80% in reservoir with bottom water 
• Continue monitoring the 

performance in 2025
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4.2, 7) Light Hydrocarbon Co-Injection

Kirby North

T75
R9

T75
R8



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



4.3, 8 b) Modifications to the Central Processing Facility
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• Summary of facility modifications in 2024
‒ New disposal water pipeline connecting Kirby North and Kirby South disposal systems constructed 

and put into operation to maximize disposal between the two facilities in Q3 2024

‒ Kirby South: NCG approval received for injection at Pads B, C, and D

 NCG Injection started Q1 2024 for Pad D, Q2 2024 for Pads B and C.

‒ Kirby North: Light hydrocarbon injection on KN06 and solvent (light hydrocarbon) recovery facility 
(SR1) started Q2 2024

‒ Kirby North: Water disposal well MCM07 KIRBY 2-22-74-10 commissioned in Q3 2024

‒ Kirby North: Disposal system modifications to inject brackish water into Clearwater 1F1/13-05-075-
08W4 starting Q3 2024



Facility Highlights: Kirby South
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• Evaporators
‒ Upgraded the vapour washer demisters from one layer to two layers to reduce fouling and increase runtime between 

cleanings

• Utility water upgrades
‒ Modifications to system to use process water, minimizing the use of fresh water during normal operations

• Boiler optimizations
‒ Upgrades to the boiler control logic to use process and ambient conditions to automatically maximize output, previously 

was manually controlled
 Consistently meeting facility design stream day volume since implementation.

 Will be implemented at Kirby North in 2025

‒ Economizer floor refractory modifications completed on Boiler #2, #4, and #5 to enhance durability and prevent 
corrosion

• Addition of silica inhibitor injection on disposal water reduced the loss of well injectivity, allowing longer 
periods between well stimulation



Facility Highlights: Kirby North
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• Evaporators
‒ Upgraded vapour compressor wash nozzles design to reduce likelihood of fatigue and cracking failures
‒ Impeller wash frequency increased to help maintain distillate production

• Upgrades to the CPF to support light hydrocarbon (solvent) injection on KN06
‒ Larger pumps installed along with a second solvent storage bullet

• Disposal system improvements
‒ New McMurray water disposal well, CNRL WDW HZ MCM07 KIRBY 2-22-74-10, was drilled and tied into existing facilities
‒ New Clearwater water disposal well, CNRL WDW HZ CW06 DEVENISH 13-5-75-8, was recompleted and tied into existing 

facilities

• Flare tip metallurgy upgraded at Kirby North
‒ Metallurgy change to reduce heat deformation to extend life of flare tip
‒ Tip profile changed to promotes combustion outside the tip
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4.3, 8 c) Annual Operational Bitumen and Steam Rates

Kirby South Actual Operational Facility Design 

Bitumen 5,537 m3/cd 7,532 m3/sd*

Steam (Sm3/d) 18,347 18,720

Kirby North Actual Operational Facility Design 

Bitumen 4,663 m3/cd 8,368 m3/sd*

Steam (Sm3/d) 17,155 18,720

* Note: Directive 056 License Limit



Historical & Upcoming Activity
Directive 054: Section 4.4



• No well patterns suspended or abandoned during the reporting period
• No well patterns in active blow-down or ramp down during the reporting period
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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
KS NCG Measurement 1949794 January 24, 2024 February 20, 2024
KN08/09 Development 1936092 March 11, 2022 May 8, 2024
Kirby North Lifecycle 1949357 December 4, 2023 May 24, 2024
AER proceeding to fixed error on Map (KN development areas) 1952579 July 11, 2024 July 15, 2024

KN08/KN09 NCG and SE-SAGD co-injection 1952615 July 16, 2024 December 5, 2024

Kirby CW Disposal and McMurray pressure Management Strategy 1952674 July 24, 2024 December 5, 2024

Kirby South G Pad Step-outs Temporary MOP Application 1956046 December 3, 2024 December 17, 2024



• Scheme Performance:
‒ KN06 Pad
 Drilling completed in 2022
 Circulation Q2 2023 
 Conversion to SAGD Q3 2023
 Light hydrocarbon (solvent) co-injection started 

Q2 2024

‒ KN07 Pad
 Drilled Q1 2023
 Circulation Q3 2023 
 Conversion to SAGD Q4 2023
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4.4, 10 b) Impacts to Scheme Performance

