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1. Introduction

As pipelines near the end of their operational lifecycle, decisions regarding how they will be abandoned
are made. Operators make these decisions based on various considerations, of which include, but not
limited to: contractual obligations, current and proposed land uses, cost, risks to human health and safety,
ecology and environment, and valued/economic resources. Consultation with land owners and land
managers must also play a central role in the decision-making process. Ultimately, decisions made by
operators must be approved by the National Energy Board (NEB) (for interprovincial and international
pipeline systems) or by provincial regulatory agencies (for intra-provincial pipeline systems).

A key decision that operators must make is where to remove abandoned pipeline from the ground and
where to leave pipeline in the ground and abandon it in-place. In some cases, contractual obligations or
proposed future land use will dictate the requirement for pipeline removal. However, in many cases this
decision will be made based on weighing the relative risks associated with removal versus abandonment
in-place, along with the feasibility and desirability of risk management measures required to mitigate risks
associated with each. As stated in Canadian Energy Pipeline Association (CEPA 2007): A risk-based
comprehensive site-specific assessment is needed to validate the chosen abandonment strategy for
specific pipelines. In some cases, a combination of removal and abandonment in-place will be selected.

This guidance sets out a framework (referred to herein as the “Framework”) whereby operators can
evaluate (on a site-specific basis) risks associated with the physical and technical hazards related to
abandoning pipelines in-place and determine the need for risk management measures to mitigate these
risks. Operators can then compare risks and the feasibility and desirability of appropriate risk
management measures for abandonment in-place to those associated with pipeline removal to support
the selection of either of these options. It should be noted that use of the Framework by persons or
organizations beyond pipeline operators could be inhibited unless detailed background information is
provided to understand the setting and hazards at any particular segment of a pipeline.

In addition, this guidance does not provide a framework whereby operators can evaluate risks associated
with pipeline removal, although as discussed above these must be evaluated and compared to those
associated with abandonment in-place prior to final selection of either option. As stated in Pipeline
Abandonment Steering Committee (PASC 1996): Once the principal technique has been chosen, the
owner/operator should assess on a site-specific basis whether an alternate approach should be followed
for selected segments of line.

Consultation with land owners, land managers, and other stakeholders has also been addressed by this
guidance, without specifying details. The primary objective of the Framework is to provide a consistent,
transparent, and scientific basis by which decisions pertaining to the selection of abandonment options
(and associated risk management measures to address physical and technical hazards) can be made and
communicated.

2. Abandonment Plans

Pipeline abandonment plans are developed to document and communicate how pipelines will be
abandoned, including how issues related to public safety, environmental protection, and land use will be
dealt with over the long-term (including abandonment monitoring towards end state, see Arcadis 2018).
During stakeholder engagement, the framework outlined in this document can be used to engage
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stakeholders when the abandonment plan is being consulted on and when input is received from
stakeholders that modifies the hazard assessment.

With respect to interprovincial and international pipeline systems within the jurisdiction of the NEB, an
operator must seek leave to abandon the operation of a pipeline (or abandon a pipeline), by filing an
Application to Abandon Pipeline, as per Section 74 of the NEB Act (refer to the NEB Filing Manual
(Canada 2015)). An abandonment plan, developed in consultation with land owners, land managers, and
other stakeholders, forms part of this application. A summary of information to be included in such an
abandonment plan is provided as Abandonment Plan Table of Contents Example, Appendix 1 of the NEB
document entitled Regulating Pipeline Abandonment (Canada 2016), and is included herein as Appendix
A. The Framework provided herein addresses (in whole or part) Sections 1 through 5 of this example table
of contents, as they relate to the physical and technical issues associated with abandonment in-place.

[Note that (outside of the development of abandonment plans) the Framework herein does not provide
guidance for completion of risk assessments specifically for Environmental and Socio-Economic
Assessments required as part of an Application to Abandon Pipeline, as per Section 74 of the NEB Act].

With respect to requirements for abandonment plans for interprovincial pipeline systems, regulations and
guidance documents specific to the relevant province(s) should be referred to.

3. Framework Development

This Framework for evaluating (on a site-specific basis) risks associated with the physical and technical
hazards related to abandoning pipelines in-place was developed based on the principals of risk
assessment as described in Guidelines for risk assessment of pipeline systems (Annex B of CAN/CSA-
Z662-15 National Standard of Canada, Oil and gas pipeline systems (CSA, 2016)). The term “risk” is
often used when “hazard” is the real topic in a public forum, so it is important to recognize that risk is the
probability that a person will experience an adverse impact if exposed to a hazard.

The physical and technical hazards associated with pipeline abandonment in-place and our current
understanding of the nature of the hazards are documented in the following publicly available documents:
e Regulating pipeline abandonment (Canada, 2016);

e Pipeline abandonment scoping study (Det Norske Veritas, 2010);

e Pipeline abandonment assumptions, technical and environmental considerations for development of
pipeline abandonment strategies (CEPA, 2007); and,

e Pipeline abandonment — a discussion paper on technical and environmental issues (PASC, 1996).

In the above referenced documents, the physical and technical hazards associated with pipeline
abandonment in-place are grouped, organized, and discussed in various ways. For the purpose of the
Framework for risk assessment provided herein, the applicable hazards are organized as follows, but note
that these are subject to change as other information becomes available or as technology evolves:

e Hazard No. 1: soil or groundwater chemical impacts to the environment from former operation of
pipeline (i.e., contaminated sites);

e Hazard No. 2: environmental impacts from pipeline materials abandoned in-place, post operation:
0 Hazard No. 2a: residual product, lubricants, and treatment chemicals;
0 Hazard No. 2b: leaching from construction materials and coatings;
0 Hazard No. 2c: presence and exposure and disruption of asbestos;
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e Hazard No. 3: drainage of surface water or shallow groundwater through pipeline;
e Hazard No. 4: ground subsidence beyond tolerable range;

e Hazard No. 5: exposure of abandoned pipeline due to soil erosion and geohazards (see Matrix
Solutions Inc. 2018 for additional information); and,

e Hazard No. 6: exposure of abandoned pipeline at water crossings due to hydrotechnical hazards (see
Matrix Solutions Inc. 2018 for additional information).

This organization of physical and technical hazards was based on how risks can be evaluated given the
linkages, overlapping nature, and cause and effect relationships between them. For instance, pipe
corrosion and ground subsidence are often cited as individual physical hazards, however as corrosion
may result in pipe collapse which in turn may cause ground subsidence, the two are interlinked and have
a cause and effect relationship. Therefore, for the purpose of the Framework, ground subsidence is
identified as a hazard, with the effects of pipe corrosion considered in the frequency (or likelihood)
analysis component of the risk assessment for this hazard.

4. Framework Limitations

This guidance document and Framework for evaluating risks associated with the physical and technical
hazards related to abandoning pipelines in-place was developed based on abandonment methods,
publicly available literature and studies (as well as those provided by the Pipeline Abandonment Research
Steering Committee (PARSC)), and regulatory frameworks as of the time of development. Therefore,
users should review and verify whether more recent methods, literature, studies, or regulatory
requirements should be considered and incorporated into risk assessments and associated
recommendations. PARSC could consider updating this guidance document and Framework if and when
industry standards and methods, the science, and regulatory frameworks for pipeline abandonment in-
place evolve.

This Framework for evaluating risks associated with the physical and technical hazards related to
abandoning pipelines in-place is only a guide, including the worksheets which will require a degree of
scientific and engineering evaluations on a site by site basis taking into account tolerable ranges and
other uncertainties. Risk assessment and recommendations for risk management measures (or other
such recommendations for reducing risks to human health and safety, ecology and environment, and
valued/economic resources) are to be carried out and made by parties qualified to do so. Results of risk
assessments (and associated recommendations) carried out and made in accordance with this
Framework do not stand on their own, but rather must be validated and endorsed by parties qualified to do
so. Arcadis Canada Inc. cannot be held liable for any use of, reliance on, or decision made based on the
information provided (or referenced) in this guidance document and Framework. Nothing in this guidance
document or Framework is intended to constitute or provide a legal opinion.

5. Framework Overview

5.1.Who should use the Framework?

The Framework was developed for use by operators of pipelines. However, it may also serve as a tool for
land owners and other stakeholders interested in better understanding potential hazards associated with
pipeline abandonment in-place, and how risks associated with these hazards may be evaluated and
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addressed. It is also important to keep in mind that use of the Framework by persons or organizations
beyond pipeline operators could be inhibited unless background information is provided to understand the
setting and hazards at any particular segment of a pipeline.

5.2.Why was the Framework Developed?

The Framework was developed to provide a consistent, transparent, and scientific basis by which
operators can evaluate (on a site-specific basis) risks associated with the physical and technical hazards
related to pipeline abandonment in-place and determine the need for risk management measures to
mitigate these risks. Operators can then compare risks and the feasibility and desirability of required risk
management measures for abandonment in-place to those associated with pipeline removal to support
the selection of either of these options (as discussed in Section 1).

The Framework was also developed as a tool by which issues associated with pipeline abandonment in-
place may be communicated between operators, land owners and other stakeholders, and regulators.

5.3.Where can the Framework be used?

The Framework addresses the physical and technical hazards associated with pipeline abandonment in-
place, regardless of regulatory jurisdiction. However, the Framework does not address specific
administrative requirements of particular jurisdictions, with the exception of specific sections of
abandonment plans required for interprovincial and international pipeline systems that are within the
jurisdiction of the NEB, as discussed in Section 2.

5.4.\When should the Framework be used?

The Framework should be used as pipelines near the end of their operational life, and operators begin to
think about decisions regarding if and how they can be abandoned.

5.5.Why should the Framework be used?

The Framework provides a standard scientific approach for evaluating risks associated with the physical
and technical hazards related to pipeline abandonment in-place, which are numerous and
multidisciplinary. Application of such an approach is beneficial to operators as well as to land owners and
other stakeholders, as it supports:

e acommon understanding of goals, objectives, and data requirements for evaluation and mitigation of
risks;

o effective communication of complex, multidisciplinary issues between operators, land owners and
other stakeholders, and regulators;

e consistency between projects;
o scientifically defensible decision making to support effective mitigation of risks; and
e as appropriate, a foundation to assess potential costs and benefits associated with selected actions.
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6. Guide to Using the Framework

The Framework for evaluating (on a site-specific basis) risks associated with the physical and technical
hazards related to abandoning pipelines in place is comprised of five (5) steps, as follows:

e Step 1: Pipeline and right of way site characterization and attributes;
e Step 2: Identification of pipeline segments along which abandonment in-place may be an option;

e Step 3: Risk assessment for physical and technical hazards associated with abandonment in-place
(linked to Matrix Solutions Inc. 2018 exposure assessment);

e Step 4: Evaluation of risk and significance for pipeline segments where risk management might be
required to address physical and technical hazards associated with abandonment in-place; and

e Step 5: Identification of risk management measures that could be implemented to address physical
and technical hazards associated with pipeline abandonment in-place (linked to Arcadis Canada Inc
2018, since long-term monitoring is frequently chosen as a means to mitigate residual risk).

Upon completion of Step 5, operators can compare risks and the feasibility and desirability of required risk
management measures for abandonment in-place to those associated with pipeline removal to support
the selection of either of these options.

Guidance for completing each of the five (5) steps is provided in Sections 6.1 through 6.5 below.
However, users may make modifications as necessary based on what makes sense for a particular
pipeline, how the approach presented herein fits into approaches that may currently be used by operators
and based on additional/updated technical knowledge/information regarding how a particular hazard
should be evaluated.

6.1.Step 1: Pipeline and right of way site characterization and
attributes

Step 1 of the Framework involves compiling information pertaining to characteristics of the pipeline to be
abandoned and associated right of way, and linearly referencing and presenting this information on maps.
The risk estimations and register should be relatively easy to visualize, so operators should consider
including an illustration of some, if not all of the risk-based decision data and pipeline route characteristics
(e.g., land use). One solution could be the creation of templates on a software platform such as ArcGIS
that could be used by all operators with reports that could be viewed interactively by stakeholders on the
web. Step 1 provides a foundation for completion of subsequent steps of the Framework.

A summary of information to be included in the pipeline and right of way characterization is provided as
Table 1, and was compiled based on:

e the land use categories provided by the Canadian Energy Pipeline Association (CEPA 2007),

e information to be included in abandonment plans in accordance with Sections 1 through 4 of the
Abandonment Plan Table of Contents Example (Canada 2015) discussed in this document in
Section 2 and provided herein as Appendix A, and

e information required to complete the consequence analysis component of the risk assessment
(Step 3 of the Framework).

It does not include site-specific data/information/studies required for completion of the frequency analysis
component of the risk assessment (Step 3 of the Framework), however this information may be included
in the linearly referenced data set and associated maps.
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TABLE 1. PIPELINE AND RIGHT OF WAY CHARACTERIZATION

Sub-category Sub-category

Cultivated

Agricultural Cultivated with special features

Non-cultivated (native prairie, rangeland, pasture)

Developed (industrial, commercial, residential, institutional)

. Undeveloped, no prospective future development
Non-agricultural P prosp P

Prospective future development (industrial, commercial,
residential, institutional)

Potable groundwater environment

Lands valued by Indigenous people (e.g., for hunting,

gathering)
Sensitive areas

Habitat/breeding/foraging areas for species at risk

Parks, conservation areas, other areas of ecological,

environmental, or natural significance
Land use

Surface water used as a source of potable water

Surface water used for irrigation or livestock watering

Waterways that support commercial fisheries

Waterways valued by Indigenous people (e.g., for fishing)

Water crossings Waterways used for recreational activities

Significant wetlands

Habitat/spawning/breeding/feeding grounds for species at
risk

Other than those listed above

Roads and railways

Other crossings Underground utilities

Above ground utilities, in particular powerline crossings

Pipe composition Construction materials, liners, coatings, etc.

Pipe diameter and thickness Construction manufacturer specifications

Pipeline Product(s) transported Source term profile
characteristics

Pipe elevation/depth Elevation survey, depth below grade

Compressor stations, meter stations, valve sites, storage

Operational areas/facilities L
facilities, etc.
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Category Sub-category Sub-category
Land Owners Easement agreements Locations where they apply along the right of way
Notes:

(1) “Cultivated with special features” refers to areas where agricultural land use involves disturbances/use of deep soil that
may be intersect or interfere with abandoned pipeline (e.g., deep tilling operations, tree farming, turf farms, fruit trees)

In Table 1, information is grouped into three (3) categories: 1) land use; 2) pipeline characteristics; and 3)
land owners. Regarding the land use category, for specific definitions of the terms used in Table 1, the
user will need to consider the regulatory jurisdiction(s) in which the pipeline is located, as definitions may
vary between provinces and regulatory regimes. For example, in the province of Ontario a “water body” is
defined as a permanent stream, river, or similar watercourse or a pond or a lake, but does not include a
pond constructed on the property for the purpose of controlling surface water drainage. However, surface
water may be defined differently in other provinces or by other regulatory authorities.

Regarding the land owners’ category, land owners and associated easement agreements in place along
the pipeline right of way should be identified and included in the linearly referenced data set and
associated maps.

Specific techniques with respect to linearly referencing and presenting information are not provided
herein. In the selection of such methods, users will need to consider what database/data management
systems are available to them, how linearly referenced data will be transformed into features that can be
displayed and analyzed on maps (in a process referred to as dynamic segmentation), and how this
information can be presented to land owners and other stakeholders in order to facilitate consultation with
these groups. Users will also need to consider how or if information will be presented for the pipeline as a
whole or for individual segments of the pipeline, and if the latter, the criteria or process by which the
pipeline should be segmented.

6.2.Step 2: ldentification of where abandonment in-place is an
option

Step 2 of the Framework involves using the information compiled and presented in Step 1 to identify
pipelines and/or segments of pipelines along which abandonment in-place is an option that may be
considered and evaluated by subsequent steps of the Framework. There are specific instances that may
rule out the option of abandonment in-place, as follows:

1. Where abandonment in-place is disallowed by easement agreements, or other contractual obligations.

2. Where specific and defined future development plans (e.g., industrial, commercial, residential,
institutional) require pipeline removal.

3. Where agricultural land use involves disturbance/use of deep soil and may therefore intersect or
interfere with abandoned pipeline. Such land use is referred to as “cultivated with special features”
and may include (but is not limited to): deep tilling operations, tree farms, turf farms, and fruit trees.

4. Where abandonment in-place is not a viable option for reasons other than 1 through 3 above.

Pipelines and/or segments of pipelines along which specific instances 1 through 4 above apply, and
therefore where abandoned pipeline must be removed, should be identified and referenced. These may
be added to the linearly referenced data set, and associated map(s) generated as part of Step 1.
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For all other pipelines and/or segments of pipelines, abandonment in-place is an option to be carried
forward for evaluation by subsequent steps of the Framework. These may also be added to the linearly
referenced data set, and associated maps generated as part of Step 1.

6.3.Step 3: Risk assessment for physical and technical hazards
associated with abandonment in-place

Step 3 of the Framework involves completing site-specific risk assessments for each of the physical and
technical hazards associated with pipeline abandonment in-place (for pipelines and/or segments of
pipeline along which abandonment in-place is an option based on the results of Step 2). For each hazard,
a site-specific risk assessment is completed by following and completing a risk assessment worksheet
developed for evaluation of risks to human health and safety, ecology and environment, and land use and
valued/economic resources associated with that particular hazard. The physical and technical hazards
associated with pipeline abandonment in-place (as organized and evaluated by the Framework as
discussed in Section 3) and associated worksheets are summarized in Table 2.

TABLE 2. PHYSICAL AND TECHNICAL HAZARDS AND ASSOCIATED RISK ASSESSMENT WORKSHEETS

Risk Assessment

Hazard No. Hazard Name Worksheet No.

Soil and Groundwater Chemical Impacts from former operation of

Hazard No. 1 L . . PH1
pipeline (contaminated sites)
Hazard No. 2 Environmental Impacts from pipeline materials abandoned in-place --
Hazard No. 2a Residual product, lubricants, and treatment chemicals PH2a
Hazard No. 2b Leaching from construction materials and coatings PH2b
Presence and exposure and disruption of asbestos
Asbestosis is a chronic lung disease caused by inhaling
Hazard No. 2¢ asbes.tos fibres. Erolonged exposure to these fibres can cagse PH2C
lung tissue scarring and shortness of breath. Improper moving
and/or disturbance of asbestos containing materials may
mobilize these fibres, leading to the concern.
Hazard No. 3 Drainage of surface water or shallow groundwater through pipeline PH3
Hazard No. 4 Ground subsidence PH4
Hazard No. 5 Exposure of abandoned pipeline due to soil erosion and geohazards PH5
Exposure of abandoned pipeline at water crossings due to
hydrotechnical hazards
Hazard No. 6 Depending on the pipe’s horizontal and vertical location, the PH6

pipeline may cause an obstruction for watercraft potentially
causing damage and/or personal injury

In relation to Hazard No. 5 and No. 6, a study was conducted on behalf of the PTAC (Matrix Solutions Inc.
2018) to analyse abandoned pipeline exposure data, which identified and considered several scenarios
including pipe exposures, buoyancy control measures, sensitive areas, and frost heave.

10
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These conclusions should be used to inform risk management decisions regarding whether pipelines
should be abandoned or removed, and if abandoned (scope of this document), how to mitigate risk of
exposure (i.e., buoyancy control measures) and monitoring frequency (i.e., based on pipe exposure rate).

The risk assessment worksheets referenced in Table 2 are included as Appendix B herein. These
worksheets were developed based on the process of risk analysis as illustrated by Figure 1. By this
process, a frequency analysis is completed to determine the frequency or likelihood of a particular hazard
occurring, and a consequence analysis is completed to estimate the severity of adverse effects should the
hazard occur. The results of the frequency and consequence analyses are combined to produce an
estimation of risk, in a process referred to as risk estimation. In Step 4 of the Framework, as discussed in
Section 6.4, the results of the risk estimation are used to complete the risk evaluation whereby the
significance of the risk estimate is evaluated to determine the need for implementation of risk
management measures to mitigate or manage risks associated with the particular hazard.

Hazard

Frequency Analysis Consequence Analysis

Risk Evaluation

Less Significant
Risk

Risk Management Risk Management Risk Management
Measures Required Measures Considered Measures Not Required

Significant Risk Insignificant Risk

FIGURE 1 RISK ANALYSIS FLOWCHART

6.3.1. Risk Assessment Worksheets

The risk assessment worksheets for each hazard are comprised of several components, as described in
Sections 6.3.1.1 through 6.3.1.6 below. Users should carefully review the information presented in each
component of the worksheets, as well as the notes provided at the bottom of the worksheets.

11
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6.3.1.1. Release mechanism

The Release mechanism component of the worksheets simply defines the hazard being evaluated,
including the process(es) by which it may occur, as it is evaluated by the worksheets.

For example, in worksheet PH1 which evaluates Hazard No. 1: Soil and Groundwater Chemical Impacts
from former operation of pipeline, the hazard is defined as historical release of contaminants into the
environment during former operation of the pipeline, resulting in concentrations in environmental media
above applicable environmental criteria. In this example, it is important to note that contamination is
defined as concentrations above applicable environmental criteria. Therefore, the release of contaminants
resulting in concentrations in environmental media below the applicable criteria or environmental
remediation resulting in concentrations below the applicable criteria would not be considered a hazard to
be evaluated by the worksheet. Land owner concerns should also be addressed and factored in to final
risk management decisions.

