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Disclaimer: Statement of Qualification and Limitations

This report was prepared by the Petroleum Technology Research Centre (PTRC) and affiliated
consultants. Because of the research nature of the work performed, neither the PTRC, any of its
employees nor hired consultants make any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, nor usefulness of any information, apparatus, product, or
process disclosed. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement
or recommendation by the PTRC.

The study and interpretation of information gathered from wells located locally and regionally in study
areas provide the basis of geological, geophysical and hydrogeological interpretations of conditions in
the deep subsurface. This work is completed by professionals with significant experience and
underscores work completed in the oil and potash industries in southern Saskatchewan. Based on the
technical interpretations of existing data, models are developed to best represent anticipated
subsurface conditions at the prospective location, being the city of Regina. Although best practices are
used, there is no guarantee that conditions in the subsurface will be as interpreted. Actual conditions in
the subsurface and geothermal system deliverability can only be verified with the drilling and testing of

an appropriately designed well.



PTRC City of Regina Geothermal Study / 1

Executive Summary

In 1979, the University of Regina drilled an exploratory geothermal well to test the suitability of utilizing
geothermal energy in Regina from the 2000-to-2200 m deep Deadwood Aquifer. Results from this
testing and research support the development of this reliable and sustainable non-carbon-based
resource in the greater Regina area. Since then, modern assessment tools and well drilling technologies
and materials have advanced significantly. Building on the work and vision of those who provided this
knowledge and experience, the city of Regina is in an exceptional position to fully incorporate
geothermal heating into future energy systems.

In 2018, the City of Regina passed the Motion "Make Regina a Renewable City". Utilizing the geothermal
endowment located directly beneath the city can help with this vision of energy sustainability without
the direct emission of GHGs.

The objective of this study is to confirm, based on the information available, the capacity, sustainability

and longevity of operating a geothermal system in Regina. The Yards, Sportsplex and former Taylor Field
sites are locations where development is being considered. From a resource availability perspective, the
geothermal potential is equivalent for all three sites.

Information from the University of Regina well and other wells in the area were used in this study.
Results from the modelling of well data, cores and geophysical information provide a high level of
confidence for the development of this resource at Regina, including:

e confirmation of the suitability of the aquifers for the long-term production of geothermal water,

e confirmation of a reliable and sustainable production rate of at least 2.5 m3 per minute,

e estimates of the temperature decline in the geothermal water from approximately 60° C at 2200
m depth to 58° C at surface,

e estimates of resource longevity for over 70 years,

e estimates of an energy production rate of 22,700,000 BTU per hour, sufficient to provide
baseload heating necessary for the proposed Indoor Aquatic Centre.

The figure below (Figure 4 from Section 2 of the report) demonstrates the modelled thermal
breakthrough period with approximately 2000 m separation between the wells in the aquifer. The
dashed red line shows no reduction in the geothermal water temperature after 70 years of continuous
pumping at 2.5 m*/min. The vertical dashed line marks 70 years.

Using a geothermal source for heating rather than combusting natural gas provides an economic benefit
by reducing the amount of natural gas purchased plus the avoided payment of the associated carbon
tax, scheduled to be $170/tonne by 2030.
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Regina Project - 3600 m3/d - 19000 mD.m (Winnipeg + Deadwood)
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In this report, the economic evaluation considers lifecycle costing scenarios for geothermal systems
compared to the combustion of natural gas over a 50-year period. Two geothermal systems were
considered, being a High-Capex scenario and Low-Capex scenario. The Cumulative Cost of these
scenarios over time compared to the use of natural gas are demonstrated below. Assuming operations
start in 2025, the figure below (Figure 12 from Section 10 of this report) shows that the natural gas
baseline exceeds the High-Capex (Scenario 1) in 2046 and the Low-Capex (Scenario 2) in 2039.

Cumulative Cost Options vs Time
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Since the geothermal water has already been heated by natural processes in the earth the
environmental benefit is a significant reduction in GHG emissions. A Climate Lens Assessment was
completed to determine the net reductions in GHG emissions over a 50-year operating period. This work
concludes that emissions from natural gas combustion (business-as-usual) will be approximately
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457,080 tonnes of CO,e, whereas emissions from the geothermal system will be approximately 15,592
tonnes. This work strongly supports the development and utilization of geothermal energy in Regina.
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1 Introduction

In 2018, the City of Regina passed the Motion "Make Regina a Renewable City," with the clear intention
of reducing the city's reliance on carbon-based energy sources. There are several ways Regina can
achieve this goal, one being the use of geothermal energy that occurs naturally in the earth beneath us.
Geothermal energy is one source that is available throughout much of southern Saskatchewan but has
not yet being utilized. A geothermal system can be completed in Regina by integrating well-understood
oil well drilling expertise with building-heating infrastructure — utilizing Saskatchewan expertise and
industries well experienced at pumping hot water. The geothermal resource has been proven already in
the greater Regina area with the drilling of the geothermal test well at the University of Regina in 1979.

The Petroleum Technology Research Centre (PTRC) has been asked by the City of Regina to manage an
investigation into the feasibility of using a deep geothermal energy source to provide heating in
buildings being considered for development. Developing deep geothermal resources will assist the city
in its goal to reach its Renewable Energy Plan and Net-Zero emission targets by 2050.

The economic benefit of developing a geothermal energy source is based on replacing the purchase of
natural gas to provide an equivalent amount of heat, plus the avoided payment of the associated carbon
tax. This tax is scheduled to reach $170/tonne by 2030. An economic evaluation considers lifecycle
costing of the geothermal systems modelled compared to the business-as-usual case using natural gas.

The environmental benefit of using a geothermal energy source, where the heat has already been
generated by natural earth processes deep underground, results in significantly reduced GHG emissions
over the project’s lifetime. A Climate Lens Assessment was completed to compare the difference in GHG
emissions over a 50-year operating period between the geothermal scenarios and the business-as-usual
case using natural gas.

Utilizing a geothermal energy source for new buildings being constructed rather than the business-as-
usual case of relying on natural gas for heating, keeps the city from potentially locking-in its
commitment to using fossil fuels over the lifetime of the building, or operating more expensive
electrically fired boilers.

Geothermal energy is extracted from naturally occurring hot water in aquifers in the earth’s crust. In
Regina, hot water can be pumped from the Basal Clastic Unit, which contains the combined
Winnipeg/Deadwood Aquifers located two kilometers beneath the city’s surface where the heat is
extracted and used in direct-heating applications. The now-cooled water is reinjected back into the
same aquifer. Figure 1 shows a model geothermal doublet, or two-well system, as if it were located at
the Yards location on Dewdney Avenue.
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Dewdney Avenue Geothermal Project
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Figure 1. Model geothermal doublet located at the Yards site, Dewdney Avenue.

1.1 Background

Geothermal energy has been investigated in Regina the past, most notably with the drilling of an
exploratory geothermal test well at the University of Regina in 1979, which studied the potential for
using the heat from the 2200-meter-deep Deadwood Aquifer. The research conducted on this test well
provided promising results regarding the suitability of the hydrogeology and geothermal capacity.
Although the well was abandoned in 1999, the data and knowledge gained from this project are
available and generally support the development of the geothermal resource within the greater Regina
area.



PTRC City of Regina Geothermal Study / 6
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Figure 2.Image of drilling operations at the University of Regina geothermal test location, 1979.

Deciding whether a geothermal system at Regina is renewable or non-renewable depends on the time it
takes for the natural heat of the earth to replenish the heat extracted by the geothermal system. In
absence of modelling necessary to support our understanding of this dynamic condition, it is
appropriate to consider the extraction of geothermal energy in this application to be non-renewable.

1.2 Objectives

Geothermal feasibility work completed for the University of Regina well in the early 1980s supports the
use of this resource in the greater Regina area. However, this work is now dated and both modern
assessment tools and well drilling technology and materials have advance significantly.

The objective of this assessment is to conduct a feasibility study for a deep-well geothermal system that
will confirm that a geothermal heating source could provide reliable and sustainable base-load heating
to new recreational and/or district heating facilities being considered for development by the city at the
Rail Yards, Sportsplex or former Taylor Field sites (the “Sites”). Figure 3 shows the three potential sites.
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Figure 3.Google Earth image of the Yards, Sportsplex and former Taylor Field sites.

1.3 Scope of Study

This study will assess the feasibility of the geothermal heating potential of the Winnipeg/Deadwood
aquifers at the sites identified above, based on available public data and information from the University
of Regina geothermal project. Geothermal well designs are provided.

Geothermal work will assess the feasibility of the geothermal system to provide reliable and sustainable
heat at the base-case pumping rate of 2.5 m* per minute (660 gpm) and at a temperature sufficient to
provide energy at a rate of 20.5 MMBTUh. In addition to confirming these pumping and heat production
rates, the intention for completing this work is to also determine:

1 aquifer suitability for long-term, sustainable water production,

2 the sustained geothermal water temperature at surface, and

3 the anticipated longevity of the system (thermal breakthrough period).

Surface mechanical and electrical infrastructure will be designed to efficiently transfer the geothermal
heat to a surface heating distribution network. This equipment will be housed within a suitably designed
utility building.