‒ KS21 Pad
 Drilling completed Q1 2023 
 21-1, 21-2, 21-3, 21-4, 21-9: Circulated and conversion 

to SAGD in  2024

‒ KS B0 Well Pair
 Drilled completed Q2 2023 
 Circulated Q3 2024, conversion to SAGD Q4 2024



• Kirby South executed 1 re-entry in 2024:
‒ Re-entry: E6P
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4.4, 10 b) Impacts to Scheme Performance

Kirby South Re-Entry

2024 HZ Drill Location



• Kirby North executed 2 re-entries and 1 step out pair in 2024:
Re-entries:
‒ KN03-12P
‒ KN04-10P
Step-outs:
‒ KN02-13P
‒ KN02-13I
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4.4, 10 b) Impacts to Scheme Performance

Kirby North Re-entries and Step-outs

2024 HZ Drill Location

Kirby North



• Facility learning and successes during the reporting period:
‒ Sulphur recovery scavenger optimization
 Optimized blend ratios of two scavengers under varying operating conditions to reduce reliance on the high-temperature scavenger.

 Results supported implementation of scavenger blending at both Kirby South and Kirby North.

‒ Disposal system improvements
  Disposal dilution with produced water
 Kirby North optimized produced water–cavern return ratios, successfully reducing well injectivity loss.

 Kirby South applied the learnings utilizing automated flow control and silica inhibitor injection.

 Disposal water clarification
 The objective is to improve disposal water quality and enhance salt cavern longevity, via chemical injection and fluid ratio optimization.

 Learnings will support a commercial-scale clarification project in 2025.

‒ Solvent (light hydrocarbon) recovery successes and learnings:
 Solvent recovery facility (SR1) is meeting recovery targets as per design.

 Asphaltenes precipitates are found in the gas train, in addition to the emulsion train resulting in minor process upsets.
 Toluene flushes have provided limited success for an online cleaning method.
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4.4, 10 c) Learnings and Successes 



• Subsurface learning and successes during the reporting period:
‒ Kirby North (KN07) steam additive pilot
 Canadian Natural has been investigating using steam additives to improve SOR
 A new additive has been identified to have unique characteristics that makes it distinctive from other additives used in past
 Injection of the selected additive with steam into two KN07 well pairs started at the end of October of 2024
 Performance of the two test well pairs and the neighboring control well pairs has been closely monitored for potential SOR improvement 

‒ Light hydrocarbon (solvent) co-injection (KN06)
 SOR reduction of approximately 30%, trending towards target
 Light hydrocarbon (solvent) recovery reached 80% in reservoir with bottom water 

‒ Kirby
 2023-2024 SAGD design and start-ups tend to result in higher temperatures in the toe half of SAGD laterals
 Conformance improvement work continues, which sometimes seeks to promote heel contribution

 Steam splitter flexibility is currently preferred over liner deployed outflow control devices
 Liner deployed inflow control devices (ICDs) are preferred for new development 

43

4.4, 10 c) Learnings and Successes (con’t)



• There are no reportable updates on pilots or major technical innovations at the Kirby 
Project associated with Scheme Approval No. 11475 during 2024

• Canadian Natural continues to evaluate emerging technology
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4.4, 10 d) Regulatory and Operational Changes
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4.4, 11) Compliance History

• Reportable Incidents - Releases:
‒ 1 reportable release was reported.  
 Release was contained on lease, recovered and associated remediation actions were taken, if required. 

‒ Corresponding remediation 
 FIS 20240882 - ROSC 33117271 submitted via OneStop and remedial action plan approved to add to annual EPEA 

soil monitoring proposal for approval.

• Voluntary Self-Disclosures:
- Canadian Natural did not submit any voluntary self-disclosures for the Kirby Project in 2024 

Reportable Incidents - Releases

Reference Number * Incident Date Estimate Volume (m3)
20240822 March 22, 2024 7

*reference number is FIS
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4.4, 11) Compliance History (cont’d)

• Contraventions: Environmental Protection and Enhancement Act:
‒ February 24, 2024 (Ref.#20240614): January monthly report was submitted late. 
‒ April 30, 2024 (Ref.#20241098): 3-H-100 Unit did not meet 90% uptime requirement for NOx because of a power supply 

issue.
 The issue was remediated by installing a temporary 24V 10A PSU power supply. Original power supply was fixed during the next PM.

