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EXECUTIVE SUMMARY

In the Inuvialuit Settiement Region (ISR}, the management and disposal of drilling wastes
generated through the exploration and production of oil and gas resources from land-based
operations remains a key issue for producers, regulators and northern commiunities.

AMEC Earth & Environmental (AMEC) was contracted by Environmental Studies Research
Funds (ESRF) to complete an assessment of driliing waste disposal options in the ISR and to
conduct a comparative analysis to select a preferred option. The disposal options considered
included:

@ sumps;

o dowrn-hole injection;

® disposal at a regional treatment and/or disposal site; and
& ransportation out of the NWT.

To evaluate the disposal options, AMEC contacted and solicited the opinion of interested and
affected parties from three diverse groups: the ISR, petroleum and exploration companies active
in the ISR and Federal Government regulators.

To clearly evaluate the potential impacts of each drilling waste disposal option and select a
preferred disposal method, a comparative analysis was completed. The objective was to ensure
that a wide range of issues were taken into account when comparing the options. The issues,
selected by ESRF, fall info four main categories:

@ environment,

© socio-culiural and economic;
o feasibility; and

® cost.

Stakeholder responses to AMEC's request for opinion were very limited. It was the opinion of
the FSRF Technical Advisory Group, with which AMEC agrees, that the number of responses
was insufficient to conduct further comparative analysis of the options from the viewpoint of the
Inuviatuit and stakeholders.

The recommended option for drilling waste disposal in the 1SR identified by the decision matiix
developed and compieted by AMEC was on-site waste injection. This was followed by on-site
sump disposal, disposal outside of the NWT, off-site waste injection, and off-site landfill
disposal. However, choosing a specific waste disposal method is complex and must invoive
site-specific and project-specific considerations as some sites will not be suitable for on-site
waste injection or sump disposal. Further, it is expected that once resource development shifts
from the exploration phase to the development phase, that off-site injection at & regional waste
disposal facility would become the preferred option.
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AMEC agrees with the ESRF Technical Advisory Group’s concern that the adeguacy of the
responses from the ISR interests, indusiry and the regulators was considered insufficient to
include in the guantitative analysis conducted in this study. As a resuli, it is recommended that
further consultation take place, particularly with 1SR representatives, to verify or supplement the
resuits of this study.

RESUME

Dans la région désignée des inuviaiuit (RD1), la gestion et I'élimination des déchets de forage
produits au cours de I'exploration et de {a production pétroliéres et gaziéres sur terre demeurent
hautement problematiques pour les producteurs, les organismes de réglementation et les
collectivités du Nord.

En vertu d'un contrat financé par le Fonds pour étude de 'environnement (FEE), 1a firme
AMEC Earth & Envircnmental (AMEC) a été chargée de réaliser une analyse comparative des
diverses options d'élimination des déchels de forage dans la RDi et de choisir celle gu’elle
privilégie. Les options suivantes ont éié analyséas

@ puisards;

® injection en fond de trou;

@ alimination dans un lieu de raitement et/ou de décharge régional;
o transport au-dela des limies des T.N-O,

AMEC a solliciie lopinion des intéresses ef parties fouchées de divers groupes dans le cadre
de son évaluation ; ia RDI, les sociéiés péiroligres ef d'exploration en activiié dans la RDi et les
organismes de réglementation fadérau.

Une analyse comparative a éie réalisee afin d'évaluer le plus justement possible les incidences
potentielles de chaque option el de choisir la méthode privilégiée, Un objectif majeur était de
veilier & ce qu'une grande variété d'enjeux solent pris en considération pour les hesoins de
lanalyse comparative. Ces enjeux, choisis par fe FEE, sont répariis dans quatre grandes
catégories :

s environnement;

© aspecis socioculiurels et economigues;
o faisabiiité;

® colt.

Les opinions présentées par les parties prenantes a la demande d'AMEC ont été peu
nombreuses. Le groupe consuitatif technigue du FEE était d'avis, a l'instar 'AMEC, gue e
nombre de réponses ne justifiait pas la poursuite de I'analyse comparative du point de vue des
Inuvialuit et des parties prenantes.
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L'option recommandée pour {'élimination de déchets de forage dans la RDI, selon la matrice de
décision congue et réalisée par AMEC, est celle de linjection sur place. Les autres options
étaient dans lordre I'élimination en puisard sur place, I'élimination & 'extérieur des T.N.-O.,
l'injection dans un site externe et 'élimination dans un lieu de decharge externe. Toutefois,
choisir une méthode d'élimination parficuliére est une opération complexe qui doit tenir comple
d'aspects propres au site et au projet, étant donné que certains sites ne conviennent pas a
Vinjection sur place ou a I'élimination en puisard. De plus, it est a prévoir qu'une fois gue la mise
en valeur passe de {'étape de 'exploitation a celle du dévetoppement, finjection dans une
installation régionale extérieure devient I'option privilegiée.

Le groupe consuitatif technique du FEIE était d'avis, a l'instar AMIZC, gue fe nombre de
réponses ne justifiait pas la poursuite de 'analyse comparative du point de vue des inuvialuit et
des parties prenanies. Par conséquent, il est recommandé que d'autres consultations aient lieu,
notamment aupres des représentants de la RDI, afin de confirmer ou compléter les résuliats de
celie élude.
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1.0 INTRODUCTION

The Environmental Studies Research Funds (ESRF) were established under the Canada
Petroleum Resources Act “to finance environmental and social studies pertaining to the manner
in which, and the terms and conditions under which, exploration, developmental and production
activities on frontier lands under this Act or any other Act of parliament, should be conducted.”

In the thuvialuit Settlement Region (ISR), the management and disposal of drilling wastes
generated through the exploration and production of oil and gas resources from land-based
operations remains a key issue for producers, reguiators and northern communities,

Concerns over the long-term integrity of historical drilling waste disposal methods in the ISR,
primarily the use of sumps, has led o a re-evaluation of the disposal options available to the oil
and gas industry. In addition, given the emphasis on the sustainabie use of natural resources in
the Northwest Territories (NWT), coupled with growing concerns over climate change and the
long-term integrity of buried sumps, decisions on the selection of disposal options are now
increasingly encompassing a broader consideration of economic, social and environmental
factors (ESRF 2008).

AMEC Farth & Environmental (AMEC) was contracted by ESRF to conduct an assessment of
driliing waste disposal options in the ISR, The wasle disposal options considerad in this report
include the following

7 Sumps — Use of current technology to dispose of drilling waste material in excavated pits
and to monitor the integrity of containment over fime;

2) Down-hole Injection — The grinding of drifling waste solids into smaller particles, mixing
them with water or other fluids to make a slurry and then injecting the siurty into an
underground formation, the well or a dedicated disposal well;

33 Disposal al a Regional Treatment and/or Dispesal Site — A regional approach to the
collection and consolidation of waste freatment at a dedicated siie; and

4) Transpotation out of the NWT ~ The collection and removal of drilling wastes from each
drilling location and transportation of the material via truck and/or barge to an approved
disposal location outside the NWT.

1.4 Project Objective

The objective of this study was to prepare a comprehensive report on the assessment of land-
based dritling waste disposal options applicable to the oil and gas industry in the ISR,
Specifically, the objectives were as follows:

® identify the current drilling waste disposal options available to the oil and gas industry in
the ISR;
o Review the regulatory status of current waste disposat options, including the permitiing

and monitoring requirements of cach;
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© Describe the current issues and environmental concerns associated with the current
methods of drilling waste disposal through the use of sumps;

® Assess the positive and negative aspects of the four drilling waste disposal options while
addressing economic, environmental and social considerations;

® Provide recommendations on how waste driliing options should be considered and
selected in the fuiure; and

@ Describe the current industry best practices for waste disposal options in the ISR and
other northern regions, including praciices and procedures.

This report is intended to provide essential information required by regulators, indusiry and the
Inuvialuit people to make informed decisions related {o drilling waste disposal.

1.2 Beope of Work

The Scope of Worl for this project, described in ESRF Solicitation No. ESRIF-08-01, dated
March 14, 2008, included the following

M-

® a review of the relevant literature;
@ identification of key issues associated with current waste disposal options;
® evaluation of the benefiis and costs of each of the waste disposal options available to

the oil and gas indusiry in the i8R,

2 description of the current regulatory requirements and industry best practices associated
with drilling waste disposal; and

@ a project report.

1.3 Geographic Scope

The 1SR boundary is described in “A Guide 1o Regulatory Approval Processes for Qil and
Natural Gas Exploration and Production in The Inuviaiuit Settlement Region” as follows:

The Inuvialuit Setflement Region (ISR) extends along the Arctic coast from the
Alaska border on the west to the boundary with the new terrifory of Nunavut on
the sast. The ISR spans both land and water within its horders. It is bounded on
the south by the Gwich'in and Sahiu Setflement Areas of the Mackenzie Valley
ahd extends to the norih across the Beaufort Sea fo include Banks Isiand, parts of
Victoria Island and the western Queen Elizabeth Islands.