No action by the user is required in this component of the worksheets.

6.3.1.2. Risk management measures required in
accordance with CSA Z662

The Risk management measures required in accordance with the CSA 2662 component of the
worksheets lists the risk management measures prescribed by the CSA Z662 to mitigate or manage risks
associated with the hazard being evaluated. These prescribed risk management measures are required to
be implemented regardless of the results of the risk assessment for that particular hazard, but do not
necessarily adequately address these risks.

In this component of the worksheets, the user may indicate whether each of the risk management
measures prescribed by the CSA Z662 have been met.

6.3.1.3. Site-specific data/information/studies required to
complete risk estimation

The Site-specific data/information/studies required to complete risk estimation component of the
worksheets lists the site-specific data, information, and/or studies required to complete the risk estimate
for the hazard being evaluated.

In this component of the worksheets, the user may indicate whether particular data and information has
been gathered and/or particular studies have been completed.

6.3.1.4. Step | — Complete frequency analysis

Step | — Complete frequency analysis component of the worksheets provides the methodology for carrying
out the hazard frequency analysis. It lists various scenarios related to the hazard being evaluated that
may be present along the pipeline (or segments of the pipeline), and for each provides a rating
representative of the frequency or likelihood of the hazard occurring (i.e., low, moderate, high). Definitions
for each of the frequency ratings, as considered by the Framework, are provided in Table 3.
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TABLE 3. HAZARD FREQUENCY RATINGS

Low Unlikely to occur
Moderate May occur
High Likely to occur

Each scenario in Step | is provided a unique identification number, for example Fla is the identification
number for the first scenario for Hazard No. 1, and F3b is the identification number for the second
scenario for Hazard No. 3.

The user should review and analyse the appropriate site-specific data/information/studies (as discussed in
Section 6.3.1.3) to determine which of the scenarios provided occur along the pipeline and where along
the pipeline they occur. For each scenario that occurs along the pipeline, the user should indicate the
appropriate frequency rating in the Insert Rating column, and the locations along the pipeline where the
scenario occurs in the Locations (along the ROW) column. For each of the scenarios that do not occur
along the pipeline, the user should indicate not applicable in each of these columns. Therefore, the
frequency or likelihood of the hazard occurring along the various segments of the pipeline is determined.

6.3.1.5. Step Il — Complete consequence analysis

Step Il — Complete consequence analysis component of the worksheets provides the methodology for
carrying out the hazard consequence analysis. It lists various scenarios related to the hazard being
evaluated that may be present or occur along the pipeline (or segments of the pipeline), and for each
provides a rating representative of the severity of the consequences should the hazard occur (i.e., low,
moderate, high). Definitions for each of the consequence ratings, as considered by the Framework, are
provided in Table 4.

TABLE 4. HAZARD CONSEQUENCE RATINGS

Human Health and Safety

Low Negligible effect

Moderate Non-life threatening health effects or minor injury to individuals

Life-threatening health effects or serious injury

High
Health effects to sensitive receptor groups or communities

Ecology and Environment

Low Negligible effects

Toxic effects to communities/populations of non-species at risk

Degradation of habitat/breeding/foraging areas for non-species at risk
Moderate 9 9 ging P

Degradation of area not considered to be of particular ecological, environmental,
or natural significance
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Consequence Rating Definition

Violation of Fisheries Act or other acts or regulations

Toxic effects to individual species at risk

High Degradation of habitat/breeding/foraging area for species at risk

Degradation of significant wetland, park, conservation area, or other area of
ecological, environmental, or natural significance

Land Use and Valued/Economic Resources

Low No perceived impact of land use or valued/economic resources

Impact on lands (and associated uses) other than those considered as
valued/economic resources

Moderate Temporary and recoverable impact on lands (and associated uses) considered
as valued/economic resources

Minor/localized damage to property

Long-term or non-recoverable impact on lands (and associated uses)
High considered as valued/economic resources

Major/large-scale damage to property

The consequence analysis is completed individually for human health and safety, ecology and
environment, and land use and valued/economic resources, therefore the various scenarios are grouped
together and organized accordingly under these headings. Each scenario has a unique identification
number, for example Cla is the identification number for the first scenario for Hazard No. 1, and C3b is
the identification number for the second scenario for Hazard No. 3.

The user should review and analyse the appropriate site-specific data/information/studies (as discussed in
Section 6.3.1.3) to determine which of the scenarios provided may be present or occur along the pipeline
and where along the pipeline they occur. For each scenario that occurs along the pipeline, the user should
indicate the appropriate consequence rating in the Insert Rating column, and the locations along the
pipeline where the scenario occurs in the Locations (along the ROW) column. For each of the scenarios
that do not occur along the pipeline, the user should indicate not applicable in each of these columns.
Therefore, the severity of the consequence(s) of the hazard occurring along the various segments of the
pipeline is determined.

6.3.1.6. Step Il — Complete risk estimation

Step Il — Complete risk estimation component of the worksheets provides a space where the results of
the frequency and consequence analyses can be combined to produce an estimation of risk, or risk
estimate. Risk estimates generated by the Framework are expressed qualitatively as risk estimate
categories, as summarized in Table 5.

TABLE 5. HAZARD RISK ESTIMATE CATEGORIES
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Risk Estimate Categories

High Likelihood and High Consequence

High Likelihood and Moderate Consequence OR Moderate Likelihood and High Consequence

High Likelihood and Low Consequence

Moderate Likelihood and Moderate Consequence

Low Likelihood OR Low Consequence

Low Likelihood and Low Consequence

Low Likelihood and High Consequence

Note: Term “OR” in the above table indicates that only one hazard risk identified needs to be met.

The user should review the results of the frequency and consequence analyses to determine which of the
risk estimate categories occur along the pipeline and where along the pipeline they occur. For each risk
estimate category that occurs along the pipeline, the user should indicate the frequency scenario
identification number(s) and consequence scenario identification number(s) combinations that result in
this category, in the Frequency No. and Consequence No. columns (respectively), and the locations along
the pipeline where these combinations occur in the Locations columns. For the risk estimate categories
that do not occur along the pipeline, the user should indicate not applicable in each of these columns.
Therefore, the risk estimate categories occurring along the various segments of the pipeline are
determined.

6.4.Step 4: Risk evaluation

Step 4 of the Framework involves carrying out the risk evaluation for each of the physical and technical
hazards associated with pipeline abandonment in-place, for which risk assessments were completed in
Step 3, and producing a risk register which summarizes the hazards for which risk management measures
are required or should be considered. Risk register worksheets for each hazard are included as Appendix
C herein.

The significance of the risk estimate categories used in Step 3 (and presented in Table 5) are defined
based on whether or not risk management measures are required to mitigate or manage the hazards to
which they apply, as illustrated by Figure 2.
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Risk Estimation Matrix
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FIGURE 2 RISK EVALUATION

For each hazard, the significance of each risk estimate category that occurs along the pipeline, based on
the results of Step 3, is evaluated to determine whether and where along the pipeline risk management
measures are required. For each of the risk estimate categories used in Step 3 (and presented in Table 5)
the significance and associated requirement for risk management measures, as considered by the
Framework, is presented in Table 6.

TABLE 6. SIGNIFICANCE OF RISK ESTIMATE CATEGORIES

Risk Estimate

s Acti
Significance HOR

Risk Estimate Categories

High Likelihood and High Severity Significant risk Risk management measures required

High Likelihood and Moderate
Severity OR Moderate Likelihood Significant risk Risk management measures required
and High Severity

Moderate Likelihood and Moderate

Severity Less significant risk Risk management measures considered
High Likelihood and Low Severity Less significant risk Risk management measures considered
Low Likelihood and High Severity Less significant risk Risk management measures considered
Low Likelihood OR Low Severity Insignificant risk Risk management measures not required
Low Likelihood and Low Severity Insignificant risk Risk management measures not required
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For each hazard, the user should review the information entered into Step Ill — Complete risk estimation
component of the risk assessment worksheet completed in Step 3 and based on the significance of the
risk estimate categories as indicated in Table 6, determine where significant and less significant risks
occur along the pipeline, and therefore where risk management measures are required or should be
considered to mitigate or manage the hazard. For risk estimates determined to be significant or less
significant, the user should enter the associated consequence identification number, description of
consequence, and location where it occurs along the pipeline into the appropriate risk register worksheet.

The user should also consider a means to visually display the risk results (e.g., ArcGIS) to improve
communication of risk over the areas concerned.

6.5.Step 5: Identification of risk management measures

Step 5 of the Framework involves identifying risk management measures that could be implemented to
mitigate or manage the hazards for which they are required, based on the results of Step 4. Options for
risk management measures will be dependent on the hazard for which they are required, as well as the
consequences/effects that may be realized should the hazard occur. Risk management measures may be
selected, in consultation with stakeholders, to reduce or eliminate the frequency or likelihood of the hazard
occurring, and/or to reduce the severity of the consequences/effects should the hazard occur. With
respect to the latter, risk management measures should be agreed upon and address each/all of the
potential consequences, as listed in the risk register for the particular hazard.

For instance, with respect to Hazard No. 4: Ground subsidence beyond tolerable range, to reduce the
frequency or likelihood of occurrence, pipes could be filled with a concrete slurry to prevent collapse
(resulting in ground subsidence), and to reduce the severity of environmental effects of possible events
from ground subsidence, a spill response plan could be developed for implementation if necessary. Risk
management may also involve development and implementation of monitoring plans, to monitor indicators
of potential occurrence or measurable effects.

For each hazard requiring risk management measures, an options evaluation should be completed (by a
qualified party) to identify the various options for risk management, and compare them based on a
relevant set of criteria, including: effectiveness, ease of implementation, cost, etc. The feasibility and
desirability of each of the options could also be compared to that of pipeline removal to support selection
of the best approach for pipeline abandonment.

Potential residual effects post-mitigation can be risk managed through the design and implementation of
long-term monitoring programs (see Arcadis Canada Inc. 2018), which include an adaptive management
process to reduce monitoring requirements and pipeline operator liability over time.

7. Case Study-Guide for Evaluating Pipeline Abandonment Risks

7.1.Introduction

To provide additional guidance on using the Framework, two case studies have been developed which
outlines the process of the key steps in completing the Worksheets and the identifying the Risk Ratings
based on the Frequency and Consequence Rating along with potential Mitigation outcomes. The case

studies were designed to aid in the identification of the Risk Ratings where potential human and
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environmental health risks are identified and some form of risk reduction (e.g. remediation) may be
necessary. The case studies also aid in the formulation of technical inputs for the selection of suitable risk
management alternatives.

A wide variety of provincial and federal ‘frameworks’ and guidance documents have now been developed
or proposed across Canada for the management of environmental issues. The primary consistent factor
among these frameworks is an emphasis on risk — a need to assess the risks posed by site factors, the
need to manage those risks once identified, and the need to prioritize sites such that those with the
greatest risks are addressed first. Professional judgment with respect to due diligence will always take
precedence to ensure that any project is administered in such a way as to protect human and ecological
receptors, health and safety, policy and financial drivers, site-specific conditions and regional setting.

The first case study includes a petroleum hydrocarbon spill in an agricultural setting near a surface water
body. The emphasis of this case study is on contaminant migration. The groundwater and surface water
are used for potable water and the surface water is used for recreational purposes. The pipeline has been
cleaned following standard protocols and studies have been completed to determine the potential site
risks. The second case study includes a water crossing and the pipeline segment next to a sensitive
surface water environment. The emphasis of this case study is on impacts to the physical sensitive
environments. The groundwater and surface water are used for potable water and the surface water is
used for recreational purposes. The pipeline has been cleaned following standard protocols and studies
have been completed to determine the potential site risks. Figures for the case studies have been
provided as visual aids.

7.2.Key Steps

Appendix A in the Framework provides an overview of the Framework Steps, associated Tables and
Worksheets and links to the appropriate sections of the Abandonment Plan Table of Contents (Canada
2015). The key steps are as follows:

1. The first step is to complete the pipeline and ROW characterization. The scorer should review all
pertinent documents that have been prepared for the project. As some technical documents may
not be available during the application of the tool, professional judgement should be used to
populate the various technical inputs.

1. For each segment of the pipeline to be abandoned in place, the scorer will complete the Risk
Estimation Worksheets (PH1 to PH6) starting with the Frequency Rating (Step 1) and
Consequence Rating (Step 2) for each of Worksheets. At the end of each Worksheet is a Risk
Estimation Summary (Step 3).

2. For each of the Worksheets, the Risk Rating can be obtained from Table 4, Appendix A, Risk
Estimation R1 to R7.

3. ldentify locations along the pipeline segment where Risk Management Measures are likely
required (i.e. R1 to R3, where risks have been identified)

4. Select the most appropriate risk management measure that will be implemented to address the
Risks.

5. The Mitigative Measures implemented will depend on a number of site specific factors and
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adjusted on a case by case basis. For general guidance mitigative measures may include:

Cleaning of pipeline

Filling or plugging pipeline segments

Removal of redundant surface equipment
Contaminant removal or management

Site monitoring

Risk management or risk assessments

Engineering or passive controls, monitoring of soil subsidence, corrosion effects, pipeline
subsidence, soil erosion.

Plugging, controlling water conduits

Controlling pipeline buoyancy

Monitoring potential chemical impacts and leaching.

7.3.CASE STUDY 1: Pipeline A Segment 11000 m to 13500 m

LEGEND

A — Soil and Groundwater Contamination
Stream /creek
—— Groundwater Level & — Road
Road C — Water Crossings Wetland
— Pipeline D — Wetland/Sensitive Environments
E — Land Uses — Agricultural /Residential
F — Potable Water Environments ol
G — Soils/Geology T
Agricultural —— AT
Residential Tl L
11000m e
Soil — Supply
Clay—F 0
- 13500m
Sand/gravel —
i — Former Spill Location
Bedrock — @ 12500m

FIGURE 3 CASE STuDY 1: PIPELINE A SEGMENT 11000 M TO 13500 M ATTRIBUTES.

7.3.1. Segment Attributes

See Figure 3 for overview of Pipeline A Segment 11000 m to 13500 m attributes.

a. Residual petroleum hydrocarbon (PHC) spill at segment 12500 m associated with discharges
during routine maintenance. PHC impacts have been delineated based on potable water
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environment, agricultural land use. PHC concentrations are currently above the applicable
cleanup criteria;

Surface water and groundwater are used for potable water;
Local waterway is used for recreational purposes;

Cultivated agricultural land use with special features- fruit trees with sufficient root penetration
into contaminated groundwater and / or soil;

Pipeline has been cleaned using specific methodologies associated with target residual
contaminants. The pipeline diameter is greater than 323.9 mm,;

Testing has been completed and the pipeline construction materials are inert and not
expected to leach;

Asbestos is not present in the external pipe coatings;
The pipeline is within 30 m’s of surface water but does not cross the surface water body; and

i. Pipeline exposure has not occurred in the past; but is in an area susceptible to erosion.

7.3.2. Risk Estimation Scoring

Case study 1 worksheets for PH1 to PH6 are attached for reference (Appendix D). Risk estimation
scoring is summarized in Table 7.

TABLE 7 RISK ESTIMATION SCORING FOR PIPELINE A SEGMENT 11000 M 17O 13500 M (SEE FIGURE 3).

Hazard Frequency Consequence Risk Rating Possible Mitigation Measures
From Hazard Worksheet Rating Rating Table 4 Appendix D

PH1- Contaminated Site @ High-F1d High-C1la, b; R1 Remove all contaminated soil
11500m Cls, C1t to applicable guidelines
PH2a- Residual Contaminants- | Moderate — High — C2a a, R2 Clean pipe to applicable
Entire segment F2 ab b; C2as,t guidelines and monitor
PH2b- Coating Contaminant Low- F2b a High- C2b a,b, R7 Low risk, monitor
Leaching-entire segment C2bs,t
PH2c Asbestos Low- F2c a Low- C2c a R5 No Action required
PH3 Water Conduit- entire High -F3d Moderate-High | R1 Control water conduit, plugs or
segment C3h; 1, n pipe blocks
PH4- Subsidence- at 12500 m High- F4d High- C4b, k, | R1 Fill with inert materials
PH5- Pipe Exposure on Land Moderate- F5b | Moderate -C5b | R4 Complete study and monitor
12000 to 12800 m as required
PH 6-Pipe Exposure at Water NA NA No crossing Not applicable
Crossing
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7.4.CASE STUDY 2: Pipeline B Segment 15000 m to 18000 m

LEGEMD:

B — Road
L — Water Crossings N
—— Groundwoter Level O — Wedord,/Sensitive Envronments Stredin Seresk
Foad E — Lard Uses — Agrleditardl /Residential | Wetland —
— Flpelne F — Fotabla Woter Ervironments | .
G — Soils /Geology
H — GeoHarards
FE0O0
| — Watar Cenduits =
15000m — 18000m
Agricultural ———
Residential —__
Sail - o
Clay—_ [ -
SandSgravel —— -
Till —_
Bedrock ——

FIGURE 4 CASE STUDY 2 PIPELINE B SEGMENT 15000 M TO 18000 M ATTRIBUTES.

7.4.1. Segment Attributes

See Figure 4 for overview of Pipeline B Segment 15000 m to 18000 m attributes.

a. Pipeline runs adjacent to sensitive wetland;

Species at Risk within sensitive wetland;

Pipeline crosses a surface water body;

Surface water and groundwater are used for potable water;
Local waterway is used for recreational purposes;

Cultivated agricultural land use with special features- fruit trees with sufficient root
penetration into contaminated groundwater and / or soil;

g. Pipeline has been cleaned using specific methodologies associated with target residual
contaminants. The pipeline diameter is greater than 323.9 mm;

h. Testing has been completed and the pipeline construction materials are inert and not
expected to leach;

i. Asbestos is not present in the external pipe coatings; and
j- Pipeline exposure has not occurred in the past; but is in an area susceptible to erosion.

~® 200
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7.4.2. Risk Estimation Scoring

Case study 2 worksheets for PH1 to PH6 are attached for reference (Appendix E). Risk estimation
scoring is summarized in Table 8.

TABLE 8 RISk ESTIMATION SCORING FOR PIPELINE B SEGMENT 15000 M TO 18000 M (SEE FIGURE 4).

Hazard Frequenc Risk Rating
d ) y Consequence Rating Table 4 Possible Mitigation Measures
From Hazard Worksheet Rating .
Appendix E
PH1- No Contaminated Sites No Action
PH2a- Residual Contaminants- Moderate — | High —C2aa, b; e,i;lo, | R2 Clean pipe to applicable
Entire segment F2ac p; s, t, x, bb guidelines and monitor
PH2b- Coating Contaminant Low-F2ba | High-C2ba, b,e,i;l,0, | R7 Low risk, monitor
Leaching-entire segment P, s, t, v, x, bb
PH2c Asbestos Low-F2ca | Low-C2ca R5 No Action required
PH3 Water Conduit- @17010 m | High -F3d High R1 Control water conduit, plugs or
C3a,d,e,g,l,n, p,s,w pipe blocks
PH4- Subsidence- at 17900 m High- F4d High-C4 b, c, f, kI, 0 R1 Fill with inert materials
PH5- Pipe Exposure on Land Moderate- Moderate -C5b R4 Complete study and monitor
11500 to 11800 m F5b as required
PH 6-Pipe Exposure at Water Moderate- High- Cé6a R2 Complete study and monitor
Crossing F6b as required
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Step 1: Complete pipeline and ROW characterization

Table 1 - Steps of Risk-Based Decision Making Framework for Pipeline Abandonment

Framework Tables and Worksheets

Table 2 - Information to be included in pipeline and right of way characterization

Associated sections of Abandonment Plan Table of Contents (Canada, June 2016)

1. Background
a. General description of the pipeline and facilities including history and product it carries
b. Proposed abandonment process including timelines®
2. Location map (ROW, pipe, stations, valves, storage, etc.)
3. Detailed description of facilities to be abandoned (detailed maps to be included in an appendix)
a. Pipeline composition, diameter, thickness, coatings, etc.
b. Adjacent pipeline facilities (corridor)
c. Facility components on company-owned land
d. Land use along route (e.g., agricultural, urban, parkland)
e. Natural features (e.g., water bodies, wetlands, native prairie, rare vegetation, species at risk)
f. Land owners and land administration agencies
4. History of ruptures, leaks and other construction occurrences®
a. Location of incidents and any former contamination sites
b. Status of contamination remediation

Step 2: Make preliminary selection of pipeline segments/lengths to be
abandoned in place based on land use (current and future), pipeline
diameter, and easement agreements (if applicable)

Table 3 - Criteria for preliminary selection of pipeline to be abandoned in place

Step 3: For pipeline segments/lengths (preliminarily) selected to be
abandoned in place, complete risk estimates for each of the potential
hazards associated with abandoning pipeline in place

Risk estimation worksheet PH1
Potential Hazard No. 1: Contamination from former operation of pipeline

Risk estimation worksheets PH2a to PH2c
Potential Hazard No. 2: Contamination from residual components of hydrocarbon
product, lubricants, and treatment chemicals within pipeline

Risk estimation worksheet PH2a

Potential Hazard No. 2a: Contamination from residual components of
hydrocarbon product, lubricants, and treatment chemicals within
pipeline

Risk estimation worksheet PH2b
Potential Hazard No. 2b: Contamination from leaching of contaminants
from pipeline construction materials and external coatings

Risk estimation worksheet PH2c
Potential Hazard No. 2c: Presence and exposure and disruption of
asbestos in pipeline external coatings

Risk estimation worksheet PH3
Potential Hazard No. 3: Drainage of surface water or shallow groundwater through
pipeline

Risk estimation worksheet PH4
Potential Hazard No. 4: Ground subsidence beyond tolerable range (for land use)

Risk estimation worksheet PH5
Potential Hazard No. 5: Exposure of abandoned pipeline on land due to soil
erosion and geohazards inducing frost heave

Risk estimation worksheet PH6
Potential Hazard No. 6: Exposure of abandoned pipeline at water crossings due to
hydrotechnical hazards

Step 4: For each of the potential hazards (PH1, PH2a-c, PH3 to PH6),
based on the results of the risk estimation, identify locations along the
ROW where risk management measures are likely required (i.e.,
where R1, R2, or R3 risks have been identified).

