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INTRODUCTION

The Pierson field is located in Townships 1-3 Ranges 27-29 west of the prime meridian (Figure 1). The
main production target in this area is the Lower Amaranth (Spearfish) formation, although some Mission
Canyon (Alida) production exists throughout the field. In 1993 Home Oil, as operator of the area,
unitized a portion of the field and implemented a 40 acre waterflood. The unit was named South Pierson
Unit No. 1 (SPU1). Canadian Natural Resources Limited (CNRL) acquired the lands in 2002 and received
approval to downspace the unit to a 20 acre waterflood. In November 2010, CNRL received approval for
South Pierson Unit No. 2 (SPU2) and in January 2013 received approval for South Pierson Unit No. 3
(SPU3).

In the South Pierson field, potential exists for incremental production and reserves from a Waterflood
EOR project in the Lower Amaranth (Spearfish) and/or the Mission Canyon (Alida) formations. Attached
is an application by Tundra Oil and Gas (Tundra) to establish South Pierson Unit No. 4 (N/2 Section
14-002-29W1) and implement a Secondary Waterflood EOR scheme within the Spearfish/Alida
formations as outlined on Figure 2.

The proposed project area falls within the existing designated 07-35A Lower Amaranth Pool-Mission
Canyon 3B pool of the Pierson Qilfield (Figure 3).
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SUMMARY

10.

11.

The proposed South Pierson Unit No. 4 will include 2 abandoned vertical wells and 11 horizontal
wells that are completed in the Lower Amaranth (Spearfish) and/or Mission Canyon (Alida)
formations, within 8 Legal Sub Divisions (LSD). The project is located northeast of SPU3 (Figure 2).

The original oil in place (OOIP) in the project area has been calculated to be 1,186 em? (7,461 Mbbl)
for an average of 148.25 net e3m? (932.5 Mbbl) OOIP per 40 acre LSD.

Cumulative production current to May 31, 2018 from the proposed South Pierson Unit No. 4 project
area was 67.2 e3m? oil (423 Mbbl) and 77.7 em?® water (489 Mbbl), representing a 5.7% recovery
factor (RF) of the total OOIP within the proposed boundary.

Figure 4 shows the production from the proposed area peaked in November 2012 at 185.9 m3/d oil
(1170 bbl/d) from 10 wells. As of May 31, 2018, production was 4.26 m3/d oil (26.8 bbl/d), 19.33
m3/d of water (121.7 bbl/d) from 9 wells and 81.9% watercut.

In November 2012, production averaged 18.6 m3/d oil (23.5 bbl/d) per well. As of May 2018,
average per well production has declined to 0.47 m3/d oil (2.9 bbl/d). Decline analysis of the group
primary production data forecasts total oil to continue declining at an annual rate of approximately
25% in the project area.

Estimated Ultimate Recovery (EUR) of Primary Proved Producing oil reserves in the proposed South
Pierson Unit No. 4 project area has been calculated to be 75.9 e3m? (477 Mbbl), with 8.7 e*m? (54.8
Mbbl) remaining as of May 31, 2018.

Ultimate oil recovery of the proposed South Pierson Unit No. 4 OOIP, under the current Primary
Production method, is forecasted to be 6.4%.

Estimated Ultimate Recovery (EUR) of oil reserves under Secondary WF EOR for the proposed South
Pierson Unit No. 4 is estimated to be 108.7 e3m3 (684 Mbbl), with 41.5 e3m3 (261 Mbbl) remaining.
An incremental 32.8 e3m?® (206 Mbbl) of oil reserves are forecasted to be recovered under the
proposed Unitization and Secondary EOR production vs the existing Primary Production method.

Total RF under Secondary WF in the proposed South Pierson Unit No. 4 is estimated to be 9.2%.

Analog waterfloods (SPU1, SPU2, SPU3) indicate that a pattern waterflood would be successful in
Pierson.

