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Dear Sir/Madam:

RE:

NORMAN WELLS ENVIRONMENTAL LIABILITY ASSESSMENT: 2014
METHODOLOGY FOR SOIL APEC VOLUMES ESTIMATION

1.

INTRODUCTION

WorleyParsons Canada Services Ltd. (WorleyParsons) was retained to assist in the quantification of
soil and groundwater issues identified to date at the Norman Wells Site.
The Site comprises infrastructure (current and historical) associated with a former refinery, three former
batteries, a central processing facility (CPF), and production and injection wells on both the Mainland
adjacent to the Mackenzie River, and natural and artificial islands (“Islands”) located within the
Mackenzie River.
Given the large areal extent of the Site, as well as the inclusion of both Mainland and Islands areas, the
Site has been subdivided into several geographic areas for discussion and data management
purposes:
•

Mainland West;

•

Mainland Central;

•

Mainland East;

•

Mainland Sumps;

•

Goose Island;

•

Bear and Frenchy’s Islands; and

•

Artificial Islands.
.
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This letter report provides documentation of the methodology utilized to identify areas of potential
environmental concern (APECs) and estimate volumes of soil which exceed current regulatory
guidelines for industrial and residential/parkland use, given the environmental setting and practical
constraints which exist at the Site.

2.

ASSESSMENT P ARAMETERS/REGULATORY GUIDELINES

2.1

General

Analytical data compiled from more than 15 years of environmental investigations have been assessed
relative to background conditions, as well as the current regulatory guidelines described below. This
data assessment allows for identification and quantification of soil APECs.
Soil analytical results were assessed against the following guidelines:
•

Canadian Environmental Quality Guidelines (CCME 2007 and updates); and

•

Canada-Wide Standard for Petroleum Hydrocarbons (PHC) in Soil (CCME 2008).

Development of Tier 2 (site-specific) risk-based guidelines for assessment and remediation of soil is in
progress for select petroleum hydrocarbon parameters.
Fine-grained soil guidelines are considered the default standard as analytical results from previous
investigations have indicated the soil is predominantly fine-grained. For the purpose of this
assessment, the only relevant soil or groundwater exposure pathway excluded in the selection of
applicable guidelines was potable groundwater. The shallow groundwater aquifer beneath the Site
(located 3 to 6 m below grade) locally may contain naturally-occurring hydrocarbons and salts;
therefore, the protection of potable groundwater exposure pathway was excluded in consideration of
this unsuitable chemistry as drinking water. Deeper aquifers located 10 to 20 m below grade are
hydraulically connected to the Mackenzie River, and are also locally affected by natural hydrocarbon
and saline water seepage from the underlying oil reservoir. River water withdrawn upstream from the
IOL lease is used as the drinking water supply.
The regulatory guidelines noted above were also developed for different land uses. In general and for
the purpose of this soil volume update, the applicable guidelines were assumed to be industrial land
use, fine-grained surface soil for the Mainland Areas, and residential/parkland land use, fine-grained
surface soil for the Islands Areas.

2.2

Background Soil Conditions

There are several unique environmental features/characteristics which have been considered when
formulating a conceptual model of environmental conditions and identifying/ quantifying soil impacts at
the Site. These features include the presence of:
•

naturally occurring hydrocarbon seeps and hydrocarbons in the shallow subsurface;

•

naturally occurring elevated sodium (sodicity) and select trace elements in the near surface
bedrock underlying the Mainland Area;
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•

presence of intermittent permafrost and ice lenses;

•

several naturally occurring metals in soil which are above guideline levels; and

•

shallow depth to bedrock, limiting the soil development and practical excavation/remediation
depths.

The above-noted naturally occurring conditions have been considered when determining and
quantifying Site operations-related impacts, and the estimated soil volumes discussed herein.

3.

METHODOLOGY

3.1

Soil Issue/ Areas of Potential Environmental Concern
Identification

An APEC or soil issue, for the purpose of this report, is defined as a situation that satisfies one or both
of the following:
•

exceeds background conditions and/or environmental guidelines noted in Section 2; and/or

•

has, or could potentially have, an adverse effect on the environment.

Contaminants have been subdivided into three broad categories: metals, salts, and petroleum
hydrocarbons. Various combinations of these three categories were identified where appropriate.
For the purposes of this soil volume update, environmental impacts were defined as proven or potential
as follows:
•

a “proven” impact resulted when sufficient Phase II environmental site assessment (ESA) data
indicated an impact exceeding the applicable guideline was present; and

•

a “potential” impact resulted when contamination was inferred through Phase I ESA activities,
but a reasonable quantity of Phase II ESA data were not available to confirm the type of impact
or provide an estimate of its magnitude and extent. As such, potential impacts had limited
supporting field data, may be anecdotal in nature, and their inferred presence, extent and
magnitude were based on similar issues or experiences at similar sites.

3.2

Impacted Soil Area/Volume Estimation

All information obtained during previous Phase I and Phase II ESA programs was summarized,
tabulated and reviewed by professional staff who have first-hand knowledge regarding the subsurface
conditions and history of the site. These professionals supplied estimates of the extent and magnitude
of impacts to the soil. These estimates were supported by Phase II intrusive and geophysical data
where available. Where data were not available, the estimates were based on professional judgement
of similar sites with similar conditions and contaminant types.
Areas of potential impact were identified through various Phase I and Phase II activities. The extent
and magnitude of impacts were evaluated with consideration for the following parameters:
•

likely source of impact;

407074-00016-400-CA-LET-0001-2014_ELA Methods-Rev1.docx

Page 3

24 September 2014

•

mobility of the chemicals in question;

•

distance from the likely source;

•

concentration of the contaminants;

•

experience with similar issues at similar sites; and

•

density of data points to represent the area/zone of impact (from Phase I and Phase II ESAs).

