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Purpose of This Document

This document presents a strategic, technical, and financial assessment of the proposed Alaska—
Canada rail corridor, referred to as the Northern Continental Corridor. It consolidates
engineering baselines, market analysis, policy frameworks, financial modeling, and risk
evaluation into a single reference designed for investors, policymakers, Indigenous
governments, engineering partners, and regulatory institutions.

The objective is to establish a coherent foundation for understanding the corridor’s long-term
commercial potential, national strategic relevance, and institutional pathways for advancement.
The material integrates historical feasibility work, contemporary economic analysis, validated
financial benchmarks, and Monte Carlo uncertainty modeling to support early-stage decision
making.

Role of EAM LLC

E4M LLC served as the technical advisor, strategic analyst, and integrator of the materials
contained in this document. Its role is to translate publicly available data, existing engineering
studies, and professional judgment into a structured planning reference. E4AM does not seek an
ownership position or operational authority in any prospective project entity. The concepts
presented are illustrative and intended to guide dialogue among qualified stakeholders and
authorities who may elect to advance subsequent studies or implementation efforts.

Contact Information

For inquiries related to this assessment or requests for supplemental analysis, please contact:
Kevin Thompson — Kevin@E4MConsulting.com | (208) 867-9340

Greg Madalena — Greg@E4MConsulting.com | (907) 982-7102

E4M LLC welcomes coordination with government agencies, Indigenous partners, private-sector
stakeholders, and institutional investors as part of early-stage evaluation and planning.

Scope and Limitations

The information presented is derived from publicly sourced data, historic feasibility studies,
government filings, industry research, and professional assessments. All costs, forecasts, and
modeling outputs are planning-level estimates and should not be interpreted as final or
definitive. Readers should validate assumptions independently and confirm regulatory
requirements with appropriate authorities. This document does not constitute a commitment of
funding or approval by any U.S. or Canadian government entity, nor does it reflect a binding
recommendation for project execution.

Intended Use

This document is intended to guide early policy dialogue, capital-planning discussions, and
institutional evaluation. It outlines potential pathways for corridor authorization, governance
structure, financing approaches, engineering execution, and long-term operating models. The
analysis also identifies areas requiring further technical investigation and establishes a coherent
platform for subsequent studies, regulatory applications, or investment processes.
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1.0 Executive Summary

The Northern Continental Corridor is a proposed 930-1,240 mile heavy-haul rail and utility
corridor that connects the Alaska Railroad to the continental North American rail network through
Yukon and northern British Columbia™2. The project is designed to expand continental trade
capacity, unlock northern mineral and energy districts, strengthen supply chain resilience, and
support long-term national security and community development in both the United States and
Canada 17,23,25,31,34.

The corridor rests on a validated engineering foundation, a diversified demand outlook, and a
favorable policy environment that includes U.S. and Canadian critical minerals strategies,
northern infrastructure programs, and Arctic security priorities %17 18:19.23.25.31.34 ‘Fingncial
modeling, including a 20,000-run Monte Carlo analysis, indicates a viable asset in the base case
with meaningful upside in high-development scenarios **“8. Public—private-Indigenous
partnership structures and selective public participation provide credible pathways to de-risk
capital formation and long-term operations 33637,

The sections that follow provide detailed engineering, financial, policy, and risk analysis. This
summary highlights the core conclusions across eight themes.

Figure 1 General Route Map
1.1 Project Overview

The project establishes a

continuous inland freight and

utility corridor of approximately

930-1,240 miles between ALASKA

Alaska’s existing railhead and

the continental Class | network

192 . Ll YUKON NORTHWEST
»2, The alignment connects Glastaboriy TERRITORIES
mineral districts in Alaska,

Yukon, and northern British
Columbia to tidewater and
inland markets, while also SRITISH
providing a right of way for fiber COLUMBIA ALBERTA

and other co-located utilities " * Edmonton
2,31,34

*
Fort McMurray
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Table1.1 Corridor Snapshot

Total length 930-1,240 miles "2

Major bridges ~ 60 structures '

Water crossings  ~ 800 crossings '

Permafrost share ~ 40% of alignment >*

Track class Heavy haul, 136 lb rail ©
Design life 75-100 years (infrastructure) ©

The corridor is conceived as a long-lived asset that supports multiple generations of freight flows,
utility services, and northern community connections 2334,

1.2 Strategic Context

North American supply chains are under pressure from port congestion, climate-related
disruptions, and intensifying global competition for critical minerals '®'3'32, Both the United
States and Canada have elevated northern infrastructure, Arctic mobility, and mineral security as
national priorities in their economic and security strategies 72534,

The corridor advances these priorities by:

e Providing a redundant inland route that reduces dependence on a small number of Pacific
port and highway chokepoints 3232

e Enabling lower-cost access from northern mineral and energy districts to global markets
31,34

e Improving logistics for Arctic infrastructure, sensor networks, and communications
systems that support continental defense 2242

The U.S. Golden Dome modernization initiative, established under Executive Order 14186 and
funded through Public Law 119-21, directs approximately $24.4 billion USD in fiscal year 2025 to
integrated air and missile defense systems, with long-term modernization needs estimated near
$175 billion USD 2"22, Golden Dome does not include the corridor but contributes strategic
background for Arctic mobility. 232

1.3 Technical and Engineering Basis

The technical foundation of the corridor builds on the Alaska—Canada Rail Link Phase | program,
Van Horne heavy-haul studies, and UAF permafrost and Arctic infrastructure research 234,
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These sources confirm that a heavy-haul line of 930-1,240 miles is technically feasible, although
challenging, across the identified alignment envelope 234,

Key validated engineering elements include:
e Ruling grades of 1.0-1.5%, consistent with North American heavy-haul standards **©

e Approximately 40% of the corridor in discontinuous permafrost, managed through
insulated embankments, thermosyphons, and real-time monitoring >4

e About 60 major bridges and roughly 800 hydrological crossings, requiring long-span
structures and robust scour protection °

e 136 lb continuous welded rail on engineered ballast and subgrade ©

e Centralized Traffic Control and fiber-optic communications with embedded geotechnical
sensors® &

Table 1.3 Engineering Drivers
Permafrost extent Capital cost and long-term OPEX 34
Hydrology and bridges Structural costs and risk '
Terrain transitions Earthworks and grade control "2
Construction windows Sequencing and schedule "3
Utility co-location Cost sharing and incremental revenue 3%

Collectively, these factors shape the capital range and lifecycle cost profile modeled in the
financial analysis "2 &3,

1.4 Market and Demand Outlook

The corridor’s demand base is diversified across minerals, energy, containers, construction
materials, and defense logistics, which reduces exposure to single-sector volatility 3'-5233.34
Northern Alaska, Yukon, and northern British Columbia host deposits of copper, zinc, graphite,
rare earth elements, and other critical minerals that are central to energy transition and defense
manufacturing 3'-34,

E4M LLC Page 9 of 93
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Table 1.4 Indicative Freight Mix at Maturity

Freight Type Indicative Volume

Range
Minerals 10-18 million tons Copper, zinc, graphite, REE, other base

metals®" 34

Energy liquids Several million tons Hydrocarbons and NGLs, stable long-term ¥
Containers Moderate and rising Intermodal traffic via Alaska ports %3
Construction Several million tons Regional aggregates and building materials 32
materials
Defense and Lower absolute Mobility and sustainment for northern
logistics volume installations 232

Base-case total throughput reaches approximately 25 million tons at maturity, with high-case
scenarios in the 30-32 million ton range based on accelerated mineral development and
intermodal expansion 313234

1.5 Capital Requirements and Financial Performance

Validated benchmarks from ACRL, Van Horne, and global heavy-haul systems support a capital
range of $22-43 billion USD, reflecting differences in structure density, permafrost exposure, and
construction logistics across the 930-1,240 mile corridor 253", Operating expenditures are
modeled at 3-4% of capital per year, consistent with heavy-haul experience globally ©.

At maturity, modeled revenue reaches approximately $3.0-3.5 billion USD per year under base
assumptions, with EBITDA margins around 40-45% °'-3233 | A 20,000-run Monte Carlo simulation
using validated ranges for capital cost, throughput, tariffs, OPEX, and discount rates yields:

¢ MeanIRR in the 6-8% range for base conditions
e High-case IRR outcomes in the 9-11% range

e A positive NPV in roughly 70% of modeled outcomes 4448

E4M LLC Page 10 of 93
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Table 1.5 Financial Snapshot

Capital cost $22-43 billion USD 25631

Annual revenue at maturity $3.0-3.5 billion USD 3"32 33

OPEX 3-4% of capital per year ©
EBITDA margin 40-45% (modeled)

IRR (base) 6-8% (modeled) 4448

IRR (high) 9-11% (modeled) * 48

All financial values are modeled outputs, not forecasts, and depend on disciplined capital control
and throughput realization.

1.6 Public Policy and Institutional Alignment

The corridor aligns with a wide range of U.S. and Canadian policy objectives and programs. In the

United States, the Infrastructure Investment and Jobs Act, defense infrastructure authorities, and
Arctic strategies emphasize freight corridors, critical mineral supply chains, and resilient northern
logistics 223637 |n Canada, the National Trade Corridors Fund, northern strategies, and critical

minerals initiatives highlight the importance of northern infrastructure and gateway capacity '”-2>
31,34

Regulatory pathways are well established through FRA and STB in the United States and CTA,
IAAC, and YESAB in Canada "2 '3 |ndigenous partnership is a foundational requirement in
both countries and is supported by CIRNAC guidance on Indigenous-led infrastructure and equity
models °.

Golden Dome, while not a funding source for the corridor, reinforces federal focus on Arctic
domain awareness, distributed basing, and resilient logistics networks 2"2*24 The corridor’s
capabilities are therefore policy-aligned, even though no program designation or commitment
exists.

1.7 Economic Impact

Construction of a $22-43 billion USD corridor generates substantial employment and output
across multiple regions. Using FHWA, EPI, ARTBA, and IMPLAN multipliers, each $1 billion USD
in transportation infrastructure investment supports roughly 13,000-27,800 job-years when
direct, indirect, and induced effects are combined 44 4% 464748 Thijs implies total construction-
phase impacts on the order of 300,000-900,000 job-years over the build period, distributed
across Alaska, Yukon, northern British Columbia, and the broader North American supply chain.
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Long-term operations support:
¢ Increased mineral production and processing activity
e Lower delivered logistics costs for northern communities and industries
e Enhanced trade capacity through Alaska’s ports and continental connections
e Incremental tax revenues and business formation linked to corridor access 733450

1.7.1 Employment Impact Summary

The Northern Continental Corridor generates substantial employment across construction,
operations, and national supply chains. Applying federally established transportation multipliers,
each billion dollars of infrastructure spending supports between 13,000 and 27,800 job-years
across direct, supplier, and induced channels**4%46.47.48 Based on the corridor’s modeled capital
profile, this results in a total macroeconomic employment impact of approximately 420,000 job-
years, with a plausible range of 330,000 to 510,000 job-years.

Direct construction labor requirements peak near 8,500 workers during the mainline buildout
period, with roughly 47,000 direct construction job-years generated across the program. When
supplier and induced activity is included, total construction labor rises to approximately 105,000
job-years. Following commissioning, long-term operations support an estimated 1,200 direct
positions and approximately 2,150 total jobs across maintenance, terminals, signaling, rolling
stock, and control systems. Collectively, these effects reinforce the program’s contribution to
national labor markets and regional economic activity.

Table 1.7.1 Employment Impact Summary
Category Core Output Range / Notes
Peak Direct Construction Workforce ~8,500 workers | 6,900-10,300

Total Construction Job-Years ~105,000 Includes direct + indirect + induced
Direct Construction Job-Years ~47,000 37,000-57,000

Long-Term Direct O&M Jobs ~1,200 1,035-1,366

Long-Term Total O&M Jobs ~2,150 1,820-2,500

Macro Job-Years (National Impact) ~420,000 330,000-510,000

1.8 Overall Assessment

The Northern Continental Corridor is technically feasible, financially credible under base
assumptions, and strongly aligned with strategic objectives in both the United States and Canada
1.2.3,4,17.25,31.34 |ts diversified demand base, validated engineering standards, and policy alignment
with Arctic, mineral, and infrastructure strategies create a solid foundation for phased
development and binational evaluation.

The project’s most important strengths are:
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e Arobust engineering basis grounded in prior corridor studies and modern Arctic
infrastructure research %346

e Adiversified throughput profile anchored in critical minerals, energy logistics, containers,
and construction materials 3323334

e Strong alignment with U.S. and Canadian policy frameworks for northern development,
critical minerals, and Arctic mobility *'72%25.31.34

e Significant potential for Indigenous equity and co-governance, which improves legitimacy
and reduces authorization risk 2-3°

Together, these attributes position the Northern Continental Corridor as a credible candidate for
public—private-Indigenous partnership, multi-agency coordination, and long-term infrastructure
investment.
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2.0 Introduction and Problem Context

North America’s northern regions are undergoing structural change in logistics, resource
development, and strategic mobility. Rising global demand for critical minerals, increasing
pressure on Pacific ports, and evolving Arctic access conditions have elevated the importance of
inland transportation systems that provide year-round reliability. The Northern Continental
Corridor responds to these conditions by proposing a 930-1,240 mile heavy-haul rail and utility
route linking the Alaska Railroad to the continental network through Yukon and northern British
Columbia. "2

Both the United States and Canada have adopted policies emphasizing northern infrastructure,
supply chain diversification, Indigenous partnership, and resilience against climate-induced
disruptions '”:%25_|n the United States, the Golden Dome modernization initiative established
under Executive Order 14186 and funded in part through Public Law 119-21 directs federal

attention toward Arctic mobility, distributed basing, sensor logistics, and infrastructure resilience.
21,22,23,24

This study consolidates engineering, financial, policy, and market analysis to evaluate the
corridor’s viability and its role in continental development.

2.1 Historical Background

Formal study of an Alaska—Canada rail connection began with early 20th-century assessments
but gained structure with modern binational activities. The 2000 Rails to Resources Act
authorized joint U.S.—Canadian feasibility analysis 8. The 2005 Alaska-Yukon Memorandum of
Understanding initiated coordinated work on the Alaska—Canada Rail Link (ACRL), culminating in
the 2006 ACRL Phase | Feasibility Report which validated technical viability for a ~1,240-mile
heavy-haul rail alignment between Alaska and Canada .

Subsequent studies expanded the cost and engineering basis. The Van Horne Institute’s 2015
heavy-haul evaluation provided updated cost structures and route concepts for a similar corridor
of approximately 1,525 miles 2. University research from the UAF Institute of Northern Engineering
and the UAF Permafrost Laboratory further refined understanding of Arctic geotechnical
performance and permafrost controls .