High level capital cost budgets are provided for subsurface and surface infrastructure, as well as
maintenance and capital replacement schedules. This information will be used to support a possible
funding application with the Investing in Canada Infrastructure Program (ICIP) application. A “Climate
Lens” investigation will be conducted to provide a GHG Emissions and Mitigation Assessment and
Climate Resiliency Assessment, to support a possible ICIP application. A financial analysis will also be
included to support the ICIP funding application.
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The Saskatchewan Ministries of Energy and Resources and of Environment, and the Water Security
Agency will be consulted to provide general guidance to assure compliance with necessary regulations
covering the development of a geothermal project in Regina.

1.4 Project Team

This investigation brings together the expertise of several consultants to develop a high-level
geothermal energy development concept. This work combines the efforts of the following:

e Terrapin Geothermics, to investigate the geothermal resource potential of the Winnipeg and
Deadwood aquifers for direct-use heating purposes at the sites selected by the city. Terrapin’s
work includes the work of Remedy Energy Services to design and cost the wells.

e MacPherson Engineering, to provide a surface mechanical design and capital cost and operating
estimates; which includes the work of 1080 Architecture to provide design and cost estimates
for the surface utility building and KGS Engineering to provide design and cost estimates for
required electrical systems.

e Associated Engineering, to complete the Federal Climate Lens assessment and financial
analyses.

e PTRC, to manage the study and summarize regulatory requirements.

2 Geothermal Resource Assessment

2.1 Overview

Terrapin Geothermics has conducted this investigation into the feasibility of developing a deep
geothermal project at Regina. Although three sites have been identified for potential development by
the city, the geothermal development potential can be considered the same for all locations. Their
report is included in Appendix A. Initial geological characterization work was conducted by geologist
John Lake. His report is included in Appendix B.

As requested by the city, this work will assess the feasibility of the geothermal system’s ability to
provide reliable and sustainable heat at a minimum rate of 20.5 MMBTUh. Previous work supports the
use of a base-case water production rate of 2.5 m*/min (660 gpm). Use of this rate in the geothermal
study has been confirmed by Terrapin’s work. This rate has been used to determine the potential energy
production rate of a geothermal system; actual operating rates will vary.

The primary objectives of this study are to:
1. Confirm the suitability of the Basal Clastic Unit (Winnipeg/Deadwood) Aquifers for reliable and
sustainable geothermal water production;

Confirm the sustainable temperature of the geothermal water at surface;
Confirm the anticipated longevity of the geothermal resource (thermal breakthrough period?);

Confirm the aquifer’s capacity to produce geothermal water at the minimum rate of 2.5 m/min;

vos W

Confirm the optimal well orientation and water flow direction in the aquifer.

! Thermal breakthrough refers to the time it takes for the cooling effect of reinjecting cooled geothermal water back
to the aquifers to reach the water source well.
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Based on confirmation of the water temperature at surface and production rate of 2.5 m>/min, the
study (see Section 3).

6. Confirms the minimum heat production rate of 20.5 MMBTUh.

Due to limited time to complete this study, a prescriptive approach has considered completing a three-
well geothermal system, including one vertical well that would be used to confirm the geological and
hydrogeological properties of the aquifers which would inform the next step of designing the additional
two wells — the producer and disposal. This vertical well would continue to be used for monitoring
purposes.

From the wellhead location both the water source and water disposal wells would be drilled
directionally 1000 m away from each other, resulting in approximately 2000 m separation between
them in the aquifer. This High-Capex scenario was designed to minimize the resource risk and provide
redundancies to the mechanical operating systems when the geothermal system is inoperable. See
Section 3 for greater detail.

A second, Low-Capex scenario was also modelled to estimate the period up to thermal breakthrough.
This scenario considers approximately 1000 m separation between the wells in the aquifer.

Although further testing and modelling is required, the results of the Terrapin study provided:

1. Confirmation of aquifer suitability: Within the limits of the data, it was determined that the
deep geothermal resource below the project area is suitable for long-term production of hot
brines to the surface.

2. Estimates of the sustained temperature of the geothermal water at surface: The assumption
given was that the resource was 60° C (in the aquifer); this was confirmed and used in
geotechnical and engineering considerations. The heat loss upon being pumped to the surface
at a rate of 2.5 m*/min is 0.98° C (1.76° F).

3. Estimates of the anticipated longevity of the geothermal resource: Review of the available
data on the Basal Clastic Unit (Winnipeg and Deadwood formations), and preliminary reservoir
modelling, showed that with 2000 m separation in the aquifer (High-Capex scenario) more than
70 years production without temperature loss is possible at a pump rate of 2.5 m*/min (see
Figure 4); and that with approximately 1000 m separation (Low-Capex), modelling indicates a 1°
C temperature loss at 70 years (see Figure 5).
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4 Confirmation of a base case water production rate of 2.5 m*/min: Modelling and data analysis
support the base-case pump rate of 2.5 m*/min. Further, with a high level of confidence, the
resource extraction (rate) from the Basal Clastic Unit (Deadwood and Winnipeg formations) is
expandable beyond the 2.5 m*/min specifically modelled in this study (confirmation would
require additionally modelling).

5 Confidence in the optimal well orientation and water flow direction in the aquifer: Geological
analysis has optimized the well orientations, but confidence might be improved with an analysis
of the Mosaic Potash disposal well data and carrying out a high-resolution seismic study over
the project area.

6 Confidence in the minimum heat production rate of 20.5 MMBTUh: with a sustainable water
production rate of 2.5 m3/min at 58° C at surface. The MacPherson report confirms an
anticipated heat exchange rate of 22,700 MMBTUh.

2.2 Extending Geothermal Capacity

Extending the geothermal capacity of a doublet considers the pumping capacity of the aquifer, which is
used in the calculation of heat output, and system longevity, considering timing to thermal
breakthrough.

Generally, pumping capacity is related to limitations of the aquifer to be sustainably produced. There
are many dynamic factors to consider in this assessment. Terrapin’s study confirms that the rate of 2.5
m?/min is sustainable, based on testing results from other wells and reservoir modelling. Further
modelling may support higher pumping rates but without any Winnipeg/Deadwood production history
in the area, there would be less confidence in the results of this work. An assessment of water injection
data from Mosaic Potash Belle Plaine would support this modelling. Actual pump-testing the geothermal
production well will confirm the maximum sustainable production rate.

Without further modelling, estimating the maximum sustainable water pumping rate greater than the
base-case rate of 2.5 m*/min will have less confidence, so providing a sliding-scale with different water
production rates and heating capacities is not recommended at this level of investigation.

Generally, and with consideration of many dynamic conditions, system longevity is related to the
distance between the water source and disposal wells in the aquifer. With greater separation between
the wells, the 3-dimensional section of rock that contains the geothermal heat will be larger and be able
to provide heat for a longer period of time when pumped at the same rate.

3 Subsurface Infrastructure Design (Terrapin Geothermics & Remedy
Energy Services)

3.1 Overview

The scope of work for this project included designing a geothermal system to maximize the water flow
rate and project longevity while minimizing reservoir and surface mechanical risk. This led to the design
and costing of the High-Capex, three well system. During the course of this study the PTRC was asked to
provide a Low-Capex alternative to reduce the capital cost of a project that was still capable of providing
the geothermal resource.



PTRC City of Regina Geothermal Study / 12

Terrapin Geothermics subcontracted the services of Remedy Energy Services to provide a high-level
design and budget for the drilling, testing and completion of a three-well geothermal project at Regina —
the High-Capex scenario, and a two-well, Low-Capex scenario. The Remedy report is included as an
annex to the Terrapin report.

3.2 High-Capex well design

The first well, Regina #1, will be drilled vertically through the sedimentary section of rocks from the
surface to the Precambrian basement. This test or verification well will extract core samples and
conduct various tests over the target aquifer sections as the well is drilled. After the well is completed
(steel casing is cemented in place from surface to the top of the aquifer) a pump would be placed in the
well to test the productive capacity of the aquifers. This produced water (brine) would be contained in
tanks located on-site, then reinjected back to the aquifer when the second well is drilled and completed.
Testing results from this Regina #1 will direct the planning, design and targeting of subsequent wells.
Once the other two wells are in operation, completing the geothermal doublet, this well would be used
as an observation and monitoring well for the geothermal system.

The second well, Regina #2, will be completed as a water source well. It will be drilled directionally,
generally towards the northwest of the vertical well, so that when it intersects the aquifer it will be
approximately 1000 m distant from the vertical location.

The third well, Regina #3, will also be drilled laterally 1000 m but in the opposite direction to Regina #2,
generally towards the southeast, to maximize the distance between the wells in the aquifer. With this
design there will be approximately 2000 m separation between the wells in the aquifers. The following
figures show the plan and sectional view of the three wells in the subsurface.

Observation

RH#1 ™.

—~Producer

R#2 i .. Injector

Observation Hou. |
R#3 \,
| \
. Injector
.

R#3

Figure 6. Three-dimensional view of the wells Regina #1, #2 and #3 in the subsurface and surface map.



PTRC City of Regina Geothermal Study / 13

The estimated cost to drill, test and complete the High-Capex scenario is $23.4 M ($2025) (See Section
8).

