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Disclaimer

Disclaimer

This report presents findings and recommendations based on technical services performed by Dynamic
Risk Assessment Systems, Inc. (“Dynamic Risk”). The work addressed herein has been performed
according to the contributors and authors’ knowledge and experience in accordance with commonly
accepted standards of practice and is not, or does not constitute a guaranty or warranty, either express
or implied. The analysis and conclusions provided in this report are for the sole use and benefit of the
party contracting with Dynamic Risk to produce this report (the “Client”). No information or
representations contained herein are for the use or benefit of any other party other than the Client. The
scope of use of the information presented herein is limited to the facts as presented and examined, as
outlined in this document. No additional representations are made as to matters not specifically
addressed within this report. Any additional facts or circumstances in existence but not described or
considered within this report may change the analysis, outcomes and representations made in this
report. Any use of or reliance on this document by any party other than the Client shall be at the sole
risk of such party. In no event will Dynamic Risk, its directors, officers, shareholders, and employees or
its subsidiaries’ directors, officers, shareholders, and employees be liable to any other party regarding
any of the findings and recommendations in this report, or for any use of, reliance on, accuracy, or
adequacy of this report.
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Executive Summary

Overview

The State of Michigan has retained Dynamic Risk Assessment Systems, Inc. to perform
an independent analysis of alternatives to the existing Straits pipelines. The analysis
benefited from a public comment process and additional information received in July and
August, 2017. This Executive Summary is intended to provide a high level overview. It
must be recognized that any use of statements herein should be supplemented with
supporting facts and assumptions embodied in this Technical Report.

This report has been submitted to the Michigan Department of Natural Resources
(DNR), the Michigan Department of Environmental Quality (DEQ), the Michigan Agency
for Energy (MAE), and the Michigan Office of Attorney General (AG) — collectively
referred to in this report as the State of Michigan (the State) — as part of the State’s
Public Outreach Strategy. It addresses the scope of work as outlined in the State’s
Request for Information and Proposals on February 22, 2016:

to provide the State of Michigan and other interested parties with
an independent, comprehensive analysis of alternatives to the
existing Straits Pipelines, and the extent to which each alternative
promotes the public health, safety and welfare and protects the
public trust resources of the Great Lakes. The work does not
include a recommendation by the contractor of a preferred
alternative. Rather, the work includes the development of
information that can be used by the State and other interested
parties in making decisions about the future of the Straits
Pipelines.

The scope of work addressed within the analysis includes an independent review of the
risks associated with Enbridge Pipelines’ existing Line 5 20-in. pipeline crossings of the
Straits of Mackinac as well as a technical evaluation of each of the alternatives
contemplated by the State, as summarized below:

e Alternative 1

Construct one or more new pipelines that do not cross the open waters of the Great
Lakes and then decommission the existing Straits pipelines.

e Alternative 2

Utilize existing alternative pipeline infrastructure that does not cross the open waters
of the Great Lakes and then decommission the existing Straits pipelines.

e Alternative 3

Use alternative transportation methods (e.g., rail, tanker trucks, oil tankers and
barges) and then decommission the existing Straits pipelines.
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e Alternative 4

Replace the existing Straits pipelines using the best available design and technology.
This Alternative considered two separate Straits pipeline crossing designs:

a. Alternative 4a — Conventional trenched installation
b. Alternative 4b — Tunnel installation.
e Alternative 5

Maintain the existing Straits pipelines. As part of the analysis associated with this
Alternative, the results of the threat and risk modeling were leveraged to provide an
evaluation of the safe and reliable operating life of the existing Straits crossing
pipelines.

e Alternative 6

Eliminate the transportation of all petroleum products and natural gas liquids (NGLS)
through the Straits of Mackinac segment of Enbridge’s Line 5 and then
decommission that segment. This alternative would also reflect potential viability of
continued NGL deliveries to the Upper Peninsula at Rapid River, and the continued
receipt of Michigan light oil production at Lewiston.

Within the Statement of Work (SOW) that forms part of the contract for this work with the
State of Michigan, there is no provision for mixed alternatives (multi-modal transport or
permutations or combinations of multiple lower capacity alternatives). Therefore, it is
important to note the relationships between Alternatives 2, 6, 1 and 3. Alternative 2
investigates the potential use of existing pipeline infrastructure to carry the 540,000 bbl/d
from the existing terminal to its Markets in Sarnia, ON, Toledo, OH and Detroit, MI. If it is
determined that existing infrastructure cannot accommodate these volumes, then
Alternative 2 essentially becomes Alternative 6, Alternative 1 or Alternative 3, depending
on how the shortfall is addressed. Alternative 6 addresses the shortfall by assessing the
impact to Michigan residents and investigating how alternate sources of petroleum
products can find their way into Michigan markets via other existing services or
infrastructure in the event that Line 5 was decommissioned. Similarly, Alternative 1 can
address the shortfall through the construction of one or more new pipelines, or
Alternative 3 can address it through the use of non-pipeline infrastructure.

With respect to Alternative 1, the SOW states that “a high-level screening of general
routing (northern vs. southern route) will be performed prior to selecting a preferred route
and developing a corridor which will be used for analysis purposes.” With respect to
Alternative 3, the SOW states “a high level feasibility study will be conducted in the
alternative for the use of barges, trucks and other transportation modes to deliver the
product for the replacement of the Straits pipelines. A detailed risk analysis and cost
assessment for a given transportation mode will be performed only if the feasibility study
indicates that it is viable.”
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Analysis Approach
The analysis considered Alternative 5 (maintain the existing Straits pipelines) as a
baseline against which all other alternatives could be evaluated.

The analysis of each of the above alternatives includes the following elements (as
applicable):

e Design-based cost estimates
e Economic feasibility analyses
e Socioeconomic impacts:
o Jobs, income and government revenue
o Qualitative social impacts.
e Market impacts
o Spill risk analysis:
o Oil spill release modeling
o Oil spill behavior and impact modeling
o Spill probability analysis
o Spill consequence analysis:
— Spill cost analysis
— Spill fatality analysis
— Spill environmental consequence analysis.

A high-level overview of the approaches taken for each of the above aspects of the
analysis is provided below.

Design-Based Cost Estimates

For alternatives involving new infrastructure, cost estimates were based on prior
experience in developing project cost estimates and designs for oil pipeline industry
projects and operations, taking into consideration materials, construction, and
construction support activities for the proposed infrastructure. Operational costs were
also estimated by the project team, and were validated through inspection of public
filings to regulators.

Design costs were established for the purposes of comparing the various alternatives
using a common methodology. The costs generally reflect Class 5 estimates,
representing an accuracy range of -30%/+50%. Costs estimated for this study exclude
some owner costs (i.e., land costs) and do not reflect optimization that may occur at
more advanced stages of design.

Final design costs were not generated for configurations that were determined to be
infeasible (these include trucks, a new central pipeline route and a new central rail
route). Preliminary cost estimates were derived for some designs that were not pursued
further because of high cost, other logistical constraints, or both. Detailed cost estimates
were prepared for the existing routing (two new crossing methods), decommissioning
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(existing Line 5 — terrestrial pipeline, facilities, and Straits pipelines), and southern rail
and pipe alternatives.

Economic Feasibility Analysis

Economic feasibility analysis results are the first of three quantitative measures used to
assess the various alternatives. Economic feasibility is regarded as an efficiency
measure in economic terms. In standard economic analyses, it assesses the economic
viability of a facility in terms of cost and benefit streams from normal operations: this is
traditionally called a social cost benefit analysis. For this study, the alternatives
described are designed to provide equivalent capacity and deliveries to that of the
existing Line 5. In practical terms, this corresponds to total delivery capacity of
540,000 bbl/d, of which 1/6™ is assumed to be NGLs. The project therefore employs a
cost-effectiveness analysis to permit a comparison that does not rely on explicitly
estimating the benefit streams or revenues from the alternatives. Such a
cost-effectiveness analysis is consistent with OMB Circular No. A-4 (2003), which
focuses on regulatory analysis of alternatives. It also serves as an appropriate
comparative basis for performing subsequent market impact analyses.

The cost-effectiveness analysis was undertaken for each alternative passing the
preliminary screening. It was based on the present value of a cash-flow profile of capital
and operating costs needed to deliver a volume equivalent to that of the current pipeline
infrastructure. This volume was selected as a benchmark to permit comparisons of
alternatives independent of selected upstream and downstream impacts (which will be
addressed elsewhere). The key reported metric was a levelized cost in dollars per barrel
($/bbl) terms. The levelized costs were subsequently used in market analyses to
determine the degree to which producers, refiners, major industrial customers, and other
consumers of energy products, may be impacted. A levelized cost can be thought of as
the real (excluding inflation) price that must be received for every barrel of throughput
over the life of a project for a transportation service to break even. The current Lakehead
System toll to transport products from Superior to the Sarnia area is a useful benchmark
for comparison: approximately $1.50/bbl.

For a stand-alone comparison of alternatives, the levelized costs were calculated based
on the design-based cost estimates for each alternative, the throughput of the reference
case for Line 5, which is 540,000 bbl/d, and a real discount rate of 6% per year.

Socioeconomic Impact Analysis

Jobs, Income and Government Revenue

Economic impact analysis results are the second set of three quantitative measures
used to assess the six alternatives. These results are routinely provided in regulatory
settings because they provide information about jobs, incomes, economic output — such
as value-added and government revenue. Such results are impact measures in
economic terms and provide complementary information to stakeholders and decision-
makers relating to the economic desirability of a project. Hence, impact results are
frequently presented alongside economic efficiency measures.

Economic impact measures are generally described in relation to a specific geographical
area. This is the case with the alternatives considered in this study. Each assessed
alternative was considered over three geographic areas:
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1. A county corridor of the Michigan counties through which a given alternative passes
(the smallest area).

2. A Prosperity Region corridor of the Michigan Prosperity Regions through which a
given alternative passes (an intermediate area).

3. The State of Michigan (largest area).

Alternatives falling partially or entirely outside of Michigan were assessed based on the
operating or capital cost impacts of that portion of the facility falling inside Michigan.

The input-output methodology on which this study relies involves the use of US Bureau
of Economic Analysis (USBEA) statistics reflected in the second generation of its
Regional Input-Output Modeling System (RIMS 1l). The project regards the models that
are based on RIMS Il multipliers to be an appropriate method for comparing the
alternatives because they:

e generate internal consistency within the range of alternatives analyzed

e permit comparison of the multipliers, and results generated by this study and other
studies within the State.

Although the study presents direct, indirect and induced impacts, the project regards the
most robust of these estimates to be the direct and indirect impacts associated with the
various alternatives. The project regards the induced impacts to be most robust for
operating expenditures. Induced impacts associated with capital expenditures are less
certain, but are appropriate for comparing across alternatives or to those from other
studies.

The final category of economic impacts is that associated with government revenue
impacts. RIMS Il does not generate such results and does not estimate the induced or
similar impacts of such revenues. The study estimates are based on independent
assumptions across a series of State tax and revenue sources.

Qualitative Social Impacts

Socioeconomic impacts generally include the quantifiable indicators described above,
but also can consist of a wide range of unquantifiable impacts that may be of concern to
local stakeholders.

A social impact assessment (SIA) generally requires definition of a project with
reasonably high certainty of routing options around a given configuration. With such
information in hand, the SIA can follow well-developed protocols in the context of a
public participation process. Because this study did not involve primary data collection or
public processes, the assessments conducted here are regarded as preliminary
screening exercises. In the case of environmental impacts, which may have some
associated social dimension, a Rapid Impact Assessment Matrix (RIAM) is a commonly
used screening tool that allows the transparent recording of the values and judgments
made. For social impact screening, the project developed a tool consistent with:

e the procedures developed by the US Army Corps of Engineers

¢ recommendations from the Interorganizational Committee on Guidelines and
Principles for Social Impact Assessment.

The Committee is a group of social scientists endorsed by the National Oceanic and
Atmospheric Administration (NOAA) and tasked to aid public and private interests in
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their SIA obligations under the National Environmental Policy Act (NEPA) and their SIA
obligations to public agencies.

Market Impact Analysis

Market impacts are considered when changes to the current system might generate
changes in prices within the context of product prices seen in Michigan or elsewhere.
These market impacts are not tied to the economic impacts described above; instead,
they are more closely tied to changes in the cost of product transportation into a given
market area. In some cases, the market area is small and is more readily evaluated.
Such is the case with the impacts of curtailment in transportation services for NGLs to
Rapid River and for Michigan crude production in the Lower Peninsula. In both cases,
the study screened a number of different technical alternatives for providing these
services. For example, the existing 30-in. Line 5 could be considered for continued
transportation, although at a much lower throughput, but this would generate operational
integrity issues associated with operating a large pipeline at very low flow rates. Other
configurations were also considered.

The project made the analytical assumption that market forces would, in the near term of
service interruption, rely on some combination of trucking and rail for transportation.
Incremental costs of these services were translated into potential ¢/gal impacts for
propane consumers in Michigan and potential $/bbl impacts for crude oil producers in
Michigan. While, in principle, these market impacts could be spread to other
stakeholders (e.g., propane producers or product refiners), for the small volumes
involved here — propane consumers and crude producers are price-takers as opposed to
price-makers. The brunt of any changes in delivery or collection costs are thus most
likely to be absorbed by these stakeholders. In this context, the calculated impacts on
Michigan consumers and producers are regarded as the maximum impacts that would
be incurred from such a service interruption. Future market forces may change the
dynamics of investment in transportation services (delivering propane and light crude).
However, an assessment of such changes would be speculative and, in any event, any
potential alternatives still need to be competitive with known existing means of non-
pipeline transport of these products.

The assessment of larger market impacts of changes in product delivery are more
complicated. The project, again, assessed the maximum anticipated impact on Michigan
interests. These interests include primarily consumers of refined petroleum products
(RPPs) and propane in Michigan, and those interests associated with the Detroit
refinery. The project acknowledges that Michigan’s consumers could be impacted by
costs borne by other refiners in the US Midwest (notably refineries in the Toledo, Ohio
area). While some of the Line 5 crude oil crosses the border to Canadian refiners,
documented flows of RPPs returning to the US Midwest (which includes Michigan) show
negligible imports from Canada. NGL imports to the Sarnia fractionation facility are,
however, considered because a proportion of the fractionated products does return to
PADD 2 via Michigan.

The assessment of market impacts for any given alternative consists of three separate
and largely independent parts:

e impact of decommissioning decision
e impact of abandonment costs

e impact of new facility costs.
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In the case of the new crossing methods (e.g., Alternative 4 considers a new trenched
crossing or tunnel crossing), only the last of these impacts comes into consideration.
This is because the full Line 5 is not decommissioned and only a relatively low level of
abandonment costs are incurred for the existing Straits pipelines. But for all other
alternatives, all of these impacts must be considered. As background, Line 5 is part of a
broader system of product movement that is regulated as the Lakehead System, which
is operated by Enbridge. In simple terms, a product contracted for transport between
Superior and the Marysville or Sarnia area, for example, will be transported at a
published tariff — the routing choice is up to the operator. Costs are ascribed, not to
individual lines, but to the system as a whole (e.g., system fixed costs such as insurance
or corporate overheads are recovered through all system throughput). Market impacts
consider the eventual costs on the entire system.

Operational Risk Analysis

Risk is defined as a measure of the probability that a hazardous event (in this case, a
hazardous liquid spill) will occur and the severity of the adverse consequences of that
event. This report documents three dimensions of risk including public safety,
environmental risk and economic risk.

Risk may be expressed qualitatively, semi-quantitatively, or as has been done in this
report: quantitatively. When quantifying risk associated with an installation or piece of
infrastructure, it is conventional to represent public safety risk as the expected number of
fatalities per year of operation. Similarly, economic risk can be expressed as expected
damage costs (dollars) per year of operation. These fully-quantitative representations of
risk are possible because both the measures of probability and consequence may be
presented in quantitative terms using consistent units of measure.

