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Introduction

Directive 054: Section 4.1
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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

Kirby North

Kirby South

Kirby East

Ipiatik



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

 Approval granted December 2023.

Kirby North

Kirby South

Ipiatik

Kirby East



Subsurface

Directive 054: Section 4.2
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4.2, 2) Production Plot - Kirby South

Plant Issues

Plant T/A

{Curtailments

Kirby South Production

Well Count represents producing wells

20152014 2016 2017 2018 2019 2020 2021 2022 2023 2024
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4.2, 2) Production Plot - Kirby North

{

Curtailments

Well Count represents producing wells

Plant Issues
Plant T/A

Pad06/07 

Addition

Kirby North Production



4.2, 3 a) Drilled and Approved Drainage Areas
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Kirby Expansion Project

Kirby Project Area

SAGD Pay Isopach

The Kirby Project is approved for 

lifecycle development within the 

Kirby 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.

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Expansions



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

Kirby Expansion Project

Kirby South Development Area

SAGD Pay Isopach

MCMR 

SAGD 
Pay 

Isopach

Resource cut 
off at 10m

2023 OSE Location

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Expansions
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4.2, 3 b) Pay Isopach - Kirby North

Kirby Expansion Project

Kirby North Development Area

SAGD Pay Isopach
MCMR 

SAGD Pay 
Isopach

WAB D 

SAGD Pay 
Isopach

Resource cut 
off at 10m 2023 OSE Location

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Expansions
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4.2, 3 b) Pay Isopach - Ipiatik

Kirby Expansion Project

Ipiatik Project Area

SAGD Pay Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

MCMR 

SAGD Pay 
Isopach

Resource cut 
off at 10m

2023 OSE Location 
(No OSE wells 
Drilled 2023)
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4.2, 3 b) Pay Isopach – Kirby East

Kirby Expansion Project

Kirby East Project Area

SAGD Pay Isopach

MCMR 

SAGD Pay 
Isopach

Resource cut 
off at 10m

2023 OSE Location

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

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

Kirby ExpansionProject

KirbySouth Development Area

MCM Net Bottom Water Isopach

Gamma Ray <60API

MCMR Net 

Bottom 
Water 

Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

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

Kirby Expansion Project

KirbyNorth Development Area

MCM Net Bottom Water Isopach

Gamma Ray <60API
MCMR Net 

Bottom 
Water 

Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

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

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Kirby Expansion Project

Ipiatik Project Area

MCM Net Bottom Water Isopach

Gamma Ray <60API

MCMR 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

Gamma Ray <60API

MCMR Net 

Bottom 
Water 

Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Lifecycle Expansions
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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
WAB D 

Gas 
Isopach

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Expansions
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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 d) Heave Monitoring

• No heave monitoring was conducted in 2023

‒ As there are no significant geomechanical issues observed at Kirby (associated with low 
pressure long-term SAGD operations) heave monitoring is not considered to be required

‒ 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

 Observation wells

 4D seismic acquisition 
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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

No Seismic w as acquired in 2023

Kirby Expansion Project Area

Approved Development Area

Drainage Boxes (Existing)

Drainage Boxes (Approved)

Wab D Drainage Boxes (Approved)

Lifecycle Expansions



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

Clearwater Shale

Wabiskaw

McMurray

McMr

Pay 

Top

McMr

Pay 

Base

Paleozoic Unconformity

A

A’

A’A
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Caprock

McMr
Pay

McMurray
Basal Water Sand

DPHI_SS >0.3

DPHI_SS > 
NEUT_SS

Porosity Track Legend
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4.2, 4) Cross-Section 
Kirby North Structural Cross-Section

A

A’

Caprock Interval
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Pay

McMurray
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Sand

Clearwater A
Shale

Wabiskaw
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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

25.3 74 33 4.7 41 39.0%

KN Combined 
Active Well Pattern

23.6 79 33 5.2 32 27.5%

Kirby South 
Approved 
Development Area

22.9 74 33 4.5 54 -

Kirby North 
Approved 
Development Area 
(McMurray)

17.6 81 33 4.8 78 -

Kirby North 
Approved 
Development Area 
(Wabiskaw D)

15.6 78 33 3.5 44 -

Kirby Approved 
Project Area

14.7 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 27.0 33 76 4.6 4 40% 50-70%