Existing horizontal wells, with multi-stage hydraulic fractures, will be converted to injection wells

(Figure 5) within the proposed South Pierson Unit No. 4, to complete waterflood patterns with
effective 20 acre spacing.
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DISCUSSION

The proposed South Pierson Unit No. 4 project area is located within Township 2, Range 29 W1 of the
Pierson oil field. The proposed Pierson Unit currently consists of 1 abandoned vertical well, 1 suspended
horizontal well and 10 producing horizontal wells within an area covering 8 LSDs in the north half of
Section 14-002-29W1 (Figure 2). A project area well list complete with recent production statistics is
attached as Table 3.

Geology

Lower Amaranth

Stratigraphy:

The Triassic aged Lower Amaranth formation is the oil producing reservoir that is the subject of this unit
application. The stratigraphy of the reservoir section for the proposed unit is shown on the structural
cross-section attached as Appendix 1. The section runs SW to NE approximately through the mid-point
of the proposed unit. The Lower Amaranth is bounded on top by the Amaranth Evaporite and by the
Mississippian Unconformity at the base.

The producing sequence in descending order consists of the Lower Amaranth “A” Unit, Lower Amaranth
Green Sand, Lower Amaranth Blue Sand, Lower Amaranth Purple Sand, Lower Amaranth Brown Sand,
Lower Amaranth Red Sand, and the Lower Amaranth Lower Sand. The reservoir units are primarily
represented by the Green, Blue, Purple, Brown, and Red Sands. The Upper portion of the Lower
Amaranth A unit is considered tight, and represents the top seal for the reservoir.

Sedimentology:

The Lower Amaranth reservoir units (top of Green through to base of Red Sand) comprise
interlaminated shale, siltstone, and fine grained sandstone. The laminations tend to range from > 1 cm
up to 20 cm in thickness, often show signs of scouring at the base of each laminae and tend to fine
upwards. There are anhydrite beds capping each sub unit within the producing sequence; these
anhydrite layers are generally correlatable over the entire Pierson/Waskada/Goodlands area. These
anhydrite layers are the basis for the stratigraphic framework that is being used to describe the
reservoir within the proposed unit.

The units within the producing sequence have very similar characteristics. Color tends to vary with grain
size in that the finer grained material tends to be brick red, while the coarser grained material generally
tends to be grey to light brown. All of the sub-units have a varying component of anhydrite cement,
which will appear as millimeter sized nodules in heavily cemented areas. Finally, well rounded, floating,
course, frosted quartz grains are common throughout the entire productive interval.

Lower Amaranth reservoir is interpreted as having been deposited in an arid tidal flat (Sabkha) setting.
The stratigraphic divisions (Green, Blue, Purple, Brown, Red, and Lower Sands) are interpreted as
representing individual evaporitic cycles, each exhibiting relatively higher depositional energy at the
base, grading into very low energy towards the top.
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Since each cycle is bound by an erosive surface on the top and bottom, there can be lateral variability in
sediment preservation within each cycle. Occasional preservation of high angled cross stratification
suggests periods of very high energy during deposition which are interpreted as channel deposits, which
help support a tidal flat setting depositional model.

The Upper portion of the Upper Amaranth “A” unit is made up of brick red shale that is generally not
bedded and does not tend to exhibit any sedimentary structures. It is a low permeability zone that
represents the top seal to the Lower Amaranth reservoir.

The Lower Sand portion of the Lower Amaranth (immediately beneath the Red Sand), has a lot of the
same characteristics as the productive interval, but tends to have much less effective porosity due to
abundant anhydrite cement.

Structure:

Structure contour maps are provided for the top and base of the reservoir interval (Appendices 2 and 3).
The reservoir units dip to the southwest, which is consistent with regional dip. Structural mapping based
on well control does not indicate the presence of large scale structural features that would indicate an
increased risk of faulting within the proposed unit boundary.

Reservoir Continuity:

There are limited barriers to reservoir continuity that are apparent from the data available. Available
data from well logs do not show any apparent lateral facies changes within the proposed unit that would
result in significant lateral permeability barriers. An Isopach map of the reservoir interval (Appendix 4)
shows that the gross reservoir thickness averages about 13.0 meters.

Also, as mentioned above, there are no indications of any structural features that could set up any
lateral permeability barriers within the proposed unit. The lack of lateral permeability barriers suggests
this pool is well suited for secondary oil recovery.

