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INTRODUCTION

The Virden Oilfield is located in Townships 9 11, of Ranges 26 27 WPM (Figure 1). Within the Virden
Oilfield, most Lodgepole reservoirs have been developed with vertical producing wells on Primary
Production and 40 acre spacing.

Within the area, potential exists for incremental production and reserves from aWaterflood Enhanced
Oil Recovery (EOR) project in the Lodgepole oil reservoir. The following represents an application by
Tundra Oil and Gas Partnership (Tundra) to establish North Virden Scallion Unit No. 3 (LSDs 3 5, 7, 10,
15 29 011 26W1, LSDs 1 3, 6 8, 11, 14 30 011 26W1) and implement a Secondary Waterflood EOR
scheme within the Lodgepole formation as outlined on Figure 2.

The proposed project area falls within the existing designated Lodgepole A Pool of the Virden Oilfield
(Figure 3).



4 | P a g e

SUMMARY

1. The proposed North Virden Scallion Unit No. 3 will include 14 vertical wells (10 abandoned, 4
producing) and 9 horizontal Lodgepole wells (7 producing, 1 standing, 1 drainage). The area of the
proposed North Virden Scallion Unit No. 3 comprises 14 Legal Sub Divisions (LSD), and is located south
of North Virden Scallion Unit No. 2 (Figure 2).

2. Total Original Oil in Place (OOIP) in the project area is estimated to be 1,600 e3m3 (10,061 Mbbl) for an
average of 114.0 e3m3 (719.0 Mbbl) OOIP per 40 acre LSD.

3. Cumulative production to the end of April 2018 from the 11 producing Lodgepole wells within the
proposed North Virden Scallion Unit No. 3 project area is 269.1 e3m3 (1,692Mbbl) of oil and 684.1 e3m3

(4,303 Mbbl) of water, representing a 16.8% Recovery Factor (RF) of the OOIP.

4. Figure 4 shows the production from the proposed area peaked in June 1969 at 32.35 m3/d oil (203.55
bbl/d) from 9 wells. As of April 2018, production was 8.75 m3/d oil (55.1 bbl/d), 110.2 m3/d water
(693.5 bbl/d) from 8 wells and 92.6% watercut.

5. In June 1969, production averaged 3.59 m3/d oil (22.6 bbl/d) per well. As of April 2018, average per
well production has declined to 1.09 m3/d oil (6.9 bbl/d). Decline analysis of the group primary
production data forecasts total oil to continue declining at an annual rate of approximately 12% in the
project area.

6. Estimated Ultimate Recovery (EUR) of Primary producing oil reserves in the proposed North Virden
Scallion Unit No. 3 project area is estimated to be 306.7 e3m3 (1,929.2 Mbbl), with 37.5 e3m3 (236.0
Mbbl) remaining as of the end of April 2018.

7. Ultimate oil recovery of the proposed North Virden Scallion Unit No. 3 OOIP, under the current Primary
production method, is forecasted to be 19.2%. Tundra plans to drill an additional 5 wells in 2018 and
2019, which would add an estimated 63.8 e3m3 (401.0 Mbbl) of Primary recovery, or 4.0% of the Unit
OOIP. Total Primary recovery for the Unit would be 23.2%.

8. Estimated Ultimate Recovery (EUR) of oil under Secondary Waterflood EOR for the proposed North
Virden Scallion Unit No. 3 is estimated to be 518.6 e3m3 (3,261.7 Mbbl). An incremental 148.1 e3m3

(931.5 Mbbl) of oil is forecasted to be recovered under the proposed Unitization and Secondary EOR
production, versus the existing and future Primary production method.

9. Total RF under Secondary WF in the proposed North Virden Scallion Unit No. 3 is estimated to be
32.4%.

10. Based on waterflood response in the analogs in the North Virden Scallion Units 1 & 2, the Scallion
Lodgepole formation in the proposed project area are believed to be suitable reservoirs for WF EOR
operations.