The 2019-2021 Alaska—Alberta Railway (A2A) initiative renewed public attention on northern rail
development and produced contemporary cost and design inputs, although it ultimately did not
advance to financing. These historical efforts provide cost benchmarks, engineering precedents,
and regulatory lessons that inform current planning.

2.2 Structural Problems in Northern Logistics

Freight movement in Alaska, Yukon, and northern British Columbia remains constrained by limited
infrastructure, high transport costs, and seasonal reliability issues. Multiple external analyses
confirm persistent barriers to northern development, including cost penalties, capacity
constraints, and limited trade corridor redundancy '7-3"-34,
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2.2.1 Limited Modal Diversity

Northern supply chains rely heavily on trucking, barge service, and the Alaska Highway. This
modal structure exhibits higher cost per ton-mile compared to heavy-haul rail, is vulnerable to
weather disruptions, and lacks backhaul efficiency. These constraints limit competitiveness for
mining, construction, energy, and inbound goods markets, particularly in permafrost-affected
regions, which require specialized seasonal operations 32,

2.2.2 Resource Access Bottlenecks

Northern regions contain globally significant mineral and hydrocarbon deposits, but development
is often constrained by logistics costs. Yukon mining assessments and northern development
studies consistently identify transportation access as the primary barrier to advancing known
deposits from exploration to production *'-3* 17, Heavy-haul rail connectivity can lower delivered
costs by 30-50%, which materially changes project economics.

2.2.3 Continental Supply Chain Limitations

North American freight movement depends heavily on West Coast ports and a small number of
inland rail chokepoints. Supply chain resilience assessments show heightened vulnerability to
congestion, labor disruptions, and natural disasters in these corridors %3, Alaska’s ports offer
shorter trans-Pacific sailing distances and new intermodal routing opportunities, increasing
system redundancy.

2.2.4 Dependence on Single-Route Defense Logistics

Alaska hosts critical missile defense, long-range radar, and Arctic operations infrastructure. U.S.
defense mobility and STRACNET analyses emphasize the importance of resilient ground logistics
and redundancy for northern installations 2*242%42_ Heavy equipment currently enters the state via
marine routes or the Alaska Highway, both of which present strategic vulnerabilities. A rail corridor
significantly strengthens continental defense logistics posture.

2.3 Contemporary Drivers for Reevaluation

Several modern developments create an environment significantly more favorable than during
earlier evaluations.

2.3.1 Critical Mineral Demand

International Energy Agency and North American industrial analyses show rapid growth in
demand for copper, nickel, cobalt, graphite, and rare earth elements. Yukon and Alaska contain
several high-quality deposits whose feasibility improves markedly with lower delivered costs 37,
This trend has been reinforced by national critical mineral strategies in both countries.

2.3.2 North American Reindustrialization

Manufacturing reshoring, energy cost stability, and supply chain realignment are accelerating
industrial investment in North America. U.S. and Canadian economic outlooks indicate increased
long-term demand for secure supply chains and logistics pathways %6189,
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2.3.3 Arctic Security and Strategic Mobility

U.S. and Canadian Arctic defense strategies emphasize domain awareness, mobility, and
infrastructure support for northern operations 224, Investments in long-range radar, missile
defense, and early warning systems make ground logistics increasingly important. The emerging
Golden Dome air and missile defense initiative has further underscored the need for Arctic
mobility and resilient logistics 2"27:2°,

2.3.4 Regulatory Alignment for Infrastructure Development

Both federal governments have introduced large-scale infrastructure programs that were not
available during earlier feasibility studies.

e United States Infrastructure Investment and Jobs Act (lIJA) provides unprecedented
funding channels for rail, utilities, and multimodal corridors °.

e Canada’s National Trade Corridors Fund supports strategic gateway infrastructure aligned
with northern development priorities'® .

e Indigenous partnership authorities and regulatory frameworks, including YESAB and IAAC,
support formal co-development pathways '> 1335,

These programs create new financing and institutional tools for binational megaproject delivery.
2.4 Problem Definition for Investors and Policymakers

More than 20 years of feasibility work confirms the project’s basic technical viability, but key
questions remain for capital planners, policymakers, and Indigenous governance partners.

2.4.1 Can the corridor be delivered within a predictable capital range?

Benchmarks across ACRL (2006), Van Horne (2015), and A2A (2020) converge in the USD 22-43
billion range for a 930-1,240-mile corridor 23", These values are consistent with global heavy-
haul megaprojects in challenging terrain.

2.4.2 Can the corridor achieve stable, diversified freight demand?

Regional and continental freight forecasts supported by mining outlooks, energy logistics
projections, and industrial demand place mature throughput near 25 million tons per year, with
validated drivers across minerals, energy, construction materials, containers, and defense
logistics®" 3234,

2.4.3 Will the corridor generate institutionally credible financial returns?
Modeling based on validated benchmarks yields:

e Annual revenue: USD 3.0-3.5 billion

o EBITDA: 40-45%

e IRR:6-8%
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e Positive NPV concentration verified through 20,000 Monte Carlo simulations*+ 48
These outcomes align with the target range of institutional infrastructure investors.
2.4.4 Can permitting, Indigenous partnership, and regulatory alignment be effectively managed?

Modern regulatory frameworks (YESAB, IAAC, CTA, STB, USACE) provide clearer processes than
in earlier decades " 213.14 Indigenous partnership authorities and equity models offer strong
pathways for co-development and long-term alignment .

2.4.5 Are strategic and policy benefits sufficiently material to justify blended investment?

Defense mobility, trade diversification, and critical-mineral development each support partial
public participation. These policy priorities are supported in federal strategies, appropriations, and
Arctic posture documents 2'-22 2324,

2.5 Purpose of This Corridor Assessment
This document aims to:
e Present a unified engineering, financial, and strategic baseline

e Provide validated assumptions grounded in peer-reviewed, regulatory, and institutional
sources

o Offer afinancially rigorous framework suitable for investor evaluation
¢ Presentinstitutional pathways for binational authorization and permitting

e Support policymakers, Indigenous governments, and private partners in early-stage
decision making

The next section, Technical and Engineering Basis, builds on these foundations by presenting the
engineering parameters, terrain considerations, geotechnical conditions, structure requirements,
and system design concepts that shape cost, risk, and feasibility for a ~930-1,240-mile heavy-
haul corridor.
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3.0 Technical and Engineering Basis

The Northern Continental Corridor is conceived as a long-haul, heavy-freight rail and utility
system spanning approximately 930-1,240 miles, linking the Alaska Railroad network to the North
American rail grid through Yukon and northern British Columbia. The engineering design reflects
the interplay between terrain, geotechnical conditions, hydrology, climate, operational
requirements, and cost efficiency. The technical profile draws directly from the Alaska—Canada
Rail Link Phase | study ', Van Horne Institute heavy-haul assessments 2, Northern engineering
research led by the University of Alaska Fairbanks *4, North American freight system
benchmarks®, and modern heavy-haul design standards.

This section provides a unified, rigorous description of the corridor’s engineering basis, including
alignment logic, geotechnical considerations, structural requirements, track system design, civil
engineering demands, communications and control systems, utility corridor integration,
construction sequencing, environmental engineering, and cost formation. All engineering
assumptions are validated against the references and against the integrated modeling constraints
used throughout the study.

3.1 Corridor Alignment Logic

The corridor alignment reflects the need to balance constructability, operations, environmental
constraints, geotechnical conditions, and long-term lifecycle costs. The validated alighment
envelope of 930-1,240 miles 2 accounts for:

1. The need to connect major interior resource districts in Alaska, Yukon, and northern British
Columbia

Avoidance of severe terrain where feasible
Minimizing curvature and maximizing operational efficiency for unit trains

Reducing the extent of tunneling and large-span structures

o & 0N

Co-locating utilities along the right of way to reduce duplicative environmental
disturbance

6. Supporting long-term freight flows, especially minerals, energy liquids, containers, and
construction materials

The alignment follows a sequence of terrain provinces rather than a single continuous
physiographic type. It begins in southcentral Alaska, crosses interior valleys, traverses
discontinuous permafrost zones, crosses major river systems, and descends through northern
British Columbia toward the continental rail system. Each terrain province introduces distinct
engineering requirements, but the corridor maintains consistent operational standards that align
with Class | heavy-haul design®.
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3.2 Terrain and Geotechnical Foundations

Geotechnical foundations determine the corridor's capital cost structure and long-term lifecycle
performance. The dominant conditions include bedrock, glacial tills, alluvial soils, loess deposits,
and permafrost. UAF’s permafrost and Arctic infrastructure research indicates that approximately
40% of the corridor traverses discontinuous permafrost zones 4. These conditions are
manageable through modern Arctic engineering but require deliberate design to maintain stability
over the lifespan of the corridor.

The engineering approach includes:
e Selective excavation and replacement of ice-rich soils
¢ Placement of insulating embankments and geosynthetic layers
e Use of thermosyphon technology where required
e Segmentation of subgrade to allow differential settlement management
¢ Real-time thermal monitoring systems embedded in embankments
e Deep drainage structures to divert surface and subsurface water

These measures align with the validated geotechnical requirements in Section 3 and the OPEX
implications incorporated in Section 4.

Table 3.2 Geotechnical Conditions and Mitigation

Condition Extent Mitigation Strategy Reference
Discontinuous ~40% Insulated embankments, 3,4
permafrost thermosyphons, drainage
Alluvial and floodplain Widespread Ground improvement, deep !
soils foundations
Mountain passes Limited Controlled grades, selective 1.2
tunneling
Bedrock Extensive in Rock cuts, controlled blasting 1,2
Yukon
Glacial till Variable Subgrade stabilization 8

The corridor’s geotechnical profile is challenging but fully within the capabilities of modern
northern heavy-haul engineering.
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3.3 Hydrology, River Systems, and Bridge Engineering

The corridor crosses approximately 800 hydrological features and requires roughly 60 major
bridges’. Hydrology affects capital cost formation more than any other structural factor aside
from permafrost. Major rivers, including the Yukon River and several glacially fed tributaries,
require wide-span bridges capable of managing variable flows, ice forces, and seasonal
temperatures.

Engineering design includes:
e Long-span steel trusses
e Deep pier foundations
e Scour-resistant abutments
e Expanded design envelopes for ice, debris, and hydraulic forces
o Construction sequencing that minimizes in-water work windows

Hydrological uncertainty grows under climate variability; therefore, the design incorporates
resilience measures aligned with Canadian and U.S. environmental standards™ '> 3,

3.4 Ruling Grades, Curvature, and Operational Geometry

To support long unit trains with heavy axle loads, ruling grades must remain within 1.0-1.5% 2.
Curvature is minimized wherever terrain allows, and compensation is applied where curvature
and grade combine. The corridor design assumes:

¢ Maximum train lengths exceeding 7,000 feet
e Heavy axle loads exceeding 30-32 tons per axle
e Distributed power with modern control systems

These operational standards ensure competitive fuel consumption and stability, reduce
locomotive requirements, and improve overall throughput capacity.

3.5 Track System Design and Materials

The corridor utilizes 136-pound continuous welded rail on concrete or premium hardwood ties®.
Ballast depth and composition are designed for heavy-haul loading cycles. The design includes:

e Robust sub-ballast layers for freeze-thaw stability
e Premium granite ballast where locally available

e Welded rail strings to reduce joint maintenance
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o Rail lubricators, automated wayside detectors, and slow-order protocols in critical areas

Turnouts, sidings, and passing loops are spaced according to operational simulations that reflect
expected freight density and headway requirements.

3.6 Structural Requirements: Bridges, Tunnels, and Earthworks

Structural design forms a major portion of capital expenditure. The corridor minimizes tunnels,
relying on engineered cuts, fills, and grade adjustments. Tunnels are used only where grade
control cannot be achieved through surface construction.

Bridge engineering requirements reflect:
e Wide-span steel trusses
e Modular prefabricated components
e Climate-resilient coatings and materials
e Upgraded seismic criteria for portions of Alaska

Bulk earthworks remain a significant cost driver along the 930-1,240 mile alighment due to
terrain transitions and the need to stabilize slopes, riverbanks, and permafrost-affected areas.

3.7 Communications, Signaling, and Train Control

The corridor is designed with modern Centralized Traffic Control (CTC) linked through fiber optic
communications systems®. Wayside detection includes:

e Hotbearing detectors

e Rail flaw detection

¢ Wheelimpact load detectors

e Fiber-integrated geotechnical sensors for embankment monitoring

Additional utility co-location enables communications providers to deploy broadband and data
infrastructure within the corridor footprint, creating synergies that reduce long-term OPEX.

3.8 Utility Corridor Integration

Utility co-location enables shared use of the right of way for fiber optics, energy transmission,
water infrastructure, or future hydrogen pipelines. This reduces environmental disturbance,
creates incremental revenue opportunities, and strengthens resilience for remote communities.
Single-corridor construction lowers cost per utility mile and builds regional value.
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3.9 Construction Sequencing and Logistics

Construction sequencing follows a multi-year plan structured around terrain provinces, logistics
hubs, and weather windows. The corridor includes long stretches with limited road access,
requiring seasonal planning, staging areas, and modular construction.

Table 3.9 Construction Sequencing Overview

Phase Description

Phase 1 Accessroads, camps, initial clearing

Phase 2 Earthworks, drainage, and foundational structures

Phase 3 Bridge construction and major river crossings

Phase 4 Rail placement, ballast, tie installation

Phase5 Communications, signaling, utility co-location

Phase 6 Testing, commissioning, and certification

Construction duration is determined by seasonal access, river freeze-thaw cycles, and
geotechnical stabilization timelines.

3.10 Environmental Engineering Considerations

Environmental design incorporates mitigation for wildlife, hydrology, erosion, and culturally
significant sites. Engineering includes:

e Fish passage structures

e Longitudinal drainage channels

¢ Wildlife crossings in migration corridors

e Erosion-resistant materials

o Sensitive site avoidance in coordination with Indigenous governments

Both IAAC and YESAB require comprehensive environmental and socio-economic assessments
that integrate Indigenous knowledge systems %1315,

3.11 Engineering Cost Formation
Engineering cost formation integrates:
¢ Geotechnical conditions (permafrost, rock cuts, floodplains)
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e Structure density (bridges, retaining systems, culverts)
e Access challenges over hundreds of miles

e Material sourcing and transport distances

e Utility co-location efficiencies

The resulting capital range of $22-43 billion aligns with validated heavy-haul benchmarks 2831,
Higher-end values represent structure-heavy or permafrost-intensive alignments.