B 750,384 29.2 32 69 4.1 5 47% 50-70%

C 631,017 32.2 33 75 4.8 5 61% 50-70%

D 808,782 28.6 32 70 4.4 5 51% 50-70%

E 430,106 33.0 34 71 4.5 3 52% 50-70%

F 471,843 25.1 33 70 4.6 3 41% 50-70%

G 939,307 22.2 33 78 5.7 5 55% 50-70%

21 991,020 22.2 34 75 5.5 6 1% 50-70%

22 1,073,280 17.4 33 76 5.8 5 8% 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 25.1 32 79 4.7 5 22% 50-70%

KN02 754,806 24.3 32 82 5.0 5 44% 50-70%

KN03 763,821 25.3 33 83 5.6 5 44% 50-70%

KN04 741,275 25.0 33 82 5.4 5 38% 50-70%

KN05a 443,980 23.8 33 81 5.3 3 37% 50-70%

KN05b 205,465 20.8 33 73 5.6 1 27% 50-70%

KN06 812,270 21.2 33 78 4.8 4 1% 50-70%

KN07 616,700 23.2 33 77 5.0 4 <1% 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



• Co-Injection: NCG (fuel gas, predominantly methane)

• Target Concentration: 

‒ KS: 0.5-2.75 mol%

‒ KN: ~0.3 mol%
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4.2, 7) Co-Injection

3

Kirby South

Kirby 

North

4

• KS: F Pad co-injection started in 2021 and has been injecting continuously

• KS: E Pad produced gas co-injection restarted Q1, 2022 and injected for 166 
days intermittently in 2022

• KN: co-injection trial executed Q2 Q3, 2022 due to steam limitations

• KN: KN02 co-injection in August-October, 2023 due to steam limitations 

Producing Pad

#

NCG Co-Injection Pad & Number 

of Well Pairs Injecting 
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4.2, 7) Co-Injection (cont’d)

• NCG Recovery: Current estimation of NCG recycle rates is between 30 – 70%

‒ As observed throughout industry, the recovery of injected NCG is difficult to differentiate from steam, 
solution gas and lift gas where applicable.

• Learnings to date:

‒ Evidence shows a decrease in SOR while maintaining reservoir pressures and oil production.

‒ No negative impact to resource recovery observed in non-late life NCG co-injection.

‒ No McMurray aquifer or well integrity impacts evident to date.

3

3

3



Surface

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

Cold Lake Air Weapons Range



4.3, 8 b) Modifications to the Central Processing Facility

Slide 
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• Summary of facility modifications in 2023 that required AER approval:

‒ Sulphur Removal Unit (SRU):

 Kirby South SRU installed, startup/commissioning occurred Q1 2023 and was operational for Q2 2023

 Kirby North SRU installed, startup/commissioning occurred Q4 2023 and was operational for Q1 2024

 The Kirby Project’s central processing facilities (CPFs) are complaint with Interim Directive 2001-3 Table 1 sulphur

recovery guidelines

‒ Non-Condensable Gas (NCG) approval received for measurement variance at KN02



4.3, 8 b) Modifications to the Central Processing Facility – cont’d

Slide 
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• Solvent Injection and Recovery Facility

‒ The Kirby North Project utilizes light hydrocarbon (e.g. butane) 

as a solvent

‒ Construction in progress for a Pad based solvent injection and 

recovery setup (SR1) at Kirby North 

‒ Solvent Recovery Facility is designed for 14,000 bpd

‒ Plan to implement solvent injection with associated recovery in 

a staged approach on 2 pads concurrently

‒ Injection planned to begin on KN06 in Q3 of 2024

• Recovery Facility Design

‒ Solvent Recovery from Emulsion

 Solvent Flash Recovery via Steam Heating

‒ Solvent Recovery from Annulus Gas

 Aerial Cooler and Refrigeration

 High Recovery using proven technologies



Facility Highlights (Kirby North)

Slide 
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• Boilers:

‒ Reduced vibrations and stable operation. Achieved thru:  

 Replacement of damaged / plugged burner inlet screen as identified during opportunity inspections. Plugged screens led to 

combustion insatiability (vibrations) and reduced boiler output.