3.2.1 Pumping requirements

Based on the base-case source water pumping rate of 2.5 m*/min the Electric Submersible Pump (ESP)
rating is 300 HP. The rating for the on-surface disposal pump is 150 HP.

3.3 Low-Capex well system design

This scenario considers developing a two-well system to reduce project capital costs while still
developing a reliable geothermal operating system. Due to insufficient time available, this scenario was
not modelled by Terrapin.

The first well, Regina #1, will be drilled vertically through the sedimentary section of rocks from the
surface to the Precambrian basement. It will be sampled and tested, generally as described above. This
well will be used as the water disposal well.

The second well, Regina #2, will be completed as a water source well. It will be drilled directionally so
that when it intersects the target aquifer it will be approximately 1000 m distant from the vertical
location. With this design there will be approximately 1000 m separation between the wells in the
aquifers.

The estimated cost to drill, test and complete the Low-Capex scenario is $15.9 M ($2025). (See Section
8)

4 Surface Drilling Layout (Remedy Energy Services)

4.1 Overview

Operation of a drilling rig within the city is more complex than operations typically conducted in rural
areas. Several large trucks are used to move heavy equipment during the mobilization/demobilization
period and during well construction. Considerations for traffic, public safety and noise levels must be

considered. City and provincial mandated regulations will be followed to manage these issues.

The city is considering a geothermal development at one of three possibly locations, being the former
Rail Yards, the Sportsplex and the old Taylor Field locations. Once a location has been selected, site
conditions will be assessed by Ministry of Energy and Resources (MER) field inspectors, a drilling
contractor, project management consultants, and the city.

4.2 Spatial requirements for drilling rig operations

The footprint that a drilling rig occupies varies significantly according to the type of rig. Figure 7
illustrates an example rig layout that occupies an area approximately 25 x 55 m in size. Field regulators
(MER) recommend an area of 150 x 150 m be allocated to accommodate the rig, office trailers and
ancillary equipment. Figure 8 provides an example of a rig layout at the old Taylor Field site. Since the
site is located within the city the area should also be fenced with 24-hour security on site.

When the wells have been completed the drilling rig will be demobilized and the site reclaimed to a
standard acceptable to the city. What remains will be the wellheads.
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4.3 Setback requirements

There are several setback requirements for drilling rig operations. They include for example 75 m for rail
lines, 40 m for road allowances and 125 m for residences. Proximity to underground utilities must also
be considered. Once a specific site is selected, delineating all potential boundaries and setback
requirements will be required to comply with both city and provincial regulations.

On January 24™ 2023, field representatives from MER — Randall Miller and Scott Lenz — conducted a
general inspection of the Yards, Sportsplex and old Taylor Field sites with Brian Brunskill (PTRC), and Eric
De Waal and Ryan Gray (city). It was generally understood that once a specific building plan has been
determined and placed on a detailed map, also showing all potential restrictions and setback
requirements, that a best-fit for the construction of a geothermal project could be determined.

Access for a truck-mounted service rig must be made available to service the wells in the future.
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Figure 7. Typical drilling rig configuration occupying an area approximately 25 x 55 m
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4.4 Noise considerations

Drilling rigs typically have independent, diesel-powered electrical generation for their operations, which
creates a constant and significant level of noise pollution. In rural settings distant from population
centers this noise level has minimal impact, but in an urban setting this level of noise may be
unacceptable to residents in the area.

An initial inquiry by the city with SaskPower indicates that it will be possible to tie rig operations directly
to the grid, thereby eliminating the need for on-site generation. A substation transformer specification
document is included in Appendix C.

5 Surface Utility Building (1080 Architecture)

5.1 Overview

MacPherson Engineering subcontracted the services of 1080 Architecture, in Regina, to provide a high-
level design and budget for the construction of a surface utility building to contain surface mechanical
infrastructure for this investigation. Its full report is included in Appendix D.

5.2 Recommended Building Design

The utility building will contain the surface mechanical and electrical equipment for the geothermal
system. It is envisioned as a single story, low hazard industrial occupancy building, including a barrier-
free washroom. Based on mechanical and electrical spatial requirements, a 265 m? (2680 ft?) area
building has been designed. It includes 4.5 m (15 foot) of clearance to the ceiling and an overhead door
for ease of access and replacement of equipment. See Figure 8 on the next page.

The building aesthetic is based on the warm-up chalet recently constructed in Victoria Park, including a
single slope roof that will accommodate the installation of solar panels.

5.3 Construction Cost Estimates

1080 Architecture provided an all-in construction estimate of $1,287,855. Inflated to $2025 at an annual
rate of 5% would be approximately $1,419, 860.

5.4 Operation, Maintenance and Capital Renewal

The report provides a capital renewal schedule. It is anticipated that day-to-day operations and
maintenance will be undertaken by city staff in conjunction with the building being heated.
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Figure 9. High-level design and layout of proposed utility building.
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6 Surface Mechanical System (MacPherson Engineering)

6.1 Overview

MacPherson Engineering, in Regina, was contracted by the PTRC to provide a high-level design and
budget for the installation of surface mechanical infrastructure to manage the flow capacity of the
geothermal system supply and transfer sufficient heat from the geothermal supply to building
infrastructure. This report is included in Appendix E.

6.2 Recommended Mechanical Design

The system is a high-level design to accommodate a geothermal water flow rate of at least 2.5 m*/min
(660 gpm) at a temperature of 58° C (136° F), which is the base-case rate used in the geothermic
investigation.

This report contains a surface mechanical equipment schedule, including a description of underground
piping from the wellheads to the utility building, heat exchanger, water disposal pumps and ancillary
equipment. A natural gas-fired, high-efficiency boiler with input capacity of 20 MMBTUh is included to
provide back-up services to the geothermal system when it is not operational, due to repairs or
maintenance of the system. It can also provide peaking services if heat demand exceeds the capacity of
the geothermal system on extremely cold days. A 200 kW, natural gas generating unit will provide
backup power to the surface boilers and surface distribution pumps. During a power outage the
geothermal system will be inoperable.

The Figures 10 and 11 show the above ground mechanical flow schematic and utility building equipment
plan.
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6.3 Construction Cost Estimates

An equipment list and detailed cost estimates are provided in Tables 1 and 3 in Section 8. Table 1
considers the High-Capex scenario and Table 3 the Low-Capex scenario. The High-Capex scenario
considers a fully redundant system with one standby heat exchanger and one standby water disposal
pump. The Low-Capex scenario does not include this standby equipment nor the additional piping to
include them in the mechanical design. Estimated capital costs (52025) are $13.8 MM for the High-
Capex scenario and $11.2 MM for the Low-Capex scenario.

6.4 Operation, Maintenance and Capital Renewal

The report provides a schedule of operation, maintenance and capital renewal. It is anticipated that
most system operations will be automated and the facility will be managed by city staff in conjunction
with operations at the building being heated. The design of the utility building will provide access for
maintenance and replacement of all mechanical equipment (see Section 5).

6.5 Energy Available from the Geothermal System
Based on the following variables:
o Water flow rate of 2.5 m*/min (660 gpm),
o Brine input temperature at the heat exchanger of 58° C (136° F),
o Brine output temperature at the heat exchanger of 18° C (65° F),
The heat exchanged is 6650 kWh thermal (22.7 MMBTUh).
The average annual energy used is estimated to be at 80% of the available capacity.

7 Electrical Equipment Overview (KGS Engineering)

7.1 Overview

MacPherson Engineering subcontracted the services of KGS Group, electrical engineers, to provide a
high-level design and budget for the installation of electrical infrastructure to satisfy the power
requirements of all subsurface and surface equipment for this investigation. Their full report is included
in Appendix F.

7.2 Recommended System Design

This report includes a high-level design for the electrical system to provide electricity to all surface and
subsurface operations, including operation of the ESP, surface pumps, boiler, distribution pumps, all
ancillary equipment, HVAC and the utility building. A schedule of equipment is listed in the report.

7.3 Construction Cost Estimate

KGS provided an all-in construction estimate of $725,000. Inflated to $2025 at an annual rate of 5%
would be approximately $799,300.

7.4 Operation, Maintenance and Capital Renewal

It is assumed that maintenance and repair will be included with arrangements made with service
providers, with the building being heated by the geothermal system.
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KGS reports that “the life expectancy of the electrical equipment is generally in the range of 30 to 40
years for enclosures and breakers. With the incorporation of more electronics into motor controllers
such as VFDs and AHFs, it has been found that these devices become obsolete after 15 to 20 years due
to the rapid advancement in electronics. That is to say, these devices will not necessarily fail in this time
frame; but rather if they do fail, then typically there are no longer any spare replacement parts being
manufactured, resulting in the need for total replacement. To cover for this eventuality, we would
recommend allowing approximately 5% of the overall electrical construction budget as an annual
maintenance budget. This would amount to about $36,250/year.”