The geographic extent of the project encompasses the mainiand areas of the ISR, as illusirated
in Figure 1.
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1.4 Stakehoider Recognition

1.4.14 lnuvialuit

The Inuvialuit people have inhabited the iands in and around the Mackenzie Delta, the lands
neighbouring the Beaufort Sea, and the Banks and Victaria islands for generations. Many
Inuvialuit currently live in the communities of Aklavik, Inuvik, Paulatuk, Sachs Harbour,
Tuktoyaktuk and Ulukhaktok {formerty Holman). Streng connections to the land are evident in
harvesting and other culiural activities. Currently, there are 5,431 ihuvialuit whe reside in the
Beaufort-Delta region, and an additional 2,988 Inuvialuit beneficiaries living elsewhere {Gallant,
pers. comm. 2008).

In 1984, the Inuvialuit Final Agreement (IFA) was conciuded by the Inuviaiuit and the
Government of Canada. This land claim supersedes all federal and provincial iegislation,
outlines the goals of the Inuvigluit and includes economic measures expressly for the purpose
of enhancing inuvialuit economic development. Under the IFA, the Inuvialult received cwnership
of 91,000 square kilomeires (i{x":12) of land, 13,000 km? of which include the subsurface rights 1o
oil, gas and minerals,

The IFA led 1o the establishiment of several corporations and organizations o manage Inuvialuit
fands and financial compensation, and protect other rights cutlined in the Agreement, such as
harvesting.

The Inwviaiuit are currently working towards the goal of self-govermnment. Twenty-one areas
have heen identified in the nuvialuit Regional Government Agreement in Principle. Examples of
self-government jurisdictions include marriage, education, health, economic development,
policing, justice and taxation. Negotiations with the federal and territorial governments are
ongoing.

1.4.2 Reguiator

The federal government, through the Minister of Indian Affairs and Northern Canada {INAC), is
responsible for administering terriforial fands and resources in the NWT under various Acts.
INAC's sustainable development strategy includes full consideration Tor economic viability,
social implications and culiural and environmental values in decision-making and policy and
program development {INAC, 2008a).

The National Energy Board (NER) regulates oil and gas activities on frontier lands and offshore
areas hot covered by federalfprovincial management agreements. The NEB is accountable fo
Pariiament through the Minister of Natural Resources Canada (NRCAN). The NEB's
environmental responsibility includes ensuring environmental protection during planning,
construction, operation and abandonment of facilities within its jurisdiction (NERB, 2008a}.

The Environmental Protection Service (EPS) of the Depariment of Resources, Wiidlife and
Eeconomic Development is the Government of the Northwest Territories (GNWT) agency

S\Project Ce\CeO3807 N rpl-ce03807 -2 1declS-wenzel.don Page 4



Environmental Studies Research Funds
Assessment of Drilling Waste Disposal Opticns
Inuvialuit Settlement Region

December 2609

responsible for initiatives 1o control discharges of contaminants and their impact on the natural
environment (GNWT, 1988). The GNWT recognizes that Aboriginal traditional knowledge is a
valid and essential source of information about the natural environment and its resources, the
use of natural resources, and the relationship of people to the land and {o each other, and will
incorporate traditional knowledge into government decisions and actions where approptiate
(GNWT, 2008b).

1.4.3 il and Gas Indusiry

Oit and gas exploration began in the ISR in 1961 with the driliing of Winter Harbour No. 1 (A-08)
on Melville Island by Dome Petroleum. Prior to 2005, 15 companies owned major interests in
wells in the ISR. By 1086, 80% of the current wells in the ISR were completed. The majority of
these wells have been plugged and abandoned (AMEC 2005). Since 2000, approximately 15
wells have been drifled in the ISR,

The oil and gas industry has developed advanced technologies to improve efficiency,
productivity and environmental performance {DOE 1998). Advanced technologies developed
since the 1970s height of drilling in Canada’s north have significantly reduced the footprint of
operations. Of particular relevance (o this report, drilling waste volumes have steadily declined
because of improvements in drilling efficiency and advances in drilling fluid technology.

The Mackenzie Delta/Beaufort Sea area contains discovered resources of in excess of 150
million cubic metres (m®) of oif and 255 billion m® of gas in 53 significant discoveries. Over 100
billion m® of marketable gas have been discovered in three onshore discoveries, and offshore
discoveries include over 32 miliion m® (INAC, 2008b). New discoveries will sirengthen the
existing resource base in anticipation of development in the next decade (INAC, 1985).
Heightened interest in Arctic oil and gas exploration and development will create economic
opportunities for Northern communities, help to secure Canada's energy supply, and provide &
venue for Canada to clearly exercise its sovereign rights over its offshore natural resources
{INAC, 2008c¢).

Mackenzie Gas Project proposes o develop natural gas fields in the Mackenzie Delta and
deliver the natural gas to markets through a pipeline system buiit along the Mackenzie Valley.
Four Canadian oil and gas companies and a group representing the Aboriginal people of
Canada's NWT are partners in the proposed Mackenzie Gas Project (MGP 2008):

@ Imperial Oit Resources Ventures Limited;
@ ConocoPhillips Canada {North) Limited;
@ Sheli Canada Limited;

@ ExxonMohil Canada Properties; and

@ The Aboriginal Pipaline Group.

SProject CeACeQ3807Un rptcel3807-21dec09-wenzet doc Page 5
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The four oil and gas companies hold interests in three natural gas fields tocated in the
Mackenzie Delta:

o Tagly;
® Parsons Lake; and
s Niglinigak.

Figure 2 shows the location of these natural gas fields.

The Aboriginal Pipeline Group represents the interests of the Aboriginal peopies of the NWT in
the proposed Mackenzie Valley Pipeiine.

Ol and gas companias currently holding exploration licences in the 18R include:

@ Talisman Energy;
5 B Canada;

® Chevron Canada;
a Petro-Canada;

® MGM Energy,

o Shell Canada;

@ fmperial Oil;

© ConocoPhillips;

@ Altagas,

© Nytis, and

@ Devon.

Figure 2 shows current ofl and gas lease boundaries in the ISR,

SiProject CerCe03807Vnl rpt-ceQ3807-216ec08-wenzel.doc Page 6
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2.0 CURRENT KNOWLEBGE

The foliowing sections discuss the potential quantity, quality (i.e., chemistry) and disposal
options for drilling waste that may be produced by on-shore petroleum exploration and
development activiiies in the 1SR,

2.4 Brifling Waste

Drilling waste is composed of both drill cuttings and drifling fluids. As the drill bit penetrates
progressively deeper, rock and fragmentis are released by the effects of the drilling action;
drilling waste is a result of the introduction of driliing fluid to these materials. Hence, the disposal
of drilling waste must be planned and engineered into any drilling event. In Northemn Canada,
typically one of three drilling fluid systems is used: a brine or saltwater base, fresh water base,
or an oil base (Hardy and Stanley 1988). The International Association of Oil & Gas Producers
recognizes iwo primary types of drilling fluids (OGP 2003):

® water-hased fluids (WiBFs); and
6 non-aqueous drilling fluids (NADFs).

WiBI-s consist of water mixed with bentonite clays, barium sulphate (barite) to control mud
density and other substances in order fo produce the desired drilling fluid properiies. NADFs
may consist of mineraf oil mixed with barite to control mud density and other substances similar
{0 those used in WEBFs,

Imperial Ol and Conocolhillips have proposed using both WBFs and NADFs in theilr proposed
Taglu and Parsons Lake well bores. Generally, WBFs would be used in the upper portion of the
well bore while NADFs would be used to drill below the depth of the surface casing (CP 2004,
IORL. 2004).

2.1.1 Physical Characieristics

Drill cuttings are generated during drilling and are mainly composed of rock particies and
fragments. These fragmenis rise io the surface suspended and contained within the drifling
mud. For fine clay, silt and sand cuttings, particles can vary in size from around 5 micro metres
to >200 micro metres.

Drilling waste is composed of a number of compounds including water, bentonite clay, barite,
cuttings and additives to preserve the consistency and functionality of the drilling fiuids. in
permafrost environments, such as the Mackenzie Delta and other northern regions of Canada,
saltwater is used in place of fresh water because it can be cooled to temperatures helow 0°C
(Pembina 2004).
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2.1.2 Brilting Fluid Additives

Additives are commoniy used for the purpose of controiling or altering driliing fluid
characteristics such as pH and viscosity or reducing fiuid foss and filtrates. The following list of
additive functions reflects general industry practice and terminology consistent with those
accepted by the American Petroleum Institute (API) and the International Association of Drilling
Contractors ((ADCY (WORLDOIL 2008):

@ Alkalinity/oH control (e.g., bicarbonate soda, caustic soda and lime) of the acidity or
atkatinity of the drilling fluid;

o Bactericides are used in the prevention of bacterial degradation of natural crganic
additives;

& Calcium reducers are used to reduce calcium in salf water, treat cement contamination

and work against calcium sulphates;

o Corrosion inhibitors (e.g., amine or phosphate-based products) are used in conjunction
with pH control additives o contral corrosion, balance out hazardous acid gases and
prevent scale in drilling fluids;

soaps, organic acids or water-based surfactants for water-based muds,

@ Filtrate reducers {e.g., bentonite clays, lignite and polyacrylaie) are used to reduce ftuid
loss into the formation during the drilling process;

® Flocculants {e.q., soda ash, bicarbonate of soda, bring, hydrated lime, gypsuim and
acrylamide-based polymers) increase viscosity, increase bentonite clay yields and/for
dewatar low-solids fiuids;

9 Foarming agenis are used fo create foam in the presence of water that assists in air or
gas drilling through water-bearing formations;