 Boilers retuned in Apr/May and Aug/Sep-2023

‒ Stack expansion joint replacement:

 New design has deflector plates and upgrade belt material resistant to sulfuric acid. Completed on Boiler-1 in Apr-2023

‒ Forced Draft (FD) Fan Inlet Funnel Coating upgrades: 

 New coating material was trialed as an upgrade to existing coating but wore off <1 month operation. Hastelloy based coating planned to install 
in Boiler-1 in 2024 TA. 

 Funnel corrosion/erosion is noticed to reduce drastically at both Kirby plants since Sulphur Recovery Unit is in service and ducting / 
windbox all cleaned during inspections (likely due to reduced H2S content in fuel gas) 

• Evaporators:

‒ High pressure washing of evaporator internal tubes for cleaning:

 Several trials were conducted on wash nozzles testing for spray pattern, pressure, flow rates and number of passes for tube scale 

removal. An improvement in evaporator capacity was seen from nozzle cleanings.

 Dual automated washing system is now implemented i.e. automatic movement up/down tubes and when moving from one tube to the 

next resulting in reduced cleaning time (reducing outage timing) and improved cleaning consistency and safety (less labor intensive) 



Facility Highlights (Kirby North) – cont’d

Slide 
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• De-bottlenecking of Evaporator blowdown header at Kirby North to improve reliability / runtime by:

‒ Upgrading MagOx Pumps:  

 Eliminating high maintenance / repairs, minimize plugging in heat exchangers / piping

‒ Repurpose existing pump to inject more fluids to Caverns:

 Additional pressure to compensate exchanger fouling

 Extended interval between cleanings of disposal coolers due to fouling

• Disposal System Reliability improvements:

‒ Addition of excess Produced Water and/or Boiler Feed Water to dilute disposal fluids to manage scaling tendencies

‒ Adding chemical to reduce fouling and manage silica from precipitating



Facility Highlights (Kirby South)

Slide 
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• Production Ramp-up at CPF

‒ Bitumen production ramped from 18,390 bpd in Q1-2023 to 35,380 bpd in Q4-2023 (92% increase)

‒ Steam Production ramped from 15,050 m3/d in Q1-2023 to 18,690 m3/d in Q4 2023 (24% increase)

• Evaporator 2 & 3 Upper Vapour Wash ring performance improvement:

‒ From previous upgrades (to increase throughput), vapour washer chevrons / demister pads become saturated resulting in high 

hardness

‒ An upper wash ring was installed to wash down through chevron packs resulting in drastic improvement in maintaining chevron 

performance

• New scale inhibitor strategy trial:

‒ A new functional scale inhibitor was trailed and identified for replacing current scale inhibitor in case of supply concern

‒ An additional scale inhibitor injection point was also trialed for improving scale inhibition at the Produced Water pre-heater 

• Performance improvement on Induced Static Flotation Unit (ISF-310)

‒ Eductors on ISF-310 were supplied with higher pressure gas increasing flotation gas volume flow resulting in improved oil / water 

separation, especially when rag layer is present
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4.3, 8 c) Annual Operational Bitumen and Steam Rates

Kirby South Actual Operational Facility Design 

Bitumen 4,579 m3/cd 7,532 m3/sd*

Steam (Sm3/d) 17,286 18,720

Kirby North Actual Operational Facility Design 

Bitumen 4,763 m3/cd 8,368 m3/sd*

Steam (Sm3/d) 17,422 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

Kirby East Extension
015-00237382

1941332
12/2/2022 12/7/2023

Kirby South Quarterly SO2 016-00237382 12/12/2022 3/28/2023

Groundwater Sampling of Basal McMurray Water Sand Aquifer 1941789 1/19/2023 1/20/2023

Kirby South to Pike 2 Interconnecting Trunkline 017-00237382 2/16/2023 Under Review

KN Butane Recovery Facility Equipment Amendment 018-00237382 5/9/2023 7/27/2023

KN SO2 Limit Amendment 019-00237382 6/19/2023 8/10/2023

KN02  NCG Directive 017 Waiver 1943346 6/21/2023 7/12/2023

Groundwater Monitoring of Basal McMurray Water Sand Aquifer 1948855 10/12/2023 12/20/2023