Reservoir Quality:

Net pay determination within the proposed unit was done by using a sonic porosity cut off of 10%,
where:
e Average Sonic porosity was calculated for wells in which digital sonic data was available
(Appendix 5) using the following formula:

Dt — Dtmatrix
Dtwater — Dtmatrix

Sonic Porosity =

Where
Dt = Sonic travel time (ms/m)
Dtmatrix = Sonic travel time of the rock matrix (198 ms/m)
Dtwater = Sonic travel time of the formation water (681 ms/m)
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e Appendix 6 illustrates average porosity in the net pay interval over the proposed unit. Using IHS
Petra software, average density porosity for the proposed Unit area has been calculated to be
14.3%.

OOIP Estimates

OOIP values were calculated using the following volumetric equation:

Area = Net Pay * Porosity x (1 — Water Saturation)

00IP =
Initial Formation Volume Factor of 0il
or
001P(m3) Axhx@x*(1—Sw) 10,000m2
= *
m Bo ha
or
00IP(Mbbl Axh=0+(=Sw) 3 28084ft 7,758.367 bb! LMbbL
= * 3, — % . *
( ) Bo m acre = ft  1,000bbl
where
0olIP = Original Qil 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, porosity, Bo and Sw were held constant at 14.3%, 1.17 and 40%
respectively. As described above, porosity value was calculated by averaging the offsetting sonic
porosity logs. The initial oil formation volume factor was derived from a PVT taken from the 8-26-1-
26W1, which is representative of the fluid characteristics in the reservoir. Sw determination was set at
40% which is consistent with historic unit applications in the Waskada area.

The phi * h portion of the calculation has been broken out, and included in Appendix 7 for reference.

Total volumetric OOIP for the Lower Amaranth within the proposed unit has been calculated to be 1,020
e3m3 (6,416 Mbbls).

Tabulated parameters for each LSD from the calculations can be found in Table 1.

Mission Canyon

Stratigraphy:

The Mississippian aged MC-3 member of the Mission Canyon formation is a secondary reservoir
included in this unit application. The stratigraphy of the MC-3 is shown on the structural cross section
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attached as Appendix 8. The section runs S to N through the proposed unit. The MC-3 is bounded on
top by the Lower Amaranth and is bounded at the base by the MC-2 member. The MC-3 is subdivided
into a lower MC-3A and an upper MC-3B. Separating the two is the MC-3 Marker, which is equivalent to
the Dando Evaporite found further east in the Waskada area.

The producing zone within the proposed unit is the MC-3B. In the greater Pierson area, the MC-3B can
be further subdivided into individual cycles referred to as the Lower, Middle and Upper. In the area of
this unit application, the reservoir unit is the MC-3B Lower.

Sedimentology:

The MC-3B is comprised of cycles of mudstone to wackestone, packstone, & grainstone. The mudstone
lithology is generally comprised of dolomite to dolomitic limestone. The coarser grained rocks are
dominated by limestone, and contain variable combinations of ooids, pisoids, oncolites, and peloids. The
producing zone is related to the wacke/pack/grainstone facies, with the mudstone facies acting as a seal
at the base of each cycle.

The MC-3B is interpreted as being deposited in an extensively shallow low gradient marine setting. Each
cycle present represents a relative rise and fall of sea level. The reservoir itself, is interpreted to be from
shoal to back shoal deposits.

Structure:

A structure contour map is provided for the MC-3B Lower Reservoir (Appendix 9). Regional structure
dips toward the southwest. The majority of pools in this area are related to structural highs. The area
around section 14-002-29W1 is on a small structural high.

Reservoir Continuity:

Over the proposed unit, the reservoir should be relatively consistent. There should not be any drastic
facies changes within the reservoir zone, however there may be slight permeability differences due to
differences in porosity development and varying amounts of anhydrite, calcite, and dolomite cementing.
There are only a handful of wells in the area that have core and core analysis over the MC-3B, with none
of them occurring within the proposed unit. Over the larger area, permeabilities range from 12-22mD.

Reservoir Quality:
Net pay determination within the proposed unit was done by using a neutron density porosity cut off of
6%. Work in other areas of Pierson and Gainsborough suggest that a cutoff higher than 6% would be

pessimistic in terms of recoverable oil (Appendix 10).

