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Executive Summary

The Government of the Northwest Territories (GNWT) is interested in better understanding the economics
of developing conventional onshore natural gas reserves located in the Mackenzie Delta region of the
Northwest Territories (NWT). The Mackenzie Delta contains substantial proven onshore conventional
natural gas reserves that could be developed for export that would provide economic benefits to the
Inuvialuit Settlement Region, NWT and Canada. The study concept is called 0Mackenzie Delta Liquified
Natural Gasé or MDLNG Project.

The MDLNG Project is based on the development and production of onshore gas and condensates in the
Mackenzie Delta for delivery by onshore and offshore pipelines to gas liquefaction and hydrocarbon
facilities on Gravity Based Structure(s) (GBS) located approximately 31 km offshore. From the offshore
facilities, the LNG and condensate will be shipped by separate specialized icebreaking tankers to export
markets. The LNG production target is 4 Million tonnes per year (MTPA) over a period of 20 years.

An alternative is to ship the condensate via a new pipeline to Enbridgeis Line 21 at Norman Wells which in
turn will transport the condensate to Alberta and other markets. The natural gas would still be transported
to an offshore LNG facility for liquefaction and shipped in specialized ice breaking tankers to export
markets.

The following map Executive Summary Figure -1 provides the location for the fields and the GBS location
in relation to major centres such as Tuktoyaktuk, Inuvik and Norman Wells.

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 8
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Executive Summary Figure -1 Overview Map
This pre-feasibility study includes the following:

1 Upstream Supply Forecast, Field Development Plan Scenarios and Cost Estimates

- Option 1 0 natural gas and condensate pipelines to offshore GBS(s)

- Option 2 0 natural gas pipeline to offshore GBS (LNG), condensate pipeline to Norman Wells
f Offshore GBS Facilities and Costs
1 Shipping and Tanker Requirements and Costs

1 Project Economic Assessment
Background

Projects to exploit the large natural gas reserves in the Beaufort Sea and Mackenzie Delta region of the
Northwest Territories were first proposed in the 19706s. In 2004, a consortium of producers led by Imperial
Oil proposed the Mackenzie Gas Pipeline project (MGP). The MGP was designed to transport
approximately 1,200 million cubic feet per day (MMcfd) of natural gas from the Mackenzie Delta, via a
natural gas pipeline, to Alberta. The MGP underwent an extensive regulatory process by the National
Energy Board (NEB, now called Canada Energy Regulator).

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 9
2: 417087-34542-PM-RPT-0001
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The NEB and the Joint Review Panel (JRP) evaluated the impact on the communities and environment
conducting a detailed review of the natural gas fields, gathering pipelines, processing facilities and
pipelines (both natural gas and natural gas liquids (NGL)) that were required for the project. It was
approved by the NEB and was granted federal cabinet approval in March 2011. Due to market factors, the
consortium decided to abandon the MGP project in 2017.

The technical information about the natural gas fields, gathering pipelines and processing facilities that
was developed for the MGP project, supplemented with new information provided by MGM Energy
(MGM) and Nytis Exploration Company Canada Ltd. (Nytis), is used as the basis for the natural gas supply
and field development in this study. However, there are two significant differences with the MDLNG
project:

I The volumes are approximately half, the MGP initial volume was 1,200 MMcfd versus the MDLNG is
only 650 MMcfd.

1 The operating pressure of the MGP was 18.7 megapascals (2710 pounds per square inch) versus the
pressure for the liquefaction facility is only 3.5 megapascals (500 pounds per square inch) which
reduces the required compression at the conditioning and process facilities and the wall thickness of
the pipelines.

Study Findings and Conclusions:
Natural Gas Resources

There is enough natural gas currently discovered to support the MDLNG project for a period of more than
20 years. The discovered natural gas resource assessment for the Mackenzie Delta is 8.0 Trillion Cubic Feet
(Tcf) with an expected additional potential undiscovered resource of 11.1 Tcf. The resource information is
sourced from: Anchor fields from the field interest holders (per MGP), the National Energy Board 2014
Conventional Resource Assessment, and from information provided by MGM and Nytis. For the pre-
feasibility study only the discovered natural gas resources have been used. The forecast deliverability for
the Base Case production is shown in Executive Summary Figure -2:

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 10
2: 417087-34542-PM-RPT-0001
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Executive Summary Figure -2 Base Case - Phased Fields

Technical Feasibility

The MDLNG project is technically feasible. Natural gas production facilities and associated pipelines have
been operating safely in Arctic climates such as Alaska and Russia for over forty years. Russia has shipped
LNG in arctic waters since 2017 using LNG and Condensate Ice Breaking Carriers. The ice breaking carrier
technology proposed in this pre-feasibility study is based on Russiais operating experience.

This study determined that the GBS (LNG) needs to be equal to or greater in length than the LNG carrier to
protect the carrier during winter loading. Based upon this size requirement and by having the gas
processing (CO2, mercury removal and dehydration) onshore, a single GBS could meet liquefaction and
storage requirements for the LNG and condensate. With only one GBS required offshore that can manage
both the LNG and Condensate, the economics, at this time, do not support Option 2.

Executive Summary Figure -3 presents a summary of the timing and general description of the facilities for
the Base Case Option 1.

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 11
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Capital and Operating Costs

As seen in Executive Summary Table -1 and Executive Summary Table -2, the initial capital cost for the
Base Case Option 1 is estimated to be CAN$8,258 million with a total capital cost over the 20-year period
of CAN$11,351 million. The initial capital cost for Option 2 is estimated to be CAN$9,375 million with a
total capital cost of CAN$12,468 million. The initial capital cost of Base Case Option 1 is CAN$1,117 million
less expensive in capital cost and has CAN$111 million less in annual operating expenses compared to
Option 2. As a result, Option 1 is the preferred economic option.

Cost Element CAPEX OPEX
2021 CAN$ Million 2021 CANS Million/Year
2,768 69
146 3
518 12
515 1
Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 12
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Cost Element CAPEX OPEX
2021 CANS Million 2021 CANS Million/Year
Single GBS (LNG & O) 4,311 198
Shipping LNG 0 292
Shipping Condensate 0 28
Initial Base Case Cost 8,258 603
Future Base Case Cost 3,093 77
Total Base Case Cost 11,351 680
Executive Summary Table -2: Option 2 NGL South Pipeline
Cost Element CAPEX OPEX
2021 CANS$ Million 2021 CAN$ Million Year

Initial Field Development 2,768 69
Initial Gathering 146 3
Natural Gas Onshore Export 389 9
Pipeline
Natural Gas Offshore Export a77 1
Pipeline
Condensate Onshore Export 1,266 142*
Pipeline
GBS LNG 4,329 198
Shipping LNG 0 292
Initial Option 2 Cost 9,375 714
Future Option 2 Cost 3,093 77
Total Option 2 Cost 12,468 791

Note: *Includes the transportation toll to get from Norman Wells to Edmonton.
Comparison with Other LNG Projects

As seen in Executive Summary Table -3, the delivered cost of LNG to Asian markets (US$ 6.9 to 7.2 MMBtu)
is within the range of other North American LNG projects. MDLNG provides a lower delivered cost than
projects such as Sabine Pass (US$ 7.9 MMBtu) and Corpus Christi (US$ 8.4 MMBtu). The delivery time is
also shorter than the US Gulf coast, even during the winter.

Executive Summary Table -3: Project Comparison for Delivered Cost to China

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 13
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Executive Summary Figure -4 presents the cost by segment to arrive at the Delivered Cost to Asia.

fdaddfdafafddfadfdfd

GHG Reduction

An alternative to the base case that integrates best available technology for reducing GHG emissions
includes electrification of onshore and offshore compression and combined cycle gas turbine electrical
generation in the initial build, followed by implementation of carbon capture and storage (CCS) after 10
years of operation. Based upon the current forecast for carbon taxes (presently targeted to reach $170 per
tonne in 2030), pursuing reduced GHG emissions via carbon capture and storage would reduce the
delivered cost of the Project and is a clear benefit; however a reservoir to store the CO» needs to be
identified (is outside Advisianis scope of work). As shown in Figure 4, the Base Case ultra-low carbon case
reduces the landed cost by approximately US$0.3/MMBtu while establishing a low carbon intensity
pathway.

Executive Summary Figure -5 presents a summary of the timing and general description of the facilities for
the Base Case 0Ultra-Low Carboné Option.

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 15
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Conclusion

This pre-feasibility study finds that the MDLNG Project is technically and economically feasible. The
upstream facilities need to be staged such that the supply nearest to the offshore GBS, Niglintgak, Taglu
and Umiak, are developed initially with Parsons Lake and smaller fields added later to offset field declines
at Niglintgak, Taglu and Umiak. A detailed analysis of the production should be undertaken, particularly
with respect to the condensate production. A study could be undertaken to determine if re-injection of the
condensate is feasible to eliminate the cost of transporting the condensate.

By locating the gas processing onshore and designing high efficiency facilities that are CCS ready, the CO;
intensity of the LNG product will be substantially below the global average resulting in enhanced
economic performance. A single GBS that provides natural gas liquefaction, storage and loading facilities
for both the LNG and condensate is recommended.

At this early phase there is significant uncertainty in the capital and operational costs. This estimate is
considered by Advisian to be an AACE Class 5 estimate (-30%/+50%). The landed cost of LNG from this
project in Asian markets, although at the high end of the range of competing global projects, will be
competitive with other proposed North American projects.
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Acronym/abbreviation Definition
B Billion
BAT Best Available Technology
BEP Best Environmental Practices
bbl 1 Oil Barrel
bbl/d Barrels of Oil Per Day
Bcf Billion Cubic Feet / Per Day
BOG Boil Off Gas
bpd Barrels Per Day
BTU/cf British Thermal Unit / Cubic Feet
CAPEX Capital Expenditures
CCR Central Control Room
CAD Canadian Dollar
CANS Canadian Dollar
CER Canadian Energy Regulator
CCs Carbon Capture and Storage
CGPF Central Gas Processing Facility
Cco? Carbon Dioxide
CssC Hudong-Zhonghua Shipbuilding
DSME Daewoo Shipbuilding & Marine Engineering
ECCC Environment and Climate Change Canada
EPC Engineering, Procurement and Construction
FOC Fibre Optic Communications Cable
FY First Year Ice
GBS Gravity Based Structure
GBS (O) Gravity Based Structure (Oil)
GBS (LNG) Gravity Based Structure (Liquid Natural Gas)
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GCF Gas Conditioning Facility
GHG Greenhouse Gas
GHGPA Greenhouse Gas Pollution Pricing Act
GNWT Government of the Northwest Territories
ha Hectare (100 hectares in one square kilometre)
Hanjin Hanjin Heavy Industries and Construction
HDD Horizontal Directional Drilling
HH Henry Hub
HHI Hyundai Heavy Industries
HHV Higher Heating Value
HSHI Hyundai Samho Heavy Industries
IAA Impact Assessment Act
ISO International Standards Organization
ISR Inuvialuit Settlement Region
JRP Joint Review Panel
km Kilometre
knots Knot is Unit of Speed = 1 Nautical Mile
kbpd Thousand barrels per day
LNG Liquified Natural Gas
LNGC Liquefied Natural Gas Carrier
m Metre
m? Metre Squared
m?3 Cubic Metre
m/s Metre Per Second
Mcf One Thousand Cubic Feet (Measurement of Natural Gas)
MDLNG Mackenzie Delta Liquified Natural Gas Pre-Feasibility Study
Mbbl/D Thousand Barrels of Oil Per Day
Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 18
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MGP Mackenzie Gas Pipeline

MGM MGM Energy

MHI Mitsubishi Heavy Industries
MM Million

MMbbl Million Barrels (oil reserves)
MMBtu Metric Million British Thermal Unit (Measurement of Natural Gas)
MMcfd Million Cubic Feet Per Day
MTPA Million Metric Ton Per Annum (Weight of LNG)
MOP Maximum Operating Pressure
MPa Megapascal (1 MPa = 150 psi)
MY Multi Year Ice

MW Mega Watt

NEB National Energy Board

NGL Natural Gas Liquids

NGCC Natural Gas Combined Cycle
Nig Niglintgak

nm Nautical Mile

NPS Nominal Pipe Size

NPV Net Present Value

NWT Northwest Territories

OPEX Operational Expenditures
PPMV Parts Per Million Volume

PC3 Polar Class 3

PV Present Value

SHI Samsung Heavy Industries

t Tonne

Tcf Trillion Cubic Feet
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Acronym/abbreviation Definition
UsGC United States Gulf Coast
uUss United States Dollar
usb United States Dollar
VSM Vertical Support Member
Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 20

2: 417087-34542-PM-RPT-0001



Advisian

Worley Group

AN
Northwest

Territories

1 Introduction

The Government of the Northwest Territories (GNWT) is interested in better understanding the economics
of developing the conventional natural gas reserves located in the Mackenzie Delta region of the
Northwest Territories (NWT). The Mackenzie Delta contains substantial proven publicly owned
conventional natural gas reserves that could be developed for export and would provide economic
benefits to the Inuvialuit Settlement Region, NWT and Canada. The study concept is called 0Mackenzie
Delta Liquified Natural Gasé or MDLNG Project. The Base Case is located entirely within the Inuvialuit
Settlement Region (ISR), as shown in Figure 1-1 below.