Environmental risk, however, may be perceived differently by different individuals,
depending on social background, heritage, the degree of reliance of the environment for
livelihood, personal values, etc. Because of this, one person’s perspective on the
magnitude of a given environmental consequence may be vastly different from that of
another. Therefore, no government agency or regulatory body has established or
adopted quantitative measures that are intended to capture all aspects of environmental
risk. Nevertheless, for the purposes of characterizing and comparing the environmental
risk between the various alternatives considered in this report, the environmental
component of economic consequence has been adopted to represent environmental
consequence. This measure of environmental consequence is based on a monetization
of the damages, which in principle encompass the following impacts, provided that these
impacts can be directly associated with a spill event:

e restoration costs of the natural environment

e a broad range of environmental damages, including air, water and soil impacts

e netincome foregone in the sustainable harvest of a commercial resource

e net value foregone in the sustainable harvest of a subsistence resource, including
fisheries.

Failure Probability Analysis

The risk analyses associated with each alternative were based on an evaluation of
threats, defined as the potential causes and failure mechanisms associated with spills.
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The risk analyses therefore included threat assessments, during which the design,
materials, operational and environmental characteristics of each alternative were
evaluated against threat attributes. The Threat Assessment provided an evaluation of
potential susceptibility, and potential failure mechanisms involved. For those threats
characterized as having the potential to contribute to overall failure probability at
significant levels, the threat assessments also provided a basis for proceeding with
guantitative estimates of failure probability.

A variety of techniques were employed to estimate failure probability. These techniques
included reliability methods, which employ advanced statistical methods against
mathematical models that evaluate resistance to failure, logical methods, such as event
tree modeling, and evaluation of industry incident data. Failure probability modeling
provided estimates of the probability of incurring spills of various magnitudes. These spill
magnitudes were then used as the basis for evaluating health and safety, environmental,
and economic consequences. For each alternative, risk was determined as the sum of
the products of failure probability and associated consequences.

Consequence Analysis

Three measures of risk were presented; Health and Safety Risk, Economic Risk, and
Environmental Risk. All evaluations of consequence were based on worst-case spill
volumes determined in accordance with the requirements of the SOW document that
forms part of the contract for this work with the State of Michigan. Worst-case spill
volumes were developed for hole sizes associated with each Principal Threat, as
identified in the Threat Assessment. During the Threat Assessment phase of the
analysis, various potential causes of failure were investigated to establish their viability
and their associated release mechanism(s) (hole sizes).

Separate spill volume calculations were performed for the two products carried by
Line 5; light crude oilt and natural gas liquids (NGLsS).

Environmental consequence analysis was based on 360 simulations (120 for each
combination of spill volume and release location) of oil spill trajectories from a
worst-case spill. These simulations were performed using DHI's MIKE 3 hydrodynamic
(HD), MIKE21 spectral wave (SW) and MIKE 3 oil spill (OS) software modules. DHI’s
three-dimensional software MIKE 3 uses a flexible mesh to allow for increased resolution
in the relevant areas. The 360 simulations considered a full range of seasonal,
meteorological and hydrological conditions that can influence the way that spilled oil
disperses, including spill location, time of year, presence or absence of ice, wave height,
wind speed and direction, etc. These simulations provided the basis for a distribution of
possible trajectories of individual spills.

In addition to identification of locations of exposed areas and shoreline, arrival time to
shore was determined from each simulation, and at each shoreline location the shortest
time to arrival at that location was determined from all simulations performed. Longer
arrival times to the shore allow for mitigation measures to be put in place to protect key

TAccording to an agreement between Enbridge Energy and the State of Michigan, dated September 3, 2015, Enbridge does not transport heavy oil
through the Straits Pipelines and will not do so in the current engineering configuration and under the current operating parameters of the Straits Pipelines,
except as otherwise provided in that agreement. The agreement also stipulates that unless the State of Michigan’s written response approves Enbridge’s
proposal, Enbridge shall not transport heavy crude oil through the Straits Pipelines pending final resolution of any dispute between the State and Enbridge
(see https:/www.michigan.gov/documents/deq/Final_Agreement_Line_5_Heavy_Crude_Transport_FINAL_090315_All_Signature..._499287_7.pdf).
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receptors, compared to short arrival times where there may not be time to respond
before the oil reaches shore.

An ecological baseline was developed to appropriately define the most pertinent habitats
and biodiversity at risk in a Straits of Mackinac oil spill. This was achieved by specifying
species of particular conservation status and in relation to the specific habitat or life
history strategy that makes them susceptible to an oil spill. This was supplemented
through plotting of readily available geospatial data of the distribution of sensitive
receptors.

A review of the oil spill modeling results and typical longer-term oil spill weathering
dynamics was used to determine what ecological receptors could be exposed to, and
impacted by an oil spill. These analyses were furthered through applying referenced oil
spill tolerance levels for slick thickness and shoreline oil, as well as by referencing
known impacts associated with exposed ecological receptors.

Following on from the Tolerance Limit analysis, the well-recognized Rapid Impact
Assessment Matrix (RIAM) methodology for assessing and summarizing the overall
significance of impacts was applied to provide an indication of the most vulnerable
ecological receptors. This methodology allows for rapid transparent presentation and
summary of the overall impacts of a Project or Alternative, and ultimately aids in
pinpointing which impacts or Alternatives are most significant. With RIAM, the
significance of an impact was determined by translating an environmental score (ES) to
impact significance (‘Slight,” ‘Minor,” ‘Moderate,’ etc.), via a predetermined list of impact
levels that correspond to a range of ESs. The main thrust of the RIAM tool is therefore,
to assign an environment score to contingent environmental consequences within the
context of a risk analysis of each alternative.

Safety consequence analysis was based on the potential size of a flash fire zone
resulting from the ignition of an NGL release. The NGL spill analysis required the use of
an advanced computational fluid dynamics software model to account for the phase
change behavior of high-vapor pressure products at the elevated pressures associated
with underwater releases. For the purposes of evaluating safety consequences,
dispersion modeling was completed for various wind and stability classes, and the
probability of occurrence for each wind category was taken into account when
calculating the probability weighted Lower Flammability Limit distances. In calculating
safety consequences, a conservative assumption was made that all areas of population
would be located downwind of the release.

The economic analysis of the spill costs involves the estimation of cleanup costs and an
estimate for eventual damages. In simplest terms:

Total Spill Costs = Total Response & Cleanup Costs + Total Damage Costs

The response and cleanup costs are a function of factors such as spill remoteness, spill
size, amount of onshore oiling, type of cleanup technique used, time of year, and oil
density and chemistry. Cleanup costs are also affected by the nature of onshore areas
that are impacted by the spill. The damage estimate reflects potential longer-term social
and environmental costs associated with damages to natural resources, restoration of
environmental functions, and impacts on both commercial and subsistence resource
harvesting. Costs exclude fines and penalties associated with a spill event.

The consequence of spills within the Straits were determined as a function of release
magnitude (leaks and ruptures) and release location. The analysis considered cost
impacts associated with several variables, including, time of year (ice vs. no ice), length
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of shoreline impacted, and the distribution of land-use in shorelines for those counties
affected. The Straits are designated as a High Consequence Area (HCA) in accordance
with the regulations established by 49 CFR Part 195 §195.450. Beyond that, the Straits
are a culturally significant resource with associated tribal fishing and Treaty rights, and
the oil spill factors reflect that by using higher response costs and damage levels.

Economic consequences of spills occurring from pipelines or other alternatives in a
terrestrial environment are similarly dependent on their likelihood of occurrence in an
HCA. The HCA in these circumstances is defined through GIS interpretation of
populated areas, environmentally sensitive areas, and other sensitive areas. Economic
consequences of such spills are determined for different release sizes corresponding to
the types of threat.

Summary of Significant Findings

A summary of significant findings associated with each aspect of the study listed below
are included in this section:

o Feasibility of Alternatives

e Safe and Reliable Operating Life

e Failure Probability Assessment

¢ Oil Spill Behavior and Impact

¢ NGL Release and Dispersion Analysis

¢ Quantitative Results.

Feasibility of Alternatives

All alternatives with the exception of Alternative 2 (utilization of existing pipeline
infrastructure to transport Line 5 products) were found to be feasible, although of the
alternative transportation methods evaluated in Alternative 3, only rail was characterized
as being feasible and fully developed within the analysis.

With respect to Alternative 3, in addition to rail, which was fully developed for analysis
purposes, the feasibility of two other transportation methods (tanker trucks and oil
tankers/barges) was evaluated.

With respect to Alternative 6, partial abandonment of Line 5 was determined to be
infeasible. This would have permitted NGL deliveries to the Upper Peninsula at Rapid
River, and the continued receipt of Michigan light oil production at Lewiston. Rejection of
this option is primarily associated with the low volumes (relative to pipeline capacity)
associated with these activities. Abandonment of any segment of Line 5 is therefore
equivalent to full pipeline abandonment.
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Safe and Reliable Operating Life

As described in the SOW document that forms part of the contract for this work with the
State of Michigan:

The useful engineering life of a pipeline can be defined as the
point at which time-dependent degradation mechanisms can no
longer be managed by normal maintenance practices and ‘Inspect
and Repair’ strategies without incurring unrealistic costs and/or
without incurring undesirable levels of risk.

The SOW document also describes a process whereby the probability of failure over
time would be developed, and that this would serve as the basis for determining the
useful engineering lifespan of the Straits pipelines.

As indicated by the results of the failure probability analysis, the only time dependent
threat identified for the Straits pipelines is the threat of vortex-induced vibration. The
overall failure probability of the Straits pipelines increases by about 0.4% between 2018
and 2053. These results indicate that time is not a significant factor in the failure
probability estimates for the Straits pipelines for the Principal Threats identified.

This finding does not speak to the issue of risk acceptability. In other words, the finding
that failure probability does not change significantly with time does not imply that the
Straits pipelines are operating at an acceptable risk level; conversely, it does not imply
that they are not operating at an acceptable risk level. This decision should be based on
the acceptability of the combined-threat failure probability, considering both time-
dependent and time-independent threats, in conjunction with knowledge of the
consequences associated with a failure. Due, in part to the subjective and situation-
specific nature of the consequences of an oil spill, there are no quantitative, probability-
based pipeline reliability thresholds for hazardous liquids pipelines in any regulatory
jurisdiction, or in any industry standard or specification, and it was not within the scope
of this analysis to develop such a reliability threshold.

Failure Probability Assessment

Corrosion

Although a great deal of focus has been directed to the potential degradation in pipeline
integrity due to external corrosion, a thorough assessment of all available information
shows that this particular threat does not currently contribute to the overall probability of
failure at a magnitude that is significant — particularly in relation to the contribution made
by other threats. The following represents a high-level summary of the basis for that
conclusion:

In-Line Inspection

High-resolution magnetic flux leakage (MFL) in-line inspections of the East and West
Straits Crossing pipelines has been completed every five years since 1998, with the
most recent inspection being completed in 2013. A review of the inspection reports
indicated that the only external metal loss features identified on both the East and West
Straits Crossing segments were those associated with manufacturing anomalies for
which no mechanism exists for growth. An analysis of the growth of matched external
metal loss anomalies between the 2008 MFL and 2013 MFL inspections indicated that
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all variances in depth were found to be within the £10% depth measurement error of the
tool. Therefore considering tool error, there is no measureable growth of wall loss
features; this is consistent with these features being line pipe manufacturing anomalies,
rather than active, growing corrosion features.

While reliability methods exist that enable the determination of corrosion-related failure
probability as a function of time, these methods require a data set of corrosion features
from which corrosion feature incidence rates, growth rate and size distributions can be
estimated. In situations such as this, where in-line inspection data exists, but where no
corrosion features have been identified, these methods do not return finite (non-zero)
failure probability values.

Coating

The Straits pipelines are coated with coal tar enamel (CTE) coating, which, although
considered a vintage coating system discontinued after the mid-1980s, has a very good
performance history across the pipeline industry, displaying good adhesion, and forming
a continuous, strong bond that is resistant to moisture absorption and deterioration over
time. Significantly, unlike other coating systems, CTE does not shield cathodic protection
currents. There has been some evidence that the outer wrap has, at some locations,
become separated from the underlying coating material. While separation of the outer
wrap is not unusual in CTE coatings, and does not necessarily represent or correspond
to an opening (or ‘holiday’) in the corrosion coating which lies underneath the outer
wrap, recent inspections associated with the biota investigations have identified three
locations where such holidays were found. These three locations (two on the East Straits
Crossing segment and one on the West Straits Crossing segment) collectively represent
an area of 3.25 ft? (0.30 m?) where coating had been removed, resulting in exposed bare
pipe metal. One additional location exists at which inspection results are inconclusive,
and remain under investigation at the time of writing. At least one of the coating holiday
locations has been attributed to mechanical damage caused by activities related to
screw anchor installation in 2014.

While Enbridge reported that there was no evidence of corrosion at any of the coating
holiday locations, the above information suggests that at least one of these locations
existed at the time of the 2016 CPCM survey, implying that the findings of the CPCM
tool may not be considered as definitive evidence that the coating in the Straits Crossing
segments is well bonded to the pipe.

At the time of writing of this report, the investigation of the nature, cause and full extent
of the coating holidays is ongoing, so it would be inappropriate to speculate on any of
the above aspects of the coating condition, and a more complete and definitive
evaluation of coating condition will be available upon completion of the biota
investigations (expected shortly after the delivery date of this report).

Cathodic Protection

The results of the 2016 CPCM inspection of the East and West Crossing segments
indicated that the current demand was low, suggesting that the surface area of bare
metal pipe requiring cathodic protection is small. A review of cathodic protection
potential survey records dating back to 1989 show no sub-criterion readings. Also, the
lack of evidence of any external corrosion to date, based on in-line inspection and visual
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inspection, even at areas where coating holidays have been identified, is indicative of an
effective CP system.

Operating Experience

The lack of vulnerability to failure by means of external corrosion on the Straits Crossing
segments of Line 5 is consistent with operating experience for offshore pipeline
segments, which dictates that apart from offshore platform risers, cases of significant
external corrosion on offshore pipelines are extremely rare. This is owing to the
homogeneity of the offshore environment, the predictability of coating and cathodic
protection due to uniformly high conductivity of the environment, and the creation of any
exposed metal with calcareous deposits, which acts to inhibit corrosion.

Spanning Assessment

The evaluation of threat attributes indicated that the Straits Crossing segments are
potentially vulnerable to two separate failure mechanisms related to spanning:

i) fatigue caused by vortex-induced vibration (VIV) at span locations, resulting from
near-lake-bottom water currents; and,

i) over-strain caused by stresses due to unsupported span length (gravity and water
current drag forces).

The two spanning-related threats cited above are related to stresses arising from
gravitational and drag forces acting on spanned sections of pipeline, and these in turn
are a function of span length and water current velocity forces acting on spanned
sections of pipeline. With respect to span lengths, these have varied over time, both
above and below the 75 ft. (23 m) limit established in the 1953 easement, as well as the
140 ft. (43 m) span length that prior Enbridge consultants have asserted is safe. In
particular, spans of up to 90 ft. (27 m) were recorded on profile diagrams dating to 1980,
and 7 spans longer than 140 ft. (43 m) in the east leg and 9 spans longer than 140 ft.
(43 m) in the west leg were attributed to sonar imaging conducted in 2001 and 2003.

The degree to which historical spans may have impacted the integrity of the existing
pipeline segments may be evaluated through an assessment of recent in-line
inspections for deformation and weld zone cracking. In this regard, the recent 2016
Baker Hughes Geopig Inspection, and the 2016 Oceaneering tethered Phased Array /
Time of Flight Diffraction weld zone inspection are most relevant to a determination of
historical span-related damage. Inspection reports from these in-line inspections were
reviewed with a particular focus on the sections of pipeline that lie on top of lake bed,
where historical spans might have resulted in deformations.

An evaluation of the above inspection data indicated that there is no evidence that
historical spans have degraded the integrity of either the East or West crossing.
Consequently, the spanning analysis was based on an existing span length data set
obtained from seven underwater inspections of the East and West segments spanning
the years 2005 — 2016, which serves as a conservative basis for developing a span
length distribution for future years. The approach adopted for spanning is based on the
knowledge that the pipeline segments exist in a dynamic environment in which both
span length and water currents can change over time. Under such circumstances, there
is a potential for extreme values of both water current velocity and span length to co-
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exist. Failure is often associated with extreme (albeit rare) combinations of conditions or
events.

