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1. Purpose/Report Summary
To bring the Board up to date on the status of the Type A Water Licence Renewal Process
for Imperial Oil Resources N.W.T. Limited.

2. Background
2.1 Project Overview
Imperial Oil’s Type A Water Licence for the Norman Wells operation is set to expire on
August 29, 2014. Imperial Oil is applying to the SLWB for a ten year renewal of its Water
Licence. Very little has changed in the day-to-day operation of the facility from the last
renewal. The renewal application consists of 20 sections; and gives a broad overview of
their operations, management procedures, and monitoring programs to date.
This project overview only summarizes a couple of those sections as many components of
the application have been addressed through the review period and technical sessions, or
will be discussed at the Public Hearing and can be reviewed by the Board again after the
Draft Water Licence comment period.
Norman Wells Operations
The Proven Area covers all of Goose Island, most of Bear Island, a portion of Frenchy’s
Island, the six artificial islands, and the mainland including the Central Processing Facility
(CPF). The Proven Area covers 32 km2, but the geographical footprint of the Norman Wells
operation is approximately 11 km2. Imperial Oil has 179 active wells producing
approximately 14,000 barrels (or 2,225 m3) of oil per day. There are also 170 wells used for
injection, seven wells that are suspended, 29 abandoned wells, and one well listed as
‘other’. The well listed as ‘other’ is used as an inactive observation well.
There are currently eight flowline corridors underneath the Mackenzie River that carry oil,
water, and gas between the islands and the mainland. Within these eight corridors there are
27 flowlines in total. Flowlines are maintained according to all applicable regulatory
standards and codes. Depending on the flowline; maintenance pigging, chemical inhibition,
and biocide applications are completed to maintain the flowline. Inline inspection and direct
assessments are completed to assess flowline condition, remaining life, and operating risk.
Reporting on the depth of coverage is a requirement of the current Licence in the Breakup
Report. The National Energy Board and SLWB share responsibility on reviewing this report.

There have been five wells drilled during the ten year term of the current Licence. Two of
them were drilled in 2008, while the other three were drilled in 2009. At this time, there is no
planned drilling activity for the Norman Wells Operation. If any wells are drilled in the future,
drilling waste will be managed in a manner consistent with the recent programs: treated
fluids will be injected and drilling mud solids will be transported to an off-site approved
waste management facility.
Water Use
The current Water Licence allows for the removal of 3,500,000m3 of fresh water per year
from the Mackenzie River. Between 2004 and 2012, an average of 2,633,291m3 per year
was withdrawn from the river. Of this total water withdrawal, an average of 1,501,598m3, or
approximately 57% is returned to the river. The volume of water returned to the river is
expected to increase over the next ten years as the reservoirs’ production declines. Imperial
Oil also purchased 877 m3 of potable water from the Town of Norman Wells for domestic
use.
The fresh water that Imperial Oil returns to the river is used for process cooling and is
discharged to a settling pond where it is tested for oil and grease, phenols, pH, total
suspended solids, specific conductivity and total residual chlorine, as required by the current
Water Licence (S03L1-001).
The current Water Licence (S03L1-001) has two active SNP stations, which are sampled as
per the following requirements:
SNP Sample
Point

S03L1-01
Water Intake

S03L1-02
Outlet Return
Line

Parameters

Licence Limit

Frequency

Phenols

N/A

Oil and Grease

N/A

Total
Suspended
Solids
Phenols

N/A

Weekly
Composite
Weekly
Composite
Twice Weekly
Composite

Oil and Grease

10.00mg/L

Total Residual
Chlorine

N/A

Total
Suspended
Solids
pH

N/A

Twice Weekly
Composite

6-9

Twice Weekly
Composite

0.14mg/L**

Weekly
Composite
Weekly
Composite
Daily Grab*

Comments

Sampled twice
weekly to meet
hold times

Sampled daily
and analyzed on
site to meet hold
times
Sampled twice
weekly to meet
hold times
Sampled Twice
weekly to meet
hold times

Specific
N/A
Weekly
Conductivity
Composite
*Note: Change in frequency for Chlorine happened in 2012 after Inspector/SLWB
approval after years of lab errors.
**Note: Guideline value amended June 12, 2006.
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Imperial Oil also is required to take a grab sample twice yearly that is analyzed for more
parameters. Since the Water Licence was issued there have been six exceedances of
Licence limits at the Outlet Return Line. Two were Acute Lethality failures, two pH, and two
Oil and Grease. The pH and Oil and Grease failures were suspected to be due to sampling
error and one dirty sample bottle. The first Acute Lethality testing failure was reported on
March 14, 2006. An investigation was initiated, but the cause remained unknown as the lab
results could not be replicated. The second Acute Lethality testing failure was reported on
November 2, 2009. An investigation determined that a corrosion inhibition chemical (Nalco
7390) was introduced into the cooling loop. The root cause was human error during the
execution of management processes which failed to properly assess the chemical. Imperial
Oil pled guilty and was charged under the Fisheries Act and the NWT Waters Act. After this
incident an automatic isolation valve was installed at the settling pond, where before it was
a manual valve. Also, now Imperial Oil only uses chlorine in the cooling system.
Imperial Oil has requested a series of changes to the current Licence requirements which
are outlined in section 3 of their renewal application.
Waste Management
Waste Management Plans were not a requirement at the time of the last renewal, and as
such this renewal application is the first time the SLWB has received a Waste Management
Plan from Imperial Oil for its Norman Wells operation. The Waste Management Plan is in
Section 18 of the renewal application. The Waste Management Plan contains details on
Imperial Oil’s waste storage areas, disposal management practices, and their on-site
treatment and disposal options.
Flaring is an integral part of operations at the CPF. Imperial Oil included total flare volumes
from 2003 – 2012 in their renewal application. For 2012, the total flare volume was 2069 m3.
There are ongoing discussions related to flaring regulation and what is required. While the
NEB is the lead regulator, other organizations are concerned by the lack of public
disclosure. The current Licence does not require reporting on flaring. The other comparable
facility in the NWT is the Cameron Hills, which through its EA required a certain level of flare
reporting, including monitoring, that is part of a publicly available report. Because this was
required by the EA it is not part of the Type A Water Licence held by the MVLWB.
Land Ownership
The operational area of Imperial Oil is known as the Norman Wells Proven Area, which was
formed through an agreement between Imperial Oil Limited and the Government of Canada
on July 21, 1944. Imperial Oil’s Norman Wells operations are situated on a mix of federal
Crown Lands, territorial lands and lands owned by Imperial Oil. Imperial Oil has purchased
the certificates of title for formally leased lands from the territory on Goose, Bear, and
Frenchy’s Islands. The mainland portion of the site is a 30 year lease from the
Commissioner of the NWT, effective from August 2009.
As for the Crown leases, Imperial Oil provided details on seven of them in their renewal
application. The six artificial islands were leases created in 1982 for a period of 30 years,
and are apparently being renegotiated despite expiring in 2012. The West Marina Dock is
also a Crown lease created in 2009 for a period of 30 years.

3

Closure and Reclamation
Imperial Oil has conducted extensive reclamation activities over the past ten years. Details
of all activities related to Closure and Reclamation are available in their annual A&R
Reports. Some of the highlights of reclamation activities include; capping and closing
sumps, development of the biocell, and two groundwater remediation systems (at the former
refinery bank and at the B-38X well site).

3. Process Requirements
Application Received: August 27, 2013
Application Deemed Complete: October 1, 2013
Number of Review Agencies: 33
Application Review Period End Date: November 18, 2013
Technical Sessions: January 15 – 17, 2014
Other important and upcoming dates are in the attached Work Plan.
The application fee in the amount of $30 for the Water Licence was received with the
application.

3.1 Community Consultation
Imperial Oil began community consultation for this renewal process in November 2012.
From November 2012 through to August 2013, Imperial Oil sought input and met with
community organizations from each of the five Sahtu communities, as well as holding public
meetings in each of the five communities.
During their public meetings Imperial Oil presented an overview of their operations, how
much water they use and what it is for, their spill record, reclamation results, and
emergency response processes. Within section ten of the renewal application they
submitted a log outlining questions asked in each of the communities, any commitments
they made, and any necessary follow-up actions.
As per the Board’s Engagement Policy, Imperial Oil also submitted an Engagement Plan. In
order to implement the Engagement Plan, Imperial Oil has committed to maintain regular
ongoing contact with the communities and at a minimum host a public meeting every two
years, if requested by a particular community. Additionally, Imperial Oil will provide annual
community updates, attempt to attend any career fairs held in the communities, and hold the
required Chapter 9 meetings.

3.2 Traditional Environmental Knowledge
Imperial Oil submitted with their renewal application a new Traditional Knowledge study
based on use of the Mackenzie River from Norman Wells downstream to Fort Good Hope.
In April, 2013 Imperial Oil, with their consultant AMEC, conducted one day workshops in
Norman Wells and Fort Good Hope with knowledgeable river users to update the
information from the study submitted with their 1999 application. Imperial Oil sought
information specifically related to;
• Physical features of the river;
• Location of fish stocks, types of fish, changes in fish stocks over time;
• Location of moose and other large animals along the river;
• Location and types of migratory birds along the river;
4

•
•
•
•

Presence and abundance of other animals along the river;
Seasonal uses of the river and shore line resources;
Locations of cabins and the names of the owners; and
Locations of burial, cultural and spiritual sites.

The study contains details on each of these bullet points. Imperial Oil also conducted a river
workshop with community members from Fort Good Hope that involved boating from
Norman Wells to Fort Good Hope identifying significant locations directly.
Some of the community concerns brought up during the traditional knowledge study,
include;
• Belief that problems in fish are caused by oil industry;
• Lack of transparency from oil industry;
• Concerns about water quality being impacted by industrial activities;
• Belief that Imperial Oil is hiding information about spills; and
• Issues around historically impacted sites that may not be properly documents.

3.3 Preliminary Environmental Screening
Based on Schedule 1: Part 1 subpart 2 of the Exemption List Regulations, which states that,
“a development, or apart thereof, for which renewal of a permit, licence or authorization is
requested that
a) has not been modified; and
b) has fulfilled the requirements of the environmental assessment process established
by the Mackenzie Valley Resource Management Act, the Canadian Environmental
Assessment Act or the Environmental Assessment Review Process Guidelines
Order.
and pursuant to paragraph 143 (1)[c] of the Mackenzie Valley Resource Management Act
this application is exempt from a Preliminary Screening.
A Preliminary Screening was undertaken by the SLWB in April 1999, and was subsequently
approved by the Board on April 28th, 1999. Imperial Oil has applied for a Water Licence
Renewal, and there have not been any significant alterations to the operational footprint or
industrial process noted in the current Water Licence Renewal Application; therefore, a new
Preliminary Screening is not required.

3.4 Conformity with Land Use Plan
Based on section 34 of the Mackenzie Valley Resource Management Act, or section 2.1 of
the Sahtu Land Use Plan (Plan), the Plan does not apply to lands within the boundaries of a
local government. Based on the municipal boundaries of the Town of Norman Wells, the
entire Proven Area on which Imperial Oil operates appears to be within these boundaries.
According to the Plan, a small portion of the Proven Area lies within the larger Block Land
Transfer and is subject to the exemptions as a legacy land use as laid out in section 2.5 of
the Plan. Based on all available map and GIS information, Imperial Oil operates entirely
within municipal boundaries and is therefore not subject to the Land Use Plan. The small
portion outside the municipal boundaries is within the river and has no Imperial Oil
infrastructure. See attached map.
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4. Other Agency Comments
The Renewal Application was circulated to 33 organizations requesting a reply by
November 18, 2013. The SLWB received responses from seven organizations. All
comments were submitted through the Online Review System and included responses from
Imperial Oil. The following is a summary of key comments. See attached material for full
comments and responses (Imperial’s responses are in italics after the relevant comment, if
applicable. Comments in italics and underlined are from Board staff). The following
organizations offered comments;
AANDC
• Recommends that the scope of the Licence be updated to reflect current and future
operations at the site. Imperial provided definitions for current operational activities
that have happened since the last renewal.
• Recommends that all monitoring data and lab results be submitted to the SLWB as
part of the Licence renewal. Current reporting requirements for Licence S03L1-001
ensures all this data is already on file with the SLWB through its two monthly reports
and three annual reports.
• A map with all current SNP locations should be submitted and those locations
should be reviewed for adequacy. Imperial Oil has provided a map and GPS
coordinates for current SNP locations and the larger surface water run-off basins.
• Requests information on the criteria to determine the difference between current
surface water run-off assessments. AANDC requests additional information on the
chloride criterion of 500 mg/L. Imperial has provided the rationale between the
different locations sampling regimes, which has been updated in the draft Water
Licence sent out for informing interventions. The 500 mg/L for Chlorides is
consistent with Alberta and British Columbia requirements and sits in between the
CCME standard based on short term and long term exposure.
• Recommends a working group be established to develop an AEMP. Imperial
requests a phased implementation period to include reviews and consultation on any
new AEMP. Based on discussions at the technical sessions, requests for
membership in an AEMP Working Group has already been distributed and will be
established prior to the Public Hearing.
• Recommends that a Groundwater Monitoring Plan be submitted and that Imperial
Oil’s work related to groundwater be better defined and outlined. Imperial Oil’s
existing groundwater program consists of A&R sites and ongoing operations. The
current Licence does not include a reporting provision for ongoing operations
groundwater wells. Board staff have discussed this at length with Imperial Oil and
believes that current reporting requirements can be corrected to address this.
Further the AEMP Working Group is a perfect venue for discussing groundwater
monitoring programs and should be integrated into this program to allow proper
review and consultation on groundwater.
• Recommends that Conditions Applying to Waste Disposal be updated to reflect the
operation of a contaminated soil treatment facility based on GNWT Guidelines for
Contaminated Site Remediation. Imperial Oil has elected to use CCME guidelines
rather than the NWT ones as additional scientific rationale for petroleum
hydrocarbon guidelines were more recently updated. Further, CCME guidelines are
a requirement of the NEB Remediation Process Guide.
• Recommends that a Contaminated Soil Treatment Facilities Operation and
Maintenance Plan be submitted as part of the renewal application. Imperial Oil
provided detailed acceptance criteria guidelines in their response. At the technical
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•

•

•

sessions and through further discussions it was agreed that this information can be
part of an updated Waste Management Plan, rather than a separate Plan.
Recommends that all existing and past contaminated soil storage and treatment
locations be submitted, which shall include estimated storage capacity, locations,
and descriptions. Imperial Oil has agreed to include this information in an updated
Appendix to the Waste Management Plan.
Recommends that all hazardous materials be stored appropriately with secondary
containment, and that a map with locations be provided. The list of hazardous
materials was provided in the Spill Contingency Plan. At this time Imperial Oil does
not have one single map with locations of hazardous material. The Spill Contingency
Plan contains the locations of tanks, while the Fuel Management Plan gives the
permanent storage locations for all fuels. The Waste Management Plan shows the
locations of solid hazardous and non-hazardous materials that are stored on site.
Recommends a working group be established to develop a Closure and
Reclamation Plan. Further, AANDC recommends that a final Closure and
Reclamation Plan be provided for review two years prior to the end of operation as a
condition of the Licence. Imperial Oil supports the establishment of a working group.
At the technical sessions this was agreed to and will be established like the AEMP
group prior to the Public Hearing. The two year provision for a final Plan was
included in the draft Licence distributed for intervention assistance.
AANDC looks forward to reviewing and providing advice on any new security
estimate. Given ongoing discussions and additional IR’s related to the security
questions this will be discussed elsewhere.

Environment Canada
Did not have any specific comments at this stage of the renewal but intends to participate in
the other stages of the renewal. Some questions posed by Environment Canada were
addressed at the technical sessions.
Fisheries and Oceans Canada
DFO has no concerns or comments.
GNWT – Environment and Natural Resources
• The Forest Fire Management Plan should reference the Northwest Territories and
not Alberta. Imperial Oil has updated the Emergency Response Plan to replace
references to the province of Alberta.
• Recommends that the Board retain all data and analysis related to the Surveillance
Network Program. Imperial Oil agrees.
• A record of all temporary soil containment cells should be submitted and temporary
storage locations for scrap metal included in Appendix A of the Waste Management
Plan. Imperial Oil has updated the Waste Management Plan.
• Soil treatment parameters and results need to be clarified for the biocell. Similar to
response given to AANDC related to soil treatment.
GNWT – Health
GNWT Health has no concerns or recommendations.
Sahtu Renewable Resources Board
• Recommends that remediation activities be certified by a third party and that a
higher security deposit be requested that covers the full cost of reclamation. Given
ongoing discussions and additional IR’s related to the security questions this will be
discussed elsewhere.
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Recommends that the monitoring regime for sumps only be changed for sumps that
have been reclaimed as certified by a third party. Imperial Oil has only requested
that references to supernatant fluids be removed and will still test surface water runoff from the sumps.
Given recent news reports related to the Norman Wells facilities, what additional
preventative and detection systems for spills and leaks will be put in place? Imperial
Oil undertakes numerous integrity testing procedures. Imperial Oil has provided
clarification on some points from that news article.
Does Imperial Oil keep records and volumes and materials injected at the F-31X
injection well and can they provide these details for the last five years? Imperial Oil
provided clarification on the difference between the F-31X injection well and its other
injection wells. The total volume of material is metered and has varied from between
23,000 – 51,500 m3 annually.

Yamoga Land Corporation
Had several broad questions including; what are the water disposal methods and locations?
Does Imperial Oil have a water monitoring program? What are the reporting requirements?
Imperial Oil provided details answering each of these questions and highlighted the
appropriate sections of their renewal application.
Letters of Support
• Canadian Helicopters – Received February 12, 2014
• Global Technical Systems – Received February 21, 2014
• Norman Wells Chamber of Commerce – Received February 28, 2014
• JFSL – Received March 1, 2014

5. Technical Sessions
Technical sessions were held January 16 and 17 in Norman Wells, with a tour of the
Imperial Oil facility on the afternoon of the 15th. Attached is the agenda from the meetings.
Discussions from the first day revolved around the requested Licence amendments made
by Imperial Oil in their renewal application, water quality management and the SNP, as well
as contaminated soil management. The second day of discussions focussed on closure and
reclamation and flowline integrity management.
The technical sessions were attended by representatives from the following organizations;
Sahtu Land and Water
Board

Imperial Oil

National Energy
Board

Sahtu Renewable
Resources Board

Environment Canada

Norman Wells Land
Corporation

Norman Wells
Renewable
Resources Council

GNWT –
Environment and
Natural Resources

GNWT – Health

Yamoga Land
Corporation

Fort Good Hope
Renewable
Resource Council

Fort Good Hope
Metis Land
Corporation

Aboriginal Affairs and Northern Development Canada
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Numerous action items were documented at the sessions in addition to five formal
information requests.
Information Requests and Responses
The full text of the information requests distributed after the technical sessions as well as
the responses from the respective parties are attached. Below is a summary.
•

•

•

•
•

IR#1 – GNWT – ENR: release of community water monitoring program research
questions/data. ENR was asked to provide information on their community water
monitoring program research to help inform the design of the AEMP by Imperial Oil.
Essentially a commitment was requested, understanding that given time constraints
and ongoing sample analysis full results might not be available. Additionally, ENR
needs permission from the communities to release the data. In their response, ENR
committed to expediently assemble a list of the water – related concerns/research
questions prioritized from work with the communities. Data for the 2013 samples are
expected at the end of March 2014. Once this information has been presented to
communities it can be made available for use in development of the AEMP.
IR#2 – GNWT – ENR: provide background information on PAH/TPH and its
relationship. ENR is to provide relevant information on the relationship between total
petroleum hydrocarbons and polycyclic aromatic hydrocarbons to assist Imperial Oil
in developing an Effluent Quality Criteria (EQC) for inclusion in a potential Water
Licence. In their response ENR provided some ratios and ranges for the relationship
between TPH/PAH and some scientific literature for Imperial Oil to use.
IR#1 – Imperial Oil: review of EQC for TPH according to the Board’s Water and
Effluent Quality Management Policy. Imperial Oil is to review available information
on TPH detection limits to determine and recommend whether or not the requested
10 mg/L limit is adequate for the protection of aquatic life. For the February 3rd, IR
response deadline Imperial Oil was to confirm that this review is taking place and
encompasses all parts of the Licence’s SNP. Imperial Oil is working on addressing
this IR and plans to provide the information in time for consideration during the Draft
Licence review.
IR#2 – Imperial Oil: map of SNP location and surface water discharge locations that
is colour coded distinguishing between SNP Part D categories. Imperial Oil provided
the map.
IR#3 – Imperial Oil: define closure and reclamation facilities and document
contaminated soil management practices in the Waste Management Plan. Imperial
Oil defined biocell, groundwater treatment facilities, landfarm in their response.
Imperial Oil then provided details on the operation and acceptance criteria of the
biocell.

6. Additional Information Requests
Due to some of the unaddressed comments from the initial review period, discussions at the
technical sessions, and updated Board processes for the renewal of Type A Water Licence
since the last renewal, additional IR’s were distributed related specifically to security by
Board staff in consultation with legal counsel. See attached additional information requests
and responses. Below is a summary.
•

IR#1 – AANDC: current security held for Imperial Oil’s Norman Wells Operations.
AANDC is to provide the amount and nature of any security deposit(s) held under
any regulatory instrument of through land tenure agreements, and evidence of what
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portion is allocated for closure and reclamation. AANDC confirmed that the Water
Licence security in the amount of $2 million is in good standing. AANDC reminded
the Board that the Government of Canada is one third responsible for reclamation
costs set aside in trust.
IR#2 – AANDC – mine site reclamation policy. AANDC is to provide details on
whether any of the principles of the 2002 Mine Site Reclamation Policy apply to
Imperial Oil’s operations, and if so what parts and how they should be adapted for
the oil and gas context. As for the Mine Site Reclamation Policy, the most applicable
principle is that the Crown should not bear the liability for projects in the Northwest
Territories. This position also aligns with Treasury Board guidelines, which instruct
all Ministers to retain zero liability.
IR#4 – Imperial Oil: provide a security estimate with a full cost estimate of total site
liabilities associated with the closure and reclamation of the Norman Wells
operation. Imperial Oil maintains that full closure and reclamation responsibilities lie
with other federal agencies and are addressed in the Proven Area Agreement.
Imperial believes that if the Board feels otherwise, that we should rule on this matter
prior to the Hearing. Imperial believes that they are not in a position to provide
detailed estimates of liabilities because “doing so may negatively impact the
competitive bid process to undertake this work.”
IR#5 – Imperial Oil: evidence of financial capacity that is appropriate in relation to the
Norman Wells operation. This is necessary so that the Board can adequately assess
the financial capacity of Imperial Oil as required by paragraph 14(4)[d] of the
Northwest Territories Waters Act. Imperial Oil outlined their financial strength for the
company as a whole as well as their credit rating. To assign these obligations would
require the approval of the Minister.
IR#6 – Imperial Oil: provide the amount of any security deposits related to its
Norman Well site and operations held by other regulators, including the federal
Minister and NEB. Provide evidence of what portion of said security deposits are
allocated for the purpose of closure and reclamation. Imperial confirms the $2 million
held under the Water Licence. The NEB holds $26 million under COGOA for cleanup operations and spill response. The NEB also holds $75 million under COGOA for
the costs of abandonment of any installation or structure if not performed by
Imperial. Imperial then indicates that this is not Imperial’s mechanism for financing
reclamation. Finally, as of year-end 2013, $181.4 million was held in a Trust Account
that was set up in 1998 to ensure the Crown’s portion of the closure and reclamation
costs are secured.

6. Next Steps
The already referenced attached Work Plan outlines the next phases of the Imperial Oil
renewal. A Pre-Hearing Conference between any interveners, Imperial Oil, Board staff and
legal counsel will take place on March 10. The Public Hearing is scheduled for April 2-3,
2014 in Norman Wells. All logistical arrangements have been made.

7. Reference Material Attached
7.1
7.2
7.3
7.4
7.5

Work Plan for Imperial Oil Renewal Process
Map of Proven Area
Review Comments and Proponent Responses
Letter from Canadian Helicopters
Letter from Global Technical Systems
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7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14

Letter from Norman Wells Chamber of Commerce
Letter from JFSL
Technical Sessions Agenda
Information Requests from Technical Sessions
Responses to Information Requests from GNWT – ENR
Responses to Information Requests from Imperial Oil
Additional Information Requests
Responses to Additional Information Requests from AANDC
Responses to Additional Information Requests from Imperial Oil

Respectfully submitted,

Tony Morris
Regulatory Specialist

Executive Director Comments:

Paul Dixon
Executive Director
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File:

S13L1-007

Work Plan for
Water Licence Renewal Application
Imperial Oil Resources - Norman Wells Operation
Purpose of the Work Plan
To outline the processes and timelines to be followed for the Water Licence Renewal
Application S13L 1-007 (Renewal of S03L 1-001) for Imperial Oil Resources Norman Wells
Operation.

Background
Water Licence S03L 1#001 expires on August 29, 2014. Imperial Oil Resources submitted
their renewal application on August 30, 2013, which gives 12 months to complete the renewal
process prior to licence expiration.

Scope of the Project
The scope of this project includes water use, bank alterations, and deposit of wastes in
association with oil and gas production at the Norman Wells Operation as described in Part
A:1 of Water Licence S03L 1-001.

Guiding Principles
The following principles will guide the Work Plan of the SLWB throughout this Water Licence
Renewal process:
• The licensing process shall be carried out in a timely and expeditious manner and
shall have regard to the protection of the environment in consideration of the impacts
of proposed undertaking and the importance of conservation to the well being and way
of life of the aboriginal peoples of Canada (Section 35 of the Constitution Act, 1982);
• The Board will consider changes to the Water Licence based on evidence and
rationale submitted by the company or any other party;
• The Board may also consider changes it considers appropriate to meet its mandate,
applicable policies, and to ensure consistency in decision-making throughout the
Mackenzie Valley; and,
• The Board will actively continue to ensure compliance with existing Water Licence
requirements.
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Work Plan Objectives
The Work Plan is to achieve the following objectives:
• Evaluate the adequacy of the current Water Licence tenrts and conditions;
• Gather a broad range of input through the review process;
• Ensure adequate information is gathered to complete the Water Licensing process;
and,
• Facilitate a thorough, inclusive, and timely Water Licence Renewal process.