Kirby North Pad KN07 Steam Additive co-injection Process 1949300 11/28/2023
Withdrawn*

01/15/2024

Kirby North Lifecycle Application 1949357 12/05/2023 5/24/2024

Kirby South Experimental Scheme Approval No. 12810 Expiry and 

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

* Application was withdrawn as the AER determined approval was already received through previous application and approval clause



• Scheme Performance:

‒ KN06 Pad:

 Drilling completed in 2022

 Circulation Q2 2023 

 Conversion to SAGD Q3 2023

‒ KN07 Pad:

 Drilled Q1 2023

 Circulation Q3 2023 

 Conversion to SAGD Q4 2023

‒ KS21 Pad

 Drilling completed Q1 2023 

 Circulation Q2 2023 

 Conversion to SAGD Q3 2023

‒ 7-22 disposal well added to the existing disposal system

40

4.4, 10 b) Impacts to Scheme Performance



• Kirby South executed 6 re-drills and 2 step-outs in 2023:

‒ Re-drills:

 C7P

 D1P

 D3P

 E2P

 F1P

 F8P

‒ Step-outs:

 B0 Wellpair

 G11 Wellpair
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4.4, 10 b) Impacts to Scheme Performance

Kirby South Re-drills, Infills, Step-outs

2023 HZ Drill Location

Kirby South



• Kirby North executed 3 re-drills in 2023:

‒ KN02-09P

‒ KN02-11P

‒ KN04-08P
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4.4, 10 b) Impacts to Scheme Performance

Kirby North Re-drills, Infills, Step-outs

2023 HZ Drill Location

Kirby North
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4.4, 10 c) Learnings and Successes 

• Subsurface successes and lessons learned in 2023 at Kirby North: 

‒ Successful liner producer plug program

 Kirby North executed 6 producer toe plug workovers in 2023

 Targeted wells with hot toes with masked lateral temperatures

 Execution of temperature-fall off tests to determine candidates based on conformance

 Positive oil uplift observed in 5/6 wells

‒ Successful execution of 3 producer re-drills 

 All re-drills were for failed ICDs

• Subsurface successes and lessons learned in 2023 at Kirby South: 

‒ Successful re-drill program restoring production and capturing additional resources

 Executed 6 re-drills and 2 step-out well pairs 



• Surface successes and lessons learned in 2023: 

‒ Flare Tip upgrades: 

 New flare tip design provides more resistance to deformation due to heat, and allows combustion to occur outside the tip creating a more 
efficient combustion zone

 Based on Kirby South learnings, similar flare tip ordered in 2023 for Kirby North and planned to be installed in 2024 

‒ Upper Chevron Wash Header Installation: 

 The new design provides improved run life on Evaporator Vapor Washer by reducing fouling in the chevron pack

 Based off lesson’s learned from Kirby North was implemented at Kirby South 

‒ Evap performance monitoring during well start-ups (circulation) at Kirby South

 To mitigate fouling of Evaporator tubes, operating guidelines were modified including:

 Alkalinity testing is started 1 month before wells start circulation and end after levels drop back to baseline (200 ppm)

 Additional sampling protocols at Evap sump, MagOx Slurry

 In case of high alkalinity; MagOx / Anti-scale / Evap blowdowns are increased based on ppm

Slide 
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4.4, 10 c) Learnings and Successes 



4.4, 10 c) Learnings and Successes (cont’d) 

Slide 
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‒ Evaporator Building Ridge Vent installation 

 Ridge vent allows excess heat to escape from building, reducing hot working temperatures for workers / operating equipment (s afety 

+ reliability) 

 Up to 10 oC drop in temperature was seen during peak summer. Leveraging on success at Kirby South, changes were implemented 
at Kirby North to reduce building internal temperatures

‒ Modified weir in Induced Static Flotation (ISF) Unit

 Modified weir gates within ISF provided better control of interface level resulting in improved oil / water separation 

 Based on success at Kirby North, design modifications were also made at Kirby South 

‒ Reverse flow chemical cleaning of Plate Heat Exchangers

 Resulting in improved exchanger performance post cleaning 

 Kirby South installed piping to facilitate this after lessons learned at Kirby North.