11. Future open hole horizontal injectors will be drilled between existing horizontal/vertical producing
wells (Figure 5) within the proposed North Virden Scallion Unit No. 3.
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DISCUSSION

The proposed North Virden Scallion Unit No. 3 project area is located within Township 11, Range 26
W1 of the Virden Oilfield (Figure 1). The proposed North Virden Scallion Unit No. 3 currently consists
of 14 vertical and 9 horizontal wells within an area covering 14 LSDs (Figure 2). A project area well list
complete with recent production statistics is attached as Table 3.

Within the proposed Unit, potential exists for incremental production and reserves from aWaterflood
EOR project in the Lodgepole oil reservoir.

Geology

Stratigraphy:

The Scallion Member is part of the Mississippian aged Lodgepole Formation as seen on the type log
102/01 30 011 26W1/0 from 630 659m in Appendix 1. In the proposed unit area the Lodgepole
Formation consists, in descending order, of the UpperWhitewater Lake, Virden and Scallion Members.
All of these members have a conformable relationship and in turn are unconformably overlain by the
Jurassic aged Amaranth Formation refer to Appendix 2, cross section A A’. The Lodgepole Formation
conformably over lies the dark shales of the Bakken Formation.

Sedimentology:

The Scallion Member in the proposed North Virden Scallion Unit No. 3 is comprised of white to pink,
variably oil stained cherty limestones generally consisting of bioclastic skeletal mudstones to
packstones. Crinoid fragments make up the bulk of the skeletal material with rare brachiopod shells
and solitary rugose corals. Occasionally the rock becomes moderately oolitic in texture. White chert
nodules are common as is chalky white limestone, generally deeper in the section. The Scallion is
divided into upper and lower porosity units with the best reservoir developed in the upper, consisting
of finely crystalline bioclastic cherty limestones. The lower porosity unit is generally less porous and
more finely crystalline with a more chalky appearance. Porosity in the upper unit is developed where
the rock has been re crystalized and moderately leached creating secondary porosity. The Scallion
Member is interpreted to have been deposited on a gently sloping carbonate shelf dipping to the south
west. Trapping is stratigraphically controlled by alteration of the limestone to non porous dolomites
in the up dip direction.

Structure:

The Scallion Structure Map (Appendix 3) of the area proximal to the proposed unit shows a general
drop in structure from east ( 161.2m) to west ( 182.6m) with structure dropping dramatically along
the east side which is controlled by collapse feature caused by salt dissolution of a portion of the
underlying Devonian aged Prairie Evaporites. In addition there are a number of more subtle structural
features in the area. This includes two structural highs, one in the north portion of North Virden
Scallion Unit No. 2 and the other along the southern edge of the proposed unit, separated by a saddle
approximately 2 LSD’s wide. The structure drop in the saddle is approximately 8m and is controlled by
minor salt dissolution in the Prairie Evaporite Formation. This feature is associated with a major north
to south trending salt collapse feature along the east side of the area. As mentioned previously, the
eastern portion of the proposed unit has dramatic structural relief on the top of the Scallion from
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approximately 175m along the west edge of the collapse feature to 195m in the centre of the feature.
Over the western portion of the proposed unit there is approximately 12m of relief on the top of the
Scallion from a low of 182 to a high of 170m.

Reservoir:

The Scallion reservoir within the proposed North Virden Scallion Unit No. 3 is estimated to be of
excellent quality in the upper unit and fair to good in the lower. All of the existing vertical wells and
horizontal wells within to proposed unit have been completed in the upper porosity with a number of
wells having accumulated production of greater than 100m BBLs which supports the reservoir quality
estimation.