Risk estimation worksheets (PH1, PH2a-c, PH3 to PH6)

Step 5: Select risk management measures that will be implemented to
address R1, R2, and R3 risks identified for each of the potential
hazards. If implementation of risk management measures is not
feasible, re-evaluate decision to abandon pipeline in place.

5. Abandonment procedure
a. Facilities to be left in place

i. Locations and justification

ii. Mitigation measures

1. Cleaning (procedure and standards)

2. Filling or plugging

3. Removal of unnecessary surface equipment
4. Identification of location of facilities

5. Estimation of risk and risk reduction plans
a. Contamination removal or management

b. Soil subsidence

c. Corrosion effects

d. Pipe collapse

e. Soil erosion effects

f. Water conduit

g. Water crossings

h. Transportation and utility crossings

Notes:
ROW - right of way

(1) Also required for completion of PH1 Risk Estimation Worksheet, for estimation of risks associated with contamination from former operation of pipeline
(2) Not directly associated with Framework Steps, but included in Abandonment Plan table of contents.

References:

Her Majesty the Queen in Right of Canada 2015 as represented by the National Energy Board (NEB), 2015. Regulating pipeline abandonment. PDF: Cat. No. NE23-161/2016E-PDF, ISBN 978-0-660-05660-9. June 2016.

Arcadis Canada Inc.




November 2018 Table 2 - Information to be Included in Pipeline and Right of Way Characterization (Step 1 of Framework)

Information to be included in pipeline ROW characterization

1. Land use within/proximal to ROW (current and expected future) Agricultural Cultivated
Cultivated with special features
Non-cultivated (native prairie, rangeland, pasture)

Non-agricultural Developed (industrial, commercial, residential, institutional)
Undeveloped
Sensitive areas Potable groundwater environment

Lands valued by Indigenous people (for hunting, gathering, other)

Habitat/breeding/foraging areas for species at risk

Parks, conservation areas, and other areas of ecological, environmental, or natural significance
Water crossings Surface water used as a source of potable water

Surface water used for irrigation or livestock watering

Waterways that support commercial fisheries

Waterways valued by Indigenous people (for fishing, other)

Waterways used for recreational activities

Significant wetlands

Habitat/spawning/breeding/feeding grounds for species at risk

2. Pipeline Composition (construction materials and coatings)

Product it carries/carried
Locations of (historical) operational areas |(e.g., compressor stations, metre stations, and valve sites)
Facility components

Locations of historical breaches/spills

3. Land owners and land administration agencies (and easement agreements)

Notes:
ROW - right of way
Information best presented on map(s), with supporting text.

Arcadis Canada Inc.



November 2018 Table 3 - Criteria for Preliminary Selection of Pipeline to be Abandoned in Place (Step 2 of Framework)

Pipe Diameter

Land Use (current and future)

2" to 12" 14" to 24" >26"

60.3to 323.9 mm 355.6to 610 mm >660 mm

Cultivated AlP AlP AlP
Agricultural Cultivated with special features R R R
Cultivated with special features AlP AlP AIP
Non-cultivated AlP AlP AIP
Existing developed lands AlP AlP AlP
Non-agricultural Prospective future development - commercial/industrial/residential R R R
No future development AlP AlP AlP
Environmentally sensitive areas AIP AlP AlP
Other Road and railway crossings AlP AlP AlP
Water crossings AlP AlP AlP
Other crossings (utilities and other pipelines) AlP AlP AlP
Easement agreements do not allow for AIP. R R R
Notes:

AIP - abandon pipeline in place
R - remove pipeline
References:

Canadian Energy Pipeline Association, Pipeline abandonment assumptions, technical and environmental considerations for development of pipeline
abandonment strategies. Prepared for the Terminal Negative Salvage Task Force of the Canadian Energy Pipeline Association. September 2006 - April
2007. (Table 1 - Pipeline abandonment matrix)

Arcadis Canada Inc.
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Table 4 - Hazard Frequency, Consequence, and Risk Estimation Ratings (for Steps 3 and 4 of Framework)

Term Rating Definition
Low Unlikely to occur without risk management measures (in addition to those in accordance with CSA-Z662).
Frequency: Moderate May occur without additional risk management measures.
High Likely to occur without additional risk management measures.
Human health and safety:
Low Risk to human health and safety likely to be within acceptable range.
Moderate Exposure/negative effect(s) to individual receptors, potentially resulting in non-life threatening health effects or minor injury.
Acute exposure/catastrophic event potentially resulting in death or serious injury.
High Exposure/negative effect(s) to individual receptors, potentially resulting in life-threatening health effects or serious injury.
Exposure/negative effect(s) to sensitive receptor groups or communities.
Ecology and environment:
Low Risk to ecological receptors and environment likely to be within acceptable range.
Exposure/negative effect(s) to communities/populations of non-species at risk.
Moderate Exposure/potential degradation of habitat/breeding/foraging area for non-species at risk.
Consequence: Exposure/potential degradation of area not considered to be of particular ecological, environmental, or natural significance.
Violation of the Fisheries Act or other acts or regulations.
High Exposure/negative effect(s) to individual species at risk.

Exposure/potential degradation of habitat/breeding/foraging area for species at risk.

Exposure/potential degradation of significant wetland, or area reserved as a park, conservation area, or other area of ecological, environmental, or natural significance.

Land use and valued/economic resources:

Low No perceived impact on land use or valued/economic resources.
Impact on lands (and associated uses) other than those considered as valued/economic resources.

Moderate Temporary and recoverable impact on lands (and associated uses) considered as valued/economic resources.
Minor/localized damage to property.

High Long-term or non-recoverable impact on lands (and associated uses) considered as valued/economic resources.
Major/large-scale damage to property.

R1 R1 - High likelihood and High consequences (significant risk, risk management measures required)

R2 R2 - High likelihood and Moderate consequences OR Moderate likelihood and High consequences (significant risk, risk management measures required)

R3 R3 - High likelihood and Low consequences (insignificant risk, risk management measures not required)

Risk estimation: R4 R4 - Moderate likelihood and Moderate consequences (less significant risk, risk management measures considered)

R5 R5 - Low likelihood OR Low consequences (insignificant risk, risk management measures not required)

R6 R6 - Low likelihood AND Low consequences (risk management measures not required)

R7 R7- Low likelihood and High consequences (less signifcant risk, risk managements considered
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PH1 Risk Assessment Worksheet

Hazard No. 1: Soil or groundwater chemical impacts to the environment from former operation of pipeline (i.e., contaminated sites);
Release mechanism

Hi

torical release of contaminants soil, groundwater, surface water, and/or sediment) above applicable en Common sources of historical contaminatic
Risk management measures required in accordance with CSA Z66:
10.17 Abandonment of pipeline related facilities Not met
Pipeline related facilities such as compressors and pump stations shall have all rotating and fixed equipment removed,
unless they are still part of an operating or deactivated site. Associated piping, utilities, supports, and foundations shall also be removed.

Testing for site soil contamination and appropriate might be required.

Consi ion should be given to the removal of ind vaults and closed-top pits. For those that are to remain:
a) walls and floors shall be tested for ination. C i areas shall be i or removed.

b) walls shall be removed to an iate level below the ground surface

c) the insides of the vault shall be filled with clean soil.
Soils in around and underneath storage tanks shall be inspected for contamination and appropriately remediated.

Completed Not completed
(ESA) (representative of current to identify potential sources of contamination along the pipeline ROW, prepared by a qualified pi
2) Phase Il/lll ESA ive of current i soil and groundwater contamination i with potential sources of cor ination identified by the Phase | ESA, prepared by a qualified pi
IF CONTAMINANT CONCENTRATIONS ARE ABOVE APPLICABLE ENVIRONMENTAL CRITERIA:
3) Human health and ical risk ive of current i in accordance with Health Canada and Environment Canada Risk prepared by a qualified i AND/OR

4) Remediation reports that provide current concentrations of contaminants in soil and/groundwater on Site, prepared by a qualified professional
Step | - Complete frequency analysis:

F1: Likelihood® that concentrations of contaminants in environmental media (i.e., soil, groundwater, surface water, and/or sediment) are above applicable environmental criteria.

Insert rating Locations (along ROW) associated with rating

Scenarios along pipeline:
Fla: Phase I/II/lll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are below applicable environmental criteria. Rate low
F1b: Phase I/l ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern above applicable environmental criteria have been remediated.
Associated reports are kept on file.

Fic: Phase I/Il/lll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are above applicable environmental criteria, however based on
completion of a human health and ecological risk assessment, risks to receptors are within the acceptable range. Associated reports are kept on file.

Rate low

Rate low

F1d: Phase I/Il/lll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are above applicable environmental criteria. Rate high
Step Il - Complete consequence analysis:

C1: Consequence(s)® of concentrations of contaminants in environmental media (soil, groundwater, surface water, sediment) above applicable environmental criteria:
C1: Human health and safety: Insert rating
Land:

Cia: Contamination® within a potable groundwater environment.

C1b: Contamination® of agricultural lands.

Clc: Contamination of residential, institutional, or park lands.

Ci1d: Contamination® of lands valued by Indigenous people (for hunting. gathering, other).
|Water crossings: Rate high
Cle: Contamination of surface water used as a source of potable water (e.g., reservoirs, lakes, rivers).

C1f: Contamination® of surface water used for irrigation or livestock watering.

Clg: Contamination® of waterways that support commercial fisheries.

C1h: Contamination® of waterways valued by Indigenous people (for fishing, other).

C1i: Contamination of waterways used for recreational activities.

Land:

C1i: Soil and/or groundwater contamination in an environment other than those described above with a "high" consequence rating.
Water crossings:
C1k: Surface water and/or sediment contamination in and environment other than those described for waterways above with a "high” consequence rating.
C1: Ecology and environment: Insert rating
Land:

C1I: Contamination® of areas that are habitat/breeding/foraging areas for species at risk.

C1m: Contamination® of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
Water crossings: Rate high
Cin: Contamination® of waterways that may constitute a violation of the Fisheries Act.

Clo: Contamination® of significant wetlands.

Cip: Contamination®) of waterways that are habitat/spawnina/breeding/feeding grounds for species at risk.

Land:

Cla: Soil and/or groundwater contamination™ in an environment other than those described above with a "high" consequence rating.

Water crossings:

C1r: Surface water or sediment contamination® in an environment other than those described for waterways above with a "high” conseguence rating.

3.4,5)

Locations (along ROW) associat

Rate

(3,4,5)

Locations (along ROW) associat

Rate

C1: Land use and valued/economic resources: Insert rating & ** Locations (along ROW) associated with rating
Land:

Cis: Contamination™ within a potable groundwater environment.

Cit: Contamination® of agricultural lands.

Ciu: Contamination® of lands valued by Indigenous people (for hunting, gathering, other).

Civ: Contamination™ of areas reserved as parks, conservation areas, or other areas of ecological, environmental. or natural significance.
Clw: Contamination® of forested lands.

Water crossings:

Cix: Contamination™ of surface water used as a source of potable water (e.q.. reservoirs, lakes, rivers).

Cly: Contamination® of surface water used for irrigation or livestock watering.

Clz: Contamination® of waterways that support commercial fisheries.

Claa: Contamination™ of waterways valued by Indigenous people (for fishing, other).

Cibb: Contamination® of waterways used for recreational activities.

Land:

Cice: Soil and/or groundwater contamination™ in an environment other than those described above with a "high” consequence rating.
Water crossings:

C1dd: Surface water or sediment contamination® in and environment other than those described for waterways above with a "high” consequence rating.
Step Il - Complete risk estimation:

Rate high

Rate

On Land At Water crossings

E1: Estimation of risk® associated with concentrations of contaminants in environmental media (soil, groundwater, surface water, sediment) above applicable environmental criteria:
E1: Human health and safety: Frequency No. Consequence No. Locations Frequency No. Conseguence No. Locations
High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood and Low severi NA NA NA NA NA NA

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity

Low likelihood and Low severi NA NA NA NA NA NA
High likelihood and High severity
High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood and Low severi NA NA NA NA NA NA

pipeline right of way
rally occurring radioactive materials
* Do not necessarily adequately address risks associated with the hazard.
(1) contamination - concentrations above applicable environmental criteria, or concentrations above property-specific criteria derived by a human and ecological risk a

(2) Refer to Tables 3, 4, and 5 of text for definitions of frequency, consequence, and risk estimation ratings.

(3) Rate based on if/where the environment/land use is present along pipeline ROW. Both current and future land u

(4) If environment/land u nt insert applicable b , or low). Otherwise, insert "not present
(5) There is no environment/land us
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PH2a Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place. post operation
Hazard No. 2a: Residual product. lubricants. and treatment chemicals

mechanism

Risk management measures required in accordance with CSA Z662*:

10.16 Abandonment of pipelines and pipe-type storage vessels

A buried pipeline that is abandoned in place shall be:

a) emptied of service fluids;

b) purged or fately cleaned or both in a manner that leaves no mobile materials remaining in the pipeline.
©) physically separated from any in-service piping;

d) capped, plugged, or otherwise effectively sealed; and,
€) cut off at pipeline depth.

| Site-specific data/information/ studies required to complete risk estimation: Completed Not completed
1. Identification of residual contaminants present within the pipeline prior to piggir ing, including ination of whether PCBs or NORMs were ever present within the pipeline.

2. Pipeline-specific purging/pigging/cleaning methodology, including targets and objectives, associated verification procedures, and resuls, prepared by a qualified professional.

[Step | - Complete frequency analysis:

‘an: Likelihood® that contaminants are present within the pipeline (at concentrations that could result in an adverse effect)and be transported out of the pipeline into the surrounding environment® and/or preferentially transported within the pipeline®:

Insert rating Locations (along ROW) associated with rating
|Scenarios along pipeline:
F2a a: Pigging/cleaning targets were developed in consideration of the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, required risk management measures (as per Section 10.16 of CSA Z662), current and

Rate |
intended land use, and applicable guidelines and standards (if any) AND have been met (based on results of verification procedures). No solids or waxy buildup is visible. Neither PCBs nor NORMs were ever present within the pipeline‘s" elow

F2a b: Pigging/cleaning targets were developed in consideration of the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, legislated risk management measures (as per Section 10.16 of CSA Z662), current and

Rate moderat
intended land use, and applicable guidelines and standards (if any) AND have been met (based on results of verification procedures). No solids or waxy buildup is visible. PCBs and/or NORMs were once present within the pipeline®®. ate moderate

F2a c: Pigging/cleaning of pipeline was completed but targets may not have been developed in consideration of the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, legislated risk management measures (as per

Rate moderat
Section 10.16 of CSA Z662), current and intended land use, and applicable guidelines and standards (if any) AND/OR targets may not have been met. Neither PCBs nor NORMs were ever present within the: pipeline‘s" e rate
F2a d: Pigging/cleaning of pipeline was completed but targets may not have been developed in consideration of the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, legislated risk management measures (as per Rate high
©

Section 10.16 of CSA Z662), current and intended land use, and applicable guidelines and standards (if any) AND/OR targets may not have been met. PCBs and/or NORMs were once present within the pipeline™.

Step Il - Complete conseauence analysis:

C2a: Consequence(s)® of contaminants present within the pipeline (at concentrations that could result in an adverse effect) transported out of the pipeline into the surrounding environment® and/or preferentially transported within the pipelin

[C2a: Human health and safety: Insert rating *"* Locations (along ROW) associated with rating
Land:

C2a a: Contamination within a potable groundwater environment.

C2a b: Contamination of agricultural lands.

C2a c: Contamination of residential, institutional, or park lands.

C2a d: Contamination of lands valued by Indigenous people (for hunting, gathering, other).
Water crossings: Rate high
C2a e: Contamination” of surface water used as a source of potable water (e.q., reservoirs, lakes, rivers).

C2a f: Contamination™ of surface water used for irrigation or livestock watering.

C2a g: Contamination” of waterways that support commercial fisheries.

C2a h: Contamination”) of waterways valued by Indigenous people (for fishing, other).

C2ai: Contamination'” of waterways used for recreational activities.

Land:

C2a: Soil and/or groundwater contamination in an environment other than those described above with a "high” consequence rating.
Water crossings:

Rate moderate

C2a k: Surface water and/or sediment contamination” in and environment other than those described for waterways above with a "high” consequence rating.

C2a: Ecoloay and environment: Insert rating *"* Locations (along ROW) associated with rating
Land:

C2a |: Contamination” of areas that are habitat/breeding/foraging areas for species at risk.

C2a m: Contamination™ of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
Water crossings: Rate high
C2an: Contamination®) of waterways that may constitute a violation of the Fisheries Act.
C2a
C2a p: Contamination of waterways that are habitat/spawning/breeding/feeding grounds for species at risk.

Land:

C2a g: Soil and/or groundwater contamination™ in an environment other than those described above with a "high" consequence rating.

Water crossings:

C2a r: Surface water or sediment contamination®” in an environment other than those described for waterways above with a "high" consequence rating.

C2a: Land use and valued/economic resources Insert rating ®"® Locations (along ROW) associated with rating
Land:

C2a's: Contamination'” within a potable aroundwater environment.

Cat: Contamination® of agricultural lands.

C2a u: Contamination” of lands valued by Indigenous people (for hunting, gathering, other).

C2av: Contamination'” of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
C2aw: Contamination®” of forested lands.

Water crossings:

C2a x: Contamination™ of surface water used as a source of potable water (e.q., reservairs, lakes, rivers).

C2ay: Contamination™ of surface water used for irigation or livestock watering.

C2a z Contamination"” of waterways that support commercial fisheries.

C2a aa: Contamination™ of waterways valued by Indigenous people (for fishing, other).

C2a bb: Contamination of waterways used for recreational activities.

Land:

C2a cc: Soil and/or groundwater contamination™ in an environment other than those described above with a "high” consequence rating.
Water crossings:

C2a dd: Surface water or sediment contamination™’ in and environment other than those described for waterways above with a "high” consequence rating.
Step Ill - Complete risk estimation:

E2: Estimation of risk® associated with contaminants present within the pipeline (at concentrations that could result in an adverse effect) transported out of the pipeline into the surrounding environment® and/or preferentially transported On Land At Water Crossings

: Contamination® of significant wetlands.

Rate moderate

Rate high

Rate moderate

within the pipeline
\EZ: Human health and safety Frequency No. Conseguence No. Locations Frequency No. Conseguence No. Locations
High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity

Low likelihood and Low severi NA NA NA NA NA NA
High likelihood and High severity
High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity

Low likelihood and Low sever NA NA NA NA NA NA

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood and Low severi NA NA NA NA NA NA

associated with the hazard.
licable environmental criteria, or concent bove property riteria derived by a human and

T
appl

I aroundwater r sediment.
(3) Refer to Tables 3 5 xt for definitions of freauency. conseauence, and risk estimation ratinas.
(4) The frequency analysis does not consider the likelihood for the pipeline to be breached, as it is assumed that breach of the pipeline will eventually o
) Even with effec X d NORMs have been identi remaining in a limited number of gas trz on lines. Th ntam nd PCBs may bioaccumulate in the food ¢
ate based on iffwhere onme se is present along pipeline ROW. Both current and future land ould be considered.
(7) If environment/land use is present insert applicable ratina (i.e., hiah, moderate. or low). Otherwise, insert "not present along ROW".
(8) There is no environment/land use on which a uence rating is applicable. Contamination™ of any mex nsidered to have at least a mo
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PH2b Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place. post operation
Hazard No. 2b: Leachina from construction materials and coatinas

Release mechanism

Risk management measures required in accordance with CSA 2662 @

10.16 Abandonment of pipelines and pipe-type storage vessels Not met
A buried pipeline that is abandoned in place shall be:

d) capped, plugged, or otherwise effectively sealed; and,

e) cut off at pipeline depth.

\Site-speciﬁc data/information/ studies required to complete risk estimation: Completed Not completed
1. Cl of pipeline construction materials and external coatings.