Estimation of Areal Extent (X/Y Plane)
For each area of potential impact identified, the assessor measured or estimated the area (in square
metres) of the impact based on a polygon. Polygon boundaries were selected based on approximately
half the distance between a location of confirmed/suspected impact, and an adjacent un-impacted
location. All attempts were made to verify the areal extent of impact based on visible evidence,
mobility, time, subsurface conditions, etc.
Estimation of Depth of Impact (Z Plane)
For each area of potential impact identified, the assessor selected the minimum value from the
following parameters:
•

depth to groundwater, permafrost, and/or bedrock at the site;

•

depth of practical excavation;

•

depth of likely contaminant penetration; and/or

•

depth of guideline exceedances shown in other data (Phase II information).

Calculation of Impact Volumes
The in situ soil volume for each area of potential impact was estimated by multiplying the areal extent
of the impact by the estimated depth.
The general assumptions made with respect to estimating volumes of impacted soils at the various
areas of potential impact identified at the Norman Wells facilities are listed below.
•

depth of impact was estimated through a review of analytical data, borehole logs, and presence
of field indicators such as staining and elevated organic vapour levels;

•

lateral extent of salt impacted soil zones was determined through terrain conductivity/resistivity
mapping and borehole delineation (where available);

•

potential soil remediation strategies selected for this liability estimation required subdivision of
impacted soil depth into two primary intervals: impacted soil above 2 m (i.e. depth to establish
self-sustaining vegetation cover, or depth to a comparatively impermeable barrier like permafrost
or bedrock), and impacted soil below 2 m but above permafrost or bedrock;

•

impacts were determined based on two sets of regulatory guidelines: CCME (2007 and updates,
2008) Industrial Land Use, and CCME (2007 and updates, 2008) Residential/Parkland Use;
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•

depths of impacted soils were further subdivided based on contaminant type: metals,
hydrocarbons, salts, hydrocarbons + salts, and hydrocarbons + salts + metals. There is no salts
+ metals category, as this contaminant mix was not encountered at the Norman Wells facility;

•

volumes of impacted soils were extrapolated based on similar facility types of similar age
(e.g. 1940s vintage well sites, well sites with casing vent leaks, batteries, etc.);

•

volume estimates for areas with little or no analytical data were based on professional
experience with similar contaminant scenarios, or were extrapolated from similar sites in the
same field;

•

assume 50 m of soil impact for every 1 m fluid released on each spill site. Assumes no product
recovery, and no associated groundwater impact given the generally discontinuous nature of any
shallow groundwater bearing intervals, unless stated otherwise;

•

increase soil impact volume by 50% from industrial to residential/parkland if spill >10 m for oil
and produced water, or produced water. Assume same volume if crude oil spill only;

•

include glycol spills with hydrocarbon spills, assume same treatment method;

•

all wellhead areas on the Mainland have 50 m of hydrocarbon impacted soil, and 50 m of
hydrocarbon + salt impacted soil, excluding additional volume for documented spills;

•

all wellhead areas on the Islands have 25 m of hydrocarbon impacted soil, and 25 m of
hydrocarbon + salt impacted soil, excluding additional volume for documented spills;

•

to avoid double counting of impacted soil volumes associated with wellheads which had a
3
documented spill history, wells with documented spills >2 m of fluids were not assigned the
3
generic 50 to 100 m noted above;

•

abandoned wells were not assigned the generic 50 to 100 m provision noted above, as it was
assumed that some degree of wellhead cleanup had taken place; and

•

in addition to the above generic provisions for individual wellheads, a 250 m allowance for PHC
and salt impacted soil was assigned to each artificial island wellpad.

3

3

3

3

3

3

3

3

3

Based on the above general assumptions the high level volume estimates, presented in Table 1 below,
were calculated for each geographic area.

Table 1 – Estimated Volumes of Soil Impact
Geographic Area

Estimated Total Volume (m3)

Mainland West

49162

Mainland Central

101928

Mainland East

239068

Goose Island

10458
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Geographic Area

Estimated Total Volume (m3)

Bear and Frenchy’s Islands

37575

Artificial Islands

7583

It should be noted that APECs with potential in-situ management strategies such as containment have
not been included in the above volume estimates.

3.3

Well Counts

The list of wells present on the Norman Wells site (producing, injector, suspended and abandoned)
was extracted from the NEB database and verified by IOL personnel familiar with the current status of
the facilities.

3.4

Spill Records

To assist in the estimation of potential impacted soil associated with Site spills, an updated summary of
spills reported to the NEB was obtained from the time period 2011 to 2014. A sample spill record is
provided as Appendix 1. Those spills attributed to activities on locations outside the Site boundaries, or
to parties other than IOL were not included in this impacted soil volume update.
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Disclaimer
The information presented in this document was compiled and interpreted exclusively for the purposes
stated in Section 1 of the document. WorleyParsons provided this report for the purpose noted above.
WorleyParsons has exercised reasonable skill, care, and diligence to assess the information acquired
during the preparation of this report, but makes no guarantees or warranties as to the accuracy or
completeness of this information. The information contained in this report is based upon, and limited
by, the circumstances and conditions acknowledged herein, and upon information available at the time
of its preparation. The information provided by others is believed to be accurate but cannot be
guaranteed.
WorleyParsons does not accept any responsibility for the use of this report for any purpose other than
that stated in Section 1 and does not accept responsibility to any third party for the use in whole or in
part of the contents of this report. Any alternative use, including that by a third party, or any reliance on,
or decisions based on this document, is the responsibility of the alternative user or third party.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form
or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior
permission of WorleyParsons.
Any questions concerning the information or its interpretation should be directed to WorleyParsons.
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