Overview

® GBS Location
*  Populated Places
B Anchor Field

N

A
TN
0 25 50 100

Figure 1-1 Overview Map

The primary MDLNG concept is the development of onshore hydrocarbons for delivery to gas liquefaction
and hydrocarbon export facilities located approximately 31 km offshore. From the offshore export
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facilities, the LNG and condensate would be shipped by separate specialized icebreaking tankers to
markets.

An alternative is to build a condensate pipeline to Norman Wells to interconnect with Enbridgeis Line 21
which in turn would transport the oil to Alberta and other markets. The natural gas would be transported
to the LNG facility to be shipped in specialized ice breaking tankers to market.

The original scope of work assumes that there would be a requirement for a Gravity Based Structure (GBS)
for LNG and a GBS Oil (O) for condensate.

The deliverables for this MDLNG pre-feasibility study consist of the following:

1. Upstream Field Development Plan and Cost Estimates

1 A description and schematics showing the main facilities at the core fields and any other facilities
downstream of the core fields but upstream of the inlet to the offshore facilities.

f Maps showing the pipeline gathering system and export pipelines configuration and route.

1 Anassociated screening level (Class 5 equivalent -30%/+50%) cost estimate, showing total cost
estimate and unit cost (e.g. $/Mcf or $/bbl), together with breakdown by project component.

1 In addition to the capital cost estimate, an estimate of OPEX and cost estimating assumptions.

2. Offshore Structures

1 A description of the GBS design, identifying the different options where applicable, and including
simple drawings.

1 Screening level (Class 5 equivalent) cost estimate, showing total installed capital cost estimate range
and associated OPEX estimates.

3. Shipping Study

1 A description of the results of the shipping study including applicable drawings and maps. The
methodologies used to generate key information, such as screening-level LNG carrier and condensate/
oil tanker design, estimated number of LNG carriers and condensate/oil tankers required for the
project and estimated number of shipments per month.

1 A screening-level cost estimate including the items outlined in the scope description above.

4. Cost Estimation Summary

1 A summary of cost estimate information generated in all three scopes, covering both CAPEX and OPEX
resulting in an oall-in¢ screening level development cost for the MDLNG concept. These costs are
expressed in 2021 Canadian dollars (CANS$).

5. Economic Evaluation

A high-level economic evaluation of the options.
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1 Asimple pre-tax economic assessment of the MDLNG concept comparing the estimates of total costs
against expected revenue per Mcf/MMBtu and per bbl.

I Sensitivities will be run based on the range of total capital / operating costs.

Adlandedi price of LNG (US$/MMBtu).

6. Conclusions
A summary of the conclusions for the report and potential future studies.
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2 Upstream Field Development

| Supply

The upstream field development is based in a large part on the field development plans for the Mackenzie
Gas Pipeline (MGP) project. The initial phase of the MGP relied on the discovered onshore natural gas with
anchor facilities located at Niglintgak, Taglu and Parsons Lake. These same locations have been used in
this study because the facility designs and the location rationale were previously approved by the National
Energy Board (NEB, now called the Canadian Energy Regulator). This information was supplemented with
new information provided by MGM Energy (MGM) and Nytis Exploration Company Canada Ltd. (Nytis).

There are two primary options related to the transportation of condensate. Option 1 has the condensate
going to an offshore GBS storage facility to be exported by ice breaking tankers. Option 2 ships the
condensate by pipeline south to Norman Wells and then on to markets using existing pipelines. Both
Options have the natural gas converted to LNG on an offshore GBS for shipment to Asian markets. For the
various options, sensitivities were evaluated related to:

7 Different timing and locations for the supply of natural gas
7 Different carbon capture and power generation

f  The production and transportation of oil in addition to the condensate.

The sensitivities are described in Appendix A with the results summarized in Section 6: Economic
Evaluation.

21.1 Hydrocarbon Reserves

The following table provides the breakdown for individual discovered fields with respect to gas,
condensate and oil reserves. Producers for individual fields are identified where the information is known.
The information in Table 2-1 is sourced from the field interest holders (per MGP), the NEB, 2014
Conventional Resource Assessment and from information provided by MGM Energy Corp. (MGM) and
Nytis Exploration Co. LLC (Nytis). Although oil reserves were identified for the MGP project, the producers
did not include any oil production. MGM did not include the oil reserves in their economics for the Umiak
field nor did Nytis in their evaluation of the Garry field.

Table 2-1: Hydrocarbon Reserves

Condensate

Field Name MMbbl

Anchor Fields

Taglu Imperial Oil

Parsons Lake Conoco Phillips/ExxonMobil 2,257 23.9 12

Niglintgak Shell 912 0.3 94
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Gas
Bcf

Field Name Owner

Chevron/Nytis 220
Imperial Oil 191
Imperial Oil 59
Imperial Oil 40

Imperial Oil/Nytis 19
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Qil
MMbbl

10.6
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0.0

0.0
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Gathering System and
On-Shore Export Pipelines
Option 1

Y Well Location
B Anchor Field
©  Storm Hills Junction

Gathering Pipeline
== Export NGL Pipeline
=== Export Gas Pipeline

Unipakat
Olivier
Ellice
Parsons Lake
Date: 12 Apr 2021
Datum: NAD83
Projection: UTM Zone 8
Storm
Hills
Junction
Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, ¥
FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri A
Japan, MET], Esn China (Hong Kong), swisstopo, ® OpenStreetMap —— — kT
contributors, and the GIS User Community 0 5 10 20
Figure 2-1 MDLNG Gathering System and Onshore Export Pipelines

In 2004, Sproule reported that the expected undiscovered onshore reserves in the delta region could

provide an additional 11.138 Tcf (Trillion Cubic Feet) as presented in the Table 2-2.

Table 2-2: Undiscovered Onshore Reserves Table

Natural Gas

Bcf
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Natural Gas

Region

:
Mayogiak 18

Bcf

.

2.1.2 Gas Deliverability

Currently, it is unknown which producers would initially support the MDLNG project; therefore, a number
of options are evaluated. With each of the gas deliverability cases, the associated NGL production is also
forecast.

Each gas field has multiple zones within the field. How the zones are developed will be a decision that an
individual producer will make as they develop the field. For this study, each field has been treated as a
single production area. The deliverability forecasts have been developed using a simple volumetric
calculation for each field. The assumption being that a field can produce at the planned capacity until 60%
of the field has been depleted at which time the production will decline at a rate of approximately
15%/year. More detailed modelling for each reservoir will need to be done in future phases of the project.
For the non-anchor fields, the daily production capacity was calculated by dividing the field reserves by
7,300 (20 years x 365 days/year).

The associated condensate production was also developed using a simple volumetric calculation. The
condensate production forecasts will need more study using other reservoir models to better define the
production. The condensate production forecasts by field presented in the MGP filings would indicate a
faster decline rate than is presented using the simple model. In all cases, the initial condensate production
is 6,500 bbl/d or less.

Base case

The initial deliverability assumes that Niglintgak, Taglu and Umiak will provide the gas for the Project.
Production will be held constant for the first 10 years and then Parsons Lake production will be added to
make up for anticipated declines in Niglintgak, Taglu and Umiak. Parsons Lake will reach full production
capacity by year 15. The other fields beginning with Langley, Olivier and Ellice are forecast to come
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onstream in year 17 with all of the discovered fields in production by year 20. Figure 2-2 illustrates the
phased production from the fields for the Base Case.

Base Case - Phased Fields
700

Gas Production (MMcfd)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Year

BTAGLU Field ®NIGLINTGAK ®UMIAK ®PARSONS LAKE m Other Fields

Figure 2-2 Base Case 0 Phased Fields

The associated production of condensate for the base case is presented below. Only Taglu and Umiak
have any material production of condensate in the early years. Niglintgak has negligible condensate
production. The production of condensate from Parsons Lake is not smooth as the natural gas builds up to

match the declines in the northern fields. The actual production would depend upon which development
wells and zones were brought on in the early years.
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Base Case - Phased Fields

w

Condensate Production (bbl/d)

[N}

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Year

B TAGLU Field mNIGLINTGAK mUMIAK mPARSONS LAKE ® Other Fields

Figure 2-3 Base Case 0 Condensate Profile

. All fields

With the expected onstream date for the MDLNG Project being approximately 2030, there is the potential
that all the producers in the region will want to have their fields participate, so production from each field
would be prorated to meet the required capacity (see Figure 2-4).
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All Fields Prorated - Year 1 Start
700

Gas Production (MMcfd)

Year

MTAGLU Field mNIGLINTGAK mUMIAK ® PARSONS LAKE m Other Fields

Figure 2-4 All Fields Prorated & Year 1 Start

The condensate production for the All Fields Prorated with a year 1 start is presented in Figure 2-5:

All Fields Prorated - Start Year 1

Condensate Production (bbl/d)
w

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Year

B TAGLU Field M NIGLINTGAK ®WUMIAK ®PARSONS LAKE M Other Fields

Figure 2-5  Condensate Production for All Fields Prorated & Year 1 Start
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[ ] Anchor Fields

As another sensitivity to the production and costs, a production profile assuming that the Parsons Lake
comes onstream at the same time as Niglintgak, Taglu and Umiak was developed. The combined

production from these fields would need to be prorated down to meet the 650 MMcfd production
requirement.

Anchor Fields - Start Year 1

700

600

500

=
=}
=}

w
o
=]

Gas Production (MMcfd)

200

100

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Year

W TAGLU Field W NIGLINTGAK B UMIAK M PARSONS LAKE M Other Fields

Figure 2-6 Anchor Fields 6 Year 1 Start

The associated production of condensate for the Anchor Fields all starting in year 1 is presented in
Figure 2-7.
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Anchor Fields - Start Year 1

Condensate Production (bbl/d)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Year

®TAGLU Field mNIGLINTGAK mUMIAK m PARSONS LAKE  ® Other Fields

Figure 2-7 Associated Production of Condensate for Anchor Fields 0 Year 1 Start

I Field Development

This section provides a general overview of the onshore field development. The field development for the
upstream well pads, flow lines, conditioning facilities and gathering lines was extensively described in the
MGP application. The facility construction, in the MGP application, considered arctic conditions and
detailed mitigation plans for minimizing the impact to the permafrost were developed. Those construction
techniques and considerations were relied upon in the development of the capital cost estimates for the
field development.

As this region has permafrost throughout, the facilities and pipelines are designed to have the least impact
possible to the permafrost. To achieve this, multiple production wells are proposed to be directionally
drilled from well pads that are built on elevated pile foundations. The flow lines are proposed to be above
ground and insulated as the gas production will be much warmer than the ground. The conditioning
facilities and Central Gas Processing Facility will also be built to reduce the impact on the permafrost. In
the case of Niglintgak, the proposed conditioning facility is built on a barge. The gathering lines from the
conditioning facilities to the Central Gas Processing Facility will be buried with these multiphase product
pipelines operating at a temperature of -1° C. Similarly, the export pipelines (both gas and condensate)
will be buried with the temperature of the gas and condensate leaving the Central Gas Processing Facility
at a temperature of -1° C.