With respect to the threat of VIV, depending on pipeline design attributes and span
lengths, even moderate currents can induce vortex shedding, at a rate determined by
the velocity of water flowing around the pipe. Each time a vortex sheds, a force is
generated, causing an oscillatory multi-mode vibration. Under some circumstances, this
vortex-induced vibration can give rise to fatigue damage and failure of submarine
pipeline spans. The threat of VIV was analyzed utilizing an amplitude response model in
which input parameters of span length and upper-bound bottom-layer water currents
along both the east and west Straits Crossing segments were represented as probability
distributions. The span length distributions reflect observations that actual span lengths
have exceeded (in some cases, by significant margins), the 75 ft. (23 m) maximum
stipulated in the Line 5 easement agreement. Using a total of 100,000,000 simulations in
a Monte Carlo analysis, the probability that fatigue life would be exceeded for each of
several future time periods was determined up to the year 2053.

As a separate analysis, a stress analysis was conducted that considered stresses
arising from both gravity and drag forces in addition to those arising from operating
pressure and temperature. As was done for the VIV analysis, input parameters of span
length and upper-bound bottom-layer water currents along both the east and west Straits
Crossing segments were represented as probability distributions. For the purposes of
the spanning stress analysis, the probability of failure was defined as the fraction of
simulations in which the maximum combined effective stress exceeded yield stress.
Using a total of 100,000,000 simulations in a Monte Carlo analysis, the probability that
the pipe’s yield strength would be exceeded by the maximum combined effective stress
was determined. Although there is ample strain capacity beyond yield (and therefore,
failure does not occur when the maximum combined effective stress reaches yield
stress), yielding was selected as a failure criterion because it defines the onset of
plasticity, which in a dynamic environment could give rise to high amplitude fatigue.

The analysis determined that the annual probability of failure associated with spanning-
related threats was time-dependent, rising from 1.42x10°% (3.1% of total, all-threat
annual failure probability) in the year 2018 to 1.65x10 (3.5% of total, all-threat annual
failure probability) in the year 2053.

In respect of the above analysis, the following factors collectively contribute to that
conservativism:

e Current velocity data were derived from modeled results corresponding with the
location along the East and West segments that is associated with the maximum
current velocity for the entire pipe segment.

e Although this maximum current velocity is associated at only one point along the
East and West pipe segments, it was taken to be representative of the entire un-
trenched portions of each pipeline.

e Although a trend of decreasing span length was noted for the time period from which
the data was collected, this trend was not accounted for on a go-forward basis. The
span distribution for the period 2005 to 2016 that is used for the purposes of the
analysis includes span lengths that are in excess of 130 ft. (40 m) As the span
distributions that are fitted to the data are open-ended (i.e., they have no upper-
bound limit), this enables Monte Carlo simulations to consider span lengths that are
even longer than this largest span length encountered in the 2005 — 2016 data set.
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Therefore, incorporated into the analysis is the underlying assumption that such span
lengths will be experienced in the future, and no credit is given to the span
management plans currently being implemented, which endeavor to limit span
lengths to the 75 ft. (23 m) maximum limit, or to the Consent Decree between
Enbridge and the United States Government, filed May 23, 2017. In accordance with
the requirements of that Consent Decree, for pipeline segments operating in more
than 65 ft. (20 m) of water, screw anchors are to be placed so that the maximum
distance between adjacent screw anchors is 75 ft. (23 m) (1).

¢ In the vortex-induced vibration analysis, fatigue life is controlled by extreme values of
current velocity in conjunction with extreme values of span length. Although extreme
values of current velocity are known to be transient (short-term) events, and although
longer span lengths get remediated through the installation of screw anchors, it was
assumed that these extreme values persisted for the time period of the evaluation. In
other words, in simulations involving high currents and long span lengths, no span
management intervention activities were assumed, and extreme current values were
assumed to last indefinitely, resulting in fatigue loading conditions that reflect those
extreme values of current velocity and span length that extend through time,
uninterrupted until failure is predicted.

e The vortex-induced vibration analysis was modeled in such a way that fatigue
damage was accumulated from the start of operation in 1953 and the fatigue
analysis was run over a 100-year period from 1953 to 2053, with failure probability
results being reported for the period 2018 to 2053. In reality, any failure occurring
over the near term would be associated with near-critical fatigue cracks that would
be detectable by non-destructive inspection. Such non-destructive testing was
recently undertaken on both the East and West segments using the Oceaneering
tethered tool. This automated inspection system utilizes time of flight diffraction
(TOFD) and phased array (PA) pulse-echo ultrasonic techniques that are configured
to detect and size surface breaking defects such as fatigue cracks residing in girth
welds and their associated heat affected zones, where the potential for fatigue
cracking to initiate and propagate exists. In the analysis, no credit was given to the
fact that these inspections showed no evidence of sub-critical fatigue damage or
cracking of any kind.

Incorrect Operations Assessment

The PHMSA Hazardous Liquids Incident Database for incidents occurring between
January 2010 and December 2016 (inclusive) was used to determine Incorrect
Operations failure rates for the entire data set (representing all operators) as well as for
the Enbridge group of companies for failures occurring on pipeline rights-of-way,
including valve sites. Based on this analysis, it was determined that the Incorrect
Operations failure rate for the entire data set closely (and somewhat conservatively)
reflected the Incorrect Operations failure rate for the Enbridge group of companies.
Specifically, the Enbridge Incorrect Operations failure rate was approximately 5.9%
lower than the Incorrect Operations failure rate associated with all companies. On this
basis, it was determined that the broader PHMSA data set representing the operating
experience of all companies could be used, and that this larger, more statistically
significant data set would be representative of Incorrect Operations failures on Enbridge
infrastructure.
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Based on this analysis, the failure rate associated with incorrect operations in offshore
hazardous liquids pipelines was determined to be 1.301x10® failures/mi.-y. Over the
7.74 mi. (12.4 km) of pipeline covered by the East and West Straits Crossing segments,
the annual failure probability associated with this threat was determined to be
1.007x10™*. Over the 3.87 mi. (6.23 km) of the hypothetical 30-in. Straits Crossing
(trenched installation) replacement segment, the annual failure probability associated
with this threat was determined to be 5.04x10™%.

Oil Spill Behavior and Impact

For unique combinations of release magnitude and location, oil spill simulations were
conducted for the existing 20-in. Straits Crossing (Alternative 5) and the 30-in. Straits
Replacement (Alternative 4).

Oil spill extent maps were generated based on two thresholds: one based on surface
thickness, and another on shoreline impact. A threshold of 0.01 g/m?, corresponding to
an approximate thickness of 0.01 um, was used to describe the total extent of the
surface spill. This threshold represents the practical limit of observing oil in the marine
environment. From an environmental perspective, 0.01 g/m? is a very conservative
threshold with little impact on the feathers of birds. A second threshold was used for
assessing shoreline oiling impacts. A shoreline impact threshold of 1.0 g/m? represents a
scenario where shoreline cleanup may be required, but likely has little impact on
animals. A full range of seasonal, meteorological and hydrological conditions were
modeled using 360 simulations (120 for each combination of spill volume and release
location) that considered those factors that can influence the way that spilled oll
disperses. These simulations provided the basis for a representative distribution of
possible trajectories of individual spills. Each of the 360 spill trajectories resulted in a
unigque length and location of oiled shoreline. The Zone of Exposure (ZOE), defined as
the cumulative length of oiled shoreline over all 360 simulations, is approximately

1,000 mi. (1,600 km), and is comparable (and is in fact, more conservative) than the
corresponding 700 mi. (1,100 km) value determined by the University of Michigan in a
separate oil spill trajectory analysis for the Straits of Mackinac. It is important to note that
no individual spill corresponds to this ZOE, and the mean length of shoreline oiling from
an individual spill was determined to be 20 to 25 mi. (32 to 40 km).

Mid-channel ruptures represent one of the three combinations of leak mechanism /
location that contribute to the determination of the ZOE. Figure ES-1 represents the
contribution of mid-channel rupture events to the ZOE.
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Figure ES-1: Existing Straits Crossing Probability of Area Exposed Rupture
Scenario (Threshold 0.01 g/m? ~0.01 um Surface Thickness)

The scenarios for pipeline leakages at the northern and the southern shores were found
to be similar to the rupture scenario in terms of distribution of the spill. However, due to

larger volumes spilled in the southern shore scenario, the oiled shoreline is predicted to
receive higher depositions of material for the southern shore spill scenario.

Besides the assessment of the full year, seasonal-specific patterns were analyzed by
dividing the year into four quarters. From the analysis, it was apparent that during the
winter season (Q3) the spill extent is the smallest. This is due to the ice cover preventing
the spill from fully developing all the way to the shoreline.

The results of one sample spill simulation (started May 26, 2015, run for 30 days) are
shown in Figure ES-2 (trajectory and maximum slick thickness) and Figure ES-3 (arrival
time).
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Quantitative estimates of economic and environmental consequence (characterized as
credible worst case) were based on mean shoreline oiling from worst-case spill volumes,
with sensitivity analysis conducted based on the 95" percentile length of shoreline oiling.

Oil spill impacts for ruptures and leaks within the Straits were found to be insensitive to
the alternative investigated (i.e., Alternative 5 — existing pipeline vs. Alternative 4a —
trenched replacement alternative). The scale and significance of impacts to the various
baseline habitats and biodiversity for oil spills in the Straits of Mackinac are summarized
in Table ES-1.

Table ES-1: Tabulated RIAM Results for Oil Spills Impacting the Straits of

Mackinac
Scoring Parameters
Impact on Magnitude of Potential Impact ES I M P R C
Impacts on Avian communities Major Negative Impact -128 4 4 3 2 3
« Diving birds Major Negative Impact 128 | 4 -4 3 2 3
« Wading birds Significant Negative Impact 64 4 2 3 2 3
Impacts on Fish health and fitness Significant Negative Impact -64 4 2 3 2 3
Impacts of Fish reproduction Major Negative Impact -128 4 4 3 3 3
Impacts on Herpetofauna (physiological impact) | Significant Negative Impact -64 4 2 3 2 3
Impacts on Mammals Significant Negative Impact -64 4 ) 3 2 3
Impacts on Other general Aquatic Flora & Fauna | Significant Negative Impact 72 4 3 3 3 3
Impacts on Keystone aquatic fauna Major Negative Impact -144 4 4 3 3 3

Notes:
e Environmental Score (ES):ES = | xM x (P + R +C)

¢ (I) Importance — Assigns a level of importance in terms of variables such as spatial
extent and socio-political interests related to the impact

e (M) Potential Impact Magnitude— Expresses the level of impact (i.e., deviation from
baseline in relation to an established evaluation framework) in a physio-chemical
parameter, risk abatement benchmark, or the scale of loss/change to ecological and
socio-economic receptors

o (P) Permanence — Assign a score based on the duration of an impact

o (R) Reversibility — The score expresses whether an impact is permanent or
reversible

o (C) Cumulativity — A score is defined based on the cumulative potential of an impact.

The results of the analysis indicated that in the spill-specific ZOE, a Line 5 oil spill at the
Straits Crossing segment, if it occurs, would lead to either ‘significant’ or ‘major’ negative
impacts to all ecological receptor categories in the Mackinac Straits. Of the included
categories, however, species more likely to come into direct contact with the spill plume
are ranked at ‘major’ levels of impacts. This is apparent with, for example, diving birds,
fish eggs or juveniles. The category ‘keystone aquatic species’ also received a ‘major’
ranking, due to cumulative stress put on them by oil toxin concentrations and their role in
overall ecosystem health.
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Evaluation of a hypothetical pipeline replacement of the Straits crossing using a 30-in.
diameter pipeline to the south of Lake Michigan indicated that this route crosses the
following sensitive areas:

e 43 rivers (8 of which are in Michigan)

e 116 streams (24 in Michigan)

e 12 canals (5 in Michigan)

o 432 mi. (695 km) of wetlands (217 mi. or 349 km in Michigan).

In addition, the route crosses then following lesser-sensitive / non-sensitive areas:
e 153 mi. (246 km) of protected areas (32 mi. or 51 km in Michigan)

e 366 mi. (589 km) of urban areas (53 mi. or 85 km in Michigan)

o 11 wellhead protection areas, including 2 community drinking water wells (in
Michigan).

Evaluation of the rail transportation alternative indicated that this route crosses the
following sensitive areas:

e 70 rivers (11 of which are in Michigan)

e 127 streams (21 in Michigan)

e 21 canals (6 in Michigan)

e 97 mi. (156 km) of wetlands (18 mi. or 29 km in Michigan).

In addition, the route crosses then following lesser-sensitive / non-sensitive areas:
e 24 mi. (39 km) of protected areas (3 mi. or 5 km in Michigan)

e 272 mi. (438 km) of urban areas (73 mi. or 117 km in Michigan)

e 44 wellhead protection areas (in Michigan).

NGL Release and Dispersion Analysis

A simulation of the NGL releases caused by a failure on one the Straits pipelines was
conducted using PipeTech software. PipeTech is a computational fluid dynamics (CFD)
computer program that predicts transient fluid flow dynamics following the failure of
pressurized pipelines. The program provides NGL discharge rates, which are
subsequently used to predict the dispersion and travel behavior of gas plumes in and on
the surface of the water.

Consistent with the oil release analysis performed for environmental consequence
analysis, NGL release sizes corresponding to worst-case spills were determined based
on the Principal Threats identified in the Threat Assessment. In that respect, releases
from full-bore ruptures (FBRs) and 3-in. (75-mm) holes were simulated.

October 26, 2017 Final Report ES-20



Alternatives Analysis for the Straits Pipelines

Doc. no.: SOM

-2017-01-RPT-001 Project no.: SOM-2017-01 Rev. no.: 2 3 Dynamlc Risk

Executive Summary

To account for the variation in the water depth and investigate the impact of the release
depth on the release rates, five scenarios of varying water depth and position were
modeled. Release rates were then used to perform NGL dispersion analysis using the
Unified Dispersion Model (UDM) within DNV PHAST v. 7.11, accounting for under-water
release behavior, boil zone development, and atmospheric conditions. Flame envelope
sizes (used for the purposes of the Health and Safety Risk Analysis) were then
determined to be 4,729 ft. (1,441 m) for rupture scenarios and 1,526 ft. (465 m) for leak
scenarios.

Quantitative Results

Quantitative analyses were performed to evaluate the economic impacts and the
operating risk of each Alternative.

Economic Analysis

The results of the quantitative economic evaluations are summarized in Table ES-2.
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Table ES-2: Economic Evaluation Summary

Alt5 Alt 4a Alt 4b

Existing New New Alt 6

Operations Trenched Tunnel Abandon Line 5 Alt1 Alt 3

(Base Case) Crossing Crossing & Crossing New Pipeline Alt Transport (Rail)
Total Construction Cost ($Million) 0.0 27.3 152.9 212.1 2,025.28] 907.8[
Construction Cost — Michigan ($Million) 0.0 27.3 152.9 183.5 585.8 0.0
Total Operating Costs ($Million/y) 95.0 95.0 95.0 0 225.0 — 165.00b] 1,220.0
Operating Costs — Michigan ($Million/y) 83.0 83.0 83.0 0 67.5 — 49,501 184.1
Construction Period (y) 0 2 2 1 5 3
System Tariff Superior — Sarnia/Marysville Area ($/bbl) | Oil:1.50, NGL:1.32
Line 5 Tariff Superior-Rapid River ($/bbl) NGL: 0.55
Line 5 Tariff Lewiston-Marysville ($/bbl) Oil: 0.60
Levelized Cost New Infrastructure ($/bbl)t! 0.000 0.009 0.046 0.067 1.628 6.492
Construction Impacts (Michigan)(d
Jobs (#) N/A 413 1,763 2,188 8,110 0
Earnings ($Million) N/A 21.0 91.3 104.3 369.2 0.00
Output ($Million) N/A 71.0 3285 362.1 1,307.5 0.00
Value Added ($Million) N/A 23.0 93 189.6 395.7 0.00
Government Revenues ($Million) N/A 1.0 <44 <5.0 <17.7 0.00
Operations Impacts (Michigan)
Jobs (#) 913 913 913 0 399 1,491
Earnings ($Million/y) 45.2 452 45.2 0 23.9 84.3
Output ($Million/y) 136.5 136.5 136.5 0 79.7 323.6
Value Added ($Million/y) 80.6 80.6 80.6 0 425 173
Government Revenues ($Million/y) 7.17-9.17 7.17-9.17 7.17-9.17 0 6.15-11.15 12.15
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Alt5 Alt 4a Alt 4b
Existing New New Alt 6
Operations Trenched Tunnel Abandon Line 5 Alt1 Alt3
(Base Case) Crossing Crossing & Crossing New Pipeline Alt Transport (Rail)
Local Market Impacts
Upper Peninsula Propane (A Propane Price) 0.00 ¢/gal ~0.00 ¢/gal | ~0.00 ¢/gal | ~10-35 ¢/gal ~10-35 ¢/gal ~10-35 ¢/gal
Volume: 2-3 kbbl/d (seasonal) (seasonal) (seasonal)
Lewiston Connected Producers (A Shipping Tariff) 0.00 $/bbl ~0.00 $/bbl | ~0.00 $/bbl | ~$2.40/bbl ~$2.40/bbl ~$2.40/bbl
Volume: 10 kbbl/d
Market Impacts Detroit / Toledo Refinery Impact 0.00 $/bhl <0.002 $/bbl | <0.01 $/bbl | 0.76 $/bbl 0.35 $/bbltel 1.36 $/bblte]
(A Average Cost of Crude Supply)
Michigan Consumers 0.00 ¢/gal <0.01 ¢/gal | <0.03 ¢/gal | 2.13 ¢/gal 1.0 ¢/galte] 3.8 ¢/gallel
(A Gasoline Price)
Michigan Consumers 0.00 ¢/gal ~0.00 ¢/gal | <0.02 ¢/gal | <5.3 ¢/gal <0.7 ¢/gallel <2.6 ¢/gallel
(A Lower Peninsula Propane Price)

Notes:

[[Excludes abandonment

blYear 1 to year 10

[IBased on 6%y real discount rate.