Tundra used log data from 4wells drilled in the proposed unit area withmodern log suites to determine
net pay values. The porosity cutoff was set at 9% using the limestone density scale above an oil water
contact of 192m. These values were then used to create net pay maps for the upper and lower
porosity units over the proposed unit. The differentiation between the upper and lower porosity can
be seen on the type log at 102/01 30 011 26W1m with the upper porosity is observed where the
density porosity increases from 637.6m to the base at 647m. The lower porosity is less clearly defined
but still can be seen where the density porosity increases from 647m to the base at 660.5m. The
average porosity in the upper unit is 16.3% compared to an average porosity in the lower of 12.3%
from the logs used in the calculation. The calculated average Sw in the upper unit is 34.2% compared
to an average Sw of 44.9% in the lower unit. Water saturations were calculated using the Buckles
equation with calculated porosity from logs and Buckles constant of 550 derived from an oil based core
from North Virden Scallion Unit No. 1 at 9 23 11 26W1. These average values were used to calculate
OOIP in the upper and lower porosity units. The calculated OOIP is higher in the upper porosity than
in the lower unit due to the higher average porosity and lower average Sw. There is limited core data
fromwells in the area but the data that is available indicates that in the more porous rock Kmax values
range from the single digit (1 9 mda) to mid to high double digit (40 95 mda) with occasional thin
streaks of greater than 100 mda noted. Appendix 4 includes two net pay maps for the Scallion, one for
the upper porosity and one for the lower porosity.

OOIP Estimates

OOIP values were calculated using the following volumetric equation:

or

or
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where

OOIP = Original Oil in Place by LSD (Mbbl, or m3)
A = Area (40acres, or 16.187 hectares, per LSD)
h * = Net Pay * Porosity, or Phi * h (ft, or m)
Bo = Formation Volume Factor of Oil (stb/rb, or sm3/rm3)
Sw = Water Saturation (decimal)

For the purposes of this unit application, Bowas held constant at 1.045. The initial oil formation volume
factor was obtained from the original reservoir study done by Chevron Canada Resources Limited on a
portion of the Virden Lodgepole “A” pool which became the North Virden Scallion Unit No. 1.

Historical Production

A historical group production plot for the proposed North Virden Scallion Unit No. 3 is shown as Figure
4. Oil production commenced from the proposed unit area in August 1957. Production peaked in June
1969 at 32.35m3/d oil from 9wells. As of April 2018, production was 8.75m3/d oil, 110.2 m3/d of water
from 8 wells and 92.6% watercut.

From peak production in June 1969, oil production is declining at an annual rate of approximately 12%
under the current Primary Production method.

The field’s production rate indicates the need for pressure restoration and maintenance, and
waterflooding is deemed to be the most efficient means of secondary recovery to introduce energy
back into the system and provide areal sweep between wells.
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UNITIZATION

The basis for unitization is to develop the lands in an effective manner that will be conducive to
waterflooding. In addition, Unitizing will facilitate a pressure maintenance scheme, which will increase
oil production over time. Unitization and implementation of a Waterflood EOR project is forecasted to
increase overall recovery of OOIP from the proposed project area by 9.2% of RF (from a recovery
factor of 23.2% to 32.4%).

Unit Name

Tundra proposes that the official name of the new Unit shall be North Virden Scallion Unit No. 3.

Unit Operator

Tundra Oil and Gas (Tundra) will be the Operator of record for North Virden Scallion Unit No. 3.

Unitized Zone

The unitized zone(s) to be waterflooded in North Virden Scallion Unit No. 3 will be the Lodgepole
formation.

Unit Wells

The 14 vertical and 9 horizontal wells to be included in the proposed North Virden Scallion Unit No. 3
are outlined in Table 3.

Unit Lands

The North Virden Scallion Unit No. 3 will consist of 14 LSDs as follows:

LSDs 3 5, 7, 10, 15 of Section 29, of Township 11, Range 26, W1M
LSDs 1 3, 6 8, 11, 14 of Section 30, of Township 11, Range 26, W1M

The lands included in the 40 acre tracts are outlined in Table 1.
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Tract Factors

The Tract Factor contribution for each of the LSD’s within the proposed North Virden Scallion Unit No.
3 was calculated as follows:

Gross OOIP by LSD, minus cumulative production to date for the LSD as distributed by the LSD
specific Production Allocation (PA) % in the applicable producing horizontal or vertical well (to
yield Remaining Gross OOIP)

Tract Factor calculations for all individual LSD’s based on the above methodology are outlined within
Table 2.