Opportunities for Community Engagement
•

•

•
•
•
•

The Board requires proponents to engage with communities on their Water Licence
Application prior to its submission. Imperial Oil's Engagement Record and Plan is
Section 10 of their Renewal Application;
The Board will distribute the Water Licence Renewal Application to all reviewers including Aboriginal organizations, government agencies, and communities - for
review using the LWB Online Review System;
The Board will include a notification(s) regarding the review process in the newspaper;
The Board will coordinate a technical session(s) to address specific issues that require
a more focused review and discussion;
The Board will hold a public hearing; and,
Any other consultation or engagement activity that the Board considers appropriate.
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Work Plan for Water Licence Renewal Application
Imperial Oil Resources - Norman Wells Operation
Task
Public review of Renewal Application and
Work Plan

Partv
Reviewers

Proponent Response to Reviewer
Comments

Proponent

Due/Complete
November 18, 2013

Duration
7 weeks

(Monday)

4weeks

December 13, 2013
(Friday)

Circulate Agenda for Technical Sessions

SLWB

January 10, 2014
(Friday)

Technical Session

All Parties

2days

January 16-17,
2014
(Thursday-Friday)

Circulate Technical Session Information
Requests (IRs) to Reviewers and Proponent
Deadline for all Parties Responses to IRs

SLWB

January 20, 2014
(Monday)

All Parties

2 weeks

February 3, 2014
(Monday)

Draft Water Licence V.1 Sent Out For
Review (Comments as Part of
Interventions}
Deadline for Interventions

SLWB

February 6, 2014
(Thursday)

lnterveners

4weeks

March 7, 2014
(Friday}

PreMHearing Conference

All Parties

March 10, 2014
I

Deadline for Reviewers Public Hearing
Presentations

Reviewers

Deadline for Proponent Response to
Interventions

Proponent

Deadline for Proponent Public Hearing
Presentations

Proponent

Public Hearing

All Parties

1 week

(Monday)

March 17, 2014
(Monday)

March 17, 2014
(Monday)

Sdays

March 21 , 2014
(Friday)

April 2-3, 2014
(Wednesday-Thursday)

Public Hearing Undertakings Due

All Parties

1 week

April 11 , 2014
(Friday)

Draft Water Licence v.2 Sent Out for
Review

SLWB

1 week

April 21, 2014
(Monday)

Reviewer Comments Due on Draft Water
Licence v.2

Reviewers

Proponent Comments Due on Draft Water
Licence v.2

Proponent

2 weeks

May 5, 2014
(Monday)

S13L1-007 - Imperial Oil Resources - Water Licence Renewal

1 week

May 12, 2014
(Monday)
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Deadline for Closing Arguments from
lnterveners

lnterveners

Deadline for Closing Arguments from
Proponent

Proponent

Draft Water Licence and Reasons for
Decision sent to AANDC Minister

SLWB

Final Decision from MNDC Minister and
Issuance of Water Licence

1 week

May 19, 2014
(Monday)

1 week

11

May 26, 2014
(Monday)

2 weeks

June 9, 2014
(Monday)

MNDC
Minister

S03L1-001 expires:
August 29, 2014
(Friday)

***SLWB - Sahtu Land and Water Board; AANDC - Aborioinal Affairs and Northern Develooment Canada.

Sl3L1·007 - Imperial Oil Resources - Water Licence Renewal
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Review Comment Table
Board:
Filc(s):

SLWB
Imperii
Imperial Oil Resources Limited - Norman Wells Operations -Type A Water Licence Renewal
S13Ll-007

Proponent:

Imperial Oil Resources

Documcnt(s):

S 13Ll-007 - Water Licence Renewal Application (155kb)
S03Ll -001 - Emergency Response Plan - Dec 30 12 (6mb)
Sl3Ll -007 - Revised Work Plan - Tvoe A Renewal (40kb)

Item For Rc,·icw
Distributed On:

Oct I at 16:07 Distribution List

Rc\'icw Item:

Re' icwcr Comments I
1..:n
Dul' By:
1

Proponent
Responses Due By:

Dec 13, 2013
There are 3 items as part of this review;
•
•

Item Description:

•
•

Water Licence Renewal Application - this is lrnperial's Water Licence Renewal Application which is
out for review. Comments should address the sections of this application.
Work Plan - this is the timeline of components for the Licence Renewal process. This is for public
information purposes only. Please make notes in your calendars of dates if you wish to partake in any
parts of this Licence Renewal.
Emergency Response Plan - the currently approved Emergency Response Plan for Norman Wells from
2012 for informational purposes.
Revised Work Plan - As of November 7, 2013 this is the working wor kplan, please make a note of

the revised dates.
Ccncrnl RCYicwcr
In formation:

Re:

Water Licence Renewal Application - Sl3Ll-007

Imperial Oil Resources Limited Type 'A' Water Licence Renewal
Norman Wells Operations
Request for Comments
Attached for your review and comment is the Type 'A' Water Licence Renewal Application from Imperial Oil
Resources Limited for continuing operation of their Norman Wells facilities.
The renewal application includes 20 sections, the most recent Emergency Response Plan from the Norman
Wells Operations, and the Work Plan for the Type 'A' Renewal. The Work Plan contains the expected dates of
all components of the renewal process. These dates are subject to change at the Board's discretion. Notification
of all deadlines will be available on the Online Review System or through correspondence from the Board.
Please submit your comments or concerns in writing to our office through the online review system, no later
than Monday November 18, 2013. Comments shall be uploaded directly to the online review system. If
you are unsure of how to do this please contact the Sahtu Land and Water Board office. Should you need
additional time, please contact us prior to the above noted date.
Thank you for your time and effort on this matter.
Tony Morris 867-598-241 3 ext 223

Comment Summary
ID

!Proponent General File Comment

{doc)ISee attached. Submitted by email to Tony Morris on Monday November 18.
I
(doc) ISee attached.
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ID
25

Topic
General File

Water Licence
Revisions
Scope and
Definitions

0i

Reviewer Comment/Recommendation !Proponent Response
Comment (doc) AANDC Cover LetterImperial Oil WL Renewal
Recommendation
Comment The Scope of Imperial Oil Ltd. Dec 13: A discussion of groundwater monitoring program is
(IOL) water licence does not currently
provided in response to AANDC ID 6 and operation of the biocell
include - and should be updated to include in response to AANDC ID 8. Conditions applying to reclamation
- the following operations/programs : are included in Part H of the current licence and program details
Contaminated Soils Treatment Facility
updated annually in the annual reports submitted to the SLWB.
(Biocell); - Groundwater Monitoring; IOR has suggested some updates to this section of the licence as
Progressive Reclamation; and, - Closure described in section 16 of the application. IOR suggests the
and Reclamation. Further, the Definitions following definitions be included in the water licence:
section of the water licence should include Groundwater Monitoring Program: A series or network of
definitions of the Biocell, Groundwater
monitoring wells designed to test groundwater conditions for
Monitoring Program, Progressive
comparison against baseline data obtained from a point or area
designated as a control. Data are also evaluated relative to current
Reclamation and Closure and
Reclamation.
regulatory guidelines protective of human and ecological health.
Recommendation AANDC recommends Progressive Reclamation: To reduce current and future
that the Scope of Imperial Oil Ltd. current environmental liabilities and meet applicable regulatory
water licence be updated to reflect the
requirements and stakeholder expectations. Progressive
current and future operations at the site.
reclamation or ''reclaim as you go" is an intrinsic aspect of oil and
gas development and closure planning. The benefits of progressive
reclamation are many, including:
•
•

Sets the stage for the reclaimed land to evolve into a selfsustaining ecosystem early on;
Allows operators and regulators to establish a longer
performance record of the reclaimed lands, thereby
enabling continuous improvement and adaptive
management;

Biocell I Biotreatment Cell: An on-site area or engineered cell
designed for the treatment of soil through biological processes such
as microbial metabolism to degrade soil and water contaminants
and decontaminate sites to meet remedial objectives. The
bioremediation process may involve the addition of water and
nutrients, as well as aeration through mechanical processing (a
twister bucket attachment on an excavator). Also known as
Biocell. Closure/No Further Action: Refers to the process and
time whereby all of the owner or operator's abandonment and/or
reclamation responsibilities have been met to the satisfaction of
applicable regulatory agencies. The process requires the permanent
tennination of operations,. the dismantlement of all infrastructure,
and the successful reclamation of the site. Reclamation: The
process of returning a disturbed site to its natural state or one for
other productive uses that prevents or minimizes any adverse
effects on the environment or threats to human health and safety.
2

Surface and
Groundwater
Monitoring
Monitoring
results

Comment AANDC recommends all
existing surface and groundwater quality
results be submitted to the Board as part
of the current water licence renewal
process. This data should include lab
sheets for any analyses conducted offsite.
If possible the data and reports should be
provided in a electronic (i.e. usable) form
such as a database or spreadsheet.
Recommendation AANDC recommends
all monitoring data and lab results be
submitted to the Sahtu Land and Water
Board, as part of the current water licence
renewal.

3

Surface Water

Comment The current water licence

('

Dec 13: Norman Wells Abandonment and Restoration Annual
Report. Similarly, the laboratory analyses from all surface water
run-off releases and surveillance stations are summarized and
submitted to the Board in the Monthly Water Use Reports as well
as the Annual Water Use Report Dec 13: Monitoring and
laboratory data collected pursuant to the abandonment and
reclamation program is summarized and submitted to the Sahtu
Land and Water Board as part of the Nonnan Wells Abandonment
and Restoration Annual Report. Similarly, the laboratory analyses
from all surface water run-off releases and surveillance stations are
summarized and submitted to the Board in the Monthly Water Use
Reports as well as the Annual Water Use Report due on March
31st each year. As the laboratory certificates of analyses comprise
a large volume of data, they are kept on file (rather than included in
various reports) and made available to the SLWB and Inspector as
requested.
Dec 13: IOR has updated Figure 4.3 in Section 9 Maps and
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Monitoring
SNP sampling
locations reassessent + Map

includes 2 active sampling locations
(S03Ll-Ol & S03Ll-02), and 2 inactive
sampling stations (S03Ll-2 & S03L l-3).
All current surface water sampling
locations should be represented on a map
that includes the location and orientation
of structures, facilities and storage areas at
the site.
Recommendation A map including all
current surface water SNP sampling
stations with associated GPS coordinates
should be submitted to the Board as part
of the current water licence renewal.
Furthermore, AANDC recommends all
current SNP surface sampling locations to
be reviewed for adequacy, and that any
supplemental SNP sampling stations
deemed necessary be added to the current
Surveillance Network Program.

/""""\

Figures (see attached- copy provided as separate pdf file) to
include locations where surface water run-off often collects and is
tested prior to release. Areas where run-off often collects is in
impound basins and ditches. The ditches and CPF Impound Area
have been designed with a culvert gate that can be opened and
closed as needed to release tested water. For the LT 11 Impound
Basin, Refinery Impound Basin, and Refinery Water Flood Basin a
pump must be set up each spring/summer to release the tested
water. There are other areas on site such as bermed areas, well
pads, bunkers, and excavations where surface water run-off may
need to be tested for release, however, depending on weather
conditions and work activities these release locations vary. The
GPS coordinates (NAD84) of all regular sample locations are
provided below:
!Location
!Longitude
jLa
r1
latitude
S03Ll-01 (CPF
·
lnlet)
W l26°53.053'
N65°17.230'
1
SOJLI-02 (CPF
Outlet)
IW126°53.093'
N65°17.196'
I

[CPF Impound Area IW 126°53.121'
ILT ~ I Impound
1W 126°s1.122·
IBasm

!Re~nery Impound
[Basm
!Refinery Water
!Flood Basin
4

Surface Quality
Monitoring
Section 14.4 :
Surface Run off

IN65°17.132'

11

lN6s 0 11.02T

IWI26°50.81 T

N6s 0 16.888'

1W126°so.539'

~65°16.938'

Comment There are different sampling
Dec 13: The Surveillance Network Program (SNP) for surface
regimes for areas "where impacts are
water run-off is operated under the terms of the existing water
licence. Different analytical parameters are specified depending on
anticipated" as opposed to areas "where
no impacts are anticipated". Also, Page 4 whether water is in areas "where no impacts are anticipated" or in
"areas where impacts may be anticipated". IOR applies the "areas
lists a limit of 500 mg/L for chlorides.

AANDC does not recall any discussions
or rationalization for setting the discharge
criteria of 500 mg.IL for chlorides.
Recommendation AANDC requests
information on the criteria used to identify
"areas where impacts are anticipated"
since this selection will determine the type
of sampling carried out at a location.
AANDC requests that additional
information be provided supporting the
chloride criterion of 500 mg.IL. AANDC
would look forward to working with IOL
and the SLWB to decrease this critieria if
it is practical and acheivable.

I'

where no impacts are anticipated" to areas where there is no known
historic impacts and no current potential for concern. The potential
for concern is determined by ensuring there are is no visual sheen,
chlorides are < 500 mg/I, and pH is between 6-9. Areas where no
impacts are anticipated could include benned areas, ditches,
excavations, bunkers, etc. IOR applies the "areas where impacts
may be anticipated" in or near areas of known historic impact.
IOR classifies impound basins as "areas where impacts may be
anticipated" due to the large volume of surface water run-off that
collects over areas such as the Central Processing Facility, former
Battery 3 or refinery site. In areas where a visual sheen is present,
chlorides are > 500 mg/I, and pH is outside the 6-9 range would
also be classified as an "area where impacts may be anticipated".
In addition to the Impound Basins, areas where impacts may be
anticipated can also include bermed areas, ditches, excavations,
bunkers, etc. Results are reviewed prior to release of any surface
water run-off. Run-off that does not meet release criteria outlined
in the Water Licence is transported to F-3 lX Treatment and
Injection Facility. Over the current licence period, IOR has
released 859, 883 m3 (800,381 m3 to year-end 2012 plus 59,502
m3 year-to-date in 2013) surface water run-off without incident.
IOR requested the addition of chloride sampling and the release
criteria of 500 mg/Lin the 2004 Water Licence Renewal
Application. This value, as discussed with the Technical Advisory
Committee and Sahtu Land and Water Board in 2004, and is the
acceptable standard in Alberta and British Columbia. The periodic
release of water below this value to a terrestrial surface (and not
directly to water) is not anticipated to have an impact and is low
enough to prevent unacceptable concentrations in the watershed.
The Canadian Council of Ministers of the Environment recently
updated the Canadian Water Quality Guidelines for the Protection
of Aquatic Life criteria to 120 mg/L for long term exposure and
640 mg/L for short term exposure. The periodic release of water at
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Surface quality Comment While IOL has proposed a
Monitoring
condition in the Water Licence regarding
AEMP
the requirement for an Aquatic Effects
Monitoring Program, there is very little
information on the scope of any AEMP.
The application package summarized the
previous AEMP results however the
previous AEMP does not align with
AANDC's AEMP Guidelines. The
previous AE:tvfP consisted of plume
surveys, fish testing, liver ratings, etc with
very little statistical inpretation. More
rigorous sampling and analyses are
required to address specific questions and
potential effect assessments.
Recommendation AANDC looks
forward to working with IOL and any
other interested party, when it comes to
providing comments on the proposed
AEMP and recommends that a working
group be established in this regard.

0

500 mg/L meets the short term exposure standard and with
dispersion would not be anticipated to raise concentrations in the
watershed to 120 mg/L. Based on past data, IOR expects release
water to be much lower than 500 mg/L, but believes that the level
remains protective and is consistent with other regulatory
jurisdictions.
Dec 13: Part I of the existing Water Licence (S03L-OOI as
amended) required the implementation of an approved aquatic
effects monitoring program. In February 2000, IOR submitted a
discussion paper to the SLWB outlining the NWO AEMP. The
discussion paper included background information and the
scientific rationale upon which this AEMP would be based. In
July 2002, the final AEMP Study Design (Golder 2002) was
approved by the SLWB. The approved program was initiated in
2002 and completed in 2006. The final report was submitted in
2007 to the SLWB and members of a Technical Advisory
Committee for review (Golder 2007). On May 14, 2008, the
SLWB accepted the report and the AEMP was concluded. IOR
proposes to implement a new AEMP as part of its Licence
Renewal. A number of guidelines in this regard have been
developed since the last program was completed including
Guidelines for Designing and Implementing Aquatic Effects
Monitoring Programs: Overview (MVLWB June 2009),
Guidelines for Designing and Implementing Aquatic Effects
Monitoring Programs for Development Projects in the Northwest
Territories. (Government of Canada, 2009) and the Guidelines for
Adaptive Management - a Response Framework for Aquatic
Effects Monitoring (Wek'eezhii Land & Water Board October 17,
20 l 0) which is currently in draft. IOR suggests that a phased
implementation period that includes review and consultation with
the SLWB, AANDC and others be included in the new water
licence to allow for orderly program development in consideration
of these various guidelines and draft documents as well as the

6
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Groundwater
Quality
Monitoring
Groundwater
Monitoring Plan
and Map

Comment The groundwater monitoring
program at the IOL site should be better
defined and outlined as part of this water
licence renewal process. The plan is
important to understand if operations at
the site are having an impact on
groundwater in the area. A Groundwater
Monitoring Plan should therefore be
prepared by IOL and submitted to the
Board as part of this renewal application.
Recommendation AANDC recommends
that a Groundwater Monitoring Plan
(GWMJ») be submitted to the SLWB as

unique operating and environmental conditions at Norman Wells.
In 2012-2013, the Environment and Natural Resources (ENR)
department of the GNWT collaborated with 12 communities to
develop and implement community-based monitoring throughout
the NWT. Community participants are actively involved
throughout the program, including training on use, deployment,
and retrieval of equipment. Participants are hired and remunerated
for their work. All results obtained are presented to community
groups first, prior to release elsewhere. Community involvement
fosters trust in the results and builds capacity for communities to
monitor the quality of waters now and into the future. For 20132014, ENR-GNWT has partnered with 21 communities and six
other external agencies (others include Dehcho First Nations
Aboriginal Aquatic and Ocean Resource Management Program,
Aboriginal Affairs and Northern Development Canada (AANDC),
and the Inuvialuit Settlement Region Community Monitoring
Program). IOR approached ENR-GNWT and asked if we could
participate in this year's program on a one year trial basis. It is
hoped that the results of this year's work can be used by IOR to
assist in the development of a new AEMP.
Dec 13: IOR's existing Groundwater Monitoring Program
(GWMP) has two main tranches:
1. abandonment & reclamation and
2. ongoing operations.

In addition, there are a number of background sites used for
comparison by both. Wells installed for the purposes of
abandonment and reclamation are intended to identify and
delineate areas of historic impact and track the progress of
remediation programs. These wells are in areas that are managed
by the Imperial Oil Environmental Services (IOES) Division which
is based out of Calgary, Alberta. These areas are in the process of
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Contaminated
Soil
Management
Conditions
applying to
Waste disposal

......_

part of the renewal application. AANDC
recommends that the renewal licence
include a condition that requires a
submission of a GWMP which would be
for review and approval by the Board.
Further, the GWMP should be revised
yearly to reflect any changes in current
operations or monitoring program results.

being remediated and reclaimed and are no longer needed for oil
and gas production. Monitoring results from these wells are
included in the Annual Abandonment and Reclamation Report filed
each year with the SLWB as required under the existing licence.
Operations monitoring wells are installed in and near active work
areas and managed by the local Nonnan Wells Operation. The
purpose of these wells is to delineate areas of potential impact and
monitor groundwater movements. When the lands on which these
wells are situated are no longer needed for oil and gas production,
responsibility for them is transferred from Operations to IOES and,
as needed, remediation and reclamation of the lands and
groundwater formally begins. The current licence does not include
a reporting provision for ongoing operations groundwater wells.
As such, this data is collected and reviewed internally, but not
formally filed with the SLWB. IOR agrees that documenting the
GWMP as a whole, and formalizing the ongoing operations
tranche by way of annual reports filed to the SLWB, would assist
reviewers in understanding site conditions as a whole. IOR
proposes that documentation of the GWMP be undertaken during
the first year of the new licence term. Given that the two tranches
are currently managed by different corporate entities, under
different budgets, and by different staff, we request that a period of
transition be allowed for with regard to aligning annual report
formats.

Comment To align with contaminated
soils operations, treatment criteria should
be added for: pH, Benzene, Ethylbenzene,
Toluene, Xylene - as well as predetermined Fine Grained Soil and Coarse
Grained Soil requirements for Total
petroleum hydrocarbons Fraction 1, 2, 3
& 4, as per "GNWT Guidelines for
Contaminated Site Remediation". The

Dec 13: For the purposes of the Abandonment and Reclamation
(A&R) and Operations site assessment and remediation activities
being conducted at Nonnan Wells, analytical results are compared
to existing federal CCME (2007, 2008, 2010) soil quality
guidelines. The development of site-specific, risk based
remediation criteria is underway for select parameters and will
ultimately dictate the remedial endpoints of the site. In the interim,
the CCME guidelines are viewed as conservative endpoints for ongoing remediation and reclamation activities at the Site. In 2009,

criteria should reflect the intended use of
the remediated soil (e.g. capping
material). Such additions should be made
within the water licence section relating to
Conditions Applying to Waste Disposal.
Recommendation AANDC recommends
that Conditions Applying to Waste
Disposal be updated to reflect the
operation of a contaminated soil treatment
facility.

8
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Contaminated
Soil
Management
Operation and
Maintenance
Plan

Comment AANDC notes that the purpose
of the Operation & Maintenance (O&M)
plan is to provide specific procedures and
information on operational tasks relating
to treatment at the Biocell facility. Such a
plan should also contain contaminated soil
sampling procedures and an associated
quality assurance/quality control (QNQC)
program; transfer procedures between
temporary storage cells and treatment and

IOR elected to apply the CCME guidelines rather than the NT
guidelines (NT 2003) as additional scientific rationale for
petroleum hydrocarbon guideline selection (notably for benzene,
toluene) ethylbenzene and xylenes (BTEX)) was published
between 2004 and 2008. The most current CCME guidelines are
based on:

•

•
•

site specific land use;
soil grain size; and
applicable exposure pathways.

Further, Norman Wells Operations reporting on flowline release
site remediation activities utilizes the CCME guidelines in
accordance with the National Energy Board (NEB) Remediation
Process Guide (2011 ). To better align A&R and Operations soil
and groundwater remediation activities on the Site, the CCME
guidelines were selected as the default standard. Based on
discussion with the NT Resources, Wildlife and Economic
Development, the proponent has the option of applying either NT
or CCME guidelines, with the understanding that the territorial and
federal guidelines are expected to be harmonized in the near future.
It should be noted that the NT guidelines were originally based on
the CCME guidelines available at the time (pre-2003).
Dec 13: The Norman Wells Biocell has a detailed Operation and
Maintenance manual that governs all aspects of acceptance,
treatment, and disposition of soil. The current Operation and
Maintenance manual is available to the SLWB and the Inspector
on request. Imperial Oil does not believe the Operation and
Maintenance manual should be part of the water licence, as this
information is considered proprietary and provides a competitive
advantage. A summary description of Biocell activity is provided
below. Biocell Synopsis The Biocell is operated under a defined
set of guidelines, to ensure that soil acceptance parameters,
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the Biocell; soil turning frequency and
treatment methods, sampling and analytical methods, remediation
specific treatment methods; soil
guidelines, soil tracking and final soil disposition meet current
acceptance/refusal criteria which would regulatory and industry standards. The following is a brief
be used to determine if contaminated soil summary of each of these Biocell operation components. Biocell
is to be treated on-site or transported to an Soil Acceptance Guidelines All soil is sampled and analyzed for
approved facility outside the NWT, etc.
the following parameters before being accepted into the Biocell for
Part E of the water licence, Conditions
on-site treatment:
Applying to Operation and Maintenance,
should be updated to include the
• Salinity parameters (pH, electrical conductivity (EC), main
requirement of an O&M plan for the
soluble ions and sodium adsorption ratio (SAR));
Biocell contaminated soils treatment
• Available nutrients (nitrogen, phosphorous, potassium and
sulphur);
facility. Further, accetable soil treatment
criteria should be described by IOL for
• Heavy metals I trace elements;
contaminants such as: pH, Benzene,
• Petroleum hydrocarbon (PHC) fractions Fl through F4G;
Ethylbenzene, Toluene, Xylene,
• Benzene, toluene, ethylbenzene, xylenes (BTEX); and
Petroleum Hydrocarbon Fractions l, 2, 3
• Polycyclic aromatic hydrocarbons (PAHs) on a case by
& 4 as per "GNWT Guidelines for
case basis.
Contaminated Site Remediation"
Additionally, the Board should consider To be accepted into the Biocell, soil must meet current Canadian
including a schedule in the water licence Council of Ministers of the Environment (CCME) guidelines
that outlines the necessary components to and/or background conditions for pH, EC, SAR and total metals, as
be included in this O&M plan.
these parameters are not amenable to biotreatment. The preRecommendation AANDC recommends treatment hydrocarbon concentrations must be at a level where
that a Contaminated Soil Treatement
remediation targets can be met in a reasonable timeframe (< 3
Facilities Operation and Maintenance Plan years) through biotreatment. For example, the acceptance
be submitted as part of the renewal
guidelines for fine grained soil to be used for industrial purposes
application. AANDC recommends that the include PHC Fl (< 10,000 mg/kg), PHC F2 (< 5,000 mg/kg), PHC
plan be required in the water licence and F3 (< 5,000 mg/kg), PHC F4 (< 6,600 mg/kg), BTEX (< 1,000
that it would be submitted for the review mg/kg each). Biocell Remediation Guidelines Analytical results
of treated soil are compared to existing CCME environmental soil
and approval of the Board.
quality guidelines, as well as site-specific background conditions.
With the exception of the BTEX and PAH parameters, the CCME
guidelines are consistent with the GNWT guidelines for

contaminated site remediation. CCME has developed and
published more recent guidelines for BTEX and PAH parameters
that are risk-based and allow for guideline selection based on sitespecific conditions. For example, the presence of naturally
occurring hydrocarbons in the shallow groundwater bearing zone
in Norman Wells renders the water unsuitable for human
consumption, indicating that the groundwater drinking water
protection pathway may not be applicable in Norman Wells. The
Biocell soil remediation objective is to meet, at a minimum, the
guidelines for industrial land use. The guideline selection is based
on predominant grain size (fine or coarse grained), as well as
planned future use of the soil on-site. Depending on the soil source
location and the expected disposition of the treated soil, the
remediation guidelines may be modified on a case by case basis to
account for site-specific contaminant migration pathway or
receptor exclusion. In general, soil treated in the Biocell will meet
CCME industrial use guidelines, and will be re-used on the
Mainland portion of the site as backfill material in remedial
excavations. Soil Treatment Once soil has been pre-screened for
acceptance into the Biocell, it is placed in windrows to optimize
the Biocell soil volume capacity while providing access for heavy
equipment. The soil is treated with a twister bucket attachment on
a tracked excavator. The bucket contains rotating discs with
hammers that break up large clods of soil and effectively
homogenize and aerate the soil. Commercially available fertilizer
(typically nitrogen and phosphorous) can be added directly into the
bucket as soil is processed. The rate of fertilizer addition is based
on soil nutrient analysis, and aims to achieve and maintain a
Carbon:Nitrogen:Phosphorous (C:N:P) ratio of 100:2.5: 1 to
enhance microbial activity and the biodegradation process. Soil
Sampling and Analysis Soil windrows are sampled on an on-going
basis as treatment proceeds, to monitor the progress of
hydrocarbon degradation. Windrows are typically sampled a
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Contaminated
Soil
Management
Biocell and
Temporary
storage cell

Comment The Waste Management Plan
(WMP) states that in 2012, the two
biotreatment cells constructed in 200 I
were decommissionned and replaced by
one cell which was constructed over the
former site. The new cell (Biocell) is
designed with a compacted clay base