8 Project Cost Estimates

8.1 Overview

The scope of work for this project included designing a geothermal system to maximize the water flow
rate and project longevity while minimizing reservoir and surface mechanical risk. Two scenarios are
presented, the High-Capex, three-well system and Low-Capex, two-well system. Class D pro-forma-
based costs are provided in $2023 and inflated 5% per year to $2025. Reports from Remedy (in Terrapin
document), MacPherson, 1080 and KGS include life expectancy by major components and annual capital
renewal requirements.

8.2 High-Capex Scenario

The High-Capex scenario considers drilling three wells — being a vertical testing and observation well —
and two, directionally drilled wells that will be the water source and disposal wells with approximately
2000 m separation between the wells in the aquifer. Modelling completed by Terrapin suggested that
for this scenario, with pumping at a constant rate of 2.5 m?/min, that thermal breakthrough will occur in
70+ years (see Section 2).

Table 1 on the next page lists the major components necessary to complete the geothermal system.
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Regina Geothermal Budget ($2023 Class D +/- 30%) - High Capex Scenario
Values presented in $2023 and $2025 (inflated at 5% annual rate)

Preliminary Geophysical Assessments Jan $2023 Jan $2025
1 High Resolution Gravity Survey 40,000

2 3D Seismic program 1,066,000

3 Contingency 30% 331,800

4 Total geophysical assessment 1,437,800 1,585,175
Subsurface Infrastucture CAPEX units cost/unit

5 Adjustments to initial well design (following drilling observation well) 25,000

6 Grid power tie in 60,000

7 RFQ, permitting, execution 60,000

8 Pre-drill site inspection/safety assessment/planning 451,220

9 Drilling Rig Mobilization and Demobilization (x2) 1,218,400

10 Regina #1 Validation well, drill, log and complete (219.1 mm/8.625" casing) 3,751,330

11 Coring, drill stem testing, monitoring equip and production testing 1,052,390

12 Core analysis, water and other analysis (e.g. gas, NCG), install fiber (monitoring equip for P/T) 81,710

13 Regina #2 Production well, drill, log and complete w/ESP (244.5 mm/9.625" casing) 3,566,210

14 Install 300 HP ESP 492,950

15 Backup Electric Submersible Pump (ESP) 286,000

16  Regina #3 Disposal well, drill, log and complete (244.5 mm/9.625" casing) 3,551,210

17 Install injection tubing 748,910

18  Post-drill site inspection/planning/verification 143,720

19  Freshwater water supply line (municipal) 50,000

20  Well covers (3) 30,000

21 Related equipment in utility building:

22 Pressure-drop serge tank 130,000

23 150 HP Disposal pump 2 180,000 360,000

24 H2S abatement 265,000

25 N2 Blanketing (O2 scavenger) 10,000

26 Contingency 30% 4,900,215

27 Total CAPEX 21,234,265 23,410,777
Total Subsurface CAPEX & Geophysical Assessment 22,672,065 24,995,952
Surface Infrastructure CAPEX units cost/unit

28  HE utility building 2700 ft2 (1080 Architecture) 1,300,000

29 Heavy equipment foundations 200,000

30 Ground-supported crane in utilitybuilding 100,000

31 Utility building HVAC 250,000

32 Facilities process engineering design 80,000

33 Central control monitoring system 200,000

34 Piping from wells to HE utility building (2x 50 m x 7") 600,000

35 Surface electrical (KGS Engineering Group) 740,000

36 Electrical to ESP (VSD, transformer, J-box) 150,000

37 Plate and Frame Heat Exchanger 2 300,000 600,000

38 75 HP distribution pump 2 40,000 80,000

39 21 MMBTU boiler 2,000,000

40 Sensors & controls 40,000

41 Installation, piping & ancillary equipment 2,000,000

42 Backup power - 200 kW natural gas unit 400,000

43  Engineering fees @ 10% 874,000

44  Contingency 30% 2,884,200

45 Total CAPEX 12,498,200 13,779,266

Indirect Well & Project

46 Minerals consent/permission/public notice 200,000
47  Well abandonment bonds 150,000
48  Seismic monitoring equipment 249,000
49  Materials/metallurgical assessment w/ brine 40,000
50 FEED assessment & budget 450,000
51 Modeling thermal production 40,000
52 Modeling flow testing 40,000
53 Modeling load testing 50,000
54  Contingency 30% 365,700
55 Total indirect well and project costs 1,584,700 1,747,132
Total Budget 36,754,965 40,522,349

Table 1. High-Capex budget in $2023, inflated 5% annually to 52025 estimate.
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What follows is a more detailed description for each item. Numbers refer to each line item in Table 1.

8.2.1 Preliminary Geophysical Assessment

Conducting a high-resolution gravity survey and 3D seismic survey will help to understand the geological
character of the aquifer and determine if pre-existing faults in the rocks might be subject to injection-
induced seismic activity.

1 1 High resolution gravity survey
2 3D seismic assessment
3 Contingency @ 30%

8.2.2 Subsurface infrastructure
More details on the subsurface infrastructure highlighted in Table 1, include:

Adjustments to the original well design following completion of the FEED study.

Grid power tie-in to replace the use of diesel generation during well drilling operation.

Request for quotes, well permitting and project execution, 3" party contracted services.

Pre-spud (drill) site inspection, site assessment, logistics management by well management

consultant.

9 Dirilling rig mobilization and demobilization; this event will occur twice, allowing time between
drilling Regina #1, the validation well and the next two wells, Regina #2 and #3.

10 Drill Regina #1, the vertical validation well.

11 In this well conduct coring and water production testing.

12 Conduct core and water analyses.

13 Drill and complete Regina #2, the water production well, directionally drilled 1000 m laterally
from the wellhead.

14 Install the electrical submersible pump (ESP) equipment in this well.

15 Have an extra ESP on site for backup.

16 Drill and complete Regina #3, the water disposal well, directionally drilled 1000 m laterally from
the wellhead, in the opposite direction to Regina #2.

17 Install water injection equipment in this well.

00 N O »n

18 Post drilling inspection, remediation planning and verification

19 Freshwater hookup to city water hydrant during drilling operations.

20 Well covers to protect the wellheads.

21 Related equipment contained in the utility building.

22 Pressure drop serge tank to accommodate the pressure change from the wellhead to the heat
exchanger.

23 Water disposal pump (150 HP): 1 operating, 1 standby.

24 H,S abatement equipment to capture any H,S with the produced water.

25 N, blanketing to capture oxygen to mitigate corrosion.

26 Contingency at 30%.

27 Total Capexin $2023 and $2025, inflated 5% annually
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8.2.3 Surface Infrastructure
More details on the surface infrastructure include:

28
29
30
31
32
33
34
35
36
37
38
39

40
41
42
43
44

Utility building to house surface mechanical equipment.

Heavy equipment foundations to accommodate a crane and water serge tank.

Ground-supported crane.

Utility building HVAC.

Contract a facility process engineer to design utility systems.

Central control monitoring operations of the system.

Install insulated piping from the wellheads to the utility building, assuming 50 m.

Install subsurface electrical supply to ESP.

Install transformer equipment to ESP.

Plate and frame titanium heat exchanger, one operating, one standby.

Surface hydronic supply, 75 HP, one operating, one on standby.

20 MMBTUh boiler to backup the geothermal system when inoperable (21 MMBTUh
reported in error).

Sensors and controls for monitoring operations.

Additional piping and ancillary equipment.

Back-up natural gas power generation to power the boilers, not the geothermal system.

Engineering fees @ 10% of capital.

Contingency @30%.

8.2.4 Indirect Well and Project Costs
More details on the items related to well and project costs include:

46

47
48
49
50
51

52
53
54

Minerals consent for 40-acre disposal well and public engagement for 1.6 km area around the
disposal well; contracted service to a minerals land consultant.

Well abandonment bonds held with MER.

Seismic monitoring equipment to support ongoing geophysical assessment.

Materials and metallurgical reactivity assessment with water.

Front End Engineering and Design Fee prior to project implementation.

Modelling thermal production to advance the understanding of the dynamics of heat flow in the
aquifers.

Modelling flow of water in the aquifer with the use of tracers and other methods.

Modelling the dynamics of the geothermal output to satisfy building loads.

Contingency @ 30%

Basic well infrastructure includes steel pipe cemented in place from the surface to the aquifer. The oil
industry has extensive experience using appropriate materials to ensure the integrity of this
infrastructure. Remedial action may be required, but many wells have been operating in Saskatchewan
since the 1960s. Equipment used in the operation of the wells is inspected regularly and replaced as
needed. Service contracts can be arranged with oilfield consultants and other service contractors to
manage the completion of this work.

Table 2 provides a schedule of well-related operating, capital replacement and well abandonment costs.
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Regina Geothermal Budget (52023 Class D +/- 30%) - High Capex Scenario Jan $2023 Jan $2025
Values presented in $2023 and $2025 (inflated at 5% annual rate)

Well OPEX

56  Annual injection packer test 16,410 18,092

57  ESP change every 4 years 451,200 497,448

58 Disposal pump replacement every 5 years 200,000 220,500

59 Casinginspection every 10years 376,300 414,871

60 Annual seismic monitoring equipmentoperation 10,000 11,025

61  Annual geothermal water tracer equipment operation 10,000 11,025

Well Abandonment (in 2075)

62  Abandonment of Validation well 311,640

63  Abandonment of Production well 271,070

64  Abandonment of Disposal well 313,160

65 Contingency 30% 268,761

66 Total abandonment 1,164,631 1,284,006

Table 2. High-Capex schedule of well-related operating, capital replacement and well abandonment costs
in $2023, inflated 5% annually to 52025 estimate.