OOIP Estimates

For the purposes of this unit application, Bo, Sw, and porosity were held constant at 1.22, 46%, and 9%.
PVT analysis is scarce in the immediate area for the MC-3, therefore, the initial oil formation volume
factor was derived from a fluid analysis taken from the 03-21-003-28W1. The Sw is assumed to be
similar to wells in the North Pierson Unit 1 unit application. The average neutron density porosity of 9%
was used for the proposed Unit area.
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Total volumetric OOIP for the Mission Canyon within the proposed unit has been calculated to be 166.0
e3m3 (1,044 Mbbl) oil.

Tabulated parameters for each LSD from the calculations can be found in Table 4.

Historical Production

A historical group production history plot for the proposed South Pierson Unit No. 4 is shown as
Figure 4. Oil production commenced from the proposed Unit area in October 1993. Production peaked
in November 2012 at 185.9 m3/d oil from 10 wells. As of May 31, 2018, production was 4.26 m3/d oil,
19.33 m3/d of water from 9 wells and 81.9% watercut.

From peak production in November 2012, oil production is declining at an annual rate of approximately
25% 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 way that will be conducive to
waterflooding. Unitizing will enable the reservoir to have the greatest recovery possible by allowing
horizontal wells to be optimally spaced and for water injection to be implemented to maintain reservoir

pressure and increase oil production. Unitization and implementation of a Waterflood EOR project is
forecasted to increase overall recovery of OOIP from the proposed project area by 2%.

Unit Name

Tundra Oil and Gas (Tundra) proposes that the official name of the new Unit shall be South Pierson Unit
No. 4.

Unit Operator
Tundra will be the Operator of record for South Pierson Unit No. 4.

Unitized Zone

The unitized zones to be waterflooded in South Pierson Unit No. 4 will be the Lower Amaranth
(Spearfish) and Mission Canyon (Alida).

Unit Wells

The 11 horizontal wells and 1 vertical well to be included in the proposed South Pierson Unit No. 4 are
outlined in Table 3 with their current status.

Unit Lands

South Pierson Unit No. 4 will consist of a half section as follows:
LSDs 9-16 of Section 14 of Township 2, Range 29, W1M

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

Tract Factors

The proposed South Pierson Unit No. 4 will consist of 8 tracts, based on the 40 acre LSD’s containing the
1 vertical well and 11 horizontal wells.

The Tract Factor contribution for each of the LSD’s within the proposed South Pierson Unit No. 4 was
calculated as follows:

e 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)
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e Tract Factor by LSD = the product of Remaining Gross OOIP by LSD as a % of total proposed Unit
Remaining Gross OOIP

Tract Factor calculations for all individual LSDs 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 South
Pierson Unit No. 4. Tundra Oil and Gas holds a 100% WI| ownership in all the proposed Tracts.

Tundra Oil and Gas will have a 100% WI in the proposed South Pierson Unit No. 4.
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WATERFLOOD EOR DEVELOPMENT

Technical Studies

The waterflood performance predictions for the proposed South Pierson Unit No. 4, are based on recent
geological and engineering analysis. Internal reviews included analysis of available open-hole logs; core
data; petrophysics; seismic; drilling information; completion information; and production information.
These were used to develop a suite of geological maps and establish reservoir parameters to support
the calculation of the proposed South Pierson Unit No. 4 OOIP (Table 4).

Reserves Recovery Profiles and Production Forecasts

The primary waterflood performance predictions for the proposed South Pierson Unit No. 4 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 South Pierson Units 1,
2 and 3 as an analog. Given the reservoir and injection pattern design similarities of horizontal producers
and injectors on 20 acre spacing, these units were considered an appropriate analog for the work that
Tundra intends to undertake.

Primary Production Forecast

Cumulative production current to May 31, 2018 within the proposed unit boundary is 67.2 e*m? oil and
77.7 e m® water, representing a 5.7% recovery factor (RF) of the total OOIP within the proposed
boundary. The most recent calendar daily production rate from May 2018 was 4.26 m3/d oil and 19.33
m3/d water.