= Lost circulation materials are used o plug zones of loss to reduce the loss of drilling
fluids in subsequent operations;

@ Lubricants (e.q., oils, graphite and glycols) are used fo reduce friction occurring during
darilling;

@ Pipe-freeing agenis (detergents, oils, soaps and surfactants) are designed to reduce
friction and increase lubrication to release pipe that may have become stuck;

® Shale control inhibitors {e.g., soluble calcium or potassium inorganic salls} are used to
reduce shale hydration and reduce impacts when dealing with water-sensitive shale;

® Surface-active agents (e.g., emulsifiers, weiting agents and flocculants or deflocculants)
reduce interfacial tension between multiple contacting surfaces such as water/solid or
water/air;
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o Temperature stabjlity agents (e.q., acryiic polymers, sulfonated polymers, copolymers,
lignite and lignosulfonate) are used to stabilize fluid temperature;

@ Thinners and dispersants (e.g., tannins, polyphosphates, lighite, and lignosulfonate) are
used to alter the composition of drilling fluids in terms of viscosity and solids percentage
and can aiso serve to reduce the gel strength of the fluid. Thinners are used to assist in
deflocculation of particles in driliing fluid;

@ Viscosifiers (e.g., bentonite, attapuigite clays and polymers) are compounds used to
increase viscosity and suspension of solids; and

® Weighting malerials {a.g., hariie, leads, iron oxides and calcium carbonates) are
compounds with higher specific gravity used 1o keep formation pressures in check and to
facilitate the pulling of dry pipe.

Table 1 provides a list of WBF additives used by MGM Energy Inc. at a recently drilled well in
the ISR, The major componenis are barite (62%) and KO (24%). Ultrahib and Ulirafree agents
are used o keep the drill bit free of solids. Calcium carbonate is also used to increase the
density of the drilling fluid or as a bridging material to prevent fluid loss. Fed Pac UL additive
controls fluid loss in freshwater, seawater, KCl and sali water fluids. | forms a thin, resilient,
low-permeabitity filler cake that minimizes the potential for differential sticking and the nvasion
of filtrate and mud solids into permeable formations. The Ultracap additive provides cuttings
encapsulation by adsorbing onto the clay surfaces and forming a protective film that prevents
cuttings from sticking to each other or fo the shaker screens. Fad Zan D containg Xanthan gum,
which is also used as a food additive. The remaining products centribute about 1.8% of the #uid
mixture.

Table 1: Drilling Fiuid Additives

Product Urit Total Percent Total
Barite Kilogram (kg) 388,000 82.2
Potassium Chlodde (KGH) | kg 150,125 241
Ultrahib I-itre (1) 27872 4.5
i i s T
alcium Carbonate kg 16,000 2.4

Fed Pac (UL) kg 6,555 1.1
Ultracap kg 4,468 0.7

Fed Zan D kg 4,082 C.7
Sulfamic Acid kg 2,000 3.3
Sodium Bicarbonate e 1,814 0.3
Caustic Soda kg 1,724 0.3

Fed Pac (Reg) kg 1,474 0.2
Lime kg 1,200 0.2
Sapp kg 711 0.1
Chemicide L 480 0.1
Desco Cf kg 272 0.04
Soda Ash kg 227 0.c4
Drilling Detergent L 189 0.03
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2.1.3 Quantity

The total velume of drilling wastes has decreased since the 1970s, with historic volumes of
approximately 1.0 m® to 1.3 m® to current volumes of approximately 0.25 m® to 0.5 m® per metre
of well depth (ESRF, 2004). Estimates of the volume of drilling waste from welis drilled prior to
1980 are as much as 4,000 m® for a well 3,000 metres (m) deep (French, 1980).

The potential volume of drilling waste based on proposed future projects in the ISR is in the
order of 350,000 m* or, on average, 1,250 m® per well. These potential drilling waste volumes

are summarized in Table 2.

Table 2: Potential Drilling Waste Quantities

Well Volume of Drilling Waste Over
Location Well Count Repth 25 years (m°) Generated at 0.5
(m) i
Tagly 15 3,000 22500
Niglintgalk 9 1,250 4,570
Parsons Lake s 3,000 22,500
ISR Exploration ~t0fyear 2,500 312,500
Eilice, Olivier and Langley“ 7 wells from 2008 to 2011 1,200- 150 m” of cuttings per well
tslands Areas (MGM Energy {(MGM Future Program, 1,700 {estimated) and 300-500 m” of
Corp.) 2008) wasle mud for & total of 3,150 m®
t0 4,550 m® of waste
Total T 289 362,070

* Predicted waste volume {culiings & fiquid), Shell 2005

The potential drilling waste volumaes described in Table 1 include drill cuttings and drilling fluid.
Total drilling waste forecast for Niglintgak development wells will amount fo 4,570 m® comprised
of 3,015 m® (86%) cuttings and 1,555 m® (34%) liquid wastes (Shell 2005). Application of this
ratio to the total drilling waste volume of 362,070 m® shown in Table 1 resuits in a liquid volume
of 239,000 m®. These waste volumes are largely speculative because waste production is very
dependent upon the formations encountered and the depth of the well. Any fluid loss to
formations is compensated by mixing and addition of new fiuid.

214 Chemistry

Typically, water-based drilling fluid used in the ISR is a potassium chioride (KCI) based fluid
designed 1o assist in reducing the freezing point. The introduction of KCl is also used for shale
inhibition at concentrations up to 8% by volume, as shown in Table 2 (Shell 2006}, The
componenis shown in Table 3 are representative of a 1,250-m weil.
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Table 3: Typical Drilling Fluid Components

Component

Purpose

Concentration

Fresh water

Base liquid

86% by volume

Potash (KCH

Shale inhibition and freeze
suppression

3% KCl up to 8% KCI ~ 56,000 kg

Modified Starch

Fiuid oss control

5 kgl m®

Polyanionic Cellulose

Fluid loss controt

3-4 kg/ m”

Xanthan Gum Viscosity 1.5-2.5 kg! m*

Sodium or Potassium pH controd 0.5 g/ m°

Hydroxide

Barite Increase mud weight As required ~ 100,000 kg
Polymers Encapsulation and deficcculants As required ~ 2,000 kg

Ceflulose and Sawdust

l.ost circulation controt

As required ~ 2,000 kg

The components listed in Table 3 are characterized as follows;

Barite

Batrite, the largest component of drilling fluid, is used as a welghting agent in natural gas and oll
field drilling fluids. The density of barile heips in down-hoie flow and bit iubrication. Siudies have
indicated that the toxicily of barite is very low (AlZ, 2000).

Fotassium Chioride

Potagsium chloride (KCH is a crystaliine compound that closely resembles common sall {sodium
chioride). KCl occurs pure in nature as the mineral sylvite and is found combined in many
minerals and in ocean water. The Global Portal to information on Chermical Substances of the
Organization for Econamic Co-operation and Development {QECID, 2008) characterizes KCl as
follows:

@ KCl as inorganic salt is not subjected to further degradation processes in the
environment. In water, KClis highly waler soluble, and readily undergoes dissociation;

o In soil, transportfieaching of potassium and chloride is affected by the clay minerals (type
and content), pH and arganic matter;

= KCHis not hazardous o freshwater organisms;

© The low concern for the environment is supported by the absence of a bioaccumuiation
potential for the substance;

e In plants, potassium is one of the three major nuirients and chloride is an essential
micronutrient;

@ KCl s ubiguitous in the environment, ocourring in minerals, soil and sediments, and
natural waters. KCl is also present as a major and essential constituent in animals and
olants. The main human exposure o KCI is the normal dietary intake (2-4 g K and 3.5-9
g Cl), and indirect exposure via the envircnment (drinking water); and

o More than 90 % of the lotal KCI consumption is used for fertilizer production.

SiProject CeACe0380A rpl-ca03807-2 tdecf-wanzel.doc Page 12
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Polyanionic Celfulose
Polyanionic cellulose is essentially non-toxic; significant additions may be made to drilling fluids
with minimal impact toxicity values.

Xanthan Gum

Xanthan gum is produced by a process invoiving fermentation of glucose of sucrose by the
Xanthomonas campestris bacterium. Xanthan gum is capable of producing a large increase in
the viscosity of a liquid by adding a very small quantity of gum, on the order of 1%. While
drilling, in cases where the circulation stops, the use of xanthan gum enables the cuttings to
remain suspended in the drilling fluid. In foods, xanthan gum is maost often found in salad
dressings and sauces.

Sodium or Potassium Hydroxide

Sodium or potassium hydroxide, also known as caustic soda, is used to control pH. As a drilling
mud additive, it is used sparsely. It is a strong alkali requiring warkers to be protected while
handling it

Afkcapam T1034

Alkapam 1103A is a flocculent used for clear water drilling or for “stripping” solids from a el
system when a dewatering operation is in effect. In 2003, Chevron used 1,250 kg of this additive
in their Langley K-30 well.

The chemical composition of drilling waste will vary, depending on the type and concentration of
additives in the mix and the formations encountered while drilling. Analytical resuits for samples
abtained from two well sites in the ISR (Olivier H-1 and Ellice 1-48) are compared with CCME
Parkland and Industrial criteria in Tabie 4. The highlighted values in Table 4 indicate that a
parameter has exceeded the CCME criterion.