~

minimum of once per month, with laboratory analysis conducted at
a minimum rate of one discrete sample per 100 - 200 m3 of treated
soil. Sampling frequency and intensity may vary depending on the
nature of the contaminants of concern and the results of the field
screening for organic vapours in the soil. Windrow samples are
typically submitted for laboratory analysis of available nutrients,
and petroleum hydrocarbon fractions Fl through F4G. On a case
by case basis, samples may also be analyzed for salinity
parameters. Once remediation targets are close to being met,
treated soils are also analyzed for BTEX parameters, and PAHs on
a case by case basis. Closure sampling density is approximately
one sample per 25 to 30 m3 of soil for smaller volumes (< 200
m3), with decreasing density as the volume increases. Soil
Tracking and Disposition Once closure sampling of the windrowed
soil verifies that the remediation guidelines have been achieved,
the soil is removed from the Biocell and logged/tracked on soil
tracking forms. The forms document where the soil was originally
sourced from, and where it is placed following treatment.
Depending on the final chemistry and remedial targets met, the soil
may be used to backfill remedial excavations, or for surface
reclamation purposes on the Mainland portion of the site. If the soil
meets residential/parkland guidelines, it may also be re-used as fill
at a location on one of the natural islands (Goose or Bear Island).
Soil tracking forms are maintained on-site, and volumes of soil
treated are summarized in the annual Abandonment and
Reclamation report submitted to the SLWB.
Dec 13: IOR has updated the information in Appendix A of the
Norman Wells Operation Waste Management Plan to include all
waste storage and treatment locations actively managed on its site.
Red dots on the updated figure (pdf copy attached separately)
indicate current temporary impacted soil storage locations; four
lined bermed cells and one three-sided shale bin storage area
(Table 1 below). Historic temporary soil storage areas are not

covered with a High Density Polyethylene included in Appendix A as these areas are managed through
(HDPE) liner, and is capable of accepting remediation and clean up plans (i.e. O-l 8X and Q-06X
5,000 m3 of soil at once. A sump for
remediation). Clean-up plans are submitted to the SLWB and
runoff collection is located at the end of NEB. The areas listed are designed to store impacted material
the cell. Depending on the degree of
while soil treatment options are being evaluated or for logistical
hydrocarbon within the soil, IOL reports reasons. For example, a lined berrned cell may be built to allow
that it would typically take approximately work to continue when cross-river access by road or barge to
1-5 years to reach desired biotreatment
mainland is unavailable, or when winter road access or barge
results. The WMP also describes that
access out ofNonnan Wells to an approved facility in Alberta or
temporary lined and bermed storage cells British Columbia is not feasible. Lined bermed cells are
for impacted soil are constructed on a
constructed to the size identified in project planning. Three-sided
project-by-project basis (eg. Bear Island shale bins vary in size, with the capacity being ~ 20 - 40 m3 The
and Goose Island) until the soil is assessed Norman Wells Operation Waste Management Plan will be updated
and transport arrangements are made.
annually to include a table (similar to the one provided) with all
Considering the Biocell maximum
temporary impacted soil storage areas identified. Appendix A
capacity and the required 1-5 years period figure of this plan will similarly be updated annually. Table I.
to acheive appropriate soil treatment, how Temporary Impacted Soil Storage Areas
long is/are contaminated soil pile(s) being ~
!Type of
Status
stored on temporary storage cell(s)
ocationStorageContents
waiting for transfer to the Biocell?
r- 1,200 m3
AANDC is concerned that temporary
.
hydrocarbon
~valuating soil
Tank
Lmed
Bermed
·
t
d
t
·
t
contaminated soil storage cells are or have Refinery
F
A
C 11
1mpac e ma ena ea tm en t
been located throughout the IO L
arm rea
e
from O- l 8x clean- options
IUP
operations area. AANDC requests that
past and current contaminated soil
W?rmer Refinery !Lined Bermed ~ 1,600 m3 salt
~valuating soil
treatment and storage cell locations be
Site
Area
Cell
!impacted
material
r,e~tment
provided as part of the water licence
optmns
renewal application. If possible, GPS
30m3
coordinates for these facilities should be
Lined Bermed ~ydrocarbon and ~valuating soil
provided to the Board.
llPro'ects Yard
ITT-eatment
Cell
1salt impacted
Recommendation AANDC recommends
~
material from E- options
that all exisiting and past contaminated
33-1 X clean-up
soil storage and treatment locations be
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submitted to the Board as part of the
current water licence process. These
locations and their descriptions, which is
to include estimated storage capacity,
should be provided to the Board and
included within the Contaminated Soil
Treatment Facilities O&M plan.

F erB-33X
IWell Services
~ard

10

!Spill
Containment
On-Site
Secondary
Containment

Comment A list of On-Site Hazardous
Materials was provided on page 17 of the
SCP. This list includes - 105 tanks
containing mainly glycol, methanol and
crude oil, with capacity up to 14, 106 m3
(or 14,106,000 L). Almost half of these
tanks are located in the field, while the
other half are generally found either at the
Central Processing Facility, on Goose
Island or at the Mainland Tank Farm
where all of the biggest capacity tanks are
stored and benned. All permanent storage
locations (tanks, totes or else) should be
lined/bermed or equipped of secondary
containment capable of containing 110%
of the total volume. Tanks/totes located in
the field should also be equipped of
secondary containment when immobilize
for long periods of time.
Recommendation AANDC recommends
that all hazardous materials be stored
appropriately. All types of hazardous
storage containment should have

0

r-1,100 m3
hydrocarbon
Lined Bermed ~
impacted material ~valuating soil
Cell
from
eatment
bandonment and options
estoration
activities
3 & 4 Sided 10 m3 salt
~valuating soil
Shale Bins,
impacted material reatment
jbenned
from 2013 spills options

Dec 13: The List of Hazardous Materials On-Site that was
provided in page 17 of the Spill Contingency and Response Plan
has been updated below (and attached as separate pdf file) to
ensure the capacity and secondary containment information is
available for all products and materials listed. Please note that the
containment capacities listed include both measured and estimated
capacities. At this time, IOR does not have one single map that
provides the locations of all hazardous materials listed in this table.
This information is available in various maps that were provided
in the Application. The map provided in the Appendix of the Spill
Contingency and Response Plan provides the location and products
in each of permanent tanks in the Refinery Tanlc Farm (RTK).
Figure 4.1 in Section 9 Maps and Figures shows the location and
products in each of the permanent tanks within the Central
Processing Facility (CPF). The map provided in the Appendix of
the Fuels Management Plan (which is part of the SCARP) gives
the permanent storage locations for all diesel, gasoline, propane,
aviation fuel and methanol. There are also maps in the Appendix of
the Waste Management Plan that show the locations of solid
hazardous and non-hazardous materials that are stored on site.

!

secondary containment. A map
representing the locations of all permanent
tanks should be provided.
ll

I·

IOL Water
Licence
Renewal
Closure and
Reclamation

Comment IOL's closure section is mostly
a summary of the last l 0-years of work
with little information on the future,
however AANDC is aware that IOL has
submitted fairly extensive closure plans
on different components as they were
closed, as required by the current Water
Licence. AANDC notes that IOL has
recommended that any reference to
operations facilities be removed from the
closure section. AANDC disagrees with
this request as it is our view that closure
plans include all licenced activities and
operating facilities. However, in order to
plan for closure it is important to get a
sense of timelines associated with
remaining years of operation and future
plans for progressive reclamation. Further,
it has become standard practice in the
NWT that a final closure and reclamation
plan (CRP) be submitted by an operator 2
years prior to the end of operations.
Recommendation AANDC looks
forward to discussions regarding the
closure and reclamation planning for the
IOL facility. AANDC will endeavour to
provide recommendations on amendments
and updates to IOL's Closure and
Reclamation Plan. AANDC recommends
that a working group be established to

Dec 13: Imperial Oil supports the establishment of a working
group to discuss closure and reclamation plans . Part H Section 3
of the current water licence provides the requirements for
abandonment and restoration timing and implementation. Imperial
has suggested some minor changes to Part Hin section 16.5 of the
renewal application.
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work with IOL and other interested parties
to ensure all issues have been addressed to
satisfy all interested party mandates when
developing the CRP. Further, AANDC
recommends that a final CRP be provided
for review and approval two (2) years
prior to the end of operation as a term and
condition of the renewal licence.

12

jIOL Water
Licence
Renewal
Securities

ID !Topic
General File

Comment IOL currently has a $2,000,000
security under the WL. Its AANDC's
understanding that IOL is currently
working on a security estimate for closure
and reclamation and will file that security
estimate with the Sahtu Land and Water
Board (SLWB). AANDC looks forward to
reviewing this estimate and provide
feedback to IOL, if or where appropriate.
Recommendation AANDC looks
forward to reviewing and providing
comments on the security estimate for
IOL's operations.

Dec 13: Per Part B, section 2 of the current licence, IOR maintains
a security deposit in the amount of two million ($2,000,000)
pursuant to section 17(1) of the Northwest Territories Water Act
and section 12 of the Northwest Territories Water Regulations.
IOR understands the security may be applied to reimburse costs
incurred by government should IOR fail to follow direction given
by the Inspector or should the Minister need to take reasonable
measures to prevent, counteract or remedy impacts to persons,
property or the environment from IOR's activities. Per section 12
of the Regulations, the amount of security is determined in part by
the ability of an applicant to pay as well as their past performance.
Imperial Oil is the only Canadian industrial company with an AAA
credit rating from Standard and Poor's. hnperial Oil is committed
to operating in a way that protects the environment and takes into
account the economic and social needs of the communities where
we operate. Lloyd's Quality Assurance has confirmed that
Imperial's Operations Integrity Management System continues to
meet requirements of ISO 14001 regarding Environmental
Management Systems. As such, IOR does not believe an update to
the security is required at this time. Additional discussion
regarding security is provided in response to the SSRB's questions.

Reviewer Comment/Recommendation !Proponent Response
Comment (doc) EC Letter

ID

Topic
Fishereis and
Oceans
Comments

ID

Topic
General File
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Reviewer Comment/Recommendation Proponent Response
Comment Fisheries and Oceans Canada Dec 13: Thank you for your review.
has reviewed the Water Licence Renewal
under the habitat protection provisions of
the Fisheries Act. As the application is for
renewal and no significant changes from
the previously issued licence are
identified, DFO has no concerns.
Recommendation No concerns.

Reviewer Comment/Recommendation !Proponent Response
Comment (doc) ENR Comments and
Recommendations
Recommendation
Topic 1: Forest Comment Comment(s): The Forest Fire Dec 13: IOR has updated the Emergency Response Plan to replace
Fire
Management Plan refers to the province the references to the province of Alberta with those for the
Management
of Alberta and not the NWT.
Northwest Territories. The Norman Wells Community Wildfire
Recommendation Recommendation(s): Protection Plan Part 2: Wildfire Risk Analysis & Fuel
l) The Forest Fire Management Plan
Management Plan has been added as Appendix F.
should reference the Northwest Territories
and not the province of Alberta.
Topic 2:
Comment Comment(s): In reference to
Dec 13: IOR agrees that the Surveillance Network Program data is
Surveillance
the proposed amendment in Table E, there useful when planning abandonment and reclamation activites and
Network
is no longer supernatant fluid being
should be retained.
Program generated on site that would require
Surface Water release to the envirorunent. There are,
Management
however, instances where surface water
Summary
runoff may collect on the surface of
closed historical sumps that is not
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associated with or in contact with the
sump contents. This change would
eliminate potential ambiguity regarding
the appropriate guidelines for the
management of this water, and harmonize
these guidelines with those for other
surface water management.
Recommendation l) All data and
analysis results, generated from the
Surveillance Network Program, will be
retained by the Board for future reference
in support of future abandonment and
restoration activities.
3

Topic 3: 1.4.4
Site Map a€..
Temporary Soil
Containment
Cells

Comment Comment(s): Temporary soil
containment cells are another type of
active storage due to historic or recent
spill clean-up activities on site.
Temporary storage piles of scrap metal
result due to storage and shipment
requirements. Since these storage areas
are temporary, locations are subject to
change and are not included in Appendix
A.
Recommendation I) A record of the
locations, amount of soils stored in the
Temporary Containment Cells should be
created and submitted to the Board be
available to the inspector upon demand
for future reference. 2) Temporary storage
locations for scrap metals should be
included in Appendix A.

Dec 13: IOR has updated the figure in Appendix A of the Norman
Wells Operation Waste Management Plan to include all waste
storage and treatment locations actively managed on its site (see
separate pdf file attached). Red dots on the updated figure indicate
current temporary impacted soil storage locations; four lined
bermed cells and one three-sided shale bin storage area (Table 1
below). Table 1. Temporary Impacted Soil Storage Areas
Type of
Location
Contents
Status
Storage
--1,200 m3
hydrocarbon
Evaluating soil
Tank Lined Bermed impacted material treatment
a.nu Area
Cell
from 0- I 8x clean- options
up
Evaluating soil
~ ormer Refinery Lined Bermed - 1,600 m3 salt
treatment
ite Area
Cell
impacted material
options
Evaluating soil
Lined Benned 30m3
!Projects Yard
Cell
hydrocarbon and reatment

f°finery

I
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It impacted

!options

---

aterial from E3-1 X clean-up
l,100 m3
!I
ydrocarbon
!Former B-33X Lined Bermed mpacted material ~valuating soil
C
om
eatment
lA.rea
11
e
~bandonment and options
Restoration
activities
I
.
3 & 4 Sided 10 m3 salt
~valuating soil
!Well Services
Shale Bins,
impacted material eatment
ivard
bermed
from 2013 spills options
Historic temporary soil storage areas are not included in
Appendix A as these areas are managed through remediation and
clean up plans (i.e. O-l 8X and Q-06X remediation). Clean-up
plans are submitted to the SLWB and NEB. The areas listed
above are designed to store impacted material while soil treatment
options are being evaluated or for logistical reasons. For example,
a lined bermed cell may be built to allow work to continue when
cross-river access by road or barge to mainland is unavailable, or
when winter road access or barge access out of Norman Wells to
an approved facility in Alberta or British Columbia is not feasible.
Lined bermed cells are constructed to size as identified in a
projects planning. Three-sided shale bins vary in size, with the
capacity being - 20 - 40 m3 The Norman Wells Operation Waste
Management Plan will be updated annually to include a table
(similar to the one provided above) with all temporary impacted
soil storage areas identified. Appendix A of this plan will also be
updated accordingly. IOR has updated Appendix A of the Waste
Management Plan to include all temporary scrap metal storage
areas (indicated in light purple). This figure will be updated
annually as part of the plan.
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Dec 13: The Norman Wells Biocell has a detailed Operation and
Topic 4: 6.2
Comment Cornment{s): In the bio-cell
Maintenance manual that governs all aspects of acceptance,
Soil Treatment treatment process, light hydrocarbon
impacted
soils
are
placed
in
windrows,
treatment, and disposition of soil. The current Operation and
Facility
amended with commercial fertilizer as
Maintenance manual is available to the SLWB and the Inspector
required (urea and monoammonium
on request. Imperial Oil does not believe the Operation and
phosphate) then turned over several times Maintenance manual should be part of the water licence, as this
each season until bio-treatment targets are information is considered proprietary and provides a competitive
achieved.
advantage. A summary description ofBiocell activity is provided
Recommendation Recommendation(s): below. Biocell Synopsis The Biocell is operated under a defined
I) The sampling procedures, data,
set of guidelines, to ensure that soil acceptance parameters,
laboratory analysis and results need to be treatment methods, sampling and analytical methods, remediation
clarified so it is clear that the how the data guidelines, soil tracking and final soil disposition meet current
analysis and results meet the bio-treatment regulatory and industry standards. The following is a brief
targets.
summary of each of these Biocell operation components. Biocell
Soil Acceptance Guidelines All soil is sampled and analyzed for
the following parameters before being accepted into the Biocell for
on-site treatment:

•
•
•
•
•
•

Salinity parameters (pH, electrical conductivity {EC), main
soluble ions and sodium adsorption ratio (SAR));
Available nutrients (nitrogen, phosphorous, potassium and
sulphur);
Heavy metals I trace elements;
Petroleum hydrocarbon (PHC) fractions FI through F4G;
Benzene, toluene, ethylbenzene, xylenes {BTEX); and
Polycyclic aromatic hydrocarbons (PAHs) on a case by
case basis.

To be accepted into the Biocell, soil must meet current Canadian
Council of Ministers of the Environment {CCME) guidelines
and/or background conditions for pH, EC, SAR and total metals, as
these parameters are not amenable to biotreatment. The pretreatment hydrocarbon concentrations must be at a level where

remediation targets can be met in a reasonable timeframe (< 3
years) through biotreatment. For example, the acceptance
guidelines for fine grained soil to be used for industrial purposes
include PHC Fl (< I0,000 mg/kg), PHC F2 (< 5,000 mg/kg), PHC
F3 (< 5,000 mg/kg), PHC F4 (< 6,600 mg/kg), BTEX (< 1,000
mg/kg each). Biocell Remediation Guidelines Analytical results
of treated soil are compared to existing CCME environmental soil
quality guidelines, as well as site-specific background conditions.
With the exception of the BTEX and PAH parameters, the CCME
guidelines are consistent with the GNWT guidelines for
contaminated site remediation. CCME has developed and
published more recent guidelines for BTEX and PAH parameters
that are risk-based and allow for guideline selection based on sitespecific conditions. For example, the presence of naturally
occurring hydrocarbons in the shallow groundwater bearing zone
in Norman Wells renders the water unsuitable for human
consumption, indicating that the groundwater drinking water
protection pathway may not be applicable in Norman Wells. The
Biocell soil remediation objective is to meet, at a minimum, the
guidelines for industrial land use. The guideline selection is based
on predominant grain size (fine or coarse grained), as well as
planned future use of the soil on-site. Depending on the soil source
location and the expected disposition of the treated soil, the
remediation guidelines may be modified on a case by case basis to
account for site-specific contaminant migration pathway or
receptor exclusion. In general, soil treated in the Biocell will meet
CCME industrial use guidelines, and will be re-used on the
Mainland portion of the site as backfill material in remedial
excavations. Soil Treatment Once soil has been pre-screened for
acceptance into the Biocell, it is placed in windrows to optimize
the Biocell soil volume capacity while providing access for heavy
equipment. The soil is treated with a twister bucket attachment on
a tracked excavator. The bucket contains rotating discs with
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hammers that break up large clods of soil and effectively
homogenize and aerate the soi!. Commercially available fertilizer
(typically nitrogen and phosphorous) can be added directly into the
bucket as soil is processed. The rate of fertilizer addition is based
on soil nutrient analysis, and aims to achieve and maintain a
Carbon:Nitrogen:Phosphorous (C:N:P) ratio of 100:2.5: 1 to
enhance microbial activity and the biodegradation process. Soil
Sampling and Analysis Soil windrows are sampled on an on-going
basis as treatment proceeds, to monitor the progress of
hydrocarbon degradation. Windrows are typically sampled a
minimum of once per month, with laboratory analysis conducted at
a minimum rate of one discrete sample per 100 - 200 m3 of treated
soil. Sampling frequency and intensity may vary depending on the
nature of the contaminants of concern and the results of the field
screening for organic vapours in the soil. Windrow samples are
typically submitted for laboratory analysis of available nutrients,
and petroleum hydrocarbon fractions Fl through F4G. On a case
by case basis, samples may also be analyzed for salinity
parameters. Once remediation targets are close to being met,
treated soils are also analyzed for BTEX parameters, and PAHs on
a case by case basis. Closure sampling density is approximately
one sample per 25 to 30 m3 of soil for smaller volumes(< 200
m3), with decreasing density as the volume increases. Soil
Tracking and Disposition Once closure sampling of the windrowed
soil verifies that the remediation guidelines have been achieved,
the soil is removed from the Biocell and logged/tracked on soil
tracking forms. The forms document where the soil was originally
sourced from, and where it is placed following treatment.
Depending on the final chemistry and remedial targets met, the soil
may be used to backfill remedial excavations, or for surface
reclamation purposes on the Mainland portion of the site. If the soil
meets residential/parkland guidelines, it may also be re-used as fill
at a location on one of the natural islands (Goose or Bear Island).

Soil tracking forms are maintained on-site, and volumes of soil
treated are summarized in the annual Abandonment and
Reclamation report submitted to the SLWB.
ID

Reviewer Comment/Recommendation
Comment Review identifies no issue of
Imperial Oil
Norman Wells, concern form an environmental health
Type A Water perspective. Robert Savoury
Environmental Health Officer
License
Recommendation No recommendation
Renewal

ID

Topic

Topic

Proponent Response
Comment (doc) See attached. Submitted Dec 13: (doc) SSRB- re Reclamation and Security

!Reviewer Comment/Recommendation

SI3Ll-007 by email to Tony Morris on Monday
Review
Comments from November 18.
Recommendation See attached.
SRRB

0

Proponent Response
Dec 13: Thank you for your review.

All of the
Remediation and Reclamation activities in Norman Wells are
overseen, reviewed, and stamped by an Environmental Consultant
with a Professional Designation in Alberta and/or the Northwest
Territories. Per Part B, section 2 of the current licence, Imperial
maintains a Security deposit in the amount of two million
($2,000,000) pursuant to section 17(1) of the Northwest Territories
Water Act and section 12 of the Northwest Territories Water
Regulations. IOR understands the Security may be applied to
reimburse costs incurred by government should IOR fail to follow
direction given by the Inspector or should the Minister need to take
reasonable measures to prevent, counteract or remedy impacts to
persons, property or the environment from IOR's activities. This
Security is not Imperial' s mechanism for financing A&R activities
at Norman Wells. Imperial has a provision account, based on an
extensive Environmental Liability Estimate, which is formally
updated every three years. The provision is based on detailed
engineering estimates of costs, taking into account the anticipated
method and extent of remediation consistent with legal
requirements, industry practices, current technology and the
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possible future use of the site. The provision is much more
substantial than the water licence security. Abandonment and
remediation work has been ongoing since 1996 with the closure of
the refinery. The provision is included as a liability in our books
of account which are annually audited by PricewaterhouseCoopers,
and is included in annual financial filings made to the Securities
and Exchange Commission. Imperial Oil is the only Canadian
industrial company with an AAA credit rating {highest rating
indicating extremely strong capacity to meet financial
commitments) from Standard and Poor's and a AA credit rating
{superior credit quality and the capacity for the payment of
financial obligations is considered high) on the long-term
obligations rating scale from DBRS with these abandonment
obligations fully recognized. In addition to the security provided
under the water licence, and the superior credit ratings assigned to
Imperial by external independent third parties, Imperial has also
provided financial security to Her Majesty the Queen in right of
Canada, as represented by the National Energy Board, in respect of
operations on the Norman Wells Proven Area pursuant to section
27 of the Canada Oil and Gas Operations Act. The NEB security
consists of a $26 million Imperial Oil Limited marketable
promissory note placed in the custody of the Royal Bank of
Canada. It may be used by the NEB to cover third party claims for
compensation and in relation to clean-up operations, resulting from
a spill or the unauthorized discharge, emission or escape of oil or
gas. Further, Imperial has also provided to the NEB a Continuing
Guarantee and Undertaking to the extent of an additional $75
million, guaranteeing the obligations of Imperial at Norman Wells
pursuant to the Canada Oil and Gas Operations Act. The
Guarantee also includes the costs of abandonment of any
installation or structure, and corresponding site restoration, if not
performed by Imperial. Together, these instruments which total
more than $100 million dollars, are required by that Act to remain

in place until Imperial has satisfied all of its obligations including
the clean-up of any spills, the removal of any installations and
structures, and the restoration of the Proven Area. Irnperial's solid
financial position and long-standing reputation for meeting its
obligations, with redundant backing by these existing security
arrangements, provide assurance that the operation will be
abandoned and restored in compliance with applicable laws.
Fmthermore, IOR notes that other jurisdictions have programs for
abandownent funding that link the licencee's deemed assets and
liabilities with a requirement to provide security for liability
amounts not covered by assets. In Alberta for instance, the Alberta
Energy Regulator does not require a security deposit if an oil and
gas licencee has a liability management rating (the ratio of eligible
deemed assets to deemed liabilities) of greater than one. The
industry average ratio as published by the Alberta Energy
Regulator is 3.83. hnperial Oil Resources Limited has a ratio of
7.84. The corporate financial resources of hnperial stand behind
these obligations, not just the funds available from the Norman
Wells proven area agreement. These obligations can not be
assigned by Imperial without the prior written consent of the
Minister. Dec 13: (doc) SRRB re Changes to Monitoring
Regime 1 The sampling and analytical requirements in
Appendix. A of the current Water Licence are specifically for
characterization of supernatant fluids that would normally be
present in an active drilling waste disposal sump. Supernatant fluid
is defined as "the liquid or fluid overlying materials present in the
liquid lower layers or bottom sediments of a sump that are
deposited by the settling or precipitation of solids". All sumps in
the Norman Wells Operations have been decommissioned and
capped for time periods ranging from 3 years to more than 30
years. As such, supernatant fluids are no longer present on the Site.
IOR has requested that the Water Licence be amended to remove
reference to the testing requirements for supernatant fluids
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specifically. There is no intent to stop testing/monitoring
environmental conditions on the decommissioned historic drilling
waste sumps. As noted in the SRR.B comments, the former sumps
are in varying stages of the reclamation process and monitoring
would continue until such time as reclamation is deemed complete.
There are instances where surface water runoff may collect in low
areas on the surface of or between closed historical sumps. IOR
proposes that the supernatant fluids sampling requirement be
replaced with a surface water sampling requirement for these sump
areas. This would require modification of both the sampling
methods, and the analytical requirements to be better aligned with
surface water sampling being conducted elsewhere at the Norman
Wells Operations. Where the collecting surface water is not
associated with or in contact with the sump contents, normal
surface water discharge sampling and analytical requirements
would apply. Dec 13: (doc) SRRB re Changes to Monitoring
Regime 2 IOR undertakes a variety of activities relating to spill
prevention and mitigation, such as routine integrity testing and
maintenance of it is flow lines and tanks, automatic emergency shut
downs on various pieces of equipment and flowlines (such as those
under the river), and regularly scheduled surveillance offlowlines
and well sites. These activities are designed to prevent and
minimize uncontrolled releases. Additional information on spills
prevention and details on past spills performance can be found in
Sections 17 (Spill Response & Management Summary). IOR
would like to clarify some misleading information that was in the
CBC article. The article used data from the National Energy Board
(NEB) and it is important to note that the NEB regulates interprovincial and international pipelines in Canada, not facilities
within provincial boundaries. Since the Norman Wells Operation
is not within a provincial boundary, it falls under the NEB's
~urisdiction, and at this time it is the only upstream facility in
Canada that is regulated by the NEB. The CBC article compared

interprovincial pipelines to only one operating upstream facility
(the Norman Wells Operations) and not to other similar upstream
operating facilities in other provinces in Canada. Pipelines
regulated by the NEB are required to report spills when there is a
product release of > 1,500 litres, however, the Norman Wells
Operation follows the Northwest Territories reporting
requirements, which are much more stringent. For example oil or
produced water spills > 100 litres, chemical spills > 5 litres, or any
volume of sewage/wastewater are reported. The article did not
make note of the different reporting requirements. Additionally,
not all spills at the Norman Wells Operation are pipeline related,
for example, the data referenced by the CBC had 1 litre and 20 litre
sewage spills from the office building. The data also had other
non-pipeline related incidents such as power outages, gas releases,
and safety incidents. Key facts from the data provided by CBC to
note are: out of the 71 incidents mentioned only 67 of them were
IOR's, only 23 of the 67 incidents were pipeline spills, only 13 of
those pipeline spills were > 1,500 litres, and 4 out of the 13 pipeline
spills > l,500 litres were freshwater. Dec 13: (doc) SRRB re F31X TOR would like to clarify that the F-3 lX Treatment and
Injection Facility is an injection well not a disposal well. Upstream
of the F-31 X well sits two process facilities:
•
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The CPF which delivers produced water to the well for
injection into the reservoir. Produced water is fluid that
comes up from the reservoir with the oil production. The oil
and produced water is separated in the plant and the
produced water is then sent back out to field for injection
back into the reservoir. The produced water the CPF sends
to the F-31 X injection well is the same produced water that
goes out to all injection wells in the field.
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The F-3Ix Treatment Facility delivers treated fluid (i.e.,
water that has been separated from production fluids) from
external sources such as workovers, spill cleanup, building
drain sumps, excavation decanting, surface water run-off
(from waste storage areas such as the biocell or bermed
areas), etc. to the well for injection. The F-3Ix Treatment
Facility also delivers liquid hydrocarbon to the CPF. Solids
are removed from the treated fluid prior to injection; solids
are shipped to an approved facility outside of the Northwest
Territories.