8.2.5 Well Operational Expenses (Opex)
Operational expenses are expanded upon below.

56 Annual injection packer pressure testing to confirm the integrity of seals (MER).

57 ESP change every 4 years; however, pumps can operate for much longer periods.

58 Disposal pump replacement every 5 years.

59 Injection casing inspection every 10 years (MER).

60 Annual seismic monitoring equipment operation, testing for injection related seismic activity.
61 Annual geothermal water tracer equipment to test water circulation patterns in the aquifer.

8.2.6 Well Abandonment
Although abandonment has been assumed at 50 years, many oil wells in Saskatchewan have been
operating since the 1960s. Regulators (MER) require scheduled maintenance on wells.

62 Abandonment of Regina #1, the validation well.

63 Abandonment of Regina #2, the water production well.
64 Abandonment of Regina #3, the water disposal well.
65 Contingency @ 30%

8.3 Low-Capex Scenario

The High-Capex scenario considers drilling three wells, being a vertical testing and observation well and
two, directionally drilled wells that will be the water source and disposal wells, with approximately 2000
m separation between the wells in the aquifer. An alternative, Low-Capex system that would also
provide the minimum pumping rate of 2.5 m*/min and 20.5 MMBTUh was requested by the City.

For the Low-Capex scenario, the basic difference is drilling two wells instead of three. The first well
would be drilled vertically and used for testing, as described in the High-Capex scenario, then used as
the water disposal well. The second well would be drilled directionally, as described in the High-Capex
scenario, and used as the water source well. The distance between the wells in the aquifer would be
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reduced from 2000 m to 1000 m. There would be no apparent increased operational risk in this scenario
but due to a reduction in the distance between the two wells in the aquifer, the longevity of the
resource will be different. Modelling completed by Terrapin suggested that for this scenario, with
pumping at a constant rate of 2.5 m*/min, that a 1° C temperature loss at 70 years with 1000 m
separation in the Basal Clastic Unit will occur.

Not conducting the high-resolution gravity survey and 3D seismic survey does not add to the
understanding of pre-existing faults in the rocks that might be subject to injection-induced seismic
activity. As an alternative, the city can partially rely on the historical experience at the Mosaic Belle
Plaine Potash mine, which has been injecting very large volumes of water into the same aquifers for
over 30 years. Geophysical equipment will be installed at the site to monitor seismic activity.

Major equipment and materials included in the High-Capex scenario that are not included in the Low-
Capex scenario are listed below:

e Reducing seismic monitoring equipment,

e Not drilling one directional well,

e Eliminate one rig mobilization/demobilization,

e Reduce a portion of the coring program,

e Reduce observation well monitoring equipment,

e Reduce mechanical equipment redundancy, which will increase reliance on the backup boiler,

e Reduce the contingency rate, although this may increase budget risk.

Although using a lower contingency rate reduces the budget, it could increase budget risk. Reducing the
risk rate for the subsurface infrastructure from 30% to 25% is in line with the averaged rate used by
Remedy Energy Services. For surface infrastructure, reducing the rate from 30% to 20% may be too
aggressive. Since this budget was provided to Associated Engineering for their Climate Lens Assessment
it will not be changed, but hereby noted as possibly being too aggressive in a subsequent FEED study.

Table 3 lists the major components necessary to complete the Low-Capex geothermal system.
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Regina Geothermal Budget ($2023 Class D +/- 30%) - Low Capex Scenario
Values presented in $2023 and $2025 (inflated at 5% annual rate)

Jan $2023 Jan $2025
Subsurface Infrastructure CAPEX
1 Adjustments to initial well design (following drilling first well) 25,000
2 Grid power tie in 60,000
3 RFQ, permitting, execution 60,000
4 Pre-drill site inspection/safety assessment/planning 451,220
5 Drilling Rig Mobilization and Demobilization (1) 609,200
6 Regina #1 Vertical disposal well, drill, log and complete (219.1 mm/8.625" casing) 3,751,330
7 Coring, drill stem testing, monitoring equip and production testing (2) 902,390
8 Core analysis, water and other analysis (e.g. gas, NCG), install fiber (monitoring equip for P/T) 80,000
9 Install injection tubing 748,910
10 Regina #2 Production well, drill, log and complete w/ESP (244.5 mm/9.625" casing) 3,566,210
11 Install 300 HP ESP 492,950
12 Post-drill site inspection/planning/verification 143,720
13 Freshwater water supply line (municipal) 50,000
14  Well covers 20,000
15 Related equipment in utility building:
16 Pressure-drop serge tank 130,000
17 150 HP Disposal pump 180,000
18 H2S abatement 265,000
19 N2 Blanketing (02 scavenger) 10,000
20 Contingency 25% 2,886,483
21 Total CAPEX 14,432,413 15,911,735
Surface Infrastructure CAPEX
22 HE utility building 2700 ft2 (1080 Architecture) 1,300,000
23 Heavy equipment foundations 200,000
24 Utility building HVAC 250,000
25  Facilities process engineering design 80,000
26  Central control monitoring system 200,000
27  Piping from wells to HE utility building (2x 50 m x 7") 600,000
28  Surface electrical (KGS Engineering Group) 725,000
29  Electrical to ESP (VSD, transformer, J-box) 150,000
30 Plate and Frame Heat Exchanger 300,000
31 75 HP distribution pump (x2) 80,000
32 21 MMBTU boiler 2,000,000
33 Sensors & controls 40,000
34 Installation, piping & ancillary equipment 1,400,000
35  Backup power - 200 kW natural gas unit 400,000
36 Engineering fees @ 10% 772,500
37 Contingency 20% 1,699,500
38 Total CAPEX 10,197,000 11,242,193
Indirect Well & Project
39 Minerals consent/permission/public notice 200,000
40 Well abandonment bonds 150,000
41  Install seismometer 50,000
42 Materials/metallurgical assessment w/ brine 40,000
43 FEED assessment & budget 450,000
44 Modeling thermal production 40,000
45  Modeling flow testing 40,000
46  Modeling load testing 50,000
47  Contingency 20% 204,000
48 Total indirect well and project costs 1,224,000 1,349,460
Total Budget 25,853,413 28,503,387

Notes:

1 Remedy budget modified - number of wells reduced from 3 to 2, requiring only one mob/demob
2 Remedy budget modified - coring reduced $150,000

Table 3. Low-Capex budget in 52023, inflated 5% annually to 52025 estimate.
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Table 4 provides a schedule of well-related operating, capital replacement and well abandonment

costs.

Regina Geothermal Budget ($2023 Class D +/- 30%) - Low Capex Scenario
Values presented in $2023 and $2025 (inflated at 5% annual rate)

Jan $2023 Jan $2025
Subsurface OPEX
49  Annual injection packer test 16,410 18,092
50 ESP change every 4years 451,200 497,448
51 Disposal pump replacement every 5 years 200,000 220,500
52 Casinginspection every 10 years 376,300 414,871
53  Annual seismic monitoring equipment operation 10,000 11,025
54  Annual geothermal water tracer equipment operation 10,000 11,025
Well Abandonment (in 2075)
55 Abandonment of Validation well 311,640
56 Abandonment of Production well 271,070
57 Abandonment of Disposal well 313,160
58 Contingency 20% 179,174
59 Total abandonment 1,075,044 1,185,236

Table 4.Low-Capex schedule of well-related operating, capital replacement and well abandonment costs
in 52023, inflated 5% annually to 52025 estimate.

9 Subsurface Project Development Schedule

9.1 Overview

During the FEED study, geothermal resource modelling would provide a recommended geothermal
doublet design to meet the energy demand of the actual load. When this work is complete, and when a
final site has been selected, either the city or a third-party project management team would consider

and plan all necessary components necessary to develop a geothermal project. Generally, this would

include:

e Early engagement of a minerals land company to secure necessary agreements with impacted
mineral holders for both the 40-acre drainage unit area and 1.6 km area around the proposed

drilling site for the water disposal well (Section 12),

e Early engagement with regulators at MER, Water Security Agency (WSA) and Saskatchewan
Environment (ENV) to gain necessary approvals for the water source and disposal wells and any
surface facilities. The ENV process may require informed consent from First nations and Metis
communities (Section 12),

e Early involvement of a well design, procurement and construction consultant to:

O
o
O

detail recommended final well designs,

develop budgets and Authorization for Expenditure (AFE) documentation,

develop a construction scope of work that includes project construction, safety
requirements, orientation, hours of service, management of club root disease, procuring
all necessary resources and services,

develop Request for Quotes (RFQ) documentation,
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o develop timelines to ensure timely delivery of materials (due to current material supply
issues, some equipment and materials must be ordered up to a year in advance of
construction),

o provide well construction stick diagrams.

