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INTRODUCTION 

Tundra Oil & Gas Ltd. (Tundra) has commissioned GLJ Ltd. (GLJ) to provide a 3rd party technical study (the 
GLJ Technical Study) on the proposed Daly Unit 18 application area. In their analysis, GLJ has provided 
best estimates of OIIP, recoverable oil volumes for both primary (existing) and waterflood development 
plans and expected royalty ownership information under waterflood development. 

This application references results from GLJ’s analysis. Please refer to the GLJ report for additional 
information as provided in Appendix A 

Appendix A contains the GLJ Technical Study. This Application will reference where GLJ completed the 
unit application requirements, and Tundra will address the unit application requirements that are outside 
of GLJ’s scope. 

The Daly Sinclair Field is located in Townships 6-11 Ranges 27-29 WPM (Map 12 – “Daly Sinclair Field 
Boundary”). Within the Daly Sinclair Field, Bakken-Torquay A pools have been developed with the drilling 
of horizontal wells on primary recovery of reserves at various inter well spacings. 

Potential exists for incremental reserves to be recovered through an Enhanced Oil Recovery Waterflood 
Scheme in the Bakken formation through unitization (referred to as “Secondary Recovery”) within a 
project area comprised of the N 1/2 of Section 32-010-28W1 (Appendix A: GLJ Technical Study for Map 1 – 
“Daly Units” referred to as the “Application Area”). 

The Application Area proposed for unitization is within the existing designated pool (Map 13 – “Bakken- 
Torquay A Pool Map”). Tundra is operator of the lands within the Application Area currently comprised of 
2 producing horizontal wells. A well list including recent production statistics of the existing wells is 
attached as Appendix A: GLJ Technical Study for Table 1 – “Daly Unit 18 Well List and Status”. Tundra’s 
contemplated development includes the drilling of two additional wells with the potential of converting 
the two existing producing horizontal wells to water injection, subject to technical discretion of the unit 
operator taking into consideration factors such as production performance and associated economics 
among others. 

Tundra seeks to initiate Secondary Recovery of the pool within the Application Area.  If this application is 
approved by the Manitoba Petroleum Branch (the “Crown”), the proposed name for the unit would be 
Daly Unit No. 18. 

Tundra submits this application to establish Daly Unit No. 18 and implement an Enhanced Oil Recovery 
(EOR) Project by way of Secondary Recovery within the Bakken formation. 
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SUMMARY 

1. The Application Area contains 2 producing horizontal wells held by Tundra 100% of which fall fully
within the proposed Application Area and produce from the Bakken formation (the “Wells”). The
Application Area is situated North of Daly Unit No. 8 (Appendix A: GLJ Technical Study for Map 1 –
“Daly Units”).

2. OIIP for the proposed unit area was estimated using geological mapping as prepared by GLJ. OIIP was
calculated by legal sub-division, on a 40 acre basis. Using the results of GLJ’s geological mapping,
petrophysical analysis and initial properties the OIIP for the proposed Daly 18 Unit, is 173.89 E3m3 

(1.1 MMbbl) oil as shown in Appendix A: GLJ Technical Study for Table 2 – “Daly Unit 18 Volumetric
Summary and OIIP”.

3. As of June 30, 2024, cumulative production from two producing wells within Daly Unit No. 18 totaled
17.6 E3m3 of oil, and 30.1 E3m3 of water, reflecting a 10.1 percent recovery factor (RF) of the calculated 
OIIP. (Please refer to page 12 of Appendix A: GLJ Technical Study).

4. Expected ultimate recoverable oil volumes under primary recovery operations within the proposed
Daly Unit 18 is estimated to be 19.4 E3m3. This represents the current development in the proposed
unit area and represents 11.2 percent recovery factor of OIIP. As of July 1, 2024, the remaining
recoverable volumes are estimated to be 1.8 E3m3. (Please refer to pages 12 – 13 of Appendix A: GLJ
Technical Study).

5. Oil production within the proposed Daly 18 Unit area began in April 2014. Primary production is from
two horizontal wells which achieved a combined peak oil rate of 31.55 m3/d in November 2014. As of
June 30, 2024, the wells are producing at a combined rate of 1.32 m3/d at a 72.52 percent water cut.
The wells are currently declining at a combined rate of approximately 29 percent per annum (Please
refer to page 12 of a A: GLJ Technical Study).

6. The expected ultimate oil recoverable volume under waterflood operations is estimated to be 37.7
E3m3, with a remaining recoverable oil volume of 20.1 E3m3, as of July 1, 2024. Ultimate recoverable
volumes represent an approximate 21.6 percent recovery factor of OIIP. An incremental 18.3 E3m3 of
oil is projected to be recovered through secondary recovery, equivalent to 10.3 percent incremental
recovery factor due to waterflooding operations (Please refer to page 15 of Appendix A: GLJ Technical 
Study).