The operation has the ability to inject treated fluid from either of
the two processes described above (CPF and Treatment facility). In
both cases, the fluids must be processed to maintain injection
capacity at the well, as well as meet the integrity of the associated
facility and transmission lines.Additional details on the controls in
place for the acceptance of fluids into the F-31 X Treatment and
Injection Facility can be found in Section 18 of the Water Licence
Application on page 33- 35 of the Waste Management Plan.
Below are additional details on the external sources that are
typically delivered to the F-31X Treatment Facility.
•
•

•
•

Fluids from well servicing (i.e. rig or well work) - fluids
with a high water ratio, potential for oil content.
Water from waste storage areas such as the biocell rainwater or snowmelt, potential for water to come contact
with hydrocarbon impacted soil
Process facility fluids - primarily produced water, however,
oil content can be up to 15%
Run-off in bunkers or bermed areas - rainwater or
snowmelt, potential for water to come in contact with

•
•
•

hydrocarbons
Drilling- treated water as a result of decanted drilling muds
Building sumps and floor drains - water from building
floors or safety showers
Small quantities of fluids collected by hyd.rovac from spill
cleanup

The total volume of fluid injected at the F-3 IX well is
metered.The meter does not differentiate between the volume of
produced water that comes from the CPF vs. the volume of treated
fluid from the Treatment Facility.The estimated total metered
volume has varied over the years, but has been between ~23,000 51,500 m3 annually.
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!Reviewer Comment/Recommendation

IS 13Ll-007 !Comment (doc) See attached.
Review
Recommendation See attached.
Comments from
YamogaLand
Corporation

Proponent Response
Dec 13: (doc) IOR uses fresh water for cooling with in the Central
Processing Facility (CPF).Fresh water is pumped from the
Mackenzie River by three submerged water pumps that are housed
in a closed bunker on the IOR dock.TOR is required by its current
Water Licence to test the incoming water.Once the water has been
sampled, but prior to being used for plant cooling, the water is
treated with chlorine (similar to municipal water distribution
system). The water must be treated with chlorine to kill bacteria in
the piping and related equipment as the water moves through the
CPF. Water used for cooling is carried in tubes or pipe, which
keeps the water from contacting any other products or substances
with in the CPF. Once the water has been used for cooling, it
flows through the hydrocarbon collection drum, which has sensor
that can detect ifthere are hydrocarbons in the water.Since the
water does not come into contact with other products or substance
as it moves through the cooling process the hydrocarbon
collection drum is precautionary piece of equipment to ensure the
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water leaving the facility does not have hydrocarbons in it.Once
the water has passed through the hydrocarbon collection drum, it
will either be diverted to injection (into to the reservoir) or to the
settling pond for discharge back to the Mackenzie River. The
settling pond allows for natural settling of any sand/slit in the
water prior to the water being returned to the Mackenzie River.As
the water is released from the settling pond) it is sampled.The
current Water Licence (S03Ll-001) specifies the analysis that are
required on both the inlet and outlet.Further details on the fresh
water cooling system and discharge back to Mackenzie River are
described in sections 6.13.5 and 6.13.6 of the Water Licence
Renewal Application.Further details about the analytical
requirements, results, and reporting requirements are presented in
Section 13 of the Water Licence Renewal Application. The
Norman Wells Operation also releases surface water run-off from
its site.The current Water Licence explicitly states the water
quality test that must be completed and the criteria that must be
met prior to the release of surface water run-off.Additional details
on the locations, results, and reporting requirements for releasing
surface water run-off can be found Section 14 of the Water
Licence Renewal Application.IOR ensures that all run-off being
released meets the criteria outline in the licence. If the criteria is
not met, IOR does not release the water. IOR takes an integrated
approach to waste management combining several alternative
waste management methods.In most cases, no single approach is
capable of meeting all operational needs due to the diversity of
waste streams and availability of waste facilities.In general)
domestic garbage is disposed of at the town landfill, lightly
impacted soil is treated at the onsite biocell, and other wastes are
stored on-site until they are shipped to an approved third party
receiver usually in Alberta, BC or Saskatchewan.Further details
on how impacted water and other wastes are managed are
provided in the Waste Management Plan in Section 18 of the

Water Licence Renewal Application. We would be pleased to
arrange a meeting with the Yamoga Land Corporation to discuss
matters of interest at a mutually convenient time. The Water
Licence Application has now been filed, deemed complete, and is
under formal review by the SLWB. We understand that it is the
SLWB's expectation that all questions be asked and answered in
an open, transparent forum so that all decision makers and
interested parties have equal access to information. As such, the
SLWB has respectfully requested that an invitation to this meeting
also be extended to the SLWB.

(
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Aboriginal Affairs and
Northern Development Canada

Affaires autochtones et

Devetoppement du Nord Canada

PO Box 1500
Yellowknlfet NT X1A 2R3

File: S13L1-007
November 18th, 2013

To:

Tony Morris
Regulatoiy Specialist
Sahtu Land and Water Board
Box 1
Fort Good Hopet NT XOE OHO

Fax: 867-598-2325
Re: S13L1-007 Water Licence Renewal. Imperial Oil Ltd•• November 2013

c

Aboriginal Affairs and Northern Development Canada (AANDC) has reviewed the
application for Imperial Oil Ltd water licence renewal S13L1-007. AANDC provides the
attached comments, in the Comment Table format, as requested by the Sahtu Land and
Water Board.
Thank you for providing AANDC with the opportunity to comment on the above
submission. If you have any questions or concerns, please contact Mr. Francis Jackson
at 669-2666 or Francis.Jackson@aandc-aadnc.gc.ca or Ms. Katherine Ades at 5872911 or Katherine.Ades@aandc-aadnc.gc.ca.

Sincerelyt

Nathen Richea
A/Manager, Water Resources Division

c
YELLOWKN#S90733 ·vi
YELLOWKN#S93S72 ·vi
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Environment

Canada

Environnement
Canada

Prairie and Northern Region
Environmental Protection Operations (EPO) Directorate
5019 52nd Street, 41h Floor
Yellowknife, NT X1A 2P7
November 18, 2013

(

EC File No.: 5410 000 001 /014
SLWB File No.: S13L 1-007

Tony Morris
Regulatory Specialist
Sahtu land and Water Board
P.O. Box 1
Fort Good Hope, NT, XOE OHO

Via Email at tony.morris@slwb.com

Attention: Mr. Morris

RE:

S13L1·007 - Imperial Oil Resources Limited Type A Water Licence Renewal

Norman Wells Operations -

Environment Canada (EC) has reviewed the information submitted with the abovementioned application. EC advice is provided pursuant to mandated responsibilities
arising from the Canadian Environmental Protection Act, 1999 (CEPA), the pollution
prevention provisions of the Fisheries Act, the Migratory Birds Convention Act (MBCA)
and the Species at Risk Act (SARA).

c

EC understands Imperial Oil Resources Limited's (the Proponent) Norman Wells
Operations (NOW) have been operational for a number of years and is currently
comprised of:
386 wells located on the mainland, artificial islands, and natural islands of which:
•
•
•
•
•

179 are production wells;
170 are injection wells;
7 are suspended;
29 are abandoned; and
1 is an observation well.

The Central Processing Facility (CPF) produces the following outputs:
•
•
•
•
•
•

Gas to flare;
Gas to Mars Turbine;
Lift gas to the field (to support oil production);
Natural gas to the Town;
Propane to injection;
Natural Gas Liquids (NGL) to Enbridge Pipeline;

Canada

www.ec.gc.ca
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(

•
•
•
•

Crude oil to Enbridge Pipeline;
Produced and fresh water to the field for injection; and
Fresh water used for cooling returned to the river.
In addition to these outputs the CPF also produces electrical power for the
Norman Wells Operations and Northwest Territories Power Corporation.

Changes to NWO since the issuance of the previous permit (August 30, 2004 to present)
are related to:
•
•
•

Field operations including the number and type of wells;
Replacement and repair of flowlines; and
Other operational improvements to the NWO.

Given the Proponent has been operating under the current water licence for 10 years,
EC views this water licence renewal process as an opportunity to ask questions, discuss
the Proponent's recommended changes to the current water licence, and examine
mitigation measures and monitoring occurring for multiple components of the project.
EC will also consider the following activities the Proponent proposes be included in the
next water licence:

c

•
•
•
•
•

Repair and installation of protective features around bunkers;
Removal or replacement of greater than 100m3 of material to repair or replace
flowlines;
Addition of material (i.e. riprap, sand, etc.} to areas affected by erosion and/or
river scour;
Addition of riprap around banks; and
Shoring of bridges.

While EC is not presenting particular questions or comments to the Sahtu Land and
Water Board at this time, we will continue to review the information provided by the
Proponent, with a focus on the following subjects:
•
•
•
•
•
•
•

Aquatic effects monitoring program;
Surveillance Network Program & surface water and groundwater monitoring;
Wildlife- migratory birds and species at risk;
Air emissions;
Waste management;
Spill preparedness and response planning; and
Abandonment and reclamation

EC intends on participating throughout the water licence renewal process as described
in the November 7, 2013 Revised Work Plan established by the Sahtu Land and Water
Board.

(

Please do not hesitate to contact me at (867) 669-4744 or loretta.ransom@ec.gc.ca if
you have any questions.

Canada

www.ec.gc.ca
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(

Sincerely,

Loretta Ransom
Senior Environmental Assessment Coordinator, EPO
cc:

Carey Og!lvie (Head, Environmental Assessment North. EPO. EC)

c

Canada
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SAHTU RENEWABLE
RESOURCES BOARD
P. 0. Box 134, Tullta, NT, XOE OKO
Phone (867) 588-4040
Moblle/Volcemall 406·966·4370
Skype deborahleeslmmons
Fax (867) 588·3324

director@srrb.nt.ca
www.srrb.nt.ca
http://www.facebook.com/ SahtuWlldlife

Larry Wallace, Chair
Sahtu Land and Water Board
Delivered via email

November-18-13
RE: Imperial Oil Resources Limited, Type 'A' Water Liceme Renewal, SIJLJ-007

Dear Mr. Wallace:

c

The Sahm Renewable Resources Board (SRRB, or the Board) has reviewed Imperial Oil Resources
Limited's (IORL) Type 'A' Water License Renewal Application based on its mandated responsibilities
under the Sahm Dene and Metis Comprehensive Land Claim Agreement and provides the following
comments and recommendations:
Reclamation and security
I. Of the remediation activities completed so far by IORL, have any been certified by a third party?

The Board recommends that remediation activities be certified by a third party.
2. The Board is concerned that the amount of security required by the current water license ($2
million) is a fraction of the actual cost of reclaiming the site, which puts renewable resources at
risk. The Board recommends:
a) A higher security deposit covering the full cost of reclamation should be put in place.
b) Clause l(h) should not be removed from the water license (requiring the licensee to identify
how reclamation costs will be financed) until a full security deposit is in place.
The Board also urges responsible agencies to establish, as soon as possible, requirements that must be
fulfilled in order for inspectors to sign off on completed reclamation of an oil and gas-related site.
Changes to monitoring regime

l. Under Table D of section 3.4 (Proposed Amendments: Surface Water Management), IORL
proposes to stop testing for certain parameters in the surface water that collects on top of"intact
fonner sumps" or "closed historical sumps." Given that "former" sumps are at different stages of
the reclamation process, and some may be releasing contaminants to the environment through
various routes, the Board recommends that monitoring requirements should only be changed for
those sumps that have been fully reclaimed, as certified by an independent third party.
2. According to recently released records from the National Energy Board, Norman Wells had the
highest number of pipeline "incidents" (such as leaks and spills) of any community in Canada.
with 71 incidents over the past ten years. As the Nonnan Wells operations begin to wind down,

(_
I I Page

the Board urges IORL to increase its vigilance against spills and leaks in order to improve its
record. What additional prevention and detection systems for spills and leaks will be put in place?

(

F31X disposal well
1. Does IORL keep detailed records of the composition and volumes of substances injected into the
F31 X disposal well? If so, can IORL provide details of substances injected into the F31 X disposal
well over the past 5 years?
Thank you for this opportunity to comment, given that IORL's Norman Wells operations have great
consequence for the health of wildlife and habitat in a significant portion of the Sahru Region, including
downstream of the operations.
Sincerely,

Deborah Simmons
Executive Director

c

(_
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November 14, 2013
Tony Morris
Sahtu Land & Water Board
Fort Good Hope, NT
XOEOHO
Dear Tony:
RE:

Imperial Oil Water License Application-Sl3Ll-007

We reviewed your letter dated October l, 2013 regarding Request for Comments for
Imperial Oil Resources Limited Type 'A' Water License Renewal application.

c

Our board has several comments regarding this application for the Norman Wells
Operations: Water Use, Waste/Contaminated Water - What are the disposal methods?
Location? Does Imperial Oil have a Water Monitoring Program? What are their
reporting requirements? In tenns of our role in overseeing the implementation of the
Land Claim on a community level. We would request that Yamoga Land Corporation be
on the contact/distribution list. As such, we request a meeting to discuss these matters.
If you have any questions or concerns regarding our comments you can call me at 867598-2519 or email me at president@yamoga.ca

Thank you,

(

PO BOX 18 FORT GOOD HOPE, NT XOE OHO
PHONE 867-598-2519/2529 FAX 867-598-2437
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Canadian Helicopters Limited

4500, 1000 Airport Road
Edmonton lntematlonal Airport
Alberta T9E OV3
CANADA

Tel

Fax

+1780429 6900
+1 780 429 6925

"""'

CANADIAN
HELICOPTERS

4fl

AN HNZ COMPANY

Mr. Tony Morris
Sahtu Land and Water Board
Box 1, Fort Good Hope, NT

XOEOHO
February 12, 2014

RE:

Imperial Oil Resources Norman Wells Operation
Water Licence Renewal Application S13L 1-007

Mr. Morris
Canadian Helicopters Limited supports Imperial Oil Resources' application to renew their water
licence currently before the Board.
Canadian Helicopters Limited works with I provides Imperial Oil Resources with Helicopter
Transportation services from its Hangar Facility located at the Norman Wells Airport. Imperial
Oil is one of Canadian Helicopters anchor clients in the Norman Wells area allowing us to keep
the Hangar facility open year around. During periods of peak activity we will have 10-12
employees working/living in Norman Wells to support Imperial Oil's Transportation needs.
Canadian Helicopters Limited does not intend to appear at the hearing scheduled for April 2-3.
2014, in Nonnan Wells, but we do request that the SLWB consider this written submission
during their deliberations on this application.
Thank you for your consideration.
Sincerely,

/J?ad10~Mark Olson
Vice President of Operations - Canada
Fax: 780 429 6932
molson@canadianhelicopters.com

cc: Jennifer Watson, Imperial Oil Resources

canadianhellcopters.oom

P.O. BOX91
NORMAN WELLS, NT XOE OVO
PHONE: 867-587-2072
FAX: 867-587-2074
Email: dm_gts@theedge.ca

GLOBAL TECHNICAL SYSTEMS
SAHTU LAND&
February 15, 2014

WATER BOARD

FF:-i 2 1 2014
Tony Morris
Sahtu Land and Water Board
P.O. Box l
Fort Good Hope, NT

RECEIVED

XOEOHO
Dear Sir,
Re: Imperial Oil Resources, Norman Wells Operation
Water Licence Renewal Application Sl3LI-007

Global Technical Systems Ltd. (GTS) supports Imperial Oil Resources' application
currently before the Board to renew their water licence.
Through long term contractual agreements, Global Technical Systems Ltd. provides
Imperial with staff housing maintenance and oil field HVAC maintenance. As a result of
this service arrangement, GTS not only benefits from sustainable employment for local
and rotational trade technicians, but has evolved with lmperial's strong corporate
safety, community, and environmental policies. GTS views Imperial as a valuable
corporate citizen, not only in Norman Wells, but for the entire Sahtu Region . Their
exemplary ethics, safety and environmental policies instill high standards for industrial
development in our region.
Global Technical Systems does not intend to appear at the hearing scheduled for April
2-3, 2014, in Norman Wells, but we do request that the SLWB consider this written
submission during their deliberations on this application.
Thank you for your consideration
Sincerely,

/

Lorraine Tremblay, C.G.A.
Financial Controller

cc: Jennifer Watson, Imperial Oil Resources

Norman Wells & District

Chamber of Commerce
Box 400, Norman Wells, NT XOE OVO
Phone: (867) 587-6609
www.normanwellschamber.com

February 28, 2014
Tony Morris
Regulatory Specialist
Sahtu Land and Water Board
Box 1
Fort Good Hope, NT XOE OHO
Delivered electronically to tony.morris@slwb.com
Imperial Oil Resources Norman Wells Operation
Water Licence Renewal Application S13L1-007

Please accept this letter of support from the Norman Wells & District Chamber of Commerce for Imperial
Oil Resources' Water Licence Renewal Application S 13L 1-007. Imperial Oil's operation in Norman
Wells contributes significantly to the Norman Welts economy through direct employment and the
contracting of local services from over 25 local businesses. The spin-off benefits derived from their
employees' residency in the community are also substantial as is Imperial's contribution to the tax roll of
Norman Wells.
The Chamber asks that the SL WB consider our written submission during your deliberations on this
application.
Yours truly

Chris Buist
President
president@normanwellschamber.com
Cell: (867)587-6609
cc: J.L. Watson

JFSL
Head Office

Norman Wells Office

#168, Broadmoor Place Ill
2301 Premier Way
Sherwood Park, AB TBH 2K8

One EssoWay
PO Box99

Norman Wells, NT XOE OVO

Phone: (780) 400-2800
Fax: (780) 400-2801

Phone: (867) 587-3609
Fax: (867) 587-3603

Tony Morris
Sahtu Land and Water Board
Box 1, Fort Good Hope, NT

XOEOHO

1 March, 2014
RE: Imperial Ori Resources Nonnan Wells Operation
Water Licence Renewal Application S13L1-007

JFSL Projects ltd, Supports Imperial Oil Resources' application currently before the Board to renew their
water licence.
JFSL Projects works with/ provides Imperial with daily maintenance and small capital project support, at
the Norman Wells facilities. As a result of this work together I service arrangement we are able to
employ, at a peak season up to 25 rotational worker for craft support and 12 full time Norman Wells
resident in both, staff and craft job positions. JFSL employs many local business' as part of the Imperial
support team; heavy equipment, HVAC and controls, scaffolding/insulation subcontractors, to name a
few. These jobs are as you know, are vital to the community, and help to provide economic stability in
the region.
JFSL does not intend to appear at the hearing scheduled for April 2-3, 2014, In Norman Wells, but we do
request that the SLWB consider this written submission during their deliberations on this application.
Thank you for your consideration.

Zkzt--

David Sallee
JFSL Site Manager
Fax: 867-587-3603
Email: davld.sallee@jfslprojects.com

Sahtu Land and Water Board
P.O Box 1
Fort Good Hope, NT

XOE OHO
Phone: 867-598-2413
Fax: 867-598-2325

www.slwb.com

Technical Sessions
Imperial Oil Norman Wells Operations - Water Licence Renewal (S13L1-007)
Dates:
January 15-17, 2014
Location:
Norman Wells Legion (Beside the Heritage Hotel)
For those joining via teleconference, please contact Tony Morris at tony.morris@slwb.com for
dial-in details
Tour of Imperial Facilities afternoon of January 15, 2014:
Imperial will provide transportation to their site. There will be two pick up locations. All
participants meet at;
Heritage Hotel - 1 :20pm
Town Square (Stores) - 1 :25pm
Please be on time. In the event that the plane is significantly delayed (i.e. arrives after
12:30pm), a representative from the SLWB and/or Imperial Oil will meet people at the airport
to discuss options. For people already in Norman Wells, you can call 587-3215 for updates.
Tour.will consist of plant and field tour and take approximately 3 hours. If you have your own
coveralls (must be fire retardant/nomex) please bring them as Imperial Oil has a limited
number of winter wear. Imperial Oil will provide hard hats, gloves, safety glasses. Winter
footwear is needed (does not need to be steel toed). See attached figure for rules
regarding facial hair.
Purpose:
The technical session will be facilitated by Board staff, and their consultant, and will deal with
technical issues brought up during the public review period. Discussions at the technical
session may also reveal the need for further information requests of the proponent or other
parties. Please note that the technical session is not a public hearing and Board members
and their legal counsel will not be present. Final recommendations for the Water Licence
should be made in the formal written intervention phase of the renewal, submitted to the
Board prior to the public hearing.
Agenda:
All times are approximate. Participants are encouraged to have questions prepared in
advance for each topic based on the background information provided.

Day 1 - January 16, 2014 (Thursday)
9:00-9:30

Round-Table Introductions and Opening Comments (Board
Staff/Consultant)

9:30-10:15

Review of Requested Licence Amendments from Renewal Application
• Table provided as background information
(see section 3 of IOR Renewal Application)

S1R'IEAK (r:l!fiiAks and

sna~ks

1~15. -

prov.ided)

1(1~ 30

10:30 - 12:30

Water Quality Management and SNP
• Presentation of Consultant Aquatic Effects Report submitted to
SLWB
• Discussion of goals/objectives, research questions, timeline for
new Aquatic Effects and Water Quality (Surface and Groundwater)
Monitoring Program
(see sections 12, 13, 14 and EPP in Section 18 of IOR Renewal Application)

!LUNCH (Flat ~rovided)

12:30 - 1:45'
1:45-3:00

Water Quality Management and SNP
• Future SNP stations, sampling procedures and frequencies,
parameters to be assessed (to be included in any Aquatic Effects
and Water Quality Monitoring Program)
Surface
Water Run-off (Part D of current SNP)
•
(see sections 13. 14 of IOR Renewal Application)

.~

BREAK (dliir.aks and snacks provided~

3:GO-S.:~5

3:15 -5:00

Contaminated Soil Management
• Discussion based on several reviewer comments
Addition of requirement for Operation and Maintenance Plan to
Part E of Licence; what to include in that Plan? Consolidation of
Reporting requirements for both Closure and Reclamation
activities and any flowline release.

•

(see sections 9, 16 and WMP in Section 18 of IOR Renewal Application}

Day 2 -January 17, 2014 (Friday)
9:00-9:30

Opening Comments - Outstanding Questions from Day 1?

9:30-10:30

Closure and Reclamation Requirements/Plan
• Current wording of Part H of Licence and requested changes
• Goals, objectives, research questions for future C&R Plan
Standards, timelines, consultation requirements, land ownership

•

(see sections 10 and 16 of IOR Renewal Application)

B~EAK (drirrtl<s amctsr.ta~prowd.ed~

Continuation of Closure and Reclamation Requirements/Plan

',

\'I 0;30 - 1Ot45
10:45 -12:30

LUN.Clfl tr:iot provided'
Flowline Integrity Management (Mackenzie River Breakup Report)
• Shared jurisdiction SLWB/NEB
• Breakup Report/Current Licence requirements
• Potential Changes to Licence/Risk Management framework

Ii

12:36 -.1:45

1:45-3:15

(see section 6 and 17 of IOR Renewal Application)

BRUK (drinks and sna·ek& provided)
Outstanding Issues from Review Period, Wrap-up, and Information
Requests

~1 5 -3:30

3:30-5:00

***Please note that any suggestions or opinions in the background information provided at
the technical sessions are those of SLWB staff, and no decision on any matters have yet to
be made by the Board. The provided background information is intended to stimulate
discussion.

Subject 6: Physical Hazards

The shaded portton1 are your respirator seal areas.
Facial hair ls not permitted on these portions of the fllce.

UNACCEPTABLE

Goatee and Narrow or Wide Mustache

Full Beard

Extended Sideburns

Fu Manchu Mustache

Wide Mustache

ACCEPTABLE

Clean Shaven

Narrow Mustache

soul Patch

Wf004Z707 09

Figure 4-3; Facial Hair Requirements for Respirator Use
Clothing and Accessories
Workers must not wear:
•

loose clothing around machines

•

clothing that will melt if exposed to heat, e.g., nylon

•

rings or other jewelry if they present a hazard
Page4-41
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Sahtu Land and Water Board
P.O Box 1
Fort Good Hope, NT

XOEOHO
Phone: 867·598-2413

Fax:867-598-2325
www.slwb.com

S13L1·007

January 20, 2014
To all parties,

Re: Information Requests Resulting from Technical Sessions for Water Licence
Renewal 513L1-007
The Sahtu Land and Water Board (SLWB) would like to thank all parties who participated in
submitting comments and attending the recent technical sessions to discuss Imperial Oil's
Type A Water Licence Renewal. The sessions were beneficial in helping to identify and clarify
issues raised by reviewers and Board staff.
There were several requests for specific information and numerous commitments to provide
information made by parties during the technical sessions. In an effort to ensure an adequate
level of evidence is on the record for this proceeding, the SLWB is requesting the following
information from the specified parties by February 3, 2014.
Information Requests to GNWT - Environment and Natural Resources
GNWT-ENR IR #1: Release of Community Water Monitoring Program Research
Questions/Data
GNWT - ENR, after checking with the appropriate communities, is being
asked to provide a timeline for the release of the Community Water
Monitoring Program Research Design (including community concerns
and potential research questions) to help inform the first stages of the
design for an AEMP by Imperial Oil. The reason a timeline is being
requested is so that the SLWB has the necessary commitments
documented by February 3rd. It is understood that this may not be
enough time to provide the full information as GNWT- ENR needs
community authorizations. GNWT - ENR will also need to confirm
authorizations from the affected communities for the release of this
information to the SLWB registry. If the community releases the
information, but would prefer it not to be on the public registry, please
identify as such in any submissions to the SLWB.
The timeline shall also include information on the release of the 2013
technical data for the AEMP Working Group.
GNWT-ENR IR #2: Provide Background information on PAH/TPH and its relationship
GNWT - ENR, to provide Imperial Oil with background information on
PAH/TPH in the Norman Wells area. Information provided should include
any information they have of the relationship between PAH/TPH.
Additionally, if there is any other applicable literature related to PAH/TPH

that the GNWT is aware of that could assist Imperial Oil in its review of
the EQC for TPH (IORL IR#1 ).
Information Requests to Imperial Oil Resources N.W.T. Limited
IORL IR #1:

Review of EQC for TPH according to the Board's Water and Effluent
Quality Management Policy
Imperial Oil is to review available information on Total Petroleum
Hydrocarbons (TPH) detection limits to determine and recommend
whether or not 1O mg/L is adequate for the protection of aquatic life
following the Board's Water and Effluent Quality Management Policy.
This information is to be provided for inclusion in the review of the draft
Water Licence, ideally prior to May 5, 2014. For the February 3'd, IR
response deadline, IOR is to confirm that the review of TPH is taking
place and encompasses all parts of the Licence's Surveillance Network
Program where TPH is a parameter to be assessed.

