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Challenges and Learnings from a Condensate Spill in Muskeg

 Initial Spill Site Conditions

* Initial Spill Response
 Remediation Strategy

* Remediation — Areas 2 and 3
* Remediation Area 1
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Initial Spill Site Conditions
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Site Challenges

* Condensate Flammability
* Multiple Stakeholders

* Protected Species

* Organic Soils (Muskeg)

* Site Access
* Water Management

* Product Recovery and
Remediation Constraints
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Stakeholder Engagement

* Protection of receptors

* Protection of traditional land use

* Impact to local wildlife/vegetation

* Transparency

* Maximizing involvement

* Site security and protection of public
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Initial Spill Containment and Surface Water Management

A

* Diversion trenches
* Clay plug cutoff walls

* Recovery bell holes
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Subsurface Containment and Surface Water Management

e Subsurface Containment
* Area 1: sheet piling wall

* Areas 2 and 3: clay plug and trench
around

e Surface Water Management:

* Prevent entry of overland flow into
containment area

e Contain precipitation falling into
containment area
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Condensate Recovery

* Over 1,500 m of condensate recovery trenches and 17 bell holes
* Fire suppressant limited the ability to recover product
* Estimated recovery of 200 m?3 of condensate
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Subsurface Assessment and Conceptual Site Model
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Monitoring

* No impacts to surface water bodies from spill
* Petrogenic vs. biogenic toluene
* Wildlife Monitoring

* Fencing, deterrents (effigies & auditory), remote
cameras, acoustic recording units and nest sweeps

 Common night hawk and other migratory bird nests
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Remediation Strategy

* Developed Risk Management Plan  Phased Remediation Approach
* Risk Assessment * Bench Scale Test

Technology Safety Stewardship Sustainability Science

Thermal Desorption Unit
(TDU)

Multi-Phase Extraction
(MPE)

Dig & Dump

Allu & Bio-Treatment
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Bench Scale Test

* Challenge: 37,000 m3 of impacted soil
* Large cost implications
* Potential to introduce new contaminants

* Learnings: Natural bacteria already present at high
concentrations
* Determined maximum PHC concentrations that can
be effectively treated onsite

* Reduce final concentrations by adding minor
amounts of inexpensive fertilizers
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Remediation — Areas 2 and 3

* Excavated soil, segregating mineral and
organic
 Treated soil within containment structures.

* |ncorporated oxygen and nutrients using
Allu™ buckets.

* Analysis of soil after each treatment to
determine rate of PHC reduction and
nutrient requirements.

MURPHY OIL CORPORATION



Bioremediation Treatment Effectiveness

Peat x 3 Allu's with Nutrients

mg/kg

/ F3

/ R2

Pre-Treatment
Post-Treatment
Tier 1 Guidelines

80-90% reduction in F1
85-95% reduction in F2
70-80% reduction in F3

MURPHY OIL CORPORATION

Clay Till x 3 Allu's

I"--_______ .__.-"
Pre-Treatment TTTr— / Fl
Post-Treatment
Tier 1 Guidelines

55-75% reduction in F1
75% reduction in F2
45-70% reduction in F3




Remediation — Area 1

* Work is ongoing
* Learnings from bench test validated at by site results

* Larger volume of organic soil than Areas 2 and 3
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Learnings
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