[dIMaximum levels reported due to non-persistence of construction impacts.

lllmpacts are after alternative becomes operational and assume Line 5 abandonment is delayed until then; otherwise, impacts are immediate, as with Alternative 6.
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Using the existing 20-in. Straits Crossing segments as a base case, the levelized costs
of new infrastructure ($/bbl) for the various alternatives are presented below in order of
decreasing cost.

1. Alternative 3 (Alternative Transport — Rail): 6.492 $/bbl
Alternative 1 (New Pipeline Route): 1.628 $/bbl

Alternative 6 (Abandon Line 5 and Crossing): 0.067 $/bbl
Alternative 4b (New Tunnel Crossing of Straits): 0.046 $/bbl
Alternative 4a (New Trenched Crossing of Straits): 0.009 $/bbl
6. Alternative 5 (Existing Straits Crossing): 0.000 $/bbl

The State Market Impacts for each Alternative, relative to the existing 20-in. Straits
Crossing are presented below in order of decreasing impacts.

o M DN

1. Alternative 3 (Alternative Transport — Rail): 1.36 $/bbl Detroit/Toledo Refinery Impact
/ 3.8 ¢/gal Michigan Gasoline Impact

2. Alternative 6 (Abandon Line 5 and Crossing): 0.76 $/bbl Detroit/Toledo Refinery
Impact / 2.13 ¢/gal Michigan Gasoline Impact

3. Alternative 1 (New Pipeline): 0.35 $/bbl Detroit/Toledo Refinery Impact / 1.0 ¢/gal
Michigan Gasoline Impact

4. Alternative 4b (New Tunnel Crossing of Straits): <0.01 $/bbl Detroit/Toledo Refinery
Impact / <0.03 ¢/gal Michigan Gasoline Impact

5. Alternative 4a (New Trenched Crossing of Straits): <0.002 $/bbl Detroit/Toledo
Refinery Impact / <0.01 ¢/gal Michigan Gasoline Impact

6. Alternative 5 (Existing Straits Crossing): 0.00 $/bbl Detroit/Toledo Refinery Impact /
0.00 ¢/gal Michigan Gasoline Impact

The State Market Lower Peninsula Propane Impacts for each Alternative, relative to the
existing 20-in. Straits Crossing are presented below in order of decreasing impacts.

Alternative 6 (Abandon Line 5 and Crossing): <5.3 ¢/gal
Alternative 3 (Alternative Transport — Rail): <2.6 ¢/gal
Alternative 1 (New Pipeline): <0.7 ¢/gal

Alternative 4b (New Tunnel Crossing of Straits): <0.02 ¢/gal
Alternative 4a (New Trenched Crossing of Straits): ~0.00 ¢/gal

o a0k wbd

Alternative 5 (Existing Straits Crossing): 0.00 ¢/gal

The foregoing impacts refer generally to Michigan-wide upper-bound impacts within the
context of each alternative. In addition, specific local impacts in the Upper Peninsula and
Lower Peninsula are nil for Alternative 5 and negligible under Alternative 4, but do occur
under any alternative involving abandonment of Line 5 (Alternative 6, Alternative 1, and
Alternative 3). Market impact analyses concluded that propane users in the Upper
Peninsula could face price increases in the range of 10¢/gal to 25¢/gal. Lower Peninsula
producers would face an additional cost of $2.40/bbl to get their oil to market.
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Operating Risk Analysis

In the risk assessment of the existing Straits Crossing segments, the Principal Threats
that were found to contribute to the operating risk on the existing 20-in. Straits Crossing
segments are, in order of decreasing contribution, anchor hooking, incorrect operations,
vortex-induced vibration (VIV), and spanning stress. Of these threats, only VIV is time-
dependent (i.e., the magnitude of failure probability increases with time), although as
shown in Figure ES-4, the degree to which that time-dependency influences the total
(all-threat) annualized failure probability is marginal. Over the 35-year time period of
2018 to 2053, the increase in total (all-threat) annualized failure probability is only 0.4%.
As shown in Figure ES-4, the dominant threat, representing more than 75% of the
annualized total (all-threat) failure probability, is that of anchor hooking caused by the
inadvertent deployment of anchors from ships traveling through the Straits.
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Figure ES-4: Annual Failure Probability Over Time — Existing Straits Crossing
Segments

The results of the quantitative risk analysis are summarized in Table ES-4.

The total economic risk and monetized environmental risk reflect results of the weighting
of various spill costs in each alternative. Within the Straits, the core spill zone includes
Emmet, Cheboygan, and Mackinac counties, in which 99% of spill material deposition
would occur. The monetized environmental risk estimate reflects potential longer-term
social and environmental costs associated with damages to natural resources,
restoration of environmental functions, and impacts on both commercial and subsistence
resource harvesting. The results presented in Table ES-4 reflect mean consequences
which, in the Straits area involve 20 to 25 mi. (32 to 40 km) of shoreline oiling in the Core
Zone counties. The total economic spill costs of a mean spill range from $147 million to
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$237 million for Alternative 5 and Alternative 4a respectively, as estimated by the spill
cost model for a south shore spill which represents the most costly credible worst-case
spill set. A 95" percentile spill was also evaluated and generated a range from

$200 million to $310 million for Alternative 5 and Alternative 4a respectively.

Using the existing 20-in. Straits Crossing segments as a base case, the Operating Risk
of each of the alternatives is presented in Table ES-3 in order of decreasing risk.

Table ES-3: Risk Multiples (Relative to Base Case) for Alternatives

Risk Multiple, Relative to Base Case (Existing Crossing)

Safety Risk Monetized Total Economic Risk
Alternative Environmental Risk
Alternative 3 (Rail Transport) 830,000 X Base | 762 X Base 1,242 X Base
Alternative 1 (New Pipeline) 136,000 X Base | 34 X Base 47 X Base
Alternative 4a (New Trenched Straits Crossing) 0.062 X Base 0.214 X Base 0.214 X Base
Alternative 4b (New Tunnel Crossing of the Straits) Negligible Negligible Negligible
Alternative 6 (Abandonment of Line 5 and Straits Crossing) | Zero Zero Zero

Notes:
Results may reflect rounding.
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Table ES-4: Operational Risk Analysis Summary

Alt5 Alt 4a Alt 4b Alt 6 Alt1 Alt 3
Existing Operations New Trenched Crossing | New Tunnel Abandon Line5 | New Pipeline Route Alt Transport (Rail)
(Base Case) Crossing & Crossing

Principal Threats Anchor Drag, Incorrect Anchor Drag, Incorrect Negligible N/A Per Incident Statistics Per Incident Statistics
Operations, Spanning, Operations
Vortex-Induced Vibration

Zone of Exposure Core: Mackinac, Emmet, Cheboygan; None N/A ~762 mi. of WI, IL, IN, | ~800 mi. of WI, IL, IN, MI
Other: Chippewa, Charlevoix, Presque Isle, Antrim, Grand MI (Ml = ~240 mi.)
Traverse, Alpena (Ml =~226 mi.)

Oil Spill Outflow - 2,629 5,859 None N/A 3,784 Median Spill 462 bbl

Rupture (bbl)

Qil Spill Outflow — N/A N/A None N/A 300

Puncture (bbl)

Oil Spill Outflow — Leak | North: 2,902; South: 4527 North: 5,820 South: 9,801 | None N/A 57

(bbl)

Failure Frequency - 3.575x10-04 2.430x1008 Negligible N/A 1.84x10-02 2.891

Rupture (1y)

Failure Frequency — N/A N/A Negligible N/A 1.67x1003

Puncture (ly)

Failure Frequency — 1.007x10-04 5.040x10% Negligible N/A 0.187

Leak (ly)

Safety Risk (fatalities/y) | 2.69x10-0 1.68x1007 Negligible 0.00 3.66x10-0 2.24

Total Economic Risk 41,5008 8,8700 Negligible 0.00 1,960,000 51,500,000

($ly)

Monetized 24,9000 5,320 Negligible 0.00 859,000 19,000,000t

Environmental Risk

($fy)

Notes:

l[IResults may reflect rounding.
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Preface

This report represents the final deliverable of the Alternatives Analysis; it includes a
number of changes to the Draft Final Report (Revision 1) released on June 27, 2017.
The primary purpose of this preface is to provide the reader with a summary of how
comments received during a review period were treated in finalizing this report, to
summarize those comments, and to summarize the changes made to the Draft Final
Report as a result of those comments.

A second purpose of this preface is to document other changes that were not directly
associated with comments, but were made to reflect additional information that became
available since publication of the Draft Final Report, or that resulted from editorial and
other corrections arising from internal reviews.

The public comment process was defined by the State to include opportunities for verbal
and written comments through a series of public meetings in Holt, Traverse City and
Saint Ignace during July 2017. A web-based comment process was initiated to facilitate
submission of comments, with a direct comment period closing on August 4, 2017. The
State provided guidance on the types of comments that would be considered; the
general intent was that they should address the content of the Alternatives Analysis Draft
Final Report.

A parallel process initiated by the State involved Tribal Consultations. This report does
not address feedback arising from the Tribal Consultations since Dynamic Risk was not
a party to that process. A number of submissions by Tribes were, however, made during
the public process and those were treated on the same basis as other public comments
received.

A summary of the process is described in documents available at:

https://mipetroleumpipelines.com/

The process generated over 1,600 written comments with over 150 attachments, in
addition to verbal submissions provided during the public meetings. It would be
impractical to list and address each comment separately within this preface. Instead,
since many comments related to common topics, and addressed common themes, for
the purposes of this preface, comments are presented by broad topic groupings.

General Filtering and Treatment of Comments

This Final Report considered all comments received through the public process up to
August 4, 2017. All comments received were considered based on:

() their relevance to the contracted work
(i) their technical merit

(iii) the degree to which they provided additional information that could be independently
verified.

While many comments came from individuals, others were also submitted by
stakeholder organizations, businesses, interest groups, or governmental entities. The
comments also included those from the State and from Enbridge. All comments were
considered on the same footing.
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This Final Report and this preface only address comments that were relevant within the
comment process. Comments not relevant to the process were filtered out. This Final
Report and this preface therefore exclude comments related to:

() opinions by commenter on what the State should do with the results;

(i) personal or group positions or opinions in support of or against a specific alternative
considered in the report;

(i) entreaties to the State regarding procurement and contracting protocols related to
the Alternative Analysis study or the Risk Analysis study, including those associated
with commenter’s perceptions of conflict of interest; or,

(iv) submissions suggesting that scope of work was not properly defined within the
Statement of Work (SOW).

Statement of Work

In accordance with the requirements of the Statement of Work (SOW) that forms part of
the contract for Dynamic Risk’s engagement with the State of Michigan, this Final
Report, as with the Draft Final Report, represents an independent analysis and
assessment. The material contained herein is intended as information, and does not
constitute a recommendation favoring any single alternative over any other. Indeed,
many of the comments received used information from the Draft Final Report to
substantiate the position or opinion expressed by the commenter. At times such
interpretations are in direct opposition to others using the same information. A notable
example of this is simply the notion of acceptable levels of risk: opposing viewpoints can
look at the same risk result and regard it as either acceptable or unacceptable. The
authors provide no recommendation on resolving this difference of opinion.

Some of the comments received were beyond the scope of the analysis contemplated by
the Statement of Work (SOW) that forms part of the contract for Dynamic Risk’s
engagement with the State of Michigan. This preface addresses some of these but they
are not further reflected in this Final Report beyond some added points of clarification
where it is important to highlight how the SOW has been addressed. The SOW and
related contract documents for the Alternatives Analysis are available at
https://mipetroleumpipelines.com/.

Characterization of Comments Received

An overview of the comments received is provided in this preface, organized by the way
the comments were handled. Comments can be characterized as falling into categories,
as follows:

1. The comment provided perspective that was relevant to the analysis and its defined
scope of work, and modifications were made to the Draft Final Report in order to
address the comment. (“Category 1 Comments”).

2. The comment provided new information that was relevant to the analysis and its
defined scope of work, and modifications were made to the Draft Final Report in
order to address the comment (“Category 2 Comments”).
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3. The information and perspective provided within the comment was either: a) outside
of the defined scope of work, or, b) pertaining to information that already exists within
the Draft Final Report, and for which no modification was made to address the
comment (“Category 3 Comments”).

In the following section, comments are summarized along with a brief description of the
disposition of the comments falling into each of the above Categories, and a brief
description of any changes made to the Draft Final Report to address the comment. In
those instances where changes were not made to the Draft Final Report in order to
address the comment, a rationale is provided to explain why no changes were made.

In addition to the above, internal reviews of the Draft Final Report resulted in edits and
corrections. A separate section of this preface is dedicated to summarizing those edits
and corrections.

Category 1 Comments

For the purposes of this preface, Category 1 Comments are defined as those which
provided perspective that was relevant to the analysis and its defined scope of work, and
modifications were made to the Draft Final Report in order to address the comment.

Worst Case

Comments were received that related to the treatment of a “Worst-Case Spill” within the
Alternatives Analysis. This Final Report provides clarification through provision of
additional explanations, references, and rationales for selection of worst-case outflows
and for specification of worst-case consequences. In Appendix N, the discussion
describes the role of 49 CFR 194.5 in establishing a worst-case discharge.

In regard to the calculation of worst-case spill volumes, some commenters suggested
that a small pinhole leak, undetectable by Enbridge’s continuous leak detection
monitoring systems would serve as a more suitable scenario upon which to base worst-
case spill volumes, as such a scenario would generate greater outflow volumes (albeit,
over a longer period of time) than those developed for the purpose of the spill
consequence analysis.

Revisions to the text of Appendix N describe that the selection of hole sizes in the
calculation of worst-case spills was guided by a Threat Assessment, in which various
potential causes of failure were investigated to establish their viability and the release
mechanism(s) (hole sizes) associated with each viable threat. This threat-based
approach is consistent with the SOW that forms part of the contract for Dynamic Risk’s
engagement with the State of Michigan.

Guided by the Threat Assessment, two separate release mechanisms (hole sizes) were
identified; 3-in. (75-mm) hole and FBR, with each release mechanism being linked to
specific causes of failure, and each having specific probabilities of occurrence.

Pinhole leaks, which may result in extended duration releases having low release rates,
are normally associated with specific threats such as pitting corrosion, seam defects,
and mechanical connection failures, and are not typical of the release mechanisms
associated with the Principal Threats identified for the Existing Straits Crossing
segments or a replacement crossing. For this reason, this release mechanism was not
considered.
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Notwithstanding the above, additional information and discussion has been added to
Appendix N to clarify that beyond the three continuous leak detection monitoring
systems described in the Draft Final Report, Enbridge has recently been required by its
Consent Decree with the United States Government (filed May 23, 2017) to inspect the
Straits Crossing segments on a quarterly basis using an acoustic leak detection
inspection tool. Such tools have the capability to detect leaks smaller than those that are
detectable using the continuous monitoring systems, such that spill volumes of 88 bbl or
larger over the three-month period between inspections would be detectable.