IORL IR#2:

Map of SNP Locations and Surface Water Discharges
Imperial Oil is to provide a map for inclusion in the Water Licence of all
SNP Locations, the locations of all Surface Water Run-off Stations, and
locations of all surface water discharges to the Mackenzie River. The
map should be colour coded to show where permanent Category A and B
(SNP Part D) sites are.

IORL IR#3:

Define Closure and Reclamation Facilities and document
contaminated soil management practices in the Waste Management
Plan
Imperial Oil will provide a definition of biocell, landfarm, and groundwater
treatment facilities for inclusion in the Licence. Imperial Oil will also
document contaminated soil management practices including applicable
guidelines, assessment parameters, as well as procedures to be followed
for inclusion in a revised Waste Management Plan.

In order to ensure the Water Licence renewal process proceeds efficiently, the SLWB
requests the proceeding information as soon as possible to allow parties to prepare their
interventions. All information requested must be submitted by February 3, 2014. All
information regarding this proceeding will be posted on the SLWB's online registry and Board
staff will post IR responses as they are submitted. If you have any questions please contact
Tony Morris at tony.morris@slwb.com or at 867-598-2413 ext. 223.
Sincerely,

Tony Morris
Regulatory Specialist

0

NorthW<tst
Territories Environment and Natural Resources

February 3, 2014
Tony Morris
Regulatory Specialist
Sahtu Land and Water Board
Box 1, Fort Good Hope
Northwest Territories

XOE OHO
Dear Mr. Morris,

Re:

Imperial Oil Resources NWT Ltd.
Water Licence Application - S13L1-007
Type A Water Licence Renewal - Norman Wells Operations
ENR Response to Information Request

The Department of Environment and Natural Resources (ENR) has reviewed the
request at reference based on its mandated responsibilities under the Environmental
Protection Act, the Forest Management Act, the Forest Protection Act and the Wildlife
Act has and provides the following comments or recommendations for the
consideration of the Board.

GNWT-ENR IR #1: Release of Community Water Monitoring Program Research
Questions/Data
GNWT - ENR, after checking with the appropriate communities, is being asked to
provide a timeline for the release of the Community Water Monitoring Program
Research Design (including community concerns and potential research questions) to
help inform the first stages of the design for an AEMP by Imperial Oil. The reason a
timeline is being requested is so that the SLWB has the necessary commitments
documented by February 3rd. It is understood that this may not be enough time to
provide the full information as GNWT- ENR needs community authorizations. GNWT
- ENR will also need to confirm authorizations from the affected communities for the
release of this information to the SLWB registry. If the community releases the
information, but would prefer it not to be on the public registry, please identify as such
in any submissions to the SLWB.
The timeline shall also include information on the release of the 2013 technical data
for the AEMP Working Group.
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Response: As background information, the Department of Environment and Natural
Resources (ENR), Government of the Northwest Territories (GNWT), is working with
the community of Fort Good Hope (through several meetings) and all Sahtu
communities (at a regional meeting in Norman Wells) to identify water-related
community concerns, prioritize these concerns and identify research questions.
ENR commits to expediently assemble a list of the water-related concerns/research
questions discussed and prioritized from work with the communities. ENR will then
request that the communities authorize the release of this information to the Sahtu
Land and Water Board (SLWB) registry and Imperial Oil to help it develop the Aquatic
Effects Monitoring Program (AEMP) for the Norman Wells operations.
Regarding water monitoring information, the 2012 Community-based Water Quality
Monitoring Program data has been released through community and regional
meetings.
2013 'Sonde' and grab water sample data are currently being analyzed. Data for the
2013 samples using DGT and PMD samplers are expected before the end of March
2014. It is ENR's hope to present the information to the communities at regional
meetings in late March/early spring 2014. Once this information has been presented
to communities it can then also be available for use in development of the AEMP by
an AEMP working group.
GNWT-ENR IR #2: Provide Background information on PAH/TPH and its relationship
GNWT - ENR, to provide Imperial Oil with background information on PAHITPH in the
Norman Wells area. Information provided should include any information they have of
the relationship between PAHITPH. Additionally, if there is any other applicable
literature related to PAH/TPH that the GNWT is aware of that could assist Imperial Oil
in its review of the EQC for TPH {IORL IR#1 ).

Online research indicates that the proportion of Total Petroleum Hydrocarbon (TPH)
that is Polycyclic Aromatic Hydrocarbon (PAH) can range from approximately 2 to 30%.
This is verified further depending on potential sources. This indicates that a value of
TPH that is 10 mg/L (which is equivalent to 10 000 000 ng/L) then there could be
between 200 000 and 3 000 000 ng/L of total PAH present.
Regarding the issue of how to determine how much total PAH is dissolved please
consider the following reference. In Alaskan North Slope crude it was determined 16%
was dissolved (Carls et al., 1999). If the Alaska case is an indication, there could be
between 32000 to 480 000 ng/L total PAH in Norman Wells crude.
However, dilution and the constituent PAHs of the dissolved PAHs must be considered.
Therefore, additional information is required to provide an assessment. For example,
the volumes of water tested for release and the volume of water that receives that
release is required.
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Regarding fish reproductive effects from dissolved PAH, they have been documented
as low as 400 ng/L in the literature (see Carls et al., 1999). In the Mackenzie River
Norman Wells area in 2012, total dissolved PAH concentrations were determined as
approximately 5 ng/L.
Reference:

(see attached)
Carls MG, Rice SD, Hose JE. 1999. Sensitivity of fish embryos to weathered crude oil:
Part I; low level exposure during incubation causes malformations, genetic damage,
and mortality in larval pacific herring (Clupea pallasi), Environ Toxicol Chem 18:481493.
Should you have any questions or concerns, please do not hesitate to contact Patrick
Clancy, Environmental Regulatory Analyst at 920-6118 or patrick clancy@gov.nt.ca.
Sincerely,

Patrick Clancy
Environmental Regulatory Analyst
Environmental Assessment and Monitoring
Land and Water Division
Department of Environment and Natural Resources
Government of the Northwest Territories
Att: Carls MG, Rice SD, Hose JE. 1999. Sensitivity of fish embryos to weathered crude
oil: Part I; low level exposure during incubation causes malformations, genetic
damage, and mortality in larval pacific herring (Clupea pa/last), Environ Toxicol Chem
18:481-493.
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SENSITIVITY OF FISH EMBRYOS TO WEATHERED CRUDE OIL: PART I. LOW-LEVEL
EXPOSURE DURING INCUBATION CAUSES MALFORMATIONS> GENETIC DAMAGE,
AND MORTALITY IN LARVAL PACIFIC HERRING (CLUPEA PALLAS[)
MARK G. CARLs,*t STANLEY D. R1cE,t and Jo ELLEN HosEt
tNational Oceanic and Atmospheric Administration, National Marine Fisheries Service, Alaska Fisheries Science Center,
Auke Bay Laboratory, I 1305 Glacier Highway, Juneau, Alaska 99801, USA
:J:Occidental College, Los Angeles, California 90041, USA
(Received 29 October 1997; Accepted 15 June 1998)

Abstract-Pacific herring eggs were exposed for I 6 d to weathered Alaska North Slope crude oil. Exposure to an initial aqueous
concentration of 0.7 parts per billion (ppb} polynuclear aromatic hydrocarbons (PAHs) caused malfonna1ions, genetic damage,
mortalily, and decreased si:i;e and inhibited swimming. Total aqueous PAH concentrations as low as 0.4 ppb caused suble1hal
responses such as yolk sac edema and immaturity consistent with premature hatching. Responses 10 less weathered oil, which had
relatively lower proportions of high molecular weight PAH, generally paralleled those of more weathered oil, but lowest observed
effective concentrations (LOECs) were higher (9.1 ppb). demons1mting the importance of composition. The LOEC for more
weathered oil (0.4 ppb) was similar to that observed in pink salmon (1.0 ppb), a species with a very different development rate;
by inference. other species may be similarly sensitive to weathered oil. Our method$ simulated eondition5 ob~crvcd in Prince
William Sound (PWS} following the Exxon Valdez oil (EVO) spill. Biological effects were identical to those observed in cmbryolarval
herring from PWS in 1989 and support the conclusion that EVO caused significant damage 10 herring in PWS. Previo11s demonstration
by our laboratory that most malfonned or precocious larvae die c-orroborates the decreased larval production measured after the
spill.
Keywords-Herring larvae
Valdez oil spill

Morphological damage

Genetic damage

Polynuclear aromatic hydrocarbons
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post-EVO spill conditions and determine the effects of oil on
herring development in a laboratory setting free from the confounding variables inevitable in field studies. We studied the
responses of herring eggs exposed to weathered oil similar in
composition and concentration to that observed in PWS and
compared the effects on larval survival, morphology, and development with the effects reported in the NRDA studies. Specific experimental objectives were to determine if exposure of
incubating eggs to polynuclear aromatic hydrocarbons (PAHs)
leached from spilled oil would cause mortality, morphological
effects, behavioral effects, and changes in hatch timing; if
exposure of incubating herring eggs to PAH would cause genetic defects in somatic cells, effective PAH concentrations
and exposure durations; and if oil weathering influenced toxicity. Experimental results support the conclusion that EVO
caused significant damage to herring eggs and larvae in PWS.

INTRODUCTION

On March 24, 1989, the T/V Ex.xo11 Jlaldez grounded in
Prince William Sound (PWS), Alaska; the resultant oil spill
was the largest in U.S. history. Jn the short-term aftermath of
the spill, damage attributed to oil was measured in several
species of fish, including herring, salmon ids, and rockfish [ 14). Herring were just beginning to spawn when the spill occurred, and about half of the spawned biomass was exposed
to Exxon Valdez oil (EVO) [I). Exposure of herring eggs to
petroleum hydrocarbons frequently results in small, abnonnal
larvae with poor survival potential [5-7). Herring larvae col·
lected throughout PWS (May-July 1989) exhibited conditions
associated with oil exposure, including morphologic malformations, genetic damage, and small size [8). It is likely that
such severely affected larvae die because site-specific instantaneous mortality rates were highest near oiled beaches (I).
One Natural Resource Damage Assessment (NRDA) study calculated a 52% loss in larval herring productivity for PWS in
1989 as a result of the spill [ 1).
However, the existence of toxic effects in herring eggs and
larvae due to oil exposure remains contentious because a study
funded by Exxon did not find oil-related impacts in PWS (9).
Differences in methodology may primarily explain the divergent conclusions. This investigation was undertaken to mimic

MATERIALS AND METHODS

Experime111al overview
Total PAH (TPAH) concentrations in water were chosen to
bracket maximum mean TPAH concentrations observed in
open water of PWS following the EVO spill (EVOS) (up to
6.24 ± 0.63 ppb [10)}. Water was contaminated by passage
through oiled gravel; eggs were exposed to PAH dissolved
from oil, not oil droplets. To test weathering effects, the gravel
used to produce less-weathered oil (LWO) was reused in the
second experiment, resulting in more-weathered oil (MWO).
The two consecutive experiments each consisted of a graded
series of doses plus multiple exposure times at the middle
concentration {34 ppb for LWO and 0.7 ppb for MWO). Fertile

• To whom correspondence may be addressed
(mark.carls@nooa.gov}.
The research described in this paper was supponed by the Exxon
Valdez Oil Spill Trustee Council. However, the findings and conclu·
sions presented by the authors are their own and do not necessarily
reflect the view or position of the Trustee Council.
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herring eggs, attached to glass slides, were incubated in clean
or contaminated seawater. We controlled for possible maternal
genetic variation within each of these experiments by including
eggs from each female in each treatment.

20

Oil exposure conditions and chemical analysis
Seawater was contaminated by contact with oiled gravel.
Water percolated upward through gravel in vertical 30-cm di·
ameter x 122-cm polyvinyl chloride cylinders fined with a
trap to prevent slick overflow [I I]. Water flowed at 5 L/min
from these oil generators via glass manifold to the bottom of
four 40 to 50-L treatment tanks: one cylinder was used per
dose. Water Rowed through oiled gravel for 5 d before any
eggs were exposed. Each cylinder was loaded with 45 kg of
oiled gravel (or nonoiled control gravel}, except the high-oil
treatment generator was loaded with 90 kg gravel. Gravel,
approximately 1 to I I mm in diameter (Md<!> = 5.2 mm, QJQ3 = 4.2-6.6 mm), was washed, dried, and then contaminated
by spraying measured quantities of artificially weathered Alaska North Slope crude oil on tumbling gravel.
To simulate the composition of oil stranded on PWS beaches in 1989 after the EVO spill, the oil applied to gravel was
artificially weathered by heating it to 70"C overnight until its
initial mass was reduced by approximately 20% (12). The
resultant PAH composition was dominated by the naphthalenes, followed by phenanthrenes, dibenzothiophenes. fluorenes, and chrysenes. In general, homologs with 2-methyl substitutions (C2) had the highest concentrations followed by CI,
C3, and then the parent compounds (Fig. I).
Eggs from each female were incubated 16 d in each of five

1.0o/.
(1.7%)

10
0

Collectio11 of eggs

Prespawn herring were collected from two locations in
southeast Alaska. He1Ting for the LWO experiment were collected near Cat Island (55.0°N latitude, 13 l .2°W longitude) on
April 11, 1995. Fish for the MWO experiment were collected
in Seymour Canal (57.s"N latitude, 133.8°W longitude) on
May 13, 1995. Herring were spawned as rapidly as possible
after capture in Ketchikan or Juneau. Ovarian membranes were
cut longitudinally, and eggs were removed with a stainless
steel spatula. From each female, eggs were deposited in a
single layer on nine 25 X 75 mm glass slides placed in ambient
seawater at the bottom of a shallow glass dish. Deposition was
accomplished with a gentle swirling motion; approximately
100 to 150 eggs were deposited per slide. Slides containing
eggs from each female were placed in a staining rack and
suspended in separate beakers of seawater. Within 30 min of
deposition, a few milliliters of milt, pooled from three males,
was added to the eggs in each beaker. After 5 min, slides with
eggs were removed and gently rinsed in seawater. Eggs from
15 (LWO) or 21 (MWO) females were fertilized in three sep·
arate spawning events; a total of 9 males contributed sperm
in each experiment. Fertilized eggs (LWO) were transported
in ambient seawater from Ketchikan to Juneau. All fertilized
eggs were incubated 1 d in clean seawater before experimental
treatment.
Eggs were examined for fertilization success within 5 d of
spawning. Excess eggs along slide margins and those in areas
more than one layer deep were removed. Processing was accomplished in clean seawater with a minimum of emersion.
Remaining fertile, infertile, and dead eggs were counted. For
all treatments combined, fertility was 79.0% ;!: 0.8 in LWO
experiments and 93. l % ± 0.4 in MWO experiments.
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Fig. I. Representative composition of polynuclear aromatic hydrocarbons (PAHs} in treatment water compared tCl Exxon Valdc~ crude
oil. In this example, composition is shown for the mid-oil treatment
on days 0 and 16 in less weathered (LWO} and more weathered oil
(MWO) experiments. Totnl PAH (TPAH} concentrations arc listed for
each set. Also listed arc total percentages of the following homologous
chemical groups (left to right}: naphthalenes. fluorcncs, dibcnzothiophenes, phenanthrenes, and chrysenes: numbers in parentheses in the
first panel are homolog percentages for the Alaska North Slope crude
oil used in this study.

treatments (control, trace, low, mid-, and high oil). Additional
eggs (also from each female) were exposed in the mid-oil
treatment for 1, 2, 4, and 8 d to generate a complete 0 to 16
d time series; controls were reused as zero exposure time these
analyses. Eggs were first exposed to oil 1 d after fertilization.
After 16 d, all remaining eggs were transferred to clean seawater. Eggs were isolated by female and treatment I d later;
each slide was individually suspended in a 1-L jar filled with
seawater. Temperature was controlled by placing jars in a flowing seawater bath. To facilitate oxygen exchange, slides were
suspended from mobile racks. Mean temperature was S. t•c
(4.0-6.7"C) in the LWO experiment and 6.2"C (S.6-7.l"C) in
the MWO experiment. Mean salinity was 32 ± 0.3 ppt. At the
beginning of treatment, and every fourth day thereafter, I to
3 replicate 3.8-L water samples per dose were extracted and
analyzed for PAH by gas chromatography-mass spectrometry
(GC-MS) [13).
Analysis of PAH samples by GC-MS was perfonned at the
National Marine Fisheries Service, Auke Bay Laboratory [13).
After addition of six internal standards, all samples were ex-
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Fig. 2. Total polynuclcar aromatic hydrocarbon (TPAH) concentrations in water by treatment as 11 function of time in two consecutive
experimencs. Treatments were control (C), trace (T}. low (L}, mid
(M), and high oil (H). Most points represent single observations:
where presenl, vercical bars indicate SE.

tracted with dichloromethane. Isolation and purification of calibrated and uncalibrated compounds was completed by silica
gel/alumina column chromatography followed by size-exclusion high-pressure liquid chromatography (HPLC) and fractionation; seawater samples were not fractionated by HPLC.
Extracts of PAH were separated and analyzed by GC equipped
with a mass selective detector. Calibrated PAH were identified
by retention time and two mass fragment ions characteristic
of each PAH and quantified using a five point calibration curve.
Uncalibrated PAH homologs (which included alkyl-substituted
isomers of naphthalene, ftuorene, dibenzothiophene, phenanthrene, and chrysene) were identified by retention time and
the presence of a si nglc characteristic mass fragment ion. Uncalibrated PAHs were quantified by using calibration curves
of their respective parent homologs. Experimentally determined method detection limits (MDLs) depended on sample
weights and generally were I ppb in tissue and I to 8 pptr
(nanograms per liter) in water. Concentrations below MDL
were treated as 0. Tissue concentrations arc reported on a wetweight basis, but wet to dry weight ratios were measured by
dehydrating I g wet samples for 24 h at 60°C and weighing
the remaining mass. The accuracy of the hydrocarbon analyses
was about :t I 5% based on comparison with National Institute
of Standards and Technology values, and precision expressed
as coefficient of variation was usually less than about 20%,
depending on the PAH. Total PAH concentrations were calculated by summing concentrations of individual PAH. Rel·
ative PAH concentrations were calculated as the ratio of PAH
concentration to the TPAH concentration.
Gravel used in the LWO experiment was reused in the
subsequent MWO experiment. Water flow through gravel was
restarted 1 d before MWO egg exposures; thus, the oil was
more weathered in MWO than in LWO, and TPAH concentrations were lower (Fig. 2). Weathering parameter, w, was
estimated from oiled gravel using methods of Short and Heintz
[ 14 ], where 11• represents the extent of first-order kinetic losses
of PAH from petroleum and summarizes the exposure history
of the sample (w = 0 in unweathered samples) and increases
with weathering. Weathering was dose dependent and ranged
from 0.53 to 0.04 in LWO (low- and high-oil treatments, respectively, on day 2), and I .28 to 0.96 al the end of the MWO
experiment (low- and high-oil treatments, respectively).

Hatch timing and success, larval viability, and larval abnormalities were observed daily during peak hatch. Observation frequency was reduced to 2- or 3-d intervals during
periods of low hatch, and larvae were collected only if five or
more were present per jar. Living larvae were assessed for
swimming ability and gross morphological deformities, 11nesthetized with tricaine methanesulfonate, and preserved in 5%
buffered formalin. Dead larvae were enumerated and discarded. Without exposing remaining eggs to air, water was exchanged in each jar after completion of these observations.
After hatch was complete, the remaining eggs and dead embryos were inspected and enumerated.
The swimming ability of live larvae was categorized as
effective, ineffective, or incapable. Effective swimmers were
active, frequented the water column, and avoided capture. Ineffective swimmers were generally more lethargic and were
more likely to be found on jar bottoms. Incapable larvae were
unable to swim in a straight line and were often only capable
of spasmodic twitching.
Uptake of PAH by eggs was determined on days 4, 8, and
16, plus days I and 2 in the mid-oil treatment of MWO and
the high-oil treatment of LWO. Eggs pooled from several females were spawned on nylon plankton netting, fertilized with
milt from several males, and attached to mobile racks. (These
pooled eggs were used only for hydrocarbon samples.) Egg
density was high (often multiple layers). Nets were suspended
in incubation tanks separate from but identical to those with
eggs on sl ides. Uptake was measured in all treatments in
MWO, but only in control and high-oil treatments in LWO.
In LWO, eggs remaining after 16 d were transferred to clean
water, and depuration was followed through day 24. For each
sample, 2: 10 g of eggs were scraped at random from the netting, frozen, and processed using methods of Short et al. ( 13 ).
Visual inspection revealed no evidence of oil-coated eggs in
any treatment. To estimate variance, three replicate high-oil
treatment samples were analyzed on day 16 in each experiment. Reported concentrations of TPAH in tissue are based
on wet weight.
For morphological measurement (total body length, yolk
volume, and spinal curvature), five preserved larvae were randomly subsampled from each female in each treatment group.
Lateral views were digitized with a video camera and a frame
grabber. To minimize variance, specimens were rotated to align
eyes before image capture and viewed at 6 or 12X for total
length measurement and 50X for yolk measurement. Total
length was measured from snout to tip of notochord, using as
many line segments as necessary to approximate larval posture. Spinal curvature was estimated from the same line segments as the sum of ( 180° - segment angle). Yolks were
generally elliptical; the major axis (yolk length) was measured
parallel to the notochord, and the minor axis (yolk height) was
perpendicular to the body axis. Yolk volume was estimated
from length and height measures [ 15]. Muscle width, measured
for staging purposes, was immediately dorsal to the yolk height
measurement.
Edema and jaw size were scored from digital images. Yolk
sac edema was indicated if the anterior margin of the yolk
membrane was bounded by an area of c:lear fluid. Pericardia\
edema was indicated when the pericardium was convex ventrally or had an unusually huge clear area. Jaws were classified
as small if posterior to the anterior margin of the eye or absent.
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Genetic nnd additional morphologic responses in MWO
tests were evaluated using blind review. Ten larvae, randomly
subsampled from I 5 randomly selected females, were examined at 30X magnification. The severity of skeletal, craniofacial, and finfold defects was scored using the graduated severity index (GS!) method [ 16), where 0 = no effect, 1 =
slight defect in structure or size, 2 = moderate defect in structure or size, and 3 = severe defect in structure or size. Types
of skeletal defects evaluated were kyphosis or Jordosis of the
notochord and stunting. Craniofacial abnormalities consisted
of reduction, malformation or absence of one or both jaws,
ocular and otic capsule defects, and microcephaly. Reductions
in the width of the dorsal and ventral finfold were recorded.
Pectoral fin development was categorized as a bud (no fin rays
visible} or containing fin rays. Yolk sac edema was also scored
blind as a confirmatory observation.
During blind review, both pectoral fins were removed,
placed onto a glass microscope slide, and stained with acetoorcein [ 16]. All mitotic figures in a fin were enumerated at
I ,OOOX magnification, and anaphase-telophase (AT) configurations were visually assessed for evidence of chromosome/
chromatid breakage (bridges and attached fragments), multipolar spindles, and aneuploidy (unequal masses of chromatin
in daughter cells). Anaphase aberration rate was calculated for
each dose treatment by dividing the total number of aberrant
ATs by the total number of ATs present. The numbcrofmitoses
per fin was recorded for each larva.
Data ana(vsis

The percentage of infertile eggs was based on the initial
number of eggs. Percentages of eggs that hatched or died were
based on the total hatched larvae plus the number of dead eggs
determined at the endpoint. Hatched larvae were categorized
as Jive, moribund, and dead, and percentages were based on
the total number hatched. Swimming ability oflive larvae was
categorized as effective, ineffective, or incapable (moribund
and dead larvae were not evaluated), and percentages were
based on the number of live larvae. The percentage of larvae
with spinal aberrations was based on the total of live and
moribund larvae. Peak and median hatch were estimated by
female parent and averaged.
Scored data (e.g., skeletal defects) were translated into incidence of defective larvae; larvae were either considered normal (score O} or abnormal (score >0}. Additionally, scored
data were analyzed directly with the Kruskal-Wallis nonparametric test.
To determine if responses in specific treatments were significant, analysis of variance (ANOVA) techniques were used.
The experimental design was a randomized block; where the
overall test was significant, treannents were compared to controls with a priori multiple comparisons. Before ANOVA, percentage data were arc-sine transformed and corrected for small
sample size where necessary [17]. (The same general conclusions were reached with untransformed data). In cases where
multiple larval observations occurred for each female (e.g.,
larval lengths), larvae were nested by female to avoid pseudoreplication.
Median effective concentrations (EC50s) were estimated
from logit fits by female (x = In( initial TPAH}) and averaged.
Analyses were restricted to cases where response in controls
and highest treatments spanned 50%, and rJ. ::::: 0.45. Results
of these analyses produced EC50 values comparable to graph-
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ical estimates. Comparison of EC50s was accomplished with
ANOVA.
Biological responses were regressed against time. Jn LWO
tests, percentage data were analyzed with logistic regression.
In MWO tests, linear regression was more appropriate.
To describe changes in PAH composition as a function of
time, percentages of homologous families (naphthalenes, fluorenes, dibenzothiophenes, phenanthrenes, and chrysenes) were
regressed against the total number of days water passed
through gravel. Models tested were ladder of powers (x-transfonnations from linear through - llx') and y = ae'". No single
model fit all data adequately.