7. Based on waterflood response in the adjacent units within the Daly Sinclair Field, the Three Forks and
Middle Bakken Formation in the proposed Application Area are believed to be analogous and
therefore suitable reservoirs for secondary recovery based on proximity.

8. The strategy for development is expected to include the drilling of additional cased hole horizontal
wells in addition to converting the existing cased hole horizontal wells to injection wells within the
Application Area with the goal of setting up a 200 meter line drive waterflood congruent with existing 
developments in the Daly Sinclair Field (Appendix C – “Horizontal Injector Downhole Diagram”).
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ENHANCED OIL RECOVERY (EOR) PROJECT APPLICATION 
 
GEOLOGY 
 
Please refer to pages 5 – 10 of Appendix A (GLJ Technical Study). 
 
 
Oil Initially in Place (OIIP or OOIP in Table 5) 
 
Please refer to pages 10 – 11 of Appendix A (GLJ Technical Study). 
 
 
Historical Production: 
 
Please refer to pages 12 – 13 of Appendix A (GLJ Technical Study). 
 
 
Technical Studies: 
 
Tundra engaged GLJ to conduct a technical study for proposed Daly Unit No. 18. In GLJ’s letter to Tundra 
October 15, 2024 (Appendix A Page 2) the stated scope was: “… volumetric, fluid and production forecasts 
based on volumetric calculations using GLJ’s geological mapping for the Lyleton “A” and Bakken zones. As 
part of the scope of work, GLJ has also prepared estimates of future production under primary and 
waterflood recovery, estimates of recovery factor and remaining recoverable volumes. This analysis 
incorporates well, core and log data available to June 30, 2024.  
 
A brief discussion of the methodology estimates of petroleum initially-in-place and recoverable volumes 
as well as pore volume mapping, production forecasts and estimated tract factors are included in the 
attached report”. 
 
 
Future Unit Development Plan: 
 
Primary recovery from existing horizontal wells in the Application Area has declined significantly from the 
peak rate indicating a need for additional pressure support under Secondary Recovery. To increase 
pressure support of the reservoir, subject to approval of this application, Tundra Intends to drill two 
horizontal producing wells, noted as “Producer Drill” (see Appendix A: GLJ Technical Study for Map 2 – 
"Proposed Daly Unit 18 Development Plan"). Tundra may further evaluate an opportunity to convert two 
Horizontal Wells to injection, both of which are noted as “Conversion” also in Appendix A: GLJ Technical 
Study for Map 2 – "Proposed Daly Unit 18 Development Plan”. The drilling and injection conversions are 
subject to results of the waterflood and technical discretion of the unit operator taking into consideration 
factors such as production performance and associated economics among others. 
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Reserve Recovery Profile and Production Forecast: 
 
The waterflood performance predictions for the proposed Daly Unit No. 18 is based on oil production 
decline curve analysis, and the Secondary Recovery predictions conducted by GLJ. 
 
 
Primary recovery Production Forecast: 
 
Please refer to pages 12 - 13 of Appendix A (GLJ Technical Study). 
 
 
Timing for Conversion of Horizontal Wells to Water Injection: 
 
Tundra anticipates converting to injection two wells within the North 1/2 of Section 32. The water 
injection conversion schedule for the balance of well(s) in the Application Area is subject to knowledge 
gained from previous conversions and results. 
 
 
Criteria for Conversion to Water Injection Well: 
 
Tundra currently anticipates converting two wells to injection within the Application Area as 
demonstrated in Appendix A: GLJ Technical Study for Map 2 – "Proposed Daly Unit 18 Development Plan”.  
 
To assess timing of horizontal well conversion from primary production to water injection service, Tundra 
will monitor the following parameters: 
 

- Measured reservoir pressures at start of and/or through primary production 
- Fluid production rates and changes in decline rate 
- Any observed production interference effects with adjacent vertical and horizontal wells 
- Pattern mass balance and/or oil recovery factor estimates 
- Reservoir pressure relative to bubble point pressure  

 
Monitoring these parameters will enable the proposed Daly Unit No. 18 to be developed efficiently and 
provide the greatest chance the waterflood will sweep oil from the reservoir with pressure support for 
the mutual benefit of Tundra and the mineral owners.  
 
 
Secondary EOR Production Forecast: 
 
Please refer to pages 13 – 15 of Appendix A (GLJ Technical Study). 
 
 
Estimated Fracture Gradient: 
 
Completion data from the existing producing wells within the project area indicate a fracture pressure 
gradient range of 16-22 kPa/m true vertical depth (TVD). Tundra expects the fracture gradient 
encountered during completion of the proposed horizontal injection well will be somewhat lower than 
these values due to expected reservoir pressure depletion. 