Appendix N now clarifies that beyond being based on the use of worst-case spill
volumes, the risk and economic consequence estimates do not correspond to those that
would be derived by layering extreme worst-case assumptions pertaining to failure
probability and consequence upon one another. To do so would result in unquantifiable
levels of risk amplification, leading to results that are inconsistent with expected
outcomes. This would be an ineffective basis for comparison of risk among multiple
alternatives, which is the chief objective of the analysis. Instead, as described in this
Final Report, risk, and the economic consequence evaluation that is based on those
estimates of risk, are best characterized as being based on a most credible worst-case
scenario. Prediction of the extreme worst-case scenario applies more accurately to the
scope of the Risk Analysis that was contracted by the State under Michigan’'s Request
for Information and Proposals on that subject as presented in the following:
https://mipetroleumpipelines.com/document/risk-analysis-final-rfp. As provided in
expanded discussions in Section 1.9, Appendix N, and Appendix R, the actuarial
concept of credibility is used to rely on average consequences (associated with worst-
case outflows) and 95™ percentile consequences are treated as a sensitivity case.

Scope of Work for Risk Analysis

Many of the comments received on the topic of worst case applied more legitimately to
the Request for Information associated with the Risk Analysis that was contracted by the
State to another contractor, but never submitted for public review. In response to
comments related to the scope of work for the Alternatives Analysis vs. the scope of
work for the Risk Analysis, a high-level comparison between the two scopes of work is
provided below.

There are substantial differences between the two analyses, as defined by the Requests
for Information for each. In simplified terms, the primary differences are:

() The Risk Analysis was tasked to identify a worst-case outflow, impact and cost only
for the existing pipeline, whereas the Alternatives Analysis developed a full
methodology that could be used to compare on a consistent basis, the worst-case
outflows and likelihoods associated with the credible threats across all alternatives
using a weighted function.

(i) The Risk Analysis and Alternatives Analysis both considered a worst-case outflow
using standard engineering principles. However, the Risk Analysis also went further
to permit an unbounded selection of worst-case fate and consequences associated
with any given outflow. By contrast, the Alternatives Analysis applied a credibility
constraint to the assessment of worst-case consequences.

(i) Within this Alternatives Analysis, the risk assessment was one component of a multi-
criteria comparison of a number of alternatives. It was thus important to have a
means for consistently comparing risk. A key part of that comparison, especially
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within the Straits area, was the use of a comprehensive risk assessment that
addressed both the likelihood of a spill event based on a threat analysis, and the
expected consequences of that spill event. The stand-alone Risk Analysis did not
require such a comparison and did not include a full assessment of threats and
likelihood of those threats leading to a spill.

(iv) While not part of the Requests for Information, the resultant proposals and contracts
also had different approaches to economic valuation of the spill consequences. The
nature of the Risk Analysis was such that a single worst-case consequence spill
would be identified as a worst-case event at a specific location under specific
conditions; cost assessment of that hypothetical spill can be characterized as a
bottom-up estimation focusing on all contributory factors at that precise location
under precise circumstances. By contrast, the approach used within this Alternatives
Analysis is characterized as a top-down methodology deriving (as stated in the
SOW) cleanup costs and damage costs for a credible worst-case spill. Credibility is
interpreted probabilistically as an average worst-case event during a typical year
having impacts within a typical area of a zone of exposure.

These differences in the two studies underlie a frequent comment that, in effect, the
Alternatives Analysis did not identify the worst-case consequence imaginable of a spill
within the Straits environment. While this Alternatives Analysis evaluated the worst-case
spill based upon the failure mechanisms identified within the threat analysis, more dire
consequences are possible beyond these constraints.

Spill Fate and Zone of Exposure

A number of comments suggested that the 20 to 25 mi. (32 to 40 km) mean oil spill
described in the Draft Final Report is inconsistent with the analysis by University of
Michigan (Schwab), which shows oil spill vulnerability of the order of 700 mi. (1,127 km)
of shoreline for typical spills.

Additional text is provided in Appendix R of this Final Report to clarify that the
vulnerability measure citing 700 mi. (1,127 km) of shoreline in the University of Michigan
(Schwab) study is comparable to (and is in fact, less conservative than) the “Zone of
Exposure” determined for the existing Straits pipelines as described in Appendix R,
which is approximately 1,000 mi. (1,609 km). The mean length of shoreline oiling of 20 to
25 mi. (32 to 40 km) described in the Draft Final Report is comparable to the median
length of shoreline oiling of 38 mi. (~60 km) obtained by Schwab as described in his

July 21, 2017 comment referring to an initial discharge of 5,000 bbl.

Spill Cost Consequence Basis for Analysis for Existing Segments

Some comments suggest that the spill cost analysis is incorrect because it seemed too
low or omitted specific costs.

These comments were based on an incorrect supposition that costs should be based on
700 mi. (1,127 km) of shoreline oiling, citing the University of Michigan (Schwab) study
discussed in the previous section. As noted above, however, the analysis was based on
mean spill oiling and not on a spill covering the entire Zone of Exposure. Also, as noted
in the Draft Final Report, spill costs were normalized for Michigan conditions and are
regarded as a best estimate of cleanup and damage costs.
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Some of the comments were based on the misapprehension that the scope of the
alternatives analysis was to address an extreme worst-case scenario involving a
coincidence of events and variables; each representing the most adverse of possible
conditions. Instead, as is clarified in Appendix N, and Appendix R, worst-case spill
volumes were used in conjunction with a set of conditions to represent a credible worst-
case spill.

Notwithstanding the above, this Final Report includes clarifications in a Validation
section (see Appendix R.5) that provides additional comparative information of the
results presented here to some results in the literature. Appendix R also provides
additional interpretations of spill costs associated with fisheries, tourism and natural
resource damages previously addressed qualitatively and quantitatively in Appendix Q
and Appendix R. Appendix R also provides additional comparative analyses of the
results in this study with those undertaken previously by Enbridge for a larger spill at a
similar location for the existing pipelines. These analyses do not supplant or present
cause to alter the conclusions of the cost analyses conducted in this Final Report; they
provide clarifications through including complementary information that validates the
results of the analysis presented in this Final Report.

Cost Assumptions Used in Analysis for All Alternatives

Some commenters suggested that cost estimates for all alternatives were too low and/or
that construction periods were lengthier than assumed. Some commenters also asserted
that required permits would not be granted for some of the new-build options.

While the Draft Final Report explained the assumptions made for new build activities
(and abandonment consistent with North American regulatory best practice), additional
clarification is provided throughout this Final Report, including in Appendix H and
Appendix I, that:

(i) the level of engineering design conducted for this analysis is consistent with a
preliminary design basis that typically yields uncertainty of -30%/+50%;

(i) the assumptions are consistent across all alternatives and provide a consistent basis
for comparing alternatives; and,

(i) the SOW did not require a full analysis of potential regulatory barriers that might
have been faced by any alternative, nor did it require full environmental and
participatory social impact assessments that would normally be undertaken at more
advanced stages of design.

Furthermore, while abandonment in place is used for cost comparison between the
alternatives, an estimate is provided in Appendix | to approximate the cost of the
complete removal of the Straits pipelines if needed.

Product Flows of NGLs

Comments were received regarding the fact that the Draft Final Report did not provide
an explicit estimate of the impacts of Line 5 abandonment on Lower Peninsula propane
markets. To a large extent, this is because (unlike the Upper Peninsula) no NGLs are
delivered to the Lower Peninsula. Also, the study focuses on PADD 2 conditions listing
the “Sarnia refinery complex” as being of further relevance within the SOW in any market
impact assessment. Comments, received, however, correctly pointed out that Line 5
volumes of oil and NGL also go to other non-PADD 2 refineries, and that NGLs are
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supplied to a fractionator in Sarnia. This is also described in the Draft Final Report
Appendix F (Enbridge System Overview) and Appendix G (Market Overview). Also, a
number of commenters provided opinions that interruption of a flow of Line 5 NGLs
would have some impact on supplies of propane in the Lower Peninsula.

Over the period May-August, additional information became available in the public
domain that permits further clarification of potential market impacts on supply and pricing
associated with Lower Peninsula propane consumption. Key information includes the
following:

(i) Enbridge non-confidential filings to FERC and SEC regarding product flows within
the Lakehead System for Calendar Year 2017 Q1. This information confirmed annual
volume assumptions for oil and NGL documented within the Draft Final Report.

(i) Updates to inter-region propane flows by the US EIA. This information also includes
updated production estimates for PADD-2 refiners and field production of propane to
mid-2017.

(i) Enbridge obtained permission from shippers to release publicly the historical and
current gross throughput of Line 5 on a monthly and annual basis showing deliveries
and withdrawals of oil and NGL at various points along Line 5. Although this
information had been provided on a Business Confidential Basis during the course of
the study, the authors relied primarily on non-confidential information available in the
public domain. Portions of the monthly and annual volume data were cleared for
release in June 2017 and are provided in Table C-1 of Appendix C. The information
shows monthly net withdrawals of NGLs in the Upper Peninsula and also shows no
withdrawals of NGLs in the Lower Peninsula: all NGLs passing across the straits are
delivered to Sarnia for fractionation.

(iv) Plains Midstream filed new non-confidential material to the Canada National Energy
Board (NEB) at end of May 2017 showing propane and butane shipments annually
estimated from Sarnia to PADD 2 via Michigan of approximately 25 kbbl/d.

The above points are reflected in additional information associated with Alternative 6
(abandonment). New information has been provided within Section 4.2.3 providing a
discussion of the potential impacts of Line 5 abandonment on Michigan Lower Peninsula
propane markets. These results are also reflected in summaries elsewhere in this Final
Report.

Use of Rail within Michigan

Comments received on Alternative 3 (rail) suggested that inadequate attention was paid
to the use of rail for local transportation within Michigan for products or crude oil
produced in the lower peninsula.

Local use of rail was not elaborated in Alternative 3 because this option considered
transport from Superior to Sarnia. Rail use, was, however treated in Alternative 6b
(Abandonment) to demonstrate how rail could be used to deliver propane (in conjunction
with truck transport) to customers in the Upper Peninsula. Additional information
provided in Appendix C regarding historical monthly deliveries can be used to validate
the assumptions in this report, especially those related to peak demand as a design
basis for rail and trucking requirements.
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In addition, the report notes in Section 4.2.3.2 that the Lewiston crude facility does not
have rail access, and so trucks would be needed in conjunction with rail transport.

Ecological Baseline and Impacts

Comments received regarding the environmental consequence assessment requested
greater detail with respect to how an oil spill would affect the entire aquatic community. It
was pointed out that the ecological impact analyses could have entailed a more
comprehensive level of assessment in relation to biodiversity and ecosystems, including
impacts to endangered species.

While the Draft Final Report did consider all related impacts and assigned levels of
impact that are commensurate with a planning level risk assessment, it is acknowledged
that additional detailed descriptions would help underpin the conclusions regarding
impact. Therefore, additional analysis was undertaken to develop the Ecological
Baseline & Basis for Analysis, which is new to this Final Report (see Attachment 7 in
Appendix S). The first task associated with preparing Attachment 7 was to better
describe the baseline habitats and biodiversity at risk in relation to a Line 5 Alternatives
oil spill Zone of Exposure (ZOE). This was chiefly achieved by classifying applicable
Straits of Mackinac, Lake Michigan and Lake Huron biodiversity in relation to their
conservation status and highlighting aspects of their habitat or life history strategies that
make them particularly susceptible to oil spill impacts. Furthermore, publically available
geospatial information of the habitat or biodiversity was plotted to provide additional
baseline context on their proximity to a spill. With this more refined level baseline
information, the environmental consequence analyses for Alternatives 5 and 4

(Section 2.4.2.2.2 and Section 3.5.2.2.2) were rewritten to better explain specific
biodiversity or ecological resources (e.g., fisheries) at risk and the associated potential
impacts.

In addition, however, the reader should note that — while the presence of endangered
species contributes to the designation of their habitats as HCAs — spill consequences
are not further modified to reflect worst-case consequences beyond the mean expected
impacts. Clarifications have been added to Appendix R describing how seasonal and
locational factors are treated within oil spill cost analyses. For example, while it is
acknowledged that worst-case consequences might involve impacts in spawning areas
or in habitats of importance to migratory species, the analyses do not attempt to
describe a spill as one that impinges only on such habitats or at certain times of year.

Incorrect Operations Failure Rates

Some comments suggested that the failure rates associated with Incorrect Operations
for Enbridge group of companies should be higher than the Incorrect Operations failure
rates for the entire industry data set.

In deference to these comments, additional analysis was conducted and reported on in
Section 2.4.1.1.1.4.1.3. The additional analysis compared the failure rates derived from
the PHMSA Hazardous Liquids Database associated with the threat of Incorrect
Operations for the entire data set (all companies) against those associated with the
Enbridge group of companies. Based on this analysis, it was determined that the
Incorrect Operations failure rate for the entire data set closely (and somewhat
conservatively) reflected the Incorrect Operations failure rate for the Enbridge group of
companies. Specifically, the Enbridge Incorrect Operations failure rate was
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approximately 5.9% lower than the Incorrect Operations failure rate associated with all
companies. On this basis, it was determined that the broader PHMSA data set
representing the operating experience of all companies could be used, and that this
larger, more statistically significant data set would be representative of Incorrect
Operations failures on Enbridge infrastructure.

Terrorism and Sabotage

Some commenters stated that further discussion was warranted with respect to the
potential for a failure of the existing Straits Crossing segments resulting from the activity
from terrorism or sabotage.

Additional discussion has been provided in Section 2.4.1.1.1.3.8 of this Final Report
regarding the threat of intentional damage (defined as vandalism, sabotage, etc.). This
discussion includes an analysis of industry incident data and factors related to
vulnerability, including accessibility of infrastructure. In the case of the Straits Crossing
pipeline segments, that accessibility is greatly limited by the fact that the pipelines are
buried onshore as well as offshore to a water depth of approximately 70 ft. (21 m).

Spill Response Times

Some commenters noted that an apparent spill response time of 30 days is
unrealistically long: regulatory requirements and actual evidence suggests that response
is much quicker.

Clarification has been provided within Section 1.9.5.1 of this Final Report to correct an
apparent misinterpretation. Spill modeling is done for a 30 day period to allow the full
modeled development of the unmitigated fate of a spill. Such modeling is routinely used
in risk analyses to allow formulation of spill preparedness needs within a certain zone of
exposure, and to provide a conservative estimate of ultimate consequences. Response
is actually much more immediate, but may also focus on protecting assets (such as
water supplies) that are potentially in harm’s way. Discussions and diagrams in the
report also show the time it takes for an unmitigated spill to reach certain areas, noting
that for areas outside of the Core Zone (defined herein as Emmet, Cheboygan and
Mackinac counties) the time period is typically adequate to place protective booms or
use other mitigation actions. Similarly, the miles of shoreline “oiled” by an average spill
are also a conservative estimate as they represent unmitigated conditions.

Historic Spans

Additional analysis and discussion was added in Section 2.4.1.1.1.4.1.2 of this Final
Report in response to comments received regarding the potential for historic spans to
have an adverse effect on the long-term integrity of the Straits Crossing segments. As
noted by the comments provided, span lengths have varied over time, both above and
below the 75 ft. (23 m) limit established in the 1953 easement, as well as the 140 ft.

(43 m) span length that prior Enbridge consultants have asserted is safe. In particular,
spans of up to 90 ft. (27 m) were recorded on profile diagrams dating to 1980, and 7
spans longer than 140 ft. (43 m) in the east leg and 9 spans longer than 140 ft. (43 m) in
the west leg were attributed to sonar imaging conducted in 2001 and 2003.

As described in the revised Section 2.4.1.1.1.4.1.2, the degree to which historical spans
may have impacted the integrity of the existing pipeline segments were evaluated
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through an assessment of recent in-line inspections for deformation and weld zone
cracking. In this regard, the recent 2016 Baker Hughes Geopig Inspection, and the 2016
Oceaneering tethered Phased Array / Time of Flight Diffraction weld zone inspection are
most relevant to a determination of historical span-related damage. Inspection reports
from these in-line inspections were reviewed with a particular focus on the sections of
pipeline that lie on top of lake bed, where historical spans might have resulted in
deformations.