RESULTS
Oil expos11re

Aqueous TPAH concentrations declined over time during
the two consecutive experiments (Fig. 2). Initial aqueous
TPAH concentrations in high-, mid-, low-, and trace-LWO
treatments were 85.9, 34.3, 9.11, and 1.72 ppb, compared with
concentrations of0.04 to 0.05 ppb in control treatments. Aqueous TPAH concentration in the high-oil treatment declined
75% to 21.4 ppb by the end of the 16-d exposure period.
Concentrations of the lower LWO treatments declined more
than 90% to final concentrations that ranged from 1.92 to 0.14
ppb. Concentration declines continued in the MWO experiment. Aqueous TPAH concentration in the high-oil MWO
treatment declined an additional 84% from 7.6 ppb to 0.84
ppb during the 16-d exposure period. Initial concentrations in
the lower MWO trcannents ranged from 0. 72 to 0.14 ppb
TPAH and generally declined during the exposure period.
Aqueous concentrations reported throughout the remainder of
the article refer to the initial TPAH concentration.
The relative abundances of aqueous PAH changed throughout the two experiments. The predominant PAH initially present were the smaller and less substituted PAH (Fig. 1). Relative PAH abundances progressively shifted to larger and more
substituted PAH during the LWO and MWO exposure periods.
Thus, less substituted naphthalene homologs were the most
abundant PAH initially, but more substituted phenanthrene homologs were most abundant by the end oftbe MWO exposures
as smaller PAH were exhausted from the oiled gravel (Fig. l}.
The percentage of naphthalenes consistently declined with
time (-0.97 s r s -0.92, p < 0.001 ), whereas percentages
of other homologs consistently increased, particularly ofphenanthrenes and chrysenes (0.81srs0.99,p s 0.002). Smaller
PAH were also exhausted from gravel more rapidly at progressively lower oil treatments. Consequently, aqueous concentrations of smaller PAH were greater in LWO tests than in
MWO tests, but concentrations of larger PAH were similar.
Specifically, concentrations of C3-fluorenes, C3-dibenzothiophencs, C3- and C4-phenanthrenes, and chrysenes in the midand high-oil treatments of MWO were roughly the same as in
corresponding LWO treatments.
Maximum TPAH concentrations in eggs were higher in
LWO treatments than in MWO treatments (Fig. 3), and the
relative abundance of PAH accumulated by eggs resembled
that in contaminated water. In LWO, TPAH concentrations in
eggs increased throughout the 16-d exposure and peaked at
13,700 ppb (high-oil treatment). When contaminated eggs
were transferred to clean water (days 16-24), PAH depurated
exponentially from egg tissue. Naphthalene homologs consistently accounted for more than 80% of the TPAH concentration
in eggs throughout LWO exposure and depuration. In contrast,
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TPAH concentrations in eggs exposed to the mid- and high·
MWO treatments peaked at 226 and 1,020 ppb on day 4 of
the exposure period and then declined. Naphthalene homologs
consistently accounted for less than 60% of TPAH accumulated by eggs exposed to the high-MWO treatment and for
less than 35% of TPAH accumulated during exposure to the
mid-MWO treatment. Arithmetic mean TPAH concentration
in low-MWO eggs (22 ppb) was twice that in control eggs
and was significantly greater than in control eggs (p = 0.010).
All differences in PAH composition between tissue and water
phases were less than 17% and were usually less than 10%.

Biological response to more weathered oil
Exposure of eggs to MWO significantly reduced incubation
time (p < 0.001). Peak and median hatch time were significantly shorter in the highest three treatments (0.4-7.6 ppb
TPAH) than in controls (p :s 0.037), and median hatch time
was also significant in the 0.1 ·ppb MWO treatment (Fig. 4).
Mean incubation time wns reduced 2.6 d in the high-oil treatment.
Egg and larval mortality increased significantly as exposure
concentration increased (p < 0.001). Egg mortality was significantly elevated at 7.6 ppb TPAH (p < 0.001), and larval
mortality was significantly elevated at TPAH concentrations
2:0.7 ppb (p ::S 0.01I)(Fig.4). Differences between the control
and high-oil treatment response were 12% for dead eggs and
2% for moribund plus dead larvae.

ti

~~/

0 ~..,..,.Tmm-T"T'1.,,,,,rr-"1-rl'mtll-rTTTrmr'
0.01
0.1
Initial TPAH cone In water (ppb)

Fig. 4. Hatch timing and mortality as functions of initial total poly·
nuclear aromatic hydrocarbon (TPAH) concentration. Hatch timing
was measured by peak and median hatch day. Observation of larval
mortality was generally completed within 24 h of hatch. Data dis·
played are means :!: SE. Solid symbols indicate significant differences
from controls.

Exposure of eggs to low levels of MWO during incubation
caused morphological abnormalities in larvae. Percentages of
larvae with yolk sac edema were significantly elevated at
TPAH concentrations 2:0.4 ppb (p :s 0.002) (Fig. 5). Blind
assessment of yolk sac edema produced similar results; percentages of larvae with yolk sac edema were significantly elevated in the 0.4- and 0.7-ppb TPAH treatments (p s 0.012);
the 7.6-ppb treatment was not analyzed. Percentages of larvae
with abnormally small jaws were significantly higher than in
controls following exposure to TPAH concentrations 2:0.4 ppb
(p < 0.042). Percentages of larvae with pericardia! edema or
spinal defects were significantly elevated TPAH concentrations
~0.7 ppb (p < 0.001}. Mean differences in response between
high-oil treatment and control were 91% (yolk sac edema),
8~% (small lower jaws), 43% (pericardia! edema), and 58%
(spinal defects).
Larval swimming ability was significantly reduced by exposure of eggs to MWO during incubation (p < 0.001) (Fig.
5). Percentages of effective swimmers were significantly reduced relative to controls at TPAH concentrations ~0.7 ppb
(p < 0.001). The difference in response between the control
and the 7.6·ppb TPAH treatment was 67%.
Skeletal and craniofacial defects, finfold defects, and failure
to develop pectoral fin rays were semiquantitatively assessed
in the control, 0.4·, and 0.7-ppb TPAH treatments of MWO
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Fig. 5. Incidence of abnormalities and swimming ability as functions
of initial total polynuclear aromatic hydrocarbon (TPAH) concentration. Incidence of yolk sac edema was verified by blind assessment
in the more weathered experiment. Curve fits were estimated with
logistic regression. Data displayed are means ± SE; r equals estimated
correlation coefficients. Solid symbols indicate significant differences
from controls.

Fig. 6. Incidences of morphological defonnities and genetic aberration as functions of initial total polynuclear aromatic hydrocarbon
(TPAH) concentration in 11 random subsample oflarvae from the more
weathered of two consecutive e11periments. Curve fits were estimated
with logistic regression. Data displayed are means ± SE; r equals
estimated correlation coefficient. Solid symbols indicate significant
differences from controls.

(Fig. 6). Incidences of defects were significantly elevated at
0.7-ppb TPAH in every case (p < 0.001). The most frequently
observed skeletal defects were kyphosis or lordosis of the
notochord followed by stunting. Craniofacial abnormalities
consisted of the reduction or absence of the lower jaw and,
Jess frequently, the upper jaw. Occasionally smaller brain size
(microcephaly) or reduced retinal pigmentation was also present in severely affected larvae. Most individuals with yolk
sac edema also had reductions in the width of the dorsal and
ventral finfo1ds. Incidences of larvae without fin rays (only
pectoral fin buds present) were significantly elevated after exposure to 0.4- and 0. 7-ppb TPAH (p s 0.034). Severity of
defects, estimated nonparametrically from GSl scores, also
increased significantly as oil concentration increased.
Exposure of eggs to TPAH concentrations 2:0.7 ppb in
MWO significantly reduced larval length and increased spinal
curvature and yolk sac volume (p ::: 0.006) (Fig. 7). Compared
to that of controls, larval length in the 7.6-ppb TPAH treatment
decreased by 2.4 mm, spinal curvature increased by 100°, and
yolk sac volume increased by 0.12 mm 3•

Comparison of hiologica/ response to less and more
weathered oil

Genetic response to more ll'eathered oil
Chromosomal damage was evaluated in control, 0.4-, and
0. 7-ppb treatments of MWO (Fig. 6). The anaphase aberration
rate was significantly elevated to 10% at 0. 7 ppb TPAH compared to 6% in controls (p = 0.008). The number of mitoses
per pectoral fin averaged 1I and was not significantly affected
by exposure to TPAH concentrations s;0,7 ppb.

Biological response to LWO was the same as that to MWO,
but higher initial TPAH concentrations were necessary to elicit
a significant response. As LWO exposure concentration increased, incubation time decreased, and egg and larval mortality increased (p < 0.001} (Fig. 4}. Morphological abnormalities increased as LWO concentration increased, and swimming ability was reduced (p < 0.001} (Fig. 5). Exposure of
eggs to LWO significantly reduced larval length, and spinal
curvature and yolk sac volume were significantly elevated (p
::: 0.029) (Fig. 7).
Lowest observed effective concentrations (LOECs) for
MWO were generally more than an order of magnitude lower
than in LWO. Significant differences in biological responses
between the two experiments as a function of concentration
is clearly evident in Figures 4, S, and 7. Responses using LWO
were always significant at concentrations 2:34 ppb and occasionally significant at 9 ppb.
The magn.itude of biological response to PAH was generally
greater in LWO tests than in MWO tests (Figs. 4, 5, and 7),
except that the incidence of pericardia) edema was about the
same or slightly less than after exposure to MWO (Fig. 5).
However, pericardia I edema induced by LWO tended to be
masked by prominent downward rotation of the head.
Malformed larvae were less able to swim nonnally, and
spinal condition was the most important predictor ofswimming
ability {partial r 2 "' 0.90, p < 0.00 I). Tested with stepwise
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initial total polynuclear aromatic hydrocarbon (fPAH) concentration.
Data displayed are means :: SE. Solid symbols indicate significant
differences from controls.

As exposure time (to 34 ppb ofLWO, nnd 0.7 ppb ofMWO)
increased, incubation time decreased, mortnlity and abnormalities increased, larval length decreased, and swimming
ability declined (Fig. 8). In general, impacts of MWO on eggs
and larvae were linearly related to exposure time; Pttsrtnion <
0.001 for all sublethal responses except yolk volume (p =
0.019). Egg and larval death were linearly related to time in
LWO (p < 0.001) but not in MWO (p = 0.628 and 0.265,
respectively). However, larval mortality in the mid-oil treatment ofMWO was significantly elevated after a 16-d exposure
{Fig. 4). (In LWO, logit fits appeared to be better descriptors
of response than linear fits for effective swimmers, spinal defects, yolk sac edema, and reduced lower jaw responses.)
Embryos reacted more quickly to LWO than MWO. In

Table I. Median concentrations (ECSO) ofTPAH in less weathered (LWO) and more weathered (MWO) experiments•
MWO

LWO
Response
Death
Egg
Larvae
Abnormalities
Skeletal
Spinal
Craniofacial
Fin fold
Yolk sac edema
Yolk sac edema (blind}
Pericardia! edema
Developmental rate
Small jaw
Absence of fin rays
Genetic
Anaphnse aberration
Behavioral
Effective swimmers

LOEC

ECSO

SE

34.3
34.3

53.3
NC

3.6
NC

9
0

34.3

33.5

3.1

13

9.1

19.6

1.6

3

34.3

NC

NC

0

34.3

22.3

1.4

2

34.3

18.4

I.I

II

15

LOEC

EC50

SE

7.61
0.72

NC
NC

NC
NC

0
0

0.72
0.72
0.72
0.72
0.41
0.41
0.72

0.27
3.60
0.33
0.36
0.77
0.43
3.53

0.06
0.55
0.05
0,07
0.16
0.08
0.45

6
17
7
5
13

0.41
0.41

1.00
0.53

0.21
0.05

13

0.72

NC

NC

0

0.72

2.44

0.29

21

II

9

12

4

•SE, standard error; n, number of calculable observations: NC, not <:alculable: -, not tested. Lowest observed effective concentrations (LOEC)
were determined by analysis of variance (with 15 or 21 observations per treatment in LWO and MWO, respectively).
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MWO, exposures as brief as 4 d elicited significant responses
in several cases (spinal defects, reduced jaw size. reduced
swimming ability, and yolk sac edema [blind assessment only))
(Fig. 8). For most other responses, an 8-d exposure caused
significant differences, except in skeletal defonnity, spinal curvature, and yolk volume. The significant 2-d peak hatch response was inconsistent with other measurements. However,
consistently significant 2-d responses were observed in LWO.
DISCUSSION

This is the first report of biologically significant, doserelated sublethal effects and mortality in teleost embryos consistently occurring after exposure to aqueous PAHs in the low
parts-per-billion range. Exposure of herring eggs to low concentrations of MWO (0.7-7.6 ppb) during incubation caused
mortality as well as a number of sublethal effects, including
malformations, reduced swimming ability, and genetic damage. Test results were similar with LWO, but LOECs were
higher (9-34 ppb}.

laborat01y oil exposure
Embryonic herring consistently responded to a suite of
aqueous PAH in the low parts-per-billion range that resembled
the PAH composition encountered in PWS after the EVOS
(14). Time-to-hatch declined with increasing TPAH concen·
!ration; exposed larvae were physiologically more immature
and smaller than unexposed larvae. Teratogenic effects in·

eluded dose-related increases in the incidence and severity of
skeletal, craniofacial, fin, cardiovascular, and yolk sac malformations. Most of these adverse responses have been reported elsewhere following exposure to higher oil concentrations [e.g., 6,7,16). However, it is clear from our study that
environmental persistence of the larger, more toxic PAHs can
be injurious at very low concentrations. In the discussion that
follows, we refer to concentrations observed in the MWO
experiment unless otherwise stated. Observed skeletal, cardiovascular. and yolk sac malformations appear sufficient to
decrease survival [6). The larval mortality threshold appears
to be between mean egg TPAH concentrations of 22 ppb (no
observed effect concentration) and 108 ppb of the MWO
(LOEC).
There were also significant sublethal effects (yolk sac edema and both physical and temporal evidence of premature
hatching} after exposure to only 0.4 ppb TPAH (MWO} that
were not accompanied by increased mortality. Mean TPAH
concentrations in these eggs were 22 ppb, significantly higher
than in controls (11 ppb). The observed reduction in jaw and
fin maturity probably reflected precocious hatching [ 18) and
might be reversible with continued development. The concurrent induction of yolk sac edema demonstrates that exposure to 0.4-ppb TPAH causes toxicity, not merely a honnetic
or arguably beneficial effect from reduced incubation time
[19). Acites (edema) was also observed in pink salmon (On-

Sensitivity of hening embryos to weathered crude oil

corhynchus gorb11scha) larvae similarly exposed to aqueous
PAH [20,21 ].
Of the observed abnormalities, edema appeared to be responsible for most of the larval mortality. Edema was induced
in larvae exposed to initial TPAH concentrations as low as
0.4 ppb (MWO) and was apparent after only a 4-d exposure
to 0.7 ppb TPAH. Middaugh [22) reported that cardiovascular
malformation (edema or tube hearts) in Menidia be1yllina was
their most sensitive measured response and was significantly
elevated at the lowest dose of water soluble fraction (WSF)
of Alaska North Slope crude oil tested, 75 ppb. These conditions resulted in reduced cardiac output and cessation of
circulation. The incidence and severity of edema in our study
were directly related to exposure duration and dose. In mild
cases, slight edema was visible only in the yolk sac; more
severe cases were accompanied by increased fluid within the
pericardia) cavity and the ventricular spaces of the nervous
system. Edema in the embryolarval stages apparently results
from ionic disturbances and does not require metabolic activation of PAH by the cytochrome P450 system [19].
Two important consequences of the observed sub lethal effects would be impairment of swimming and feeding in oilexposed larvae. Although spinal deformation appeared to be
the dominant factor, observation of live larvae suggested that
edema also adversely affected swimming and would inhibit
prey capture. Larvae with enlarged yolk sacs had greater difficulty orienting in the water column than normal larvae and
swam more slowly, even with apparent vigorous exertion. Most
individuals with yolk sac edema also had reductions in the
width of the dorsal and ventral finfolds, which are the respiratory surfaces in pelagic fish larvae (23). Physical and physiological changes accompanying edema (decreased blood flow
to tissues, interference with nervous system function, and increased energy expenditures), reduced finfold surface area, and
retarded pectoral fin development undoubtedly contributed to
decreased larval swimming ability. As spinal curvature became
more pronounced, larvae were Jess able to swim normally; at
the extreme, larvae were only capable of swimming in a circle
or spasmodic twitching-movement that resulted in no directed motion. The development of yolk sac edema, spinal
defonnities, and swimming problems were correlated temporally and in terms of dose, implying that these abnormalities
had a causal role in the loss of swimming ability. Oil-exposed
eggs hatched early, and embryonic growth was retarded, as
indicated by shorter body length, larger yolks, smaller lower
jaws, and immature pectoral fins. Because swimming ability
improves with maturity, immature larvae are less capable of
prey capture and predator avoidance than mature counterparts
[23). However, older larvae with residual edema are less likely
to feed successfully (24). Recent studies with dioxin, a compound that induces malformations in fish larvae identical to
those of oil exposure, have demonstrated reduced functioning
of the digestive system at levels lower than those that induce
edema (25) as well as decreased protein synthesis in both fish
larvae and cultured cells (19).
Genetic damage was also induced in oil-exposed larvae
following exposure to an initial TPAH concentration of 0.7
ppb (MWO). The genotoxicity endpoint (anaphase aberration
rate) measured microscopically visible chromosome/chromatid
breaks and bridges during the later stages of mitosis. This
method has been previously used to demonstrate genotoxicity
in field studies of the Exxon Valdez [ 1, 16) and Argo Merchant
oil spills (26), the New York Bight (27), and sediment from
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the San Francisco Bay (28). In the first two cases, mitotic
aberrations were quantitatively or spatially related to oil. In
the sediment toxicity study and in a previous experiment using
an oil-water dispersion (OWD) of Prudhoe Bay crude oil (7),
the anaphase aberration rate was significantly correlated to
TPAH concentration.
The consequences of the low level of genetic damage observed in this study cannot be predicted with any certainty but
might include reductions in successful cell division and
growth. A previous study found that TPAH concentrations of
approximately 130 ppb wet weight (range: 34-844 ppb) were
associated with increased defects and mortality of early winter
flounder embryos {29). In that study, the only PAH that yielded
strong statistical correlations with mitotic effects and mortality
was 1-methylphenanthrene with a mean concentration of I ppb
wet weight; this PAH is highly toxic in its unmetabolized form
(30). In our study, maximum 1-mcthylphenanthrcne concentrations in egg tissue exceeded I ppb in the upper two treatments of MWO and peaked at 32 ppb (wet weight) in the 7.6ppb treatment ofMWO. (Jn the 86-ppb treatment ofLWO. 1methylphenanthrene concentrations in eggs ranged from 20 to
74 ppb.)
Mechtmisms of po/y1111clear oromatic hydrocarbon toxicity
The induction of deleterious sublethal effects and mortality
in herring eggs by exposure to low concentrations of oil appears to conflict with prior studies in our laboratory that indicated far greater concentrations of WSF were required to
cause toxicity. However, differences in hydrocarbon composition explain toxicity differences. The LOEC for egg mortality
was between 1,000 and 1,400 ppb WSF of Cook Inlet crude
oil ((31 ). concentration reanalyzed with the authors' permission} with a composition of 82% mono- and 18% diaromatic
hydrocarbons. Larval effects were evident at WSF concentrations in the parts-per-million range [31 ). In contrast, the oil
used in this study had higher proportions of multiring PAH
and alkyl-substituted homologs, compounds that are more toxic to fish eggs than the mono- and diaromatics (32). The composition of PAH accumulated by herring eggs generally mirrored that in water, but concentration in tissue was roughly
two orders of magnitude greater than in water.
Comparison of biological responses to MWO and LWO
supports the contention that differential toxicity resulted from
alteration in PAH composition. For example, comparing the
two oil treatments that had very similar TPAH concentrations
(9 ppb in LWO and 7.6 ppb in MWO), the MWO, which
contained proportionately more high molecular weight PAHs.
proved more toxic. It was clear, particularly at higher concentrations, that the higher molecular weight PAHs were more
refractory and were present in water passed through the MWO
at concentrations roughly equal to those in water passed
through LWO. Increased alkyl-substitution also increased
compound persistence. Increases in toxicity of PAH with increasing molecular size and alkyl-substitution has been documented in other studies and summarized (33).
Although differences in PAH composition appear to best
explain sensitivity differences between LWO and MWO tests,
we recognize that differences in parental stock, collection
times, temperature, and other uncontrolled factors could potentially confound comparison. Increased temperature, for example, reduced overall incubation time in the MWO test with
respect to the LWO test (Fig. 4 ), but within-test dose responses
were consistent, and between-test response patterns were sim-
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ilar. The conclusion that MWO is more toxic than LWO remains unchanged if we postulate (based on poorer fertility
rate} that the eggs in the LWO experiment were more susceptible to toxic effects than eggs in the MWO experiment. Conversely, there was no evidence to suggest that eggs in the MWO
experiment were more vulnerable to oil than eggs in the LWO
experiment. In support of the conclusion that differences in
PAH composition primarily explain differences between LWO
and MWO tests, similar differences in sensitivity between
LWO and very weathered oil were observed in pink salmon
embryos originating from the same homogenous stock (21 ].
Although multiring PAHs may require activation via the
cytochrome P450 system to exert toxicity [29,34), alkyl-substituted homologs have received less study and may be directly
toxic [30). The absolute activity of the cytochrome P450 system appears to be negligible until soon after hatching, when
a burst of dose-dependent inducible activity occurs [34). Thus,
it is likely that the embryonic effects observed here (premature
hatching and defects) instead resulted from cellular oxidative
damage and membrane destabilization (25).
Accumulation of TPAH by herring eggs is consistent with
first-order kinetics and is detennined by the rate of aqueous
TPAH concentration decline during exposure. Individual PAH
concentrations decline in oil-contaminated seawater according
to a first-order kinetic process [ 14]; thus, the rate of TPAH
concentration decline is also approximately first order [21).
Similarly, rates of PAH accumulation and depuration by herring eggs follow first-order kinetics. The solution of the differential equation describing these combined processes indicates that the time of maximum TPAH concentration in eggs
depends on the rate of aqueous TPAH concentration decline
(21). Consequently, the more rapid decline of the aqueous
TPAH concentrations during the MWO experiment (Fig. 2)
explains why maximum TPAH concentration in exposed eggs
was earlier in the MWO test than in the LWO test (Fig. 3).
This pattern ofTPAH accumulation was, therefore, comparable
to that observed for similarly exposed pink salmon eggs (2 I),
and both were approximately consistent with the assumed firstorder kinetic processes.
Enhanced toxicity of PAHs as a result of photoactivation
by UV light has been well documented [e.g., 35), but our
apparatus was arranged to minimize the possibility of activation, and the intensity of ambient UV light probably did not
activate a significant fraction of the PAH molecules. However,
photoactivation in PWS after the EVOS was more likely because of direct exposure of PAH to sunlight. Thus, the LOECs
we measured (0.4 ppb, MWO) may actually be conservative
compared with conditions existing after the EVOS. Photoactivation definitely did not enhance toxicity in a similar pink
salmon study (21) because incubation was accomplished in
darkness; yet, LOECs (I ppb) were similar to those in our
study.
In the only other published study demonstrating adverse
embryolarval effects at low parts-per-billion oil concentrations
[6), similar effects were produced, although the exposure method differed from that reported here. In that study, herring eggs
were exposed for 24 h to mechanically dispersed, fresh. Prudhoe Bay crude oil. Aqueous exposure to concentrations ~4.4
ppb total hydrocarbons caused larval abnormalities, but toxicity was attributed to adherence of microdroplets to the eggs
and interference with gas exchange. In contrast, eggs in our
experiment were ex.posed to PAH dissolved in the water (indicated by enrichment of PAH relative to that in parent oil).
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and eggs were not physically coated by oil, demonstrating that
chemical toxicity alone may cause larval abnormalities. Similarly, another researcher concluded that tissue uptake of PAH
by pink salmon eggs and alevins from oil-coated gravel was
mediated by dissolution of oil in water; significant biological
effects were observed at 4.4 ppb (20). These effects included
mortality, spinal defonnation, ascites, and opercular hypolasia.
Jn a follow-up experiment, salmon eggs and alevins were exposed to only aqueous PAH and thus were not in direct contact
with the oil-coated gravel (2l). Results of this aqueous exposure were the same as those of simultaneous direct exposures
and confinned that toxicity was mediated by dissolution of
PAH (21).
The consistency of response in two dissimilar species, Pacific herring and pink salmon, suggests that these results may
be generally applicable to other species of fish. Although both
species spawn intertidally, herring eggs are much smaller ( 1.21.S mm diameter) and adhere to surfaces (36). Pink salmon
eggs are 4.0 to 7.9 mm in diameter and are buried an average
of 20 to 30 cm in rocky substrate (37). Development to hatch
in Pacific herring is complete in approximately 27 to 32 d at
5.1°C, and larvae are planktonic. In contrast, development of
pink salmon is much slower, 171 d at 5.6°C (mean temperature), and hatched larvae remain buried in gravel for about
142 d; oil exposure continued through emergence in the pink
salmon experiment (21 ]. Despite large differences in development time, habitat, and exposure time, LOECs for sublethal
responses to MWO were remarkably similar (0.4-0.7 ppb in
herring, 1.0 ppb in pink salmon (2 I)). Many of the observed
abnormalities likely began early in development in both species. The incidence of abnormalities in herring was consistently elevated within 8 exposure days or less, but time to
cause abnormalities was not recorded in the pink salmon experiment (21 ]. As was the case for herring, previously reported
sensitivity of pink salmon alevins to WSF (mono- and diaromatics) was in the low parts-per-million range (e.g., 38].
Furthermore, as in herring, PAH from MWO exerted greater
effects than PAH from LWO at similar concentrations. For
example, 1.3 ppb TPAH from relatively unweathered oil had
no discemable effects on pink salmon embryos, whereas water
with 1.0 ppb TPAH from weathered oil resulted in reduced
survival and growth (21 ]. It is apparent that the composition
of the PAH to which developing eggs is exposed is of prime
importance, and it is likely that other species are similarly
sensitive to high molecular weight or alkyl-substituted PAH.
We encourage further investigation to explore this hypothesis.