Ultimate Primary Proved Producing oil reserves recovery for South Pierson Unit No. 4 with no further
development has been estimated to be 75.9 e3m3, or a 6.4% Recovery Factor (RF) of OOIP. Remaining

Producing Primary Reserves has been estimated to be 8.7 e3m3 to end of May 2018.

The expected production decline and forecasted cumulative oil recovery under continued Primary
Production is shown in Figures 7 & 8.

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

Tundra will plan an injection conversion schedule to allow for the most expeditious development of the
waterflood within the proposed South Pierson Unit No. 20, while maximizing reservoir knowledge.
Tundra currently plans to convert 2-3 wells to injection in late 2018 or early 2019.

Criteria for Conversion to Water Injection Well

Four (4) water injection wells (3 Lower Amaranth completions/1 Alida completion) 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.
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- 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 vertical and horizontal wells
- Pattern mass balance and/or oil recovery factor estimates

- Reservoir pressure relative to bubble point pressure

The above allows for the proposed South Pierson Unit No. 4 project to be developed equitably and
efficiently. 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 project oil production profile under Secondary Waterflood has been developed based on
the response observed to date in the South Pierson Units 1,2 and 3 (Figure 6).

Secondary Waterflood plots of the expected oil production forecast over time and the expected oil
production vs. cumulative oil are plotted in Figures 7 & 8, respectively. Total Secondary EUR for the
proposed South Pierson Unit No. 4 is estimated to be 108.7 e*m? with 41.5 e3m3 remaining, representing
a total secondary recovery factor of 9.2% for the proposed Unit area. An incremental 32.8 em? of oil, or
a 2.8% recovery factor, are forecasted to be recovered under the proposed Unitization and Secondary
EOR production scheme vs. the existing Primary Production method.

Estimated Fracture Pressure

Completion data from the existing producing wells within the project area indicate an actual fracture
pressure gradient range of 18.0 to 22.0 kPa/m true vertical depth (TVD).

WATERFLOOD OPERATING STRATEGY

Water Source

Injection water for the proposed South Pierson Unit No. 4 will be supplied from the Mannville formation
at the 100/16-14-002-29W1/2 (100/16-14) well. In May 2018, Tundra received approval to re-complete
the 100/16-14 well in the Mannville formation. Mannville water will be pumped to surface via a
submersible pump in the 100/16-14 source well. The discharge pressure from the source well pump will
feed water into the injection wellhead where polishing filters will be used for final filtration prior to
injection. A diagram of the Pierson water injection system and new pipeline connection to the project
area injection wells is shown as Figure 10.

Injection Wells

The water injection wells for the proposed South Pierson Unit No. 4 will be current producing wells
configured downhole for injection as shown in Figures 9a and 9b. The horizontal injection wells will have
been stimulated by multiple hydraulic fracture treatments to obtain suitable injection. Tundra has
extensive experience with horizontal fracturing in the area, and all jobs are rigorously programmed and
monitored during execution. This helps ensure optimum placement of each fracture stage to prevent, or
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minimize, the potential for out-of-zone fracture growth and thereby limit the potential for future out-of-
zone injection.

New water injection wells will be placed on injection once approval to inject has been received.
Wellhead injection pressures will be maintained below the least value of either:

- the area specific known and calculated fracture gradient, or
- the licensed surface injection Maximum Allowable 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 and rate/pressure
controls. An operating procedure for monitoring water injection volumes and meter balancing will also

be utilized to monitor the entire system measurement and integrity on a daily basis.

The proposed South Pierson Unit No. 4 horizontal water injection well rates are forecasted to average
10 - 30 m* WPD, based on expected reservoir conditions and fill-up volumes.

Reservoir Pressure

No representative initial pressure surveys are available for the proposed South Pierson Unit No. 4
project area. Tundra assumed operatorship of these properties in late 2015 and has been unable to
recover any pressure surveys from the original operators.