Based on this analysis, it was concluded that there is no evidence that historical spans
have degraded the integrity of either the East or West crossing. Consequently, the
spanning analysis was based on an existing span length data set obtained from seven
underwater inspections of the East and West segments spanning 2005 to 2016, which
serves as a conservative basis for developing a span length distribution for future years.
Additional discussion has been provided in Section 2.4.1.1.1.4.1.2 to list the factors that
collectively contribute to conservativism in the spanning analysis.

Line 5 Inteqrity

A number of submissions were provided by Timm (‘the Timm Reports’) both prior to and
during the comment period. In addition, a number of commenters referenced and relied
on those submissions in their comments relating to spanning stresses, water currents,
fatigue life, failure probability, and the presence of corrosion. While Dynamic Risk
reviewed and considered the Timm Report submissions that were available prior to the
delivery of the Draft Final Report, the Draft Final Report contained no reference to them.
To be responsive to the Timm Report submissions and the comments that reference
those submissions, a technical review and commentary of the Timm Reports has been
prepared in Attachment 6 (see Appendix S) of this Final Report.

Remaining Life

Some comments suggested that the Draft Final Report does not offer explicit conclusion
about how long the existing Straits pipelines can reasonably operate without
replacement.

As described in the Statement of Work (SOW) document, that forms part of the contract
for the Alternatives Analysis with the State of Michigan,

The useful engineering life of a pipeline can be defined as the
point at which time-dependent degradation mechanisms can no
longer be managed by normal maintenance practices and ‘Inspect
and Repair’ strategies without incurring unrealistic costs and/or
without incurring undesirable levels of risk.

The SOW document also describes a process whereby the probability of failure over
time would be developed, and that this would serve as the basis for determining the
useful engineering lifespan of the Straits pipelines.

As indicated by the results of the failure probability analysis, the only time dependent
threat identified for the Straits pipelines is the threat of vortex-induced vibration. The
overall failure probability of the Straits pipelines increases by about 0.4% between 2018
and 2053. These results indicate that time is not a significant factor in the failure
probability estimates for the Straits pipelines for the Principal Threats identified.
However, as is now clarified in Section 2.5, time-dependency of failure probability is not
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necessarily related to risk acceptability; the latter of which should give consideration to
failure probability associated with both time-dependent and time-independent threats, in
conjunction with the consequences of failure.

Further discussion has been added to Section 2.5, to provide information on the
evaluation standards and regulations used for liquid pipelines and the specific
requirements pertaining to the Straits Crossing segments as imposed by the Consent
Decree between Enbridge and the United States government.

Anchor Hooking Analysis

A comment was received pertaining to the potential role that damage prevention
programs related to awareness measures might have on the outcome of the anchor
hooking analysis. In response, clarification has been added to Section 2.4.1.1.1.3.8 that
because the scenario involves inadvertent deployment, it is not influenced by mitigation
measures, such as warnings and signage that are taken to discourage ships from
intentionally deploying anchors within the Straits of Mackinac.

In response to comments pertaining to Outcome 3 (anchor not seated), clarification has
been added to Section 2.4.1.1.2.1.1.1 that the occurrence probability per ship crossing is
based on an assumption that dragging of an inadvertently deployed unseated anchor will
be limited to one hour of navigation.

Finally, additional discussion has been added to Section 2.4.1.1.2.1.1.2 to address the
presence of other utility infrastructure (two 24-in. gas pipelines and high voltage
transmission cables) and the influence of that infrastructure on this analysis.

Tunnel Feasibility

A number of comments suggested construction of a tunnel structure similar to what has
been included in the Alternative Analysis Report would not be feasible due to various
limitations such as the required length or the rock formation.

To address these concerns and to show that the tunneling alternative for the Straits is
feasible, a summary of similar tunnels to that considered for the Straits of Mackinac is
provided in Appendix E.

Environmental Impact of NGL Releases

Some comments suggested that the report should provide further discussion on the
environmental impacts associated with NGL releases, and include additional information
to validate the assumption that any environmental impact from NGL releases would be
minimal and localized.

The Spill Consequence Analysis in Section 2.4.2.4.1 has been updated to include further
justification and references to support the assumptions used for the environmental
impact associated with NGL releases.

Seismic Hazards

During one of the public meetings, a question was asked about how the potential for
pipeline failure due to seismic activity was assessed, and specifically, what Richter Scale
magnitude was used as the basis of the threat evaluation. Accordingly, additional
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discussion was added to Section 6.2 of the Geotechnical Report contained in
Attachment 3 (see Appendix S), clarifying that an assessment of the potential for peak
ground acceleration (PGA) was used as the basis of evaluating threats related to
seismicity. It was further clarified that PGA is used in engineering assessments in
contrast to the more generalized and published total earthquake magnitude
measurements such as Moment Magnitude (or previously Richter Scale) that express a
single quantitative measure of the total energy released during an earthquake. There is
no direct correlation between PGA and Richter Scale magnitudes.

Category 2 Comments
For the purposes of this preface, Category 2 Comments are defined as those which
provided new information that was relevant to the analysis and its defined scope of work,
resulting in modifications to the Draft Final Report in order to address the comment.

Steel Grade of Existing Straits Crossing

Comments received from Enbridge indicated that the steel grade of the existing Line 5
Straits pipelines is API 5L Grade A instead of Grade B as had been assumed in the
previous analysis based on information contained in the Line 5 Operational Reliability
Plan. The analysis was redone for the pipeline spanning threat. As the failure probability
calculations for the remainder of the Principal Threats were not reliant on steel grade,
this was the only threat for which the failure probability calculations needed to be re-
done. As discussed in Section 2.4.1.1.2.1.3.2, this revised analysis indicated that the
probability of failure from this threat increased from the value reported on in the Draft
Final Report (below the resolution of the analysis - i.e., <1E-8) to 1.05E-8. This change
is negligible in respect to its impact on the risk analysis. Calculations pertaining to
pipeline operating stress were revised to account for the new information. The maximum
operating stress was increased to 25% SMYS from the previously calculated value of
21%. This change in operating stress level did not result in any change to the findings of
the threat assessment and did not necessitate any change to the final results of the
analysis. The updated calculation is now included in Section 2.

New Inspection and Test Results

Results of the new hydrostatic tests of the Straits Crossing pipeline segments conducted
by Enbridge in June 2017 became available during the comment period. Table 2-3 and
Section 2.4.1.1.1.3.1.4 have been updated with a brief summary and discussion on the
test results.

Additionally, on August 30, 2017, Enbridge issued a news release regarding coating
damage found during the ongoing inspections mandated by the Consent Decree
between the United States Government and Enbridge, filed 05/23/17. Subsequent to the
issue of that news release, Enbridge submitted documentation to the State of Michigan
on September 8, 2017 which detailed information known at time regarding the finding of
coating damage. A discussion has been added to Section 2.4.1.1.1.3.1.2 to address the
new information obtained.
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Sensitive Water Areas within Michigan

Information was provided by the State relating to additional (more detailed) information
on terrestrial water supply sources potentially within the right of way areas of the
southern pipeline option (Alternative 1) and southern rail option (Alternative 3). These
areas would be classified as High Consequence Areas (HCA) within the context of the
HCA definition used within the Alternatives Analysis.

The information was reviewed and this Final Report provides additional commentary in
Section 6.5.2.2 and Section 7.5.2.2. Upon review it was determined that minor changes
were warranted to the numerical analyses in the report. The definition of HCA already
includes categories of populated areas (HPA and OPA) as well as a contingency
category of “other sensitive areas” (OSAs). The 10% contingency was originally set at
10%. Because the water supplies are frequently within populated areas many are
already included within the HCA definition used in the risk analysis of the southern
pipeline and rail options. Examination of the additional data revealed that the 10%
contingency characterized by the OSA category is potentially inadequate to capture the
uncertainty associated with the use of the uses of these freshwater supplies, particularly
for those in sparsely populated areas. It was determined that a 25% contingency would
be a more credible assumption within the context of this information. This assumption
was also applied to the other states (Wisconsin, Indiana, lllinois) through which the
corridor runs. Although the spill cost into an HCA does not change, the increase in the
HCA proportion results in a probability weighted increase in the costs of various spill
types in Alternative 1 and Alternative 3. These effects increase the weighted risks of
these alternatives, but do not have an effect on the overall rankings. The updated results
are presented in this Final Report and are reflected in the summaries.

Category 3 Comments

For the purposes of this preface, Category 3 Comments are defined as either: a) outside
of the defined scope of work, or, b) pertaining to information that already exists within the
Draft Final Report, and for which no modification was made to address the comment.
Numerous comments related to work that was outside the scope of work as defined in
the contract between Dynamic Risk and the State of Michigan. Rather than list and
discuss each of these comments individually, reference is provided for the contract
between the State of Michigan and Dynamic Risk
(https://mipetroleumpipelines.com/document/alternatives-analysis-contract-dynamic-
risk). Some of the more frequent comments that meet the definition of ‘Category 3
Comments’ are discussed below.

Basis of Risk Comparison

Many comments were directed at the basis of comparison of the risk assessment,
stating that confining the focus to the existing Straits Crossing segments was an unfair
basis of comparison, and that a better basis of comparison would be the entirety of
Line 5. As described in the SOW that forms part of the contract for Dynamic Risk’s
engagement with the State of Michigan, the scope of work was described as an
evaluation of “a number of engineering alternatives to the existing pipelines crossing at
the Straits of Mackinac on Enbridge’s Line 5”. This evaluation was described as
consisting of an “independent review of the risks, costs and economic impacts
associated with each of the alternatives contemplated by the State of Michigan”. The
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SOW describes the “base case” Alternative (to be used as a basis of comparison against
which all other Alternatives are evaluated) as the existing Straits pipelines

(Alternative 5). With respect to Alternative 5, the SOW states “The risk analysis will focus
on the Straits Pipelines only (i.e., the risk analysis will not address the full-length of

Line 5)."

All other factors being equal, risk for linear infrastructure such as pipelines is
proportional to the length of that infrastructure. Therefore, had the Statement of Work not
explicitly excluded the full-length of Line 5 from the risk analysis, it is self-evident that the
risk associated with the full length of that pipeline would have been greater than that
associated with the Straits Crossing segment of Line 5.

Scope of Alternative 2 vs. Alternative 6

Some comments suggested that Alternative 2 (the use of other existing pipeline
infrastructure) was unduly focused on accommodating Enbridge’s operational
constraints for Line 5 which transports product from Superior WI to its ultimate markets
in Sarnia, ON, Toledo, OH and Detroit, Ml rather than focusing on the needs of Michigan
residents. It is important to note the differences between Alternative 2 and Alternative 6.
Alternative 6 addresses the impact to Michigan Residents and investigates how alternate
sources of petroleum products can find their way into Michigan markets via other
existing transportation services and infrastructure in the event that Line 5 was
decommissioned. In contrast, Alternative 2 investigates the potential use of existing
infrastructure to carry the 540,000 bbl/d from the existing terminal to its Markets in
Sarnia, ON, Toledo, OH and Detroit, MI. Once it has been determined that existing
infrastructure is not in place to accommodate these volumes, Alternative 2 essentially
becomes Alternative 6.

Along the same lines, some comments suggested that the study was incomplete in that
it did not consider partial use of expansions of Line 78 within the Lakehead System or
other pipelines from the south into PADD 2 or Sarnia. As discussed above, however,
Alternative 2 was intended to look for available transportation capacity from Superior to
Sarnia at the full volumes carried by Line 5 (540,000 bbl/d). Alternative 6 (Section 4)
does indicate in some detail what the likely market response would be to abandonment
of Line 5 and shows how apportionment of the Lakehead System would still permit some
volumes to reach Sarnia. It also shows that the Mid-Valley Pipeline System would
potentially apportion increased volumes to refineries in the Detroit and Toledo area, on
which Michigan depends for its supply of refined products.

To improve clarity, the relationship between Alternative 2 (Section 5) and Alternative 6
(Section 4) has been clarified within their respective sections and discussion of results.

Partial Use of Line 5

Some commenters suggested that the study should have considered partial use of

Line 5 for only those volumes on which Michigan depends. This implies lower
throughputs corresponding to that needed by Detroit and Toledo refineries, alongside
NGL volumes necessary to meet Michigan demand. It implies that no oil volumes would
move to Sarnia or Eastern United States.

This task was beyond the scope of work, which was intended to look for available
transportation capacity from Superior to Sarnia at the full volumes carried by Line 5
(540,000 bbl/d). In addition, the suggestion misinterprets the current regulatory
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framework in which Line 5 operates. As described in this Final Report, Line 5 is part of
the Lakehead System and specific crude volumes are not nominated for carriage by
Line 5; a partial restriction in Line 5 throughput would be borne by all shippers in
proportion consistent with FERC regulatory requirements of fairness.

Treatment of Canadian Pipelines (Alternative 2)

Some commenters suggested that within Alternative 2 (Section 5), inadequate attention
was paid to the potential for the proposed Energy East project in Canada to provide
adequate alternative capacity.

With respect to Energy East, the SOW focused on existing infrastructure or infrastructure
that would soon be in service. On October 5, the Energy East project’s proponent,
TransCanada Pipelines, announced that it will not proceed with its application and the
regulator (the National Energy Board of Canada) closed the hearing record.

Even ignoring the cancellation of this project, the National Energy Board regulatory
process requires that proponents demonstrate firm commitments from shippers,
sufficient to match the applied-for throughput capacity of the pipeline. This precludes
spare capacity. It is thus not appropriate to include it within the context of the
Alternatives Analysis. Section 5.2.2.6 relating to Alternative 2 provides further
clarification regarding the abandonment of the application.

Unacceptability of Any Level of Risk

Some commenters suggested that any risks borne to the water and environment of the
Great Lakes is unacceptable.

Comments relating to acceptability of specific levels of risk were not addressed. Such
judgments are beyond the scope of the Alternatives Analysis, which excludes the
making of recommendations or judgments.

Environmental Impact —Line 6B vs. Line 5

It was not within the scope of work to perform detailed analysis of the environmental
impacts associated with the 2010 Enbridge Line 6B oil spill at Marshall, MI.
Nevertheless, in deference to the numerous comments that referenced this spill and
which made comparisons between the environmental impacts associated with that spill
relative to those that might be associated with a Straits spill, a brief overview of the
differences in the oil spill consequences has been provided below. It should be noted,
while it is acknowledged that there could be some commonalities in oil spill
consequences between the two situations, there are too many differences in spill
characteristics to draw effective comparisons.

For example, the Talmadge Creek and the Kalamazoo River Spill occurred in an
overland pipeline where high rainfalls allowed diluted bitumen (dilbit) to run overland to
Talmadge Creek and downstream to the Kalamazoo River. Weathering of the oil began
with rapid evaporation of the dilbit diluents, while high water conditions and the formation
of oil-particle aggregates resulted in oils becoming entrained in vegetation and
sediments of riparian zones and associated backwaters.

A Straits light oil spill would, however, entail significantly different oil dispersion and
associated weathering. Here, the oil would immediately move from a zone of slow
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currents (e.g., limiting its exposure to bottom sediments) to the surface where dispersion
and other weathering would be more governed, among other variables (e.g., ice in
certain conditions), by the hydraulics of the Straits and shoreline / littoral zone
characteristics. A Straits spill would therefore entail a wider zone of exposure and
broader scales of consequence. This is very different from the riverine features and
formation of oil-particle aggregates that were determinant in the Talmadge Creek and
the Kalamazoo River Spill.

Additional information on the Talmadge Creek and the Kalamazoo River Spill can be
referenced in the National Transportation Safety Investigation Report found at the
following website:

https://www.ntsb.gov/investigations/AccidentReports/Pages/PAR1201.aspx

Treatment of Canadian Pipelines (Alternative 1)

Some commenters suggested that inadequate attention was paid to the northern route
involving a new Canadian pipeline.