7 
 

Waterflood Operating Strategy 
 
 
Water Source  
 
Injection water for the proposed Daly Unit No. 18 is anticipated to be sourced from the 100/12-24-010-
29W1/02 Jurassic water source well. Jurassic-source water can be produced from the 100/12-24-010-
29W1/02 Water Source well and filtered at the 12-24-10-29 filter plant. Diagrams of the anticipated water 
injection system are illustrated in Appendix B – “Water Injection System” and will not involve the injection 
of fresh water. 
 
Tundra does not foresee injectivity issues when using Jurassic sourced water for the waterflood 
operations in the proposed Daly Unit No. 18. Additional source water wells will be completed to meet 
voidage replacement volumes as required.  
 
 
Injection Wells 
 
The water injection wells for the proposed Daly Unit No. 18 could be re-configured for downhole injection 
after approval for waterflood has been received. The horizontal injection wells are anticipated to be 
completed with a cased hole design. An example of the downhole configuration can be seen in Appendix 
C – “Horizontal Injector Downhole Diagram”.  
 
The water injection wells can be placed on injection after the approval to inject has been received from 
the Crown. Wellhead injection pressures should be maintained below the least value of either:  
 

1. The area specific known and calculated fracture gradient, or  
2. The licensed surface injection Maximum Operating Pressure (MOP)  

 
Tundra has a thorough understanding of area fracture gradients. A management program will be utilized 
to set and routinely review injection target rates and pressures vs. surface MOP and the known area 
formation fracture pressures. 
 
All new water injection wells will be surface equipped with injection volume metering. An operating 
procedure for monitoring water injection volumes and meter balancing can be utilized to monitor 
measurement of the entire system and associated integrity.  
 
The proposed Daly Unit No. 18 horizontal water injection wells rate is forecasted to average 10 – 40 m3 
WPD, based on expected reservoir permeability and pressure. 
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Reservoir Pressure Management during Waterflood 
 
No initial pressure surveys are available for the proposed Daly Unit No. 18 project area in the Bakken 
formation. Tundra has a representative initial pressure survey available for a nearby horizontal well and 
it is believed the initial reservoir pressure in this area was on average ~6,000 kPa (Appendix D – 
“Representative Initial Pressure”). 
 
Upon injection, a 2–4-year reservoir re-pressurization period due to cumulative primary production 
voidage and pressure depletion is possible, but it could be longer or shorter. Initial monthly Voidage 
Replacement Ratio (VRR) is expected to be approximately 1.2 to 2.0 within the unit during the re-
pressurization period. As the cumulative VRR approaches 1.0, target reservoir operating pressure for 
waterflood operations is forecasted to be 75-90% of original reservoir pressure. 
 
 
Waterflood Surveillance and Optimization 
 
EOR response and waterflood surveillance within the Application Area will consist of the following:  
 

- Regular production well rate and watercut testing  
- Daily water injection rate and pressure monitoring vs target rates 
- Water injection rate/pressure/time vs. cumulative injection plot 
- Reservoir pressure surveys as required to establish pressure trends  
- Pattern VRR 
- Potential use of chemical tracers to track water injector/producer responses 
- Use of some or all of: Water Oil Ratio (WOR) trends, Log WOR vs Cum Oil, Hydrocarbon Pore 

Volumes Injected, Conformance Plots 
 
The above surveillance methods should contribute to an ever-increasing understanding of reservoir 
performance and provide data to continually control and optimize the waterflood operation which should 
significantly reduce the potential for undesired water channeling.  
 
 
Economic Life 
 
Under the current primary recovery method, existing wells within the Application Area will be deemed 
uneconomic when the net oil price revenue stream becomes less than the producing operating costs. With 
positive oil production response under the proposed secondary recovery method, the economic life could 
be extended into the future. 
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Water Injection Facilities 
 
The waterflood operation will utilize the 100/12-24-010-29W1/02 Jurassic sourced water. Injection wells 
will be connected to the existing high pressure water pipeline system supplying other Tundra-operated 
waterflood units. 
 
A complete description of all planned system design and operational practices to prevent corrosion 
related failures is shown in Appendix E – “Planned Corrosion Control”. All surface facilities are built from 
corrosion resistant materials and wellheads will have cathodic protection when warranted to prevent 
corrosion. All injection flowlines will be made of fiberglass so corrosion should not be an issue. Injectors 
will have a packer set above the Middle Bakken formation, and the annulus between the tubing and casing 
will be filled with inhibited fluid. 
 