Reservoir Pressure Management during Waterflood

Tundra expects it will take 2-4 years to re-pressurize the reservoir due to cumulative primary production
voidage and pressure depletion. Initial monthly Voidage Replacement Ratio (VRR) is expected to be
approximately 1.25 to 2.00 within the patterns 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

South Pierson Unit No. 4 EOR response and waterflood 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 Qil, Hydrocarbon Pore
Volumes Injected, Conformance Plots
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The above surveillance methods will provide an ever increasing understanding of reservoir performance,
and provide data to continually control and optimize the South Pierson Unit No. 4 waterflood operation.
Controlling the waterflood operation will significantly reduce or eliminate the potential for out-of-zone
injection, undesired channeling or 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 South Pierson Unit No. 4.

On Going Reservoir Pressure Surveys

Any pressures taken during the operation of the proposed unit will be reported within the Annual
Progress Reports for South Pierson Unit No. 4 as per Section 73 of the Drilling and Production
Regulation.

Economic Limits

Under the current Primary recovery method, existing wells within the proposed South Pierson Unit No. 4
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 Qil Ratios (WOR’s) exceed 100.

WATER INJECTION FACILITIES

The South Pierson Unit No. 4 waterflood operation will utilize the Tundra operated water source well
100/16-14-002-29W1/2. This well will be equipped with a submersible pump which has the dual role of
pumping Mannville water from 100/16-14 and acting as an injection supply pump for the injection wells
in the area.

A complete description of all planned system design and operational practices to prevent corrosion

related failures is shown in Figure 11. All surface facilities and wellheads will have cathodic protection to
prevent corrosion. All injection flowlines will be made of fiberglass so corrosion will not be an issue.

NOTIFICATION OF MINERAL AND SURFACE RIGHTS OWNERS

Tundra is in the process of notifying all mineral rights and surface rights owners of this proposed EOR
project and formation of South Pierson Unit No. 4. 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 South
Pierson Unit No. 4 Application.

South Pierson Unit No. 4 Unitization, and execution of the formal South Pierson Unit No. 4 Agreement
by affected Mineral Owners, is expected before the end of Q3 2018. Copies of same will be forwarded to
the Petroleum Branch, when available, to complete the South Pierson Unit No. 4 Application.
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Should the Petroleum Branch have further questions or require more information, please contact Yeirys
Gerder at 403.767.1393 or by email at Yeirys.Gerder@tundraoilandgas.com.

TUNDRA OIL & GAS

Original Signed by Yeirys Gerder, August 10, 2018
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Figure 3

324980 344980 364980
Ta
§'
2
3
()]
Q
T
£
=
3 T4
(@]
i
0]
N
[32]
o
(]
<
= T3
g 07
3 07 35Bo
w
0735Do
07 35A Eizazy
: HE i
T
L il
g
o R29 R28 R27 R26 R25
% Dominion Land Survey System Grid
319054 419054 0 5 10
2 Ir20 L n
5 Kilometers €ge d
! ﬂ? 2016 Fields
Y Map 5 ] Oil Pools

5525051

T10

g
1

T

5425051

R29

R20

100
Kilometers

Manitoba's Designated Fields & Pools 2016

Well Information: January 1, 2016.
Geology by: P. Fulton-Regula
Petroleum Branch

[ ] Township Grid
Section Grid
Quarter Section Grid

Manitoba

Lower Amaranth-Mission Canyon 3b Pools (35)



Nd ¥1:€v:¢ 81.0¢/8/8 U0 pajulid 1/| obed L2¢QVN ‘wnleq  wdepNNoOY Ul paleald IMeN SHI 8L0Z @

S|[9MA JO JAN — (%) LOM ---- —
(prgw) 3 Al 18D (gw) 1O pid wny — (p/gw) 10 A 18D —
Loz uer
L
cw 00 M fup wng
€wel 00 :sep [u] wn) :2pod Hun

cw 00 1O fuj wny 12¥£0009IN ‘962,0009IN :9poY |ood papuadsng :Buionpold ‘psuopueqy 9pon
cW e /89// M wn) (£aW) NOSH3Id plet4 [e) pini4
cwel vyl sep wn) NAONSSIN “THLNHAY -wio4 poid el SlIeM Jo #
cw 6°991/9 IO wn) G0-810C2 01 0L-€661 -poid uQ 1I9M]'1S]] [|oM Ow-we) ynds :dnoin