3.12 Engineering Basis Conclusion

The technical and engineering foundation of the Northern Continental Corridor is robust,
validated, and consistent with global heavy-haul practice. While construction occurs across
varied terrain and substantial northern challenges, no engineering barriers exist. All design
elements are grounded in proven technologies, validated cost structures, and established
standards that support long-term operational performance. The corridor’s engineering profile
supports the financial modeling, risk narrative, and strategic alignment presented in later
sections.
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4.0 Financial Analysis

The financial performance of the Northern Continental Corridor reflects the interaction of capital
expenditure requirements, operating costs, long-term freight demand, and revenue potential. The
corridor spans approximately 930-1,240 miles, which places it within an engineering and cost
range supported by the Alaska—Canada Rail Link Phase | study’, the Van Horne Institute heavy-
haul evaluation?, and cost benchmarks from the A2A Rail program?®'. The financial model
integrates these historic datasets, reconciles them with modern cost-per-mile evidence from
global heavy-haul systems®, and establishes a range of capital and operating assumptions used to
produce credible investment-grade forecasts.

The analysis presented here uses $2025 values throughout and is structured to reflect investor
expectations for transparency, defensibility, and sensitivity to risk.

4.1 Foundations of the Financial Model

The corridor’s financial architecture is based on engineering conditions validated in Section 3. The
length, terrain profile, permafrost segments, hydrological complexity, and bridge requirements all
translate directly into capital cost behavior. Traffic forecasts, unit train performance, intermodal
flows, and utility co-location opportunities drive revenues.

To maintain internal consistency, all financial assumptions reflect:
e A 930-1,240 mile heavy-haul corridor
o Validated per-mile cost norms from historical studies and global benchmarks’>©
e Modern Arctic construction practices with reduced variance in permafrost zones**

« Demand forecasts consistent with Yukon, Alaska, and North American industrial trends®"
32,34

e Operating practices aligned with Class | freight rail requirements® ©

The following tables present the foundational cost datasets used to construct the capital model.
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Table 4.1 Historical Cost Inputs (Converted to 2025 USD)

Reference Case Original Route 2025 USD Sources
Estimate Length Equivalent
ACRL Phase | (2006) $11 billion 1,240 ~ $17.5 billion !
miles

Van Horne Heavy Haul (2013 CAD 28-34 ~ 1,525 $37.5-45.5 billion | 2

CAD 28-34B) billion miles

A2A Rail (2020 CAD 22B) CAD 22 billion | ~ 1,600 ~ $19.7 billion 81
miles

Heavy Haul Global Norms — Various $10-20 million per | ©

mile

These cases anchor the capital envelope of $22-43 billion, which aligns with the engineering
characteristics of the corridor.

4.2 Capital Cost Structure and Phasing

Capital costs across the corridor derive from three major phases: preconstruction, mainline
construction, and system integration. Each phase contains specific cost drivers and discrete risk
profiles.

Table 4.2A Capital Structure Summary

Component Cost Driver Description Influencing Factors

Preconstruction Engineeringand = Geotech drilling, surveys, Permafrost density,
regulatory environmental baselines regulatory complexity

Mainline Civil works Earthworks, railbed, Mountain grades,

Construction structures, bridges hydrology, river

crossings
System Technology and | Signaling, communications, @ Class | interoperability,
Integration rolling stock terminals, locomotives long-span bridges
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Table 4.2B Capital Range by Phase

Phase Cost Range % of Notes
(USD) Total
Preconstruction $2.0 billion ~5% Intensive geotech improves cost
certainty
Mainline $15-25 billion = ~65% Largest cost driver, especially in high-
Construction structure zones

System Integration $5-10 billion ~ 30% Includes fiber, CTC, terminals, rolling
stock

Total $22-43 billion = 100% Validated by 2%

The primary determinant of whether the final capital cost is closer to $22 billion or $43 billion is
the combination of permafrost complexity, bridge density, and hydrological exposure.

4.3 Operating Expenditures and Lifecycle Costs

Heavy-haul rail systems exhibit consistent cost patterns across global operations. Contemporary
benchmarks indicate that operating expenditures typically range between 3-4% of capital value
annually®. Applying these ratios to the corridor yields the following forecast.

Table 4.3 Annual OPEX Estimates
Capital Case OPEXat3% OPEXat4% Sources

$22 billion $660 million = $880 million  ©

$32 billion (midline) = $960 million & $1.28 billion | ©

$43 billion $1.29 billion | $1.72 billion | ©

The variability in OPEX arises from:
1. Track and ballast maintenance in approximately 40% permafrost zones®*
2. Inspection and renewal cycles for approximately 60 major bridges’
3. Seasonal conditions requiring winter rail maintenance practices
4. Communications and fiber network upkeep across the full 930-1,240 mile alignment

Predictive maintenance supported by fiber-based monitoring reduces long-term cost spikes and
is incorporated into these values *.
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4.4 Freight Demand, Throughput, and Revenue Model

Throughput forecasts rely on validated demand modeling and historical mining, energy, and
intermodal freight data from Alaska, Yukon, and broader North American markets. Forecasts
anticipate 25 million tons per year at maturity, with a low scenario of 18 million tons and a high
scenario of 32 million tons3"32 34,

Table 4.4 Forecast Throughput by Commodity Group (2040)

Mineral products 10.0 million  $1.2-1.5 billion 81,34
Energy products 7.5 million $900 million-$1.2 billion 81
Containers and general freight 3.5 million $400-500 million 82,33
Construction materials 3.0 million $250-350 million 2
Defense and government 1.0 million $150-200 million 23,24
shipments

Utility corridor revenues — $50-100 million 2,35
Total 25.0 million  $3.0-3.5 billion —

The mature revenue profile reflects a diversified customer base with resilience across commodity
cycles, industrial demand patterns, and national defense logistics.

4.5 Profitability, Cash Flow, and Returns

Profitability derives from the relationship between revenue, operating costs, and asset renewal
requirements. Heavy-haul systems globally earn EBITDA margins in the 40-45% range®. Applying
these benchmarks to the corridor yields predictable financial outcomes.

Table 4.5A EBITDA Range at Maturity

Revenue Case OPEX EBITDA EBITDA Margin
$3.0 billion $1.28 billion | $1.72 billion 40%
$3.5 billion $1.28 billion | $2.22 billion 40-45%

High-case throughput | $1.29 billion | $2.21-$2.50 billion | 40-45%

These values are consistent with investor expectations for long-lived infrastructure assets.
Return metrics using base-case assumptions include:

¢ IRR:6-8%
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e WACC: approximately 6.5%
o Payback period: 15-20 years

These results are robust across multiple throughput and capital cost combinations.

4.6 Capital Structure, Funding Mechanisms, and Public Participation
The corridor’s binational nature supports blended financing that includes:

e Private equity and institutional investors

¢ Indigenous equity participation

e Public infrastructure programs

o Multilateral and export credit entities

o Federal defense-related infrastructure authorities

Table 4.6A Relevant Federal Authorities

Program / Statute Purpose Relevance Sources

Rails to Resources Act Enabling legislation Cross-border rail 8

(Canada) development

IJA (United States) Infrastructure funding Rail, utilities, corridors | ®

National Trade Corridors Gateway infrastructure Northern development "/

Fund (Canada)

23 USC 210 Defense Access Roads Strategic mobility 3%
funding

10 USC 2391 Defense Community Local defense-support ¥’

Infrastructure assets

31 USC 1535 Economy Act Interagency cost 8

sharing

The corridor’s dual economic and defense roles increase eligibility across both infrastructure and
national security funding streams, enhancing financing flexibility.
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4.6.1 Representative Capital Stack Composition

This provides a structured summary of the potential capital stack for the Northern Continental
Corridor, based on indicative ranges used in comparable large-scale, long-lived linear
infrastructure programs. The distribution reflects blended participation from public agencies,
Indigenous partners, institutional investors, industry stakeholders, and private financial markets.
These ranges are preliminary and intended to support future policy and financing dialogue.

Table 4.6B Representative Capital Stack Composition

Tier Capital Source Indicative Role IWustrative
Participation
Range

Federal & State / Early-phase de-risking, 10-25%
Territorial Infrastructure  environmental/permitting support, and
Grants initial engineering

Sovereign Wealth Funds  Anchor capital providing long-term 15-25%
& Institutional Equity stability and underwriting cost of capital

Project Debt & Bonds Amortized funding supported by corridor 25-40%
revenue profile

Industry Partners Throughput commitments, long-term 10-20%
(Producers, Shippers, offtake, strategic equity positions
Operators)

Private Placements & Flexible capital to bridge gaps in
Special-Purpose financing or accelerate delivery
Vehicles (SPVs)

Total project requirement: US$22-43 billion (2025 dollars), consistent with the capital ranges
presented in Sections 4 and 11.

The proportional distribution represents feasible structures for staged authorization, private co-
investment, and blended public—private financing strategies. Actual capital formation will depend
on market conditions, policy alignment, credit structures, and Indigenous partnership agreements
established during formal project development.

Additional details on partnership models, Indigenous equity structures, and contracting
approaches are provided in Section 10.13.

4.7 Monte Carlo Simulations and Risk Distribution

A 20,000-run Monte Carlo simulation assessed variability in capital cost, OPEX, throughput, tariff
rates, and discount factors.
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Table 4.7 Monte Carlo Key Outcomes

Metric Outcome Interpretation Sources

Positive NPV ~70% Strong central clustering oY

outcomes

Base-case IRR 6-8% Stable across midline scenarios 4448

Downside risk Concentrated in high capex = Manageable with phased de- 31
scenarios risking

WG ERT CLIEIM High throughput scenarios  Value accretive under demand 81,32
above 30 million tons growth

Monte Carlo modeling highlights the corridor’s resilience to commodity cycles and validates its
suitability for long-term infrastructure investors.

4.8 Financial Conclusions

The Northern Continental Corridor presents a financially credible profile supported by engineering
reality, historical cost evidence, and robust demand forecasts. Total capital costs in the $22-43
billion range align with validated heavy-haul norms and empirically grounded Arctic infrastructure
benchmarks™ 23", Qperating costs of 3-4% of capital value and revenue at maturity of $3.0-3.5
billion produce strong EBITDA margins of 40-45%, and the resulting IRR of 6-8% meets
institutional investor expectations.

The corridor’s financial stability benefits from diversified commodity flows, defensible long-run
cost structures, strong policy alignment in both the United States and Canada, and strategic
relevance to continental defense logistics. Sensitivity and Monte Carlo analyses demonstrate
predictable performance under uncertainty, confirming that the corridor represents an attractive,
durable infrastructure investment opportunity.
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5.0 Market and Policy Landscape

The Northern Continental Corridor operates at the intersection of continental supply chain
restructuring, critical mineral expansion, evolving energy logistics, Arctic security priorities, and
long-term northern development strategies. As a 930-1,240 mile heavy-haul and utility corridor
linking Alaska to the North American rail network, the project directly influences trade
competitiveness, industrial growth, and logistics resilience across the United States and Canada.

Market fundamentals across minerals, energy, intermodal freight, and defense logistics provide a
durable foundation for long-term throughput. Parallel policy frameworks in both countries
reinforce these trends by prioritizing northern infrastructure, critical mineral activation, supply
chain diversification, and Arctic mobility'”-2%3"34, The combined evidence from mineral market
analyses®" %, intermodal forecasts®? 33, macroeconomic assessments'® 61819 ‘and defense
strategy documents?* 2425 demonstrates that the corridor’s market and policy position is robust
under base and high scenarios.

5.1 North American Supply Chain Reconfiguration

North American supply chains are restructuring in response to electrification, reshoring, and
heightened geopolitical competition. Alaska, Yukon, and northern British Columbia contain
significant reserves of copper, zinc, nickel, graphite, rare earth elements, aggregates, and
hydrocarbons?®" 34, These materials support electric vehicles, renewable energy systems, digital
infrastructure, and defense production.

Without a continuous inland heavy-haul system, northern producers face higher delivered costs
due to reliance on trucking, barges, and seasonal road access. These constraints raise
transportation costs, reduce competitiveness, and limit market reach. A rail corridor substantially
lowers cost per ton-mile, increases reliability, and links northern production directly to
continental markets.

5.2 Mineral and Resource Market Dynamics

Critical mineral demand is accelerating as electrification and advanced manufacturing expand.
Forecasts from Alaska, Yukon, and international agencies show strong long-term demand for
copper, graphite, zinc, and rare earth elements®'-3 819 Several deposits in Yukon and interior
Alaska remain stranded or only marginally economic under current logistics conditions.
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Table 5.2 Representative Northern Resource Trends

Resource Market Trend Relevance to Corridor Sources
Category
m Multiple Yukon and Alaska deposits 31, 34

electrification require rail for competitive export

Graphite EV battery sector High-volume, lower-value density s
growth favors rail logistics

Rare earth Supply chain Strong strategic value; high sensitivity 318

elements diversification to delivered costs

Zinc and base  Stable long-term Large tonnage and heavy-haul 81,34

metals demand suitability

These market dynamics support the throughput estimates of ~25 million tons in the base case
and 30-32 million tons in high scenarios' 332 34,

5.3 Energy Logistics and Industrial Flows

Northern Alaska, Yukon, and interior British Columbia contain hydrocarbons, LNG opportunities,
propane, and other liquids that currently rely on long-distance trucking or marine transport 3.
Heavy-haul rail reduces delivered cost, increases shipment stability, and expands access to
Lower 48 and Canadian West Coast markets.

Industrial commodities including aggregates, cement, steel, and timber also benefit from
predictable bulk rail economics. The corridor’s 930-1,240 mile length aligns well with long-haul
competitiveness thresholds, strengthening regional construction and industrial networks.

5.4 Intermodal and Container Markets

Intermodal freight demand continues to grow as trans-Pacific trade diversifies, e-commerce
expands, and West Coast port congestion persists. FreightWaves and Railway Age analyses
indicate sustained pressure on inland capacity and increased interest in alternative gateways®> %,

Alaska’s deep-water ports offer shorter trans-Pacific sailing distances to Asia. A rail connection to
the continental network would allow these ports to function as inland gateways, reducing
dependence on Seattle, Vancouver, and Prince Rupert and supporting U.S. and Canadian policy
goals for freight system resilience.
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5.5 Defense Logistics and Arctic Security

The corridor holds a significant dual-use role in supporting Arctic defense logistics. Alaska hosts
long-range radar, early warning systems, and missile defense infrastructure integral to U.S. and
Canadian continental defense? 2425, Current logistics depend on a small number of marine and
road routes that are vulnerable to weather, congestion, and single-point disruptions.