Table 5 compares the chemisiry of drilling fluid and cuitings leachate with BC landfill criteria.
The resufts show that drill cuttings are suitabie for landfill disposal in BC. The driliing fluid from
Langley -7 was not suitable for landfill disposal because it was a free liquid.

NADFs are often used to drill highly deviated wells. In the past, NADFs contained diesel or
mineral oil. Currently, NADFs use enhanced mineral oil and synthetics such as esters, olefins
and paraffins. These are less toxic and more biodegradable than diesel and mineral-ofl hase
fluids (OGP 2003). When additional wells are drilled nearby, NADFs are typically recovered and
reused because of their high cost. The NADF proposed for use by Imperial Gil at their Taglu
project does not freeze (IORL, 2005). The envirenmental impact of a base deitling fluid can only
he assessed with a complete environmental data set that includes water column and sediment
toxicity, aerobic and anaerobic biodegradation, and deposition of the cutlings and base fluid
conecentration in the sediment (Shell Chemicals, 2008).
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Table 4: Drilling Waste Chemistry

Griteria Gritedia | 0" | Eltice 148 | Ellice 148
Parameter Hait F’:ngjgid ngzgﬁat April Final Mud VSZE?L?:E'{?SZ)
FFine Grained Fine (2005) |r;2‘1‘0a0n5%;s
Grained

Volume to Sump m° - - 540.5 549 5
Density kg/ m® - - 1,377 1,243
TEM (C11-C30) mgrkg - -

Benzene ) magfkg (.0068 0.0068

Toluene mgikg 0.08 0.08

Ethylbenzene mg/kg G6.018 0.018

Xylenes mg/kg 2.4 2.4

Total Volatiles (C5-CH)) | mo/kg 3

Boron (B), Hot Waler Ext | myg/kg 2

Sadmium (Cd) S mgfky 10 22 <0.5 1.1

Chromium {Cr) mg/kg 64 87 153 | 237

Copper (Cu) " gk 63 91 24 50.7

Lead (Pb) mglkg 140 600 | 5 10

Nickeiu("Ni) mg/kg 50 50 | 5 20.6
Vanadiam (V) mgfkg | 130 130 14 ]

Zinc (Zn) mgfkg ;200 360 5¢ 66.5
% Moisture % - 82
"Ehlorine Free g/l <(.1
“iron markg 106,800 11,640

Spécific Gravity kgl
Chioride (Cl) mg/L. 2,160 1,230 4,680
“Sulphate (S04) gL 2,800

% Saturation Y I - 80.8

pH in Saturated Paste pH 6-8 6-8

Conductivity Sat Paste ds m-1 2 4

Calcium (Ca) g/l - 62 511
Potassium (K} mgfl. 470 2,500
Magnesium (Mg) mg/L o

Sodium (Na) mig/L 1,820
SAR SAR 5 12

Bold/shaded values indicate that a parameter has exceeded the CCME criterion.
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Table 5: Drilling Waste Leachate Analysis

Parameter | Units
epth | | el | “euttmg | oriting Pl | with Golco 300
Bate Sampled
Landfill Suitability Analysis
Flagh Point (Sckd) °C - >75 =75 >75
pH @ 25°C ui'i"zs - 8.8 7.7 8.7
Paint Filter Test - - no free liquid eeliguid " no free liquid
TCLP Benzene mg/l. 0.5 <0.1 <01 <0.1
TCLP Toluene mg/l. 2.4 <01 <0.1 <0.1
TCLP Ethyl Benzene ma/l 0.24 <01 <0.1 <0.1
TCLP Xylenes mg/l. 30.0 <0.1 <0.1 <0.1
TCLP Antimony rgfl. - (.02 <0.02 <0.02
TCLP Arsenic g/l 2.5 <(.02 <(,02 <(.02
TCLP Barlum mgfl 100.0 1.68 1.84 1.31
TCLP Beryilium mg/l <(,001 <(.001 =<0.001
TCLP Boron mgl. | 5000 0.109 0.196 Cooso
TCLP Cadmium mg/l 05 <0.003 <0.003 <0003
TCLP Chromiun mg/l. 50 <0.005 <0.005 <0.005
TCLP Cobalt g/l 0.018 0.016 0.024
TCLP Copper mgil. 100.0 0.025 0.072 0.027
TCLP Iron g/l 0.067 234 2143
TOLP Lead mgil. 5.0 <0.03 <0.03 <0.03
TCLP Manganese mgil. 7.06 0.296 0,768
TCLP Mercury mg/l. 0.1 <{,0004 <0.0004 <0.0004
TCLP Nickel mafl. 0.070 0.046 0.064
TCLP Selenium g/l 1.0 <002 <(.02 <(0.02
TCLP Silver mgil. 5. <0.03 <0.03 <0.03
TCLP Thallum mg/l. (.06 <0.06 <0.06
TCLP Uranium mg/l 10.0 <{.1 <0.1 =01
TCLP Vanadium mag/L. - <0.009 <0.008 <0.009
TCLP Zine mg/l 500.0 0.073 0.884 0.118
TCLP Zirconium mail. - <0.006 <(.006 <0.006

Criteria; Environmeantal Management Act, Hazardous Waste Regulation, BC Reg. 63/88. Deposited 1988,
includes amendments up to BC Reg 261/2008, 21 September 2006. Schedule 4 (am. BC Regs 132/92, s.

36; 214/20047, 5. 9; 319/2004, 5.45))
Botd/shaded values above criteria.
— o criteria
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The Petroleum Services Association of Canada {(PSAC) publishes a list of drilling fluid products
for potential toxicily information, The information is hased on data collected from various
industry sources and is intended to provide useful information about a product's level of toxicity.
Drilling fluid additives used in the ISR may contain some of the products identified on this list.

In 2003, a study of drilling fluid additives used in the Mackenzie Delta identified 24 additives that
contained hazardous, carcinogenic or mutagenic compounds {Paget, 2003). In Alberta, toxicity
assessments are required if one or more drilling fluid additives are used at a level above the
threshold level identified on the PSAC drilling fiuid product list. if drilling wastes cannot be
freated 1o eliminate toxic components, they must be disposed of at an approved facility. The
2003 study reported that drilling waste samples from two waste sumps located in the Mackenzie
Delta failed toxicity tests.

2.2 Current Waste Disposal infrastructure

There are currently no facilities in the NWT equipped or licensed o accept drifling fluids or
drifling waste for disposal. Figure 3 shows the location of several wasie management facilities
located in horthern Alberta and BC. The four furthest north faciliiies are described below.

@ The Silverberry landfill and wastie treatment facility, operated by CCS Landiill Services
(CCS), is located approximately 50 km norih of Fort 8t. John, BCG. Silvarberry accepts
non-hazardous waste and is also the only CCS facility that accepts hazardous waste for
direct disposal (MAZCO, 2008). Licuid drilling waste is treatad by removing solids before
being disposad in an injection well,

& The Northermn Rockies Waste Managemaent Facility, operated by CCS, is located about
20 km south of Fort Nelson, BC. The facility accepts non-hazardous waste for landfill
and has a special/fhazardous waste freatment facility (HAZCO, 2008). CCS is currently
upgrading this facility to accept hazardous waste for direct disposal;

s The Rainbow Lake Ctass |l Landfill, operated by CCS, is located 40 km east of Rainhow
Lake, Alberta, and accepts all oilfieid waste stream material that meeis landfill criteria
disposat; and

@ The Hay River landfill, located in the NWT, does not accept drilling fluids or drilling
wastes for disposal.

2.3 Current State of O & Gas Developrment

While oil and gas leases and mineral rights exist across large areas of the north, the main area
of focus at the present time is in the Mackenzie Delia. Three projects and a major pipeline
system are currenily in the planning stage. These projects have the capacity to produce and
deliver upwards of six trillion cubic feet of natural gas over their lifetime. The northernmost field,
Taglu, is wholly owned and operated by Imperial Oil Rescurces Venlures Limited. The
Nigiintgak field, operated by Shell Canada, is located southwest of Taglu. Parsons Lake is held
in joint interest by ConocoPhillips Canada {Norih) Limited and ExoonMobil Canada Properties
(MG 20083,
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Development of these natural gas fields is expected to involve the drilling of 42 production wells
and possibly one or two disposal wells (see Table 6). The number of wells is not final and
drilling will most likely occcur over a number of phases, resulting in only a portion of the wells
being drilled at one time. Current planning indicates these wells will be drilled on single pads in
order to minimize surface disturbance.

Table 6: Summary of Proposed Mackenzie Gas Wells in the ISR

Project Estimated Number of Wells
Taglu 15
Niglintgak 15
Parsons Lake 12
2.4 DOrilling Waste Disposal Sumps

Over the past four decades, sumps were a widely used method of drilling waste disposal in the
8RR, incorporating a pit excavated into the ground in low permeable material. In the ISR, this low
permeable boundary is the permafrost layer, in which waste is capped and contained.

2.4.1 Historic Use and Parformance

sumps have been used as a disposal method for drilling wastes since the 1960s. An analysis of
northern well lists by AMEC has placed the number of onshore wells in the 18R at 216 (AMEC
2005). Figure 4 shows the geographic distribution of onshore well sites in the ISR, Sumps were
typically located in close proximity 1o the drilling rigs and prior to the Implemeniation of the
Territorial Land Use Regulations in 1972, were often used for various types of wasie such as
wood, scrap metal and domestic wastes, in addition to drilling fluids and cuttings. Although
these reguiations controlied what types of wastes entered sumps, the focus changed from
content to design, as many sumps were failing. Recent estimates of occurrences of sump cap
coliapse for wells drilled in the 1970s are in the range of 50% (Kokelj and Geo North Lid., 2002).