2.2.1 Field Development and Gas Conditioning Facilities

The field development for each anchor field includes:
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Number of well pads with several production wells
Gas conditioning facility
Disposal well(s)

Above-ground flow lines from the well pad to the gas conditioning facility

= —a -—a -—_a -

Supporting infrastructure

The gas conditioning facilities for each of the anchor fields will separate, dehydrate, cool and meter the
production in preparation for delivery into the gathering pipeline. Equipment located on the site will
typically include:

An inlet separator

Dehydration equipment

Gas compression equipment (future)

Refrigeration equipment

Safety and control systems, including a flare system communications equipment

= —a —a _—a _—_a -_a

Utility systems, including:
- Electrical power generation equipment a circulating heat medium
- Fuel gas

Gas conditioning facilities will process the reservoir fluids from the well-site facilities to meet the
specifications of the gathering pipelines, which will then transport the co-mingled gas and liquids directly
to the Central Gas Processing Facility located at Taglu. Gas conditioning facilities will be designed for
remote, unstaffed operations and will be accessible by helicopter, fixed-wing aircraft, winter road and
barge. Living quarters will be provided for operations and maintenance staff when on site.

The gas conditioning facility for Taglu will be incorporated into the Central Gas Processing Facility located
in the Taglu area.

I Field Development
Niglintgak Field Development

Originally Shell considered two options for their gas conditioning facility (a barge-based option and a
land-based option). Shell ultimately chose the barge-based option for cost and environmental reasons. For
the purpose of this pre-feasibility study, only the barge-based option is considered.

The Niglintgak gas conditioning facility would be located near the southern end of Niglintgak Island in the
Mackenzie Delta, within the Kendall Island Bird Sanctuary. The field is located approximately 120 km
northwest of Inuvik and 85 km west of Tuktoyaktuk.

The field development will include:

1 Three well pads (north, central and south)
six to 12 production wells
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A gas conditioning facility
A disposal well

Flow lines

A remote drilling sump
Supporting infrastructure
Helipadd
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The Niglintgak field development flow lines and gathering pipeline traverses four major river crossings
(one for the flow lines, 3 for the gathering pipeline) which have been assumed to be installed by horizontal
directional drilling (HDD).

The initial field development will involve drilling four wells from the proposed north pad and one well from
each of the proposed central and south pads. Three well pads will be needed to access the full resource,
because of its shallow depth. Up to six additional wells might be drilled from the proposed pads,
depending on the production performance of the initial development wells.

Elevated steel pads will be installed on steel piles at each well pad to support the drilling rig and its
equipment. The pads will be about 2 to 3 m above ground and will have spill containment capability. The
pad size will range from 45 by 75 m to 75 by 90 m. The pads will have sufficient area to support well-
workover operations. The piles will be installed in holes drilled with truck-mounted auger rigs and will be
frozen in place. The pads will remain in place for the production life of the wells.

Steel pads and walkways covering an area of 100 by 100 m will also be provided for the well pad facilities.

An ice pad will be constructed adjacent to each well pad for the drilling camp and equipment laydown
during winter drilling and construction activities.

Each well pad in the Niglintgak field, including the ice pad and well pad facilities, will require a total area of
about 6 hectares (ha).

Taglu Field Development

The Taglu field is located near the northern margin of the Mackenzie Delta, about 120 km northwest of
Inuvik and about 70 km west of Tuktoyaktuk. The centroid of the field and the proposed site of the Taglu
development is located near the confluence of the Kuluarpak and Harry channels of the Mackenzie River,
and lies within the Kendall Island Bird Sanctuary.

The Taglu development concept was assessed as an integral component of the Mackenzie Gas Pipeline
Project and is also considered an integral component of the proposed MDLNG Project. Opportunities to
obtain synergies with the other anchor gas fields and take advantage of coordinating infrastructure
requirements for the MDLNG Project were considered.

The Taglu field is expected to be developed in stages. When complete, the following will be located on a
common site:

1 A well pad consisting of 10 to 15 production wells
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f  One or two disposal wells

1 A Central Gas Processing Facility (processes all gas prior to gas and liquids entering the export
pipelines)

1 supporting infrastructure, including an airstrip

The well pad is located next to the Central Gas Processing Facility (CGPF) such that the flow line from the
well pad to the CGPF is only a couple of hundred metres in length and is considered part of the well pad.
The Central Gas Processing Facility at Taglu eliminates the requirement for a conditioning facility at Taglu
therefore eliminating the requirement for a gathering pipeline.

The initial field development will involve drilling five to seven production wells from a single well pad. Full
field development will require drilling an additional three to eight production wells from the same well
pad within 10 years of start-up.

The conceptual design is based on pile-supported elevated structures, using ad-freeze piles. The piles,
which are set in drilled holes and frozen in place, elevate the structures to the required height and provide
free airflow between the gravel and heat sources, maintaining the ground temperature. Ground
temperature is important in determining the time required to develop the desired ad-freeze or freeze back
strength.

Infrastructure will be required to provide access to the Taglu site all year to support the construction and
operations phases of the development. This will include:

T Arriver barge dock

T An all-weather road within the plot area to provide access between the barge landing site, airstrip, well
pad and CGPF pad

1 Winter road from Tununuk Point to transport gravel, drilling equipment and other site supplies
{1 apermanent airstrip to transport equipment and personnel by aircraft

1 apermanent helicopter pad for use in the shoulder seasons when the airstrip might be inaccessible
because of flooding

Umiak Field Development

The Base Case field development plan for Umiak envisions an Umiak gas conditioning facility located at C-
16, with the N-16 well connected to the gas conditioning facility via an above ground pipeline supported
on vertical support members (VSMs). There will be 2 or more wells located at the gas conditioning facility
where the natural gas, natural gas liquids (NGLs), and water will be separated. The water will be reinjected
into a disposal well. The natural gas and NGLs will be dehydrated in separate processes, the former by mol
sieve dehydration, the latter through a stripping column. These streams are cooled, recombined and sent
in a common buried export pipeline approximately 30 km to Taglu, the location of the Central Gas
Processing Facility. At the Umiak gas conditioning facility there will be process utilities consisting of a fuel
gas system, power generation, emergency power generation, utility heating, heat tracing, potable water,
instrument air, fire suppression, diesel system, drain system, waste handling and chemical injection
systems.
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Infrastructure will be required to provide access to the Umiak site all year to support the construction and
operations phase of the development. This will include:

Barge landing site including dock and storage pad
Helipad

Roads

Permanent foundations

Maintenance building

Cold storage building

Heated storage building

Vehicle fuel storage

Temporary construction camp

Fencing and lighting

= —a -—a -—a _—a _—_a _—_a _—_a _a _a _a

Accommodations, telecommunication and control room

Site construction would take place over 3 winters.
Parsons Lake Field Development

The main production facilities at the Parsons Lake field will be located on two main gravel pads, the most
northerly and larger of the two near the northeast shore of Parsons Lake.

This north pad will be built first. The gas conditioning facility for the Parsons Lake field will be located
there. Two injection wells for disposing of drilling cuttings, produced water and other waste from the field
will also be located on the north pad. The connection to the Parsons Lake Gas Conditioning Facility to the
proposed gathering system pipeline extending to the Central Gas Processing Facility (located at Taglu) will
also be located at the north pad.

Based on the original permit application, the second, smaller well pad would be constructed about five or
six years after construction of the north pad and will be located about 14 km from it, south of Parsons
Lake. An elevated, two-phase flow line will transport natural gas from the south pad to the north padis gas
conditioning facility. The preferred configuration is to have the main facilities at the north pad, with a
minimally equipped facility at the south pad, because:

1 The bulk of the production comes from north pad wells

1 The overall cost is reduced by using the available future gas conditioning capacity at the north pad
1 The overall land area required for the facilities is less

This configuration assumes a complete gas conditioning facility at the north pad, consisting of inlet
separation, compression, dehydration and product chilling units. Although locating the gas conditioning

facility at the north pad requires a flow line from the south pad to the north pad, the advantages of this
configuration outweigh the disadvantages.
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Nine producing wells are expected to be located on the north pad, although space has been reserved for
drilling about 10 additional wells. The south pad is expected to require three producing wells, although
space has been reserved for drilling about four additional wells. Although additional wells are planned to
be drilled on both the north and south pads, the final number of wells will depend on the drilling and
production results.

The north pad will be built on granular material about 1.5 m thick. All heated buildings and equipment
outside the buildings will be supported on steel pipe piles. The piles will be an ad-freeze type installed in
oversized holes filled with sand slurry.

The south pad will be built on ice pads and will have only a small area of granular material around the
wellheads. All other buildings and equipment will be supported on steel pipe piles and will be connected
by walkways.

Infrastructure required will include:

1 Helicopter pads will be at the north pad, south pad and satellite wells.
1 Roads - The north pad will have a permanent access road connecting it to Parsons Lake.

I Dock - A floating dock will likely be built on Parsons Lake at the north pad. The dock is designed to
handle the docking and unloading of a float plane.

T Airstrip - An all-weather airstrip approximately 1,500 m long by 50 m wide was planned by the field
Owners in their original field development plan. The airstrip will be able to handle aircraft up to the
size of a C-130 Hercules cargo transport and would be located in the vicinity of the north pad.

. Accommodation Facilities - The north pad will have permanent accommodation facilities for about 28
people. During construction, a temporary 150-person camp will be located at the north pad.

Other fields

The other fields have been assumed to require only a drilling pad, development wells and above ground
flow lines to the nearest conditioning plant.

[ Central Gas Processing Facility

The onshore gas processing facility will use gas from the other fields in any combination to supply the 4
MTPA offshore LNG plant. Condensate stabilization is also included in the process. Processed gas (meeting
the LNG specification) and stabilized condensate will be exported to offshore GBS(s) in separate pipelines.

Nominally, the gas processing facility will process about 650 MMcfd gas to support 4 MMTPA LNG
production and provide fuel for the offshore operation.

Overall, the gas from the fields is very lean and even unprocessed gas does not exceed the maximum LNG
Higher Heating Value (HHV) of 1,170 BTU/cf. As a result, only a relatively small amount, about 6,500 bpd
of condensate, must be removed to meet the C5+ spec in the LNG product.
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The gas is not suitable for direct liquefaction because of the CO, content. This must be less than 50 PPMV.
For CO, management, it is advantageous to remove CO; at the onshore Central Gas Processing Facility.
The offshore LNG plant would then default only to liquefaction.

The Central Gas Processing Facility (CGPF) will include the following:

Inlet separation and liquids stabilization

CO2 removal (amine)

Dehydration and mercury removal (solid bed adsorption)
Propane refrigeration

Inlet or outlet compression (if required)

= —a -—a -—a _—_a _a

Safety and control systems, including a flare system
communications equipment

{ Utilities and Offsites (including power generation)

The CGPF is designed to allow CO; capture and storage, based on the assumption that an acceptable
storage reservoir can be found to inject the CO.. This presents a potential project benefit because the cost
of the additional facilities offsets carbon emissions and would eliminate most carbon tax. Included in this
concept is the generation of power which would be sent to the GBS to run electric compressors, reducing
the carbon footprint even further.

[ Gathering System Pipelines

The gathering system is comprised of pipelines and associated facilities extending from each of the
individual fieldis gas conditioning facilities and connecting to the Central Gas Processing Facility. The fully
developed gathering system for Option 1 is presented in the Figure 2-8 below.
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Figure 2-8 Gathering System and Onshore Export Pipelines Option 1

The design of the gathering pipelines is based on the gas production volumes from four anchor fields and
other potential gas sources in the Mackenzie Delta. For the purposes of this pre-feasibility study, receipt
locations for volumes received from other potential sources are assumed to flow into the nearest anchor
gas conditioning facility.