With respect to Alternative 1 (New Pipeline Route), the SOW that forms part of the
contract for Dynamic Risk’'s engagement with the State of Michigan states that “a high-
level screening of general routing (northern vs. southern route) will be performed prior to
selecting a preferred route and developing a corridor which will be used for analysis
purposes.” Accordingly, this Final Report explains that a northern new-build option was
filtered out at a very advanced stage of analysis, after full design and costing were
conducted and economic feasibility indicators were developed. The report also observed
that no socioeconomic impacts would occur in Michigan. All such information is provided
in the report. The only analyses to which the northern pipeline was not subjected was a
risk analysis and a market impact analysis; the risk analysis and market impact analysis
were conducted for a southern routing.

Other New Technoloqgy

Some commenters suggested other alternatives such as pipe-in-pipe or pipe-on-bridge
should have been considered as part of the analyses. Further, there have been
suggestions that there is too much focus on the use of tunneling technology as a
replacement of the Straits pipelines.

The SOW that forms part of the contract for Dynamic Risk’'s engagement with the State
of Michigan makes provision within Alternative 4 (Pipeline Replacement) for “current
state-of-the-art technology to construct and install” a replacement for the existing Straits
Crossing segments, giving consideration to both conventional and tunnel options for the
crossing. Hence, it was a contractual obligation to fully-develop a tunnel option. This
Final Report provides additional details of examples of pipeline tunnel designs to
illustrate the feasibility of similar tunnel installations comparable to the scope of the
Straits Crossing.

With respect to pipe-in-pipe designs, it should be noted that pipe-in-pipe installations of
transmission pipelines are not considered as ‘proven technology’, but rather, are
considered to be quite rare and non-conventional. Pipe-in-pipe designs are notionally
similar to cased crossings, which the pipeline industry is moving away from due to
potential integrity concerns associated with corrosion monitoring and management of
carrier pipe. Insufficient operating experience of long-distance pipe-in-pipe
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configurations exists to confirm the reliability of such designs, and in fact, this technology
is associated with the Long Lake July 2015 spill of approximately 31,450 bbl of oil/water
emulsion. Furthermore, it should be noted that a pipe-in-pipe configuration would not be
considered an appropriate design measure to offset the principal contributors to failure
probability (anchor damage and incorrect operations) for the existing Straits Crossing
segments.

With respect to a pipe-on-bridge configuration, this was considered but was screened
out early in the analysis due to vulnerabilities to atmospheric and under-support
corrosion, and increased potential for damage caused by external interference.
Furthermore, because the Mackinac Bridge incorporates a causeway approach to the
span on the north side of the crossing, a pipe-on-bridge design would not entirely
eliminate the need for a pipe-in-lakebed component. Finally, unlike tunnel designs which
have the potential to effectively preclude oil from entering the waters of the Great Lakes,
the bridge configuration does not effectively address this design goal.

Corrections and Clarifications

Corrections and minor clarifications were made throughout the report to provide general
editorial consistency, to address incomplete references, to correct typographical errors,
and to improve clarity of ambiguous or unclear sentence structure.

The following represents a partial list of specific examples:
1. Conway AR has been corrected to refer to Conway, KS

2. Area of Interest AOl4a is more completely described as the northern counties of
AOI4.

3. Imperial units were added where previously only Sl units were provided (including
maps/figures in main report). Additional clarity is provided for rounding conventions.

4. Clarifications have been provided in Appendix Q for various characterizations of
fishing rights within the Straits area.

Further clarification has been provided on the volatility of oil and evaporation rates.

The Management Summary was eliminated in order to more efficiently communicate
the main findings in a single location of this report, now titled Executive Summary.

7. Section 2.4.1.1.1.3.1.5 has been updated to provide information on effect of salt
water versus fresh water in respect to pipeline operating experience.

8. Units, listed in Table 2-5 and Table 3-7, and Re number, calculated in
Section 2.4.1.1.1.3.2.1, have been corrected. The Re number should read 90,000
instead of 9,000.

9. Reference to National Transportation Safety Report, containing the cause of failure
and the circumstances leading to Marshall Incident is added to
Section 2.4.1.1.1.3.10.

10. Table 2-11 and Table 3-14 have been updated to include the total spill duration.

11. Several revisions have been made to Sections 2.4.2.2.2 and 3.5.2.2.2 for clarity,
including removal of Table 2-15 and clarifications pertaining to oiling thresholds used
in the analysis.
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12.

13.

14.

15.

16.

17.

18.

19.

Preface

Section 2.4.2.4.1 is updated to provide further information and a reference
pertaining the approach used for NGL dispersion modeling.

Table 3-1 is corrected to show the total project cost as $27,285,750 (previously read
$27,285.750).

Clarification has been provided in Section 6.2.1.4.1 pertaining the drawbacks
associated with pipeline construction in urban areas, specifically in vicinity of metro
Chicago.

Corrections were made to the Appendix B to references, including removal or
disambiguation of duplicates.

The Geological Profile along Tunnel Section in Appendix E.10 has been enlarged for
clarity.

Utopia line description in Appendix G has been corrected to read that it is
expandable to 75 kbbl/d (previously it read 175 kbbl/d).

Table 4.6 and Table 4.12 in Attachment 2 (see Appendix S) now show correct figures
due to insertion of incorrect tables in the Draft Final Report (south shore leak
simulation from existing pipeline). Similarly, some maps were updated in this Final
Report and Attachment 2.

Minor revisions have been made to Section 6.2 in Attachment 3 (see Appendix S) to
provide further clarification on hazards associated with seismic activities.
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Conventions

Conventions

Language

This report uses the English (U.S.) language.

Measurements

Italics

Footnotes

Currency

This report uses International System of Units (SI) and imperial units, except for pipe
sizes. Either Sl or imperial appears first, depending on the analytical context, followed by
a converted measurement in parentheses. For example, 5,100 mi. (8,208 km) and

600 psi (4,137 kPa), but 20-in. diameter pipe.

In certain circumstances, soft conversions are used that display lower levels of precision
and are rounded appropriately. When such rounding is used, this report indicates that
the rounded value is an approximation by including a tilde symbol (~) before the rounded
value. For example, 100 mi. (~60 km). Rounding may also be used simply to retain the
same number of significant figures in the conversion. For example, 5,100 mi.

(~8,200 km).

In matters concerning legal agreements or standards, the standards will always be given
first in the units of the agreement. Hard conversions will always be used to an
appropriate level of significant digits in the other unit system.

In this report, italics are used to:

¢ denote standards, codes, regulations, laws and acts (e.g., the Interstate Commerce
Act)

¢ emphasize certain phrases or words (e.g., propane consumers and crude producers
are price-takers as opposed to price-makers)

e indicate the names of existing documents (e.g., Pipelines Alternative Study)

¢ indicate lengthy direct citations.

Footnotes are located at the bottom of relevant pages, above document footers. In
prose, a superscripted number identifies a footnote. For example, documented flows to
the US Midwest are negligible.

All currency units in this report are in United States dollars unless otherwise indicated.
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Foreword

Foreword

This Final Report document presents the results of the Alternatives Analysis for the
Straits Pipelines. This analysis was conducted by Dynamic Risk Assessment Systems,
Inc. (Dynamic Risk).

This Final Report presents findings and analyses based on work conducted from
August 2016 forward,; it considers input and comments received up to August 4, 2017 on
a Draft Final Report dated June 27, 2017. This report also reflects additional information
received up to September 2017.

The work conducted in producing this report represents an independent study,
contracted by the State, which relates to the Enbridge Inc. (Enbridge) Line 5 System in
the United States (US). The results of this study do not necessarily reflect the positions
of the State of Michigan (the State), Enbridge or other stakeholders.
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Section 1: Introduction and Background

1 Introduction and Background

This Alternatives Analysis for the Straits Pipelines (this report) was prepared by Dynamic
Risk Assessment Systems, Inc. (Dynamic Risk) on behalf of the Michigan Department of
Natural Resources (DNR), the Michigan Department of Environmental Quality (DEQ),
The Michigan Agency for Energy (MAE), and The Michigan Office of Attorney General
(AG) — collectively referred to in this report as the State of Michigan (the State) — as part
of the State’s Public Outreach Strategy. This report is the result of an independent study,
contracted by the State. It contains a comprehensive analyses of alternatives to the
existing Enbridge Line 5 twin pipelines (Straits pipelines), which are located in the Straits
of Mackinac (Straits) within the Great Lakes in the United States (US).

This section provides overall background information about the assessment and
alternatives. It describes the study process, the general scope, intent of the analyses,
and the general type and sources of information used for the analyses. It also introduces
the alternatives that were considered. It describes how screening processes were
applied to narrow down the alternatives’ aspects to those for more detailed impact and
risk analyses. Further, it provides a general introduction to the different methodologies
and modeling techniques that were applied. In general, where detailed impact and risk
analyses are conducted, the methodologies involved assessments associated with the
routine construction and operation of an alternative through:

1. logistical assessments and design-based cost estimates

2. socioeconomic impact and screening analyses

3. environmental screening analyses

4. market impact analyses

This section provides some guidance in interpreting the results of these analyses.
In addition, the detailed analyses of hypothetical accidental oil spill risk reflect:

1. threat assessment

2. estimates of outflow or spill size for credible threats

3. calculation of probabilities of specific incidents
4

modeling of the fate of spills in the Straits environment or discussion of the fate of
terrestrial spills from pipeline and other alternatives

o

screening and assessment of safety and environmental consequences of these spills
screening of socioeconomic consequences of the spills

7. estimate of quantifiable economic consequences, including spill cleanup and
damage costs.
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1.1 Objective and Scope

As outlined in the State’s Request for Information and Proposals on February 22, 2016,
the overall objective of the work is (2 p. 5):

to provide the State of Michigan and other interested parties with
an independent, comprehensive analysis of alternatives to the
existing Straits Pipelines, and the extent to which each alternative
promotes the public health, safety and welfare and protects the
public trust resources of the Great Lakes. The work does not
include a recommendation by the contractor of a preferred
alternative. Rather, the work includes the development of
information that can be used by the State and other interested
parties in making decisions about the future of the Straits
Pipelines.

The scope of work contemplated the analysis of these six broadly described alternatives:

1. Alternative 1
Construct one or more new pipelines that do not cross the open waters of the Great
Lakes and then decommission the existing Straits pipelines.

2. Alternative 2
Utilize existing alternative pipeline infrastructure that does not cross the open waters
of the Great Lakes and then decommission the existing Straits pipelines.

3. Alternative 3
Use alternative transportation methods (e.g., rail, tanker trucks, oil tankers and
barges) and then decommission the existing Straits pipelines.

4. Alternative 4
Replace the existing Straits pipelines using the best available design and technology.

5. Alternative 5
Maintain the existing Straits pipelines.

6. Alternative 6
Eliminate the transportation of all petroleum products and natural gas liquids (NGLS)
through the Straits segment of Enbridge’s Line 5 and then decommission that
segment. This alternative would also reflect potential viability of continued NGL
deliveries to the Upper Peninsula at Rapid River, and the continued receipt of
Michigan light oil production at Lewiston.

1.2 Introduction to Line 5

Enbridge’s Line 5 is a 645 mi. (1,038 km), 30-in. diameter pipeline that routes through
Michigan’s Upper and Lower Peninsulas, originating in Superior, Wisconsin, US, and
terminates in Sarnia, Ontario, Canada (see Figure 1-1). As it traverses the Straits, Line 5
splits into two 20-in. diameter pipelines that are buried onshore and offshore to a depth
of approximately 70 ft. (21 m). Thereatfter, the Straits pipelines lie on top of the lakebed,
crossing the Straits west of the Mackinac Bridge — a distance of 4.5 mi. (7.2 km).
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Minnesota
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L
North Branch pa3;
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Figure 1-1: Enbridge Mainline System — Line 5 Overview

Enbridge has historically transported light crude on Line 5, including condensate, light
synthetic, light sweet crude oil, and NGL volumes. On the Upper Peninsula, Line 5
delivers NGL to the Plains Midstream Depropanization Facility at Rapid River, Michigan.
Propane is extracted from the NGL stream and the depropanized NGL stream is
returned to Line 5 for transport to the Sarnia area. On the Lower Peninsula, Line 5
provides receipt of Michigan light oil production at Lewiston — where it interconnects with
the MarkWest Michigan Crude Pipeline System. Also on the Lower Peninsula, Line 5
delivers crude to the Marysville Crude Terminal (Marysville terminal) that interconnects
to the Sunoco Eastern System pipeline, which transports crude from the Marysville
terminal to refineries in Detroit and Toledo. Line 5 throughput is delivered to the Sarnia
terminal where it is then transported to refineries in Ontario, New York State, and
Quebec. NGLs are also delivered to the Plains Fractionation Facility in Sarnia.
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1.3 Purpose of Report
This Final Report contains the full findings of an assessment of the Straits pipelines
relative to other alternatives. This Final Report reflects input received during a review
process that was determined by the State to include public information meetings, Tribal
consultations, referrals to Federal agencies, and public feedback through written and
oral presentations.
1.4 Layout of Report

This section provides general background information on the scope, sources of
information, alternatives considered, and the methodologies used in support of the
analyses that were undertaken. Subsequently, six sections present the analyses and
findings associated with the six general alternatives (see Section 1.1). The sequence of
these sections differs from alternative numbering for logical reasons and is presented in
seven sections as follows.

e Section 1 is an introduction that provides background information about this report.

e Section 2 considers the status quo (Alternative 5), which involves operation of twin
20-in. pipelines at the Mackinac Straits.

e Section 3 considers alternative pipeline designs to the existing crossing
(Alternative 4). These designs considered abandonment of the current twin 20-in.
pipelines and their replacement with either a new 30-in. trenched pipeline on the
lakebed or a new 30-in. pipeline under the lakebed in a purpose-built tunnel.

e Section 4 considers decommissioning (Alternative 6). This alternative appears in this
sequence because it evaluates options and illustrates stand-alone implications of
decommissioning the Straits crossing. Within this alternative, the report covers a
number of topics, including partial operation of Line 5 to supply NGLs to the Upper
Peninsula and the receipt of injections of crude produced in the Lower Peninsula.
Full abandonment is also considered, which involves an analysis of market response
to how Detroit, Toledo, and Sarnia facilities will adjust to Line 5 abandonment by
using existing infrastructure. This full abandonment analysis assumes that volumes
carried from Superior to Sarnia will stop flowing and that they could be made up from
other crude supplies (e.g., Gulf Coast) or NGL supplies (e.g., Marcellus).

e Section 5 also addresses the immediate potential response to decommissioning.
Here, however, the report examines availability of existing capacity by filling or
repurposing idle pipeline capacity (Alternative 2) at volumes functionally consistent
with those being transported by Line 5 between the Superior and Sarnia hubs. This
alternative is a transition to new infrastructure options because it considers the
surplus capacity available that would potentially contribute to reducing the need for
such new infrastructure. In the absence of available infrastructure, the abandonment
option reverts to one of a pure market response (Alternative 6) or to new
infrastructure options.

e Section 6 investigates the construction of a new pipeline to accommodate the
mainline volumes previously handled by Line 5 (Alternative 1). Various routes were
considered for preliminary design purposes, although all originated near Superior
and terminated near Sarnia to permit a like-to-like comparison across alternatives.
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e Section 7 considers non-pipeline options (Alternative 3). Various modes of transport
were considered, including articulated barges, trucks, and various configurations of
rail routings. These options also followed a Superior-Sarnia routing.

Supporting sections to the above analyses include these appendices:

o Appendix A lists abbreviations (acronyms) used in this report.

e Appendix B lists references used in this report.

o Appendix D to Appendix R contain additional ancillary information to support the
findings in this report. These include methodological discussions, detailed design or
analytical assumptions, technical drawings, spill maps, and more detailed results for
impacts or consequences.

o Appendix S lists attachments to this report.

A number of appendices were expanded in response to comments received on the Draft

Final Report:

o Appendix C contains hon-commercially-sensitive information from Enbridge relating
to Line 5 volumes.

e Appendix E contains additional information on existing tunnels that are similar in
configuration to those that would be installed as an alternate crossing of the Straits.

o Appendix | contains additional information on costs in the event that the existing
crossing pipeline needs to be completely removed, instead of being abandoned in
place.

e Appendix J contains additional information and analyses relating to Michigan Lower
Peninsula propane impacts.

o Appendix N includes new content, which outlines the methodological underpinnings
of how worst-case conditions were addressed in the oil spill simulations conducted.

e Appendix R contains additional information regarding spill costs, and validation of
these costs.

