Programmatic Approaches to
Assessing and Mitigating Risk to

Pipelines from Natural Forces
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Agenda

 Pipeline Integrity and Natural
Forces

 Assessment of Potential Risks
« Management of Risks

e Q&A

© Arcadis 2016



Design & Consultancy
for natural and
built assets

Historical Perspective & ARCADIS

All Reported Incident Property Damage

National, All Pipeline Systems, 1993-2012
Source: PHMSA Significant Incidents Files, February 28, 2013
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1 All Other Causes
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Pipeline Integrity

Heightened awareness!
* Perceived aging infrastructure
* Increased regulatory scrutiny

* Increased pipeline usage
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Management AND operations recognize
unknown risk

Business continuity vital

Reputational risk unquantifiable



Pipeline Integrity — Natural Forces

Riverine

* Hydrologic and hydraulic
phenomenon

Land Movement

« Stability, subsidence, seismic

© Arcadis 2016

Coastal

« Storm surge erosion and land loss
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The pipeline risk factors associated with oteial
geotechnical impacts include:

Ground shaking in seismically active regions

Damage due to blasting operations at mines and quarries
Ground subsidence and settlement

Landsliding and deep seated slope failures
Displacements across geologically active faults
Freeze-thaw displacements

Erosion and upheaval displacement

Geochemical — including karst, acid rock drainage, and corrosive
soils
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Need for Assessment Prioritization

Shallow Burial
All Pipeline River Depth

Crossings

Pipelines Located
at Scour Prone
Crossings

Potential High Risk

» Site inspection and/or modeling
where needed at each crossing

* Response planning to minimize
potential damage and costs

* Design and permitting support of
upgrades at river crossings to
further reduce risk of failure

Pipelines Near Critical
or Sensitive Species
or Habitats

Segments NEVER removed - just prioritized
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Phased Assessment Approach

« Additional Planning and Mitigation

« Classification Risk Ranking
Phase Il Client Specific Algorithm

* Assessment Refinement

Phase I Desktop and Field

15-25% (2,000)

_ » Screening
Crossings of Concern

Desktop
Phase |

100% (10,000)

* Inventor
All Identified Pipeline Water Crossings y

Desktop
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Management — Planning
Options:

« Operational controls — visual inspection, pressure
reduction, shutdown, HWAP, etc.

* Engineering controls — armoring beds and banks, pipe
sleeves, HDD, etc.

Process:

« Stakeholder involvement
- Data gap assessment

* Feasibility

» Decision implementation
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Operational Controls Example

Scenario

River
Condition

Monitoring Activities

Criteria/Considerations

Communications and Action Plan
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Engineering Controls Example

Alternatives

* RIver training structures

« Channel armoring

* Line lowering

* Supports (inc. horizontal)
« Casing

« VIV Mitigation / Reduction
* Interim measures

« Bank stabilization

e Drilling
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Engineering Controls — Considerations

Permitting:

« Assessments and Requirements
= Ecological
= Cultural
= Species-related

Design:

Perform feasibility reviews

Consider existing, as-constructed, and post-scour conditions
Work hand in hand with permitting team

Build in site access, staging and work areas

Perform a constructability review

Decide on procurement and management processes
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