‒ September 30, 2024 (Ref.#20242563): CEMS unit on the 3-H-100 steam generator did not meet the 90% minimum uptime 
requirement as directed by the CEMS code for NOx, Flow, and Temperature. CEMS unit was dropped during maintenance 
and would not restart. Spare unit installed.
 Spare unit was installed to remain in compliance from October 2024 – March 2025. Original unit was repaired and was re-installed in April 

2025

‒ November 30, 2024 (Ref.#20242936): CEMS unit on the 3-H-100 steam generator did not meet the 90% minimum uptime 
requirement as directed by the CEMS code for NOx, and flow. Calculated CEMS uptime for November for flow and NOx is 
78.8%. CEMS data for November 20 at 07:00 - November 26 at 15:00 was invalidated and will be calculated via a Method 
3.  Issue was the result of iced overflow probe

‒ December 1, 2024 (Ref.#20250214): CEMS unit on the 3-H-100 steam generator did not meet the 90% minimum uptime 
requirement as directed by the CEMS code for NOx, and flow. Issue was the result of iced overflow probe
 In both instances, remediation included removing the probes, clearing of ice build-up and re-installing the probes.



47

4.4, 11) Compliance History (cont’d)

• Contraventions: Water Act:
‒ February 4, 2024: Water pressure gauge malfunction at 1F4/11-28-074-09W4M. The battery in the 

pressure gauge surface equipment died on January 20 resulting in data loss. 
 Battery was replaced on February 11, 2024 (Ref. # 424900).

‒ October 2, 2024: Water pressure gauge malfunction at 103/13-21-073-07W4M. Pressure gauge was sent 
for repair and data retrieval but was unsuccessful. 
 The pressure gauge was replaced on November 5, 2024 (Ref. # 20250197). 
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• Pending favourable economic conditions, the following potential plans are under evaluation 
for 2025:
‒ Kirby North:
 KN02 redrills: 3 wells to be drilled in Q2 2025
 Continuing to evaluate redrills and pad add opportunities

‒ Kirby South:
 Redrills/re-entries: A8, A9 & D2 to be drilled in Q1 2025
 G-Pad step out drilling: G12 – G16 to be drilled in Q1/Q2 2025
 NCG co-injection: A & E pads planned to begin in 2025 
 Continuing to evaluate redrills and pad add opportunities

‒ Improvements to disposal water systems

4.4 12 a) Future Plans: Upcoming 12 Month Activity



49

4.4, 12) 5-Year Potential Development Plan

Kirby Expansion Project
Kirby and Ipiatik Project Area

Future Development plans

Kirby Expansion Project Area

Approved Development Area

Potential development in the next 5 years

Lifecycle Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved or Potential)

Wab D Drainage Boxes (Approved) 
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4.4, 12 c) Future Plans: Upcoming 12 Month Applications

Application Description
Application 

Number
Submission Date Approval Date

KS21/22 NCG Application and Pad E NCG Amendment 1956354 Jan 03, 2025 March 3, 2025

KN08/09 Approval Requirement for Upper Mannville II Gas Baseline Sample 1956486 Jan 15, 2025 May 5, 2025

KN Clearwater Class II Disposal Well D065/051 Amendment 1956910/1956911 Feb 10, 2025 March 19, 2025

KS Pad G Diluent Co-Injection - June 2025 -

KS F1/11-13 Disposal Well D065 Application - July 2025 -

KN25 Revised Surface Pad Location - July 2025 -

Continuing to evaluate future development applications



Additional Directive 054 
Reporting



Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

Legend

McMurray Source, Disposal and Observation Well Map

McMurray Disposal Well
McMurray Source Well
McMurray Regional Observation Well
McMurray Scheme Observation Well

Source Water Pipeline
Disposal Water Pipeline

CPF Location

Approved and Existing Drainage Boxes

• The Kirby disposal water development and 
management plan includes a recently 
constructed pipeline between the Kirby South 
and Kirby North disposal systems 
‒ On-stream in Q3 2024

Disposal Area

Disposal AreaDisposal Area

Interconnecting
Pipeline
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

McMurray Fm. Basal Aquifer Pressures: Kirby South 10-33 Well Area

‒ The pressure in observation wells 15-28 OBS 
and 09-34 OBS has remained stable throughout 
2024

‒ Strong bottom water connection between the 
Kirby SW pads and the regional McMurray 
Basal Aquifer system