‒ Boiler FD Fan Impeller thinning 

 Observed at both Kirby plants with no SRU in service for 5-10 years of plant runtime 

 Thinning reduces air availability to burner and tuning ability for emissions/ stability/ efficiency



• There are no reportable updates on pilots or major technical innovations at the Kirby 

Project associated with Scheme Approval No. 11475 during 2023.

‒ Canadian Natural operated Experimental Scheme No. 12810, which is reported separately.

• 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:

‒ 3 reportable releases were reported.  

‒ All releases were contained on lease, recovered and associated remediation actions were taken, if 

required. 

• Voluntary Self-Disclosures:

‒ January 20, 2023: During an inspection operations discovered the differential flow meter for pad level 

NCG co-injection was over-ranged resulting in measurement readings outside +/- 3% uncertainty. 

The issue was immediately addressed and Pad F measurement is now in compliance.

Reportable Incidents - Releases

Reference Number * Incident Date Estimate Volume (m3)

20230101 January 9, 2023 1

20231198 May 14, 2023 0.5

20233095 December 26, 2023 15

*reference number is FIS
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4.4, 11) Compliance History

• Contraventions: Environmental Protection and Enhancement Act & Water Acts 

‒ Failure to meet RATA requirement

 January 9, 2023: Ref. #20230265

 November 30, 2023: Ref. #20240265

‒ September 6, 2023: Water pressure gauge malfunction, repaired and replaced direct read cable 

connector seal to avoid water leaking into the gauge (Ref. # 20232234).
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• Pending favorable economic conditions, the following potential future plans are under 

evaluation for 2024:

‒ Kirby North:

 KN06: SE-SAGD planned to begin in Q2/Q3 2024

 KN07: Steam additive trial to begin in Q2/Q3 2024

 Continuing to evaluate re-drill opportunities

 Start-up of solvent injection and solvent recovery unit in Q3 2024 

‒ Kirby South:

 NCG Co-Injection: D pad planned to begin Q1 2024, B & C pads planned to begin Q2 2024 

 Continuing to evaluate re-drill, step-out and pad add opportunities

‒ Optimization of SRUs to reduce chemical costs 

‒ Reduce fresh water usage by converting boiler feed water pump’s seal flush from fresh water to boiler 
feed water 

‒ Improvements to Disposal Water Systems

4.4 12 a) Future Plans: Upcoming 12 Month Activity
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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 Expansions

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

Experimental Scheme Expiry and Amalgamation with Kirby Approval No. 11475 1949636 01/08/2024 01/11/2024

Kirby South Pads A, B, C, E, G NCG Co-injection Measurement 1949794 01/24/2024 02/20/2024

KN Quarterly Sulphur Amendment 237382-020 02/21/2024 05/31/2024

Kirby South Wabiskaw B Test 1952029 05/27/2024 06/17/2024

KN08/KN09 NCG and SE-SAGD - Planning Q3 2024 -

Continuing to evaluate future development applications



Additional Directive 054 

Reporting
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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 of wells (i.e. operating, 

utility, standing, abandoned, etc.) in its thermal assets, focusing on:

‒ Zonal isolation efficiency

‒ Fluid and pressure containment 

‒ Thermal Compatibility 
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Zonal Isolation 

• 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 its operating wells. 

‒ 53 wells in Kirby South and 33 wells in Kirby North were tested for SCVF/GM in 2023 and no 
issues have been identified.  
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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

‒ 5 wells were tested in Kirby South in 2023 as part of the program and no failures were 

identified

‒ 77 wells were tested to date and 3 surface casing failures were detected (3.8% failure rate)
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Intermediate Casing Checks 

• Canadian Natural developed 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 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. 

• Kirby North and Kirby South thermal compatibility assessments were re-evaluated 

and thermally non-compatible wells were remediated either by abandoning them or 

converting them to monitoring wells. 

‒ Alarms for monitoring wells have been established to notify engineers if loss of well integrity is 

suspected. 



58No thermal impacts seen to date. Hydraulic isolation maintained.