The selected gathering pipeline consist of about 153.6 km of buried NPS 16 and NPS 24 pipelines. These
include:

I 15.7 km, NPS 16, X52 pipe, 9.93 MPa MOP for the Niglintgak lateral

1 107.9 Km, NPS 24, X52 pipe, 9.93 MPa MOP for the Parsons Lake lateral

1 30 km, NPS 16, X52 pipe, 9.93 MPa MOP for Umiak lateral
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The Niglintgak and Parsons Lake laterals follow the route that was selected in the MGP study. The route
for the Umiak lateral follows the route for the export pipelines to the GBS.

Receipt meter stations for the gathering pipelines are located at each anchor field gas conditioning facility.
Gas and liquids will be metered separately, using allocation meters designed to the same standards as
custody-transfer meters. Pigging facilities and block valves are included at each site.

I Export Pipelines
Option 1

As seen in Figure 2-9, the export pipelines for Option 1 are 95.6 km in length, (30.8 km offshore and 64.8
km onshore) with an NPS 30 natural gas pipeline and an NPS 10 condensate pipeline. The onshore portion
of the export pipelines is buried and runs from the CGPF located at Taglu to the shore crossing on the
North Point on Richards Island. The shallow sea along the coast influenced the location for the shore
crossing. With sea ice being present for at least nine months of the year, it was assumed that winter
construction of the offshore pipelines, from the shore crossing to a water depth of approximately 6
metres, would be required.. The selected shore crossing provides the least amount of winter sea ice
construction (10 km). The onshore route to the shore crossing was selected to minimize the crossing of
water bodies and pingos (ice-cored hills). The offshore portion of the pipeline starts with a shore crossing
at North Point on Richards Island out to the proposed LNG offloading GBS platform (see Appendix B for
more details). For the export pipelines, three cases were evaluated:

! Case 1. has two GBS platforms, one for LNG processing / offloading and one for condensate/oil
offloading and has two pipelines; one gas pipeline and one condensate/oil pipeline.

! Case 2 Base Case: has one GBS platform that will offload both LNG and condensate/oil and has two
pipelines; one gas pipeline and one condensate/oil pipeline.

I Case 3: this case is identical to Case 2 with the addition of a power cable from Taglu to the GBS.

It was assumed that a fibre optic communications cable (FOC) will also be needed for each case and will be
installed bundled to the gas pipeline.

The selection of the pipeline route and the location of the GBS is based upon the requirement for the GBS
to be located in a water depth of at least 15 metres. The GNWTis proposed location (Isserk E-27 well, a
sacrificial beach island) does not meet the criteria because the water depth at that location is only
approximately 12 metres.
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Figure 2-9 MDLNG Export Pipelines Offshore and Onshore to a single GBS

Option 2

Option 2 (Figure 2-10) has the same 95.6 km NPS 30 natural gas pipeline to the proposed LNG offloading
GBS platform as Option 1, with an additional onshore 633 km NPS 10 buried condensate pipeline going
south from Taglu along the original routing of the MGP project to Norman Wells. For this option, it is
assumed that a FOC will be installed on both the natural gas pipeline to the GBS and on the NGL pipeline
to Norman Wells.
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Figure 2-10  Gathering System and Onshore Export Pipelines Option 2

From Norman Wells, the condensate will enter Enbridgeis Line 21. Line 21 is approximately 868 kms in
length extending from Norman Wells to Zama Lake in Alberta, where it interconnects with the 775 km
Rainbow Pipeline (owned by Plains Midstream) that transports product to Edmonton (see Figure 2-11).
Enbridge operates Line 21 (the Norman Wells Pipeline) which is a NPS 12 pipeline with a design capacity
of 50,000 barrels per day. The transportation tariff and tolls are regulated by the CER. The average daily
delivery of oil to Zama from Norman wells for 2021 is forecast to be approximately 7,500 bbl/d. The
current transportation toll on Line 21 is $21.4/bbl. The Rainbow Pipeline has sufficient capacity to transport
the forecast MDLNG condensate volumes. Rainbow Pipeline does not have a published transportation toll,
the tolls are market based. As the distance is approximately the same, the same transportation toll as Line
21 was assumed for the Rainbow Pipeline toll.
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L Cost Estimates for Field Development

2.3.1 Capital Cost Estimate for Field Development and Gathering

The capital cost estimates for field development for Niglintgak, Taglu and Parsons Lake are based on the
conceptual design of the original permit applications submitted by the individual field owners for the MGP
Project in 2004. The Umiak Field development costs are based upon information provided by MGM.

For the other smaller fields, an average cost per MMcfd of capacity is used that reflects the cost of well
pads, drilling and completion of development wells, and flow lines. The smaller fields are assumed to use
the gas conditioning facilities at the anchor locations.

With some variation, the capital cost estimate for each of the anchor fields includes costs for:

Regulatory application preparation
Well pads, drilling and completions
Project management

Design, procurement and construction of production facilities and flow lines

= —a -—a _—a _a

Pre-commissioning

At each of the locations, the unit costs presented in Table 2-3 were used to develop the estimate.

Table 2-3: Upstream Cost Basis

Component Unit 2021 CAN$ MMM

Development Well $/well 40
Well Pad $/pad 26
Flow line $/diameter-inch-km 0.25
Conditioning Plant $/MMcfd 1.3

Central Gas Processing Facility $ 800

Table 2-4 below summarizes the Capital Cost Estimate (CAPEX) for the Field Development and Gathering
System, including the Central Gas Processing Plant at Taglu for the Base Case.

Table 2-4: CAPEX for Field Development and Gathering Systems to Taglu
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Field Gathering System to . - Total
Processing Facility
Development Taglu

2021
2021 CAN$ MM 2021 CAN$SMM AR CANSMM

727 50 Processed at Taglu 777
903 Not required 800* 1,703
338 96 Processed at Taglu 434
1,968 146 800 2,914

New fields*** 983 Fields go to existing Processed at Taglu 983
Anchor conditioning
facilities

Subtotal Future CAPEX 2,575 518 0 3093
Total CAPEX 664

*Conditioning costs are included in the processing plant cost.

**Parsons Lake production (costs) is deferred until Niglintgak, Taglu and Umiak begin declining production in year 10 of the
project.

***Eor new fields (other fields identified in table 2-1) that would be required to supplement the decline on the initial fields, only
wells, well pads and flow lines to existing anchor conditioning facilities were added. These fields do not come onstream until year
17 in the base case.

Future CAPEX additions at Taglu are for drilling additional wells and compression to maintain deliverability.

2.3.2 Operating Cost Estimate for Field Development and Gathering System

Periodic major maintenance activities and well interventions are included in developing the average annual
cost estimate over the life of the facility.

The OPEX costs include:

1 Well pad operations, including periodic well interventions and routine maintenance

1 On-site and off-site operations and maintenance staff
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Routine and major maintenance costs for production facilities

All consumables, goods and materials for well pads, flow lines and the gas conditioning facilities
Routine inspections

Accommodation and catering for on-site personnel

Logistics and transportation support

Property taxes, access fees and insurance

Management and administration (local and head office)

= —a —a -—a _—_a _-—_a _a -2

Abandonment and reclamation

Fuel gas will be supplied from the processed gas stream leaving the facility and is included as gas
shrinkage, not as an operating cost.

Table 2-5 summarizes the OPEX costs for the Field Development and Gathering System, including the
Central Gas Processing Plant at Taglu.

Table 2-5: Summary of OPEX for Field Development and Gathering System to Taglu

Total Field and
Gathering System Gathering OPEX

Field Development

2021 CAN$

Millions/year 2021 CANS$ Millions/year 2021 CANS$

Millions/year

1
43 Not applicable 43
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Total Field and
Gathering System Gathering OPEX

Field Development

2021 CAN$

Millions/year 2021 CANS Millions/year 2021 CANS

Millions/year

OPEX is added when the CAPEX is added. Parsons Lake comes onstream in year 10 of the project. New fields come
onstream in year 17.

2.3.3 CAPEX and OPEX for the Export Pipeline Options

The CAPEX cost and OPEX for the export pipelines related to study Options 1 and 2 are summarized in
Table 2-6.

Table 2-6: CAPEX and OPEX Summary

Onshore Offshore AVERAGE
UONIAT YEARLY

CAPITAL CAPITAL CAPITAL
COMPONENT COST COST COST O&M

$2021 COMMENTS

2021 CAN$ 2021 CAN$ Millions 2021 CAN$
Millions Millions Millions

Gas Pipeline
Onshore 64.8 km NPS 30
Offshore 30.8 km NPS 30;
Condensate Pipeline
Onshore 64.8 km NPS 10
Offshore 30.8 NPS 10

Option 2 Gas Pipelines 388.8 477.5 866.3 10 64.8 km + 30.8 km NPS 30

Option 1 1,034.3

Option 2 Onshore 1,266.0 N/A 1,266.0 142 633 km NPS 10
NGL Pipeline Includes the transportation
tolls from Norman Wells to
Edmonton
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3 Offshore Structures

Hydrocarbons produced from onshore upstream field developments will be sent to offshore facilities via
subsea pipelines. The MDLNG offshore facilities will be installed at a remote location where harsh weather
conditions are frequent (see Figure 2-9). Condensate will be stored offshore and loaded onto Polar Class
condensate tankers (Option 1 only). Pre-treated gas will be liquified, stored and exported using Polar Class
LNG carriers (both Options). Utilities, including power generation and crew accommodation will also be
required on the MDLNG offshore facilities to support operations and guarantee autonomy due to the
significant distance to shore and the lack of other nearby infrastructures.

A GBS will be used to support the MDLNG offshore facilities due to the specific bathymetry and arctic
environment of the Beaufort Sea. Two options are considered for the MDLNG development:

1 Two separate GBS(s): one for oil/condensate (GBS (O)) and one for LNG (GBS (LNG)); or
! One single GBS for both oil/condensate and LNG.

[ | Site Selection

3.1.1 Water Depth and Seabed Conditions

The GBS must be installed at a location with sufficient water depth to allow GBS installation and
subsequent safe navigation of ships (LNG carrier (LNGC)) and oil/condensate carriers. Preliminary ship
information indicates that vessel drafts would be approximately 11.7 m, and therefore a typical and likely
conservative draft of 12 m will be assumed for both LNGC and oil/condensate carriers.

Following international guidelines for navigation and depending on site-specific environmental conditions,
it is estimated that a water depth of 215 m-15.5 m should be allowed for approach channel, swing basin
and berth pocket.

The continental shelf has a gentle slope with water depth increasing from -10 m to -15 m over
approximately 6 to 8 km and from -15 m to -20 m over approximately 4 to 5 km. Although extensive
geotechnical data from previous industry activity are likely to be available for the region, at this stage of
the Project development it is assumed that a suitable location with adequate foundations to support the
GBS can be identified. Referring to the exploration structures installed in the 1970s and 1980s, the
Mackenzie Delta is known to have variable and weak soil conditions and therefore the top 3-5 m of
weaker material and sediments will likely be removed and replaced with more competent material and
cleaner sand, prior to the GBS installation.

It should be noted that the uncertain foundation conditions are a significant factor and will likely control
the final site selection.
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3.1.2 Ice Conditions

The MDLNG offshore facilities will be installed in the landfast ice zone of the Beaufort Sea which extends
to a water depth of approximately 20 m during the winter months. This region is made of First Year (FY) ice
with ice beginning to grow in late September and reaching a maximum thickness of 1.9 m in late April. The
ice breaks up in early July and open drift ice conditions would normally develop earlier than Alaska, i.e.,
generally in early summer, because of the local geography and outflow from the Mackenzie River.
Historically, there were pack ice incursions throughout the open water season, but the pack ice edge has
been some distance offshore in recent years.