‒ Successful McMurray pressure balance system 
in the Kirby South area

Disposal Area

Disposal Area
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

McMurray Fm. Basal Aquifer Pressure: 1-17-074-08W4 Disposal Area

‒ Approximately 500 kPa above original static 
pressure (2,600 kPa)

‒ Regional pressure at 01-17 OBS generally 
stabilized around 3,000 to 3,100 kPa after 
cavern washing period (2012-2013). A slight 
increase in pressure observed since 2023

‒ Successful McMurray pressure balance system 
in the Kirby South area
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

McMurray Fm. Basal Aquifer Pressures: Kirby North

‒ Gradual pressure increase at 08-26 OBS, increase 
of ~300 kPa from static on west of Paleozoic high

‒ Gradual pressure increase at 07-29 OBS, increase 
of ~225 kPa from static on east of Paleozoic high
 Pressures recovered after sourcing McMurray 

water at 11-28 source wells was stopped in 2018

‒ Limited pressure build up between 04-23 disposal 
area and Kirby North development area indicates 
limited hydraulic connection between areas

• 103/02-22-074-10W4 disposal well was drilled and put on-line in 2024

04-23 Disposal Area

Disposal Area
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All saline water source wells (annually)

   

Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

100/15-28-073-08W4
Kirby South

100/01-17-074-08W4
Kirby South

Date January 27, 2020 January 26, 2020

Total Dissolved Solids
(Calculated) 16,900 mg/L 13,100 mg/L

1F1/10-33-073-08W4 
(McMurray)                
Kirby South

1F3/13-21-073-07W4                 
(Grand Rapids)          

Kirby South

Date December 4, 2024 January 8, 2025

Total Dissolved Solids
(Calculated) 15,800 mg/L 4,500 mg/L

The sampling requirements for 100/08-26-074-10W4 and 100/07-29-074-09W4 were rescinded by the AER in 2023 (Application No. 1948855); 
Sampling of the Kirby South McMurray observation wells was not required in 2024

McMurray source wells in Kirby North were shut-in September 2018
A non-representative sample was collected from 1F3/13-21-073-07W4 on December 4, 2024, and the well was re-sampled on January 8, 2025

McMurray Observation Wells (every five years) 

Groundwater Chemistry Analysis
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• Kirby Groundwater Model Update 
‒ Canadian Natural last provided an update to the AER on the groundwater model in 

November 2023 including:
 comparison of observed pressure to modelled predictions;

 summary of the model, input parameters, and changes since the last model run;

 future predictions

‒ Modelling results demonstrate on-going viability of the pressure balance system in Kirby 
South

‒ The regional McMurray Basal Aquifer numerical groundwater model was updated in June 
2024 (including model calibration) to support a Directive 065 application for disposal well 
103/02-22-074-10W4 at Kirby North (Application No. 1950702) which included a comparison 
of observed pressure to modelled predictions.

Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)
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• In 2024, Canadian Natural received approval for the F1/13-05-075-08W4 Clearwater disposal 
well at Kirby North and trucked McMurray 10-33-073-08W4 Basal Aquifer depressurization 
water to the well

• The McMurray Basal Aquifer Pressure Management Strategy did not negatively affect 
compliance with Directive 081 (Water Disposal Limits and Reporting)
‒ Canadian Natural’s Kirby pressure management strategy does not adversely affect the water disposal 

calculation under Directive 081
 Pressure balancing water sourced from the McMurray Basal Aquifer 10-33 source wells is considered Alternative Type 3 

(saline water balance credit) whether the water is disposed back into the McMurray or is disposed into the Clearwater 
Formation at Kirby North

 2024 actual disposal was 48% of the 2024 disposal limit 

• Canadian Natural continues to evaluate potential regional disposal opportunities in the 
McMurray Basal Aquifer to ensure the Kirby future disposal demand is met

Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 16

Plant T/A

Injection and production monitoring indicate reservoir fluid containment



Injection and production monitoring indicate reservoir fluid containment 60

Scheme Approval No. 11475 Directive 054 Requirements
Clause 16

Plant T/A
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 18a) ii and Clause 18b) ii)

Gauge Failed

New Gauge 
Installed

Gauge Failed

New Gauge 
Installed

• No anomalies were observed in the pressure and temperature data in 2024.
‒ The temperature difference seen after the new gauge was installed on 8/12/2024 is likely related to a calibration 

difference. 