ydein) uononpold

¥ 2inbi4

voday [loM dnoun - 8L0Z/EZ/L 4O Se uonewopu] (|9




—+  ¥T1-60/€0

¥1-60/00 +
¥1-60/20

uoAue) UoISSIA
ysiyieads

A

vT-21/20

v1-21/€0

v1-21/00

YI-€1/10

s HT-ET/E0

vI-€1/20
¥T-€1/00 S|

G 9.n3I4

ue|d yuswdojanaqg pasodold — 62-200-1T UoI1das



Nd 01:€¢:¢ 81.0¢/8/8 U0 pajulid 1/| obed L2¢QVN ‘wnleq  wdepNNoOY Ul paleald IMeN SHI 8L0Z @

S|I9\\ O JON — (%) LOM - —
(prew) apn AiQ 18D (gw) 10 pid wn) — (p/gw) N0 Al 180 —

G861 190

CW €1€16562 M fup wng
€we3 00 :se9 fuj wny LVSEL :9poo Hun
cw oo O fup wnd ¥¥L0009N "YSELOO0EIN :9po) |00d 92.n0S ‘uopdafu| ‘Bulpnpold ‘pauopueqy :9poW
€W 9215256 MM wn) (£aW) NosH3Id HJEIE 1a1ep) fuondalul Jerep IO pIny
ddNLsTIL
cwe3 9°86ETY sep wn) ‘NAONSSIN ‘dgvaiy “IHINYWY ‘o4 poid 961 ‘SIISM JO #
cw L'e6¥8101L 'O wny G0-810Z 01 Z1-S861 :poid uQ 1 "'ON LINN NOSH3Id HLNOS :dnoin

ydein) uononpold

g ainbi4

810¢2/€¢/L Jo se uollewiojul | "ON LINN NOSH3Ild HLNOS Hun



Nd 0¢:9¢:¢ 81.0¢/8/8 U0 pajulid 1/| 9bed Lc¢QVN ‘wnleq  wdepNooY Ul paleald e SHI 8L0Z @

S|[9MA JO JAN — (%) LOM ---- —
(prgw) 3 Al 18D (gw) 1O pid wn) — (prgw) 10 Alg 18D —

/861 1dy

— TN

s 2

e . A
cw L'719¢61 M fup wng
cwe3 00 :sep uj wn) 2vseL :9pod Hun
cw o0 10 fup wn)y VYSE20009IN :9po) |00d pauopueqy ‘buidwngd ‘uondaslu| :budnpoid :9poOn
cw 8'Z60Z7Y M wn) (£aw) NosH3Id ‘piald uonosfu| serep 10 piny
gwe3 €°009L1 sep wn) NAONSSIN " THLNHAY ‘o4 poid 6v SII9M JO #
€W €°66189¢ ‘'O wnd G0-810C 01 90-L861 ‘poid uQ ¢ 'ON LINN NOSHd3Ild HLNOS :dnoin

ydein) uononpold

810¢/c¢/L Jo se uonjewloju] g "ON LINN NOSH3Ild HLNOS ¥un



Nd €v:61:C 81.0¢/8/8 U0 pajulid 1/| 9bed Lc¢QVN ‘wnleq  wdepNooY Ul paleald e SHI 8L0Z @

S8/ 40 JION — (%) LOM -~ —
(prew) apn AiQ 18D (gw) 10 pid wn) — (prew) 10 Alg 1eo —

/861 190

cw 00 M fup wng
cwel 00 :sep fuj wn) £vseL :9pod Hun
cw 00 o .—:_ wn) YSEL0009dIN :9poY |00d m:_QEsn_ mwcoN pauopueqy ”_w:_o:_uo._n_ OpPON
£W 7'688528 M wn) (£aw) NOSH3Id pIat4 1o pini4
HINYAY ‘@gNLSTIL
cwel 662422 sep wn) ‘NAONSSIN ‘dgvary “THLNHY ‘ulo4 poid 9G 'SII9M JO #
£W 6'0£898¢€ N0 wn) G0-810Z 01 Z1-L861 :poid uo € 'ON LINN NOSH3Id HLNOS :dnoin