A heavy-haul corridor provides year-round ground access for transporting equipment,
construction materials, energy supplies, and communications infrastructure. This aligns with
NORAD, U.S. Northern Command, and Canadian defense mobility objectives?3 2425,

5.6 U.S. Policy Alighment

Federal policy strongly supports northern infrastructure, critical minerals, manufacturing supply
chains, and Arctic security.

Table 5.6 Key U.S. Policy Anchors
Policy Instrument Corridor Relevance Sources

Infrastructure Investment and Jobs | Supports freight rail, digital infrastructure, and  °
Act (IJA) utility corridors

Defense Access Roads Enables improved access to strategic facilities

Defense Community Infrastructure | Supports shared local infrastructure near DoD
Program sites

U.S. Arctic Strategy Emphasizes mobility and logistics resilience

FY2025 Appropriations Expands northern infrastructure priorities

Golden Dome (EO 14186, PL 119- | Reinforces Arctic mobility focus; no
21) designation or funding

Collectively, these frameworks create a favorable U.S. environment for long-term corridor
evaluation.
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5.7 Canadian Policy Alighment

Canadian policy frameworks emphasize northern economic development, supply chain
reinforcement, and critical mineral activation.

Table 5.7 Key Canadian Policy Anchors
Policy Instrument Corridor Relevance Sources

National Trade Corridors Fund Supports northern multimodal infrastructure i
(NTCF)

Rails to Resources Act Enables cross-border rail cooperation

YESAB and IAAC Structured permitting frameworks for northern
projects

Territorial economic strategies Emphasize resource and logistics corridors 17,34

Indigenous partnership Promote equity participation and shared 35
frameworks governance

These policies create complementary incentives for binational infrastructure cooperation.

5.8 Indigenous Partnership and Economic Reconciliation

The corridor traverses lands and jurisdictions governed by Alaska Native corporations, Yukon First
Nations, and British Columbia First Nations. Indigenous partnership is an essential condition for
authorization, legitimacy, and long-term success.

CIRNAC programs and northern Indigenous infrastructure frameworks support equity
participation, governance roles, benefit-sharing, and co-development models that integrate
Indigenous economic development objectives®. These partnerships reduce socio-political risk,
strengthen regulatory pathways, and align the project with reconciliation priorities in both
countries.

5.9 Trade Competitiveness and Continental Connectivity

A continuous heavy-haul corridor enhances continental competitiveness by diversifying routing,
reducing exposure to West Coast congestion, and strengthening export logistics for mineral and
industrial sectors. Multiple trade analyses identify the need for expanded Pacific Northwest and
Arctic gateway capacity to support long-term supply chain resilience®> %,

The corridor integrates Alaska’s ports with inland rail networks, creating a platform for flexible
routing under stress scenarios and improving overall continental logistics resilience.
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5.10 Market and Policy Conclusions

The market and policy landscape supporting the Northern Continental Corridor is diverse,
resilient, and strategically aligned. Critical mineral expansion, energy logistics opportunities,
intermodal growth, and defense mobility needs create a strong multi-sector foundation for long-
term demand.

U.S. and Canadian policy frameworks reinforce these drivers, with Golden Dome providing
contextual federal emphasis on Arctic mobility without designating or funding the corridor.
Indigenous partnership frameworks offer structured pathways for co-development and shared
governance.

Together, these conditions create a favorable environment for corridor development and underpin
the project’s long-term strategic value.
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6.0 Variability, Sensitivity, and Uncertainty

The Northern Continental Corridor exhibits variability across capital costs, operating
expenditures, freight demand, tariff structures, and discount-rate assumptions. These sources of
uncertainty interact with engineering complexity, commodity cycles, and policy factors to shape
the financial distribution of outcomes. Given the corridor’s 930-1,240 mile length, the range of
terrain types, and multi-jurisdictional regulatory pathway, understanding uncertainty is central to
investment decision making.

This section outlines the principal dimensions of variability, identifies the sensitivity drivers, and
integrates the validated engineering and market findings that inform the Monte Carlo analysis
presented in Section 7.

6.1 Sources of Variability
Variability arises from four interconnected dimensions:
1. Capital Costs
2. Operating Costs
3. Throughput and Revenue
4. Macroeconomic and Policy Factors

These categories reflect validated historic evidence from ACRL', the Van Horne Institute?, UAF
permafrost and infrastructure research®4, North American freight and commodity forecasts3" 3234
and macroeconomic outlooks published by BEA, Statistics Canada, IMF, and OECD> 1819,

6.2 Capital Cost Variability

Capital cost outcomes depend heavily on engineering complexity, permafrost stabilization
requirements, hydrological crossings, and bridge density. These factors influence cost within the
validated $22-43 billion range.
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Table 6.2 Drivers of Capital Variability

Driver Impact on Variability Mechanism Sources

Cost
Permafrost share Moderate to Thermal stabilization techniques and
(40%) high embankment selection
Hydrological High Design of ~ 60 major bridges and ~ 800 !
complexity crossings
Mountain High Tunneling, cuts, grade management 12
construction
Utility co-location Low to +5-10% of capital 2,35
moderate
NHELGRET R Al Moderate Steel, fuel, labor {=ato
chain

Permafrost uncertainty has historically contributed to wide cost spreads, but modern
thermosyphon and insulated embankment design significantly reduce undetected thaw risk®“.

Bridge variance is a second major factor. Large river systems require deep foundations and scour-
resistant structures that can drive costs upward if hydrological conditions exceed modeled
thresholds.

6.3 Operating Cost Variability

Operating expenditures scale with infrastructure longevity and environmental stress. Heavy-haul
systems globally cluster around 3-4% of capital value for annual maintenance and operations®.
Variability arises from:

e Structural wear on bridges
o Differential settlement in permafrost zones
¢ Increased inspection frequency in hydraulically exposed areas

o Energy costs and crew labor dynamics
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Table 6.3 OPEX Sensitivity Factors

Factor Sources
Permafrostsettlement Upward ~ Track geometry, ballast renewal >
Bridge maintenance Upward Ice load, scour, fatigue cycles !

Energy prices Upward or downward  Fuel and locomotive efficiency — %°
Workforce conditions  Upward Remote labor markets 44,45

Predictive maintenance enabled by fiber optic monitoring reduces cost spikes, creating more
stable OPEX trajectories®.

6.4 Throughput and Revenue Variability

Freight demand and tariff structures contribute the largest share of revenue variability. Base-case
throughput of 25 million tons per year reflects balanced mining, energy, construction materials,
and intermodal traffic®'- 32 34, Variability emerges from commodity cycles, mine development
timing, port connectivity, and defense logistics requirements.

Table 6.4 Demand Variability Drivers

Driver Mechanism Impact Sources
Commodity cycles Copper, zinc, graphite, REE prices  High 81,34,18
Mine commissioning Start-up delays Moderate 84
schedules
Energy logistics Hydrocarbon and LNG flows Moderate s
Container demand Global trade patterns Moderate 32,33
Defense logistics Mission tempo and modernization  Low to 23,24
cycles moderate

Mineral freight introduces the most significant variance, particularly for multi-decade copper and
graphite demand scenarios. However, the corridor’s diversified commodity mix dampens the
effect of single-sector downturns.

6.5 Tariff Structure Sensitivity

Tariff assumptions influence revenue directly. Rail tariffs vary by commodity density, handling
requirements, distance traveled, and contract structure.
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Table 6.5 Tariff Ranges and Sensitivity

Commodity Tariff Range Variability Notes Sources
(USD per ton)

Minerals $40-60 Volume-sensitive; long-term contracts 31, 34
common

Energy liquids $30-50 Competitive with pipeline alternatives s

Containers $90-150 Driven by port competitiveness and 32,38
backhaul

Construction $20-30 Stable demand, limited seasonality =

materials

Defense freight $80-120 Strategic contracts with low variability 23,24

Tariff risk is partially mitigated by long-term mineral and defense agreements.

6.6 Discount Rate and Macroeconomic Sensitivity

The discount rate materially influences NPV and IRR outcomes. The corridor’s financial analysis
uses a 6.5% WACC consistent with long-lived infrastructure assets. Variability arises from
inflation, real interest rates, and cross-border credit conditions.

Macroeconomic uncertainty is shaped by U.S. and Canadian GDP forecasts from BEA"®, Statistics
Canada’, IMF'8, and OECD'. These forecasts project moderate long-term growth with
manageable inflation, supporting stable discount-rate assumptions.

6.7 Integrated Sensitivity Analysis

The sensitivity matrix below illustrates the relative influence of capital cost, OPEX, throughput,
and tariff variability on NPV outcomes.

Table 6.7 Sensitivity Ranking

Variable NPV Sensitivity Direction Notes

Capitalcost  Very high Negative Largestimpact due to $22-43 billion range
Throughput High Positive Maijor driver of EBITDA

Tariffs Moderate Positive Elasticity varies by commodity

OPEX Moderate Negative Influenced by permafrost and bridges
Discountrate High Negative  Sensitive to macroeconomic shifts
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The strongest positive driver is throughput above 25 million tons, while the strongest negative
driver is capital escalation beyond $43 billion. The Monte Carlo analysis in Section 7 quantifies
how these sensitivities interact probabilistically.

6.8 Spatial Variability Along the 930-1,240 Mile Corridor

Cost and operational variability differ by segment. River basins, mountainous terrain, and
permafrost-dominated regions exhibit higher unpredictability, while forested uplands and stable
soils have lower variance.

Table 6.8 Segment Variability Profile

Corridor Segment Distance Variability Primary Driver Sources

(Miles) Level
Coastal uplands ~120-180 Low Stable soils, low structure '

density

Boreal forest ~300-350 Moderate Drainage patterns !
Permafrost zones ~ 350-450 High Thermal stability 3.4
Mountainous ~100-180 High Grades, cuts, tunnels 1.2
terrain
Major river basins ~80-120 High Bridges and hydrology !

These spatial patterns inform cost phasing, risk allocation, and construction sequencing.

6.9 Policy and Regulatory Uncertainty

Although U.S. and Canadian frameworks offer structured permitting pathways, large northern
infrastructure projects remain subject to administrative delays, treaty obligations, Indigenous
engagement timelines, and federal budget cycles. YESAB and IAAC review processes'? ' are well
established, but accelerated timelines depend on partnership agreements and binational
coordination.

Defense-related programs tend to offer more predictable funding windows due to mission-driven
requirements?® 2437,
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6.10 Summary of Variability and Uncertainty

Variability in the corridor’s financial and engineering profile is shaped by predictable physical
conditions, commodity cycles, and macroeconomic trends. Modern engineering methods
significantly reduce geotechnical uncertainty, and diversified freight demand limits exposure to
single-sector downturns. Capital cost, throughput, and discount rate remain the highest-impact
variables. These sensitivities form the basis of the Monte Carlo simulation results presented in
Section 7, which quantify probabilistic distributions for NPV, IRR, and EBITDA across 20,000
runs 48,
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7.0 Monte Carlo Analysis

Monte Carlo analysis provides an essential framework for understanding the financial robustness
of the Northern Continental Corridor under uncertainty. Given the corridor’s 930-1,240 mile
scale, the variability in capital costs, throughput, tariffs, OPEX, and discount rates can
meaningfully influence financial outcomes. A deterministic case cannot capture these
interactions adequately. This section presents the modeling structure, inputs, distributions, and
results from a 20,000-run simulation, building on the sensitivity and variability insights from
Section 6.

The simulation framework aligns with investment-grade practices used in large infrastructure
evaluation and is consistent with industry guidance on uncertainty modeling in capital-intensive
projects** 48,

7.1 Modeling Framework

The Monte Carlo model evaluates the distribution of Net Present Value (NPV), Internal Rate of
Return (IRR), and EBITDA outcomes by sampling from validated ranges of key variables. Inputs
reflect the engineering and market foundations established in Sections 3 through 6. Each variable
is assigned a probability distribution informed by historical data, peer benchmarks, and expert
judgment.

Table 7.1 Core Variables Included in the Model

Variable Type Basis of Range Sources
Capital cost Triangular $22-43 billion 12, &
Throughput Triangular 18-32 million tons 81,32,34
Tariff levels Uniform  Commodity band pricing "33
OPEX ratio Normal 3-4% of capital 6
Discount rate (WACC) Normal ~6.5% = 0.75% LD
Commodity growth Normal GDP-linked 15,16, 18,19

The triangular distribution is applied to variables with known low, mode, and high values (capital,
throughput). Normal distributions are applied to OPEX and discount rates. Tariffs follow a uniform
distribution within validated bounds, reflecting commercial market behavior.

7.2 Capital Cost Distribution

Capital cost uncertainty is one of the highest-impact factors identified in Section 6. The model
sets:
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e Minimum: $22 billion (aligned with lower-structure alignments)
e Mode: $32 billion (weighted midpoint reflecting the median engineering complexity)
e Maximum: $43 billion (reflecting high-structure, high-hydrology scenarios)

This distribution captures engineering and logistical variability across the 930-1,240 mile
corridor, consistent with ACRL Phase I', Van Horne?, A2A%", and global heavy-haul norms®.

7.3 Throughput and Revenue Distributions

Throughput forecasts incorporate the core freight categories defined in Section 5. The model
uses:

¢ Minimum: 18 million tons
¢ Mode: 25 million tons
e Maximum: 32 million tons
Tariff distributions reflect commodity-specific pricing ranges. Variability is influenced by:
e Mineral cycles®" 3
e Energy markets®
e Container dynamics 3233
e Defense mobility requirements-2*24

Revenue per ton is modeled within validated ranges, producing a base-case revenue envelope of
$3.0-3.5 billion at maturity.

7.4 Operating Cost Variability

Operating costs are modeled as a percentage of capital cost, with a normal distribution centered
on:

e Mean OPEX: 3.5% of capital
e Standard deviation: 0.5%
¢  Minimum-maximum clipping at 3-4%

These inputs reflect heavy-haul global benchmarks®, supplemented by region-specific
requirements in permafrost and hydrological segments®+ .
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7.5 Discount Rate Inputs

The discount rate influences NPV heavily. The model uses:
¢ Mean:6.5%
o Standard deviation: 0.75%

These ranges reflect macroeconomic outlooks from BEA'®, Statistics Canada’®, IMF'8, and
OECD™.

7.6 Simulation Mechanics and Calculation Approach
The simulation calculates annual cash flow based on:
1. Capital drawdown across three phases
2. Operating cost evolution as a function of capital
3. Throughput and revenue curves that mature over 7-10 years
4. Taxes and depreciation aligned with U.S. and Canadian norms
5. Discounting using sampled WACC values
6. Terminal value based on long-Llived infrastructure assumptions

Each iteration produces an NPV, IRR, and EBITDA profile. Results across 20,000 iterations reveal
the corridor’s financial probability distribution.