10 Financial Analysis (Associated Engineering)

Completion of this work has been conducted by Associated Engineering (AE) in Regina, who has been
subcontracted by the PTRC at the request of the city, to complete the Climate Lens Assessment,
including this financial analysis. The report is included in Appendix G.

This financial analysis considers lifecycle costing for both the High-Capex and Low-Capex scenarios over
a 50-year forecast period, compared to a baseline scenario using natural gas. Assuming project
completion in 2025, the following chart compares the three scenarios, showing that although the
natural gas baseline scenario has the lowest initial capital cost, the overall lifecycle costs exceed the
Low-Capex costs in 2039 and High-Capex costs in 2046 (Figure 12).

Cumulative Cost Options vs Time
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Figure 12. Comparison of the cumulative cost of the High-Capex and Low-Capex scenarios to the use of
the natural gas baseline case.

From the AE report “... Geothermal Scenario 2 (Low Capex) provides a moderate initial cost and a
significantly lower overall 50-year cost, saving approximately $57.5 million over the baseline natural gas
scenario. Should the business opportunity or need present itself to install a second directional well
and/or additional facility redundancy this could be added at a future date.

Based on the analysis, Geothermal Scenario 2 (Low-Capex) is economically viable in comparison to the
Baseline and Scenario 1 (High-Capex).
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11 Climate Lens Analysis (Associated Engineering)

Completion of this work has been conducted by Associated Engineering (AE) in Regina, who has been
subcontracted by the PTRC at the request of the city, to complete the Climate Lens Assessment. This
portion of the AE work addresses two key sections, being the Climate Resiliency Assessment and the
GHG Emissions and Mitigation Assessment.

11.1 Climate Resilience Assessment report (AE document)

This assessment considers the potential impacts and risks in the design and operation of a geothermal
project at Regina and identifies how measures can be included in the design of surface infrastructure to
mitigate these risks. Information on surface building plans was provided by 1080 Architecture (Section 3)
and MacPherson Engineering (Section 6). Their independent reports are included in Appendices D and E.

The AE report “...considers current and future climate risks and hazards on the proposed Project
infrastructure and operations. The assessment found medium and high risks on the Project
infrastructure components related to increased annual temperature, very hot days, high intensity
precipitation, snow, and extreme events including extreme winds, lightning, hail and ice storms. For
each identified risk, specific resilience measures that may be incorporated into the design were noted.
The assessment demonstrates that resiliency measures may be incorporated into the design of the deep
geothermal facility project which will reduce risk of climate impacts on the new infrastructure.”

11.2 GHG Mitigation Assessment report (AE document)

This assessment compares the Baseline Scenario, which considers the combustion of natural gas to
provide heating, to the Project Scenario, which considers the use of a geothermal heating source. The
geothermal source contains free heat from the earth that has no GHG emissions. AE’s report is included
in Appendix .

From the AE report: “The lifetime Baseline Scenario emissions are estimated to be 457,080 tCO,e with
8,962 tCO,e emitted in the year 2030. The construction of the geothermal facility is expected to be
completed in 2024, with the facility coming on-line in 2025 with an operational lifetime of 50 years.

The Project Scenario is estimated to release 15,592 tCO,e over its lifetime, with 770 tCO,e during the
construction phase and 291.7 tCO,e emitted in the year 2030. There are no emission removals in the
Baseline or Project Scenario. While the Project Scenario sees a slight increase in emissions through
construction and increased maintenance, the large annual reduction in natural gas consumption results
in a significant overall net decrease in GHG emissions. Accordingly, the net decrease in lifetime
emissions is 441,488 tCO-e (i.e. total Project Scenario emissions of 15,592 tCO,e, less total Baseline
Scenario emissions of 457,080 tCO,e). The net decrease in emissions in 2030 is 8,671 tCO,e. The
estimated cost-per-tonne of federally contributed dollars for annual emissions reductions in 2030 are
999.63 $/tCO.e; the estimated cost-per-tonne for lifetime emissions reductions 69.70 $/tCO,e.”
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12 Regulatory Review

12.1 Overview

This regulatory review summarizes the information required by regulators in Saskatchewan such as
Ministry of Energy and Resources (MER), Water Security Agency (WSA) and Ministry of Environment
(ENV) when planning the development of a geothermal project. Below is a summary of the general
information required by these agencies. Additional details can be reviewed when development plans are
being considered. See Appendix J for links to regulatory sites from each of these provincial entities.

12.2 Ministry of Energy and Resources (MER)

The City of Regina geothermal project is considered an open loop system. An open-loop system is a
system where a well is withdrawing formation water from a water source well, for the purpose of
extracting geothermal energy and disposing the cooling fluids to a waste disposal well, following the
extraction of its heat content. A project feasibility study is expected to be completed prior to a license
application submission. City of Regina, as the project developer, must apply to and receive authorization
from MER before licensing the wells. A separate well license application must be submitted after
receiving the project authorization. An application form is developed by MER as an aid to apply for a
geothermal project (a sample of the application form can be found in the links provided in Appendix J).
An application must be submitted through IRIS at (www.saskatchewan.ca/IRIS). The application form is
to be used in conjunction with the existing directives and guidelines.

As part of the application process, maps must show the surface owners, mineral owners and operators
within and directly offsetting the project along with a listing in an appropriate format. Information
Service Corporation https://www.isc.ca/ has a complete list of land titles. The list should include the
company name and address, or individuals’ names and addresses for those owners other than the
crown or those operators other than the company applying, who should have an interest in the lands
directly offsetting the proposed locations. Initial building locations and footprint should be determined
and mapped with all known utilities and existing infrastructure. Including required setbacks provides a
surface plan to determine the best fit for buildings and geothermal well infrastructure.

To start the application to MER, general Information such as pool name and the name of formation(s) of
interest is required for both the water source well and water disposal well. A cover letter including a
general description and justification for geothermal project in the proposed location, overview,
feasibility, need and benefit for the proposed project must be submitted.

A geological description of the proposed geothermal production formation and disposal formation must
be provided, including regional and site-specific geological characteristics. For the geothermal
production formation, include the discussion of the geothermal regime and geothermal gradient. For
the disposal formation, include a geological discussion of the bounding formations (base and cap rock),
including continuity and thickness, lithology, integrity of the base and cap rock and its containment
features, etc.

An analysis of chemical and physical properties of the geothermal water including evaluation of fluid
chemistry, density, solubility and total dissolved solids (TDS) is required. A description of disposal
formation water and disposal streams, including the compatibility of disposal streams with the
formation matrix and native fluids must be provided. Information from the University of Regina Campus
geothermal test wells can provide details on fluid chemistry.


http://www.saskatchewan.ca/IRIS
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.isc.ca%2F&data=05%7C01%7CJBENKO%40saskpower.com%7Ca74b14454e424f70f04b08da29ee7ffc%7Cdbe9bd7b4b3a44b3b358e61ff34d58b2%7C0%7C0%7C637868401572431146%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=fDqggormLIQm1WOUKq3R%2BYeJrsbnbkQCWXwfDs8lPc0%3D&reserved=0
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Hydrogeological information including the reservoir characteristics of the proposed geothermal
production formation and disposal/ injection formation must be provided. The production and injection
modelling will determine the dynamic head level and impacted distance over the life of the project at
given operating conditions. The modelling results will help optimize the number of wells, well spacing,
pump size, wellbore size, water producing life and disposal rate, etc. Information from the potash
disposal wells that dispose of their water into Deadwood can provide details that could be to include in
the modelling.

12.2.1 Water Source Well and Water Disposal Well considerations

A list of wells must be attached in an excel spreadsheet including proposed bottom hole location,
proposed well names for new drill wells. Proposed horizontal wells will require surveys. Provide Unique
Well Identifier (UWI) for each existing well to be converted for geothermal production or disposal. If
reclassification, recompletion or reconfiguration of existing wells to geothermal production and/or
disposal wells, attach a completed reclassification and recompletion form. PNG024 provides guidelines
on reclassification and recompletion (Links to these directives are provided in Appendix J).

The proposed well drilling, casing, cementing, logging, equipment, completion and testing program must
be included. Production and injection well design, production test and injection test for the proposed
formation must be provided. The impact of high temperatures associated with geothermal heat
recovery process must be considered for the well design and integrity. Directive PNG0O5 details casing
and cementing requirements. Directive PNG010 details well logging requirements.

A description of operating conditions and monitoring programs for the project must be submitted.
Information required includes but not limited to:

Maximum wellhead injection pressure (MWHIP),

Production and disposal rate,

Cumulative production and disposal volume,

Periodic logging to ensure the well integrity,

e  Temperature and pressure measurements,

. Monitoring and verification of geothermal production system,
. Response of the geothermal energy recovery, etc.