Ice-classed vessels will be required all year round to reach the MDLNG offshore facilities and load
oil/condensate and LNG. It is expected that three support vessels/icebreakers will be used for year-round
operations at the terminal to maintain the approach, swing basin and berth pocket free of ice and assist
carriers to berth at the terminal. The three support vessels will need to be Polar Class icebreakers; 1
Primary Icebreaker (PIB), 1 Harbour Icebreaker (HIB) and 1 Escort Icebreaker (EIB). At least one support
vessel will be required to assist in manoeuvring at the terminal and there will likely need to be an escort
vessel to support year-round transits around Point Barrow where challenging conditions can be expected.

In mid-winter the ice will re-freeze very quickly after being broken. This can be an issue for using a single
channel as the constant breaking of ice and the subsequent re-freezing causes more difficult transit
conditions. This could include potential ice blocks being forced under the vessels while under way.
Preliminary global ice horizontal load calculations to estimate the GBS hull scantlings and ballast volume
and weight required by GBS, in accordance with ISO 19906, A.8.2.4.3.3 Global Pressure for Sea Ice, indicate
that, based on a level ice of 2.0 m thickness, a uniform lateral load of 2 MN/m (Meganewton/metre) could
be expected. This is appropriate for seasonal FY ice, however the GBS will be exposed to much thicker
Multi Year (MY) ice when assessing ice conditions on a longer term and statistical basis. Contact with MY
ice will result in higher loads which can be derived as approximately 5 MN/m. Ultimately, a detailed
analysis based on statistical modeling and Monte Carlo type analyses will be required to establish

design loads for the GBS.

3.1.3 Wind and Waves

Existing literature available in the public domain indicate that extreme winds (refer to 0Overview of
Historical Canadian Beaufort Sea Informationd by G.W. Timco and R. Frederking, NRC Canadian Hydraulics
Centre, Technical Report CHC-TR-057 February 2009) can be quite high in the Beaufort Sea, i.e., 100-year
return period wind speed (1-hour) is approximately 60 knots (gust speed is 80 knots). These extreme wind
speeds are in-line with classification societiesi requirements for the design of offshore structures in harsh
environment and therefore are not anticipated to be an issue for the GBS design.

Waves are only relevant during summer months and are benign, (i.e., < 2 m) with probably very short
periods due to limited fetch, therefore it is expected that LNGCs and condensate tankers will be able to
berth at the terminal and remain moored in most wave conditions. However, since the ice pack edge has
been observed to be quite far north in late summers of recent years, wave conditions may become more
adverse in the future and therefore a metocean study is recommended to confirm design and operability
requirements as part of the next phase of the project development.
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3.14 1 GBS versus 2 GBS
There is an opportunity to combine GBS(O) and GBS(LNG) with some significant cost savings.

Installing two GBS could present some flexibility in terms of operations, e.g., both Polar Class LNGC and
condensate tanker could load simultaneously at the terminal. In this case, the fleet of support vessels
would likely need to be doubled. GBS(O) and GBS(LNG) could be installed next to each other and present
synergies including accommaodation, power generation, loading facilities (e.g. oil/condensate might be
loaded from GBS(LNG)). If installed adjacent to each other, the two GBS platforms could provide improved
protection from both mobile ice and open water conditions during high wave events. The optimum
configuration would require a more detailed study of ice movement direction throughout the

year and open water wave conditions. These potential benefits briefly discussed would be outweighed by
the significantly higher capital and operating expenditures of two GBS.

The conceptual design prepared for MDLNG shows that a single ocombinedd GBS with overall dimensions
340m x 80m x 33.5m would have sufficient storage capacity (oil/condensate and LNG) and sufficient deck
space for liquefaction, power generation, utilities, accommodation, mooring and loading facilities. The
combined GBS would also allow both Polar Class LNGC and condensate tanker to berth and load
condensate and LNG at a single loading platform.

Therefore, Advisian recommends to design, fabricate and install only one GBS. This recommendation has
been adopted as part of the Option 1 Base Case.

[ | Material Selection: Concrete versus Steel

Preliminary cost estimates prepared by Advisian (and supported by previous GBS studies in North America
and benchmarking against existing assets) indicate that concrete costs are significantly higher than steel,
i.e.,, more than twice as expensive.

It is anticipated that a steel GBS would be fabricated in Asia (China, South Korea or Singapore) and towed
to site. There are only a few shipyards with experience in GBS construction that could take on the large
LNG GBS. China and South Korea are the likely candidates.

Keppel and Sembcorp in Singapore have developed some GBS designs but lack experience in construction
of these conceptual designs. For costing purpose, Advisian considered steel GBS fabrication in South
Korea, since Chinese yard costs may not be significantly lower and carry higher risk factors. It is however
noted that fabrication of topside modules could be done at a Chinese yard with integration to hull either
in South Korea or China.

Concrete has been the material of choice for the current LNG industry GBS experience. The one
operational LNG GBS in Adriatic Sea (i.e., Adriatic LNG Terminal) and the 3 GBS currently in construction
for Novatek Arctic LNG 2 in Russia are all concrete. Novatek Arctic LNG 2 is a very large-scale project with
circa 20MTPA LNG production which justified the development of a purpose-built yard at Belokamenka,
near Murmansk for the construction of the 3 GBS and installation of topside modules. The tow distance
from Belokamenka to the Gydan Peninsula where Novatek Arctic LNG 2 is being developed is
approximately 1,000 nautical miles (nm).
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Towing distance from both Russia and Newfoundland to Mackenzie Delta would be 3 times (about 3,000
nm) longer than the distance between Belokamenka to the Gydan Peninsula, and ice conditions would be
challenging. In comparison, towing distance from South Korea would be approximately 4,000 nm but the
majority of the towing route is over warm water with no threat of ice incursions during the tow

window. More importantly, a steel GBS has a much lower lightship draft and is able to support the
substantial topside weight during the tow condition. This is important for the shallow water tow route
around Point Barrow to the Mackenzie Delta.

Table 3-1 presents a comparison of GBS concrete versus steel with a list of pros and cons to support the
decision on material selection.

Table 3-1: Concrete vs Steel GBS Comparison
GBS Hull Structures Concrete Steel
Pros 1 High weight and displacement i  Far East has large drydocks and
minimize additional ballast fabrication capabilities
I Good resistance to local ice loads 1 Competitive international tendering
1 Superior cryogenic behaviour 9 Shallow lightship draft supports
1 Slower thermal response and better additional topsides for tow and
i EiET installation
1 Reduced maintenance costs 1 Materials and scantlings proven for
. ) Arctic deployment
1 Good impact resistance . ) )
i ) f  Traditional engineering and
T Excellent fatigue life construction and similarity with
1 Resistance to buckling LNG/LPG carriers

1 More likely to be able to be floated off
site during decommissioning in this
water depth range given the float in
draft and weight.

1 Not subject to freeze and thaw damage

1 Prestressing not required

1 High displacement and draft restrict 1 Additional ballast required to achieve
topside weights, tow route and required on-bottom weight
installation 1 Shipbuilders will lack experience in LNG

1  Concrete construction in North America GBS construction and therefore will rely
(or even Russia) not competitive with on shipbuilding experience to build a
Asian steel fabrication bespoke GBS

1 New site development required for T Lack of track-records
graving dock 1 Long tow route but easier navigation

1 Long and exposed tow route
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Considering the significant cost savings discussed above, Advisian recommends considering a steel GBS
hull. This is further supported by the comparison presented in the Table 3-1 above which clearly indicates
that having access to Asian shipyardsi fabrication capabilities and capacities present significant advantages
for construction and installation.

i Terminal Concept

3.3.1 Storage Capacities and Offtake Frequencies

Storage capacities for oil/condensate and LNG are in the first instance based on approximately 1.5 times
the storage capacity of Polar Class LNG carriers and Polar Class condensate tankers, which are anticipated
to visit the terminal (i.e., approximately 500,000 bbls (circa 80,000 m?) of oil/condensate and 260,000 m? of
LNG).

Annual LNG production is estimated as 4 MTPA resulting in approximately 50 LNG cargo offtakes per year
or one cargo every 7 days with a typical 170,000 m® Polar Class LNGC. With an LNG storage capacity of
260,000 m?3, the GBS would have approximately 3.5 days of buffer to mitigate risks of LNGC arrival delays
at the terminal.

Condensate production is estimated to be in the order of 6,500 bbls/d resulting in a frequency of
approximately 30 days. It is assumed that the Condensate tankers will coordinate with the LNG carriers
such that the LNG carrier will act as an ice breaker for the Condensate tanker eliminating the need for a
separate ice breaker to escort the Condensate tanker.

3.3.2 Mooring and Loading Facilities

It is recommended that berthing and mooring of Polar Class LNGC and condensate tanker would be done
directly alongside the GBS.

It is assumed that both Polar Class LNGC and condensate tanker will approach the terminal supported by a
minimum of three Polar classed icebreakers, and then berth and moor to the GBS using their own mooring
lines. The length of the GBS, i.e., 340 m, is deemed sufficient to accommodate Polar Class LNGC and
condensate tanker, however mooring analysis will be required as part of the Project development future
phases to confirm the mooring layouts.

Both Polar Class LNGC and condensate tanker need to be protected from any potential moving ice. Since
the GBS is planned to be installed within the landfast ice zone, ice may be slow moving or stationary
during the winter months. However, there will be moving ice during freeze-up, break-up and the nominally
open water season when there may be drifting ice. The GBS will need to be orientated to maximize
protection to the vessels. It is envisaged, at this stage, that an orientation east-west for the GBS with
vessels berthing and loading at the southern side (i.e., 0shored side) would be suitable.

Four LNG loading arms and two oil/condensate arms are likely to be required to allow transfer within
reasonable laytime.
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Polar Class LNGC and condensate tanker can load from both sides (i.e., portside and starboard) so the
vessels can approach the terminal from either end of the GBS. It is also assumed that the vessels can
navigate backwards as a ¢double actingé mode. The capability to navigate ahead and astern provides
maximized flexibility to select best and easiest way to arrive and depart to and from loading berth. See
Figure 3-1 and Figure 3-2.

Offshore

Essential ice drift
directions

__________ 15 m water
"""""""""" depthcurve _ -~

S

Figure 3-1 Sketch of Terminal Layout
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Figure 3-2 LNGC mooring layout at terminal

3.3.3 GBS Topsides and Process Facilities

LNG liquefaction, with an initial production capacity of 4MTPA shall be installed on the GBS. As part of this
pre-feasibility study, it has been assumed that gas pre-treatment, including all processes upstream of NGL
extraction, is available onshore.

Considering the ambient air temperatures, it is envisaged that 4 x IMTPA Single Mixed Refrigerant units
should be suitable with air coolers which are expected to be the limiting factor in final nameplate
production capacity.
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The following systems will be installed on the GBS:

4 x Gas turbines (nominally PGT25+G4 units) directly driving each liquefaction train
Refrigerant storage

BOG and fuel gas system

Pressure relief, blowdown systems and flare

Fire protection and safety systems

General utilities (air, nitrogen, water systems)

= —a _—a _—a _a _a _a

Electrical power generation and distribution systems for LNG production operations, black start of the
facility and emergency operation

! Accommodation and Central Control Room (CCR) incorporating marine and production operations
monitoring and control

1 LNG transfer systems and loading arms

f  Oil/condensate transfer systems and loading arms

1 Cranes and other material handling facilities

The preliminary plot plan presented in Figure 3-3 has been developed as part of the pre-feasibility study
and considers process and safety requirements. The total GBS deck area is approximately 27,200 m? (340

m x 80 m) and proves to be sufficient for installation of the foreseen equipment and systems since no
space and layout optimization (e.g., stacking) was considered.
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Figure 3-3 Preliminary GBS Topsides Layout
[ Construction and Installation Considerations

34.1 Shipyards

A review of shipyards worldwide with experience of building membrane-type LNGCs has been performed
by Advisian. The shipyards identified below in Table 3-2 have experience building LNGCs and are licensed
to construct membrane tanks, along with having drydocking facilities with the dimensions to allow the
building steel hull GBS. Advisianis review checked the shipyard crane capacities, topsides fabrication and
integration experience.
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Other shipyards have capabilities to build LNGCs but have limited experience in topside integration.
Table 3-2 presents a list of suitable shipyards with the capability to build a steel hulled LNG GBS.