7.7 Simulation Results
7.7.1 Net Present Value (NPV)
The NPV distribution shows a strong positive central tendency.

Table 7.7A NPV Distribution Summary

Metric Value Interpretation

'MeanNPV  ~$5.8bilion Indicates strong average projectvalue
Median NPV ~$4.9 billion Skewed slightly by high-throughput outcomes
25th percentile ~$1.2 billion Lower bound supported by stable demand
75th percentile ~$9.4 billion Positive upside in high-volume years
Probability of negative NPV ~ 30% Concentrated in high capex scenarios
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A ~70% positive NPV probability aligns with results from major long-haul infrastructure assets
globally.

7.7.2 Internal Rate of Return (IRR)
IRR exhibits relatively tight clustering.

Table 7.7B IRR Distribution Summary

Metric Value Interpretation
Mean IRR ~7.1% Within the 6-8% target range
Median IRR ~7.0% Stable across central scenario

10th percentile ~5.3% Reflects high capex or low throughput

90th percentile ~8.8% Driven by high mineral and container volumes

The IRR distribution reinforces the corridor’s suitability for long-lived institutional investment.

7.7.3 EBITDA Outcomes
EBITDA is inherently stable due to diversified revenue streams.

Table 7.7C EBITDA Distribution Summary

Metric Value Interpretation

Mean EBITDA ~$2.0 Reflects consolidated revenue and OPEX
billion assumptions

Median EBITDA ~$1.9 Minor skew from high-case throughput
billion

Lower bound (5th ~$1.2 Strong downside resilience

percentile) billion

Upper bound (95th ~$2.9 Driven by mineral and intermodal expansion

percentile) billion

These EBITDA results align with typical heavy-haul performance metrics and support durable
debt capacity.

7.8 Integrated Interpretation

The Monte Carlo simulation provides three core insights:
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1. High Central Stability
Capital, throughput, and tariff variances interact in ways that still produce stable
profitability for most scenarios.

2. Manageable Downside Risk
Downside scenarios are dominated by capital escalation beyond $40 billion or throughput
below 20 million tons. Both are manageable through early-phase geotechnical de-risking
and long-term volume agreements with resource producers.

3. Meaningful Upside
High throughput outcomes above 30 million tons materially increase NPV and IRR, driven
by mineral expansions, LNG-associated liquids, and intermodal traffic.

7.9 Conclusion of Monte Carlo Analysis

The 20,000-run Monte Carlo assessment confirms that the Northern Continental Corridor
exhibits strong financial resilience. The project delivers stable returns across most plausible
futures, with IRR clustering around 6-8% and more than 70% of outcomes producing positive
NPV. Variability is dominated by a small number of high-capital cases, while upside potential
remains robust under expanded mineral and intermodal demand.

These results reinforce the project’s status as a credible, investment-grade infrastructure asset
consistent with institutional investor expectations.
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8.0 Validations and Cross-Checks

The Northern Continental Corridor is supported by a framework of engineering, economic,
financial, and policy validations that ensure internal consistency across all analytical
components. Because the corridor spans 930-1,240 miles and integrates complex terrain, multi-
jurisdictional permitting, diversified freight demand, and long-lived capital assets, validation is
essential to establish credibility for investors, policymakers, and Indigenous partners. This section
consolidates all validation requirements and demonstrates the project’s structural coherence.

The validation process draws upon ACRL Phase | engineering’, Van Horne heavy-haul analyses?,
University of Alaska Fairbanks geotechnical research®#, North American freight and port
assessments** 33 macroeconomic outlooks' 6819 and established regulatory authorities in
both the United States and Canada®'"'>', Each validation category below has been reconciled
with earlier sections to ensure full alignment.

8.1 Engineering Basis Validation

Engineering assumptions were validated through comparison across ACRL Phase I', Van Horne
Institute findings?, and contemporary northern infrastructure research. The length, bridge count,
hydrological crossings, permafrost distribution, grade expectations, and rail weight characteristics
align across all sources. This consistency provides a stable basis for capital estimates and
construction sequencing.

Table 8.1 Engineering Parameter Validation

Parameter Source Validation Outcome

Confirmation

Corridor length 930-1,240 1.2 Consistent across all studies

miles
Major bridges ~60 ! Integrated into CAPEX ranges
Hydrological ~ 800 ! Built into structural cost modeling
crossings
Permafrostextent ~40% 3.4 Incorporated in engineering and OPEX
Heavy-haul rail 136 b 6 Standard for Class | heavy-haul
weight
Ruling grades 1.0-1.5% 1.2 Supports throughput and energy

modeling

All assumptions are internally consistent and reconciled with validated engineering practice.
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8.2 Capital Cost Validation

Capital estimates were validated by reconciling historic project costs with modern heavy-haul
norms. The ACRL Phase | estimate of approximately $17.5 billion (2025 USD) for 1,240 miles’,
the Van Horne range of $37.5-45.5 billion?, and the more recent A2A heavy-haul estimate of
roughly $19.7 billion®' form a coherent empirical foundation. These benchmarks, when compared
to global heavy-haul ranges of $10-20 million per mile®, support the corridor’s capital band of
$22-43 billion.

Table 8.2 Capital Cost Benchmark Reconciliation

2025 USD Cost per Validation Outcome
Mile
ACRL Phase | ~$17.5billion 1,240 ~$14 million  Aligns with industry norms
Van Horne $37.5-45.5 ~1,525 ~$24-30 Higher structure intensity
billion million
A2A Rail ~$19.7 billion ~ 1,600 ~$12 million  Consistent with validated
segments
Global Heavy- — — $10-20 Confirmed envelope
Haul million

This reconciliation eliminates inconsistencies and confirms that the corridor’s capital structure is
technically and financially credible.

8.3 Operating Cost Validation

Operating expenditures were validated through comparison with global heavy-haul systems,
which consistently report annual OPEX of 3-4% of capital value®. Additional scrutiny was applied
to permafrost performance, bridge inspection cycles, ballast renewal, and fiber-based monitoring
systems® 43,

These elements do not produce contradictions in the overall operating model. Instead, they
confirm that the corridor’s OPEX assumptions are realistic for a large-scale northern heavy-haul
system.

OPEX validation supports the annual operating range of $660 million-$1.72 billion, depending
on capital level and environmental conditions.

8.4 Demand and Throughput Validation

Throughput forecasts of 18-32 million tons per year by 2040 were validated against independent
mineral outlooks, energy sector planning, intermodal growth projections, and defense logistics
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assessments. The diversified commodity base is a key validation element, ensuring that no single
resource dependency distorts the long-term volume envelope.

Table 8.4 Demand Validation Matrix

Freight Category  Forecast Basis Source Outcome
Validation

Minerals Copper, zinc, graphite, REE 31,34 Strong multi-decade
expansion certainty

Energy liquids Hydrocarbon and NGL 3 Stable flows under
outputs multiple scenarios

Containers Intermodal and port 82,33 Growth aligned with
forecasts North American trends

Construction Regional development 32, Predictable and low

materials patterns volatility

Defense freight NORAD and USNORTHCOM 2324 Stable, contract-driven
mobility needs volumes

The convergence of these forecasts confirms that the corridor’s throughput assumptions are
neither inflated nor overly conservative.

8.5 Revenue Structure Validation

Revenue projections yielding $3.0-3.5 billion annually were validated through tariff comparisons
across mineral, energy, intermodal, construction material, and defense shipment categories. Tariff
assumptions align with both historical pricing and current heavy-haul rail market practice3" 3> %,

Contracts typical in the mineral and defense sectors provide long-term revenue stability, reducing
volatility in the upper and lower revenue bounds. All revenue assumptions tie directly to validated
freight categories and structurally link to throughput expectations in a consistent manner.

8.6 Discount Rate and Macroeconomic Validation

The chosen discount rate of approximately 6.5% was validated through U.S. and Canadian
macroeconomic benchmarks from BEA'®, Statistics Canada’®, IMF'¢, and OECD'. Inflation,
interest rates, GDP growth trajectories, and long-term capital cost of money trends support this
rate for a binational infrastructure asset with an operational life exceeding 75 years.

Sensitivity tests conducted in Section 6 and the Monte Carlo analysis in Section 7 confirm that
the financial model maintains stability over discount-rate variability ranges of + 0.75%.
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8.7 Transport Economics Validation

Comparative analyses with trucking and marine transport confirm that a 930-1,240 mile heavy-
haul rail alternative offers cost-per-ton advantages, reduced emissions, improved scheduling
reliability, and higher volume potential. FreightWaves and Railway Age assessments®? 33 support
the economic case for inland rail access that bypasses congested coastal ports.

Comparative transport economics validate the corridor's competitive position in both mineral and
intermodal markets.

8.8 Regulatory and Policy Validation
Regulatory coherence was validated by cross-referencing:
e FRAtechnical requirements®
e STB construction approvals™
e CTA Railway Construction Guide'
e |AAC and YESAB standards' '3
o Defense and infrastructure authorities in both countries®® 3’

No structural conflicts were identified. Cross-border linear transportation projects have
established precedents, and the corridor is fully compatible with statutory frameworks in both
jurisdictions.

8.9 Indigenous Partnership Validation

Indigenous participation assumptions were validated using CIRNAC Indigenous infrastructure
frameworks®®, regional project precedents, and participation models used across northern
Canada. Co-ownership, revenue sharing, workforce commitments, and procurement structures
are consistent with modern Indigenous partnership expectations for major infrastructure projects.

Validation confirms that Indigenous partnership is both feasible and structurally advantageous in
de-risking authorizations and improving social license.

8.10 Internal Consistency Validation

All cross-checks across engineering, capital, operations, revenue, regulatory, and policy
frameworks show internal coherence.
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Table 8.10 Internal Validation Summary

Validation Area Outcome Notes

Engineering assumptions Consistent Reconciled across™>3%4

Capital costs Valid $22-43 billion range supported
OPEX Consistent 3-4% range validated

Revenue Consistent $3.0-3.5 billion supported

Risk distributions Cohesive  Monte Carlo validated #+4®

Policy alignment Strong Reinforced across U.S. and Canada
Indigenous participation Validated  Supported by %

8.11 Validation Conclusion

The Northern Continental Corridor withstands all major validation tests. Engineering
assumptions, financial models, demand forecasts, macroeconomic inputs, and policy
frameworks are mutually reinforcing and free of contradictions. The cross-checks demonstrate
that the corridor is technically achievable, financially credible, and aligned with the long-term
strategic interests of both the United States and Canada.

This validated foundation supports the detailed risk matrix and analysis presented in Section 9.
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9.0 Risk Matrix and Integrated Risk Narrative

Maijor infrastructure projects in northern environments face a broad spectrum of risks tied to
engineering complexity, capital cost exposure, regulatory requirements, climatic uncertainty, and
long-term market performance. The Northern Continental Corridor must also navigate political
and strategic conditions that influence federal and territorial priorities, Indigenous partnership
expectations, and binational cooperation.

This section consolidates all risk considerations into a unified engineering, financial, regulatory,
and strategic assessment. It applies validated data sources, including Arctic infrastructure
research, permafrost studies, freight market forecasts, and policy frameworks *23:4.17.:23,25,31,34
Golden Dome, provides additional strategic relevance for Arctic mobility and logistics but does
not designate or fund the corridor?" 22, Its relevance is limited to long-term policy stability for
northern infrastructure.

The risk matrix below summarizes the primary categories of risk and mitigation pathways
identified through modeling, engineering analysis, and policy review.
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9.1 Comprehensive Risk Matrix

Table 9.1 Corridor Risk Matrix

Risk Category Description Likelihood Impact Mitigation Strategy Residual
Risk

Capital Cost Variability from geotechnical Medium High Early geotechnical drilling, Medium
Escalation conditions, permafrost, optimized sequencing, modular

hydrology, and structural construction, procurement

density discipline
Throughput Mineral development Medium High Phased ramp-up, diversified Medium
Realization schedules, intermodal freight mix, long-term offtake

activation, global demand agreements

shifts
Regulatory and Multi-jurisdictional Medium Medium  Early coordination, Indigenous co-  Low-
Permitting approvals across FRA, STB, development, comprehensive EIS ~ Medium

CTA, IAAC, YESAB packages
Indigenous Governance, land access, Medium High Indigenous ownership Low
Partnership community benefits, equity opportunities, co-management

participation structures, transparent

engagement

Environmental Permafrost thaw, hydrologic ~ High Medium Thermosyphons, engineered Medium
and Climate change, freeze-thaw cycles, embankments, hydrologic

wildlife impacts modeling, adaptive monitoring
Political and Policy alignment, federal Low- Medium  Multi-party agreements, Low
Strategic priorities, shifting Medium binational framing, adjacency to

government agendas Arctic mobility priorities including

Golden Dome?"» 2% 23,24

Financing and Interest rate changes, Medium Medium Blended capital structure, P3 Medium
Market investor appetite, formation, government-supported
Conditions macroeconomic shifts credit mechanisms
Operations and Winter conditions, freeze— Medium Medium Modern CTC, embedded fiber Low
Maintenance thaw cycles, incident sensors, preventive maintenance,
response specialized winter protocols
Construction Limited access, seasonal Medium Medium Pre-positioned equipment, Low-
Logistics work windows, material logistics hubs, multi-season Medium
staging staging
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9.2 Engineering and Construction Risk Narrative

Engineering risk is driven primarily by permafrost conditions, hydrology, and structure density.
Approximately 40% of the corridor crosses discontinuous permafrost that requires insulated
embankments, thermosyphons, and real-time thermal monitoring® 4. These measures add capital
intensity but are consistent with other Arctic heavy-haul systems and are reflected in the
validated capital range of $22-43 billion USD" 253",

Hydrological risk stems from roughly 800 water crossings and ~ 60 major bridges’. These
structures increase cost variability because of foundation complexity, scour vulnerability, and
climatically driven flow uncertainty. Current design mitigations include wider spans, deeper
foundations, and ice loading considerations consistent with northern engineering standards'® 12,

Construction logistics present another significant engineering challenge. Many segments require
winter access, temporary roads, and multi-season staging. The long corridor length of 930-1,240
miles amplifies the complexity of sequencing, equipment allocation, and workforce deployment.
Mitigations include early access road development, centralized construction hubs, and the use of
modular components to reduce field assembly time™ %€,

Residual engineering risk is moderate, but all elements fall within established Arctic engineering
capabilities.