2. Characterization of contaminants and associated concentrations expected to leach from pipeline construction materials and/or external coatings over time, compared to applicable environmental criteria, completed by a qualified professional.
\Step | - Complete frequency analysis:

‘sz: Likelihood® that contaminants will leach from pipeline construction materials and/or external coatings at concentrations that could result in an adverse effect:

\Scenarios along pipeline:

F2b a: Pipeline construction materials and external coatings are inert and not expected to leach contaminants, neither in the short nor long term. Rate low
F2b b: Pipeline construction materials are expected to leach contaminants, either in the short or long term, at concentrations below applicable environmental criteria in consideration of land use. Rate moderate
F2b c: Pipeline construction materials are expected to leach contaminants, either in the short or long term, at concentrations above applicable environmental criteria in consideration of land use. Rate high
Step Il - Complete consequence analysis:

C2b: Consequence(s)‘sy of contaminants leaching from pipeline construction materials and/or external coatings at concentrations that could result in an adverse effect:
[C2b: Human health and safety: Insert rating ©* 7 Locations (along ROW) associated with ratin
Lani

C2b a: Contamination® within a potable groundwater environment.

C2b b: Contamination® of agricultural lands.

C2b c: Contamination of residential, institutional, or park lands.

C2b ontamination®® of lands valued by Indigenous people (for hunting, gathering, other).
Water crossings: Rate high
C2b e: Contamination™® of surface water used as a source of potable water (e.q., reservoirs, lakes, rivers).

C2b f: Contamination®”) of surface water used for irrigation or livestock watering.

C2b g: Contamination® of waterways that support commercial fisheries.

C2b h: Contamination™ of waterways valued by Indigenous people (for fishing, other).

C2b i Contamination of waterways used for recreational activities.

Land:

C2b j: Soil and/or groundwater contamination®® in an environment other than those described above with a "high" consequence rating.

Water crossings:

C2b k: Surface water and/or sediment contamination® in and environment other than those described for waterways above with a "high" consequence rating.
[C2b: Ecology and environment: nsert rating ©* 7 ions (along ROW) associated
Land:

C2b I: Contamination® of areas that are habitat/breeding/foraging areas for species at risk.

C2b m: Contamination® of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
Water crossings Rate high
C2b n: Contamination® of waterways that may constitute a violation of the Fisheries Act.

C2b o: Contamination® of significant wetlands.

C2b p: Contamination® of waterways that are habitat/spawning/breeding/feeding grounds for species at risk.

Land:

C2b g: Soil and/or groundwater contamination in an environment other than those described above with a "high" consequence rating.
Water crossings:

Insert rating Locations (along ROW) associated with ratin:

Rate moderate

Rate moderate

C2b r: Surface water or sediment contamination®” in an environment other than those described for waterways above with a "high" consequence rating.

\czn: Land use and valued/economic resources: Insert rating © 7 Locations (along ROW) associated with rating
Land:

C2b s: Contamination™” within a potable groundwater environment.

C2b t: Contamination™ of agricultural lands.

C2b u: Contamination® of lands valued by Indigenous people (for hunting, gathering, other).

C2b v: Contamination® of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
C2b w: Contamination™® of forested lands.

Water crossings:
C2b x: Contamination®® of surface water used as a source of potable water (e.g., reservoirs, lakes, rivers).

C2b y: Contamination™ of surface water used for irrigation or livestock watering.

C2b z: Contamination® of waterways that support commercial fisheries.

C2b aa: Contamination® of waterways valued by Indigenous people (for fishing, other).

C2b bb: Contamination®® of waterways used for recreational activities.

Land:

C2b cc: Soil and/or groundwater contamination® in an environment other than those described above with a "high” consequence rating.

Water crossings:
C2b dd: Surface water or sediment contamination® in and environment other than those described for waterways above with a "high" consequence rating.
Step Il - Complete risk estimation:

Rate high

Rate moderate

On Land At Water crossings

E2b: Estimation of risk® associated with contaminants leaching from pipeline construction materials and/or external coatings at concentrations that could result in an adverse effect:
\Ezb: Human health and safety: Frequency No. Consequence No. Locations Frequency No. Consequence No. Locations
High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood and Low severi NA NA NA NA NA NA

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity

Low likelihood and Low severi NA NA NA NA NA NA

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood and Low severi NA NA NA NA NA NA
Notes:

ROW - pipeline right of way

PCB - polychlorinated biphenyl

NORM - naturally occurring radioactive materials

* Do not necessarily adequately addr isks ted with the hazard

(1) contamination - concentrations above le environmental criteria, or concentrations above property-specific criteria derived by a human and ecological risk assessment

(2) Soil, groundwater, surface water, and/or sediment.

(3) Refer to Tables 3, 4, and 5 of te; S equency, consequence, and risk estimation rating

(4) These risk management measures may address preferential transport of contaminants within the pipeline, but do not address leaching of contaminants into the surrounding environment
(5) Rate based on ifwhere the environment/land use is present alona pipeline ROW . Both current and future land use should be considered.

(6) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".

(7) There is no environment/land use on which a "low" consequence rating is applicable. Contamination of any media is considered to have at least a moderate conseguence rating

Arcadis Canada Inc.
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PH2c Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place, post operation
Hazard No. 2c: Presence and exposure and disruption of asbestos
Release mechanism:
present in pipeline external coatings AND is exposed and disturbed (as a result of construction/maintenance/excavation activities, soil erosion, frost heave, or other geotechnical hazards) allowing for potential contact with human receptors @ involved with pipeline excavation/repair activities ® .
Risk management measures required in accordance with CSA Z662*:
None
Site-specific data/information/ studies required to complete risk estimation: Completed Not completed
1. Characterization of pipeline external coatings, and identification of those containing asbestos, by a qualified professional.
Step | - Complete frequency analysis™:
F2c: Likelihood® that asbestos is present in pipeline external coatings and will be exposed and disturbed allowing for potential contact with human receptors® involved with pipeline excavation/repair activities®.
Scenarios along pipeline:
F2c a: Asbestos is not present in pipeline external coatings. Rate low
F2c b: Asbestos is present in pipeline external coatings. Rate high
Step Il - Complete consequence analysisa):

Insert rating Locations (along pipeline) associated with ratin

C2c: Consequence(s) of asbestos in pipeline external coatings being exposed and disturbed allowing for potential contact with human receptors(“ involved with pipeline excavation/repair activities®.

C2c: Human health and safety: Insert ratin(s"” Locations (along pipeline) associated with ratin

Cao s nidentsof asbestosis” Rtengn ||

C2c: Ecology and environment: Insert rating Locations (along pipeline) associated with ratin

Not applicable NA

C2c: Land use and valued/economic resources: Insert rating Locations (along pipeline) associated with ratin

Not applicable NA

Step Il - Complete risk estimation:

E2c: Estimation of risk” associated with asbestos in pipeline external coatings being exposed and disturbed allowing for potential contact with human receptors(1) involved with pipeline excavation/repair activities(2): On'tand

E2c: Human health and safety: Frequency No. Consequence No. Locations
High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity

Low likelihood and Low severity NA NA NA

E2c: Ecology and environment:

E2c: Land use and valued/economic resources:

Notes:

ROW - right of way

* Do not necessarily adequately address risks associated with the hazard.

(1) Exposure of ecological receptors is considered to be minimal, as asbestos in pipeline external coatings is not expected to be mobile in the environment or available for uptake by ecological receptors. Ecological receptors are not expected to directly contact exposed pipeline in a manner that would result in significant exposure, and pipeline external coatings do not provide and are not intermixed with food items or exposure media for
(2) It is assumed that exposed sections of pipeline (containing asbestos) would be re-covered or removed and disposed of (in accordance with applicable guidelines and regulations) by adult maintenance workers in a timely manner so to prevent exposure to other human receptors (e.g., children, visitors, trespassers, farmers, or other workers).

(3) The frequency analysis does not consider the likelihood for asbestos to be exposed and disturbed at various locations along the pipeline, as it is assumed that excavation/maintenance activities that may result in exposure and disturbance could occur anywhere along it.

(4) A chronic (long-term) lung disease caused by breathing in asbestos fibers

(5) Rate based on if/where asbestos is present along pipeline. If asbestos is present insert applicable rating (i.e., high). Otherwise, insert "asbestos not present along pipeline".

(6) There are no consequences considered to have either a "low" or "moderate" rating.

(7) Refer to Tables 3, 4, and 5 of text for definitions of frequency, consequence, and risk estimation ratings.

Arcadis Canada Inc.
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PH3 k Assessment Worksheet
Hazard No. 3: Drainage of surface water or shallow g

Risk management measures required in accordance with CSA 7662*:

|Site-specific data/information/ studies required to complete risk estimation: Completed Not completed
1) Identification of surface water bodies along pipeline ROW.
2) |dentification of locations where pipeline (and/or fill materials surrounding pipeline) may be in contact with groundwater.

3) Where pipeline is within 100 metres of surface water body (including: lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs), site specific drainage study to determine if pipeline (and/or fill materials surrounding pipeline) are hydraulically connected
\Step | - Complete frequency analysis:

‘F3: Likelihood™ of drainage of surface water or shallow groundwater through the pipeline®: Insert rating s (along ROW) associated with r.
\Scenarios along pipeline:

F3a: Pipeline located more than 100 metres from nearest surface water body (including: lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs), OR based on site-specific drainage study is not hydraulically connected to the Rate low
nearest surface water body.

F3b: Pipeline located where it is not likely to be in contact with groundwater. Rate low
F3c: Pipeline located between 30 and 100 metres from nearest surface water body. Rate moderate
F3d: Pipeline located within 30 metres of a surface water body (including: lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs). Rate high
F3e: Pipeline located within a flood plain or area prone to flooding. Rate high
F3f: Pipeline located where it may be in contact with groundwater. Rate high

Step Il - Complete consequence analysis:
C3: Consequence(s)® of drainage of surface water or shallow groundwater through the pipeline:

[C3: Human health and safety: Insert rating ® ¥ Locations (along ROW) associated with rating
Not applicable. NA

\C3: Ecology and environment: Insert ra!in‘a‘ B Locations (along ROW) associated with rating
Lan

C3a: Flooding of habitat/breeding/foraging areas for species at risk (including individuals).

C3b: Flooding of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
Water crossings:

C3c: Drainage of surface water that may constitute a violation of the Fisheries Act. Rate high
C3d: Drainage of significant wetlands.

C3e: Drainage of surface water that is habitat/spawning/breeding/feeding grounds for species at risk.

C3f: Discharge to surface water and/or siltation that may constitute a violation of the Fisheries Act.

C3g: Discharge to, and siltation of, surface water that is habitat/spawning/breeding/feeding grounds for species at risk.
Land:

C3h: Flooding of habitat/breeding/foraging areas for populations/communities of non-species at risk.

Water crossings: Rate moderate
C3i: Drainage of surface water other than that described for water crossings above with a "high" consequence rating.

C3j: Discharge to, and siltation of, surface water other than that described for water crossings above with a "high" consequence rating.

Land:

C3k: Flooding of an area that does not provide habitat/breeding/foraging areas for communities/populations of non-species at risk or for individual species at risk.
Water crossings:

Rate low

Not applicable®®. NA NA

[C3: Land use and valued/economic resources: Insert rating ® ¥ Locations (along ROW) associated with rating
Land:

C3l: Drainage of groundwater used as a source of potable water.

C3m: Drainage of groundwater used for irrigation or livestock watering.

C3n: Flooding of agricultural lands.

C30: Flooding of lands valued by Indigenous people (for hunting, gathering, other).

C3p: Flooding of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
C3q: Flooding of forested lands.

C3r: Flooding of urban/municipal/residential/commercial/industrial areas.

Water crossings: Rate high
C3s: Drainage of surface water used as a source of potable water (e.g., reservoirs, lakes, rivers).
C3t: Drainage of surface water used for irrigation.

C3u: Drainage of surface water that supports commercial fisheries.

C3v: Drainage of surface water valued by Indigenous people (for fishing, other).

C3w: Drainage of surface water used for recreational activities.

C3x: Discharge to, and siltation of, surface water that supports commercial fisheries.

C3y: Discharge to, and siltation of, surface water valued by Indigenous people (for fishing, other).
C3z: Discharge to, and siltation of, surface water used for recreational activities.

Land:
C3aa: Flooding of lands located on low-lying land other than those described above with a "high" consequence rating.
Water crossings:

Not applicable NA NA
Land:
Not applicable®

Water crossings:

C3bb: Drainage of surface water other than that described for water crossings above with a "high" consequence rating.
Step IIl - Complete risk estimation:

E3: Estimation of risk® associated with drainage of surface water or shallow groundwater through the pipeline:

Rate moderate

Rate low NA NA

On Land At Water crossings

\E3: Human health and safety: Frequency No. Consequence No. Locations Frequency No. Consequence No. Locations
Not applicable
\E3: Ecology and environment:
High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood and Low severity NA NA NA
High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity NA NA NA

Low likelihood and high severity NA NA NA
Low likelihood OR Low severity

Low likelihood and Low severity NA NA NA

Notes:

ROW - pipeline right of way

* Do not necessarily adequately address risks associated with the hazard.

(1) Refer to Tables 3, 4, and 5 of text for definitions of frequency, consequence, and risk estimation ratings.

(2) The frequency analysis does not consider the likelihood for the pipeline to be breached, as it is assumed that breach of the pipeline will eventually occur.
(3) Rate based on if/where the environment/land use is present along pipeline ROW.

(4) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".

(5) Drainage of any surface water body is considered to have at least a moderate consequence rating.

(6) Flooding of any lands is considered to have at least a moderate conseqguence rating.

Arcadis Canada Inc.
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PH4 Risk Assessment Worksheet
Hazard No. 4: Ground subsidence beyond tolerable range (for land use)
Release mechanism:

Pitting and structural deterioration of pipeline (and reduced load carryi ity of the pipe) due to corrosion (1), resulting in the creation of voids in the subsurface and eventual collapse of ground into voids. The tolerable range of subsidence is dependent on land use. For most land uses (2), pipeline diameter is the main factor in determining whether subsidence will be within the tolerable range.
Risk management measures required in accordance with CSA Z662*:

None

Site-specific data/information/ studies required to complete risk estimation: Completed Not completed

1. Pipeline diameter.

2. Identification of rail, road, and underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected( ) along the ROW.

3. For pipelines with a diameter greater than 323.9 millimeters™ (other than at crossings and where heavy vehicular loadings are expected as described in 2 above
Step | - Complete frequency analysis:

F4: Likelihood® of ground subsidence beyond the tolerable range (for land use): Insert rating
Scenarios along pipeline:

F4a: Pipeline has a diameter of 323.9 millimetres or less, at locations other than: road, rail, or underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected‘z). Rate low
F4b: Pipeline has a diameter of greater than 323.9 millimetres, and results of a site-specific analysis indicate that the expected degree of subsidence is within the tolerable range in consideration of land use. [At locations other than road, rail, and
underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected.(z)]

F4c: Pipeline has a diameter of greater than 323.9 millimetres, and results of a site-specific analysis indicate that the expected degree of subsidence above the tolerable range in consideration of land use. [At locations other than road, rail, and
underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected.(2)]

F4d: Pipeline of any diameter, located at: road crossings, rail crossings, underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected(z).
Step Il - Complete consequence analysis:

Ca: Consequence“’) of ground subsidence beyond the tolerable range (for land use):

|

2), site-specific analysis to evaluate the degree of subsidence expected, and whether it is within the tolerable range

Rate low

Rate moderate

Rate high

C4: Human health and safety: Insert rating “° Locations (along ROW) associated with rating
On land:

C4a: Train derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings.

C4b: Heavy vehicle accidents on agricultural lands or other lands on which heavy vehicular loadings are expected. Rate high

At water crossings:
Not applicable.

C4: Ecology and environment: Insert rating “® Locations (along ROW) associated with rating
On land:

C4c: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that are habitat/breeding/foraging areas for species at risk.

C4d: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas reserved as parks, conservation areas, or other areas of ecological,
environmental, or natural significance. Rate high
At water crossings:
C4e: Discharge to surface water and/or siltation that may constitute a violation of the Fisheries Act.

C4f: Discharge to, and siltation of, surface water that is habitat/spawning/breeding/feeding grounds for species at risk.

On land:

C4g: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that are habitat/breeding/foraging areas for populations/communities of non-
species at risk. Rate moderate
At water crossings:
C4h: Discharge to, and siltation of, surface water other than that described for water crossings above with a "high" consequence rating.

On land:

C4i: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that do not provide habitat/breeding/foraging areas for communities/populations
of non-species at risk or for individual species at risk. Rate low
At water crossings:
Not applicable.

C4: Land use and valued/economic resources: Insert rating “® Locations (along ROW) associated with rating

On land:

C4j: Train derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings.
C4k: Heavy vehicle accidents on agricultural lands or other lands on which heavy vehicular loadings are expected.

C4l: Erosion/loss of topsoil on agricultural lands.

At water crossings:
C4m: Discharge to, and siltation of, surface water that supports commercial fisheries.

C4n: Discharge to, and siltation of, surface water valued by Indigenous people (for fishing, other).

Rate high

C4o: Discharge to, and siltation of, surface water used for recreational activities.
Step Il - Complete risk estimation:

) . 5 L ® i 5 5 5 ) On Land At Water crossings

E4: Estimation of risk"” associated with ground subsidence outside of the tolerable range (for land use):

E4: Human health and safety: Frequency No. Consequence No. Locations Frequency No. Consequence No. Locations
High likelihood and High severity NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA

Low likelihood and Low severi NA NA NA NA NA NA

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity

Low likelihood and high severity

Low likelihood OR Low severity

Low likelihood and Low severil NA NA NA

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity

Low likelihood and Low severit: NA NA NA NA NA NA

Notes

ROW - right of way

* Do not necessarily adequately address risks associated with the hazard.

(1) Pipeline degradation processes other than corrosion for pipelines constructed of materials other than metal not considered.

(2) Tolerable range is zero at: road crossings, rail crossings, underground utility crossings, and agricultural or other lands on which heavy vehicular loadings are expected.

(3) Enhanced corrosion of pipelines abandoned without cathodic protection may occur at powerline crossings.

(4) Rate based on if/where the environment/land use is present along pipeline ROW.

(5) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".

(6) Refer to Tables 3, 4, and 5 of text for definitions of frequency, consequence, and risk estimation ratings.

(7) Ground subsidence associated with the collapse of pipelines up to 323.9 mm in diameter at typical burial depths is expected to be negligible (CEPA, 2006 - 2007).
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November 2018

PH 5 Risk Assessment Worksheet

Hazard No. 5: Exposure of abandoned pipeline on land due to soil erosion and geohazards

Release mechanism:

Pipeline is exposed at surface due to soil erosion or geohazards that force it above ground (i.e., frost heave, seismic activity).
Risk management measures required in accordance with CSA Z2662*:

None
Site-specific data/information/ studies required to complete risk estimation:

1. Identification of the following areas along the pipeline ROW: areas susceptible to soil erosion (e.g., agricultural fields or other non-vegetated areas, shallow soil cover, steep slopes, topographic highs exposed to wind), seismically-active areas, and areas where there is permafrost

Step | - Complete frequency analysis:

F5: Likelihood® of exposure of abandoned pipeline on land due to geotechnical/geohazards:

Scenarios along pipeline:

F5a: Pipeline exposure did not occur/was not a hazard that required monitoring, maintenance, or risk management during operation of the pipeline AND pipeline is not located in an area susceptible to soil erosion (e.g., agricultural fields or other non-
vegetated areas, shallow soil cover, steep slopes, topographic highs exposed to wind) or a seismically-active area, AND pipeline is located below frost line.

Rate low

Completed

Insert rating

Not completed

Locations (along ROW) associated with rating

F5b: Pipeline exposure did not occur/was not a hazard that required monitoring, maintenance, or risk management during operation of the pipeline, however the pipeline is located in an area susceptible to soil erosion (e.g., agricultural fields or other non-
vegetated areas, shallow soil cover, steep slopes, topographic highs exposed to wind).

Rate moderate

F5c: Pipeline exposure did not occur/was not a hazard that required monitoring, maintenance, or risk management during operation of the pipeline, however the pipeline is located in a seismically active area.

Rate moderate

F5d: Pipeline exposure did not occur/was not a hazard that required monitoring, maintenance, or risk management during operation of the pipeline, however the pipeline is located above the frost line or where there is permafrost.

Rate high

F5e: Pipeline exposure did occur/was a hazard that required monitoring, maintenance, and/or risk management during operation of the pipeline.
Step Il - Complete consequence analysis:

C5: Consequence™ of exposure of abandoned pipeline on land due to geotechnical/geohazards®:

C5: Human health and safety:

Not applicable.

C5: Ecology and environment:

Not applicable.

C5: Land use and valued/economic resources:
On land:

C5a: Temporary loss of productivity on agricultural lands.

C5b: Damage to agricultural or other heavy equipment.

At water crossings:

Not applicable.

Rate high

Rate moderate

Insert rating
NA

Insert rating
NA

Insert rating

1.2

1.2

1.2

Locations (along ROW) associated with rating

NA

Locations (along ROW) associated with rating

NA

Locations (along ROW) associated with rating

NA

NA

On land:

C5c: Aesthetic impacts at any location along the ROW.

At water crossings:

Not applicable.
Step Il - Complete risk estimation:

Rate low

NA

NA

5 5 . ) ) o _ On Land At Water Crossings

E5: Estimation of risk associated with exposure of abandoned pipeline on land due to geotechnical/geohazards:

E5: Human health and safety: Frequency No. Consequence No. Locations Frequency No. Consequence No. Locations
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood and Low severity NA NA NA NA NA NA

E5: Ecology and environment:

High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood and Low severity NA NA NA NA NA NA

ES5: Land use and valued/economic resources:

Notes:

ROW - right of way

* Do not necessarily adequately address risks associated with the hazard.