Kirby South Area 100/10-28-073-07W4 – Monitoring Results

• Colony gas well to evaluate the ability of non-thermal cement to 

maintain hydraulic isolation in a thermal environment

• Distinct jumps to cooler temperatures at 243, 234, 213, 204 and 198 

ASL are believed to be error in Thermocouple data
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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

Disposal Area

Disposal Area

Disposal Area

Approved and Existing Drainage Boxes
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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

‒ Pressures in all observation wells have 

increased by ~ 350 kPa

 Pressure increase in 2023 due to Pad 22 circulation

‒ Strong bottom water connection between the 

KSW pads and the regional McMurray Basal 

Aquifer system

‒ Successful McMurray pressure balance system 

in Kirby South area.

Disposal Area

Disposal Area

Pad 22
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

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

‒ Approximately 500 kPa above original static 

pressure

‒ Regional pressures at 01-17 OBS generally 

stabilized around 3,000 to 3,100 kPa after 

cavern washing period (2012-2013)

‒ Successful McMurray pressure balance system

Disposal Area

Disposal 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 ~240 kPa on west of Paleo high

‒ Gradual pressure increase at 07-29 OBS, 

increase of  ~200 kPa on east of Paleo 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
• 100/07-22-074-10W4 disposal well was drilled and put on-line in 2023

04-23 Disposal Area

Disposal Area
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Groundwater Chemistry Analysis

All saline water source wells (annually)
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)

100/15-28-073-

08W4

Kirby South

100/01-17-074-08W4

Kirby South

100/08-26-074-10W4

Kirby North

100/07-29-074-09W4

Kirby North

Date January 27, 2020 January 26, 2020 January 1, 2018 January 18, 2018

Total Dissolved Solids

(Calculated)
16,900 mg/L 13,100 mg/L 10,900 mg/L 13,000 mg/L

1F1/10-33-073-08W4 

(McMurray)                

Kirby South

1F3/13-21-73-07W4                 

(Grand Rapids)          

Kirby South

1F1/13-05-075-08W4

(Clearwater)            

Kirby North

1F1/04-05-075-08W4

(Clearwater)              

Kirby North

Date August 9, 2023 August 9, 2023 Not in use December 6, 2023

Total Dissolved Solids

(Calculated)
15,300 mg/L 4,320 mg/L Not in use 5,450 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 2023

McMurray source wells in Kirby North were shut-in September 2018

McMurray Observation Wells (every five years)



• Kirby Groundwater Model Update

‒ Regional McMurray Basal Aquifer numerical groundwater model was updated in 2023 to 

support Application No. 1948855 requesting the removal of the observation well sampling 

requirements at Kirby North

‒ Canadian Natural provided an update to the AER on the groundwater model in November 

2023 including:

 a comparison of observed pressure to modelled predictions;

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

 and future predictions

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

South
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 10(f)
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 17

Well

Max BHP 

(kPa)

Fracture Limit 

(kPa) Stage

KN06-01P 5663 6860 Well unloading

KN06-02P 5601 6854 Well unloading

KN06-03P 5266 6852 Well unloading

KN06-04P 4963 6818 Well unloading

KN06-05P 3251 6829 Semi-SAGD

KN06-06P 3140 6853 Semi-SAGD

KN06-07P 3279 6862 Semi-SAGD

KN06-08P 3363 6853 Semi-SAGD

Well

Max BHP 

(kPa)

Fracture Limit 

(kPa) Stage

KN06-01I 5806 6816 Well unloading

KN06-02I 5606 6808 Well unloading

KN06-03I 5146 6779 Well unloading

KN06-04I 4483 6772 Well unloading

KN06-05I 3185 6782 Semi-SAGD

KN06-06I 3029 6807 Semi-SAGD

KN06-07I 3070 6816 Semi-SAGD

KN06-08I 4601 6807 Well unloading

• Did not exceed operational limits during KN06 start-up.



• An example of the real time surveillance graph used to monitor bottomhole pressure trends for KN06-01 during start-up:
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 17
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• Based on the declining pressure trend in the 00/10-01-075-08W4/0 Observation well, there is no 
indication of communication between the McMurray and Wabiskaw through cement behind the 
production casing.
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Scheme Approval No. 11475 Directive 054 Requirements
Clause 18

*Surface equipment failure 7/25/2023, repaired the following day.

*
*
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Approval 11475 OSCA Annual Report: Lifecycle Update

• No Lifecycle Developments were conducted in 2023

‒ No new subsurface information is available related to approved lifecycle activities.

‒ No new surface information is available related to approved lifecycle activities.   



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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