Working Interest Owners

Table 1 outlines the working interest % (WI) for each recommended Tract within the proposed North
Virden Scallion Unit No. 3.

Tundra Oil and Gas will have a 100% working interest in the proposed North Virden Scallion Unit No. 3.
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WATERFLOOD EOR DEVELOPMENT

The waterflood performance predictions for the proposed North Virden Scallion Unit No. 3 Lodgepole
project are based on internal engineering assessments. Project area specific reservoir and geological
parameters were used to guide the overall Secondary Waterflood recovery factor.

Internal reviews included analysis of available open hole logs; core data; petrophysics; seismic; drilling
information; completion information; and production information. These parameters were reviewed
to develop a suite of geological maps and establish reservoir parameters to support the calculation of
the proposed North Virden Scallion Unit No. 3 OOIP (Table 2).

Unitizing the proposed North Virden Scallion Unit No. 3 will provide an equitable means of maximizing
ultimate oil recovery in the project area, which is otherwise not currently achievable given the
constraints of drilling full length horizontals.

Pre Production of New Horizontal Injection Wells

Three (3) future horizontal wells (2 in North Virden Scallion Unit No. 2 and 1 in the proposed North
Virden Scallion Unit No. 3) will be converted to horizontal injection wells as shown in Figure 5. Placing
new horizontal wells immediately on water injection in areas without significant reservoir pressure
depletion has been problematic in similar low permeability formations, and has a negative impact on
the ultimate total recovery factor of OOIP.

Considering the expected reservoir pressures and reservoir lithology described, Tundra believes an
initial period of producing the proposed horizontal wells prior to placing them on permanent water
injection is essential and all Unit mineral owners will benefit.

Tundra will continue to monitor reservoir pressure, fluid production and decline rates in each pattern
to determine when the wells will be converted to water injection.

Reserves Recovery Profiles and Production Forecasts

The primary waterflood performance predictions for the proposed North Virden Scallion Unit No. 3 are
based on oil production decline curve analysis, and the secondary predictions are based on internal
engineering analysis performed by the Tundra reservoir engineering group using numerical simulation
in combination with analogue studies of successful waterfloods in the Lodgepole Scallion formation.
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Primary Production Forecast

Cumulative production to the end of April 2018 from the 11 producing Lodgepole wells within the
proposed North Virden Scallion Unit No. 3 project area is 269.1 e3m3 of oil and 684.1 e3m3 of water for
a recovery factor of 16.8% of the total OOIP.

Based on decline curve analysis of the wells currently on production, the estimated ultimate recovery
(EUR) for the proposed Unit with no further development is estimated to be 306.7 e3m3, representing
a recovery factor of 19.2% of the total OOIP.

Production plots of the forecasted oil rate v. time and oil rate v. cumulative oil produced are shown in
Figures 6 & 7, respectively.

Tundra plans to drill an additional 5 wells in 2018 and 2019, which would add an estimated 63.8 e3m3
of Primary recovery, or 4.0% of the Unit OOIP. Total Primary recovery for the Unit would be 23.2%.

Pre Production Schedule/Timing for Conversion of Horizontal Wells to Water Injection

Tundra proposes to implement an initial waterflood phase which will consist of converting 3 wells to
injection in 2019 2020, subject to specific production criteria. Subsequent wells will be converted in
the unit as required, in accordance with the development plan set out in Figure 5.

Criteria for Conversion to Water Injection Well

Three (3) water injection wells are required for this proposed unit as shown in Figure 5.

Tundra will monitor the following parameters to assess the best timing for each individual horizontal
well to be converted from primary production to water injection service.

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

The above schedule allows for the proposed North Virden Scallion Unit No. 3 project to be developed
equitably, efficiently, and moves the project to the best condition for the start of waterflood as quickly
as possible. It also provides the Unit Operator flexibility to manage the reservoir conditions and
response to help ensure maximum ultimate recovery of OOIP.