(1) Rate based on if/where the environment/land use is present along pipeline ROW.

(2) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".
(3) The consequence analysis does not consider release of contaminants due to pipeline exposure (and increased risk of puncture) as this hazard has been addressed as Potential Hazard 2a and 2b.
(4) Refer to Tables 3, 4, and 5 of text for definitions of frequency, consequence, and risk estimation ratings.
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High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA
Low likelihood and Low severity NA NA NA




November 2018

PH6 Risk Assessment Worksheet

Hazard No. 6: Exposure of abandoned pipeline at water crossings due to hydrotechnical hazards
Release mechanism:

Pipeline is exposed at surface due to: 1) buoyancy of the empty pipeline; 2) sediment erosion and lowering of the channel bed resulting in reduced depth of sediment cover; or, 3) stream bank erosion (where pipelines are parallel to streams or rivers). The relative buoyancy of a pipeline is increased once it is emptied (for abandonment). However, the
Risk management measures required in accordance with CSA Z662*:
None

Site-specific data/information/ studies required to complete risk estimation:

1. Identification of water crossings, and for each, assessment of the potential/rate at which the pipeline will become exposed in the channel bed due to buoyancy and sediment erosion. This should consider the rates of sediment

Completed

Not completed

2. Identification of locations where the pipeline is parallel and proximal to a stream or river, and assessment of the potential/timeline for the pipeline to become exposed along the stream bank due to stream bank erosion.

Step | - Complete frequency analysis:
F6: Likelihood™” of exposure of abandoned pipeline at water crossings due to hydrotechnical hazards:

Scenarios along pipeline:
F6a: Pipeline is not expected to become exposed, either within the channel bed due to buoyancy and sediment erosion, or along the stream bank to stream bank erosion.

Rate low

Insert rating

Locations (along ROW) associated with rating

F6b: Pipeline is expected to become exposed, however significant/exceptional buoyancy of the pipeline, sediment erosion, or risk of stream bank erosion that could result in frequent exposure was not
identified.

Rate moderate

F6c¢: Significant/exceptional buoyancy of the pipeline, sediment erosion, and/or risk of stream bank erosion that could result in frequent exposure was identified.
Step Il - Complete consequence analysis:

C5: Consequence™ of exposure of abandoned pipeline at water crossings due to hydrotechnical hazards®:

C5: Human health and safety:

Not applicable.

Rate high

Insert rating

.2

Locations (along ROW) associated with rating

C5: Ecology and environment: Insert rating -2 Locations (along ROW) associated with rating
On Iand:. NA
Not applicable. NA NA
ings: .
At water crossings Rate high

C6a: Exposure and contamination in surface water that is habitat/spawning/breeding/feeding grounds for species at risk

C6b: Exposure and contamination in surface water other than that which is habitat/spawning/breeding/feeding grounds for species at risk.

Rate moderate

C6c¢: Aesthetic impacts at any water crossing.
Step Il - Complete risk estimation:

E5: Estimation of risk® associated with exposure of abandoned pipeline at water crossings due to hydrotechnical hazards:
E5: Human health and safety:

Frequency No.

C5: Land use and valued/economic resources: Insert rating ®? Locations (along ROW) associated with rating
On Iand:. NA
Not applicable. NA NA
At water crossings:
Rate low

On Land

Consequence No.

Locations

Frequency No.

At Water Crossings

Consequence No.

Locations

High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood and Low severity NA NA NA NA NA NA

E5: Ecology and environment:

High likelihood and High severity NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood and Low severity NA NA NA NA NA NA

E5: Land use and valued/economic resources:

Notes:

ROW - right of way

* Do not necessarily adequately address risks associated with the hazard.

(1) Rate based on ifiwhere the environment/land use is present along pipeline ROW.

(2) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".
(3) The consequence analysis does not consider release of contaminants due to pipeline exposure (and increased risk of puncture) as this hazard has been addressed as Potential Hazard 2a and 2b.
(4) Refer to Tables 3, 4, and 5 of text for definitions of frequency, consequence, and risk estimation ratings.

Arcadis Canada Inc.

High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA
Low likelihood and Low severity NA NA NA




APPENDIX C

Risk Register Worksheets




November 2018

PH1 Risk register
Hazard No. 1: soil or groundwater chemical impacts to the environment from former

operation of pipeline (i.e., contaminated sites)

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PH2a Risk register
Hazard No. 2a: residual product, lubricants, and treatment chemicals

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PH2b Risk register
Hazard No. 2b: leaching from construction materials and coatings

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PH2c Risk register
Hazard No. 2c: spresence and exposure and disruption of asbestos

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PH3 Risk register

Hazard No. 3: Drainage of surface water or shallow groundwater through pipeline

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PH4 Risk register
Hazard No. 4: Ground subsidence beyond tolerable range

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PH5 Risk register
Hazard No. 5: Exposure of abandoned pipeline due to soil erosion and geohazards

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.
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PHG6 Risk register
Hazard No. 6: Exposure of abandoned pipeline at water crossings due to hydrotechnical hazards

Locations (along ROW) associated with

Risk significance (enter significant or less significant)* Consequence No. rating

Potential risk management measures

Notes:
* Insignificant risks are not to be included in the risk register.

Arcadis Canada Inc.
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PH1 Risk Assessment Worksheet

Hazard No. 1: Soil or aroundwater chemical impacts to the environment from former operation of pipeline (i.e.. contaminated sites):
Release mechanism

Historical release of contaminants into the environment during former operation of the pipeline, resulting in concentrations in environmental media (i
Risk manaaement measures reauired in accordance with CSA 2662

10.17 Abandonment of pipeline related facilties Not met
Pipeline fefated facille$ Such as compressors and pump stations shal have all otating and fied equipment removed,

unless they are still part of an operating or deactivated site. Associated piping, utilties, supports, and foundations shall also be removed.

Testing for site soil contamination and appropriate remediation might be required.

Consideration should be given (o the removal of underground vaults and closed-op pits. For those that are to remain:
@) walls and floors shall be tested for contamination. Contaminated areas shall be remediated or removed. Testing completed
) walls shall be removed (o an appropriate level below the ground surface

©) the insides o the vault shall be filed with clean soil
Sofls in around and underneath storage tanks shall be inspected for contamination and appropriately remediated-
Site-specific datafinformation studies reauired to comolete risk estimatiof Completed Not completed
1) Phase | Envitonmental Ste Assessment (ESA) (representative of curent condiions) t deniiy potenia) sources of contamination along the pipeline ROW. prepared by a qualied prolessional: X

2) Phase IIll ESA (representative of current conditions) to assess/characterize soil and groundwater contamination associated with potential sources of contamination identified by the Phase | ESA, prepared by a qualiied professional X
IF CONTAMINANT CONCENTRATIONS ARE ABOVE APPLICABLE ENVIRONMENTAL CRITERIA

3) Human health and ecological risk assessment (representafive of current conditions) completed in accordance with Health Canada and Environment Canada Risk Assessment Frameworks, prepared by a qualiied professional ANDIOR
4) Remediation reports that provide current concenirations of contaminants in sol and/groundwater on Stte. prepared by a qualified professional
Sten | - Complete freauency analvsis:

soil, groundwater, surface water, and/or sediment) above applicable environmental criteria. Common sources of historical contamination include pipeline breaches/spills, and operational areas such as compressor stations, metre

F1: Likelihood® that concentrations of contaminants in environmental media (i.e., soil, groundwater, surface water, and/or sediment) are above applicable environmental criteria. —
Insert rating
Scenarios alona pipeline:

Fia: Phase I/Illll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are below applicable environmental criteria.

Rate low
Fib: Phase I/Illl ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concen above applicable environmental criteria have been Eo—
ted. Associated reports are kept on file.
Fic: Piase Il ESAs Fave been completed slon the ppeine ROW to idery potentl sources of cartaminalion, and assess potenil mpacts. Cnncemralmns of contaminants of concern are above applicable environmental criteria, however e—
based on completion of a human health and ecological ri . risks to receptors are within the acceptable rande. Associated reports are kept o
F1d: Phase I/II/lll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are above applicable environmental criteria. Rate high F1d High

Step Il - Complete conseauence analvsis:
C1: Consequence(s)? of concentrations of contaminants in environmental media (soil, groundwater, surface water,

diment) above applicable environmental criteria
C1: Human health and safetv:
d:

Insert rating ROW) associated with rati
Cla: Ce ) within a potable aroundwater ment. High Cla
Cib: Ce " of aaricultural lands. High C1b
Cic: C of residential. institutionalor park lands.
i ¥ of lands valued bv Indigenous peole (for huntina. gatherina. other).
[Water orossinas: Rate high
Cle: Cc " of surface water used as a source of potable water (e.q.. reservairs, lakes. rivers).
Cif: C " of surface water used for irriaation or livestock watering.
Cla: Ce ) of waterwavs that support commercial fisheries.
Cih: Ce ") of waterwavs valued by Indigenous people (for fishing. other).
Cli: C ) of waterways used for recreational activities.
Land
C1i: Soil and/or aroundwater ination® in an environment other than those described above with a a. e
Water crossinas:

iment contamination® in and environment other than those described for waterways above with a "high" conseguence ratina.

Insert rating © ns (along ROW) associated with rati
[cat: ¢ D of areas that are areas for species at risk.
Elm, c " of areas reserved as parks. areas. or other areas of ecoloaical, or natural sianificance.
E Rate high
Cin: C ) of waterwavs that mav constitute a violation of the Fisheries Act.
Clo: C ¥ of sianificant wetlands.
Clp: O Y of waterwavs that are i arounds for species at risk.
Land
Cia: Soil and/or aroundwater ¥ in an environment other than those described above with a "high" rating. EEDEED
[Water crossinas:
Cir: Surface water or s

n® in an environment other than those described for waterwavs above with a *hiah” conseauence ratina.

cis:c n & potable aroundwater environment. Cis High
C1t: Contamination® o' aunculluva\ lands. Cit High
clu:c  of lands valued bv Indigenous peole (for huntina. aatherina. other).

Civ: C " of areas reserved as parks. ion areas. or other areas of ecol or natural sianificance.

Em. [e! ¥ of forested lands. Rate high

Water crossinas:

Clx C ® of ter used as a source of potable water (e.q.. reservoirs. lakes. rivers).

Cly: C ™ of ter used for irigation or livestock waterina.

Ciz: C " of waterwavs that support commercial fisheries.

Claa: C ) of waterways valued by Indigenous people (for fishina, other).

Clbb: C ) of waterways used for recreational activities.

Land:

Clce: Soil andor aroundwater in an environment other than those described above with a *hiah’ rating. FERTTEE D
Water crossinas:

1
Step IIl - Complete risk estimation:
EL: Estimation of risk™

on Land At Water crossings
associated with concentrations of contaminants in environmental media (soil, aroundwater, surface water, sediment) above applicable environmental criteria:

Frequency No. Conseauence No
Hioh F1d Hioh Cla. Clb

ihood and Moderate severty OR Mioderaie Teliood and Fiah severty

ihood and Low severity NA NA NA NA NA NA

100d and high severity

100d OR Low severity

Locations Frequency No. Consequence No. Locations

ihood and Hiah severity

ihood and Moderate severitv OR Moderate likelihood and Hiah severitv

ihood and Low severity NA NA NA NA NA NA

100d and hiah severity

100d OR Low severitv.

Low likelihood AND Low severitv NA NA NA NA NA NA

Hiah likelihood and Hiah severitv. Hiah F1d Hiah C1s. Clit

ihood and Moderate severitv OR Moderate likelihood and Hiah severitv

ihood and Low severity.
d hiah s

NA

NA

- pibeline riaht of wa
M - naturallv occurrina radioactive materials

cessarilv adeaualely address ri
concentrations above

oresent alona piveline R
le ratina (i... hiah. moderat
consequence rating

Arcadis Canada nc.
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PH2a Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pineline materials abandoned in-lace. nost oeration
Hazard No. 2a: Residual oroduct. lubricants. and treatment chemicals

[Risk management measures reauired in accordance with CSA Z662"
10,16 Abandonment of pinelines and pioe-tvoe storage vessels

) purged or appropriately cleaned or both in @ manner that [eaves no mobile materials remaining in the pipeline.

[c) ohvsicallv separated from anv in-service pipina:

| ) capped. pluaged. or : and.

) cut off at pioeline deoth
Site-specific datalinformation/ studies reauired o complete risk estimation:
1. identification of residual contaminants present within the pipeline prior to pigging/cleaning, including determination of whether PCBS or NORMs were ever present within the pipeline:

Completed
X Residual PHCs identified

Not completed

2. Pipeline-specific purging/pigging/cleaning methodology, including targets and objectives, associated verification procedures, and results, prepared by a qualified professional.

|steo 1 - Comblete freauency analvsi

F2a: Likelihood™ that contaminants are present within the pipeline (at concentrations that could result in an adverse effect) and be transported out of the pipeline into the surrounding environment® andlor preferentially transported within the pipeline®.

| scenarios alona pineline:

Faaa targets were developed the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, required risk management measures (as per Section 10.16 of CSA Z662), current
and intended land use, and applicable guidelines and standards (if any) AND have been met (based on results of verification procedures). No solids or waxy buildup is visible. Neither PCBs nor NORMs were ever present within the pipeline(®.

Rate low,

X Residual impacts removed following
standard procedures

Insert rating

Locations (along ROW) associated with rating

Faab: rgets the hydrocarbon product, lubricants, as fi , legislated risk (as per Section 10.16 of CSA Z662),
current and intended Iand use and apphcahle guidelines and standalds (if any) AND have been met (based on results of verification ploceduresi No sollds or waxy buildup is visible. PCBS and/or NORMs were once present within the pipeline®.

Rate moderate

F2ab Moderate

F2a c: Pigging/cleaning of pipeline was completed but targets may not have been developed in consideration of the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, legislated risk management
measures (as per Section 10.16 of CSA Z662), current and intended land use, and applicable guidelines and standards (if any) ANDIOR targets may not have been met. Neither PCBS nor NORMs were ever present within the pipeline‘®.

Rate moderate

Water crossinas:

F2a d: Pigginglcleaning of pipeline was completed but targets may in consideration of roduct lbicants, and reament chemicas specfc 0 the ppeline (0 be abandoned,lgilaed ik management i
measures (as per Section 10.16 of CSA 2662), current and intended land use, and applicable guidelines and standards (if any) bR targets may met. PCBs and/or NOR [2 the pipeline’”
Steo I1- Comolete conseauence analvsis:
ntaminants present within the pipeline (at trations that could effect) transported ou nto the surrounding environment® and/or preferentially transported within the pipeli
insert rating * ¥ Locations (along ROW) associated with rating
Caaa: D within a environment. High C2aa
c2ab: C ) of agricultural ands. High C2a b
Caac:C residential. insttutional.or park lands.
c2ad:c ) of lands valued by Indiaenous people (for hunting, aathering, other).
Water crossinas: Rate high
caae:C ) of surface water used as a source of potable water (e.0.. eservoirs, lakes. ivers).
Caf: " of surface water used for iriation or livestock waterina.
craa:C © of waterways that support fisheries.
Caah: " of waterwavs valued by Indigenous peoble (for fishina. othen).
c2ai.C ) of waterways used for
Land:
C2a: Soil andlor aroundwater in ther than above with a "high" rating. DD

Water crossinas:

C2a r: Surace water or sediment contamination®” in an environment other than those described for watenways above with a *high consequence rating.

cas aroundwater environment.
c2at:C ) of agricultural lands.

Cau  of lands valued by Indigenous peoole (for huntina. ath ther).

c2av.C ¥ of areas reserved as parks. consenvation areas, or other areas of ecoloaical. or

9 of forested lands.

Water crossinas:

Rate high

insert rating Locations (along ROW) associated with raling
cal Y of areas that are for species at risk.
cram:c ) of areas reserved as parks or other areas of ecological, ‘ natural significance.
[Water crossinas: Rate high
czanC ) of waterways that may constitute a violation of the Fisheries Act.
Cao: 5 icant wetlands.
c2ap:C ) of waterways that are for species at isk
Land:
C2a q: Soil and/or aroundwater in ther than above with a "high" rating. DD

insert rating " ©

Locations (along ROW) associated with raling

High C2a s

High C2a t

Water crossinas:

C2a dd: Surface water or sediment contamination™ in and environment other than those described for waterwavs above with a "
Steo 11l - Complete risk estimation:
E2 Einmanan of risk® associated with contaminants present within the pipeline (at conc
ithin the pipeline:
\p Humau nea\m and safety:
h i Hich severty

ntrations that could result in an adverse effect) transported out of the pipeline into the surrounding environment® and/or preferentially transported

2ax urface water used f Dotable water (e.0. reservoirs. lakes. rivers).
c2av.c: ) of surface water used for irigation o livestock watering

Caaz D of waterwavs fisheries.

C2aaa: G ) of waterways valued by Indigenous people (for fishin, other).

C2a bb: D of waterwavs used for fivi

Land:

C2a cc: Soil andlor aroundwater Vin than above with a "hiah" ratina. D

on Land

Conseauence No.

At Water Crossings

d R Moderate likelinood and Hiah severity

F2a b Moderate

Coaa. C2ab Hioh

d and Low severity

100d and hioh severity

100d OR Low severity.

100d AND Low severity
coloav and environment

d and Hioh severity
d and likelihood and Hiah severity.

d and Low severity

100d and hiah severity

100d OR Low severity.

ihood AND Low severity

d Hmh severity

R Moderate likelinood and Hiah severity

F2a b Moderate

Coas. tHioh

d and Low severity

100d and hioh severity

100d OR Low severity.

100d AND Low severity

specifc criteria derived by a human and ecological isk assessment

nratinas

naisis does not for he tioelne t ached. as itis assumed that breach of the pioeline il eversuall occr
Pigging, PCBS and NORM e T e e R e minants have
ere the environmentiand u ko iveine ROW. Both e and sure e shoukl b co
s sert abolc atieroi 1. o mockrae ihervise. insert 'not oresent alona
 rating is applcable. Contamination®” of ar

tively high toxicty, and PCBs m

in the food chain

Arcadis Canada i,
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PH2b Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place. nost operation
Hazard No. 2b: Leachina from construction materials and coatinas

Risk management measures required in accordance with CSA 2662 )

10.16 Abandonment of pinelines and pipe-tvpe storade vessels et

|A buried pipeline that is abandoned in place shall be:

d) capped. Dluuued. or otherwise effectivelv sealed; and.

e) cut off at pi th.

[ite-s sneuflc da!a/mfmmanon/ studies reauired to complete n;k estimation: Completed Not completed
aiing X

e, — e — s s e ]
[ten 1 - Comblete freauency analysis:

‘FZD. Likelihood™ that contaminants will leach from pipeline construction materials and/or external coatings at concentrations that could result in an adverse effect: earitatn s o Sial COIROW E 200 lea T niran
|Scenarios alona pipeline: e

[EE2b a: Pipeline construction materials and extemal coatings are inert and not expected to leach contaminants. neither in the shortnorlonaterm. [  Raelow  [Fbatw [ 0000000000000 |
20 b: Pipeline construction materials are expected to leact either in the shortor long term. at below applicable onsideration of land use. Rate moderate

F2b c: Pipeline construction materials are expected to leach contaminants, either in the short or long term, at concentrations above applicable environmental criteria in consideration of land use. Rate high

|Step I1 - Complete conseauence analvsis:

C2b: Consequence(s)™ of contaminants leachina from pipeline construction materials and/or external coatinas at concentrations that could result in an adverse effect:

C2b: Human health and safety: Insert rating ® * Locations (along ROW) associated with rating.
Land

C2b a: C¢ *) within a potable aroundwater C2b a High

C2b b: C “) of aaricultural lands. C2b b High

Cabc:C of residential. institutional. or park lands.

c2b d: C ") of lands valued by Indigenous people (for hunting, gathering. other).

Water crossinas: c1

C2b e: C¢ @ of ter used as a source of potable water (e.q.. reservoirs. lakes. rivers).

C2b f: C ") of surface water used for irrigation or livestock watering.

) of waterways that support commercial fisheries.
) of waterways valued by Indigenous people (for fishing. other).
) of waterways used for recreational activities.

C2b i: Soil andlor gro Din an other than those described above with a *high" rating.
Water crossinas:
C2b k: Surface water and/or sediment contamination™! in and environment other than those described for waterways above with a *high” consequence rating.

Rate moderate

[c2b: Ecoloay and environment: Insert rating ** Locations (along ROW) associ
Land

C2b I: C ® of areas that are areas for species at risk.

C2b m: C ") of areas reserved as parks. conservation areas, or other areas of ecoloaical, or natural sianificance.

Water crossinas: Rate high

C2b n: C ") of waterways that may constitute a violation of the Fisheries Act.

C2b o: ¢ ) of significant wetlands.

C2b p: " of waterways that are arounds for species at risk.

Land

C2b a: Soil and/or ar inan other than those described above with a *high" rating. P .