9.3 Financial and Market Risk Narrative

Financial risk centers on controlling capital intensity and achieving throughput targets. The Monte
Carlo analysis, executed over 20,000 iterations, demonstrates that capital cost variance is the
strongest driver of negative NPV in low-case conditions, especially when combined with delayed
mineral activation** 8, However, diversified freight demand across minerals, energy liquids,
intermodal containers, and construction materials provides resilience against sector-specific
volatility3" 3233 34,

Commodity price cycles directly affect mining production schedules and throughput volumes.
This risk is mitigated through long-term offtake agreements, phased production, and flexibility in
tariff structures. Intermodal freight provides an additional stabilizing influence, supported by
access to Alaska’s deep-water ports and evolving Asia—North America trade patterns®> %,

Financing risk is moderate and is affected by interest rates, global capital markets, and
infrastructure investor appetite. Public—private-Indigenous partnership structures, combined with
federal and territorial programs that support northern infrastructure and supply chain resilience,
help offset this rigk® 17 353637,
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9.4 Regulatory and Institutional Risk Narrative

The corridor crosses multiple regulatory jurisdictions, including FRA and STB in the United States
and CTA, IAAC, and YESAB in Canada®'" 21314 _These processes are structured, predictable, and
widely used for rail and northern infrastructure evaluations.

Indigenous governance plays a central role and is critical for land access, legitimacy, and long-
term community alignment. Early co-development, transparent benefits agreements, and
Indigenous equity participation can reduce regulatory uncertainty and accelerate reviews?®.

Because regulatory frameworks are mature and predictable, this risk category is manageable with
well-ordered planning and proactive engagement.

9.5 Indigenous Partnership and Social License

Indigenous partnership is central to the corridor’s legitimacy, permitting performance, and
operational success. The route intersects lands governed by Alaska Native Corporations, Yukon
First Nations, and British Columbia First Nations. The corridor’s partnership frameworks must
reflect CIRNAC’s Indigenous infrastructure guidance?®, emphasizing co-ownership, procurement
participation, employment pathways, and environmental stewardship.

Failure to structure equitable partnership arrangements presents a high-impact risk; however,
well-designed agreements reduce this risk to low levels, enhance cross-government support, and
accelerate authorizations.

9.6 Environmental and Climate Risk Narrative

Environmental risk in northern systems includes permafrost degradation, erosion, hydrologic
shifts, and wildlife impacts. Climate change increases hydrological variability and can affect
bridge design envelopes, thaw settlement, and drainage structures. These risks are mitigated
through engineered embankment insulation, real-time sensor integration, adaptive monitoring

systems, and wildlife passages that conform to U.S. and Canadian environmental standards' >
13

Environmental processes introduce long-term maintenance obligations but do not threaten
overall system viability.

9.7 Political and Strategic Risk Narrative

Political and strategic risk is shaped by long-term federal priorities in Arctic mobility, continental
logistics resilience, and critical minerals development. Both the United States and Canada have
elevated northern infrastructure as a national priority through economic, security, and industrial
policies’”2*2531.34 The Golden Dome modernization initiative provides additional strategic
framework.
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This adjacency stabilizes the corridor’s strategic posture in three ways:

1. Policy Continuity: Federal emphasis on Arctic mobility decreases the probability of
abrupt policy shifts that could undermine long-term corridor relevance.

2. Strategic Complementarity: The corridor enhances logistics flow for construction
materials, communications equipment, and support elements relevant to northern
infrastructure and sensor networks.

3. Infrastructure Resilience: Golden Dome’s nationwide focus on distributed systems
creates long-term demand for resilient ground logistics across northern environments.

Political risk does not disappear but is meaningfully moderated by the corridor’s alignment with
multi-decade U.S. and Canadian strategic priorities.

9.8 Overall Risk Assessment

The Northern Continental Corridor exhibits a balanced risk profile typical of large Arctic
infrastructure projects. Major risks relate to engineering complexity, capital exposure, and
throughput variability, but each is mitigated through validated design standards, diversified freight
demand, and structured development pathways.

Regulatory risk is manageable with early Indigenous partnership, and political risk is moderated by
long-term northern priorities in both nations. Golden Dome contributes to the strategic context,
but without altering financial modeling or creating direct programmatic implications.

The overall risk posture is consistent with the corridor’s scale and complexity, and no identified
risk undermines the project’s fundamental technical or strategic feasibility.
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10.0 Strategic and Political Positioning

The Northern Continental Corridor occupies a critical position within North America’s evolving
strategic landscape. Its 930-1,240 mile alignment supports a combination of economic, defense,
industrial, and community objectives that are increasingly central to U.S. and Canadian policy.
The corridor supports long-term competitiveness, improves Arctic mobility, and enhances the
resilience of continental logistics systems.

The strategic significance of the project is amplified by rapid changes in the Arctic domain, the
global competition for critical minerals, vulnerabilities in coastal supply chains, and major U.S.
investments in air and missile defense modernization under the Golden Dome initiative.

10.1 North American Geostrategic Context

North America’s strategic posture is shifting due to expanded Arctic access, climate-driven
infrastructure vulnerabilities, growing Indo-Pacific competition, and tightening global demand for
critical minerals. The corridor supports inland connectivity between Alaska and the continental
rail network, reducing dependence on maritime routes vulnerable to weather, congestion, and
disruption®> 3, Both the United States and Canada view enhanced northern mobility as a national
priority?2°,

Table 10.1 Strategic Alighment Summary

Arctic mobility High High Creates continuous inland access
Continental defense High High Provides redundant logistics routes
Critical minerals High High Enables export and processing efficiency
Supply chain High High Diversifies away from coastal

resilience chokepoints

Northern development High High Supports long-term growth

The corridor therefore serves shared national objectives across multiple sectors.

10.2 U.S. Strategic Positioning

The corridor intersects with U.S. priorities in defense mobility, Arctic infrastructure, supply chain
resilience, and industrial expansion. Alaska hosts early warning radars, missile defense assets,
and major air mobility hubs essential to U.S. Northern Command and NORAD?* 24, Existing
surface access is limited to highway networks exposed to flooding, wildfires, and geotechnical
instability.
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The corridor enhances U.S. strategic posture by improving:
¢ Redundant access to northern defense installations
e Bulk material flow for modernization and sustainment
¢ Deployment of distributed Arctic infrastructure
o Energy and environmental system maintenance

It aligns with federal programs such as the Infrastructure Investment and Jobs Act®, Defense
Access Roads®¢, and Defense Community Infrastructure Program®, all of which can support dual-
use infrastructure.

10.3 Canadian Strategic Positioning

Canadian authorities prioritize northern infrastructure as essential to sovereignty, economic
development, and Arctic security. The National Trade Corridors Fund'” and the Arctic and
Northern Policy Framework? highlight the need for reliable overland access to support
communities and industry. The corridor’s connectivity to Canadian deposits strengthens the
nation’s critical mineral strategy and supports long-term industrial diversification.

The Rails to Resources Act® provides a statutory pathway for cross-border rail development,
reducing jurisdictional barriers. The corridor’s integration with territorial economies supports
Yukon and British Columbia policy goals for resource expansion and infrastructure
modernization34.

10.4 Indigenous Partnership and Political Legitimacy

Indigenous partnership is foundational to corridor authorization and social license. The route
crosses lands governed by Alaska Native Corporations, Yukon First Nations, and British Columbia
First Nations. CIRNAC frameworks explicitly support Indigenous-led infrastructure ownership,
revenue sharing, and procurement participation®®. These arrangements enhance political
legitimacy, reduce permitting risk, and toughen long-term alignment with community objectives.

10.5 Critical Minerals and Industrial Policy Positioning

North American manufacturing depends heavily on secure access to copper, graphite, zinc, rare
earth elements, and other critical minerals' '®3':34, The corridor integrates northern deposits into
continental supply chains by reducing delivered costs and expanding export routes. This supports
U.S. industrial policy, Canadian resource development, and binational supply chain resilience.
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10.6 Continental Trade and Port Diversification

Alaska’s ports offer shorter trans-Pacific routes and reduced congestion compared to major West
Coast gateways®> 32, Inland rail access diversifies national supply chains and increases North
American logistics resilience. The corridor supports container flows, bulk materials, and
intermodal connectivity essential to long-term freight stability.

10.7 Defense and Security Positioning

Defense mobility increasingly relies on resilient, multi-route logistics systems. The corridor
provides inland access for fuels, materials, construction components, and sensor infrastructure
that support Arctic domain awareness and distributed basing. This improves redundancy across
North America’s defense posture without implying any programmatic relationship with Golden
Dome.

10.8 Binational Coordination and Governance Alignment

The corridor benefits from established regulatory frameworks governed by FRAS, STB'', CTA?,
IAAC™, and YESAB. Cross-border cooperation is facilitated by shared defense responsibilities
under NORAD and by infrastructure agreements contained in federal statutes. Governance
models may include a binational corridor authority or a structured Indigenous-led partnership
framework.

10.9 Fiscal and Appropriations Environment

Congress and Parliament have both increased focus on Arctic mobility, critical minerals, and
northern infrastructure development. U.S. FY2025 appropriations include significant northern
funding?, and Canadian investment programs provide matched opportunities for corridor
segments. While the corridor is not designated within any program, its alignment with federal
priorities strengthens the likelihood of coordinated evaluation.

10.10 Political Risk Posture

Political risk is moderated by strong alighment with national strategies, Indigenous partnership
structures, and growing public focus on critical minerals and Arctic development. Risks stem
primarily from fiscal competition among priorities and the need for sustained binational
coordination, both of which are manageable under phased development and blended financing
structures.
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10.11 The Golden Dome Initiative

The Golden Dome initiative is a major U.S. air and missile defense modernization effort
established under Executive Order 14186 and supported by appropriations in Public Law 119-
212", Congress allocated $24.4 billion in FY2025 for sensor networks, interceptor systems,
command and control enhancements, and associated environmental and communications
infrastructure. Independent analysis indicates that long-term modernization requirements may
reach approximately $175 billion?.

Golden Dome prioritizes:
o Distributed sensor and communications networks
e Hardened and resilient basing
e Multi-layered detection and interception systems
e Arctic domain awareness
¢ Redundant logistics pathways

The Northern Continental Corridor is not included in Golden Dome’s statutory text, program
plans, or appropriations. This study does not assert formal designation, funding eligibility, or
federal alignment actions.

However, the corridor’s capabilities overlap with Golden Dome’s operational needs in logistics,
mobility, and infrastructure resilience. The corridor improves the movement of construction
materials, communications systems, sensors, energy supplies, and heavy equipment essential
for the Arctic operating environment. These functions create a strategic adjacency, establishing a
credible basis for future coordination without implying any present commitment.

10.12 Strategic and Political Conclusion

The Northern Continental Corridor is strategically relevant, politically feasible, and aligned with
long-term national objectives in both the United States and Canada. Its proximity to Golden
Dome’s modernization objectives enhances its policy weight without implying designation.
Through Indigenous partnership, dual-use advantages, critical mineral relevance, and binational
coordination pathways, the corridor presents a strong strategic case for staged evaluation,
public—private financing, and long-term development.

10.13 Partnership, Contracting Models, and Equity Participation Frameworks

The delivery of the Northern Continental Corridor depends on a coherent partnership architecture
that aligns public agencies, Indigenous governments, private operators, and major suppliers
within a unified program framework. Experience from long-haul rail, energy, and northern
infrastructure programs shows that corridor performance improves materially when financing
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authorities, regulatory bodies, and commercial participants operate under coordinated
expectations for permitting, funding, engineering, and long-term operations® ' 1217.23,

Public-sector institutions shape the foundation of this model. Federal and territorial authorities in
the United States and Canada provide regulatory alignment, construction oversight, and access to
early-phase funding programs that can stabilize long-horizon planning cycles. In both
jurisdictions, established mechanisms exist for environmental authorization, rail construction
approvals, and cross-border coordination'>'* ', Federal tools, including transport programs, loan
guarantees, and defense-related infrastructure authorities, allow governments to support early
capital phases while maintaining transparency and permitting discipline?® 24337 Territorial and
provincial entities—particularly those in Alaska and the Yukon—play a substantive role in
permitting interfaces, land-use coordination, workforce development, and integration with
regional transportation systems.

Specialized agencies such as the Federal Railroad Administration, Surface Transportation Board,
Canadian Infrastructure Bank, and Alaska Industrial Development and Export Authority offer
complementary functions that include technical oversight, credit support, and long-term
financing structures® ", Their participation helps harmonize construction and safety standards,
reduce financing friction between jurisdictions, and create a predictable environment for capital
deployment. These institutions also strengthen program credibility by establishing consistent
guidelines for engineering practice, environmental compliance, and operational governance.

A central component of the corridor’s delivery structure is Indigenous partnership and equity
participation. Modern northern infrastructure development programs demonstrate that
Indigenous governments and development corporations frequently participate as equity partners,
with feasible ownership ranges between approximately 3 and 10 % depending on capital
contributions, benefit agreements, and negotiated governance structures®. Equity participation
supports revenue sharing, co-ownership of corridor assets, local workforce development, and
supplier engagement over the project lifecycle. These arrangements contribute directly to
authorization efficiency and long-term operational stability by aligning economic outcomes with
regional community interests.

Private-sector and operational partners contribute the engineering, construction, and operating
capabilities required for program execution at scale. Tier 1 engineering and construction firms
typically engage through integrated delivery models—such as design—build or design—build-
operate structures—that establish long-term performance expectations, cost discipline, and
schedule predictability. Original equipment manufacturers and technology providers supply
locomotives, rolling stock, train control systems, communications platforms, and maintenance
support that reinforce system reliability and reduce lifecycle variability®>3*34 These commercial
structures help ensure that corridor assets operate consistently across the full 930-1,240-mile
alignment.

Effective governance is necessary to integrate these roles into a coherent program. Independent
oversight bodies, audit committees, and program-management organizations maintain
accountability for cost, schedule, environmental performance, Indigenous participation, and
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procurement integrity. Transparent reporting, including financial disclosure, environmental
indicators, compliance documentation, and community benefits, reinforces public trust and
ensures alignment with institutional investment standards™” ?. Over the long term, the
governance architecture supports stable operations, facilitates adaptation to shifting policy or
market conditions, and aligns corridor management with both national and regional objectives.

Taken together, this partnership, contracting, and equity participation framework provides the
corridor with a structured foundation for authorization, financing, construction, and operations.
The model is consistent with the financial ranges, risk distributions, and scenario conditions
outlined in Sections 4, 5, and 11, and supports the corridor’s long-term stability under varying
market, policy, and capital-cost environments.
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11.0 Scenario Comparisons

Scenario analysis evaluates how the Northern Continental Corridor performs under varying
conditions of market demand, capital cost control, policy position, and regional development. The
corridor spans 930-1,240 miles, crosses diverse terrain, and draws on multiple freight sectors.
These characteristics create a wide but manageable performance envelope when tested across
low, base, and high scenarios.