Secondary EOR Production Forecast

The proposed North Virden Scallion Unit No. 3 Secondary Waterflood oil production forecasts over
time and over cumulative oil are plotted on Figures 8 and 9. Total EOR recoverable volumes in the
proposed North Virden Scallion Unit No. 3 project under Secondary WF has been estimated at 518.6
e3m3, resulting in a 32.4% overall RF of calculated Net OOIP.
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An incremental 148.1 e3m3 of oil is forecast to be recovered under the proposed Unitization and
Secondary EOR production scheme vs. the existing Primary Production method. This relates to an
incremental 9.2% recovery factor as a result of secondary EOR implementation.

Estimated Fracture Pressure

The estimated fracture gradient for the Lodgepole Scallion is 24 kPa/m based on breakdown pressure
data in the area. Tundra expects that this gradient has lowered due to pressure depletion in the
proposed area.

WATERFLOOD OPERATING STRATEGY

Water Source

Source water is not currently being used for any water injection in the North Virden Scallion units.
Tundra plans to re inject produced water back into the formation after adequate filtration. Produced
water will be filtered at the 8 19 11 26, and pumped to the injection wells, where it will be further
filtered via polishing filters at the injectionwellheads (Figure 12). Since Tundrawill use producedwater,
compatibility is not a concern.

Injection Wells

New water injection wells for the proposed North Virden Scallion Unit No. 3 will be drilled, cleaned
out, and configured downhole for injection as shown in Figure 10.

The new water injection well will be placed on injection after the pre production period and approval
to inject. Wellhead injection pressures will be maintained below the least value of either:

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

Tundra has a thorough understanding of area fracture gradients. A management program will be
implemented 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 and
rate/pressure control. An operating procedure for monitoring water injection volumes and meter
balancing will also be utilized to monitor the entire systemmeasurement and integrity on a daily basis.

The proposed North Virden Scallion Unit No. 3 horizontal water injection well rate is estimated to
average 25– 40 m3 WPD, based on expected reservoir permeability and pressure.

Reservoir Pressure

An initial reservoir pressure build up test was conducted on 02/01 29 011 26W1/0 at the time of
drilling in 2014. The results of this test can be seen in the table below.
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UWI Depth (mTVD) Pressure (kPa) Temperature (°C)
102/01 29 011 26W1/0 628.1 4278.3 28.94

Reservoir Pressure Management during Waterflood

Tundra expects to inject water for a minimum 2 – 4 year period to re pressurize the reservoir due to
cumulative primary production voidage and pressure depletion. Initial Voidage Replacement Ratio
(VRR) is expected to be approximately 1.25 to 1.75 within the pattern during the fill up period. As the
cumulative VRR approaches 1, target reservoir operating pressure for waterflood operations will be 75
– 90 % of original reservoir pressure.

Waterflood Surveillance and Optimization

North Virden Scallion Unit No. 3 EOR response andwaterflood surveillance will consist of the following:

Regular production well rate and WCT testing
Daily water injection rate and pressure monitoring vs target
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 will provide an ever increasing understanding of reservoir
performance, and provide data to continually control and optimize the North Virden Scallion Unit No.
3 waterflood operation. Controlling the waterflood operation will significantly reduce or eliminate the
potential for out of zone injection, undesired channeling, water breakthrough, or out of Unit
migration. The monitoring and surveillance will also provide early indicators of any such issues so that
waterflood operations may be altered to maximize ultimate secondary reserves recovery from the
proposed North Virden Scallion Unit No. 3.

Economic Limits

Under the current Primary recovery method, existing wells within the proposed North Virden Scallion
Unit No. 3 will be deemed uneconomic when the net oil rate and net oil price revenue stream becomes
less than the current producing operating costs. With any positive oil production response under the
proposed Secondary recovery method, the economic limit will be significantly pushed out into the
future. The actual economic cut off point will then again be a function of net oil price, the magnitude
and duration of production rate response to the waterflood, and then current operating costs.
Waterflood projects generally become uneconomic to operate when Water Oil Ratios (WOR’s) exceed
100.
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WATER INJECTION FACILITIES

The North Virden Scallion Unit No. 3 waterflood operation will utilize the existing Tundra operated
water plant (WP) facilities located at 8 19 11 26W1M Battery. 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 on Figure 11.