An assessment of 10 sumps conducted by AMEC in 2005 resulied in the following conciusions:

® Four of the 10 sump caps had subsided {o a level below the original ground elevation;

© Six sites exhibited elevated sali concentrations in surface water on the sump;

@ Eight sites exhibited elevated salt concentrations in exposed soil near the sump; and

e No evidence of drilling fiuid refated impacts extending beyond the immediate sump area

was found.

In 1878, a survey of over 60 abandoned welis in the Mackenzie Defia, the Arctic islands and the
interior Yukon Territory indicated that approximately 25% of the sites exhibited terrain problems
retated either directly or indirectly to sumps (French, 1978). The problems associated with the
sumps were classified as follows.

E non-containment of driliing waste during drifling;
@ meit-out problems during summer operations; or
@ sump cap restoration problems.

SiProject Co\Col380AMI Ipt-cet3807-21dec08-wenzel doo Page 18
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The fewest probiems were associated with one-season winter drilling operations. Two-seasaon
winter drilling when the sump is left open during the summer and che-season summer drilling
operations presented more problems. French concluded that containment of waste drilling fluids
in below-ground sumps appeared (o have worked satisfactorily in the majority of wells drifled in
Arctic Canada and that certain problems could be resolved by more rigorous planning and
careful operating technigues.

Historical data suggest that little attention has typicaily been given to the proper siting and
construction of sumps, which often resulted in sump failure. However, when sumps were
located in favourabie settings and were constructed using hest praciices, they remained intact.

2.4.2 Stakeholder Responses to Future Use of Sumps

Presentations by Environment Canada (EC), NRCAN and the GNWT {o the Mackenzie Gas
Froject Joint Review Panel are discussed in the following sections. These presentations and
comments wete, in part, related (o the use of sumps for the disposal of drilling waste in the
£ogs -

future.

24,21 Naturst Besources Canads

NRCANs representatives stated that the performance history of sumps in the Mackenzie delia
suggests that sumps present potential for adverse environmental impact (NRCAN, 2008a).
NRCAN expressed concemns related o the foliowing:

@ KO concentration and liguid condent of drilling muds;

-]

maintaining frozen conditions in sumps under current and future climate conditions; and

impacts on soils and water quality in the vicinity of sumps.

&

2ARE Government of the Northwest Terrffories

In its written subrmission to the Mackenzie Gas Project Joint Review Panel, the GNWT
expressed concern over potential adverse environmental impacts from the continued use of
sumps in the Mackenzie Delta region (GNWT, 2006). The GNWT recommended the following:

= Co-ordination of the management of drilling wastes in order to consolidate waste
disposal sites;

® Rianning for co-operative regional drilling waste disposal and management oplions,
other than sumps, with specific consideration of down-hole injection facilities; and

@ That if freezing in sumps is retained as a drilling waste disposal option, it must be
demonsirated that waste will be maintained in an ice-bonded state compatible with the
on-site thermal regime.
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2423 Environment Canada

Environment Canada expressed concern about the viability of sumps to permanently contain
drilling wasies. Because of the challenges posed by this waste management option and risk {o
the environment, EC recommended the discentinuation of the following:

o the practice of relying on permafrost integrily to contain and isolate drilling wastes
containing freeze depressants (EC, 2006); and

® the use of waste disposal sumps within the dynhamic envirohmeni of the Mackenzie Delia
that is characterized by discontinuous permafrost, disturbance-sensitive ice-rich soils
and warmer ground temperatures that are subject to active erosion, deposition and
flooding {(EC, 20086).

L4204 Iruvialbult

The Inuvialull Environmental Impact Screening Commitiee (EISC) soreens all development
proposals of consequence 1o the 1SR {o determine whether they could have a significant
negative impact on the environment or on wildlife harvesting (NRCAN, 2006k}, in 2003, the
huvialuit EISC, in a lelier io ESRF, expressed disconient about the continuing use of sumps in
the ISR to dispose of drilling wastes, and in the future would reguire industiry to provide
sufficient information to clearly warrant sump use, or come up with suitable allernatives.

P Current Practice

Sumps have been used in recent years as an option for waste disposal in the Mackenzie Delta
Ragion, to dispose of water-based drilling wastes. Given the concerns related o historic sump
performance, current technology and practice focuses on ensuring that sumps retain every
opportunily to succeed as a permanent disposal method. Rather than using drilling fluids with
only the drilling process in mind, foday fluids are selected with the environment as one of the
priorities of the drilling process. This can be achieved through reduction in drilling waste volume,
reuse and recycling of drilting fluids whenever possible and by choosing safer drilling additives.
The success of using permafrost as a containment medium is usually a function of construction
practices, site eperations and abandonment practices (Kokelj and GeoNorth 1.id., 2002).

In 2004, the ISR, regulators and mdustry developed a set of best practices for the management
and disposal of drilling wastes. With respect to the use of sumps, best practices were
established for site selection, design, construction, operations, abandonment, restoration and
monitoring. Operators are encouraged (o use bul not be limited by the best practices described
in the Guide.
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2.4.4 Consiruction Requirements

2.4.4.1 Sump Placement

Placement of the sump is an important consideration that needs o be addressed before the
design and construction take place, with a primary focus on topography and thermal conditions.
Sumps should be constructed away from any drainage areas, lowlands where flocding is
common, and hillsides or slope bottoms where water can drain and/or accumulate. The
placement of sumps is recommended at a minimum of 100 m from the high water mark of
nearby permanent water bodies (Kokelj and GeoNaorth Lid., 2002). i sumps are io be
constructed in areas of fluctuating groundwaler levels, sumps should be placed so as 1o ensure
that the water table does not induce seepage, draining or thawing of drilling wasles.

In the Mackenzie Delta, there are two major ecozones to consider when evaluating the
placement location of a sump: the Southern Arctic of which mest of the southern area of the on-
share SR is contained, and the Taiga Plains to the south (EC 2008a). Localing a suitable site
for sumps increases the chance of success, and with proper engineering, reduces the risk of
sump failure.

2.4.4.2 Seif

The underlving soil requires assessment prior to construction. ldeal soils are those that are very
impermeable, such as clays. In the Mackenzie Delta Region, where ice is present in soif, it is
important 1o avoid areas containing high ice content or ice lensas that could potentially mell and
increase the risk of sump faiiure. Since the containment of drilling waste In sumps requires the
freezing of material below the active layer it becomes imperative o evaluaie thermal distribution
through the permafrost and active layer (Kokel] and GeoNorth Lid., 2002).

2.4.4.3 Sump Size

The aclivities described in the previous sections help determine site conditions that will assist in
designing and engineering a successiul sump. Once a sife or pad has heen cleared and readied
for drilling activities, a sump can then be constructed. The reguired size of the sump depends
on the amount of drilling wasle expecied fo be produced. An estimate of sump size by Hardy
and Stanley suggests that there has to be between 0.78 m*and 1.3 m® of sump velume per
metre of well drilied (Hardy and Staniey, 1888). One of the difficulties with estimating sump
volume and expected driiling waste generation is the potential for exploratory wells 1o be drilled
deeper than planned and as a result, the creation of more drilling waste than planned. To allow
for this type of change, the NWT Water Board has implemented a standard of 1 m of freeboard
below the bottom of the active layer (Kokelj and GeoNorih Lid., 2002). This condition ensures
that if the active layer fluciuates, it can do so without impacting the frozen drilling wastes
contained in the sump.

if blasting is necessary to remove material o create the sump, it shouid he done in such a way
as to reduce particle size. This will assist in reclaiming the sump and reduce the risk of collapse
or subsidence. The sump walls should be as vertical as possible {o minimize the footprint. A
schematic diagram of a typical sump is shown in Figure 5.
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24.4.4 Seasonal Limitations

There are several issues to consider for construction of a sump during the warmer summer
months, as opposed to winter construction. Precipitation events can create runoff that can enter
the sump and occupy space. In addition, rain or runoff can destabilize the temperature regime in
the sump. During construction, the walls and base of the sump will be exposed to warmer
temperatures; therefore it is very important to ensure that they are kept frozen (ESRF, 2004).
Sump design is intended to keep wastes continuously frozen; therefore every precaution must
be taken dusing summer construction to ensure sump stabitity and integrity.

Annual flooding creates a particular concern for sumps in the Mackenzie Detta because of the
increased potential for contact between flood waters and sump fluids (Kokelj and GeoNorih Lid.,
2002 ESRF, 1988). Sump success is also limited in the Mackenzie Delta since the surface is
characterized by poor drainage (Kokelj and GeoNorth Lid., 2002). This resulis in exiensive
ponding, which, in turn, increases permafrost thawing because water acts as a heat sink {Kokalj
and GeoNorth Lid., 2002).

2445 Closure and Reclamation

The final step in engineering and consiructing a sump is reclamation and covering the sump
with a soll cap. Past practices involved placing cover material directly on top of drilling wastes.
Often the fill was placed onto wasies that were not completely frozen, causing them to move
upwards in the sump into areas in or above the active layer (Kokelj and GeoNorth Lid., 2002).