ydein) uononpold

810¢/c¢/L Jo se uonjewloju] € "ON LINN NOSH3Ild HLNOS ¥un



0000¢T 00000T

poojalep\ s ==== Alewlld -====  AIOISIH ——O—

(Ew) 1o wn)
00008 00009 0000%

0000¢

[ 9in3i4

10]1d 4\ uosJald

T0

0T

00T

000T

0°000T

(p/ew) no Aia 1ed



08/4dy

Q 94n3i4

99/8ny

poo|jia1ep\ == === Alewlld-====  AIOISIH —0—

2leQq
7S/NON 6€/1eN

se/inr

TT/NON
T0

10]1d 4\ Uosiald

0°000T

(p/sw) 1o Aia 1ea



Tundra Oil And Gas Figure 9a
FIGURE 9 - TYPICAL CEMENTED LINER WATER INJECTION WELL (WIW) DOWNHOLE DIAGRAM

WELL NAME: South Pierson Unit 4 HZNTL Cemented Liner WIW WELL LICENCE:

Prepared by WRJ (average depths) |Date: 2012

Elevations :

KB [m] KB to THF [m] D [m] 2400.0
GL [m] CF (m) PBTD [m]

emented Casing / Liner 950.0 to 2400.0

Total Interval

700 m MD

H-40 - ST&C Surface

Surface Casing 244.5 48.06

Intermed Csg (if run) 177.8 3423&29.76 [ J-55-LT&C Surface to 950.0|
Production Liner 114.3 17.26 L-80 Surf or from Intermed Csg to 2400.0
Tubing 60.3 or 73.0 - TK-99 6.99 or 9.67 J-55 Surface] to 940.0)

Length Top @
" 0.00] mKB

Date of Tubing Installation:
Item Description
Corrosion Protected ENC Coated Packer (set inside 114.3 mm Casing / Liner)
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:

IDirections:
KOP =~ 700 mMD

Inhibited Annular Fluid

Intermediate Casing
Packer set inside 114.3 mm casing liner) Fractures
Tubing pottom




SC = 140mKB

=
oy

AR T MR
ol L il

1)

KOP =

Inhibited Annular Fluid

Tundra Oil And Gas Figure 9b
FIGURE 9 - TYPICAL OPEN HOLE WATER INJECTION WELL (WIW) DOWNHOLE DIAGRAM

WELL NAME: South Pierson Unit 4 HZNTL Open Hole WIW WELL LICENCE:
Prepared by JWR (average depths) |Date: 2013
|Elevations :
KB [m] KB to THF [m] D [m] 2400.0
GL [m] CF (m) PBTD [m]

Open Hole 1050.0 to 2400.0

to
800 m MD Total Interval

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

Surface Casing 2445 48.06 H-40 - ST&C Surface

Intermed Csg (if run) 177.8 3423&29.76 | J-55-LT&C Surface to 1050.0|

Open Hole Latera none none none 1050.0 to 2400.0]

Tubing 60.3 or 73.0 - TK-99 6.99 or 9.67 J-55 Surface to 940.0}

|Date of Tubing Installation: Top @
ltem Description m KB

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:

IDirections:

~ 800 mMD
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Figure 11 - Corrosion Control

Injection Wells

Corrosion inhibitor in the annulus between tubing and casing.
Surface freeze protection of annular fluids near surface.
Corrosion-resistant valves on wellhead and flowline.
Corrosion-resistant flowline equipment.

Installation of cathodic protection to protect casing.

Scale inhibitor protection as needed.

Bacteria control chemical treatments when needed.

Water injector packer will be coated for corrosion resistance.

Producing Wells

Downhole corrosion inhibitor, either batch or daily injection, as needed.

e Scale inhibitor treatment daily injection as required for horizontal wells.
e Paraffin treatment daily injection if needed.
e (Casing cathodic protection where required.
Pipelines
e Injection lines to have Flexpipe 1000# pipe.
e Producing lines existing as per original flowline licenses.
Facilities

14-14-2-29 Injection Facility

Plant piping —all stainless steel.
Filtration — stainless steel filter at each wellhead.
Pumps — multi-stage centrifugal with stainless head and base.
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Proposed South Pierson Unit No. 4
Application for Enhanced Oil Recovery Waterflood Project
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