Table 3-2: Shipyards

L B Cranfe Membrane Topside
county pock ame [m] [m] wopacty System Integration
[tonne]
China - 380 92.0 - - No96 Yes
Japan Building 990 100.0 145 - No96 Yes
Japan Repair 400 100.0 145 - No96 Yes
Philippines Dry Dock No. 5 370 1000 125 600 No96, MKIII No
Philippines Dry Dock No. 6 550 1350 135 600 No96, MKIlI No
South Korea No.1 530 1310 145 900 No96 Yes
South Korea  Dry Docks No. 3 672 92.0 134 1290 & 10k  MKIII Yes
South Korea  No. 1 Dock 500 1000 130 2x600 MKIlI Yes
South Korea  No. 2 Dock 594 1040 130 2x900 MKIlI Yes

South Korea Dock No. 3 640 97.5 12.7 3600 MKIII Yes

Shipyard Abbreviations:
L: Length
: Beam
D: Depth
CSSC:  Hudong-Zhonghua Shipbuilding

MHI: Mitsubishi Heavy Industries

Hanjin: Hanjin Heavy Industries and Construction
DSME: Daewoo Shipbuilding & Marine Engineering
HHI: Hyundai Heavy Industries

HSHI:  Hyundai Samho Heavy Industries

SHI: Samsung Heavy Industries

3.4.2 Tow and Transport

GBS towing and installation would be in the late July to August and early September window when ice
break-up has occurred, and open water conditions prevail. The tow around Point Barrow and Alaska will be
the critical entry constraint.

It is foreseen that the GBS could be built in South Korea or China. A GBS displacement of approximately
270,000 tonnes is estimated meaning that a wet tow would probably be required as there are currently no
vessels that are large enough for a dry tow. The average speed for the tow is assumed to be 4-6 knots
based on tow performed for similar size vessels. The total towing distance is close to 4,000 nm, transiting
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offshore Japan and Sakhalin, though the Bering Sea, along the coast of Northwest Alaska, around Point
Barrow and finally arriving at Mackenzie Delta. A minimum duration of four to six weeks for the entire
voyage can be expected.

As installation window is likely to be very limited, critical contingencies on construction and tow durations
will have to be made when developing Project schedule, since GBS arriving late at site could mean a 10-12
months Project start-up delay.

3.4.3 Seabed Preparation

The Mackenzie Delta is known to have variable and weak soil conditions and a detailed site investigation
program will be required as part of the final site selection process. For this study, it has been assumed that
the top 3-5 m of weaker material and sediments are removed and replaced with more competent material
and cleaner sand, prior to the GBS installation. This would be consistent with previous foundation
procedures for exploration activities in the 1980s.

3.44 Ballasting

The GBS will require a substantial amount of ballast to achieve the on-bottom weight and foundation
stability against multiyear ice loads that may be expected.

It may be possible to use dredged sand, as this was used in the earlier exploration days for the
construction of artificial sand islands and also to provide the sand core for the Molikpaqg exploration
platform. Similar sand material could be used for the ballast compartments and could potentially use
material from existing relic artificial islands. This would be dredged sand pumped hydraulically into the
GBS hull ballast tanks.

| GBS Concept Summary

The following Table 3-3 presents the main characteristics of the MDLNG GBS concept.

Table 3-3: GBS Concept

Item Description

Hull material Steel

Overall dimensions 340 mx80 mx335m
Hull Lightweight 150,000 tonnes
Topside weight 120,000 tonnes
Ballast Volume 260,000 m3

Shipyard Preferably South Korea

LNG production 4 MTPA
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Description

Wet tow from Far East Asia to Mackenzie Delta, via Sea of Japan, Sea of Okhotsk,
Bering Sea, Chukchi Sea and Beaufort Sea

To GBS 8 suitable for 170,000 m? Polar Class LNGC and 44,000 DWT Polar Class
condensate tanker

4 loading arms for LNG transfer and 2 loading arms for oil/condensate. 1 LNG
offtake expected every 7 days on average, and maximum 1 oil/condensate offtake
every 30 days.

4 x 1 MTPA Single Mixed Refrigerant units

4 x Gas turbines with direct drive

140 Persons on Board (POB)

3 x Polar Class Icebreakers

4-6 knots towing speed with expected duration 4 to 6 weeks.

| cas installaton

GBS installation 3 X Polar Class Icebreakers (HIB, PIB, EIB)

Figure 3-4 presents the proposed preliminary layout for the GBS.
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Figure 3-4 Mackenzie Delta LNG and Condensate GBS Preliminary Layout

For Option 2, the condensate goes by pipeline to Norman Wells eliminating the need for condensate
storage and loading on the GBS. As the size of the GBS would need to stay the same to ensure protection
for the LNG carriers during the winter, the storage space that would have been used by the condensate
can be used for additional LNG storage. That increases the LNG storage capacity from 260,000 m? to

376,000 m® which provides more flexibility for the LNG carriers.

[ | Cost Estimate for GBS

3.6.1 Capital Costs

The capital costs for the GBS options are presented in Table 3-4.

Table 3-4: Capital Cost Table

Single GBS (LNG+ O)
Component
2021 CANS$ Million

GBS Hull
GBS Topsides

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report
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Single GBS (LNG+ O) ACEER (NG
Component +GBS (0)
2021 CANS Million 2021 CANS Million

2021 CANS Million

*LNG storage increased from 260,000 m? to 376,000 m® using the space that was taken up by the oil storage.

Single GBS (LNG)

3.6.2 Operating Costs
The operating costs for the GBS options are presented in Table 3-5.

Table 3-5: Operating Cost Table

Annual Cost 2021 CAN$

Qty. Unit $/day Total

. Crew 140 Persons on 87,500 63,875,000
Board

. Catering 140 Persons on 63 3,219,300
Board

- Hull Maintenance Budget 7,500 2,737,500

- Topsides Maintenance Budget 86,662,500

Crew Transfer

Qty. Unit $/flight
Chopper to Shore 10 flights/month 25,000 3,250,000
Airfares flights/person 3,750 6,825,000

Misc. (Insurance Management, 16,656,880
Fleet Management, Supply,
Logistic, etc.)

Ice Management
Qty. Unit $/month
12 1,250,000

Polar Class Ice Breakers month 15,000,000
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Annual Cost 2021 CAN$

Subtotal Annual Cost

Total Cost (excl. contingency) 198,225,680
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4 Shipping Study

The shipping study in Appendix C assesses the ice conditions along the transportation route and at the
GBS. The report analyses the reference ice-capable LNG carriers and condensate tankers, as well as the
transportation scenarios to markets from the GBS. The ice management fleet at the GBS is described with
recommended ice management operations. Below is a high-level summary of the information contained in
Appendix C.

| Summary of Shipping Options

For the transit simulation, ice profiles are assigned to different legs of the transit route defined in Figure 4-
1. The ice profiles for the legs are derived from ice conditions for various sea areas/segments, using the
information presented in Appendix C. The ice conditions required for transit simulation are generated for
every sea leg/segment for average type of winter.

Figure 4-1 Carrier Route for Transit Simulation

Monthly ice profiles were generated for an average year for the transit simulation. In general, it should be
noted that the ice profiles did not account for multi-year ice. It was assumed that multi-year ice floes are
avoided with otactical navigationé.

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 62
2: 417087-34542-PM-RPT-0001



Advisian

AN
Northwest

Territories

Using odtactical navigationd means that the ice profile is modified to avoid the largest ridges and use ice of
a lower concentration. In real practice, this is achieved by choosing the most optimal route in the ice using
current satellite images, detailed ice charts and forecasts.

The following assumptions for transit simulation in ice conditions have been made:
1 Open water service speed for both ballast and loaded conditions are considered the same (19.5 knots

for LNG carrier and 13.5 knots for oil/condensate tanker).

I The simulations for both types of vessels have been done at design draft, it has been assumed that the
ice going capability does not differ significantly at ballast draft.

1 Speed limit when operating astern (12 knots for LNGC and 11 knots for tanker) has been set for the
simulation (this is based on practical full-scale experience of safe handling of ships stern first in ice).

There are additional operational assumptions that influence the resulting total roundtrip time. The
roundtrip cycle is:

Loading 6 Unmooring 0 Loaded voyage & Delays 6 Mooring 8 Unloading d
Unmooring 0 Ballast voyage 6 Delays 8 Mooring & Loading - & etc.
The following assumptions are used for LNG carrier:

Loading time: 48 hours

Discharging time: 30 hours

Mooring/unmooring time in summer 4 hours/roundtrip
Mooring/unmooring time in winter 6 hours/roundtrip

Other delays in summer 15 hours/one/way trip

= —a —a _—a _—_a -

Other delays in winter 25 hours/one/way trip

Loading and discharging time includes waiting for a given slot in harbours, custom procedures, receiving
permissions, etc.

Other delays are added to account for: bad weather, pilot boarding, and in this study the time required to
overcome the approach area through the shear zone and fast ice to the GBS (assumes 10 hours).

Yearly production of LNG is 4.0 MTPA, with density 0.45 t/m? and it is assumed that monthly production is
constant.

Assumptions which are used for condensate tanker:

1 Loading time: 36 hours

1 Discharging time: 24 hours

1 Mooring/unmooring time in summer 4 hours/roundtrip
1 Mooring/unmooring time in winter 6 hours/roundtrip

{1  Other delays in summer 15 hours/one/way trip
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1 Other delays in winter 25 hours/one/way trip

Yearly production of condensate is around 360,000 t (based on maximum level of 10 000 barrels/day and
cargo density 0.65 t/m?3) and it is assumed that monthly production is constant.

GBS additional storage (in addition to buffer storage needed to load one vessel) both for LNG and
condensate is calculated to assure smooth yearly transportation during longer roundtrip times in the
wintertime.

The initial transit study has shown that for the export of 4 MTPAof LNG from the Mackenzie Delta to
China, five specialized icebreaking LNG carriers (similar to YamalMax type) are required and can operate
on this route year-round in average winter conditions. The actual calculated maximum number of LNGCs
during the winter months is 4.7.

An option to reduce the number of icebreaking LNG carriers by transferring the LNG to ocean-going LNG
carriers at Dutch Harbor during the winter was considered. Although the number of Icebreaking LNG
carriers could be reduced to 3 from 5, additional carriers would need to be added during the summer or
the amount of LNG storage would need to be increase from 260,000 m?® to 448,000 m3. During the winter,
there would be an additional cost for 3 ocean going LNG carriers. This option could be considered in
future phases of the project (see Appendix C for more details).

For the export of condensate from the Mackenzie Delta to Vancouver, one ice going product tanker
(similar to Boris Sokolov type) is required.