12.2.2 Subsurface Minerals
For the water disposal well, consent is required from all mineral holders within the 40-acre drainage unit
where the well is located in the subsurface. Under current regulations, any mineral holder could refuse
consent without providing any reason, and approval to drill the disposal well could be declined. This
regulation was developed for resource extraction scenarios where mineral holders next to a
development would be protected from having resources removed from their minerals area. A consent
letter should include details of what is being consented to, the surface and bottom hole location of both
source and disposal well, proposed well coordinates and proposed target aquifer. An example of an
acceptable consent letter is found in Directive PNG009. Signed consents should be obtained from all
effected parties. At a minimum, consent must be obtained from the following parties, based on the type
of land impacted.

e Disposed Crown land — Consent from the disposition holder is required.

e Undisposed Crown land — Consent or non-objection letter from MER is required.

e Freehold mineral land — Consent from the freehold mineral owner is required. If freehold

lessee is known, consent from the lessee is also required.
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e Unit lands — Operator of the unit may provide consent; the consent must clearly indicate
that consent is being provided by the unit operator on behalf of the unit and all unit parties.

Mineral holders within an area with a radius of 1.6 km from the proposed disposal well completion
require notification. All mineral lessors, lessees and all operators must be notified through public notice.
Public notice can be done through website posting, mail notification, town hall sessions, advertisements
in local media, etc.

A public notice form example is available through Appendix J, which has a link to Directive PNG009.
There is a form “Statement of Objection to Public Notice Application” to be used to lodge an objection
to an application on public notice. However, it is not necessary for an objection to be submitted using
the form or to be sent by registered mail to be deemed valid; however, the objection must be made
using a method that is reasonable. Objections with supporting technical data or comment/question are
considered valid if they are made within three weeks of the public notice posting.

Once an objection is received, it is the applicant’s responsibility to work with the objector to try to
resolve the problem. Both the applicant and objector must keep a record of all objections and any
subsequent correspondence related to resolution or inability to resolve the objections. All resolved and
unresolved objections should be noted in the application. Records of efforts made to resolve objections
must be kept and objecting parties must be notified by the applicant if the application was submitted
with unresolved objections. If consent is acquired from parties within the 1.6 km radius from the
proposed disposal well completion, public notice requirement is considered to be satisfied. A public
notice process shall be re-conducted if an application for a well license has not been made and approved
within one year of the public notice completion date. The applicant must be able to show that every
effort was made to contact all mineral holders.

A listing of impacted mineral holders can be prepared when specific well locations have been identified.

A mineral land company can help to complete this work. Directive PNG009 provides details on Public
Notice Requirements.

12.2.3 Surface Facility Licence

A facility license must be obtained from the Ministry before construction and operation of a geothermal
well. Facility License applications are approved by MER, however they may be subject to review by the
Ministry of Environment and the Ministry of Agriculture. All applications are made through the IRIS
platform. Once a facility license approval is received the applicant becomes a licensee and responsible
for construction, installation and safe operation of the facility, as well as decommissioning, dismantling,
abandonment and reclamation of the facility.

A facility license will expire two years from the date of issue. This means that within a two-year period
the facility must be at a stage where it is capable of performing the function that it was licensed to
perform. If after two years construction is not completed or MER is not notified, the license is canceled
and removed from the active records. Please note this information is based on an oil and gas facility
license application. The facility license application for the geothermal well under review will be
similar.
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12.2.4 Surface infrastructure

Provide a site plan or schematic to illustrate the well site and associated surface infrastructure and
pipeline/flow line. Separate application and approval processes are required for facilities. Include a brief
description of other industrial systems associated with the project. Initial building locations and
footprint should be determined and mapped with all known utilities and existing infrastructure.
Including required setbacks will provide a surface plan to determine the best fit for buildings and
geothermal well infrastructure.

12.2.5 Well Licencing

A well license must be obtained from MER before lease construction, drilling, and operating, producing /
injecting or exploring a geothermal well in Saskatchewan. Well licenses may be subject to review by the
Ministry of Environment and Ministry of Agriculture. A well license application is submitted through IRIS.
To submit a well license application through IRIS, an IRIS account is required.

There are two types of well license applications. Routine and non-routine. More detail information is
available through https://training.saskatchewan.ca/EnergyAndResources/well-licence-
management/#/lessons/FuwSRdzWfxadmhLJoDbIBCDnNzqs4786

The well license application for the geothermal project is considered non-routine because the operator
does not have rights to the minerals for the entire drainage unit/area of the well. Drainage unit for the
well completion should be identified. To determine if a proposed well completion is within a defined
pool, IRIS can be used to search for pools based on stratigraphy and geographic location. GeoAtlas can
also be used to identify if there is a defined pool.

12.3 Water Security Agency - Water Source Well

The WSA regulates water source wells. A Ground Water Investigation Permit followed by Water Rights
License are required to extract the ground water for geothermal project development.

To obtain a Ground Water Investigation Permit, the correct application form (RG-122 — see link in
Appendix J) must be completed. Information necessary for a completed application form is listed below:

e |and location of the proposed investigation,

e name of the target aquifer,

e theintended use of the water,

e estimated cubic meters of water required annually,
e estimated pumping rate (litres per second).

The purpose of a ground water investigation is to ensure that the ground water source can sustain the
proposed development, without any adverse impacts on the source or existing ground water users. The
permit allows for the test drilling, well installation and pumping tests necessary to evaluate a ground
water source. If a well is retained for operation, the information collected during the investigation
serves to support the subsequent application for Water Rights License and Approval to Construct and
Operate Works. The knowledge gained from the geothermal test well completed at the University of
Regina Campus in 1979 and thermal work completed by Terrapin Geothermics will be used to help
complete the application to the Water Security Agency.

If the ground water investigation is successful, prior to proceeding with the development of the project,
the City of Regina is required to file an Application for Water Rights License and Approval to Construct


https://training.saskatchewan.ca/EnergyAndResources/well-licence-management/#/lessons/FuwSRdzWfxadmhLJoDblBCDnNzqs4Z86
https://training.saskatchewan.ca/EnergyAndResources/well-licence-management/#/lessons/FuwSRdzWfxadmhLJoDblBCDnNzqs4Z86
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and Operate Works under The Water Security Agency Act (RG-103 — see link provided in Appendix J).
Following information are necessary to complete the application.

e Relevant contact information for the applicant,

e What is the water used for,

e Brief description of what the work will consist of,

e Construction location and lands or areas affected (include full legal land description,
names of the registered owners or occupants, and Applicant’s legal Interest in said
land)-specify if the applicant rents the land, leases the land , holds the land under
agreement for sale or is the registered owner,

e Detailed plans of the proposed work (acceptable engineering plans and other additional
information as the WSA deems necessary to complete the application).

e Proposed location (surveyed from legal boundaries) , include production wells,
observation wells, pump houses, pipeline, treatment plants, storage reservoir , target
aquifer, approximate rate of withdrawal, volume required per annum,

e Two copies of Ground Water Investigation Report.

Application fees apply to construct and operate works ($500), water rights license ($1000), and ISC (Land
Titles) registrations ($54 per title). According to The Water Security Agency Act, when the
Notice/Certificate ties the approval to the specific land title, WSA will register a notice or certificate
against the title of all lands affected by the proposed work.

More detailed information on how to complete the application is provided in a link in Appendix J, (RG-
103, Instructions to Complete Application for Water Rights License and Approval to Construct and
Operate Works under the Water Security Agency Act).

WSA reviews the application and conducts a technical evaluation to ensure it is complete, identifies
negative impacts to existing water users which may require mitigation, verifies land ownership and
control and identifies any other requirements for the applicant to complete.

If WSA determines that conflict with other water users or impacts to the water source could result, the
City of Regina may be required to advertise the project by posting a notice in appropriate local municipal
offices, and/or by advertisement in the local newspapers. Written objections to the project will be
received by the WSA for a period of 30 days from the posting date. Any objections will be discussed and
may require mitigation by the applicant. It is important to note that the WSA will advise the City of
Regina where this requirement applies and will provide any necessary instructions as well as copies of
the notice or advertisement documents.

Once all legislative requirements have been met, the WSA issues an approval to construct work. When
construction is completed, an approval to Operate Works may require confirmation of construction
through an inspection of the work or review of an engineering report and as built drawings.

Note that the Water Rights License and Approval to Construct and Operate Works are subject to
specified expiry dates. There may be terms and conditions relating to the operation of the project and
any relevant monitoring and reporting requirement. Details to be discussed with WSA once the project
progresses.
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12.4 Saskatchewan Ministry of Environment

An assessment guideline is provided by the Ministry under the Environmental Assessment Act.
Completing the self-assessment tool will indicate to the city if there may be a legal obligation to seek
ministerial approval. Guidelines further outline the requirements to prepare a technical proposal for the
project and instruction for the application process with the Ministry. In this case, submission of a
technical proposal is required for screening by the Ministry and other agencies potentially impacted by a
geothermal project in the city. The Ministry will determine if the project is considered a development
under the Environmental Assessment Act, subjecting it to a review under the act. If it is deemed to not
be a development, then it can proceed as proposed, subject to all applicable regulations and
requirements. A link to Guidelines for an Environmental Assessment is located at:
https://www.saskatchewan.ca/business/environmental-protection-and-sustainability/environmental-
assessment/does-my-project-need-an-environmental-assessment

The Ministry provides a self-assessment tool to help the proponent gauge if there may be a legal
obligation to seek ministerial approval. This tool is in the Technical Proposal Guidelines document, also
available through the link above.

The tool provides six questions, listed below. Although this investigation has been completed at a
conceptual level and there is uncertainty in project design and location, we are providing unqualified
responses to the questions, which at this point, supports approval of the geothermal project.