• Based on the consistent declining pressure trend in the 00/10-01-075-09W4/0 Observation well, there is 
no indication of communication between the McMurray and Wabiskaw through cement behind the 
production casing.



Approval 11475 OSCA Annual Report: Lifecycle Update

• No Lifecycle Developments were conducted in 2024
‒ No new subsurface information is available related to approved lifecycle activities.
‒ No new surface information is available related to approved lifecycle activities.   
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Well Integrity

• Canadian Natural implemented well integrity monitoring programs to achieve 
following objectives: 
‒ Ensure safety of its workers
‒ Protect the environment
‒ Achieve optimum use of the resource
‒ Reduce foot-print 
‒ Compliance with regulations

• Canadian Natural’s well integrity program focuses on all wells (i.e. operating, utility, 
standing, abandoned, etc.) in its thermal assets, focusing on:
‒ Zonal isolation efficiency
‒ Fluid and pressure containment 
‒ Thermal Compatibility 



• Canadian Natural continues testing its wells in thermal assets as per Directive 087 and Directive 
060

• In addition, Canadian Natural tests thermal wells for surface casing vent flow / gas migration 
(SCVF/GM) as per its internal guidelines to identify loss of zonal isolation and/or casing failures 
in operating wells

• 52 wells in Kirby North, and 51 wells in total in Kirby South tested for SCVF/GM in 2024
‒ 1 serious SCVF detected in Kirby South (G8I)
 Approval is granted by AER to defer repairs until Nov 30, 2025, with quarterly testing 

‒ 1 non-serious detected in Kirby North (KN01-7I)

‒ Of the tested wells, only 2 presented vent flow characteristics indicative of possible casing impairments
 Both wells are suspended as a precaution

Zonal Isolation
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Surface Casing Corrosion Checks

• While not a well barrier element, loss of pressure and fluid containment across 
surface casing can be an indicator of an issue with intermediate casing. 

• Canadian Natural established a risk-based methodology to identify and check 
surface casings of thermal wells on an annual basis
‒ 18 wells were tested in Kirby South in 2024 as part of the program and 2 failures were 

identified (11.1% failure rate)
 CNRL F 2P KIRBY 12-20-73-7: Ultrasonic thickness and laser inspections completed on intermediate 

casing. Surface casing replaced and coated. 
 CNRL F 4P KIRBY 12-20-73-7: Ultrasonic thickness and laser inspections completed on intermediate 

casing. Surface casing replaced and coated. 

• 89 wells were tested to date and 6 surface casing failures were detected (6.7% 
failure rate)
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Intermediate Casing Checks 

• Canadian Natural uses a “Casing Integrity Management Protocol in SAGD 
Operations” to investigate and detect casing failures using non-intrusive and intrusive 
methods.

• This program covers the full life cycle of wells in thermal assets as follows:
‒ Controls established prior to steam injection – Steam Approval Process
‒ Controls during steam injection
 Circulation practices
 Bottomhole pressure (BHP) monitoring and annulus fall-off testing
 SCVF Monitoring and N2 Testing
 Intrusive casing integrity inspections

‒ Controls for shut-in wells 
‒ Controls for re-entry wells
‒ Controls for non-operating wells
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Thermal Compatibility 

• Canadian Natural developed the Thermal Wellbore Compatibility Assessment for 
SAGD Operation document to assess risk associated with wells within 300 meters of 
the drainage box in its SAGD assets. 

• Following work is completed on Kirby to ensure integrity and compatibility of the 
wells:
‒ Pressure integrity testing in eight wells completed
 100/10-21-073-07W4/00 well is abandoned

‒ Six wells instrumentation and/or alarms updated / revised 
 Wells and alarms included in the dashboard for real-time monitoring 
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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 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 Company may be reliant upon to transport its products to market; the abandonment of certain assets and the timing thereof, the development and deployment of technology and technological innovations; the financial capacity of the Company to complete 
its growth projects and responsibly and sustainably grow in the long-term; and the impact of the Pathways Alliance ("Pathways") initiative and activities, 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 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 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 risk of decreased economic activity resulting from a global recession) 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, natural gas and NGLs prices; 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; the ability of the Company to prevent and recover from a cyberattack, other cyber-related crime and other cyber-related incidents; industry capacity; 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; 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 the 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; 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; 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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