The scenarios below integrate validated engineering assumptions, financial ranges, policy
conditions, and market structures established in Sections 3 through 10. These are modeled
outcomes, not predictions, and represent structured comparisons built on validated inputs.

11.1 Scenario Definitions

Table 11.1 Scenario Definition Overview

Variable Low Case Base Case High Case Sources
Capital cost ~$38-43 billion ~ ~$32 billion ~$22-27 billion T2
Throughput ~18 milliontons  ~25 million ~32 million tons 81,32, 34
tons

Tariffs Lower band Mid-range Upper band 31,82,33
OPEX 3.8-4.0% of 3.5% of capex  3.0-3.2% of 6

capex capex
Policy alignment Moderate Strong Very strong 17,23,25
Indigenous partnership Partial Strong Very strong ®
Regional mineral Delayed Normal Accelerated el £

activation

These scenarios reflect coherent, internally consistent combinations of variables.

The partnership structures described in Section 10.13 influence financing efficiency, early-phase
cost control, and long-term operating stability across low, base, and high scenarios

Capital stack composition influences financing cost and risk posture across scenarios; higher
public grant support reduces the effective WACC and increases NPV probability, while industry
and institutional participation improve early alignment and throughput activation.

E4M LLC Page 63 of 93
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11.1.1 Employment Effects Across Scenarios

Employment impacts vary across the low, base, and high scenarios due to differences in capital
timing, throughput realization, and supply chain participation. The corridor’s construction program
produces a sustained multiyear labor footprint, driven by civil works, structures, terminals,
utilities, and systems integration. These impacts extend beyond the right-of-way through
component manufacturing, equipment fabrication, engineering services, and induced household
activity.

Direct construction employment peaks at approximately 8,500 personnel during the mainline
build period, tapering during integration and testing. Across the full construction window, this
produces roughly 47,000 direct job-years. Incorporating supplier networks and household-
induced effects yields a total construction labor impact of approximately 105,000 job-years.
These values align with FHWA and IMPLAN multipliers frequently applied to large-scale North
American infrastructure programs?* 44:46.47.48,

Long-term operations support a stable employment base after commissioning, with
approximately 1,200 direct positions required for maintenance-of-way, rolling stock service,
terminals, signaling and train control, dispatching, and safety functions. Total O&M employment,
including supplier and induced effects, approaches 2,150 jobs.

Using federal transportation benchmarks for macroeconomic employment, the cumulative labor
impact of the corridor’s capital program—estimated at 22-43 billion USD—is approximately
420,000 job-years when direct, indirect, and induced activity is aggregated. Variations across
scenarios reflect differences in expenditure timing, domestic manufacturing capture, and supply
chain conditions.

Table 11.1.1 Scenario-Linked Employment Effects
Metric Low Case Base Case High Case
Direct Construction Job-Years 40,000 47,000 57,000
Total Construction Job-Years 90,000 105,000 131,000

Peak Direct Workforce 7,000 8,500 10,300
Direct O&M Jobs ~1,050 ~1,200 ~1,350
Total O&M Jobs ~1,850 ~2,150 ~2,450

Macro Job-Years 330,000 420,000 510,000
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Table 11.1.2 Employment Impact Drivers by Scenario

Driver EffectinLow Case Effectin Base Case Effect in High Case
Capital Slower, lower supply Moderate, consistent  Higher domestic
Deployment Rate chain capture with benchmarks manufacturing
participation

Construction Lower peak Standard phasing Higher complexity
Intensity headcount increases labor demand
Throughput Slower O&M ramp Standard ramp Higher early staffing for
Activation operations
Supplier Lower U.S./Canada  Average Higher due to volume and
Multipliers capture duration
Induced Effects Smaller wage-driven Moderate Higher induced

impacts employment

11.2 Financial Outcomes by Scenario

Table 11.2 Financial Scenario Outcomes

Metric Low Case Base Case High Case
Capital Cost ~$38-43 billion ~$32 billion ~$22-27 billion
Annual Revenue ~$2.1-2.4 billion ~$3.0-3.5 billion ~$3.8-4.2 billion
OPEX ~$1.45-1.72 billion ~$1.12 billion ~$660-864 million
EBITDA ~$500-700 million ~$1.9-2.2 billion ~$3.0+ billion
EBITDA Margin ~20-25% ~40-45% ~55-60%

IRR ~3-4% ~6-8% ~9-11%
Probability of Positive NPV ~40% ~70% ~85%

The base case aligns with central estimates from the Monte Carlo model.
The high case represents conditions where capital is controlled effectively and throughput
activates faster.
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11.3 Strategic Performance by Scenario

Table 11.3 Strategic Impact Comparison

Strategic Area Low Case Base Case High Case
Critical minerals Moderate  High Very high
Continental resilience Moderate High Very high
Defense mobility Limited Strong Significant
Community benefits  Moderate  Strong Strong
Industrial integration  Low Strong Very strong
Utility co-location Present Significant  Significant

The corridor’s strategic utility remains positive in all scenarios, with strongest value in the
accelerated high case.

11.4 Market and Policy Drivers by Scenario

Low Case Drivers

Slower mineral development

Higher capital costs

Limited Indigenous partnership alignment
Delays in binational regulatory coordination

Moderate policy support without strong prioritization

Base Case Drivers

Normal activation of mining projects
Balanced capital profile

Strong Indigenous partnership

Active policy supportin U.S. and Canada

Stable tariff and intermodal demand

High Case Drivers

Accelerated mineral and industrial demand
Successful early-phase geotechnical optimization
Seamless binational coordination

High freight diversification including containers

Strong Arctic and northern infrastructure prioritization

E4M LLC
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11.5 Political Landscape Across Scenarios

The political environment substantially shapes the feasibility, timing, and capital structure of the
corridor. While Golden Dome remains one potential venue for future coordination, the broader
political context includes Arctic policy, critical minerals strategy, northern development
frameworks, Indigenous governance, federal appropriations, and binational cooperation.

Table 11.5 Political Landscape by Scenario

Dimension Low Case Base Case High Case

U.S. federal Limited, Stable, aligned Strong, with multiple agency
support fragmented participation

Canadian federal Limited Consistent with trade  High, tied to critical minerals

support

Indigenous
partnership

Binational
coordination

Partial or reactive

Slow, procedural

corridor mandates

Structured and
proactive

Timely and
coordinated

and northern development

Deep partnership with equity
positions

Highly aligned with strategic
priorities

Arctic policy Moderate Strong Very strong

emphasis

Funding Limited Mixed sources incl. P3  Expanded pathways incl.

pathways conventional and federal support northern infrastructure
funding programs

Golden Dome Minimal Recognized as Strong adjacency but no

adjacency

strategic alignment

designation

Low Case Political Conditions

The political environment remains supportive but not activated.

e Federal programs compete with other priorities

¢ Indigenous engagement progresses slowly

¢ No significant northern push in U.S. or Canadian policy

Base Case Political Conditions

Federal and territorial interest in Arctic mobility strengthens.

e Policy support with critical minerals

¢ National Trade Corridors Fund support probable

e Defense logistics relevance recognized
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High Case Political Conditions

Political conditions actively favor northern infrastructure investment.

e Strong Arctic policy emphasis in both countries

o High-level federal interest in redundancy, mobility, and resilience

e Indigenous governments act as equity partners

e Coordinated federal interest creates a broad funding landscape

11.6 Engineering and Construction Differences by Scenario

Table 11.6 Engineering Variation

Dimension Low Case Base High Case
Case
Permafrost High variability Standard Optimized due to sequencing
mitigation
Bridge structures Higher uncertainty Nominal Reduced variance due to early
design
Logistics Compromised by Balanced  Efficient with modularization
delays
Utility corridor Limited Integrated  Fully aligned with regional utilities

The high case benefits heavily from early investment in geotechnical investigation.

11.7 Risk Differences by Scenario
Table 11.7 Risk Comparison

Risk Category Low Case Base Case High Case
Capital escalation High Medium Low
Throughput shortfall Medium Medium Low
Regulatory delay High Medium Low
Indigenous alighment Medium Low Low
Commodity volatility High Medium Medium
Strategic alignment Medium High Very high
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The high case features the strongest overall risk posture.

11.8 Scenario Synthesis
Low Case Summary
¢ Financially marginal
¢ Dependent on high public subsidy
e Weaker political alignment
e Lower private investor appetite
Base Case Summary
e Financially viable
e Balanced risk return profile
e Strong Indigenous and political alignment
e Supported by validated freight demand
High Case Summary
e Strong IRR and NPV performance
e \Very strong political alignment across U.S. and Canada
e Highest continental resilience benefit

o Significant Indigenous and federal partnership potential

11.9 Scenario Conclusions

Scenario analysis confirms that the Northern Continental Corridor remains strategically valuable
under all modeled conditions. The base case delivers stable financial and strategic performance.
The high case demonstrates transformative continental value with excellent political alignment,
strong Indigenous partnership, and accelerated mineral activation. The low case remains feasible
only with substantial public support and delayed project timelines.

The political landscape is not defined by Golden Dome; instead, Golden Dome is one element
within a broader constellation of Arctic mobility, critical minerals, and northern development
policies that collectively influence the corridor’s long-term prospects.
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12.0 Full Assumptions List

The Northern Continental Corridor requires a comprehensive and transparent set of assumptions
to ensure consistency across engineering design, financial modeling, market projections, and
policy interpretation. The assumptions in this section integrate validated data from ACRL Phase I
, Van Horne Institute 2, UAF geotechnical studies®*, global heavy haul rail benchmarks®, North
American freight research®>*, mineral and energy development forecasts®'-**, and U.S. and
Canadian policy frameworks'”2*25, All financial outputs in Sections 4 through 11 derive from
internal modeling based on these assumptions, combined with sensitivity testing and
probabilistic evaluation.

Assumptions are grouped into engineering, financial, market, operational, policy, and scenario
categories, with explicit rationales where necessary.

12.1 Engineering Assumptions

Engineering assumptions establish the physical basis of the corridor’s design, construction, and
long-term performance. They reconcile geotechnical data, northern climate conditions, regulatory
requirements, and validated heavy haul engineering norms.
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Table 12.1 Engineering Assumptions

Category

Assumption

Rationale

Reference

Corridor length 930-1,240 miles depending Validated across ACRL, Van 1.2
on final alignment Horne, and engineering
screening studies
Track class Heavy haul standard, 136 lb  Industry standard for bulk and ¢
rail container unit trains
Ruling grade 1.0-1.5% Required to support long unit "2
trains and fuel efficiency
Permafrost ~40% of route intersects UAF research and northern 3.4
discontinuous zones infrastructure data
Bridges ~60 major bridges ACRL Phase | structural !
inventory
Water crossings  ~800 ACRL hydrological dataset !

Tunnels

Limited, used selectively

Minimizes cost while

maintaining grade constraints

1,2

Maintenance
cycle

Standard ballast and tie
replacement intervals for
cold climates

Consistent with global heavy
haul OPEX norms

Communications

Fiber optic CTC with sensor
integration

Supports safety, thermal
monitoring, and utility co-
location

35

Utility corridor

Co-located utilities feasible
along majority of alighment

Supported by ROW analysis
and engineering screening

1,2

These assumptions underpin both the capital model and long-term operational requirements.
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12.2 Financial Assumptions

Financial assumptions support capital formation, operating cost structure, revenue development,
discount rates, and sensitivity ranges used in deterministic and probabilistic models. All outputs
are modeled values, not predictive forecasts.

Table 12.2A Capital and Cost Assumptions

Category Assumption Rationale Reference
Capital cost $22-43 billion  Validated across ACRL Phase I, Van 1.2,31,6
range Horne, A2A Rail, and global heavy haul
benchmarks
Cost per mile $18-35 million  Dependent on terrain, permafrost, and 1.2
bridge density
Contingency 25-35% Required for Arctic megaprojects and 6
embedded permafrost exposure
OPEX 3-4% of capital  Global heavy haul benchmark 6
annually
Lifecycle 75-100 years Consistent with rail infrastructure Industry
lifespan standard
Discount rate 6.5% Validated through macroeconomic 15,18,18,19
(WACC) benchmarks

Table 12.2B Revenue and Tariff Assumptions

Category Assumption Rationale Reference
Annualrevenue  $3.0-3.5 billion Based on throughput and S 8,8

at maturity validated tariff bands

Tariffs Consistent with North Ensures competitive 32,33

American heavy haul pricing  delivered costs

EBITDA margin 40-45% base case Comparable to efficient Global
heavy haul operators norms
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Table 12.2C Monte Carlo Inputs
Variable Distribution Range Rationale

Capital cost  Triangular Low: $22B, Mode: $32B, Matches validated cost bands

High: $43B
Throughput  Normal Mean: 25M tons, SD: 4M Based on resource and intermodal
forecasts
Tariffs Uniform +15% Reflects market sensitivity
OPEX Uniform 3-4% of capex Consistent with global range
Discount Normal Mean: 6.5%, SD: 0.75% Macro benchmark variability

rate

12.3 Market Assumptions

Market assumptions integrate mineral projections, intermodal growth, regional energy flows, and
defense logistics requirements.

Table 12.3 Market Assumptions

Category Assumption Rationale Reference

Mineral 10-18 million tons Based on known deposits and 81,34

throughput development schedules

Container Moderate but growing Alaska port optimization and 52,33

volumes inland access

Energy liquids Stable long-term Regional production s
demand characteristics

Construction Consistent with northern  Infrastructure expansion 3

materials development

Defense Low but firm Supports mobility and 23,24

shipments sustainment

12.4 Operational Assumptions
Operational assumptions support train performance, maintenance regimes, and winter reliability.
Key Assumptions

e Heavy haul trains operate year-round with winterization protocols common to northern
freight systems
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¢ Modern CTC and fiber optic systems reduce incidents and monitoring costs
e Maintenance cycles consider cold-region ballast and freeze-thaw dynamics

e Utility co-location reduces maintenance cost unpredictability through early integration
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12.5 Policy and Regulatory Assumptions

Regulatory assumptions align with statutory frameworks in the U.S. and Canada.

Table 12.5 Policy Assumptions

Area Assumption Rationale Reference
U.S. permitting FRA and STB frameworks No anticipated shifts in federal >

remain stable rail regulation
Canadian CTA, IAAC, YESAB Recognized northern corridor 12,13,14
permitting regulatory path processes
Indigenous Early co-development Required for legitimacy, %
governance accelerates permitting
Federal Arctic mobility remains a Evident in current strategies 17.23,25
alignment priority
Golden Dome Strategic adjacency only No designation or implied 2,22

commitment

12.6 Strategic and Scenario Assumptions

Scenario assumptions define the bounds of low, base, and high futures.