Relationship to J9li9 Exxon Valdez oil spill results
The intent of this study was to expose herring eggs to oil
of similar composition and at concentrations in the range encountered in PWS following the EVOS; thus the oil chosen
for study {Alaska North Slope crude oil) and the toxicant delivery method were designed to mimic conditions observed in
PWS. After the EVOS, TPAH concentrations in open seawater
ranged up to 6.24 ppb, and concentrations up to 1.59 ppb were
present 5 weeks after the spill [I 0). lt is likely that concentrations were even higher in intertidal spawning areas for the
herring where oil was stranded on beach substrate and resuspended by each tide or wave turbulence. In our MWO experiment. TPAH concentrations slightly exceeded values reported
by Short and Harris (I OJ only in the highest treatment (7.6
ppb TPAH). In addition, the concentrations we report were
based on initial TPAH concentrations. Because laboratory con-
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centrations declined with time, mean exposure concentrations
were lower; for example, the 7.6-ppb treatment (MWO) had
a mean concentration of 3 ppb. First-order loss rate kinetics
accounted for PAH weathering in the laborate>ry and for the
dominant PAH weathering processes in PWS [14]. During natural weathering ofEVO in PWS, shifts in composition similar
to those found here were repeatedly observed in water and
sediment [e.g., 14,39]. The weathering state of MWO oil on
gravel substrate in our experiment (w = 0.04-0.5 for LWO
and 1.0-1.3 for MWO) overlapped the weathering range of
biologically available oil as determined from mussel tissue in
areas of PWS where herring spawned in I 989 (0. 7 :S w :S
5.7) [40). Thus, correspondence between the experimentally
generated MWO and spilled oil underscores the environmental
relevance of the biological effects we observed at low concentrations of MWO.
Exposure of herring eggs in PWS probably occurred via
two routes, from dissolved PAH and from direct contact with
oiled substrates. This experiment, as well as recent studies
using Alaska North Slope crude oil [21,22] and soot extracts
( 19], demonstrate that embryolarval toxicity can result from
exposure to dissolved PAH. In 1989, dissolved PAH were
bioavailable within the PWS oil trajectory to a depth of 25 m
[41 ]. Early life stages are also sensitive to very low concentrations of dissolved or particulate oil with significant biological effects occurring at 4.4 ppb in both herring [6) and pink
salmon (20] and at 0.4 ppb TPAH in this study.
Sublethal effects identical to those described here were consistently observed in herring larvae of different ages from oiled
areas within PWS during spring 1989 ( 1,8, 16]. These included
temporal and physical evidence of premature hatching. small
size, malfonnations including edema, and genetic damage. In
oiled areas of PWS in 1989, herring larvae hatched approximately 3 d earlier, at a more immature stage, than in unoiled
areas [I]. Although altered hatching dynamics, stage at hatch,
and certain malfonnations can also be caused by natural stressors such as extreme salinity, temperature, or desiccation
[42,43], environmental conditions during 1989 were not unusual and were well within optimal ranges for herring development. Edema could not be evaluated in larvae hatched in
the laboratory [I 6), but residual edema was present in fieldcollected larvae at I to 3 weeks posthatch [24]. Jn newly
hatched larvae, genetic damage was significantly correlated to
the EVO-PAH concentration in adjacent mussels in a dosedependent fashion [ 16]. Incidences of genetic damage and other malformations were significantly elevated in oiled areas
relative to unoiled sites and decreased over time until no measurable differences remained in 1990 (1,8,24).
We expect that most of the abnormal and precocious herring
larvae observed in PWS in 1989 did not recover, but rather
died prematurely. In a study where similarly defonned pollock
larvae were observed for a longer period of time, abnormalities
became more pronounced with time, and the majority of abnormal larvae died [44). Field observations in PWS also suggested premature death of severely affected larvae, because
incidence and severity of malfonnations decreased in larval
populations sampled over time. Newly hatched larvae more
frequently displayed skeletal bends, absent jaws, and microcephaly than did pelagic larvae [16,24). Jaws were absent only
in the smallest, least mature larvae, and it is assumed that
these larvae died after their yolk reserves were utilized. It is
also likely that larvae with severe skeletal bends and craniofacial defects would succumb to predators. Manifestations of
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retarded development (immature pectoral fins and jaws) were
generally the only types of morphological defects present in
older larvae (8,45]. Larvae with reduced jaws might later recover their ability to feed because jaws continue to grow
throughout the larval period [46]. However, Marty et al. [24]
found that larvae from oiled areas in PWS, which had higher
incidences of ascites (the histological equivalent of edema),
also grew less and had significantly less food within their
gastrointestinal tract than did larvae from unoiled areas.
Growth rates of larval herring from PWS were extremely low
{from 0.1 O to 0.17 mm/d), bordering on rates found in starvation studies (8,24,47].
Although the existence of toxic effects in PWS herring eggs
and larvae has been disputed [9], TPAH concentrations in eggs
measured at many locations in 1989 appear sufficient to elicit
toxicity, based on the LOECs estimated here (22-108 ppb in
egg tissue). Herring eggs collected from some oiled sites in
PWS in 1989 and 1990 had TPAH concentrations in excess
of 100 ppb [9]. In contrast to Pearson et al. (9], who did not
find any consistent, significant correlations between morphological responses and oil exposure, the Natural Resource Damage Assessment studies [I, 16) observed morphologic and genetic responses identical to ours among herring larvae of differing ages that decreased with distance and time from the
spill. Although it is impossible to directly relate EVO-TPAH
concentrations in ambient seawater, mussel tissue, and herring
eggs, it is likely that biologically effective oil concentrations
were exceeded at many sites within the oil trajectory.
Following the spill, egg to larval mortality was three to six
times higher at oiled sites in PWS than at unoiled sites [47].
Although the numbers of eggs deposited were approximately
equal at oiled and unoiled sites, estimated larval production
was 99.9% less in oiled areas [I]. Because oiled sites tended
to be more subject to wave turbulence than unoiled sites. however, oil exposure may not have been the only significant factor
that affected mortality rates. Using these differential mortality
rates, an overall 52% loss in larval productivity was estimated
in PWS following the EVOS [I]. Based on the number of eggs
deposited, prediction was that the 1989 year class would be
strong, but it was one of the smallest cohorts observed in PWS
in over 20 years [I]. However. high natural variability in recruitment precludes a conclusion that the population was affected by oil. Conversely, the same variability also precludes
the conclusion that the oil spill did not have an effect on the
herring population.
Jn summary, the findings that very low aqueous TPAH
concentrations (0.4 ppb) are detrimental to herring eggs and
larvae, that low concentrations of EVO in PWS caused larval
mortality, and that another teleost species (pink salmon) is
similarly sensitive [21] suggests that current water quality standards are not adequate to protect sensitive early life stages.
The State of Alaska standard, I 0 ppb, is the lowest state standard in the United States for total aqueous aromatics (48] and
was established at 1% of the lowest dose known to kill fish
and invertebrates in short-term or chronic exposures (49]. Jn
contrast, the U.S. Environmental Protection Agency acute wa·
ter quality criterion is 300 ppb TPAH. Results of this study
demonstrate that PAH composition is as important as total
concentration and should be considered in regulatory guide·
lines. Composition and weathering of PAH in our experiments
was consistent with a major oil spill as shown by Short and
Heintz [ 14]; this suggests general applicability to other spill
situations. Mean aqueous TPAH concentrations from 0.9 to
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6.2 ppb were present at heavily oiled beaches within 2 weeks
of the EVOS (IO); concentrations well above those capable of
eliciting both acute and sublethal effects in Pacific herring and
pink salmon. Our results underscore the necessity to update
state and national standards for dissolved aromatics to reflect
realistic exposures to critical life stages.
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IORL IR #1: Review of EQC for TPH according to the Board's Water and Effluent
Quality Management Policy
Imperial Oil is to review available information on Total Petroleum Hydrocarbons
(TPH) detection limits to determine and recommend whether or not 10 mg/Lis
adequate for the protection of aquatic life following the Board's Water and Effluent
Quality Management Policy. This information is to be provided for inclusion in the
review of the draft Water Licence, ideally prior to May 5, 2014. For the February 3rd,
IR response deadline, IOR is to confirm that the review of TPH is taking place and
encompasses all parts of the Licence's Surveillance Network Program where TPH is
a parameter to be assessed.
IOR Response:

Because the standard oil and grease (O&G) test currently required by the Water license does not
discriminate between petroleum and non-petroleum hydrocarbons, this test may quantify hydrocarbons
that do not originate from operations at NWO. Non-petroleum hydrocarbons may include vegetable
oils, animal fats, soaps, sulfur compounds, organic dyes, chlorophyll, etc. As such, IOR proposed in the
renewal application that the O&G test be changed to total petroleum hydrocarbons (TPH) to better
distinguish petroleum-related hydrocarbons in tested water.
The TPH test method measures a broad range of hydrocarbons making it a useful indicator parameter.
However, because the hydrocarbons measured vary in toxicity, it is not an appropriate parameter to use
for release criteria as the safe limits will vary depending on the constituents present in an individual
sample.
Oil and grease that results from the operation of a refinery is a "deleterious substance" as described in
the Fisheries Act. Per Schedule II of the Petroleum Refinery liquid Effluent Regulations {2014}, if this oil
and grease is present in storm water in an amount less than 1.0 lb. per 10,000 Canadian gallons, an
additional deposit {beyond the normal daily and monthly amounts described in Schedule I of the

Regulations} is authorized.
The following formula shows how this ratio is effectively equivalent to 10 mg/L:

1.0 lb
0.454 kg
9.977 mg 10 mg
10,000 Can. Gallons= 45 460.9 L =
L
~ -L-

Section 2 of the Petroleum Refinery Liquid Effluent Regulations (2014) defines "oil and grease" as "the oil
and grease that results from the operation of a refinery that is contained in liquid effluent or oncethrough cooling water''. IOR is in the process of reviewing both the TPH test method as well as those
described in the Regulation to confirm which test would be the most appropriate one to meet this
definition as well as being practical with regard to hold times, transportation, handling, lab capability,
etc. IOR will provide this information for consideration during the draft review.

IORL IR #2: Map of SNP Locations and Surface Water Discharges
Imperial Oil is to provide a map for inclusion in the Water Licence of all SNP
Locations, the locations of all Surface Water Run*off Stations, and locations of all
surface water discharges to the Mackenzie River. The map should be colour coded
to show where permanent Category A and B (SNP Part D) sites are.
IOR Response:

IOR has updated Figure 4.3 in Section 9 of the Application Maps and Figures {see attached) to
include locations where surface water run-off often collects and is tested prior to release from the
Mainland. for Bear Island, Goose Island, and the Artificial Islands, the only common release points
for the past 10 years have been bunker wells (on Bear and Goose Island) or excavations/trenches.
Since all well location at the Norman Wells Operations site have already been provided in the maps
and figures found in Section 9 of the Application (figures 3.1- 3.4) they have not be provided again.
As discussed at the technical session, the map has been colour coded to show where the
permanent Category A (orange/yellow) and B {blue) sites are. For facilities that have a permanent
culvert gate and pipe discharge, the location of the culvert gate has been marked with an x and the
location of the end of pipe/discharge along the bank has been marked with an o. In some cases,
portable pumps are used to release water, the exact location of the pump and pump discharge
cannot be provided on this figure as it will depend on a number of factors at the time the water is
ready to be released (such as volume, exact location of the water, ground conditions, space
available for pump, etc.,).
Please note that all wellsites/bunkers are potential water release locations (Category A). As there
are 386 wells located across the Norman Wells Operations site, and these locations are already
marked on all operations maps, they have not been color coded on this map in efforts to simplify
graphics. A note indicating they are Category A has been made on the Figure.
The sampling requirements and criteria IOR is proposing for the Category A and B sites are provide
below.
Category A Surface Water Run-Off facilities:
Parameter
Visible oil sheen on the water
Chlorides (Field Test)
pH (Field Test}

Category B Surface Water Run-Off Facilities:

Guideline
No visible sheen

< 500 mg/L
6.0- 9.0

Parameter
Mineral Oil and Grease
Phenols
pH
Chlorides
Total Suspended Solids
Total Dissolved Solids
Specific Conductivity

Guideline

10.0 mg/L
0.14 mg/L
6.0-9.0
< 500 mg/L

N/A
N/A
N/A

The GPS coordinates (NAD84) of the CPF inlet and outlet sample locations and location of impound
basins are provided below:

Location

Longitude

Latitude

CPF Inlet Sample Location

W126°53.053'

N6S 0 17 .230'

CPF Outlet Sample Location

Wl26°53.093'

N6S 0 17 .196'

CPF Impound Area

W126°53.121'

N6S 17 .132'

LT 11 Impound Basin

W126°51.722'

N6S 0 17 .027'

Refinery Impound Basin

W126°50.817'

N6S 16.888'

Refinery Water Flood Basin

w12G S0.539'

0

0

0

0

N6S 16.938'

Note: Impound Basins locations are the physical location of the impound area, not the location of the discharge.

IORL IR #3: Define Closure and Reclamation Facilities and document contaminated
soil management practices in the Waste Management Plan
Imperial Oil will provide a definition of biocell, landfarm, and groundwater treatment
facilities for inclusion in the Licence. Imperial Oil will also document contaminated
soil management practices including applicable guidelines, assessment parameters,
as well as procedures to be followed for inclusion in a revised Waste Management
Plan.
IOR Response:
IOR provides the following definitions:
Biocell: comprises the area or engineered cell designed for the treatment of contaminated soil
through biological processes by degradation of contaminants. The bioremediation process may
involve the addition of water and nutrients, as well as aeration through mechanical processing.
Groundwater Treatment Facilities: system designed to collect and treat contaminated
groundwater.
Landfarm: comprises the area and associated engineered infrastructure designed to contain and
treat contaminated soil.
Please note that IOR does not have any landfarms at the Norman Wells Operation ..
IOR provides the following information regarding impact soil management practices which will be
included in a revised Waste Management Plan.

Soil Treatment Facility
The biocell is used for treating petroleum hydrocarbon impacted soil from the Norman Wells Operation.
Re-construction and Monitoring
3

The biocell was originally constructed in 2001, as two separate cells each with a 2,000 m capacity.
These engineered cells were lined with a synthetic liner and had independent leachate/runoff collection
sumps.
In 2012, the two cells were decommissioned and one larger cell was constructed over the former
footprint. This cell was designed and constructed with perimeter berms; dual ramp access; a liner
system comprising a compacted clay base, a double-sided geocomposite layer, a High Density
Polyethylene (HOPE, 30 mil} liner and a second double-sided geocomposite layer; and a 0.4 m thick

surface traffic support layer which allows for in-cell use of heavy equipment without damaging the
3

primary liner. This single biocell is now capable of storing 5,000 m of soil undergoing treatment.
At each end of the biocell, are fluid collection sumps for leachate and runoff collection. The base of the
cell is sloped so that leachate and runoff flows toward the sumps. The cell is surrounded by a perimeter
berm which extends approximately 0.5 m above the base elevation of the traffic layer. The synthetic
liners are draped over the berm and keyed into an anchor trench on the outside of the berm. A
perimeter fence is also in place, and the ramps into the biocell are gated to control access and traffic.
Access is controlled by Imperial Oil.
Following construction activities, a perimeter groundwater monitoring network consisting of seven wells
were installed, and are monitored on an annual basis. Sampling is typically conducted in August, and
analytical results are included in the annual Abandonment and Reclamation report submitted to the
SLWB.
Soil acceptance guidelines and process
All candidate soil is sampled and analyzed before being accepted into the biocell. The following
parameters are tested before being accepted into the biocell for on-site treatment:
•

Salinity parameters (pH, electrical conductivity (EC), main soluble ions and sodium adsorption
ratio (SAR);

•

Available nutrients (nitrogen, phosphorous, potassium and sulphur);

•

Heavy metals/trace elements;

•

Petroleum hydrocarbon (PHC) fractions F1-F4;

•

Benzene, toluene, ethylbenzene, xylenes (BTEX); and

•

Polycyclic aromatic hydrocarbons (when applicable).

The full list of acceptance criteria is provided in the "Biocell acceptance and remediation guidelines" (see
attached). The acceptance guidelines default to background levels when applicable (i.e., inorganics). All
debris is removed from incoming soil on a best effort basis.
The soil acceptance process is presented in Figure 1.

-PHC "3, F-4. EC 0t
Mer.rm Ol!COCldhg
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or background guldel

Figure 1 Soil acceptance process

Soil Treatment
Once soi! has been pre-screened for acceptance, it is placed in windrows (Figure 2) to optimize volume
capacity while still providing access to heavy equipment. Whenever necessary, commercial fertilizer
aiming to achieve and maintain a Carbon:Nitrogen:Phosphorous (C:N:P} ratio of 100:2.5:1 is added to
enhance microbial activity and the biodegradation process.

Figure 2 Soil placed in windrows

The soil is then mechanically twisted at least once per month with a twister bucket attachment on a
tracked excavator until biotreatment targets are achieved (Figure 3). Depending on the initial
hydrocarbon concentrations, it typically takes approximately 1·5 years to reach desired biotreatment
results.

Figure 3 Biocell Treatment - Twister Bucket

Soil sampling, tracking and disposition
The biocell soil remediation target is to meet, at a minimum, the Canadian Council of Ministers of the
Environment (CCME) guidelines for industrial land use.
Soil windrows are sampled on an on-going basis as treatment proceeds, to monitor the progress of
hydrocarbon degradation. Windrows are typically sampled a minimum of once per month, with
laboratory analysis conducted at a minimum rate of one discrete sample per 100-200 m 3 of treated soil.
Once remediation targets are close to being met, closure sampling density is increased to approximately
one sample per 25 to 30 m3 of soil for smaller volumes(< 200 m 3), with decreasing density as the
volume increases. As closure sampling of the windrowed soil verifies that the remediation guidelines
have been achieved, the soil is then removed from the biocell and logged/tracked on soil tracking forms.
This paperwork documents where the soil was originally sourced from, and where it is placed following
treatment.
Excess liquids (including snowmelt, rainfall, and windrow leachate) that collect in the biocell sumps are
removed via vacuum truck and transported to the F-31X treatment and injection facility, or pumped
back into the windrows if needed to create optimum moisture levels for bioremediation. Volumes of
liquids removed from the sumps are measured and also tracked on biocell-specific waste tracking forms.
Volumes of soil treated each year, along with source location and final destination, are reported in the
annual Abandonment and Reclamation report submitted to the SLWB.

TASLEA1
BIOCELL ACCEPTANCE ANO REMEDIATION GUIDELINES
FINE GRAINED SOIL
Siocell Acceptance Lo•ol

Pan1meter

Resldontlal!Part<land Un

Remtdlatton Guideline

lnduslrlal Land U••

Rnldantlal/Pu~land UH

Reference

lndu1trl1l l.ond UH

pH/SellnltylSodlclty

pH
EC

SAR

CCME(2007)

6-8

6-8

5·8

6-8

5 • 8 (organle soil)

5 • 8 (organic go!I)

5 • 8 (0<9anl<: soQ)

5 • 8 (organic go~)

<2dS/m

<4 dSlm

2dSlm

< 4 dS/m (organic ISOll)

< 4 dSfm (organic: soil)

3dSlm

4dS/m

Background

<5

< 12

s

12

CCME(2007)

Background
CCME(2007)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

AnUmonv

<20

< 40

40

CCME(1991)

AAenic

<12

<12

20
12

12

CCME (2007)

Arsenic

< 21

< 21

<21

<21

Background

Sa~um

<500

<2,000

500

2.000

CCME (2007)

Set)ilium

<4

<8

4

8

CCME(1991)

Soran (hot w.iter ooluble)

<4

<4

<4

<4

Background

Cadmium

< 10

<22

10

CCME(2007)

Chromium (Lota!)

<64

<87

64

22
87

Cobal1

< 50

< 300

50

300

CCME(1991)

Metals

CCME (2007)

Coppar

< 83

<91

63

91

CCME(1991)

Hexavale111 Chromium

< 0.4

< 1.4

0.4

1.4

CCME(2007)

F!ooricle (Lolal)

<400

< 2,000

400

2.000

CCME(1991)

< 50

<50

50

CCME(2007)

Nickel (mineral god)

< 100

< 100

50
< 100

< 100

Background

lead

< 140

< 600

140

600

CCME(2007)

Mereury

<6.6

<SO

6.6

so

CCME(2007)

Molybdenum

< 10

<40

40

CCME(1991)

Molybdenum (mineral soil)

<45

<45

10
<45

<45

Background

Selenium

<1

< 2.9

1

2.9

CCME(2009)

Selenium (mineral &Oi)

<4

<4

<4

<4

Background

Tha16um

<1

<1

1

CCME(2007)

Nitltel

Thal8um (mineral scB)

<2.6

< 2.6

<2.6

1
<2.6

lin

< 50

< 300

so

300

CCME(1991)

Vanadium

< 130

< 130

130

130

CCME(1991)

Zinc

<200

< 360

200

360

CCME(1991)

Hydrac:1rbont

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

no free phase hydrocarbons•

110 free phase hydrocarbons•

oo trea phase hydrocarbons

no ftea phase hydrocarbons

Background

PHC F1

< 5.000

< 10.000

210

320

CCME (2008)

PHCF2

< 3.001)

< 5,000

150

260

CCME(2008)

PHC F3

< 3.000

< 5,000

1.300

2,500

CCME (2008)

PHCF4

< 5,600

< 6,600

5.600

6,600

CCME(2008)

Benzene

< 1.000

< 1,000

0.0068

0.0068

CCME (2007)

Toluene

< 1.000

< 1,000

0.08

0.08

CCME(2007)

Ethylbenzene

< 1,000

< 1,000

0.018

0.018

CCME (2007)

Xylene>

< 1,000

< 1,000

2.4

2.4

CCME(2007)

Polycyellc Aromatic
Hydrocarbons (PAH&)

(mglkg)

(mg/leg)

(mg/leg)

(mgllrg)

<1

< 10

1

10

CCME(1991)

<0.6

< 1.4

0.6

1.4

CCME(2010)

Ben:zo(k)~uoran111ene

<1

<ID

1

10

CCME(1991)

lndena(1,2,3-cd)pyrene

<I

< 10

I

10

CCME(1991)

Naphlhalene

<0.013

<0.013

0.013

0.013

CCME(2010)

Phananthrene

< 0.046

< 0.046

0.046

0.046

CCME(2010)

<7.7

< 100

7.7

100

CCME (1991, 2010)

Ben:zo(a)anlhracene
Benzo(e)p~ne

Pytene

Not&S: •Soll may be pre·p<oees&ad prior Lo placement ill biacen if nee ph31• ~ydrocarban ia present.
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TABLEA2
BIO CELL ACCEPTANCE AND REMEDIATION GUIDELINES
COARSE GRAINED SOIL
Remediation Guideline

Blocell Accepl8nce Level

Paramat•r

ResldenllallParldand u ..

Resldenllal/Patkland Use

Industrial Land Use

Reference

lnduglrial Land Un

pHISatlnltylSodiclty

pH
EC
SAR

6-8

6·8

6-8

6-8

5. 6 (organic soil)

5 • 8 {organic soll)

5 • 6 (organic soil)

5. 8 (organic soil)

Background

<2dSlm

<4dSlm

2<1Slm

4dSlm

CCME(2007)

< 4 dSlm (organic &ail)

<4 dSlm

3dSlm

4dSlm

Background

<5

< 12

5

12

CCME(2007)

CCME(2007)

(m9/k9)

(mg/kg)

{mglkg)

{mglk9)

Antimony

<20

<40

20

40

CCME(1991)

Arsenic

< 12

<12

12

12

CCME(2007)

Arsenic

< 21

<21

<21

<21

Baekgroun<I

Barium

< 500

< 2.000

500

2.000

CCME(2007)

Beryllium

<4

<8

4

8

CCME{1991)

Boron (hot waler soluble)

<4

<4

<4

<4

Background

< 10

<22

10

22

CCME 12007)

Metals

Cadmium
Chromium (total)

< 64

<87

64

87

CCME (2007)

Cobalt

<50

<300

so

300

CCME{1991)

Copper

<SJ

<91

63

91

CCME{199t)

Heiavalent Chromium

<0.4

< 1.4

0.4

1.4

CCME{2007)

Fluoride (total)

<400

<2,000

400

2,000

CCME (1991)

Nid<el

<SO

< 50

so

50

CCME{2007)

Nldlel (mineral &Oil)

< 100

< 100

< 100

< 100

Background

Lead

< 140

<800

140

600

CCME{2007)

Mercury

<6.6

< 50

8.8

50

CCME{2007)

Molybcienum

< 10

<40

10

40

CCME{1991)

Molybdenum (mineral $Oil)

<4S

<45

<45

<4S

Background

Selenium

<1

<2.9

1

2.9

CCME{2009)

Selenium {mineral soll)

<4

<4

<4

<4

Background

Thallium

<1

<1

1

1

CCME{2007)

Thallium {mineral $011)

< 2.6

<2.6

<2.6

<2.6

Background

Tln

<50

< 300

50

JOO

CCME(1991)

Vanadium

< 130

< 130

130

130

CCME(1991)

Zinc

<200

<360

200

360

CCME(1991)

(mg/kg)

{mglkg)

(mglkg)

(mgllcg)

no free phase llydroearbons•

no tree phase hydrocarboM'

no free phase l\ydrocarbons

no tree pllasa hydrocarbons

PHCF1

< 1.000

< 10.000

PHCF2

< 1,000

PHCF3

Hydrocarbons

30

320

CCME(2008)

s.ooo

150

260

CCME(2008)

<750

< 2,500

JOO

1,700

CCME(2008)

PHCF4

<2,800

<3.300

2,800

3.300

CCME(2008)

Ben:zene

< 1.000

< 1.000

0.0095

0.0095

CCME(2007)

Toluene

< 1,000

< 1,000

0.37

0.37

CCME(2007)

Etll}'lbenzene

< 1,000

< 1,000

0.082

0.082

CCME (2007)

Xylenes

< 1.000

< 1,000

11

11

CCME(2007)

Polycyclle Alo matte
Hydrocarbon• (PAHa)

(mglkg)

(mglkg)

{mg/kg)

(m9/k9)

<1

< 10

1

10

CCME{1991)

<0.6

< 1.4

0.6

1.4

CCME (2010)

Btnzo(k)fluoranthono

<1

< 10

1

10

CCME{1991)

lndeno(l,2,3-cd)pyrene

<1

< 10

1

10

CCME{1991)

< 0.013
< 0.046

<0.013

0.013

0.013

CCME (2010)

<0.046

0.043

0.046

CCME (2010)

< 7.7

< 100

7.7

100

CCME (1991. 2010)

Banzo(a)-anthracene
Benzo(e)pyrane

Naphthalene
Phenanlhrene

Pyrene

<

Noles: •Soll may be pre·proeesse<I prior to plac&menl in biocell if free phue hydrocarbon Is present.
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Sahtu Land and Water Board
P.O Box 1
Fort Good Hope, NT

XOE OHO
Phone: 867-598-2413
Fax: 867-598-2325

www.slwb.com

File: S13L1-007

February 6, 2014

Jennifer Watson
Superintendent, Norman Wells
Imperial Oil Resources N.W.T. Limited

Kathryn Bruce
Regional Director General
Aboriginal Affairs and Northern
Development Canada

To all parties,

Re: Additional Information Requests for Imperial Oil Water Licence Renewal S13L1-007
The following Information Requests are being issued as per the Board's Rules of Procedure,
2004. In particular, the Sahtu Land and Water Board would like to draw all parties' attention to
rules #46 and #48;
Rule #46: The Board may issue an Information Request to any party at any stage
of any proceeding.
Rule #48: A party that receives an Information Request during a proceeding shall
respond within the time specified by the Board.

Information Requests to Aboriginal Affairs and Northern Development Canada
(AANDC)
AANDC IR#1: Current Security Held for Imperial Oil's Norman Wells Operations
The Board requests AANDC indicate the amount and nature of any security deposit(s)
currently held by AANDC under regulatory instruments, or through any land tenure
agreements, including surface leases, for Imperial Oil's Norman Wells operation.
Further, the Board is requesting evidence on what portion of said security deposits, if
any, are allocated for the purpose of closure and reclamation .
AANDC IR#2: Mine Site Reclamation Policy
The Board requests that AANDC clarify whether any of the principles and guidance
provided in the 2002 Mine Site Reclamation Policy, apply to Imperial Oil's Norman
Wells operations. If the policy applies, what parts of it are relevant and how should it be
adapted for the oil and gas context and applied by the Board in this proceeding.
Information Requests to Imperial Oil Resources N.W.T. Limited (IORL)
IORL IR#4: Provide a Security Estimate
The Board requests IORL provide a cost estimate for the total site liabilities associated
with the closure and reclamation of its Norman Wells Operations. The estimate should:
Sl3Ll-007 - Imperial Oil Resources - Water Licence Renewal
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•
•
•
•
•

•
•

be prepared using an appropriate model which reflects best practices for oil and
gas operations in Canada;
be based on the cost of having the necessary reclamation work done by a third
party contractor;
include the total cost of reclamation, including temporary shutdown, closure and
post-closure stages;
include all components of the project broken down by line item;
include costs for an initial site assessment, completion of future closure plans,
regulatory approvals, compliance with other regulatory instruments, consultation
with other communities and other parties, operational and post-closure monitoring;
include contingency factors appropriate to the particular work to be undertaken;
be provided in both pdf and excel format with a rationale included for unit costs.