VOLUNTARY UNITIZATION APPLICATION 
 
 
As noted previously, the Application Area is not yet unitized. However, unitization will permit the 
implementation of Secondary Recovery within the Application Area which is forecasted to increase overall 
recovery of OIIP to 21.6 %. The basis for unitization is to develop the Application Area in an effective 
manner that will permit waterflooding. Unitization, and the implementation of an Enhanced Oil Recovery 
(EOR) Project, should increase the recoverable reserves via Secondary Recovery with pressure support. 
Additional drilling and water injection conversions to build and maintain reservoir pressure, at the 
discretion of the unit operator, should increase oil production and associated life of the reserves. 
 
An approved unit is required by the Crown to permit the conversion of wells to water injection, initiate a 
waterflood and pursue Secondary Recovery through the execution of a formal Unit Agreement. 
 
 
Proposed Unit Name: 
 
Tundra proposes the official name of the new unit covering the Application Area to permit secondary 
recovery be Daly Unit No. 18. 
 
 
Proposed effective date: 
 
The proposed effective date is January 1, 2025, subject to Crown and mineral owner approvals. 
 
 
Description of the unitized zone: 
 
The unitized zone to be waterflooded shall be the Bakken / Three Forks formation. 
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Working interest owners & proposed operator for the unit: 
 
Appendix A: GLJ Technical Study for Table 4 – “Tract Participants and OIIP” outlines the working interest 
owners for the corresponding tract within Application Area. Tundra holds a 100% working interest 
ownership in all the proposed tracts and will therefore hold a 100% working interest ownership in the 
proposed Daly Unit No. 18. The proposed unit operator will be Tundra. 
 
 
Proposed tract breakdown within the Application Area:  
 
There is proposed to be eight (8) tracts broken down as follows:  

 
- 09-32-010-28W1 
- 10-32-010-28W1 
- 11-32-010-28W1 
- 12-32-010-28W1 
- 13-32-010-28W1 
- 14-32-010-28W1 
- 15-32-010-28W1 
- 16-32-010-28W1 

 
Please refer to Appendix A: GLJ Technical Study for Table 4 – “Tract Participants and OIIP” 
 
 
Tract factor calculation & methodology:  
 
Please refer to page 15 of Appendix A (GLJ Technical Study). 
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NOTIFICATION OF MINERAL AND SURFACE OWNERS 
 
Tundra shall notify all surface and mineral owners of its intention to submit an application to form a new 
unit which will be known as Daly Unit No. 18. Copies of the Notices, and proof of service, to all surface 
and mineral owners will be forwarded to the Crown, when available, to complete the Daly Unit No. 18 
application requirements.  
 
Unitization and execution of the formal Daly Unit No. 18 Unit Agreement by the freehold mineral owners 
shall occur once the Crown has reviewed the tract factors and approved this Unit Application. The fully 
executed Unit Agreement will be forwarded to the Crown and complete the formation of Daly Unit No. 
18.  
 
Should the Crown have further questions or require more information, please contact: 
 
Engineering: 
Lauren Diederichs – (403) 767-1226, lauren.diederichs@tundraoilandgas.com   
 
Geology: 
Marilyn Parsons – (587) 747-5366, marilyn.parsons@tundraoilandgas.com 
 
Land: 
McKenzie Large – (403) 513-1014, mckenzie.large@tundraoilandgas.com 
 
 
Yours truly, 
 
 
 
TUNDRA OIL & GAS LIMITED 
 
Lauren Diederichs, P.Eng., Senior Exploitation Engineer 
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Appendix D 

Daly Unit No. 18 - Representative Initial Pressure 

Location Test Date Final Pressure (kPa) 
100/07-33-010-28W1/0 Nov 2, 2012 – Nov 21, 2012 6045.0 



EOR Waterflood Project 

Planned Corrosion Control Program ** 

Source Well 

- Continuous downhole corrosion inhibition
- Continuous surface corrosion inhibitor injection
- Downhole iron control injection
- Corrosion resistant valves and internally coated surface piping

Pipelines 

- High Pressure Pipeline to Daly Unit 18 injection wells – Maximum operating 1440 psi (9,920
kPa).

Injection Wellhead/Surface Piping 

- Corrosion resistant valves and stainless steel and/or internally coated steel surface piping

Injection Well 

- Casing cathodic protection where required
- Wetted surfaces coated downhole packer
- Corrosion inhibited water in the annulus between tubing/casing
- Internally coated tubing surface to packer
- Surface freeze protection of annular fluid
- Corrosion resistant master valve
- Corrosion resistant pipeline valve
- Injection wells with cased holes will have continuous downhole corrosion inhibition

Producing Wells 

- Casing cathodic protection where required
- Downhole batch corrosion inhibition as required
- Downhole iron chelator injection as required

Appendix E - Planned Corrosion Control
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Daly Sinclair (01) 

Virden (05) 

Tilston (02) 

Map 12 - Daly Sinclair Field Boundary