4.1.1 LNG Shipping

The LNG carriers used for this study are based upon the Yamal LNG carrier, Figure 4-2 which are ice class
rated as Polar Class 3 (PC3). The design is dedicated for efficient navigation both in difficult ice conditions
and on long open water voyages. The net cargo capacity of these vessels is 170,000 m® which is a standard
volume for modern conventional LNG carriers.

e

YAMAL ARCTIC LNGC

Figure 4-2 Yamal LNG Carrier Image

The icebreaking carriers would make the full round trip to Shanghai (used for transit calculation). This will
require 5 icebreaking LNG carriers to transport 4 MTPA. Figure 4-3 presents the transportation system
simulation results for 4 MTPA LNG production using the reference YamalMax LNGC for an average winter.
The orange line represents production, which is a constant. The green line represents the required GBS

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 64
2: 417087-34542-PM-RPT-0001



Ad isi
Worley Group

AN
Northwest

Territories

storage (including buffer and additional storage). The bar lines represent cargo loaded in the fleet. The
black dots represent the number of vessels required in the fleet each month once storage is considered.
The number of vessels per month is intentionally left as non-integer numbers to provide the month-to-
month sensitivity and to show the effect of additional storage on the fleet. As can be seen, more
icebreaking LNG carriers will be needed in the winter. The simulation below only uses 4.7 LNG carriers
during the winter, if all 5 LNG carriers were used to their full capability during winter, 4.24 MPTA could be
transported, resulting 4 MPTA being delivered to Asia

Average Winter, Mackenzie Delta - Shanghai
YamalMax LNGC (fleet of 4.7 vessels)

mmmm Cargo transported by fleet — Production s Floet cargo capacity Storage need W MNumber of vessals

450,000 5.0

4.7 4.7
| | | |
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Figure 4-3 Transportation capability analysis for average winter, 4 MTPA of LNG, year-round to Shanghai, YamalMax
LNGC, one GBS storage limit.
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4.1.2 Oil/Condensate Shipping

The condensate carrier is based upon the Boris Sokolov carrier which is ice class rated as PC3. described in
Figure 4-4. The Boris Sokolov is a product tanker with five separate cargo holds. The vessel is specifically
dedicated for transportation of gas condensate from Arctic areas to markets. As an extra feature, the
vessel can transport fuel oil for other needs in its fore storage tank (1,400 m?®) during ballast voyage to
Arctic waters.
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Figure 4-4 Arctic condensate tanker Boris Sokolov during delivery ice trials in 2019 (Source: Aker Arctic)

The Icebreaking condensate carriers would make the full round trip to Vancouver. This will require one
icebreaking condensate carrier to transport 0.377 MMTPA of condensate as presented in Figure 4-5.
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Average Winter, Mackenzie Delta - Vancouver
Condensate carrier (fleet of 1 vessel)
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Figure 4-5 Transportation capability analysis for average winter, 0.36 MTPA of gas condensate, year-round to
Vancouver, Boris Sokolov type tanker.

4.1.3 Ice Management

For ice management at the GBS, three types of icebreakers are required:

{1  HIB: Harbor Icebreaker 6 smaller icebreaker for flushing the area around the GBS to allow the LNG and
condensate carriers a clear path to the loading facilities. See Figure 4-6.

f  PIB: Primary Icebreaker 0 primary ice breaker to break the ice channel to the GBS. See Figure 4-7

I EIB: Escort Icebreaker 8 A heavy-duty icebreaker for escorting in hard ice conditions, such as multi-
year ice. The EIB can be used for escorting either the LNG Carrier or Condensate tanker along the
route between the GBS and the Bering Sea. See Figure 4-8.
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Figure 4-6 Harbour Icebreaker 00b¢ operating nowadays at the Sabetta LNG GBS (source: Atomflot)

Figure 4-7 SFC Sakhalin icebreaker (Source: FESCO)
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Figure 4-8 Escort Icebreaker (Source: Aker Arctic)

I Ice Management Operations

The typical Ice Management Vessel operations and duties are described in detail in Appendix C: Transit
and Ice Management Study.

I Cost Estimates Shipping

The shipping costs for the LNG and oil/condensate are summarized in Table 4-1.

Table 4-1: Cost Estimate Table

5 LNG Carriers 1 Condensate Carrier

Cost Element
2021 CAN$ MM 2021 CAN$ MM

|
;
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*Lease cost is based upon a 20-year lease for the carriers. The Lease cost is used in the economic model.

**Delivered product is 4 MTPA produced at the GBS less LNG used as fuel to the delivery point in Asia.

| Ice Management Costs
The ice management (IM) requires three icebreakers at the GBS. The three ice breakers are identified as:

1  HIB: Harbor Icebreaker
1  PIB: Primary Icebreaker
{1 EIB: Escort Icebreaker

The cost of assisting the carriers are at the minimum level during the open water season and increase
gradually towards the winter reaching the maximum level typically in January. Costs start to decrease in
the middle of spring, first steadily and then, around June, rapidly reaching the minimum level again when
all of the ice has melted. Ice drifting during autumn, when the ice cover is not yet thick and stable, may on
occasion require additional work and costs. In addition, during the ice melting season and Mackenzie River
flooding, ice drifting may occasionally be caused from the shore towards offshore requiring additional
efforts by the IM vessels. However, these events are not considered challenging for the IM vessels to
manage but occasionally operational costs can be expected to increase

The operating costs for the icebreakers vary between the winter and summer season as described in
Table 4-2. These costs are included as OPEX costs for the GBS.

Table 4-2: Ice Management Cost Table

Element Winter Season (6 months) Summer Season (6 months)

Cost Element Units HIB PIB EIB HIB PIB EIB
IM at Terminal Hours 60 60 24 24 0 0

Hours 0 0 200 34 3.2 32
CAN$ 79,040 144,906 757,554 121,067 191,544 231,200
CANS 225,000 247,500 247,500 97,500 107,250 39,000
CANS 304,040 392,406 1,005,054 218,567 298,794 270,200
CAN$ 1,701,500 787,561
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5 Cost Estimate Summary
The cost estimate summary on a rolled-up basis is presented in the Table 5-1 below for the total costs for
Option 1 Base Case.

Table 5-1: Option 1 Base Case

CAPEX OPEX
2021 CAN$ Million 2021 CANS$ Million/Year

Initial Field Development 2,768 69

Base Case Onshore Export 518 12
Pipelines
Base Case Offshore Export 515 1
Pipelines

Cost Element

CAPEX OPEX
2021 CAN$ Million 2021 CANS$ Million/Year

Cost Element

Initial Field Development 2,768 69
Initial Gathering 146 3

Natural Gas Onshore Export 389 9
Pipeline

Natural Gas Offshore Export 477 1
Pipeline

Condensate Onshore Export 1,266 142*
Pipeline
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CAPEX OPEX
2021 CAN$ Million 2021 CAN$ Million/Year

*Include the transportation toll to get from Norman Wells to Edmonton.

Cost Element

**Includes the Ice Management costs at the GBS.

In addition to the two Options identified above, sensitives to phasing of different fields and the impact of
potential carbon sequestration at Taglu were developed. Table 5-3 summarizes the Upstream CAPEX (field
development, conditioning facilities and CGPF) for the different sensitives. The facilities downstream of the
CGPF are not considered in the table below.

Table 5-3: Summary of Upstream CAPEX Options

Initial CAPEX Total CAPEX

Future CAPEX
Options

2021 CAN$ MM 2021 CAN$ MM 2021 CAN$ MM

©ejile]glk | Base Case 2,914 3,093 6,007

2 GBS 2914 3,093 6,007

Low Carbon 2,914 3,768 6,682

Ultra-Low Carbon 3064 4,791 7,855

All Fields 4674 1,017 5812

Anchor Fields 3,732 1,973 5,706

Base Case Oil 3,123 3,093 6,216

©leiilelnZ | Pipeline to Norman Wells 2914 3,093 6,007
NW Pipeline Oil 3123 3,093 6,216

L High-Level Project Schedule

The project is currently in the conceptual stage of develop. The following chart is a high-level schedule
that identifies the major activities that are required to have the MDLNG project onstream by 2030.
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Table 5-4: High-level Schedule Table

Project Project Validation Project Project Project
Development

Operations

(Feasibility Study) Regulatory Commitment Implementation

Business plan
developed

Organization
Funding

Management
Structure

External
Resource Plan

Policies &
Procedure Plan

Project
Execution Plan

Financial Plan

Critical Risk
assessment

Determine
Project
ownership,
finance and
operating
strategy

2022-2023

Begin Stakeholder
Engagement,
Environmental
Screening &
Route Definition

Develop and
submit export
application

MOU(s) with
potential off
takers

Pre-FEED
engineering
Develop Class 4
estimate

Develop and
submit regulatory
application
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Regulatory
hearing
process

Determine
ownership,
finance and
operating
terms

FEED
engineering

Definitive off-
take
agreements

Participants
Commit to
Project

Regulatory
Hearing
Process

Complete FEED
Engineering
Class 3
Estimate

Start Detailed
Design

Project
financing

Regulatory
approval
received

Construction
begins

Complete
Detailed Design

Operating
organization

Begin
construction of
upstream
facilities

Begin
construction of
GBS

Begin
construction of
Ice breaking
LNG and
Condensate
Carriers

Begin
construction of
Ice breakers for
ice management

Commence
operations
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6 Economic Evaluation

L Summary
There were two main options:

f Option 1 & natural gas and condensate pipelines to offshore GBS(s)

f  Option 2 d natural gas pipeline to offshore GBS (LNG), condensate pipeline to Norman Wells

For Option 1, alternatives were evaluated for variations on field development production timing, liquids
and/or oil processing, export pipeline connections from Taglu Central Gas Processing Facility to the GBS,
LNG compression power source, power/energy and CO, management configurations. The LNG only case
(1_LNG) excludes the associated liquids capital and operating expenses from the CGPF through shipping
to highlight the additional costs associated with liquids handling.

Both Option 1 and 2 considered adding oil production as a variation to see if that would improve the
economics.

The options evaluated are summarized in Table 6-1. Production profiles scenarios each for the Base Case,
All Fields and Anchor are detailed in Section 2.1.2. Schematics detailing each of the options and sensitivity
cases can be found in Appendix A.
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Table 6-1: Options Evaluated and Summary Table

Focus Decisions Kk Phasing

Strategic Themes n

Qil /
Liquids
Processing

GBS
Connection

GBS
Configuration

LNG

Compression

Power

Export

Electricity /
Power

AN
Northwest
Territories

Carbon
Management

# Decision Inputs - Nig, Taglu & - Liquids - Gas - Combine LNG/ - Gas Turbine - LNG GBS - - Centralized - Associated CO2
Umiak, Parsons L, (Condensate) - Liquids Liquids - Electric Drive Vessel NGCC (capture & sequester
other later (Base - Liquids + Oil - Separate - Liquid GBS - - Distributed process gas (CCS))
Case) - Multi-Phase Platforms for LNG/ Vessel NGSC - NGCC Flue Gas

- All Fields (Year 1) Pipeline Liquids - Taglu - - Renewables
prorated - Subsea Power Pipeline to Integration

- Anchor Fields (Yr 1) Cable Norman Wells

prorated, other fields

later

1 1 _BaseCase - Nig, Taglu & Liquids - Gas Pipeline Combine - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak (Yr 1), (Condensate) - Liquids Pipeline  LNG/Liquids Vessel Gen Flare (emergency)
Parsons L, others - Liquid GBS & Field
later Vessel

2 1.2GBS - Nig, Taglu & Liquids - Gas Pipeline -2 GBS each for - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak (Yr 1), (Condensate) - Liquids Pipeline  LNG/Liquids Vessel Gen Flare (emergency)
Parsons L, others - Liquid GBS & Field
later Vessel

3 o 1_LowCarb - Nig, Taglu & Liquids - Gas Pipeline Combine - Gas Turbine -LNG - Dist. Power -Associated CO2

= Umiak (Yr 1), (Condensate) - Liquids Pipeline  LNG/Liquids Vessel Gen CCs
o S
i Parsons L, others - Liquid GBS & Field

later Vessel

4 1_UltralLC - Nig, Taglu and Liquids - Gas Pipeline Combine - Electric Drive -LNG -Centralized -Associated CO2
Umiak (Yr 1), (Condensate) - Liquids Pipeline  LNG/Liquids Vessel NGCC CCS
Parsons L, others - Subsea Power - Liquid -Renewables ‘NGCC Flue Gas
later Cable Vessel (CCs)

5 1_AllField - All fields Year 1 -  Liquids - Gas Pipeline Combine - Gas Turbine -LNG - Dist. Power Vented CO2
prorated (Condensate) - Liquids Pipeline  LNG/Liquids Vessel Gen Flare (emergency)

- Liquid GBS & Field
Vessel

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report
2: 417087-34542-PM-RPT-0001

Advisian 75



Advisian

AN
Northwest
Territories
Focus Decisions K Phasing Oil / GBS GBS LNG Export Electricity / Carbon
Strategic Themes n Liquids Connection Configuration Compression Power Management
Processing Power
6 1_Anchor - Nig, Taglu, Liquids - Gas Pipeline Combine - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak & ParsonsL  (Condensate) - Liquids Pipeline  LNG/Liquids Vessel Gen Flare (emergency)
(Yr 1), others later - Liquid GBS & Field
Vessel
7 1 LNG - Nig, Taglu, Liquid Costs - Gas Pipeline LNG - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak & ParsonsL  excl. Vessel Gen Flare (emergency)
(Yr 1), others later GBS & Field
8 1 BC_Qil - Nig, Taglu & Liquids + Oil - Gas Pipeline Combine LNG/ - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak (Yr 1), - Liquids Pipeline  Lig + Oil Vessel Gen Flare (emergency)
Parsons L and - Liquid GBS & Field
others later Vessel
9 2_PipeNW - Nig, Taglu & Liquids - Gas Pipeline LNG Only GBS - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak (Yr 1), (Condensate) Vessel Gen Flare (emergency)
Parsons L, others - .L|q.. GBS & Field
later Pipeline to
Norman
-g Wells
=
10 f) 2_PNW_OlI - Nig, Taglu & Liquids + Oil - Gas Pipeline LNG Only GBS - Gas Turbine -LNG - Dist. Power Vented CO2
Umiak (Yr 1), Vessel Gen Flare (emergency)
Parsons L, others - _L|q..+ Qil GBS & Field
later Pipeline to
Norman
Wells
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Project Assumptions

The analysis relies on several input assumptions, as stated in the following Table 6-2. These are generally
financial assumptions to which the results may be sensitive.