IORL IR#5: Evidence of Financial Capacity
The Board requests IORL submit appropriate evidence of its financial capacity, in
relation to its Norman Wells operations and site, to operate and reclaim the site so that
the Board can adequately assess the financial capacity of IORL, as required by the
Northwest Territories Waters Act (Paragraph 14(4)[d]J.

IORL IR#6: Security for Norman Wells Operations
The Board requests IORL provide the amount of any security deposits related to its
Norman Wells site and operations held by regulators, including the federal Minister and
the National Energy Board. Further, the Board is requesting evidence on what portion of
said security deposits, if any, are allocated for the purpose of closure and reclamation.
In order to ensure the Water Licensing process can proceed according to the timelines
outlined in the Board's work plan, the Board requests this information be submitted by
February 28, 2014. This will ensure that other Parties can consider this information in their
interventions. If you have any questions please contact Tony Morris at 867-598-2413 ext.
223, or tony.morris@slwb.com.

Sincerely,

Paul Dixon
Executive Director
Sahtu Land and Water Board

S13Ll-007 - Imperial Oil Resources - Water Licence Renewal
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Aboriginal Affairs and
Northern Development CMada

Affalres autochtones et
06veloppement du Nord Canada

PO Box 1500
Yellowknife, NT
X1A2R3
File: S13Ll-007
February 2st11, 2014
Paul Dixon
Executive Director
Sahtu Land and Water Board
Boxl
Fort Good Hope, NT
XOE OHO
Via e-mail: paul.dixon@slwb.com
Re: Additional Information Reauests for Imperial Oil Water Licence Renewal S13U.007
Aboriginal Affairs and Northern Development Canada {AANDC) has reviewed the additional Information
Requests, specifically as they relate to the Department as distributed by the Sahtu Land and Water
Board on February 6, 2014. AANDC provides the following comments:
AANDC IR#1: Current Security held for Imperial Oil's Norman Wells Operations
The Board requests AANOC indicate the amount and nature of any security deposit{s) currently
held by AANOC under regulatory instruments, or through any land tenure agreements, including
surface leases, for Imperial Oil's Norman Wells operation. Further, the Board is requesting
evidence on what portion of said security deposits, if any, are allocated for the purpose of
closure and reclamation.
AANDC RESPONSE to IR#l:
Security is held under the Water Licence in the amount of $2M, in the form of an irrevocable letter of
credit, in good standing. The Board is also advised that the Government of Canada has a one third
interest in the Norman Wells Field pursuant to a 1944 agreement between the Crown and Imperial Oil
Ltd. The agreement recognizes Imperial Oil as the operator of the field. Subsequently, the Government
of Canada ensured that Imperial Oil put In place a structure whereby funds are set aside in trust to cover
the Crown's share of abandonment obligations for the field. The amounts allocated to this fund reflect
annual revisions to estimates of abandonment obligations by the operator for which the Crown would
be charged a one third share, reflecting Its interest in the field. AANOC will work with Imperial Oil in this
area to ensure any outstanding information requirements are provided in an expeditious manner to
assist the Board in its decision making.
AANDC IR#2: Mine Site Reclamation Policy
The Board requests that AANOC clarify whether any of the principles and guidance provided In
the 2002 Mine Site Reclamation Policy, apply to Imperial Oil's Norman Wells operations. If the
policy applies, what parts of it are relevant and how should It be adapted for the oil and gas
context and applied by the Board In this proceeding.

YELLOWKN#627268 - vl

AANOC RESPONSE to IR#2:
The Mine Site Reclamation Policy for the Northwest Territories (2002) applies specifically to mining.
However, the principles of the Policy, notably, that the Crown should not bear the liability for projects in
the Northwest Territories, and that the project should be closed such that It does not pose a risk human
health and the environment, are applicable to oil and gas developments. This position also aligns with
Treasury Board guidelines which instruct all Ministers to retain zero liability in such matters.
If you have any questions or concerns, please contact Stephen Traynor at (819) 669·2407 or by email at
stephen.traynor@aandc-aadnc.gc.ca.

YELLOWKN#6272.68 ·vi
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Imperial OB
Imperial OH Resources
1001 Canol Drive
Bag#5000
Norman Wells NT XOEOVO

Jennifer L Watson
Operations Superintendent
Norman Wells Operation

Tel: (867) 587-3105
Fax: (867) 587-3106

Paul Dixon
Executive Director
Sahtu Land and Water Board
P.O. Box 1, Fort Good Hope
Northwest Territories

XOEOHO
February 28, 2014
Dear Mr. Dixon
RE: Additlonal Information Requests for Imperial Oii Water Licence Renewal S13L1·007

Imperial hereby submits the information requested by the Board In your letter of February 6,
2014.

IORL IR#4: Provide a Security Estimate
The Board requests /ORL provide a cost estimate for the total site liabilities associated with the
closure and reclamation ofit.s Norman Wells Operations. The estimate should:
• be prepared using an appropriate model which reflects best practices for oil and gas
operations in Canada;
• be based on the cost of having the necessary reclamation work done by a third party
contractor;
•include the total cost ofreclamation, including temporary shutdown, closure and post-closure
stages;
•include all components ofthe project broken down by line item;
• include costs for an initial site assessment. completion of future closure plans, regulatory
approvals, compliance with other regulatory instruments, consultation with other
communities and other parties, operational and post-closure monitoring;
• include contingency factors appropriate to the particular work to be undertaken;
• be provided In both pd/and excel format with a rationale included for unit costs.
IOR Response:
The undertaking which Is the subject of this water licence is related to the withdrawal of water
Including the water intake, the cooling system, the settling pond and the water outlet. IOR
submits that the closure and reclamatfon llabllltles for all other aspects of the Norman Wells
Operatron, Including the central processing facility, wells, roads, artificial Islands, etc., fall under
the jurisdiction of other federal asencies. Final abandonment and reclamation responsibilities
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are addressed in the Proven Area Agreement, and, as such, falf within the jurisdiction of the- federal Minister. Sections 3.49, 3.50 and 3.51 of the Devolution Agreement expressly preserve
•
this responsibility and the associated ultimate liability. If the Board feels otherwise, we would
ask It to rule on Its jurisdiction as a preliminary matter prior to the hearing scheduled for Aprll 2·
3. Imperial has answered the question asked In good faith.
Asset Retirement Obligations are represented on a consolidated basis In the Imperial Oil Umited
Annual Financial Statements for the benefit of investors who need to have a complete picture of
company performance. The consolidated statements are Independently audited by
PricewaterhouseCoopers LLP, who determines reasonableness and accuracy of the underlined
details of Imperial Oil Umlted environmental llablfltles on a quarterly and annual basis.
The Imperial 011 Umlted Securities and Exchange Commission (SEC) lO·K fifing demonstrates
how asset retirement obligations and environmental liabilities are determined. As stated in the
on page 52 of the 2013 filing: "Asset retirement obligations and other environmental liabilities
are based on engineering estimated costs, taking into account the anticipated method and
extent of remediation consistent with legal requirements, current technology and the possible
use of the location. Since these estimates are specific to the locations involved, there are many
lndlvldual assumptions underlying the company's total asset retirement obligations and
provision for other environmental liabilities."
Imperial ls not In a position to provide these detailed estimates on an individual field basis as
doing so may negatively impact the competitive bid process to undertake this work.

IORL IR#S: Evidence ofFinancial CapadfJ'

The Board requests IORL submit appropriate evidence of its financial capacity, in relation to its
Nonnan Wells operations and site, to operate and reclaim the site so that the Board can adequately
assess the financial capacity of IORL, as required by the Northwest Territories Waters Act (Paragraph
14(4){d}).

IOR Response:
Imperial has a solid financial position and long-standing reputation for meeting its end·of-life
obligations. In addition to the ongoing progressive reclamation work underway at Norman
Wells since the 1990s, recent work at former exploration sites In the Northwest Territories,
including the Base at Tuktoyaktuk and Tununuk Potnt/BAR-C, demonstrate this commitment.
In 2013, total assets were $37,218M (U.S. GAAP). Imperial had a net income of $2,828M and a
corporate total return on average capital employed of 12.9 percent (2013 SEC 10·1<}. Imperial
OH Is the only canadian industrial company with a AAA credit rating (highest rating Indicating
extremely strong capacity to meet financial commitments) from Standard and Poor's and a AA
(high) credit rating (superior credit quality and the capacity for the payment of financial
obligations ls considered high) on the long-term obligations rating scale from DBRS with these
abandonment obligations fully recognized.
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--Imperial
- - Oil Resources
--------N.W.T. Limited Is a wholly owned subsidiary of Imperial Oil. The
corporate financial resources of lmperlat Oii stand behind our obligations, not just the funds
available from the Norman Welts Proven Area agreement. These obligations cannot be assigned
by Imperial without the prior written consent of the Minister.

IORL IR#6: Securityfor Norman Wells Operations

The Board requests JORL provide the amount ofany securlt;y deposits related to Its Norman Wells site
and operations held by regulators, including the federal Minister and the National Energy Board.
Further, the Board is requesting evidence on what portion ofsaid securit;y deposits, if any, are
allocated for the purpose ofclosure and reclamation.
IOR Response:
Per Part 8, section 2 of the current licence, Imperial maintains a security deposit in the amount
of two mlltlon ($2,000,000) pursuant to sectron 17(1) of the Northwest Territories Water Act and
section 12 of the Northwest Territories Water Regulations. IOR understands the security may be
apptied to reimburse costs incurred by government should IOR fail to foHow direction given by
the Inspector or should the Minister need to take reasonable measures to prevent, counteract
or remedy impacts to persons, property or the environment from IOR's activities. This security
is not tmperial's mechanism for financing A&R activities at Norman Wetls. A copy of the
Irrevocable letter of guarantee issued September 7, 2004, is attached. The fetter fs
automatically renewed each September. Imperial confirms it was last renewed September,
2013.
Imperial has also provided financial security to Her Majesty the Queen In right of Canada, as
represented by the National Energy Board, In respect of operations on the Norman Wells
Proven Area pursuant to section 27 of the Canada Oil and Gas Operations Act. The NEB
security consists of a $26 million Imperial OU limited marketable promissory note placed in
the custody of the Royal Bank of Canada. It may be used by the NEB to cover third party
claims for compensatfon and in relation to clean-up operations, resulting from a spill or the
unauthorized discharge, emission or escape of otl or gas. This Security ls not Imperfal's
mechanism for financing A&R actfvities at Norman Wells. A copy of this Financial Security
Agreement dated Juty 28, 1995, is attached. Imperial confirms this Agreement remains in
force.
Further, Imperial has also provided to the NEB a Continuing Guarantee and Undertakfng to
the extent of an addftlonal $75 mllllon, guaranteeing the obligations of Imperial at Norman
Wefts pursuant to the Canada Oil and Gas Operations Act. The Guarantee atso inctudes the
costs of abandonment of any Installation or structure, and corresponding site restoration, if
not performed by Imperial. This Security Is not tmperJars mechanism for financlng A&R
actlvltfes at Norman Wells. A copy of this Rnanclal Security Agreement dated July 28, 1995, fs
attached. Imperial confirms this Agreement remains in force.
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Securities under the canada OJI and Gas Operations Act are required to remain In place until
Imperial has satisfied all of its obligations Including the dean-up of any spills, the removal of
any installations and structures, and the reclamation of the Proven Area.
Current annual A&R work Is financed from current year revenues for both Imperial and the
federal government. As of year"4!nd 20U, $181.4 million was held in a Trust Account that
was set up In 1998 to secure the Crown's portion of the A&R costs once this revenue stream
ends. When Norman Wells Operations' revenue ceases, Imperial will fund lmperial's
outstanding share of A&R costs from other revenue streams within the company.

If you require any further information. please contact Helga Shield (403-237-2618). Thank you.
Sincerely,

Jennifer L. Watson

Attachments:
Irrevocable Letter of Guarantee $2M
Financial Security Agreement $26M
Continuing Guarantee and Undertaking $75M

page4of4

. . . . . ._......... , .. ____ . .··- ____,. _,,_ ·-.

~

l

I

~··->

. ._ ·---- ... .

RBC

......... ----'

NON-NEGOTIABLE

Global

_Services
PAGE: 1

INT 1 L TRADE CENTRE ALBERTA
STH FLOOR,
335 - BTH AVENUE SW
CALGARY, ALBERTA T2P
CANADA

lC~

AMENDMENT TO IRREVOCABLE LETTER OF GUARANTEE
DATE: SEPTEMBER 7, 2004

OUR REFERENCE NO.: G37261C004S9
CURRENCY AND AMOUNT: CAD 2,000,000.00

BENEFICIARY:

RECEIVER GENERAL FOR CANADA

Clo OEPT. OF INDIAN AFFAIRS ANO
( I<THERN DEVELOPMENT
Th"'LLOWKNIPS, N. W. T.

APPLICANT:
ESSO RESOURCES CANADA LIMITED
231 - 4TH AVENUE S.W.
CALGARY, ALBERTA T2P OH6'

KINDLY NOTE THAT THE ABOVE MENTIONED IRREVOCABLE LtSTTER OF GUARANTEE IS AMENDED
AS FOLLOWS:

THE DATS OF EXPIRY IS AMENDED TO: SBPTEMBER 6, 2005.

-FIRST PARAGRAPH, LAST LINE, LICENSE NO. IS NOW CHANGED TO READ:
S03L 1-001

l
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RBC

Global
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NON-MEGOTIABlE
: 2

-THE AUTOMATIC RENEWAL CLAUSE IS HEREBY ADDED TO THIS LETTER OF CR.EDIT:
IT IS A CONDITION OF THIS LtETTBR OF CREDIT THAT IT SHALL BE DEEMED TO BE
AUTOMATICALLY EXTENDED, WITHOUT AMENDMENT, FOR ONE YEAR, PROM THE PRESENT OR AN
FUTURE EXPIRATION DATE HEREOF, AND SO FROM YEAR TO YEAR THEREAFTBRt UNLESS
THIRTY (30) DAYS PRIOR TO SUCH EXPIRY DATEt WE NOTIFY THE BENEFICIARY IN
WRITING, BY COURIER THAT WE ELECT NOT TO CONSIDER THIS LETTER OF CREDIT RENEWED
FOR ANY SUCH ADDITIONAL PERIOD.
-APPLICANT'S NAME/ADDRESS NOW TO READ:
IMPERIAL OIL RESOURCES
237·4TH AVENUE SW
CALGARY, ALBERTA
T2P OH6

WHEREVER THE APPLICANT'S NAME APPEARS IN THIS LETTER OF CREDIT AS 0 ESSO
RESOURCES CANADA LIMITED", IT IS NOW CHANGED TO READ: "IMPERIAL OIL RESOURCES".

THIS AMENDMENT IS TO BE CONSIDERED AS PAR'l' OF THE ABOVE IRREVOCABLE LETTER. OF
GUARANTEE AND MUST BE ATTACHED THERETO.

ALL OTHER TBRMS AND CONDITIONS REMAIN UNCHANGED.

ROYAL BANK OF CANADA
O;\IG'NALSIGNSO BV

J. FIGUEAE:OO

AUTHORIZED SIGNATURE

,
'·-

ORIGJNAL SIGNED BY

LAURA AMODEO
AUTHORIZED SIGNATURE

j
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FINANCIAL SECURITY AGREEMENT
AMONG:
Imperial Oil Limited, a body corporate, incorporated
under the laws of Canada, having its head office in the

City of Toronto, in the Province of Ontario (hereinafter
referred to as ''Imperial")
·

-and·
The Royal Bank of Canada, a body corporate, inc:orporated
under the laws of Canada, having an office in the City of
Toronto, in the Province of Ontario (hereinafter referred
to as the "Custodian")

· - and·
Her Majesty the Queen in right of Canada, as represented
by the National Energy 'Board (hereinafter referred to as
the '13oard")

WHEREAS Imperial OU Resources North West Territories Limited ("IORNWU")
is a wholly owned subsidiary of Imperial Oil Resources Limited,. which is a wholly
owned subsidiary of Imperial;
AND WHEREAS in furtherance of IORNWTL complying with section 27 of the
Cl1nada Oil and Gas Operations Act, R.S.C. 1985, c. o:;, as amended (the "Act'') in
respect of its production and drilling operations at Norman Wells, Northwest
Territories, Imperial is willing to deposit with the Custodian marketable securities
having a market value of not less than $25-mlUion;
AND WHEREAS the Custodian is willing to undertake and perform its duties
according to the terms and conditions hereof;
NOW rnEREFORE the parties agree as follows:
1.
Imperial a.grees to deposit the securities set out in Schedule "A" to this
Agreement with the Custodian, to be held by the Custodian in accordance with this
Agreement (such securities and any supplementuy or teplacement securities held
by the Custodian hereunder from time to time are hereinafter referred to as the
"Securities''); and the Custodian agrees to hold the Securities in trust in accordance
with this Agreement.

I
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2.
(a)
Imperial shall not sell, assign, hypothecate, encumber or otherwise deal
with the Securities in any manner while they are subject to this Agreement
Cb)
Imperial may substHute other shares or debt instruments of
comparable investment quality for all or part of the Sec:urities1 provided that
(i)

Imperial gives the Board at least 30 days written notice of its
intention to do so, specifying the date that Imperial proposes to
replace the Securities and describing in detail the Securities to be
replaced and the proposed replacement securities, and

(ii)

the Board does not object before the date specified by Imperial in
its notice.

3.
(a)
Imperial shall be resronsible for monitoring the Market Value of the
Securities. If the Market Value o the Securities held by the Custodian fa1ls below
$25-million at any time, Imperial shall notify the Board and shall forthwith provide
the Custodian with additional shares or debt instruments, satisfactory to the Board,
to be held by the Custodian in accordance with this Agreemetlt, so that the total
Market Value of the Securities held by the Custodian shall be restored to at least
$25~million .

Cb)
For purposes .hereof, "Market Value" at any time shall mean the
immediately realizable cash value of the Securities based on the last price bid for the
Securities on The Toronto Stock Exchange or, if the Securities do not trade on The
Toronto Stock Exchange, the last price bid for the Securities (or comparable securities
of the same issuet) in the over·the-counter market or such other trading system as is
commonly used by registered brokers to deal In financial securities o! the same
nature as the Securities.
The Custodian shall keep the Securities in trust in a separate account for
purposes of this Agreement. The Custodian shall advise the Board when it initially
receives the Securities and shall promptly notify the Board of any changes in the
Securities held from time to time.
4.

5.
(a)
The Board ma.y require the Custodian to sell a.ll or part of the Securities
to satisfy any amounts that the Board ma.y require to be paid, pursuant to section 27
of the Act, in respect of claims for which proceedings may be instituted under
section 26 of the Act, by serving on the Custodian a duly executed Requirement in
the form attached hereto as Schedule "B".
(b)
The Board shall not serve a Requirement hereunder unless it has
notified IORNWTL in writing of the payments required at least 10 days in advance
of the date of the Requirement CU\d IORNWTL has not satisfied the Board that it has
made such payments.

(c:)
The Custodian, on the Trading Day immediately following the delivery
of a duly executed Requirement, shall sell in the principal markets therefor all or
such portion of the Securities as may be necessary to realize an amount sufficient to
pay to the Receiver General for Canada on behalf of the Board the sum set out in the
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Requirement and to pa.y all brokers' fees, commissions and other reasonable costs
incurred. by the Custodian in the sale. The Custodian shall pay from the proceeds of
the sale the swn set out in the Requirement in accordance with the terms of the
Require.rnent. In no event shall the sum paid pursuant to a Requirement

hereunder exci:cd

$25~million.

(d)
"Trading Day" shall mean any day on which The Toronto Stock
Exchange is open for trading.
6.
Imperial shall indemnify and save harmless the Custodian from and against
al! cla.ims, suits, demands, costs, damages and expenses which may be occasioned by
reason of the Custodi~n's compliance ln good faith with the terms of this
Agreement.

7.
The Custodian shall have no responsibility for the genuineness or validity of
the Securities and shall be fully protected in relying upon any written instructions
given to it hereunder and reasonably believed by it to be genuine.
8.

(a}

This Agreement may be terminated:
(i)

by agreement between Imperial and the Board upon Imperial or
IORNWTL providing another means satisfactorr to the Board of
IORNWTL meeting the financial responsibility requirements
under section V of the Act; or

(ii)

by any party on six months' advance written notice to the other
parties.

(b)
Upon termination of this Agreement the Securities held by the
Custodian shall be returned to Imperial.

9.
Any notice required or pennitted to be given under this Agreement shall be
in writing and. may be given by delivering same or mailing same by registered mail
or sending same by facsimile telecommunication to the following addresses:

Imperial:

Imperial Oil limited
Treasurer's Department
111 St. Clair Avenue West
Toronto, Ontario
MSW 1K3

Attention: Vice President and Treasurer

Custodian:

The Royal Bank of Canada
Corporate Banking
10th Floor, 20 I<ing Street West
Toronto~ Ontario
MSH1C4

Attention: Senior Account Manager - Corporate Banking

,,,...~,,,,_
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Board:
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National Energy Boa.rd
311 • 6 Avenue S.W.

Calgary, Alberta
T2P3H2
Attention: Chief Conservation Officer
10.

This Agreement shall be subject to the laws of the Province of Ontario.

11.

This Agreement may be executed in several parts in the same form and the

parts as so executed shall together fonn one agreement.
12.
This Agreement supersedes and replaces all prior Financial Security
Agreements relating to financial security for IORNWTL's operations at Norman
Wells including without limitation that Finandal Security Agreement executed by
Imperial on June 28, 1993, the Custodian on June 30, 1993, and the Deputy Minister
of the Department of Indian Affairs and Northern Development, representing Her
Majesty the Queen, on August 11, 1993.
·
IN WITNESS WHEREOF Imperial, the Custodian and the Board have executed this
Agreement to be effective as of July 28, 1995.
.

IMPERIAL OIL UMlTED

TIIE ROYAL BANK OF CANADA

HER MAJESTY THE QUEEN in right
of Canada, as represented by the
National Energy Board

Date

Chairman

Date

Secretary

.••.;

JUL-c!t>-J.:I~:>

J.C.•

.I.~
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SCHEDULE "A"
TO THE' FINANCIAL SECURITY AGREEMENT

Security
Imperial Oil Limited discounted commercial paper notes
having a term of not more than one year

Total Face Value
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SCHEDULE "B"
TO THE FINANCIAL SECURITY AGREEMENT
. REQUIREMENT FOR SALE OF SECURITIES AND PAYMENT OF PROCEEDS

[DATE]

The Royal Bank of ~anada

Royal Bank Plaza

·

200 Bay street

Toronto, Ontario

MSJ2JS
Dear Sirs:

We refer to the Financial Security Agreement dated as of July 28, 1995 (the
"Agreement") among Imperial Oil Limited {"Imperial"), The Royal ·'Bank of Canada
{th~ "Bank") and Her Majesty the Queen in right of Canada as represented by the
National Energy Board (the J'Board")1 which provides for Imperial to provide
financial security ln the amount of SZS.million in respect of production and drilling
operations at Norman Wells.
We hereby certify that Imperial Oil Resources North West Territories Limited
has failed to satisfy the Bpard that it has made a payment or payments in the
amount of$
pursuant to a notice given to it under the Agreement on

.,...----,----...,..,....--· Pursuant to clause 5 of the Agreement we hereby require the
Bank to sell on the Trading Day (as defined in the Agreement) immediately
following the delivery of this demand, in the principal markets therefor, all or such
portion of the Securities (as defined in the Agreement) as may be necessary to realize
the sum of S
net of fees, commissions and other reasonable costs
incurred in the sale, and to. pay this amount to the Receiver General for Canada on
behalf of the National Energy Board.
HER MAJESTY THE QUEEN in right of
Canada, as represented by the National
Energy Board

By:

Secretary

I
r

:
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CONTINUING GUARANTEE AND UNDERTAKING

WHEREAS Imperial Oil Resources N. W. T. Limited ("IORNWTL") is a wholly
owned subsidiary of Imperial Oil Resources Umited, which is a wholly owned
subsidiary of Imperial Oil Umited;
AND WHEREAS IORNWTL is carrying out and proposes to carry out additional oil
and gas exploration and production operations in the area of Norman Wells,
Northwest Territories;

AND WHEREAS in furtherance of IORNwn.. complying with Section 27 of the
Canada Oil and Gas Operations Act, R.S.C. 1985, c. ~7, as amended (the "Act"),
Imperial on Umited is willing to provide a guarantee of certain financial
obligations of IORNWTL that may arise in connection with its exploration and
production operations in the said area.
NOW THEREFORE in consideration of the foregoing, Imperial Oil Limited hereby
undertalces in favor of Her Majesty the Queen in the right of Canada, as represented
by the National Energy Beard (hereinafter referred to as the "NEB"), as follows:

1.

Prom and after the Effective Date, in accordance with the provisions set out in
this Guarantee and Undertaking., Imperial Oil Umited agrees to be liable for
all financial obligations of IORNWTL, to the extent not fulfilled by
IORNWTI.., that may arise under the Act and any regulations made
thereunder in connection with operations conducted by or on behalf of
IORNWTL in the area of Norman Wells, Northwest Territories. The
obligation of Imperial Oil Limited hereunder is limited to seventy-five
million dollars ($75 million), in addition to the obligations of Imperial Oil
Limited under the financial Security Agreement dated as of July 28, 1995.,
among Imperial Oil limited, The Royal Bank of Canada, a.nd the NBB or any
other specific financial security that Imperial Oil Umlted may give from time
to time in respect of the obligations of IORNWTL in addition to or in
substitution
the said Fmandal Security AgTeement.

ror

2

This Guarantee and Undertaking shall be il continuing guarantee and
undertaking of Imperial Oil Llmited, and Imperial Oil Umited hereby waives
notice of any extensions, modifications or atnendments to a.ny authorities
granted by Her Majesty the Queen in right of Canada for IORNW11..'s
operations subsequent to the Effective Date and agrees that no such
extensions, modifications or amendments will release Imperial Oil Limited of
its obligations hereunder, and that Imperial Oil Umited will not be released
by any waiver of any obligation of IORNWTL or by any indulgence or

........... , - -·- 2

concession granted to it except to the extent that any such extension,
modification, amendment, indulgence or concession releases lORNWTL
from its obligations pursuant to the Act.
:5.

The NEB shall not be required to exhaust its remedies against IORN1A.7TL
before claiming against Imperial Oil Limited hereunder.

4.

This Guarantee and Undertaking shall not be construed as ;m agreement to
increase the liability of IORNWTL beyond any limits, if applicable, provided
for in the Act and regulations.

5.

NEB shall release Imperial Oil Limited from this Guarantee and Undertaking
upon the earlier of;
I

a)

IORNWTI. finally satisfying its obligations under the Act and any
regulations made thereunder; or

b)

Imperial or IORNWTL providing another means satisfactory to NEB for
the purpose of IORNWTL meeting its obligation under Section 27 of the
Act to provide proof of financi.al responsibility.

IN WITNESS whereof the undersigned has executed this instrument effective as of
the 28th day of July, 1995 (the "Effective Date").

APPROVED

MTO

~ERIAL On. LIMITED

c/s
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