Current practices in sump closure are aimed at maintaining sump integrity and reducing
environmental impaocts, Drilling fluids are to be mixed with sump spoil materiats at a 3:1 ratio
(ESRF, 2004) or allowed {0 freeze naturally. This will reduce the risk of upward movement of
unfrozen drilling wastes into a zone where they will not be contained. Prior {o closure, show
should be removed from the inside of the sump. The cap should be contoured to prevent snow
accurnulation and should take into account loss of cap volume due {o ice melting. This practice
minimizes erosion and the potential for seepage (ESRF, 2004).

2446  Monitoring

Post-closure monitoring requirements are provided in the Protocol for the Monitoring of Drilling-
Waste Disposal Sumps prepared by the NWT Water Board in October 2005. This protoco!
includes the following tasks:

@ site identification and location;

5 site history and environmental conditions;

® site description after closure;

® active layer and ground temperature monitoring;

@ electromagnetic surveys and soil sampiing;

5 interpretation of environmental data; and

® reporting and integration into an electronic database.
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2447 Pre-Treatment

Treating waste liquids such as drilling fiuid can decrease or remove much of the water content.
One method of liquid waste solidification is through the use of a technology known as PitDry ™
developed by CETCO Oilfield Services Company. PitDry™ treatment results in the chemical
fixation of heavy metals and the stabilization of hydrocarbons and other inorganic or organic
malerials in the waste (CETCO, 2008). This inciudes stabilizing water-soluble anions such as
salis that become trapped and cannot leach unless the solid is exposed to high mechanical
mixing and farge quantities of water. The process permanently binds most heavy metals and
hazardous organics inside the solid, eliminating any possibility of leaching and therefore
reducing the risk of environmental impact. Further, the process converts liquid waste to solid,
thereby rendering it appropriate for landfill disposal.

2.5 Waste Injection (On-Site and Regional Disposal Facility)

On-site waste injection involves the disposal of drilling fluids and cuitings into accepiable
underground geologic formations down the annufar space of an exploration well. Injecting waste
down the annulus of the well eliminates several needs on the surface including waste
management facilities, drilling waste pits and offsite transport equipment. Returning the waste {o
formations below the earth's surface minimizes the impacis of drilling operations on sensitive
environments (DOE, 1989).

Regional wasie injection involves ihe disposal of drilling fluids and cuttings into acceptable
underground geologic formations down a dedicated disposal well or wells. In this application,
wastes are collected and transported to a regional disposal facility for injection down an
appropriate well. Development of a regional disposal facility allows for waste to be managed at
a location that is favourable for down-hole injection.

2.5.% Histarica! tse

Waste injection wells have not been utilized in the Mackenzie Delta Region or elsewhere in the
ISR, However, the technology is used exiensively in Alaska. By 1994, refined grind-and-inject
technology had enabled both Prudhoe Bay operators, BP Exploration (Alaska) Inc. and ARCO,
to achieve “zero discharge” of drilling wastes, eliminating the need for reserve pits. By 2000,
some 917,500 m® of solid material, mostly cuttings, had been pumped into dedicated wells on
the slope (PN, 2007).

Over the past decade, the petroleum industry in Alaska has changed their disposal method from
entirely surface pits to using injection wells to dispose of the majority of drilling wastes
generated. Several issues influenced this change, ranging from extremely high long-term
monitoring costs, high liability for surface pits, legal issues, advancements in injection
technology, drilling waste volume reductions and pressure to reduce surface impacts.

One such example is the regional disposal site known as the Prudhoe Bay Unit Grind and Inject
Area. This site has three Class V and Class |l injection wells that have been operational since
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1998 with an application to develop three more Class | non-hazardous industrial waste injection
weils late in 2006, Class | injection wells are defined by the U.S. Environmental Protection
Agency in “Title 40: Protection of Environment” as foliows:

® Wells used to inject hazardous waste beneath the lowermost formation containing, within
one-guarter mile of the well bore, an underground source of drinking water;

® Other industrial and municipal disposal wells that inject fluids beneath the lowearmost
formation containing, within one-quarter mile of the well bore, an underground source of
drinking water; and

s Radioactive waste disposal wells that inject fluids below the lowermost formation
containing an underground source of drinking water within one quarter mile of the well
hore.

A Class il injection wel! is defined as a well that injects fluids:

® which are brought o the surface in connection with natural gas storage operations, or
conventional oll or natural gas production and may be commingled with wastewater from
gas plants that are an infegral part of production operations, unless those water are
classified as a hazardous waste af the time of injection;

@ for enhanced recovery of oil or natural gas; and
® for storage of hydrocarbons that are liquid at standard {emperature and pressure.

The Class V wells at this facility are dry wells used for the injection of wastes inio a subsurface
formation,

The facility is used to inject liguids and solid cuttings into the Lgnu formation sands, The
disposal formation is characterized by high porosity and permealsility with effective cover and
underlying barriers, making it an efficient and effective disposal medium.

252 Current 18R Practice

At this time there are no waste injection wells operating in the 1SR, However, there is the
possibility for the development of waste injection wells as part of the major gas projects
currently planned in the Mackenzie Delta. Itis not certain whether these weils wouid be capable
of, or available to, handle drilling wastes from sites other than those being drilied as part of the
projects themselves.

irperial Oil Resources Limited (IORL) has proposed annuiar injection of drilling fluids and
cutlings at their proposed Taglu project site. The injection plan for Tagiu includes discrete baich
injection for limited volumes and discretely scheduled drilling programs. IORL plans to inject
inftial drilling waste info & dedicated disposal well and as drilling progresses, into the annuli of
the previously drilled well {IORL, 2005).
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Annular injection is not possible in the proposed Niglintgak welis because gas is potentially
present in the strata between the base of the permafrost and the top of the sand reservoir
{Shell, 2005).

£.5.3 Construction Requiremenis

2537 Geology

One of the most significant chalienges with injection technology is the lithological composition of
the formation into which the wastes are to be disposed. For successful waste injection o occur,
the geologic formation must have the ideal porosity, permeability and containment barriers. it is
recommended that the injection zone have a vertical thickness of greater than 10 m and extend
large distances horizontally within the geologic sequence. If this ideal formation for injection is &
sandstone, the porosity is suggested fo be in the range of 256% with a rate of permeability larger
than 1 Darcy. The injection zone will need o be overlain by a sufficiently thick impermeable
barrier to confine the wastes to the injection interval. Usually this impermeable barrier is a shale.
Note that the permeability/porosity criteria will be different for the various rock types. The ciiteria
described ensure that the injection zone will exhibit the following characteristics:

@ adequate storage space o accommodate the required volume of waste;
& high permeability and porosity to minimize formation pressures and stresses; and
@ containment from overlying or underlying strata to prevent waste migration.

Ideal geologic formations required for waste injection may exist in the Mackenzie Delta Region.
The area is dominated by sandstone and shale to depths of greater than 5 km. Prior o any
development of cuttings injection technology, the physical and chemical characterisiics of the
target area would need to be studied in order to characterize the underlying formations.

{ORL's enginesring assessment and modelling of cutlings disposal by slurry injection at Taglu
concluded that drilling fluids could be successfully contained within the prescribed zone without
contaminating other horizons {1ORL., 2005).

2532 Technology and Eguipment

Figure & #lustrates casing configuration and injection zones for three types of waste injection:

2 annular injection;
® injection into an existing redundant well; and
® injection into a dedicated well.
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Annular injection wells transfer waste slurries through the annulus of the well, the space
between two casing strings. When the drilling waste reaches the bottom of the outermost
casing, it exits the casing and enters the injection formation. The Driiling Waste Management
Information System made available by the Argonne National Laboratory shows that over 88% of
all drilling waste injection projects utilized annular injection methods. Annular injection of
cuttings wouid require that the drilling rig remain over the well. The cost implications could be
quite significant given that rig costs are in the hundreds of thousands of dollars per day.

Dedicated injection wells can be used to inject waste in two ways: into the formation at the end
of all casing strings (i.e., at the bottom of the hole) or at a point higher up in the well bore where
the casing has been perforated to allow waste to be injected in a suitable formation. Figure 7
iflustrates the surface and subsurface layout of a fypical waste injection system.

Following the choice of an injection technology, specific equipment must be brought to the site
to prepare drilling fluids and cuttings for injection. The entire process involves the grinding of
solids, mixing with fiuids and/or water and pumping, ali of which are well known processes using
conventional equipment.

Driliing fluid that reaches the surface after passing through the well reguires the separation of
cuttings from the drilling fluid. This is typically done at the rig through the use of shakers,
centrifuges and dryers. At this point, the system may take advantage of the separated drilling
fluids that can be reused and sent through the well bore once more. The cuttings, which will be
coated with drilling fluids, then require transport o the siurry operation for processing.

A transport system is necessary to convey cuttings to the injection system or facllity, Several
methods are available including gravity collection, auger or belt conveyor systems, and vacuum
transport systems. Selection of a transport system will vary, depending on the site layout,
elevation and water availability.

Upon reaching the grind and inject system, the drilling waste is processed inio a slurry by mixing
with & liquid such as water (e.g., seawater or fresh water, depending on location and
availability). The solids in the newly created slurry require crushing and grinding in a mill for
reduction into smalier particles that can be effectively injected. Common types of milis are ball,
rolling, grinding and crushing. Screens may also be utilized to filter out larger particles that may
require reintroduction into the grinding process to further reduce size.