Table 6-2: Input Assumptions

Parameter Value Source/Comment

1.25 Bank of Canada 02-2021

2003 1.45 Statistics Canada

US$ 3/MMBtu Sproule 02-2021

US$ 10/MMBtu Delivered to Asia

CANS$ 60/bbl (Edmonton)  Sproule 02-2021-02

CANS$ 42.82/bbl Tolls for Line 21 and Rainbow pipeline
CAN$170 t CO2e Government of Canada

GHG Emissions

Scope 1 0.054 t CO.e/Mcf Field gas consumption, power generation

LNG INTENSITY TARGET 0.16 t CO.e/t LNG Government of British Colombia

CO,/GHG Issues

6.3.1 Carbon Pricing

Sources of greenhouse gas emissions (GHG) considered within the evaluation include field gas combusted
for power generation and associated gas from processing. These are considered Scope 1 emissions, which
are those emissions that are generated on site or directly through operations. Carbon pricing for
industrial emitters for the Government of NWT is governed under the Petroleum Products and Carbon Tax
Act and Regulation, in compliance with the Government of Canada, Greenhouse Gas Pollution Pricing Act
(GHGPA).

The Federal output-based pricing system (OBPS) for large industrial emitters is designed to enable large
emitters to maintain their global competitive position and reduce carbon leakage risk by setting a
performance standard based on GHG emissions emitted for each unit of output and providing an incentive
to cut carbon pollution (Government of Canada, 2021a).
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The Government of Canada introduced the Impact Assessment Act (IAA) in August 2019. Included in the
IAA is an assessment of the extent to which a given project is expected to hinder or contribute to Canadais
climate change commitments and goals. Canadais current target under the Paris Agreement is to reduce
greenhouse gas (GHG) emissions by 30% below 2005 levels by the year 2030. Additionally, Canada is
aspiring to achieve net-zero emissions by 2050.

Among many other elements of assessment, the IAA considers integration of GHG-related best available
technologies (BAT) and best environmental practices (BEP). BAT/BEP are defined as dthe most effective
technology, technique or practice economically achievable for reducing GHG emissionsé (ECCC, 2020).
Accordingly, approval subject to the IAA could be anticipated to consider a high cut off value as a
condition of as BAT requirements and alignment with overall climate change commitments (JWN, 2019).

The global range for GHG intensity for LNG facilities lies between 0.15 and 0.44 t COe/t LNG based on
current technology and development (JWN, 2019). LNG facilities within Canada are projecting world
leading intensity rates through electrification as low as 0.06 t CO2e/t LNG.

It is expected that the future policy for NWT would emulate LNG standards in other Canadian jurisdictions.
This study uses the performance intensity rate of 0.16 t CO.e/t LNG, as applied under the Liquefied Natural
Gas Environmental Incentive Program for the province of British Colombia under the Greenhouse Gas
Industrial Reporting and Control Act (GGIRCA).

For the purposes of this analysis, pricing of GHG emissions is assumed to be consistent with the OBPS,
where emissions above the benchmark intensity are subject to tax and those below are subject to a credit.
It is anticipated that operations would be not be anticipated to start before 2030, therefore the price of
carbon is set according to the current indicated policy of $170 per t COze in 2030 under the GHGPA.

6.3.2 Greenhouse Gas Emissions

Annual GHG emissions were calculated using the estimated CO, removed from process gas and natural
gas combustion and flue gas. CO, content will vary depending on field, the factors presented in Table 6-3
were applied for each of the developed fields. Figure 6-1 provides the associated emissions by field.
Parsons Lake with the highest CO; content in the natural gas emits the highest amount of CO..

Table 6-3: Associated Gas COZ2e recovered factors by field

Field t CO2/MMcf of natural gas

Taglu 0.15
Niglintgak 051
Parsons Lake 172
Umiak 0.12

Other Fields 0.51
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Figure 6-1 Lifecycle Associated Gas Emissions by Field

Table 6-4 provides the power generation, demand and emissions assumptions for the GHG emissions from
the turbines required for field and GBS required power and compression.

Table 6-4: Field and LNG Power and GHG Emission Basis

LNG Power & Compression MW
Capacity

Base Case Low Carbon Ultra Low Carbon
(Distributed) (1_LowCarb) (1_UltraLC)

Wind Capacity MW average
Total NG Based Power Demand
Onshore Fuel Gas Use MMcfd 35 35 35

In the model, carbon capture and sequestration are implemented in year 10 for the Option 1 Low Carbon
and Option 1 Ultra Low Carbon cases. The model includes associated capital expenditures (wells,
compression, electric drives for liquidation, power generation, power transmission), operating expenses,
field gas use and reduced carbon taxes owed.

Figure 6-2 provides a breakdown of the GHG emission contributors and reduction potential from the Base
Case and the Ultra-Low Carbon option. Offshore power and onshore gas consumption contribute the
largest amount of greenhouse gas emissions over the life of the project, while the greatest reduction
potentials come from increased energy efficiency and carbon capture technology for post-combustion
emissions. The Low Carbon Option only considers carbon sequestration for the Acid Gas/Associated Gas.
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All remaining options and sensitivity cases assume that greenhouse gas emissions are vented and priced

based on Canadais carbon tax rate of $170 tonne in 2030 for all emissions greater than 0.16 t CO,/t LNG.

The predicted emissions profile relative to the OBPS benchmark of than 0.16 t CO2/t LNG for the different
options are shown in Figure 6-3 below:
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GHG Emissions - Presumed Taxable above 0.16 tonnes CO2e/tonne LNG
Base Case(option 1)
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Option 1 - Base Case = Low Carbon  =——Ultra Low Carbon

Figure 6-3 Lifecycle GHG Emission Profiles

It should be noted that these two sources (CO. extracted from the gas stream and CO, sequestered from
the flue gas at Taglu) are expected to represent the large majority of emissions but do not represent all
the GHG emissions expected from the project. Additional sources would also include fugitive emissions,
emergency flaring, fuel consumption for shipping, equipment, vehicles, and other sources.

I Financial Summary Results

6.4.1 Financial Present Value (PV)

Results are depicted graphically in Figure 6-4 showing the project costs on a Present Value (PV) basis in
dollars for each of the options. Figure 6-4, shows the total cost for each of the options.
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Figure 6-4 PV Costs (CAN$) up to 2054 § Individual Options

Figure 6-5 shows the marginal comparison of Option 1 to its sensitivity cases on a Present Value (PV) cost
basis. Option 1(1_BaseCase), outperforms all cases aside from the low carbon cases (1_LowCarb,

1 UltralLC). The LNG only case (1_LNG) excludes the associated liquids capital and operating expenses
from the CGPF through shipping to highlight the additional costs associated with liquids handling.

NPV ($ CAD) up to 2054 - Compared to 1_BaseCase

0.000 -1.884B 14.26M 753.2M -1.470B -1.023B -495.6M 919.0M

1.0B

0.5B

-0.5B

-1.0B

-1.5B

-2.0B

1_BaseCase 1_LowCarb 1_AlIField 1_BC_Oil
1_2GBS 1_UltraLC 1_Anchor 1_LNG

Figure 6-5 PV Production Costs to 2054 6 Marginal Comparison of Option 1 Base Case and Sensitivity Cases
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The following observations can be made:;
1 There are significant additional capital and operating expenses associated for the second GBS with the
two GBS case (1_2GBS).

1 The increase in costs for the All Field and Anchor cases (1_AllField, 1_Anchor) are associated with the
additional upfront capital required for the early production timing.

1 Additional costs for capital and operating expenses associated with centralized power, renewables and
carbon capture and sequestration are offset by a significant reduction in GHG carbon taxes over the
life of the project with the ultra-low carbon case.

6.4.2 Landed Cost Comparison

Figure 6-6 provides the total landed cost for each option in USD $/MMBtu. Landed costs are presented in
USD for benchmark comparison to international markets. Total costs are split into the following:

1 Field Development - costs required to develop the field and deliver to the GBS/LNG facilities including
development wells, flow lines, conditioning facilities, gathering pipelines, central gas processing
facility, and export pipelines,

f LNG OPEX - costs to maintain and support the GBS including costs for ice management,

1 LNG CAPEX - costs of the GBS Hull, LNG liquefaction, LNG storage and loading, liquids handling
facilities and all other equipment (power generation, accommodations, and utilities) on the GBS.

1 Shipping - cost to transport LNG or liquids to market

1 GHG Taxes - greenhouse gas taxes are the net taxes paid for each option over the life of the project.
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Figure 6-7 Provides the cost comparison between Optionl transporting condensate by ship versus Option
2 shipping condensate by pipeline. The Handling cost for Option 1 is the cost for the Export Pipeline,
storage and loading facilities at the GBS related to the condensate, with the transport cost being the cost
of transporting the condensate by ship to market. For Option 2 the transport costs include all costs
downstream of the CGPF to the market.
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Based upon a price of US$ 10/MMBtu as forecast by Sproule, the MDLNG project even at US$ 7.7 MMBtu
would generate a positive profit. For the condensate, the cost of US$ 32.18/bbl (CAN$ 40.22/bbl) would be
a positive contribution at the forecast value of CAN$ 60/bbl. With the much higher capital investment and
high transportation tolls makes Option 2 uncompetitive in the market.

Mackenzie Delta LNG Pre-Feasibility Study - *REVISED* Final Report Advisian 85
2: 417087-34542-PM-RPT-0001



Advisian

AN
Northwest

Territories

7 Conclusions

This pre-feasibility study Indicates that the MDLNG Project is technically and economically feasible. The
Mackenzie Delta contains substantial proven onshore conventional natural gas reserves that could be
developed for export that would provide economic benefits to the Inuvialuit Settlement Region, NWT and
Canada.

The upstream facilities need to be staged such that the supply nearest to the offshore GBS (Niglintgak,
Taglu and Umiak) are developed initially with Parsons Lake and smaller fields added later in the project to
offset field declines at Niglintgak, Taglu and Umiak. By locating the gas processing onshore and designing
the facilities for carbon capture and storage (CCS) the carbon footprint will be reduced. A single GBS that
liquifies the natural gas, provides storage and loading facilities for the LNG and condensate is
recommended.

The landed cost of LNG in Asian markets although at the high end of the range, will be competitive with
other North American projects particularly if CCS is successful.

A more detailed feasibility evaluation of the transportation of LNG and gas condensates from the
Mackenzie Delta would include the following studies:
7 Detailed reservoir simulations for each of the fields to confirm the gas deliverability forecasts.

1 As part of the detailed reservoir simulations, condensate production profiles should be developed that
are consistent with the natural gas production profiles.

. An analysis of potentially re-injecting the condensate back into the reservoirs to eliminate the
requirement for shipping condensate.

T An analysis of the feasibility of using Wind and Solar as potential power sources to reduce the carbon
footprint at the conditioning faciliti