Low Case

Capital near upper bound
Delayed mineral activation
Fragmented policy support
Moderate Indigenous alighment
Reduced container demand

Base Case

Balanced capital profile

Expected resource activation

Strong Indigenous partnership

Consistent U.S.—Canada policy alighment
Moderate intermodal growth
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Capital optimized through early drilling
Accelerated minerals and industrial activation
Strong Arctic policy emphasis

High freight diversification

Full Indigenous equity participation

12.7 Assumptions Conclusion

Northern Continental Corridor

The assumptions above establish a consistent foundation across all technical, financial, market,
and policy analyses. They reflect validated ranges and accepted engineering and financial
standards, and they frame the corridor’s expected performance across the full scenario set. All
modeled outcomes derive from these assumptions and do not constitute predictive certainty.
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e e I

ACRL

Al

AIDEA

AMHS

ARRC

ATC

BC

BEA

CAD

CAPEX

CAT

CBSA

CEAA

Alaska—Canada Rail Link

Artificial Intelligence

Alaska Industrial
Development and Export
Authority

Alaska Marine Highway
System

Alaska Railroad Corporation

Automatic Train Operation

British Columbia
Bureau of Economic
Analysis

Canadian Dollar

Capital Exposure

Caterpillar

Canada Border Services
Agency

Canadian Environmental
Assessment Agency
(predecessor to IAAC)

CGF

CIB

CIRNAC

CMMS

CMT

CN

CO2e

CPCN

CPKC

CTA

CTC

DoD

Northern Continental Corridor

Code of Federal Regulations
(United States)

Capital Grant Funding

Canadian Infrastructure Bank

Crown Indigenous Relations

and Northern Affairs Canada

Computerized Maintenance
Management System

Critical Mineral Taskforce

Canadian National Railway

Carbon Dioxide Equivalent

Certificate of Public
Convenience and Necessity
(STB)

Canadian Pacific Kansas City

Canadian Transportation
Agency

Centralized Traffic Control

Department of Defense
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DOE United States Department
of Energy

DOl Department of the Interior
(United States)

DOT United States Department

of Transportation
DoW Department of War
EBITDA Earnings Before Interest,

Taxes, Depreciation, and
Amortization

EIS Environmental Impact
Statement

EO Executive Order

EPA United States Environmental

Protection Agency

FERC Federal Energy Regulatory
Commission

FHWA Federal Highway
Administration

FN First Nation (Canada)
FRA Federal Railroad
Administration

FY Fiscal Year

GIS

GVA

IAAC

ICE

ICT

A

IMF

IRR

ISO

Km

Gross Domestic Product

Geographic Information System

Gross Value Added

Impact Assessment Agency of

Canada

Industry Canada

Internal Combustion Engine

Information and

Communications Technology

Infrastructure Investment and
Jobs Act

International Monetary Fund

Internal Rate of Return

International Organization for

Standardization

Information Technology

Kilometer
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LIDAR

LNG

LTE

MOU

MOW

MW

NAD

NASA

NCR

NGL

NGO

NORAD

Meaning

Light Detection and Ranging

Liguefied Natural Gas

Long Term Evolution

(communications standard)

Million

Memorandum of

Understanding

Maintenance of Way

Megawatt

North American Datum

(surveying)

National Aeronautics and
Space Administration

Northern Continental
Corridor

Natural Gas Liquids
Non Governmental
Organization

North American Aerospace
Defense Command

Acronym

NPV

NTCF

NEPA

NRCan

O&M

OPEX

P3

PEA

PHMSA

PLC

PM

PPP

QEC

Northern Continental Corridor

Meaning

Net Present Value

National Trade Corridors Fund

National Environmental Policy

Act

Natural Resources Canada

Operations and Maintenance

Operating Expenditure

Public Private Partnership

Preliminary Economic

Assessment

Pipeline and Hazardous

Materials Safety Administration

Programmable Logic Controller

Prime Minister

Purchasing Power Parity

Quebec Energy Corporation
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Acronym Meaning Acronym | Meaning

ROW Right of Way UAS Unmanned Aerial Systems

RRIF Railroad Rehabilitation and uU.S. United States
Improvement Financing

SCADA Supervisory Control and USACE U.S. Army Corps of Engineers
Data Acquisition

SD Standard Deviation USAF United States Air Force

STB Surface Transportation USCG United States Coast Guard
Board

T Ton or Tonne uUsD United States Dollar

TAPS Trans Alaska Pipeline VHF Very High Frequency
System

TC Transport Canada WACC Weighted Average Cost of

Capital

TEU Twenty Foot Equivalent Unit WTO World Trade Organization

TIFIA Transportation YESAB Yukon Environmental and
Infrastructure Finance and Socio-Economic Assessment
Innovation Act Board

UAF University of Alaska

Fairbanks
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15.0 Appendices

The appendices provide supporting technical detail, historical context, engineering evidence,
policy frameworks, incentive pathways, and modeling parameters. They are designed to reinforce
the analytical foundation of the Northern Continental Corridor and to provide authoritative
references for policymakers, investors, and engineering reviewers.

The appendices do not introduce new assumptions. They supply background structure that
validates and contextualizes the core narrative.
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Appendix A. Historical Policy Frameworks (1914-2025)

The development of northern rail connectivity has evolved through more than a century of
legislative, strategic, and economic transitions. Congress authorized the Alaska Engineering
Commission in 1914 to construct and operate what would become the Alaska Railroad,
establishing the first federal rail corridor in the U.S. Arctic’. The system was completed in 1923
and served as a foundation for resource development, wartime logistics, and northern community
access.

During the late twentieth century, growing interest in continental integration and northern access
reemerged through studies such as the Rails to Resources Act (Canada), which strengthened
federal interest in improving access to remote northern regions and provided a mechanism for
studying an Alaska—Canada rail link®. These studies laid the groundwork for the 2005-2007
Alaska—Canada Rail Link Phase | program, completed jointly by Alaska, Yukon, British Columbia,
and UMA Engineering .

The twenty-first century has seen rapid expansion in Arctic investment, including integration into
defense strategy, northern sovereignty, and industrial policy. The U.S. Infrastructure Investment
and Jobs Act provides freight-corridor funding authority for Arctic-relevant infrastructure®, while
Canada’s National Trade Corridors Fund targets northern gateway development and logistics
capacity'’.

In 2025, Executive Order 14186 and Public Law 119-21 established the Golden Dome framework
for air and missile defense modernization across North America?"?2. Although the Northern
Continental Corridor is not part of Golden Dome, its logistics and mobility profile aligns with
strategic Arctic objectives documented in the DoD Arctic Strategy?, NORAD posture
statements?, and continental mobility frameworks that underpin northern operations.
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Appendix B. Engineering Studies and Technical Evidence

This appendix summarizes the technical work that informs the engineering profile described in
Sections 3 and 4.

B.1 ACRL Technical Work (2005-2007)

UMA Engineering’s Phase | program completed preliminary alignments, bridge inventories,
geotechnical assessments, and hydrology reviews across more than 1,000 miles of candidate
corridor’. The study delineated major structural requirements, including roughly 60 significant
bridges and about 800 water crossings, which align with present-day engineering assumptions.

B.2 Van Horne Institute Heavy Haul Studies

The Van Horne Institute provided comparative costs, operational standards, and case studies for
northern heavy-haul systems, including cost ranges of $18-22M CAD per mile for tidewater-to-
interior systems?. These benchmarks underpin cost validation in the $22-43 billion range and
support the plausibility of per-mile cost modeling.

B.3 UAF Northern Engineering and Geotechnical Studies

UAF provides contemporary data on permafrost distribution, climate-change impacts, and Arctic
infrastructure best practices®“. Their findings confirm that approximately 40% of northern
infrastructure corridors cross discontinuous permafrost zones and that modern embankment,
insulation, drainage, and real-time instrumentation systems can mitigate warming-related
deformation risks.

B.4 Heavy-Haul Rail Standards

Railway Age’s global heavy-haul compendium establishes the engineering criteria for 136-lb rail,
1.0-1.5% ruling grades, and axle loads consistent with North American bulk freight operations®.
These standards matched the engineering framework adopted in Section 3.
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Appendix C. Environmental and Social Impact Frameworks

Environmental and socio-economic review processes differ across the U.S. and Canada but
share the requirement for transparent consultation, structured Indigenous engagement, and
detailed technical documentation.

C.1 U.S. Environmental Review

The National Environmental Policy Act (NEPA) requires Environmental Impact Statements for
major federal actions. Parallel permitting under Section 404 of the Clean Water Act and U.S. Army
Corps regulatory guidance'® governs wetlands, water crossings, and habitat impacts. These
frameworks necessitate alternatives analysis, cumulative impact evaluation, and stakeholder
engagement.

C.2 Canadian Impact Assessment

Canada’s Impact Assessment Act and the Yukon Environmental and Socioeconomic Assessment
Board (YESAB) provide structured processes for northern projects'> . These include socio-
economic effects, wildlife habitat protection, cumulative effects paths, and Indigenous
knowledge integration.

C.3 Indigenous Partner Framework

First Nations and Alaska Native corporations hold jurisdictional authority, economic rights, and
land interests across the corridor. Their participation is recognized as a legitimacy condition and a
strategic advantage, improving permitting reliability, long-term land stewardship, and workforce
development 3°.
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Appendix D. Incentive Program Inventory

This appendix inventories U.S. and Canadian programs that may support corridor development
through direct funding, cost sharing, or financing structures.

D.1 United States Incentive Pathways

Defense Access Roads Program under 23 U.S.C. 8210 provides for road and intermodal
infrastructure improving access to defense installations®®.

Defense Community Infrastructure Program under 10 U.S.C. 82391(d) supports
infrastructure serving military community needs ¥’.

Economy Act authority at 31 U.S.C. 81535 enables interagency agreements for
reimbursable servicess8,

Amtrak Use of Facilities under 49 U.S.C. §24308 provides regulatory pathways for shared
corridor use and federal coordination *°,

Infrastructure Investment and Jobs Act provides freight corridor grants, resilience
funding, and Arctic-relevant infrastructure support®.

D.2 Canadian Incentive Pathways

National Trade Corridors Fund (NTCF) supports northern gateway and multimodal
infrastructure.

Canada Infrastructure Bank investment programs may apply to major resource,
transportation, and northern development projects.

CIRNAC northern infrastructure programs provide Indigenous-linked funding
mechanisms for remote region utilities, logistics corridors, and access infrastructure®.
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Appendix E. Economic and Financial Modeling Assumptions

This appendix details the methodology underpinning Sections 4, 6, 7, and 11. All assumptions
derive from the validated ranges outlined earlier.

E.1 Inflation and Escalation

Capital escalation from earlier ACRL and Van Horne studies to 2025 was modeled using 2-3%
annual escalation, yielding the observed 1.2-1.3x uplift from mid-2000s benchmarks to present
values™?.

E.2 Weighted Average Cost of Capital

AWACC of 6.5% was applied, consistent with BEA macro indicators and long-term infrastructure
financing norms's:16.18.19,

E.3 Monte Carlo Setup

The probabilistic model uses distributions validated against economic, engineering, and
geotechnical uncertainty:

o Capital cost range: $22-43 billion
e Throughput: normal distribution with mean 25M tons, SD 4M
o Tariffs: £15% uniform distribution
e OPEX: 3-4% of capital
e [terations: 20,000 runs
E.4 Employment Multipliers

The model incorporates job-year multipliers from FHWA, EPI, ARTBA, and IMPLAN, with values
ranging from 13,000 to 27,800 jobs per $1B of infrastructure investment* 45 46.47.48,
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Appendix F. Monte Carlo Simulations

This appendix summarizes representative outputs from the Monte Carlo simulations supporting
Sections 6 and 7. The figures illustrate distributions for annual freight volumes, capital cost
outcomes, and overseas container throughput via the northern port. These results are derived
from 20,000-run probabilistic models using the input ranges and correlations described earlier.
These represent an example set only.

Figure F.1 Monte Carlo Simulation of Annual Freight

Monte Carlo Distribution of Annual Freight Demand
With Mean and Standard-Deviation Boundaries
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Figure F.1 Explanation

The simulated distribution centers near 30M tons per year, with most outcomes between
approximately 25M and 35M tons. This signals with a predictable variance profile that aligns with
the corridor’s diversified freight base. The mean, along with the 1 and 2 standard-deviation bands,
shows a concentrated operating range between roughly 25M and 35M tons, with wider but
infrequent excursions toward the low 20’s or high 30’s. This pattern signals dependable baseline
utilization supported by core commodities, while still capturing upside potential linked to market
expansion, resource projects, and cross-border throughput growth. The limited downside tail
reinforces a resilient demand floor, positioning the corridor for sustained long-horizon revenue
performance.
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Figure F.2 Monte Carlo Simulation Total CAPEX
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Figure F.2 Explanation

The simulation shows a central cost range of approximately $31-35B under realistic operating
conditions, with a broader envelope between $23B and $43B corresponding to the full scenario
planning range. Variance primarily reflects geotechnical uncertainty, structural density, and labor
cost escalation in northern regions.

The corridor-level Monte Carlo simulation incorporates 20,000 trials using correlated uncertainty
across nine major cost drivers. The resulting distribution is shown in the figure, with three vertical
markers added to support executive interpretation: Mean value marker at $33.1B, and Standard
deviation markers at $31.5B and $34.7B

The curve demonstrates a stable central tendency with a moderate right tail driven by permafrost
civil works, structural spans, and northern labor escalation.

This supports a strong risk-adjusted investment posture and validates the underlying cost
architecture.
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Figure F.3 Monte Carlo Simulation of Overseas Volume via Northern Port

Monte Carlo: Overseas Volume via Northern Port
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Figure F.3 Explanation

The northern ice-free gateway demonstrates consistent upside potential across a wide range of
operating conditions. Results cluster between roughly 150,000 and 200,000 annual units, with
variation across scenarios driven by fuel price dynamics, rail reliability factors, and the pace of
commercial adoption. Modeled outcomes show consistent participation across a range of
operating conditions.

The model also shows resilience in downside conditions: even with time penalties or operational
headwinds, the port retains a meaningful share of discretionary cargo due to its structural route
advantage. The upper tail highlights scenarios where synchronized cost reductions and strong
commercial alignment drive accelerated early adoption, validating the strategic case for a
northern maritime-rail interface
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