Particle size and siurry viscosity, among other characteristics, must be coniroiled during the
process. These faciors are determined during the engineering and analysis phase of the
injection formation. The final step in the grind-and-inject procedure is the injection of waste.
Containment of the slurry may be necessary, requiring the use of tanks to store the slurry prior
to and during the injection process.
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Siurry injection requires significant amounts of water, proportional to the amount of grilling
wastes processed for injection. Guo and Geehan suggest that there may be cuttings in slurry of
around 20% by volume. This factor must be considered from both a regulatory perspective and
from an engineering standpoint. Formations for drilling waste injection must be large enough to
contain the quantity of waste processed and also the additional liquids that will be needed in the
SiLTY Process.

2.6 Regional Disposal Facility

There are two types of disposal infrastructure that could potentiaily be considered for regiona
drilling waste disposat in the Mackenzie Delfa Region and the ISR! a regional waste injection
well similar to the grinding and injection facilities in Alaska, and a regionat landfil similar to the
existing municipal and Distant Early Warning (DEW) Line contaminated soif landfilis in the
Arctic. The regional disposal facility could be either an injection well or landfill, or could be a
combination of both types of infrastructure at one faciiity. A regional facility would be designed
to accept waste from muitiple sources, and as a result, could potentially reduce the unit costs of
the facility by increasing economies of scale, depending on location and guantilies of waste
processed. Typically, the costs for disposal facilities are reduced when increasing volumes of
wasie are available,

2.6.1 Historlocal Use

Regional injection or landfill facilities have not been used in the Mackenzie Deita Region or
other areas within the ISR for the disposal of drilling wastes. The regional use of injection wells
has been discussed in the previous section. Landfilis have historically been used in the ISR for
the disposal of municipal solid wastes and contaminated soll.

2.6.2 Current Practice

Both historically and currently, there are no regional drilling waste disposal facilities active in the
Mackenzie Della Region or the ISR, Alaska currently operates severat grind-and-inject facilities
io dispose of drilling waste. One such example previously mentioned is the Prudhoe Bay Unit
Grind and Inject area, currently offering three functioning disposal wells with plans for three
additional welts.

Although there are very few landfills in the North, there are areas where they have heen utiized.
During the 1950's, the DEW Line sites were constructed across the north as part of a military
early detection system. Since the 1990s, cleanup of these sites has occurred with the use of
fandfills to dispose of solid wastes and contaminated soiis (Corrigan et al., 2005). Also, landfills
are currently in use for municipal solid waste disposal in Inuvik, Norman Wells, Fort Simpson,
Hay River and throughout Alaska.

Drilling waste disposal in non permafrost environments typically relies on the use of a
combination of methods including mixing, burying and covering solid and liguid wastes in
sumps, injecting liquids into deep wells, and fand-spreading, composting, or fandfilling solid
wastes. Landfilis in these areas are typically only permitted to accept solid wastes and are
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prohibited from accepting liquids. Wastes are either stabilized prior to land-filling or dewatered
with the resulting liguids being bound up in the waste mass or injected at a dedicated disposal
well.

2.6.3 Construction Requirements

Construction reguirements for larger regional disposal facilities are similar in the equipment
required, but are on a larger and more permanent scale. A regional grind-and-inject facility or
landfill may require a larger area with the capacity for storage, as it would be accepting wastes
from multiple sources for processing immediately or at a later time. However, this would
ultiimately disturb less area than having numerous disposal sites throughout the region,

Given the current and historic use of injection welis and landfills in the Arctic, it is likely that &
regional disposal facility could technically be developed within the 1SR, provided that it was
properly sited, designed, constructed, operated and monitored. These requirements are
discussed in further detaif in the following sections.

2.6.4 Siting

The selection of a regional disposal facility site would need to take into account a variety of
technical and non-technical issues, These would typically be documented in a site selection
study that reviews available desktop information, site investigation data and public consultation
results. Both areas of continuous and discontinuous permafrost could be considered; however,
development and operation of a facility located on permafrost would require more sirict controls.
The cost of these conirols could be potentially offset hy the closer proximity to the waste and
lower transportation costs. Site selection in permafrost should consider preservation of the
active layer and the avoidance of ice-~rich scil for foundations. For landfills, the availability of
cover scil and the avoidance of surface waler features are major considerations.

Both fandfills and injection wells have similar requirements for transportation and access. The
availability of all-weather access would be a benefit; so proximity to winter ice roads and barges
should be considered.

The location of a regional disposal facility near Inuvik appears to be technically feasible hased
on the information reviewed in this study. However, a detalled siting study would be required fo
verify this, and to determine whether or not this would be desirable from an economic and
community perspective,

2.6.5 Design

A regional disposal facility iocated in the north would rely on permafrost for underiying
foundation support and for waste containment. The design of such a facility would need to
rationalize future uncertainty from changing climatic conditions using methods such as those
described by Hayley and Horne (2008).
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A design basis for arctic landfills has been put forward by Hayley (2006), which includes the
following:

® saturated granular fill containment berms that are keyed into the underlying permafrost;
& double containment with geomembranes;

@ natural and induced permafrost for long-term containment; and

e cover design to maintain permaifrost in perpetuity.

The design has two defences against contaminated pore fluid ioss, the first being the
geomembrane liner and the second being the underlying ice-saturated permafrost soit and is
similar to the contaminated soil landfili design described by Nahir et al. (2004). A cross-section
of a typical arctic landfill is presented in Figure 8.

The final soil cover is designed to retain the active layer within the cover. Geothermal analysis is
used in the design process to determine the length of time for landfill freeze-back, the short- and
iong-term thermat regimes in the landfill (including potential effects of climate change), and the
depth of the active layer in the cover material.

It is expected that landfills in the 1SR would be similar to landfills in other jurisdictions and would
not be permitted to accept liquid wastes for disposal. Liquid wastes at a regional facility would
he disposed of through a dedicated injection well or would require stabilization prior to disposal.

2.6.6 Uperation

A regional disposal faciiity would need dedicated staff to perform the following activities:

© establishing waste disposal coniracts,

® characterizing wastes prior {0 disposal;

@ accepting and screening wastes;

® nrocessing wastes and operaling on-site equipment;

® applying cover materials to maintain permafrost integrity {(fandfill only};
E removing snow during operation and prior to spring melt; and

@ monitoring and record keeping.

Wastes could arrive at the facility either during the winter {(via tce roads) or during the summer
{via barge). If a landfill were setected for solid waste disposal, the facility would likety include an
area for processing wastes to either remove water or stabilize material. Liquids would need to
he disposed of through an injection well or bound up in the waste solids. Alternatively, if a
landfill were not selected, the facility would likely be established as a grinding and injection
facility similar to those currently in use in Alaska.
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2.8.7 Monitoring

Monitoring requiremenis for an operating regional waste management facility would include
routine daily visual inspections for water ponding, erosion, thaw settlement, frost heaving and
frost jacking. Any irregularities identified during the visual inspection shouid be remedied as part
of routine operations. Further, monitoring of temperature, active layer thickness and sutface
water quality should be conducted on a semi-annuat basis.

2.7 Disposal Outside the Northwest Territories

Transportation out of the NWT is an option for drilling waste disposal using facilities located in
Alberta or BC. The transportation options involve repeated fabour-intensive handling and
repackaging of drilling wastes at the well site and at barge or truck transfer points hetween the
ISR and Alberta or BC, a distance of about 2,200 km.

2.7 Current Practice

Over the past several years, drilling waste from approximately four wells has been fransporied
out of the NWT for disposal in BC and Alberta. When the transfer of wastes out of the NWT is
required, it typically involves muliiple transportation modes such as the use of trucks, fraing and
barges. The need for various methods of transport relates to the geography, climate, and
infrastructure of the NWT. Transfer of equipment and wastes to locations such as Hay River or
Fort Simpson can be done by road and rail, however, more effort is required to transfer waste
from points farther north (i.e., Tukioyakiuk and Paulatuk) that do not have direct access o
permanent roads. Permanent read or rail networks do not exist; therefore waterways and
temporary road networks {winter roads) must be utilized for transportation.

2702 Construction Reguirements

The most significant construction reguirement for the transfer of wastes out of the NWT is winter
roads and waste containment during transportation. Other than the need for winter roads, much
of the required infrastructure is already in place, whether it is established highways or existing
harge services on the Mackenzie River.

Timing and snowfall are two important factors to consider when building winter roads in the
north. it is preferable to begin construction as early in the season as possible to take advantage
of warmer temperatures that will assist in compaction and consistency of the freezing snow. As
temperatures rise, the moisture content in snow increases. This results in ease of compaction
and a more solid base. It is recormmended that at least 20 cm of snow accumulate before
beginning the construction of a winter road. Tanker trucks apply water from nearby lakes or
rivers to create a firm crust. Crushed ice is then laid down to build thickness and create a
smooth surface. The crushed ice is watered and allowed 1o freeze. When the ice road has
reached a thickness of about 30 cm, a grader scars the surface to create traction for tires. lce
roads melt in the spring and leave no significant damage to the ground surface.
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2.7.2.1 Pre-Treatment

it may be desirable to solidify drilling wastes prior {o transport and disposal out of the NWT in
order to reduce the risks of potential spills during transport. PitDry™ technology, as discussed
in Section 2.4.4.7, may be a viable solution should solidification of drilling waste be preferred or
necessary.