Water crossinas:
C2b r: Surface water or sediment contamination®” in an environment other than those described for waterways above with a "high" consequence rating

C2b: Land use and valued/economic resources Insert rating ® ations (along ROW)
Land

c2b s: C \*) within a potable groundwater C2b s High
C2bt: C ") of agricultural lands. C2b t High
C2b u: C *) of lands valued by Indigenous people (for hunting, gathering, other).

C2b v: C ® of areas reserved as parks, areas, o other areas of ecological. or natural ance.

C2b w: C ) of forested lands. Rate high

Water crossinas:

C2b x: C ") of surface water used as a source of potable water (e.q.. reservoirs. lakes. rivers).

C2b v: C ) of surface water used for irrigation or livestock watering.

C2b z: C ) of waterways that support commercial fisheries.

C2b aa: C: " of waterways valued by Indigenous people (for fishina. other).

C2b bb: C ) of waterways used for recreational activities.

Land

C2b cc: Soil andlor g @inan other than those described above with a *high" rating. R G,

Water crossinas:
C2b dd: Surface water or sediment contamination™ in and environment other than those described for waterways above with a *high” consequence ratina.
Step Ill - Complete risk estimation:

on Land At Water crossings.

E2b: Estimation of risk®® associated with contaminants leaching from pipeline construction materials andlor external coatings at concentrations that could result in an adverse effect
E2b: Human health and safetv:

High likelihood and Hiah severity
Hiah likelihood and Moderate severity OR Moderate likelihood and Hiah severity

High likelihood and Low severity. NA NA NA NA NA NA
Low likelihood and hiah severity’ F2balow C2b a: 2Cb b Hiah

Low likelinood OR Low severity.

Low likelihood AND Low severity NA NA NA NA NA NA

Hiah likelihood and Hiah severi
High likelihood and Moderate severity OR Moderate likelihood and High severity’

Hiah likelihood and Low severity. NA NA NA NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity.
Low likelihood AND Low severity NA NA NA NA NA NA

m
g
g

Land use and valued/economic resources:
High likelihood and Hiah severity
Hiah likelihood and Moderate severity OR Moderate likelihood and Hiah severity

High likelihood and Low severity. NA NA NA NA NA NA
Low likelihood and hiah severity’ F2balow C2b s. t High

Low likelinood OR Low severity.

Low likelihood AND Low severity NA NA NA NA NA NA

oineline riaht of w
nolvchiorinated biohen
RM - naturallv occurtina radioactive materials
Do not necessarily adeauatelv address sc
(2> comammaton: concenaaons abg e copicable en rommemal s, or concentrations above property-specific criteria derived by a human and ecological risk assessment

(2) Soil. aroundwater. surface water. andfor sediment
Refer to Tables 3. 4. and 5 of text for definitions of freauency. conseauence. and risk estimation raina

(4) These risk management measures may address preferential transport of contaminants within the pipeline, but do not address leaching of contaminants into the surrounding environment

(5) Rate based on iftwhere the environmentiand use is oresent alon Both current and future land use should be considered.

R ). Othenwise. insert "not present alona RO

(7) There is no environmentland use on which consequenc applica amination”” of any media is considered to hay a moderate consequence ratin

Arcadis Canada Inc.



November 2018

PH2c Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place. post operation
Hazard No. 2c: Presence and exposure and disruption of ashestos
Release mechanism
tings AND s ex|
Risk management measures required in accordance with CSA 7662

[Site-specific datafinformation/ studies required to complete risk estimation: Completed Not completed
1. Characterization of pipeline external coatings, and identification of those containing ashestos, by a qualified professional.

[Step 1 - Complete frequency analysis®:

F2c: Likelihood® that asbestos is present in pipeline external coatings and will be exposed and disturbed allowing for potential contact with human recep(ors‘” involved with pipeline excavation/repair activities®.

Insert rating Locations (along pipeline) associated with rating
\Scenamos along pipeline

F2c a: Asbestos is not present in pipeline external coatings. Rate low F2calow

F2c b: Asbestos is present in pipeline external coatings. Rate high

\Slep Il - Complete consequence analysis”:

[c2c: Consequence(s) of asbestos in pipeline external coatings being exposed and disturbed allowing for potential contact with human receptors® involved with pipeline excavation/repair activities®

‘CZCZ Human health and safety: Insert rating * Locations (along pipeline) associated with rating
Rate high__Low

[C2c: Ecology and environment: Insert rating Locations (along pipeline) associated with rating
N,

[C2c: Land use and valued/economic resources: Insert rating Locations (along pipeline) associated with rating

Not applicable NA

|Step IIl - Complete risk estimation:

On Land
E2c: Estimation of risk™ associated with asbestos in pipeline external coatings being exposed and disturbed allowing for potential contact with human receptors(1) involved with pipeline excavation/repair activities(2):

[E2c: Human health and safety: Frequency No. Consequence No. Locations
High likelihood and High severity
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity F2c alow C2calow
Low likelihood AND Low severity NA NA NA
[E2c: Ecology and environment:
\EZC: Land use and valued/economic resources:
Notes
ROW - right of way
* Do not necessarily adequate ess risks associated with the hazard.

onsidered to be minimal, as asbestos in pipeline external coating ber in the environment or available for uptake by g p o ctly contac d It in significant exposure, and pipeline al coa not provide and are not intermixed with food items of

of pipeline (containing asbestos) would be r red or rel dd d of (in accordance with applicable guidelines and regulations) by adult maintenancs . trespassers, farmers, or other workers).

s do consider the likelihood for asbestos to be exposed and disturbed at various locations along the pipeline, as it is assumed that excavation/maintenance activities that n
(4) A chronic (long-term) lung disease caused by breathing in asbestos fibers
(5) Rate based on iffwhere a s is prese pipeline stos is present insert applicable rating (i.e., high). Otherwise, insert "asbestos not present along pipeline"”
6) There are no cons c o have either a or "mod ratina.

(7) Refer to Tables for definitions of frequency. consequence, and risk estimation ratings.

Arcadis Canada Inc.
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PH3 Risk Assessment Worksheet
Hazard No. 3: Drainage of surface water or shallow groundwater through pipeline
Release mechanism
Surface water or shal
ce with CSA Z662*

Not completed

|Site-specific data/information/ studies required to complete risk estimation Completed
X

1) Identification of surface water bodies along pipeline ROW.
2) Identification of locations where pipeline (and/or fill materials surrounding pipeline) may be in contact with groundwater. X
lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs), site specific drainage study to determine if pipeline (and/or fill materials surrounding pipeline) are hydraulically connected X

|Step | - Complete frequency analysis:

F3: Likelihood™ of drainage of surface water or shallow groundwater through the pipeline®:

Insert ratin: cations (along ROW) associated wi
|Scenarios along pipeline:

F3a: Pipeline located more than 100 metres from nearest surface water body (including: lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs), OR based on site-specific drainage study is not hydraulically connected to the E—

nearest surface water

F3b: Pipeline located where it is not ikely to be in contact with Rate |

F3c: Pipeline located between 30 and 100 metres from nearest surface water body. Rate moderate

F3d: Pipeline located within 30 metres of a surface water body (including: lakes. rivers., creeks, marshes, wetlands, muskegs. sloughs, reservoirs). Rate high F3d High
F3e: Pipeline located within a flood plain or area prone to flooding! Rate high

F ine located where it may be in contact with aroundwater. Rate high

Step Il - Complete consequence analysis:
C3: Consequence(s)” of drainage of surface water or shallow groundwater through the pipeline:

|C3: Human health and safety: nsert rating ® ¥ Locations (along ROW) associated with rating
Not applicable. NA NA

[C3: Ecology and environment: nsert rating © ¥ Locations (along ROW) associated with rating
Land

C3a: Flooding of habitat/breeding/foraging areas for species at risk (including individuals)
C3b: Flooding of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.
Water cros: S:

C3c: Drainage of surface water that may constitute a violation of the Fisheries Act Rate high
C3d: Drainage of significant wetlands.
C3e: Drainage of surface water that is habitaspawning/breeding/feeding grounds for species at risk.
C3f: Discharge to surface water andlor siltation that may constitute a violation of the Fisheries Act
C3g: Discharge to, and siltation of, surface water that is habitat/spawning/breeding/feeding grounds for species at risk.
Land:
C3h: Flooding of habitat/breeding/foraging areas for populations/communities of non-species at risk. C3h Moderate
Water crossings: Rate moderate
C3i: Drainage of surface water other than that described for water crossings above with a "high" consequence rating.

C3J: Discharge to, and siltation of, surface water other than that described for water crossings above with a "high” consequence rating.

Land:

C3k: Flooding of an area that does not provide habitatibreeding/foraging areas for communities/populations of non-species at risk_or for individual species at risk.

Water crossinas: Rate low

Not applicable®. NA NA
[C3: Land use and valued/economic resources: Insert rating ® ¥ Locations (along ROW) associated with rating
Land:

C3l: Drainage of groundwater used as a source of potable water. C3l High

C3m: Drainage of groundwater used for irrigation or livestock watering.

Can: Flooding of agricultural lands. Can High

C30: Flooding of lands valued by Indigenous people (for hunting, gathering, other)

C3p ing of areas reserved as parks, conservation areas, or other areas of ecological, tal, or natural significance.

C3q: Flooding of forested lands.

Car. ing of urban/municipallresidentiallcommercial/industrial areas.

Water crossings: Rate high

C3s: Drainage of surface water sed as a source of potable water (€.0.. reservois, lakes, rivers).

t: Drainage of surface water used for irrigation.

u: Drainage of surface water that supports commercial fisheries.

v: Drainage of surface water valued by Indigenous people (for fishing, other).
w: Drainage of surface water used for recreational activities.
x: Discharge to, and siltation of, surface water that supports commercial fisheries.

y: Discharge to, and siltation of, surface water valued by Indigenous people (for fishing, other).
2: Discharge to, and siltation of, surface water used for recreational activities.
nd:
C3aa: Flooding of lands located on low-lying land other than those described above with a "high" consequence rating.
Water crossings:
Not applicable NA NA
Land:
Not applicable®

Water crossings:

C3bb: Drainage of surface water other than that described for water crossings above with a “high” consequence rating.
Step il - Complete risk estimation:

E3: Estimation of risk® associated with drainage of surface water or shallow groundwater through the pipeline:

c1alglalgl2lala

Rate moderate

Rate low NA NA

on Land At Water crossings

|E3: Human health and safety: Frequency No. Consequence No. Locations Freguency No. Consequence No. Locations
Not applicable

E3: Ecology and environment:
High likelihood and High severity
High likelihood and Moderate severity OR Moderate likelihood and High severity F3d High C3h Moderate

High likelihood and Low severity NA NA NA
Low likelihood and high severity
Low likelihood OR Low severity
Low likelihood AND Low severity NA NA NA
High likelihood and High severity F3d High C3l,n High
High likelihood and Moderate severity OR Moderate likelihood and High severity
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity
Low likelihood AND Low severity NA NA NA

risks associated with the hazard.
4, and 5 of text for definitions of frequency, consequence, and risk estimation ratinds.

the likelihood for the pipe e will eventually occur
and use is present along pipeline
nsert applicable
(5) Drainage of any vater body is con:
(6) Flooding of an

Arcadis Canada Inc.
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PH4 Risk Assessment Worksheet
Hazard No. 4: Ground subsidence bevond tolerable ranae (for land use)

1. Pipeline diameter.

Completed
X

Not completed

2. Identification of rail, road, and underground util

X

[F4: Likelihood® of ground subsidence beyond the tolerable range (for land use):
|scenarios along pipeline:
F4a: Pipeline has a diameter of 323.9 millimetres o less, at locations other than: road, rail, or underground utilty crossings, or agricultural or other lands on which heavy vehicular loadings are expected®.

ific analysis to evaluate the degree of subsidence expected, and whether it is within the tolerable range in

Rate low

X

nsert rating

Locations (along ROW) associated with ratin

F4b: Pipeline has a diameter of greater than 323.9 millimetres, and results of a site-specific analysis indicate that the expected degree of subsidence s within the tolerable range in consideration of land use. [At locations other than road, rail, and underground utiity
crossings, or agricultural or other lands on which heavy vehicular loadings are expected.”)]

Rate low

Fac: Pipeline has a diameter of greater than 323.9 millimetres, and results of a site-specific analysis indicate that the expected degree of subsidence above the tolerable range in consideration of land use. [At locations other than road, rail, and underground utiity
crossings, or agricultural or other lands on which heavy vehicular loadings are expected.(2)]

Rate moderate

F4d: Pipeline of any diameter, located at: road crossings, rail crossings, underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected®.
Step Il - Complete consequence analysis:

C4: Consequence® of ground subsidence beyond the tolerable range (for land use):

[C4: Human health and safety:

On land:

C4a: Train derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings.

Rate high

Insert rating *

F4d High

)

Locations (along ROW) associated with ratin

At water crossings:

C4m: Discharge to, and siltation of, surface water that supports commercial fisheries.

C4n: Discharge to, and siltation of, surface water valued by Indigenous people (for fishing, other).

C4o: Discharge to, and siltation of, surface water used for recreational activities.
Step Ill - Complete risk estimation:
©

associated with ground subsidence outside of the tolerable range (for land use).
|E4: Human health and safety:

E4: Estimation of risk’

Frequency No.

C4h: Heavy vehicle accidents on agricultural lands or other lands on which heavy vehicular loadings are expected. Rate high C4b High
At water crossings:
Not applicable.
C4: Ecology and environment: Insert rating “ ? Locations (along ROW) associated with ratin
On land:
Cé4c: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that are habitat/breeding/foraging areas for species at risk.
CA4d: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas reserved as parks, conservation areas, or other areas of ecological, environmental, or Rate high
natural significance.
At water crossings:
C4e: Discharge to surface water and/or siltation that may constitute a violation of the Fisheries Act.
CAf: Discharge to, and siltation of, surface water that is habitat/spawning/breeding/feeding grounds for species at risk.
On land:
C4g: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that are habit i jing areas for ities of pecies at risk. R EED
At water crossings:
C4h: Discharge to, and siltation of, surface water other than that described for water crossings above with a "high” consequence rating.
On land:
Cai: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utiliies at utility crossings located in areas that do not provide habi areas for it ions of non-
species at risk or for individual species at risk. Rate low
At water crossings:
Not applicable.
C4: Land use and valued/economic resources: Insert rating “* Locations (along ROW) associated
On land:
C4j: Train derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings.
4k: Heavy vehicle accidents on agricultural lands or other lands on which heavy vehicular loadings are expected. C4k High
C4l: Erosion/loss of topsoil on agricultural lands. Rate high C4l High

On Land

Conseguence No.

Locations

At Water crossings

Freguency No. Conseguence No.

Locations

Not:

ROW - right of way

Do not necessarily adequately address risks associated with the hazard

(1) Pipeline dearadation proc ther than corrosion for pipelines constructed of materials other than metal not consi

(2) Tolerable range is zero at: road crossings, rail crossings, underground utility crossings, and agricultural or other lands on which heavy vehicular loadings are expected.

(3) Enhanced corrosion of pipelin c ction may occur at powerline crossings.
and use is present alona pipeline ROW.
ntlland use is present insert applicable rating (i.e.. hiah, moderate, or low). Otherwise, insert not present along ROW".
(6) Refer to Tables 3, 4, and 5 d a onsequence, and risk estimation ratin
(7) Ground subsidence associated with the collapse of pipelines up to 323.9 mm in diameter at typical burial depths is expected to be negligible (CEPA,

Arcadis Canada Inc

High likelihood and High severity F4d High C4 b High NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
|E4: Ecoloay and environment:

High likelihood and High severity

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity

Low likelihood and high severity

Low likelihood OR Low severity

Low likelihood AND Low severity NA NA NA
|E4: Land use and valued/economic resources:

High likelihood and High severity F4d High Cak, | High

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity

Low likelihood AND Low severity NA NA NA NA NA NA
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5 Risk Assessment Worksheet
Hazard No. 5: Exposure of abandoned pipeline on land due to soil erosion and aeohazards
Release mechanism
Pipeline is exposed at surface due to soil erosion or geohazards that force it above ground (i.e., frost heave, seismic activity).
Risk management measures required in accordance with CSA Z

|Site-specific data/information/ studies required to complete risk estimation: Completed Not completed
1. Identification of the following areas along the pipeline ROW: areas susceptible to soil erosion (e.g., agricultural fields or other non-vegetated areas, shallow soil cover, steep slopes, topographic highs exposed to wind), seismically-active areas, and areas where there is permatrost or where X
\Sten |- Complete frequency analysis:
[Fs: Likelinood of exposure of abandoned pipeline on land due to geotechnicaligeohazards
|scenarios along pipeline:

ipeline exposure did not occur/was not a hazard that required it i or risk during operation of the pipeline AND pipeline is not located in an area susceptible to soil erosion (e.g., agricultural fields or other non-vegetated areas,
shallow soil cover, steep slopes, topographic highs exposed to wind) or a selsmlcally -active area, AND pipeline is located below frost line.
F5b: Pipeline exposure did not occur/was not a hazard that required itorit or risk during operation of the pipeline, however the pipeline is located in an area susceptible to soil erosion (e.g., agricultural fields or other non-vegetated
areas, shallow soil cover, steep slopes, topographic highs exposed to wind).
F5c: Pipeline exposure did not occur/was not a hazard that required monitoring, maintenance, or risk management during operation of the pipeline, however the pipeline is located in a seismically active area. Rate moderate

nsert rating Locations (along ROW) associated with rat

Rate low

Rate moderate F5b Moderate

ipeline exposure did not occur/was not a hazard that required itorit i or risk during operation of the pipeline, however the pipeline is located above the frost line or where there is permafrost. Rate high

: Pipeline exposure did occur/was a hazard that required monitoring, maintenance, and/or risk management during operation of the pipeline. Rate high
Step Il - Complete consequence analysis:
C5: Consequence” of exposure of abandoned pipeline on land due to geotechnical/geohazards®:

[C5: Human health and safety: Insert rating * Locations (along ROW) associated with ratin

Not appicable: NA

C5: Ecology and environment: Insert rating Locations (along ROW) associated with ratin

Not applcable: NA

C5: Land use and valued/economic resources: Insert rating * Locations (along ROW) associated with ratin

On land:

C5a: Temporary loss of productivity on agricultural lands.

C5b: Damage to agricultural or other heavy equipment. Rate moderate C5b Moderate

At water crossings:

Not applicable. NA NA

On lan

C5c: Aesmenc. impacts at any location along the ROW. Reton]

At water crossings:

Not applicable. NA NA

Step |||>-Cumnlete»ns\lilesumauun. . @ilLeng At Water Crossings

E5: Estimation of risk'” associated with exposure of abandoned pipeline on land due to geotechnical/geohazards:

\ES. Human health and safety: Frequency No. Conseguence No. Locations Frequency No. Conseguence No. Locations
High likelihood and High severity NA

High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity F5b Moderate C5b moderate NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA
Low likelihood AND Low severity NA NA NA

Notes:
ROW - right of way
* Do not necessarily ddeuu

(1) Rate bas

B e i present anplicabl . high, mod ns present alona ROW".

(3) The consequencs d c aminants d in a k of puncture) ard has been addre as Potential Hazard 2a and 2b.
(4) Refer to Tables 3, 4. and 5 of text for definitions of frequency. consequence. and risk estimation ratings.

Arcadis Canada Inc
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PH6 Risk Assessment Worksheet
Hazard No. 6: Exposure of abandoned pipeline at water crossings due to hydrotechnical hazards

Release mechanism:

Pipeline is exposed at surface due to: 1) buoyancy of the empty pipeline; 2) sediment erosion and lowering of the channel bed resulting in reduced depth of sediment cover; or, 3) stream bank erosion (where pipelines are parallel to streams or rivers). The relative buoyancy of a pipeline is increased once it is emptied (for
Risk management measures required in accordance with CSA Z662*:

‘S\(e-SDeCIfIC data/information/ studies required to complete risk estimation:

1. Identification of water crossings, and for each, assessment of the potential/rate at which the pipeline will become exposed in the channel bed due to buoyancy and sediment erosion. This should consider the rates of sediment

2. Identification of locations where the pipeline is parallel and proximal to a stream or river, and assessment of the potential/timeline for the pipeline to become exposed along the stream bank due to stream bank erosion.

\S!ep | - Complete frequency analysis:

‘FG: Likelihood® of exposure of abandoned pipeline at water crossings due to hydrotechnical hazards:

\Scenarios along pipeline:

F6a: Pipeline is not expected to become exposed, either within the channel bed due to buoyancy and sediment erosion, or along the stream bank to _stream bank erosion.

Completed
X

). However, the

Not completed

Rate low

X

Insert rating
F6a Low

Locations (along ROW) associated with rating

F6b: Pipeline is expected to become exposed, however significant/exceptional buoyancy of the pipeline, sediment erosion, or risk of stream bank erosion that could result in frequent exposure was not identified.

Rate moderate

F6c: Significant/exceptional buoyancy of the pipeline, sediment erosion, and/or risk of stream bank erosion that could result in frequent exposure was identified.
Step Il - Complete consequence analysis:

c5: Consequence™ of exposure of abandoned pipeline at water crossings due to hydrotechnical hazards®
|C5: Human health and safety:

Not applicable.

C5: Ecology and environment:

On land:

Not applicable.

Rate high

Insert rating *?