1. Is the proposed project likely to influence any unique, rare or endangered feature of the
environment? The intent of this criterion is to preserve features of the environment that could
not be replaced if damaged or destroyed, including sensitive habitats and landscapes.

e No - potential development locations are on city-owned properties that are currently
disturbed brownfield sites (not sensitive ecological areas) slated for redevelopment.

2. Is the proposed project likely to substantially utilize any provincial resource and, in so doing,
pre-empt the use, or potential use, of that resource for any other purpose? Utilization includes
extraction of a resource compared to the remaining resource available for other users.

e No - brines extracted from the deep subsurface will be returned to the same aquifer;
heat in the water will be extracted at surface before the water is returned to the
aquifer, which will eventually be reheated by the rocks in the aquifer; permission for
extraction will be subject to approval of the Water Security Agency.

3. Will the proposed project cause the emission of any pollutants or create by-products, residual
or waste products, which will require handling and disposal in a manner that is not regulated
under any other Act or regulation?

e No —the Ministry of Energy and Resources regulates well drilling and operational
activities in the province; any polluting materials are removed from the site as
regulated; during project operations brine may spill but regulated protocols will
determine appropriate remedial action.

e Emergency response protocols will be established for project operations.

e Environmental and safety risks associated with the project will be identified and
mitigation strategies developed.


https://www.saskatchewan.ca/business/environmental-protection-and-sustainability/environmental-assessment/does-my-project-need-an-environmental-assessment
https://www.saskatchewan.ca/business/environmental-protection-and-sustainability/environmental-assessment/does-my-project-need-an-environmental-assessment
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4. Is the proposed project likely to cause widespread public concern about potential
environmental changes? Neighbors or adjacent landowners may be concerned about the
environmental impacts associated with the operation of a geothermal system.

e No - most of the geothermal infrastructure is located in the subsurface and most
mechanical equipment operating on surface will be housed in a utility building which
will have minimal impact in the neighbourhood; the project will have a very small
footprint, low operational noise and will be operated in a secure and safe area.

e Providing public education (open house, news bulletins, etc.) early in the planning stage
is recommended.

e Determining if informed consent is required from First Nations and Metis communities
early in the project planning stage is recommended.

5. Is the proposed project likely to involve a new technology that is concerned with resource
utilization and that may induce significant environmental change?
e No - the technology used is consistent with highly regulated, typical oilfield drilling
technology, commonly used in Saskatchewan.

6. Isthe proposed project likely to have a significant impact on the environment or necessitate a
further development that is likely to have a significant impact on the environment? Although a
project may not have any direct environmental impact, ancillary activities might, including the
construction of roads, transmission lines or adjacent buildings.

e No - ssignificant negative environmental impacts will be negligible in an urban
brownfield redevelopment site.

A copy of the Technical Proposal Guideline can be found in the Appendices. There may be some
requirements for approvals for hazardous materials or fuel storage under The Environmental
Management and Protection Act, 2010.

13 Risk Discussion

13.1 Resource Risk

The study and interpretation of information gathered from wells located locally and regionally in a study
area provide the basis of geological, geophysical and hydrogeological interpretations of conditions in the
deep subsurface. This is completed by professionals with significant experience and underscores work
completed in the oil and potash industries in southern Saskatchewan.

Based on the technical interpretations of existing data, a model is developed that with a reasonable
degree of confidence, represents the anticipated conditions at the prospective location. This work has
been completed for the Regina geothermal study.

Although best practices are used, there is no guarantee that conditions in the subsurface will be as
interpreted — this uncertainty represents the resource risk. However, given the projects proximity to the
University of Regina and Coop refinery wells that are used as reference points, we consider this risk to
be acceptable.

There may also be discrepancies with interpreted water production rates and thermal breakthrough
period estimates compared to rates that will be realized when the geothermal wells are drilled. These
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are also resource risks; however, we consider these risks to also be acceptable. Reservoir performance
will not be fully quantifiable until there is actual production.

13.2 Minerals Risk

For the disposal well, consent must be granted by all mineral holders within the 40-acre Legal
Subdivision (LSD) area to develop a geothermal project (see Section 12.2.2). Any mineral holder in that
area can refuse consent without reason. In rural settings there are typically few mineral holders with
whom consent is required, but that is not the case in Regina. For example, in the SE % of Section 25,
Range 20, W2M, which is located under the city, there are over 380 registered mineral holders. One LSD
could potentially have over 90 registered mineral holders, with whom all would be required to provide
consent. Further, there may be uncertainty in being able to locate all mineral holders. Not having
consent from all mineral holders prior to project development provides a high level of risk to project
completion.

As is detailed in Section 15, Next Steps, the city is advised to initiate a process with MER to remove the
requirement of mineral holder consent for the geothermal disposal well.

13.3 Regulatory Risk
There are several approvals required for development by MER and other agencies, outlined in Section
12. If the applicant fulfills these requirements the risk to project development is low.

13.4 Opportunity Risk

This study supports the use of geothermal energy at Regina. Utilizing a geothermal energy source for
new buildings being constructed rather than the business-as-usual case of relying on natural gas for
heating, keeps the city from potentially locking-in its commitment to using fossil fuels over the lifetime
of the facility, or operating more expensive electrically fired boilers.

14 Conclusions

This work supports the geothermal development of the Basal Clastic Unit (Winnipeg and Deadwood
aquifers) at Regina. This is a robust and long-lived energy source that can help the city of Regina reduce
its reliance on carbon-based energy sources and significantly reduce GHG emission. This work:

1 Confirms the suitability of the aquifers for the long-term production of geothermal water.

2 Estimates the temperature decline in the geothermal water from approximately 60° C at 2200 m
depth to 58° C at surface, when pumped continuously at the rate of 2.5 m*/min.

3 Confirms the sustainable water production rate of 2.5 m>/min, and with additional modelling,
may confirm that this rate is higher.

4 Estimates resource longevity (time to initial thermal breakthrough) to be 70+ years when
pumped at the continuous rate of 2.5 m*/min with approximately 1000 or 2000 m separation
between the wells in the aquifer.

5 Supports an initial well orientation and water flow direction in the aquifer; confidence will be
improved with an analysis of the Mosaic Belle Plaine Potash disposal well data and carrying out
a high-resolution seismic study over the project area.
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6 Supports the financial case where forecasting suggests that developing the Low-Capex
geothermal scenario will save approximately $57.5 million over the first 50 years of operation
compared to the baseline natural gas scenario.

7 Supports utilizing a geothermal energy source to significantly reduce GHG emissions; lifetime
emissions are estimated to be 457,080 tCO,e using natural gas and 15,592 tCO,e using
geothermal over a 50-year lifetime.

15 Next Steps

This study has confirmed the suitability of the geothermal resource at Regina, that geothermal water
production rates greater than 2.5 m*/min are possible and that the potential longevity of a geothermal
doublet may exceed 70 years. Recommended next steps include:

1 To encourage the Ministry of Energy and Resources to consider modifications to disposal well
regulations that required consent from mineral holders within the 40-acre legal subdivision
where the well is located in the subsurface. Current regulations are a significant barrier to
project development. The Water Security Agency regulates the operation of the water source
well without the necessity of consent from any mineral holders; this may be one model to
encourage.

2 To encourage the Ministry of Energy and Resources to consider modifications to disposal well
regulations that required contacting mineral holders within 1.6 km of the proposed location in
the subsurface. Replacing this requirement with suitable public notice for a much smaller area
could be encouraged.

3 To model the water disposal data from Mosaic Belle Plaine Potash operations to further support
geothermal water production and disposal estimates.

4 To develop detailed energy demand information specific to project development plans to
support the design of a geothermal system, including sufficient water production rates and
separation distances between the wells; a properly designed doublet will support the heating
needs of a facility without being over-built.

5 To use modelling from this study to support the development of two-well geothermal systems
with between 1000-2000 m separation in the aquifer. Developing three, or multiple well
systems could potentially support the development of larger heating loads at incremental
capital costs. For example, one vertical water disposal well may be able to support two
directional water source wells, potentially doubling the energy output with an incremental
capital cost increase.

16 Appendices

These appendices are not contained in the main body of this report, but rather are separate PDF
documents and will be sent by PTRC under separate cover and/or via file transfer.

Appendix A — Conventional Geothermal Potential of the Regina Railyard Heritage District — Terrapin
Geothermics.

Appendix B — Geological Study for the City of Regina Geothermal Project — John Lake P.Geo.

Appendix C — Substation Transformer Specifications

Appendix D —Regina Geothermal Utility Building Conceptual Design — 1080 Architecture
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Appendix E — City of Regina Geothermal Project Above Grade Utilities Mechanical Concepts —
MacPherson Engineering Inc.

Appendix F — Regina Geothermal Project Electrical Conceptual Design Report — KGS Engineering.

Appendix G — Financial Analysis — Associated Engineering Ltd.

Appendix H — Climate Lens Resilience Assessment.

Appendix | — Climate Lens GHG Emissions and Mitigation Assessment.

Appendix J — Regulatory Review with Links
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