NOTIFICATION OF MINERAL AND SURFACE RIGHTS OWNERS

Tundra will notify all mineral rights and surface rights owners of the proposed EOR project and
formation of North Virden Scallion Unit No. 3. Copies of the Notices, and proof of service, to all surface
rights owners will be forwarded to the Petroleum Branch when available to complete the North Virden
Scallion Unit No. 3 Application.

North Virden Scallion Unit No. 3 Unitization, and execution of the formal North Virden Scallion Unit
No. 3 Agreement by affected Mineral Owners, is expected during Q3 2018. Copies of same will be
forwarded to the Petroleum Branch, when available, to complete the North Virden Scallion Unit No. 3
Application.

Should the Petroleum Branch have further questions or require more information, please contact
Robert Prefontaine at 403.767.1248 or by email at robert.prefontaine@tundraoilandgas.com.

TUNDRA OIL & GAS

Original Signed by Robert Prefontaine, July 31st, 2018, in Calgary, AB
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Figure 1 - Virden Field



Fi
gu

re
2

-P
ro

po
se

d
U

ni
tB

ou
nd

ar
y



Figure 3 - Lodgepole Pool Boundaries
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FIGURE 10 - TYPICAL OPEN HOLE WATER INJECTION WELL (WIW) DOWNHOLE DIAGRAM
WELL NAME: North Virden Scallion Unit 3 HZNTL Open Hole WIW WELL LICENCE:
Prepared by               BH (average depths) Date:  2018
Elevations :
KB [m] KB to THF [m] TD     [m] 2000.0
GL [m] CF     (m) PBTD [m]
Current Perfs: Open Hole 750.0 to 2000.0
Current Perfs: to
KOP: 625 m MD Total Interval to
 Tubulars Size [mm] Wt - Kg/m Grade Landing Depth [mKB]
Surface Casing 244.5 48.06 H-40 - ST&C Surface to 140.0
Intermed Csg (if run) 177.8 34.23 & 29.76 J-55 - LT&C Surface to 750.0
Open Hole Latera none none none 750.0 to 2000.0
Tubing 60.3 or 73.0 - TK-99 6.99 or 9.67 J-55 Surface to 750.0

Date of Tubing Installation: Length Top @
Item Description K.B.--Tbg. Flg. 0.00 m KB

Corrosion Protected ENC Coated Packer (set within 15 m of Intermed Csg shoe)
60.3 mm or 73 mm TK-99 Internally Coated Tubing 

SC = 140mKB TK-99 Internally Coated Tubing Pup Jt
Coated Split Dognut

Annular space above injection packer filled with inhibited fresh water

Bottom of Tubing mKB
Rod String :
Date of Rod Installation:

Bottomhole Pump:  

Directions:  
KOP = ~ 625 mMD

Inhibited Annular Fluid

Injection Packer set within 15 m of Intermediate Casing Shoe 
Intermediate Casing Shoe

Tundra Oil And Gas 



** subject to final design and engineering 

North Virden Scallion Unit No. 3 

EOR Waterflood Project 

Planned Corrosion Control Program ** 

Pipelines
 New High Pressure Pipeline to injection well – 2000 psi high pressure Fiberglass 

Facilities 
 8-19-11-26 Water Plant and New Injection Pump Station 

o Plant piping – 600 ANSI schedule 80 pipe, Fiberglass or Internally coated 
o Filtration – Stainless steel, HDPE Poly, fiberglass materials 
o Pumping – Ceramic plungers, stainless steel disc valves 
o Tanks – Fiberglass shell, corrosion resistant valves 

Injection Wellhead / Surface Piping 
 Corrosion resistant valves and internally coated 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 

Producing Wells 
 Casing cathodic protection where required  
 Downhole batch corrosion inhibition as required 
 Downhole scale inhibitor injection as required 

FIGURE 11 
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Proposed North Virden Scallion Unit No. 3

Application for Enhanced Oil Recovery Waterflood Project
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