Locations (along ROW) associated with rating

At water crossings:
C6a: Exposure and contamination in surface water that is habitat/spawning/breeding/feeding grounds for species at risk

Insert rating "2 Locations (along ROW) associated with rating
NA NA NA
Rate high

C6b: Exposure and contamination in surface water other than that which is habitat/spawning/breeding/feeding grounds for species at risk.
[C5: Land use and valued/economic resources:

Rate moderate

Insert rating "2

Locations (along ROW) associated with rating

C61 esthetic impacts at any water crossing.
Step IIl - Complete risk estimation:

E5: Estimation of risk® associated with exposure of abandoned pipeline at water crossings due to hydrotechnical hazards:

|E5: Human health and safety:
High likelihood and High severity

Freguency No.

On land:

NA
Not applicable. NA NA
At water crossing Rate low

On Land

Consequence No.

Locations

Frequency No.

At Water Crossings

Conseqguence No.

Locations

Notes:

ROW - right of way
* Do not necessarily adequately address risks associated with the hazard.

1) Rate based on ifiwhere the environment/land use is present along pipeline ROW.

2) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".

(3) The consequence analysis does not consider release of contaminants due to pipeline nd increased risk of puncture) as this hazard has been addressed as Potential Hazard 2a and 2b.
4) Refer to Tables 3, 4, and 5 of text for definitions of frequency, conseguence, and risk estimation ratings.

Arcadis Canada Inc.

NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
E5: Ecology and environment:
High likelihood and High severity NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity. NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA NA
Low likelihood AND Low severity NA NA NA
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PH1 Risk Assessment Worksheet

Hazard No. 1: Soil or aroundwater chemical impacts to the environment from former operation of pipeline (i.e.. contaminated sites):
Release mechanism

Historical release of contaminants into the environment during former operation of the pipeline, resulting in concentrations in environmental media (i
Risk manaaement measures reauired in accordance with CSA 2662

10.17 Abandonment of pipeline related facilties Not met
Pipeline fefated facille$ Such as compressors and pump stations shal have all otating and fied equipment removed,

unless they are still part of an operating or deactivated site. Associated piping, utilties, supports, and foundations shall also be removed.

Testing for site soil contamination and appropriate remediation might be required.

Consideration should be given (o the removal of underground vaults and closed-op pits. For those that are to remain:
@) walls and floors shall be tested for contamination. Contaminated areas shall be remediated or removed.

) walls shall be removed (o an appropriate level below the ground surface
©) the insides o the vault shall be filed with clean soil
Sofls in around and underneath storage tanks shall be inspected for contamination and appropriately remediated-
Site-specific datafinformation studies reauired to comolete risk estimatiof

1) Phase | Envitonmental Ste Assessment (ESA) (representative of curent condiions) t deniiy potenia) sources of contamination along the pipeline ROW. prepared by a qualied prolessional:
2) Phase IIll ESA (representative of current conditions) to assess/characterize soil and groundwater contamination associated with potential sources of contamination identified by the Phase | ESA, prepared by a qualiied professional
IF CONTAMINANT CONCENTRATIONS ARE ABOVE APPLICABLE ENVIRONMENTAL CRITERIA

3) Human health and ecological risk assessment (representafive of current conditions) completed in accordance with Health Canada and Environment Canada Risk Assessment Frameworks, prepared by a qualiied professional ANDIOR
4) Remediation reports that provide current concenirations of contaminants in sol and/groundwater on Stte. prepared by a qualified professional
Sten | - Complete freauency analvsis:

soil, groundwater, surface water, and/or sediment) above applicable environmental criteria. Common sources of historical contamination include pipeline breaches/spills, and operational areas such as compressor stations, metre

Completed Not completed
X No spills identified

F1: Likelihood® that concentrations of contaminants in environmental media (i.e., soil, groundwater, surface water, and/or sediment) are above applicable environmental criteria. —
Insert rating
Scenarios alona pipeline:

Fia: Phase I/Illll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are below applicable environmental criteria.

Rate low,
F1b: Phase I/Il/lll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern above applicable environmental criteria have been e—
ted. Associated reports are kept on file.
Fic: Phase I/IIlIl ESAs have been completed along the p:pelme ROW toidentily potental sources of contamintion, n essess potental impects. Cnncemralmns of contaminants of concern are above applicable environmental criteria, however’ e
based on completion of a human health and ecoloaical ri . risks to receptors are within the acceptable range. Associated reports are kept o
Fd: Phase I/Illll ESAs have been completed along the pipeline ROW to identify potential sources of contamination, and assess potential impacts. Concentrations of contaminants of concern are above applicable environmental criteria. Rate high

Step Il - Complete conseauence analvsis:
C1: Consequence(s)? of concentrations of contaminants in environmental media (soil, groundwater, surface water, sediment) above applicable environmental criteria:
C1: Human health and safety.

d:

nsert rating ROW) associated with rati

Cla: Ce ) within a potable aroundwater ment.
Cib: Ce " of aaricultural lands.
Cic: C of residential. institutionalor park lands.

of lands valued by Indienous people (for huntina. aatherina. other).

[Water crossings:

Rate high
Cle: Cc " of surface water used as a source of potable water (e.q.. reservairs, lakes. rivers).

Cif: C " of surface water used for irriaation or livestock watering.

Cla: Ce ) of waterwavs that support commercial fisheries.

Cih: Ce ") of waterwavs valued by Indigenous people (for fishing. other).

Cli: C ) of waterways used for recreational activities.

Land

C1i: Soil and/or aroundwater ination® in an environment other than those described above with a a. e
Water crossinas:

iment contamination® in and environment other than those described for waterways above with a "high" conseguence ratina.

Insert rating © ns (along ROW) associated with rati
[cat: ¢ D of areas that are areas for species at risk.
Elm, c " of areas reserved as parks. areas. or other areas of ecoloaical, or natural sianificance.
E Rate high
Cin: C ) of waterwavs that mav constitute a violation of the Fisheries Act.
Clo: C ¥ of sianificant wetlands.
Clp: O Y of waterwavs that are i arounds for species at risk.
Land
Cia: Soil and/or aroundwater ¥ in an environment other than those described above with a "high" rating. EEDEED
Water cros:

n® in an environment other than those described for waterwavs above with a *hiah” conseauence ratina.

cis:c n & potable aroundwater environment.

C1t: Contamination® o' aunculluva\ lands.

clu:c  of lands valued bv Indigenous peole (for huntina. aatherina. other).

Civ: C " of areas reserved as parks. ion areas. or other areas of ecol or natural sianificance.
Em. [e! ¥ of forested lands. Rate high
Water crossinas:

Clx C ® of ter used as a source of potable water (e.q.. reservoirs. lakes. rivers).

Cly: C ™ of ter used for irigation or livestock waterina.

Ciz: C " of waterwavs that support commercial fisheries.

Claa: C ) of waterways valued by Indigenous people (for fishina, other).

Clbb: C ) of waterways used for recreational activities.

Land:

Clce: Soil andor aroundwater in an environment other than those described above with a *hiah’ rating. FERTTEE D
Water crossinas:

1
Step IIl - Complete risk estimation:

o on Land At Water crossings
E1: Estimation of risk® associated with concentrations of contaminants in environmental media (soil, aroundwater, surface water, sediment) above applicable environmental criteria:

Frequency No. Consequence No

Locations Frequency No. Consequence No. Locations

ihood and Moderate severty OR Mioderaie Teliood and Fiah severty
ihood and Low severity NA NA NA NA NA NA
100d and high severity

100d OR Low severity

ihood and Hiah severity
ihood and Moderate severitv OR Moderate likelihood and Hiah severity_

ihood and Low severity NA NA NA NA NA NA
0od and hiah severity
100d OR Low severity
ihood AND Low severity NA NA NA NA NA NA
and use and valued/economic resources:
ihood and Hiah severity
ihood and Moderate severity OR Moderate likelihood and Hiah severity’
ihood and Low severity.

d high s

- pibeline riaht of wa
M - naturallv occurrina radioactive materials

cessarilv adeauately address risk
concentrations above

oresent alona piveline R
le ratina (i... hiah. moderat
consequence rating

Arcadis Canada nc.



Novermber 2018

PH2a Risk Assessment Worksheet

Hazard No. 2: Environmental impacts from pineline materials abandoned in-lace. nost oeration
Hazard No. 2a: Residual oroduct. lubricants. and treatment chemicals

[Risk management measures reauired in accordance with CSA Z662"

10,16 Abandonment of pinelines and pioe-tvoe stor

) purged or appropriately cleaned or both in @ manner that [eaves no mobile materials remaining in the pipeline.

rage vessels

[c) ohvsicallv separated from anv in-service pipina:

| ) capped. pluaged. or

i-and.

) cut off at pioeline deoth

Site-specific datalinformation/ studies reauired o complete risk estimation:
1. identification of residual contaminants present within the pipeline prior to pigging/cleaning, including determination of whether PCBS or NORMs were ever present within the pipeline:

Completed
X Residual PHCs identified

Not completed

2. Pipeline-specific purging/pigging/cleaning methodology, including targets and objectives, associated verification procedures, and results, prepared by a qualified professional.

|steo 1 - Comblete freauency analvsi

F2a: Likelihood® that contaminants are present

within the pipeline (at concentrations that could result in an adverse effect)and be transpors

| scenarios alona

Faaa

pipeline:

targets were developed

the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, required risk management measures (as per Section 10.16 of CSA Z662), current
and intended land use, and applicable guidelines and standards (if any) AND have been met (based on results of verification procedures). No solids or waxy buildup is visible. Neither PCBs nor NORMs were ever present within the pipeline(®.

4 out of the pipeline into the surrounding environment® andlor preferentially transported within the pipeline:

Rate low,

X Residual impacts removed following
standard procedures

Insert rating

Locations (along ROW) associated with rating

Faab:

ihe hydrocarbon product, lubricants, ar

fic |, legislated risk (as per Section 10.16 of CSA Z662),

rgets
current and intended Iand use and appicable uldelines and standalds oy} AND have been et (based on resuls of verfication procedures), No sollds or waxy buildup is visible. PCBs and/or NORMs were once present within the pipeline®.

Rate moderate

Entire pipe segment

F2a c: Pigging/cleaning of pipeline was completed but targets may not have been developed in consideration of the hydrocarbon product, lubricants, and treatment chemicals specific to the pipeline to be abandoned, legislated risk management
measures (as per Section 10.16 of CSA Z662), current and intended land use, and applicable guidelines and standards (if any) ANDIOR targets may not have been met. Neither PCBS nor NORMs were ever present within the pipeline‘®.

Rate moderate

Faac

F2a d: Pigging/cleaning of pipeline was completed but targets may in consideration of
measures (as per Section 10.16 of CSA Z662), current and intended land use, and applicable guidelines and standards (if any) AND/OR targets may met. PCBs and/or NORN o the pipeline'”.

Steo Il - Comolete conseauence analvsis:

ntaminants present within the pipeline (at trations that could

roduc, ubricants, an veatment chemicas specifct the pieline o be abandoned, eislated sk management

effect) transported ou nto the surrounding environment® and/or preferentially transported within the pipel

Rate high

Water crossinas:

insert rating Locations (along ROW) associated with rating
caaa D within a environment. High C2aa
c2ab: C ) of agricultural lands. High C2a b
C2aciC residential. insttutional.or park lands.
c2ad:c ) of lands valued by Indiaenous people (for hunting, aathering, other).
Water crossinas: Rate high
caae:C ) of surface water used as a source of potable water (e.0.. eservoirs, lakes. ivers). High Cza e
Caf: " of surface water used for iriation or livestock waterina.
craa:C © of waterways that support fisheries.
Caah: " of waterwavs valued by Indigenous peoble (for fishina. othen).
czai:C ) of waterways used for High Cza 1
Land:
C2a: Soil andlor aroundwater in ther than above with a *high" rating Rate moderate

Water crossinas:

C2a r: Surace water or sediment contamination®” in an environment other than those described for watenways above with a *high consequence rating.

insert raling Locations (along ROW) associated with raling
coal Y of areas that are for species at isk. Caal
czam:C %) of areas reserved as parks. or other areas of ecological 1 natural significance.
Water crossinas: Rate high
czan: %) of waterways that may constitute a violation of the Fisheries Act
czao: Z icant wetlands. C2ao
C2ap: C %) of waterways that are for species at isk. C2ap
Land:
C2a q: Soil andlor aroundwater in ther than above with a "high” rating. DD

Water crossinas:

Step I - Complete risk estimation:

E2 Einmanan of risk® associated with contaminants present within the pipeline (at conc

ithin the piveline:

\p e arlalets
h

d Hich sevrty

C2a dd: Surface water or sediment contamination” in and environment other than those described for watenways above with a

ntrations that could result in an adverse effect) transported out of the pipeline into the surrounding environment® and/or preferentially transported

insert rating Locations (along ROW) associated with raling

cas Z aroundwater environment. High Czas
c2at:C * of agricultural lands. High C2a t
Cau  of lands valued by Indigenous peoole (for huntina. ath ther).
c2av.C ¥ of areas reserved as parks. consenvation areas, or other areas of ecoloaical. or

2 9 of forested lands. Rate high
Water crossinas:

2ax 9 of surface water used f Dotable water (e.0. reservoirs. lakes. rivers). High C2a x
c2av.c: ) of surface water used for irigation o livestock watering
Caaz D of waterwavs fisheries.
C2aaa: G ) of waterways valued by Indigenous people (for fishin, other).
C2a b D of waterwavs used for fivi High C2a bb
Land:
C2a cc: Soil andlor aroundwater Vin than above with a "hiah" ratina. D

on Land

Conseauence No.

At Water Crossings

Conseauence No.

R Moderate likelinood and Hiah severity

F2a ¢ Moderate

C2 aa. C2 ab Hioh

F2 ab Moderate C2ae. C2 ai Hih

d

d Low severity

100d and hioh severity

100d OR Low severity.

coloay and

100d AND Low severity

d

d High severity.
d likelihood and Hiah severity.

d Low severity

F2a ¢ Moderate
NA

Cza l Hiah
NA

F2 ab Moderate C2 ao Hiah, C2ap
NA NA

100d and hiah severity

100d OR Low severity.

ihood AND Low severity

d Hmh severity

R Moderate likelinood and Hiah severity

F2 ab Moderate

C2as. C2at Hiah

F2 ab Moderate C2 ax 2c abb High

d

d Low severity

100d and hioh severity

100d OR Low severity.

100d AND Low severity

specifc criteria derived by a human and ecological isk assessment

nratinas
naisis does not for he tioelne t ached. as itis assumed that breach
Pigging, PCBS and NORM s R
ere the environmentiand u ko iveine ROW. Both et and e land s
s sert abolc atieroi 1. o mockrae ihervise. insert "not oresent alon
 rating is applcable. Contamination®” of ar

the

oiosline wil eventuall occ
mission fines. The: mi
Shouid be co

anis have a relatively high oxiciy, and PCBS m in the food chain

Arcadis Canada i,
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PH2b Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place. nost operation
Hazard No. 2b: Leachina from construction materials and coatinas

Risk management measures required in accordance with CSA 2662 )

10.16 Abandonment of pinelines and pipe-tvpe storade vessels et

|A buried pipeline that is abandoned in place shall be:

d) capped. Dluuued. or otherwise effectivelv sealed; and.

e) cut off at pi th.

[ite-s sneuflc da!a/mfmmanon/ studies reauired to complete n;k estimation: Completed Not completed
aiing X

e, — e — s s e ]
[ten 1 - Comblete freauency analysis:

‘FZD. Likelihood™ that contaminants will leach from pipeline construction materials and/or external coatings at concentrations that could result in an adverse effect: earitatn s o Sial COIROW E 200 lea T niran
|Scenarios alona pipeline: e

[EE2b a: Pipeline construction materials and extemal coatings are inert and not expected to leach contaminants. neither in the shortnorlonaterm. [  Raelow  [Fbatw [ 0000000000000 |
20 b: Pipeline construction materials are expected to leact either in the shortor long term. at below applicable onsideration of land use. Rate moderate

F2b c: Pipeline construction materials are expected to leach contaminants, either in the short or long term, at concentrations above applicable environmental criteria in consideration of land use. Rate high

|Step I1 - Complete conseauence analvsis:

C2b: Consequence(s)™ of contaminants leachina from pipeline construction materials and/or external coatinas at concentrations that could result in an adverse effect:

C2b: Human health and safety: Insert rating Locations (along ROW) assaciated with rating.
Land

C2b a: C¢ *) within a potable aroundwater C2b a High

C2b b: C “) of aaricultural lands. C2b b High

Cabc:C of residential. institutional. or park lands.

c2b d: C ") of lands valued by Indigenous people (for hunting, gathering. other).

Water crossinas: Rate high

C2b e: C¢ ® of ter used as a source of potable water (e.q.. reservoirs. lakes. rivers). C2b e High

C2b f: C ") of surface water used for irrigation or livestock watering.

) of waterways that support commercial fisheries.
) of waterways valued by Indigenous people (for fishing. other).
) of waterways used for recreational activities. C2b i High

C2b i: Soil andlor gro Din an other than those described above with a *high" rating.
Water crossinas:
C2b k: Surface water and/or sediment contamination™! in and environment other than those described for waterways above with a *high” consequence rating.

Rate moderate

[c2b: Ecoloay and environment: Insert rating* * Locations (along ROW) associ
Land

C2b I: C ® of areas that are areas for species at risk. C2b | High

C2b m: C ") of areas reserved as parks. conservation areas, or other areas of ecoloaical, or natural sianificance.

Water crossinas: Rate high

C2b n: C ") of waterways that may constitute a violation of the Fisheries Act.

C2b o: ¢ ) of significant wetlands. C2b o High

C2b p: " of waterways that are arounds for species at risk. C2b p High

Land

C2b a: Soil and/or ar inan other than those described above with a *high" rating. P .

Water crossinas:
C2b r: Surface water or sediment contamination®” in an environment other than those described for waterways above with a "high" consequence rating

C2b: Land use and valued/economic resources: insert rating ® *7 ations (along ROW)
Land:

c2b s: C \*) within a potable groundwater C2b s High
C2bt: C ") of agricultural lands. C2b t High
C2b u: C *) of lands valued by Indigenous people (for hunting, gathering, other).

C2b v: C ® of areas reserved as parks, areas, o other areas of ecological. or natural ance. C2b v High
C2b w: C ) of forested lands. Rate high

Water crossinas:

C2b x: C ") of surface water used as a source of potable water (e.q.. reservoirs. lakes. rivers). C2b x High
C2b v: C ) of surface water used for irrigation or livestock wateina.

C2b z: C ) of waterways that support commercial fisheries.

C2b aa: Ce ™ of waterways valued by Indigenous people (for fishina. other).

C2b bb: C ") of waterways used for recreational activities. C2b bb High
Land:

C2b cc: Soil andlor g @inan other than those described above with a *high" rating. R G,

Water crossinas:
C2b dd: Surface water or sediment contamination™ in and environment other than those described for waterways above with a *high” consequence ratina.
Step Ill - Complete risk estimation:

on Land At Water crossings.

E2b: Estimation of risk®® associated with contaminants leaching from pipeline construction materials andlor external coatings at concentrations that could result in an adverse effect
E2b: Human health and safetv:

High likelihood and Hiah severity
Hiah likelihood and Moderate severity OR Moderate likelihood and Hiah severity

High likelihood and Low severity. NA NA NA NA NA NA
Low likelihood and hiah severity’ F2balow C2b a: 2Cb b Hiah F2balow C2b e: C2b i Hiah

Low likelinood OR Low severity.

Low likelihood AND Low severity NA NA NA NA NA NA

Hiah likelihood and Hiah severi
High likelihood and Moderate severity OR Moderate likelihood and High severity’

Hiah likelihood and Low severity. NA NA NA NA NA NA
Low likelihood and high severity F2baLow C2b I High F2b a Low C2b o, p High

Low likelihood OR Low severity.

Low likelihood AND Low severity NA NA NA NA NA NA

m
g
g

Land use and valued/economic resources:
High likelihood and Hiah severity
Hiah likelihood and Moderate severity OR Moderate likelihood and Hiah severity

High likelihood and Low severity. NA NA NA NA NA NA
Low likelihood and hiah severity’ F2balow C2b 5. t. v High F2balow C2b x: bb High

Low likelinood OR Low severity.

Low likelihood AND Low severity NA NA NA NA NA NA

oineline riaht of w
nolvchiorinated biohen

RM - naturallv occurtina radioactive materials
Do not necessarily adeauatelv address sc
(2> comammaton: concenaaons abg e copicable en rommemal s, or concentrations above property-specific criteria derived by a human and ecological risk assessment

(2) Soil. aroundwater. surface water. andfor sediment
Refer to Tables 3. 4. and 5 of text for definitions of freauency. conseauence. and risk estimation raina

(4) These risk management measures may address preferential transport of contaminants within the pipeline, but do not address leaching of contaminants into the surrounding environment

(5) Rate based on iftwhere the environmentiand use is oresent alon Both current and future land use should be considered.