1.5 Independent Review

As described previously, this report constitutes an independent review of the alternatives

considered. Dynamic Risk was contracted by the State to conduct this review impatrtially,

based on the best available information and the use of best-practice methodologies, that
are fit-for-purpose, to permit an objective comparison of the alternatives.

1.6 General Scope
Section 1.1 describes the broad scope of the analysis. This section identifies some of
the limits and boundaries that were applied within the scope of the work.

1.6.1 Geographic Focus

Although the study area is broadly considered to be the Great Lakes Region, the study
focuses on Michigan in assessing the economic and market impacts of various
alternatives, and the consequences of spills. In various contexts, information at the
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Michigan county and township level has been used, and operating transport corridors
were consistently defined as the contiguous counties through which a pipeline or a rail
line would pass. Some impacts were also aggregated to planning regions commonly
used in Michigan: these are the Prosperity Regions shown in Figure 1-2. The Prosperity
Regions are also used as a basis for reporting some of the economic impacts (jobs and
output) of existing Line 5 facilities and alternatives evaluated within this study.
Figure 1-2 also shows the core counties (i.e., Mackinac, Emmet and Cheboygan) that
fall within a zone of exposure (ZOE) to hypothetical spill incidents modeled in this study?.
B T O m e
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Figure 1-2:  Michigan State — Various Geographical Areas of Interest
1.6.1.1 Superior to Sarnia Routing

The analyses generally consider alternatives to the transportation of oil or NGLs from the
Line 5 origin in Superior to its terminus in Sarnia. Alternatives that are technically
feasible but involve a new crossing of the Great Lakes have been screened out, and are

2Qutflows and fates of 720 individual spill events were modeled for this study. About 94% of the shoreline oiling and 99% deposition of oil by mass
occurred in the core counties of Mackinac, Emmet, and Cheboygan; these three counties are thus the focus of quantitative work relating to spill costs and
damages. The full ZOE includes nine counties that may experience impacts from some spills. The neighboring counties of Chippewa, Charlevoix, and
Presque Isle also, at times, experienced spill impacts; however, total shoreline oiling was on average 5% of their cumulative shorelines. In Antrim, Grand
Traverse and Alpena, the likelihood of a spill reaching shore is very low. The amount of shoreline oiling is also relatively low. The time that a spill takes to
reach their shores is typically a week or longer after the event. Michigan counties not included among these nine did not have any shoreline incidences of
spills in the 720 hypothetical spill incidents.
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regarded as out of scope. Mixed alternatives (multi-modal transport or combinations of
multiple lower capacity alternatives) were not considered. All alternatives were
considered, in principle, as a way of replacing the 540 kbbl/d of capacity afforded by
Line 5. The screening procedures resulted in five configurations for transporting product
from Superior to Sarnia:

1. Alternative 5 — status quo
Alternative 4A — new 30-in. pipeline in a trenched crossing at the Straits
Alternative 4B — new 30-in. pipeline in a tunnel crossing at the Straits

Alternative 1-S — southern routing of a new 30-in. pipeline

a M w DN

Alternative 3R-S — southern routing of a rail line.

Full economic impact analyses were undertaken for all these alternatives, in addition to
risk analyses associated with their operations.

Primary Data

The study is based on existing information with no primary data gathering or public input
on social impacts. A number of the assessments should thus be regarded as screening
exercises — particularly as they relate to environmental and social impacts of facility
construction or operation — or to environmental and social consequences of hypothetical
spill events. In these instances, qualitative discussions, selected baseline information,
and standard screening tools are provided (see the appendices) to:

e Guide future discussions.

e Assist in identifying potential concerns with alternative configurations.

Recommendations

Per the terms of reference provided by the State, no explicit recommendations are made
in the study. Dynamic Risk relied on its own professional judgment to make choices
about how some aspects of the alternatives were screened for further analyses.

Section 1.8 summarizes this screening and it is described in greater detail throughout
this report. The discussion also provides some guidance on how some of the results
should be interpreted or used. Such guidance is based on methodological
considerations; it should not be construed as a recommendation for or against any
specific alternative.

Role of Risk Analysis

The risk analyses conducted within this study are regarded as objective assessments of
credible threats to existing or new infrastructure. They are intended to provide a
consistent means for looking into and comparing risks of different operations. The risk
analyses include:

e threat assessments
e assessments of potential spill sizes and probabilities of worst-case spills

¢ detailed modeling of fates for alternatives involving the Straits
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e an assessment of credible economic, safety and environmental consequences.

Economic consequences are described in terms of total spill costs, which include
cleanup and quantifiable damages related to socioeconomic and natural resource
impacts. Safety impacts are expressed in terms of casualties. Environmental
consequences rely on the dollar-based environmental damage assessment within the
economic costs. Environmental consequences are further elaborated through a
qualitative discussion. Section 1.9.5 provides more detail and elaborates on
methodologies used.

A comparison of risks across alternatives uses Alternative 5 as a benchmark. The scope
of work included only a risk analysis of the crossing segment for the Mackinac Straits
Options and, as described above, the terrestrial segments of Line 5 were assumed to
operate without change across all alternatives associated with a crossing of the Straits.
By contrast, for the New Infrastructure Options that were not proximate to the Straits
(Alternative 1 and Alternative 3), the scope of work required that the risk analyses
extend over the full distance from Superior to the Sarnia area; this distance is two orders
of magnitude larger than the Straits crossing. Depending on their purposes, the reader
must use caution in interpreting and comparing the comparative risk results of
Alternatives 1 and 3 to those of Alternatives 5 and 4.

Baselines and Treatment of Uncertainty

Other than the projections of failure probability over future time periods, no specific
forecasts were undertaken for this work. Conditions in 2016 or early 2017 were generally
regarded as a baseline benchmark for costing purposes, and for subsequent economic
impact analyses.

For spill modeling in the Straits, current and meteorological information from 2014 to
2015 was selected as an appropriate benchmark for simulating a representative range of
conditions.

For modeling failure probability from anchor interaction with pipelines, historical vessel
traffic through the Straits — covering the period 2014 to 2016 — was selected as an
appropriate benchmark for representing shipping activity.

Facility costs are characterized as Class 5 estimates, implying uncertainties

of -30%/+50%, to reflect design and economic uncertainties. Because the same
assumptions and conditions are applicable to all alternatives, comparisons are regarded
as unbiased. An overheated economy, for example, would potentially impact all
alternatives (at least directionally) in a similar fashion. In addition, economic analyses
(for quantifiable socioeconomic impacts, market impacts, and spill consequences) are
based on single point estimates for analytical purposes. Uncertainties are addressed
through contextual discussion of potential sensitivity of these results, which, in some
cases, are quantified. Market impacts are generally quantified and presented as
maximum expected impacts (in terms of $/bbl or ¢/gal) on markets given recent market
conditions (with qualitative discussions on potential mitigating market forces to such
impacts). Sensitivity analyses are provided for selected calculations requiring the use of
present value discounting: a 6%/y baseline calculation is provided with sensitivity
analyses, as appropriate.
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Complementary Analyses

A number of complementary analyses were undertaken as stand-alone technical or
market assessments, which were intended to inform the evaluation of one or more
alternatives. These are presented as separate appendices or are integrated within the
appropriate sections of this report. Sections 1.6.6.1 and 1.6.6.2 describe some of these
analyses.

Geo-Hazard Assessment

The purpose of the geo-hazard and geotechnical assessment was to investigate factors
that could impact the existing crossing or new crossing designs. It provides useful
information for the design of new crossing methods for Alternative 4 and risks associated
with all of the Straits crossing alternatives. In this respect, the geo-hazard assessment
served as a reference to support an evaluation of the threat environment for the existing
Straits Crossing segments and the proposed alternative Straits crossing replacements.

Propane Supply to Upper Peninsula and Lewiston Injections

Although these issues were included within the scope of Alternative 6, they must be
considered in all scenarios involving decommissioning of the Straits pipelines

(i.e., Alternatives 1, 2 and 3). A hypothetical scenario was created that involved
permanent interruption of Line 5 operations. The background analyses conducted
included the volumes involved and likely market response to interruption. It provided a
basis for the maximum potential financial impact on propane consumers in the Upper
Peninsula and on producers in the Lower Peninsula. Alternatives for small scale
transport, generally involving volumes up to 10 kbbl/d, were considered qualitatively and
guantitatively. These alternatives included rail, truck tankers, and small diameter
pipelines.

Sources of Information

The study relies on secondary sources of information; field investigations and public
input processes were not included in the scope of the work. Wherever possible, the
analyses relied on best available public information, validated through different public
sources, professional judgment, or through inspection of confidential information. The
study also benefited from access to Enbridge information provided through a series of
information requests governed by an agreed protocol between the State and Enbridge.
All information requests were submitted in writing to Enbridge by Dynamic Risk and
copied to the State. Any communications related to the Straits project between Dynamic
Risk and Enbridge were required to be documented in writing.

The contractors acknowledge having had access to some confidential information made
available by Enbridge, which is related to Line 5 operations. The contractors are
compelled to not release or publish this information in its raw or aggregated form
because this involves disclosing (non-Enbridge) third party information designated as
confidential. In addition, some information has not been disclosed in precise map or
locational formats as it relates to critical infrastructure, which is also protected under
the Critical Energy Infrastructure Information regulations.
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Enbridge provided some information on historical volumes carried by Line 5, which was
originally treated as confidential. Enbridge released the confidentiality constraints on this
information in June 2017, before it could be published as part of the Draft Final Report.
Appendix C documents the full tabular response relating to the information request.

Although Enbridge provided confidential and non-confidential information, wherever
possible, the information was validated through other in-house or public sources, or
through internal expertise. Except as otherwise noted, all numerical analyses in this
report are those of the contractor.

The contractor also relied upon internal in-house models and public databases that were
adapted and updated to accommodate recent information. For example, Dynamic Risk
models of generic new pipeline risks (Alternative 1 — see Section 6) relied on publicly
available information from the U.S. Department of Transportation Pipeline and
Hazardous Materials Safety Administration (PHMSA) (3). Economic impact models
relied on publicly available data from the U.S. Bureau of Economic Analysis.

Confidential information on Tribal Trust Lands was provided by the Bureau of Indian
Affairs to:

e Assist in identifying routing options that would not conflict with these lands.

o Provide general locational information that might be required in risk assessments
associated with spills.

Locational information was considered in the analyses; however, locations are not
presented on any maps. Some summary statistics are available based on material
previously made public through other consultations. The study does not provide a
separate valuation estimate for cultural values associated with the use of resources

by tribes. The contractors did not engage in tribal consultations and acknowledge that
ongoing review processes involving the State may generate information relevant to any
decisions to be made by the State.

Dynamic Risk acknowledges and thanks various government departments and
agencies, as well as non-governmental entities, for information they provided. Dynamic
Risk also acknowledges and thanks all individuals, businesses, and stakeholders who
took the time and effort to prepare written and verbal comments during the public
comment process. These comments provided additional information and motivation to
review, validate, or clarify the work previously presented in the Draft Final Report.

Alternatives Considered and Organization of Report

Table 1-1 is an overview of alternatives considered and the styles of analyses applied to
each. Table 1-1 is organized in the same order as the sections in this report, which
highlights how the analyses were staged and filtered to finalize the configurations for
detailed risk analyses, economic impact analyses, and market impact analyses.
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Table 1-1: Alternatives Considered
Chapter Alt ID Alternative Type Description Design/Logistics (a) Economic Analysis (b) Screening (c) 0il Spill Risk Analysis (d)
Screenor  Capital Cost  Operating Cost| Levelized Cost  Job & Other Market Environment Sacio- Threats safety Economic Env'l Other
Design S/bbl Impacts Impacts Ecanomic Consequence  Consequence  Consequence
2 5 Alt 5 Existing Routing & Crossing  Line 5 Status Quo N/A N/A v N/A v N/A N/A N/A v v v v QD
3 4 Altd4a  New Straits Crossing Line 5 New Trench Crossing Design v v v v Screened ap ap v v v v sap
4 Altdb  New Straits Crossing Line 5 New Tunnel Crossing Design v v v v Out ap ap v v v v sap
4 Alt 4'{e) New Straits Crossing Abandon existing twin 20" pipes Design v N/A v v [negligible] N/A N/A N/A N/A N/A N/A N/A
4 ] Alt6a  Decommission Line 5 Partial Decommissioning in UP and/ar LP Screen  Screened Out [Not viable due to operational and integrity issues]
b Alteb(e)] Decommission Line 5 Abandon existing Line 5 (including crossing) Design v N/A v v v ap ap N/A N/A N/A N/A N/A
] Alt 6bUP Decommission Line 5 Upper peninsula propane supply (Rapid River) W Truck/Rail N/A v v v v N/A N/A N/A N/A N/A N/A N/A
6  Alt 6bLP-R Decommission Line 5 Lower peninsula transportation service (Lewiston) #f Rail  Screened Out [No Available rail infrastructure]
6  Alt 6bLP-T Decommission Line 5 Lower peninsula transportation service (Lewiston)w Truck/Rail N/A v v v v N/A N/A N/A N/A N/A N/A N/A
5 2 Alt 2 Spare Capacity Use non-Line 5 pipeline capacity Screen  Screened Out [Capacity Not Available] ]
] 1 Alt1-N  New-build pipeline Northern Route (via Canada) Design v Screened Out [Cost Considerations]
1 Alt1-C New-build pipeline Central Route (via Kincheloe) Screen  Screened Out [Involved New Great Lakes Crossing]
1 Alt1-5  New-build pipeline Southern Route (via Chicago) Design v v v v v ap ap v v v v sap
7 3 Alt 3T Alternative Modes Truck Screen  Screened Out [Logistics Not Viable]
3 Alt 3B Alternative Modes Barge Duluth-Port Huron Screen "8 Screened Out [Cost Considerations]
3 Alt 3R-N  Alternative Modes Rail - Northern Route (via Canada) Design  Screened Out [Length/Cost Considerations]
3 Alt 3R-C  Alternative Modes Rail - Central Route Screen  Screened Out [Involved New Great Lakes Crossing]
3 Alt 3R-S  Alternative Modes Rail - Southern Route / No Michigan Terminals Design v v v v v aop ap v v v v sap

Notes

(a) Design/Logistics documents preliminary screening or design exercises that were undertaken. Design at times advanced to later stages of full cost estimation before a particular alternative was retained or screened out of further analysis.

During some of these screening exercises, the partial analyses were used to select an appropriate scenario for further analysis. For example, rail was screened out as an option for transport of Lewiston production but retained for propane deliveries in the UP.
(b) The economic analyses noted here all included guantitative estimates of impacts. Partial analyses are shown for some cases where job and some other county level impacts could not be estimated due to the small size of the impacts.

(c) Screening tools and exercises were applied that are accompanied by gualitative discussions (QD) for environmental and socio-economic impacts or implications of facilities.

(d) Quantitative oil spil risk analyses are conducted for the indicated alternatives, and are accompanied with qualitative or semi-gquantiative discussions (SQD) of some elements of the analysis.
{e) These involve decommissioning of (i) the twin straits pipelines [Alt 4°]; or, (i} all of Line 5 including the twin lines and all pump stations [Alt 6b].
Alt &' impacts are in addition to those documented in Alt 42 and Alt 4b. Alt 6b impacts are in addition to those of Alt 2, Alt 1, and Alt 3. Alt 6b impacts include those of Alt 4",

# Full Quantitative Analysis
5Q0 Semi-Quantitative Discussion

QD Qualitative Discussion

" Partial Analysis
Sereened Out
Not Applicable (N/A)
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General Methodologies Applied

Design-based Cost Estimates

Cost estimates are based on in-house designs and experience with estimating costs for
oil industry projects and operations. Each alternative requires a different number and
combination of materials, construction, and construction support activities for the
proposed infrastructure. The methodology used for each line item across all alternatives
was maintained to create a fair comparison wherever possible. Operational costs were
also estimated in-house, and were further validated through inspection of public filings to
regulators. Final design costs were not generated for configurations that were screened
out (these include trucks, a new central pipeline route and a new central rail route). Also,
preliminary cost estimates were derived for some designs that were not pursued further
because of high cost, other logistical constraints, or both. These included the northern
Canadian pipeline route, the northern Canadian rail route, and the articulated tan