R ). Othenwise. insert "not present alona RO

(7) There is no environmentland use on which consequenc applica amination”” of any media is considered to hay a moderate consequence ratin

Arcadis Canada Inc.
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PH2c Risk Assessment Worksheet
Hazard No. 2: Environmental impacts from pipeline materials abandoned in-place. post operation
Hazard No. 2c: Presence and exposure and disruption of ashestos
Release mechanism
tings AND s ex|
Risk management measures required in accordance with CSA 7662

[Site-specific datafinformation/ studies required to complete risk estimation: Completed Not completed
1. Characterization of pipeline external coatings, and identification of those containing ashestos, by a qualified professional.

[Step 1 - Complete frequency analysis®:

F2c: Likelihood® that asbestos is present in pipeline external coatings and will be exposed and disturbed allowing for potential contact with human recep(ors‘” involved with pipeline excavation/repair activities®.

Insert rating Locations (along pipeline) associated with rating
\Scenamos along pipeline

F2c a: Asbestos is not present in pipeline external coatings. Rate low F2calow

F2c b: Asbestos is present in pipeline external coatings. Rate high

\Slep Il - Complete consequence analysis”:

‘CZCI Consequence(s) of asbestos in pipeline external coatings being exposed and disturbed allowing for potential contact with human receptors’

@ involved with pipeline excavation/repair activities”,

‘CZCZ Human health and safety: Insert rating * Locations (along pipeline) associated with rating

Rate high__Low
\CZC: Ecology and environment: Insert rating Locations (along pipeline) associated with rating
N,
[C2c: Land use and valued/economic resources: Insert rating Locations (along pipeline) associated with rating
NA
Step 11l - Complete risk estimation:
. . . . . . . S A On Land
E2c: Estimation of risk™ associated with asbestos in pipeline external coatings being exposed and disturbed allowing for potential contact with human receptors(1) involved with pipeline excavation/repair activities(2):
[E2c: Human health and safety: Frequency No. Consequence No. Locations
High likelihood and High severity
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity F2c alow
Low likelihood AND Low severity NA NA NA
[E2c: Ecology and environment:
\EZC: Land use and valued/economic resources:
Notes
ROW - right of way
* Do not necessarily adequate ess risks associated with the hazard.
onsidered to be minimal, as asbestos in pipeline external coating ben in the environment or available for uptake by o . o ctly contac d Itin significant exposure, and pipeline al coa not provide and are not intermixed with food items or
of pipeline (containing asbestos) would be r red or rel dd d of (in accordance with applicable guidelines and regulations) by adult maintenancs . trespassers, farmers, or other workers).
s do consider the likelihood for asbestos to b osed and disturbed at various locations along the pipeline, as it is assumed that excavation/ma £ activities that n
(4) A chronic (long-term) lung disease caused by breathing in asbestos fibers
(5) Rate based on iffwhere a s is prese pipeline stos is present insert applicable rating (i.e., high). Otherwise, insert "asbestos not present along pipeline"”
6) There are no cons c 0 e either a or "modk ratina.
(7) Refer to Tables for definitions of frequency. consequence. and risk estimation ratings.

Arcadis Canada Inc.
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PH3 Risk Assessment Worksheet
Hazard No. 3: Drainage of surface water or shallow groundwater through pipeline
Release mechanism
Surface water or shal
ce with CSA Z662*

|Site-specific data/information/ studies required to complete risk estimation

1) Identification of surface water bodies along pipeline ROW.

Completed Not completed
X

2) Identification of locations where pipeline (and/or fill materials surrounding pipeline) may be in contact with groundwater.

X

lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs), site specific drainage study to determine if pipeline (and/or fill materials surrounding pipeline) are hydraulically connected X

|Step | - Complete frequency analysis:

F3: Likelihood™ of drainage of surface water or shallow groundwater through the pipeline®:
|Scenarios along pipeline:

Insert rating cations (along ROW) associated wi

Step Il - Complete consequence analysis:
C3: Consequence(s)” of drainage of surface water or shallow groundwater through the pipeline:

F3a: Pipeline located more than 100 metres from nearest surface water body (including: lakes, rivers, creeks, marshes, wetlands, muskegs, sloughs, reservoirs), OR based on site-specific drainage study is not hydraulically connected to the E—

nearest surface water

F3b: Pipeline located where it is not ikely to be in contact with Rate |

F3c: Pipeline located between 30 and 100 metres from nearest surface water body. Rate moderate

F3d: Pipeline located within 30 metres of a surface water body (including: lakes. rivers., creeks, marshes, wetlands, muskegs. sloughs, reservoirs). Rate high F3d High
F3e: Pipeline located within a flood plain or area prone to flooding! Rate high

F ine located where it may be in contact with aroundwater. Rate high

|C3: Human health and safety: nsert rating ® ¥ Locations (along ROW) associated with rating
Not applicable. NA NA

[C3: Ecology and environment: nsert rating © ¥ Locations (along ROW) associated with rating
Land

C3a: Flooding of habitat/breeding/foraging areas for species at risk (including individuals) C3a High

C3b: Flooding of areas reserved as parks, conservation areas, or other areas of ecological, environmental, or natural significance.

Water cros: S:

C3c: Drainage of surface water that may constitute a violation of the Fisheries Act Rate high

C3d: Drainage of significant wetlands. C3d High

C3e: Drainage of surface water that is habitaspawning/breeding/feeding grounds for species at risk. C3e High

C3f: Discharge to surface water andlor siltation that may constitute a violation of the Fisheries Act

C3g: Discharge to, and siltation of, surface water that is habitat/spawning/breeding/feeding grounds for species at risk. C3g High

Land:

C3h: Flooding of habitat/breeding/foraging areas for populations/communities of non-species at risk.

Water crossings: Rate moderate

C3i: Drainage of surface water other than that described for water crossings above with a "high" consequence rating.

C3J: Discharge to, and siltation of, surface water other than that described for water crossings above with a "high” consequence rating.

Land:

C3k: Flooding of an area that does not provide habitat/breeding/foraging areas for communities/populations of non-species at risk_or for individual species at risk.

Water crossings: Rateloy

Not applicable®. NA NA

C3: Land use and valued/economic resources Insert rating ¥ Locations (along ROW) associated with rating
Land:

C3I: Drainage of groundwater used as a source of potable water. C31 Hgh

C3m: Drainage of groundwater used for irrigation or livestock watering.

C3n: Flooding of agricultural lands. C3n High

C30: Flooding of lands valued by Indigenous people (for hunting, gathering, other)

C3p: ing of areas reserved as parks, conservation areas, or other areas of ecological, tal, or natural significance. C3p High

C3q: Flooding of forested lands.

Car ing of urban/municipal/residential/commercial/industrial areas.

Water crossings: Rate high

C3s: Drainage of surface water used as a source of potable water (e.g., reservoirs, lakes, rivers). C3s High

[C3t: Drainage of surface water used for irrigation.

C3u: Drainage of surface water that supports commercial fisheries.
[C3v: Drainage of surface water valued by Indigenous people (for fishing, other).
[C3w: Drainage of surface water used for recreational activities. C3w High

C3x: Discharge to, and siltation of, surface water that supports commercial fisheries.
[C3y: Discharge to, and siltation of, surface water valued by Indigenous people (for fishing, other).
[C32: Discharge to, and siltation of, surface water used for recreational activities.

Land:

C3aa: Flooding of lands located on low-lying land other than those described above with a "high" consequence rating. Rate moderate

Water crossings:

Not applicable NA NA

Land:

Not applicable® Rate low NA NA

Water crossings:

C3bb: Drainage of surface water other than that described for water crossings above with a “high” consequence rating.

Step il - Complete risk estimation: y

m on Land At Water crossings

E3: Estimation of risk® associated with drainage of surface water or shallow groundwater through the pipeline:
|E3: Human health and safety: Freauency No. Consequence No. Locations Frequency No. Consequence No. Locations
Not applicable

E3: Ecology and environment

High likelihood and High severity

High ikelihood and Moderate severity OR Moderate likelihood and High severity F3d Hiah C3anhigh F3d High C3d, e aHigh

High Tikelihood and Low severity NA NA NA
Low fikelihood and high severity

Low fikelihood OR Low severity

Low fikelihood AND Low severity NA NA NA
E3: Land use and valued/economic resources:

High likelihood and High severity F3d Hiah C3l,n high F3d High C3p, s, wHigh

High ikelihood and Moderate severity OR Moderate likelihood and High severity

High Tikelihood and Low severity NA NA NA

Low fikelihood and high severity NA NA NA
Low fikelihood OR Low severity

Low fikelihood AND Low severity NA NA NA

risks associated with the hazard.
4, and 5 of text for definitions of frequency, consequence, and risk estimation ratinds.

the likelihood for the pipe e will eventually occur
and use is present along pipeline
nsert applicable
(5) Drainage of any vater body is con:
(6) Flooding of an

Arcadis Canada Inc.
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PH4 Risk Assessment Worksheet
Ground subsidence bevond tolerable ranae (for land use)

Hazard No.

1. Pipeline diameter.

Completed
X

Not completed

2. Identification of rail, road, and underground util

X

ific analysis to evaluate the degree of subsidence expe

[F4: Likelihood® of ground subsidence beyond the tolerable range (for land use):
|scenarios along pipeline:
F4a: Pipeline has a diameter of 323.9 millimetres o less, at locations other than: road, rail, or underground utilty crossings, or agricultural or other lands on which heavy vehicular loadings are expected®.

ted, and whether it is within the tolerable range in X

nsert rating

Rate low

Locations (alon

ROW) associated with ratin

F4b: Pipeline has a diameter of greater than 323.9 millimetres, and results of a site-specific analysis indicate that the expected degree of subsidence s within the tolerable range in consideration of land use. [At locations other than road, rail, and underground utiity
crossings, or agricultural or other lands on which heavy vehicular loadings are expected.”)]

Rate low

Fac: Pipeline has a diameter of greater than 323.9 millimetres, and results of a site-specific analysis indicate that the expected degree of subsidence above the tolerable range in consideration of land use. [At locations other than road, rail, and underground utiity
crossings, or agricultural or other lands on which heavy vehicular loadings are expected.(2)]

Rate moderate

F4d: Pipeline of any diameter, located at: road crossings, rail crossings, underground utility crossings, or agricultural or other lands on which heavy vehicular loadings are expected®.
Step Il - Complete consequence analysis:

C4: Consequence® of ground subsidence beyond the tolerable range (for land use):

[C4: Human health and safety:

On land:

C4a: Train derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings.

Rate high

F4d High

Insert rating *

)

Locations (alon

ROW) associated with ratin

Step Ill - Complete risk estimation:
©

associated with ground subsidence outside of the tolerable range (for land use).
|E4: Human health and safety:

E4: Estimation of risk’

On Land

Frequency No. Conseguence No.

Locations

At

Freguency No.

C4h: Heavy vehicle accidents on agricultural lands or other lands on which heavy vehicular loadings are expected. Rate high C4b High

At water crossings:

Not applicable.

C4: Ecology and environment: Insert rating “ ? Locations (along ROW) associated with ratin

On land:

Cé4c: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that are habitat/breeding/foraging areas for species at risk. C4 c High

CA4d: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas reserved as parks, conservation areas, or other areas of ecological, environmental, or Rate high

natural significance.

At water crossings:

C4e: Discharge to surface water and/or siltation that may constitute a violation of the Fisheries Act.

CAf: Discharge to, and siltation of, surface water that is habitat/spawning/breeding/feeding grounds for species at risk. C4 f High

On land:

C4g: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings located in areas that are areas for ities of P at risk. R EED

At water crossings:

C4h: Discharge to, and siltation of, surface water other than that described for water crossings above with a "high” consequence rating.

On land:

Cai: Derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utiliies at utility crossings located in areas that do not provide areas for of non-

species at risk or for individual species at risk. Rate low

At water crossings:

Not applicable.

C4: Land use and valued/economic resources: Insert rating “* Locations (along ROW) associated

On land:

C4j: Train derailments at rail crossings, vehicle accidents at road crossings, or accidents resulting from damage to underground service utilities at utility crossings. C4j High
4k: Heavy vehicle accidents on agricultural lands or other lands on which heavy vehicular loadings are expected. C4k High

C4l: Erosion/loss of topsoil on agricultural lands. Rate high C4l High

At water crossings:

C4m: Discharge to, and siltation of, surface water that supports commercial fisheries.

C4n: Discharge to, and siltation of, surface water valued by Indigenous people (for fishing, other).

C4o: Discharge to, and siltation of, surface water used for recreational activities. C4o High

Water crossings

Conseguence No.

Locations

Not:

ROW - right of way

* Do not necessarily adequatel
(1) Pipeline dearadation proc th
(2) Tolerable range is zero at: road crossing

idress risks associated with the hazard
than corrosion for pipelines constructed of materials other than metal not consi
rail crossings, underground utility crossings, and agricultural or other lands on which heavy vehicular loadings are expected.
ction may occur at powerline crossings.
and use is present alona pipeline ROW.
t applicable rating (i.e.. hiah, moderate, or low). Otherwise, ins
uence, and risk estimation ratin
9 mm in diameter at typical burial dej

(3) Enhanced corrosion of pipelin

nt/land use is present i
(6) Refer to Tables 3, 4, and 5
(7) Ground subsidence associated

“not present along ROW".

s is expected to be negligible (CEPA

o
with the collapse of pipelines up to

Arcadis Canada Inc

High likelihood and High severity F4d High C4 b High NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
|E4: Ecoloay and environment:

High likelihood and High severity F4d High C4 c High F4d High C4f High

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity

Low likelihood and high severity

Low likelihood OR Low severity

Low likelihood AND Low severity NA NA NA
|E4: Land use and valued/economic resources:

High likelihood and High severity F4d High C4ik, | High F4d High C4o High

High likelihood and Moderate severity OR Moderate likelihood and High severity

High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity

Low likelihood AND Low severity NA NA NA NA NA NA
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5 Risk Assessment Worksheet
Hazard No. 5: Exposure of abandoned pipeline on land due to soil erosion and aeohazards
Release mechanism
Pipeline is exposed at surface due to soil erosion or geohazards that force it above ground (i.e., frost heave, seismic activity).
Risk management measures required in accordance with CSA Z

|Site-specific data/information/ studies required to complete risk estimation: Completed Not completed
1. Identification of the following areas along the pipeline ROW: areas susceptible to soil erosion (e.g., agricultural fields or other non-vegetated areas, shallow soil cover, steep slopes, topographic highs exposed to wind), seismically-active areas, and areas where there is permatrost or where X
\Sten |- Complete frequency analysis:
[Fs: Likelinood of exposure of abandoned pipeline on land due to geotechnicaligeohazards
|scenarios along pipeline:

ipeline exposure did not occur/was not a hazard that required it i or risk during operation of the pipeline AND pipeline is not located in an area susceptible to soil erosion (e.g., agricultural fields or other non-vegetated areas,
shallow soil cover, steep slopes, topographic highs exposed to wind) or a selsmlcally -active area, AND pipeline is located below frost line.
F5b: Pipeline exposure did not occur/was not a hazard that required itorit or risk during operation of the pipeline, however the pipeline is located in an area susceptible to soil erosion (e.g., agricultural fields or other non-vegetated
areas, shallow soil cover, steep slopes, topographic highs exposed to wind).
F5c: Pipeline exposure did not occur/was not a hazard that required monitoring, maintenance, or risk management during operation of the pipeline, however the pipeline is located in a seismically active area. Rate moderate

nsert rating Locations (along ROW) associated with rat

Rate low

Rate moderate F5b Moderate

ipeline exposure did not occur/was not a hazard that required itorit i or risk during operation of the pipeline, however the pipeline is located above the frost line or where there is permafrost. Rate high

: Pipeline exposure did occur/was a hazard that required monitoring, maintenance, and/or risk management during operation of the pipeline. Rate high
Step Il - Complete consequence analysis:
C5: Consequence” of exposure of abandoned pipeline on land due to geotechnical/geohazards®:

[C5: Human health and safety: Insert rating * Locations (along ROW) associated with ratin

Not appicable: NA

C5: Ecology and environment: Insert rating Locations (along ROW) associated with ratin

Not applcable: NA

C5: Land use and valued/economic resources: Insert rating * Locations (along ROW) associated with ratin

On land:

C5a: Temporary loss of productivity on agricultural lands.

C5b: Damage to agricultural or other heavy equipment. Rate moderate C5b moderate

At water crossings:

Not applicable. NA NA

On lan

C5c: Aesmenc. impacts at any location along the ROW. Reton]

At water crossings:

Not applicable. NA NA

Step |||>-Cumnlete»ns\lilesumauun. . @ilLeng At Water Crossings

E5: Estimation of risk'” associated with exposure of abandoned pipeline on land due to geotechnical/geohazards:

\ES. Human health and safety: Frequency No. Conseguence No. Locations Frequency No. Conseguence No. Locations
High likelihood and High severity NA

High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity F5b Moderate C5b moderate NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA
Low likelihood AND Low severity NA NA NA

Notes:
ROW - right of way
* Do not necessarily ddeuu

(1) Rate bas

B e i present anplicabl . high, mod ns present alona ROW".

(3) The consequencs d c aminants d in a k of puncture) ard has been addre as Potential Hazard 2a and 2b.
(4) Refer to Tables 3, 4. and 5 of text for definitions of frequency. consequence. and risk estimation ratings.
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PH6 Risk Assessment Worksheet

Hazard No. 6: Exposure of abandoned pipeline at water crossings due to hydrotechnical hazards
Release mechanism:

Pipeline is exposed at surface due to: 1) buoyancy of the empty pipeline; 2) sediment erosion and lowering of the channel bed resulting in reduced depth of sediment cover; or, 3) stream bank erosion (where pipelines are parallel to streams or rivers). The relative buoyancy of a pipeline is increased once it is emptied (for

Risk management measures required in accordance with CSA Z662*:

‘S\(e-SDeCIfIC data/information/ studies required to complete risk estimation:

1. Identification of water crossings, and for each, assessment of the potential/rate at which the pipeline will become exposed in the channel bed due to buoyancy and sediment erosion. This should consider the rates of sediment

2. Identification of locations where the pipeline is parallel and proximal to a stream or river, and assessment of the potential/timeline for the pipeline to become exposed along the stream bank due to stream bank erosion.

\S!ep | - Complete frequency analysis:

‘FG: Likelihood® of exposure of abandoned pipeline at water crossings due to hydrotechnical hazards:

\Scenarios along pipeline:

F6a: Pipeline is not expected to become exposed, either within the channel bed due to buoyancy and sediment erosion, or along the stream bank to _stream bank erosion.

Completed
X

). However, the

Not completed

Rate low

X

Insert rating

Locations (along ROW) associated with rating

F6b: Pipeline is expected to become exposed, however significant/exceptional buoyancy of the pipeline, sediment erosion, or risk of stream bank erosion that could result in frequent exposure was not identified.

Rate moderate

Féb

F6c: Significant/exceptional buoyancy of the pipeline, sediment erosion, and/or risk of stream bank erosion that could result in frequent exposure was identified.
Step Il - Complete consequence analysis:

c5: Consequence™ of exposure of abandoned pipeline at water crossings due to hydrotechnical hazards®
|C5: Human health and safety:

Not applicable.

C5: Ecology and environment:

On land:

Not applicable.

Rate high

Insert rating *?

Locations (along ROW) associated with rating

At water crossings:
C6:

Insert rating "2 Locations (along ROW) associated with ratin
NA NA NA
— - - - - - " - Rate high
Exposure and contamination in surface water that is habitat/spawning/breeding/feeding grounds for species at risk C6a high

C6b: Exposure and contamination in surface water other than that which is habitat/spawning/breeding/feeding grounds for species at risk.
[C5: Land use and valued/economic resources:

Rate moderate

Insert rating "2

Locations (along ROW) associated with rating

C61 esthetic impacts at any water crossing.
Step IIl - Complete risk estimation:

E5: Estimation of risk® associated with exposure of abandoned pipeline at water crossings due to hydrotechnical hazards:

|E5: Human health and safety:
High likelihood and High severity

Freguency No.

On land:

NA
Not applicable. NA NA
At water crossing Rate low

On Land

Consequence No.

Locations

Frequency No.

At Water Crossings

Conseqguence No.

Locations

Notes:

ROW - right of way
* Do not necessarily adequately address risks associated with the hazard.

1) Rate based on ifiwhere the environment/land use is present along pipeline ROW.

2) If environment/land use is present insert applicable rating (i.e., high, moderate, or low). Otherwise, insert "not present along ROW".

(3) The consequence analysis does not consider release of contaminants due to pipeline nd increased risk of puncture) as this hazard has been addressed as Potential Hazard 2a and 2b.
4) Refer to Tables 3, 4, and 5 of text for definitions of frequency, conseguence, and risk estimation ratings.

Arcadis Canada Inc.

NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
E5: Ecology and environment:
High likelihood and High severity NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity. NA NA NA F6b Moderate Cé6a High
High likelihood and Low severity NA NA NA NA NA NA
Low likelihood and high severity NA NA NA
Low likelihood OR Low severity NA NA NA NA NA NA
Low likelihood AND Low severity NA NA NA NA NA NA
High likelihood and High severity NA NA NA NA NA NA
High likelihood and Moderate severity OR Moderate likelihood and High severity NA NA NA NA NA NA
High likelihood and Low severity NA NA NA
Low likelihood and high severity NA NA NA NA NA NA
Low likelihood OR Low severity. NA NA NA F6a Low NA
Low likelihood AND Low severity NA NA NA
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