2.7.3 Transportation Routes

Asg shown in Figure 9, there is one major land route out of the ISR: Highway 8 from (nuvik to the
Yukon border, followed by the Alaskan and Dempster highway routes south. The route differs,
depending on the final destination of the waste. The difference in the route only impacts travel
south of Fort Simpson. Two methods can be used {o transfer waste from the Mackenzie Delta
region seouth to Fort Simpson or Hay River: barging and winter roads or the Dempster Highway
route. Waste shipments sent south to BC by barge would be unioaded at Fort Simpson and then
trucked to BC along the Liard Highway. This route runs southwest to Fort Liard and further
south to Fort Nelson, accessing northeastern BC facllities. Waste shipped 1o Alberta by barge is
untoaded in Hay River. Al Hay River, waste can be hauled into Alberta along the Mackenzie
Highway or by a rail line that runs parallel to the Mackenzie Highway. Waste shipped along this
route will arrive at High Level in northern Alberta.

The use of winter roads to transport waste south from the Mackenzie Delta region is also an
option; however, the waste must be shipped by barge o Fort Good Hope, where if is unloaded
for further transportation on winter roads. Because of seasonal limitations (barging in summer
and winter roads in winter), it may be necessary to store waste after barging for a pericd of fime
while winter roads are constructed. These winter roads are currently constructed and
maintained yearly by the GNWT. Winter road use involves travel from Fort Good Hope souih
through Norman Wells and Tulita before arriving at Wrigiey, Fort Simpson or Hay River.

2.8 Advardages and Disadvantages

Table 7 provides a list of the general advantages and disadvaniages of each drilling waste
disposal option. Table 7 was excerpted from Drilling Waste Management Best Recommended
Practices

{(ESRF 2004},

2.4 Other Disposal Options

Other drilling waste disposal options were brought to AMEC's atiention during this study,
including the foliowing:

® off-shore disposal; and

@ disposal at waste management centres located in Alaska.

These options were not included in the scope of work for this project and therefore were not
considered. Generally, disposal of waste into sea water was brought to AMEC's attention

hecause this form of disposal has been used in Canadian offshore operations in the past.
isposal of drilling waste in Alaska may be possible with foreign operator and reguiator consent.
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2.8.1 Offshore Disposal

This option involves transportation of drill cuttings from the wel! site to an offshore area during
the winter season. Drill cuitings would be deposited onto ice or below ice for dispersion in sea
water. This option would apply to water-based or synthetic-hased drilling wastes. The NEB
Offshore Waste Treatment Guidelines (NEB, 2002) specify that synthetic base fluids also must
have a total polycyclic aromatic hydrocarbon concentration of less than 10 mg/kg, be refatively
non-toxic in marine environments, and have the potential to biodegrade under aerobic
conditions. The disposal of oil-based mud would be approved only in exceptional circumstances
where the use of water-based or synthetic-based muds is not fechnically feasible (NEB, 2002).
The Guidelines specify that under no circumstances is whole synthetic or enhanced mineral
oil-based mud to be discharged into the sea. Spent and excess water-based drilling muds may
be discharged onsite from offshore facilities without treatment.

l.ocations for the offshore discharge of waste are subject to the approval of the NEB and will be
determined on a case-by-case basis. As a rule, all points of discharge should be below the
water or ice surface,

The guideline also requires operators to conduct compliance monitoring and envirenmental
effects monitoring programs.

2.9.2 Disposal in Alaska

This option involves transportation of drilling waste from the well site to existing waste
management operations located in Alaska. Transportation of drilling waste from locations in the
ISR via barges to receiving points located in Alaska is the likely scenario. Regulations regarding
the franshoundary movement of hazardous and non-hazardous wastes are as follows:

® Agreement Beiween the Government of Canada and the Government of the United
States of America Concerning the Transboundary Movement of Hazardous Waste; and

@ Environment Canada reports that a regulatory framework is currently being developed
for the export and import of non-hazardous wastes. Consistent with Canada's
international obligations, the regulatory framework would conirol the export from and
imports into Canada of these wastes.

The waste management facitities in Alaska are owned by the various operators (e.g., BP, CPAI
and Pioneer). The Alaska Oil and Gas Conservation Commission (AOGCC) reported that Bl
has accepted 3rd party waste from other operators at their large-scale Prudhoe grind-and-inject
facility. The AOGCC does not prohibit operators from accepting 3rd party waste; however, with
few exceptions, most operators do not accept other waste (personal communication, Maunder,
2008).
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3.6 ENVIRONMENTAL AND SOCIO-ECONOMIC SETTING

A general overview of the environmental and socic-economic characteristics and concerns in
the ISR is discussed in this section.

3.1 Terrestrial Ecozones

A physiographic region is a large land area with a shared geologic structure and history. The
ISR is characterized by three of these regions or ecozones: Southern Arctic region, Taiga Plains
region and Taiga Cordillera region. Current cil and gas exploration activity is focused mainly in
the Southern Arctic and Taiga Plains regions.

Of the three arctic ecozones in Canada, the Southern Arctic ecozone has the most extensive
vegetative cover and the highest diversity of species. Most of the ISR is located within this
region, including the northermn part of the Mackenzie Delta, the Tukiovakiuk Peninsula and the
general north and northeastern extent of the ISR, Undertain mainly by Precambrian granitic
bedrack, the terraln consists largely of broadly roliing uplands and lowlands, Much of if is
mantled by discontinuous mineral deposils, except near the coasts where fine-textured marine
sediments cover the suiface. Throughout the region, there are exposures of bedrock.
Cretaceous shale covered by thick glacial drift deposits charactarizes its westernmost section
from Great Bear Lake i the NWT {o the Firth River on the Yukon coast. Strung out across the
landscape are long, sinuous eskers reaching lengths of up to 100 km in places. The undulating
landsoape is studded with innumerable lakes, ponds and wetlands. Cryosols are the dominant
solls, and are underlain by coniinuous permafrost with active (thaw) layers that are usuaily moist
or wet throughout the summer (EC, 2008a),

The Taiga Plains ecozone is dominated by Canada's largest river, the Mackenzie, and its
fributaries. The southwestern extent of the ISR is located within this region, mainly the southem
part of the Mackenzie Delta. The subdued relief of broad lowlands and plateaus are incised by
major rivers, the fargest of which can show elevation differences of several hundred metres.
Underlain by horizontal sedimentary rock-—limestone, shale and sandstone-the nearly level fo
gently roliing plain is covered with organic deposits, with some undulating to hummocky moraine
and lacustrine deposits. Alluvial deposits are common along the major river systems, inciuding
praided networks of abandoned channels. Low-lying wetlands cover 25%-50% of the zone. A
large portion of the area is underlain by permafrost, and this acts to perch the surface water
table and promote a regional overland seepage system. When combined with low-angle slopes,
it creates a landscape that is seasonally waterlogged over large areas. The region's widespread
permafrost and poor drainage create favourable conditions for cryosolic, gleysolic, and organic
soils (2C, 2008).

The region of the ISR located within the Yuken Territory fs within the Taiga Cordillera ecozone.
The northern limit of tree growth in Canada is reached in this region. The northern unglaciated
Richardson and British mountain ranges reach 1,575 m above sea level in the region's northem
core. Limestone rock outcrops are significant and there are great examples of perigiacial
landforms, particulariy cryoplanation summits and terraces, in the sedimentary rocks of the
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Richardson Mountains (EC, 2008a). There are currently no oil or gas exploration programs in
this region.

Figure 10 shows the focation and extent of each ecozone within the ISR.

Table 8 provides a general overview of the ecozones in the ISR.

3.2 Geology

The 17 geologic provinces of Canada are characterized by rocks and structures of varying lypes
and ages. Four of these areas are present within the ISR: Bear Province, Arctic Platform,
Interior Platform and Arctic Continental Shelf (see Figure 11}, with the latter two being the most
prognent.

The most eastern part of the ISR is located within Bear Province, which has rock deposits of
uranium, copper, chalcocite, bornite and chalcopyrite. A small part of the ISR, between
Tuktoyakiuk and Paulatuk, is located within the Arctic Platform. This geological area exiends
heneath the islands of the Arctic archipelago and some of its strata may contain oil and gas
(NRCAN, 2008b).

The Interior Platform ranges across maost of the 1SR and is the geological province containing
most of Canada's oil and gas reserves. This area is a source of coal, potash, sall, gypsum,
limestone and other non-metaltic products.

The northern parts of the 1SR, including the Tukioyakiuk Peninsula and inuvik, are located
within the Arclic Continental Shelf. The Continental Shelf is an area that extends beneath the
Arctic Ocean, but because of the difficully of ocean drilling, relatively little is known about the
composition of the rocks that make up the Shelf. However, the mineral importance of the Shelf
consists of oif and gas deposits in the underlying rocks (NRCAN, 2008b).

3.3 Surficial Geology

Surficial geciogy and physiographic regions within the area of the ISR containing considerable
oil and gas reserves are shown in Figure 12, Rampton (1988) describes the physicgraphic
regions as follows:,

@ The Tuktoyaktuk Coastlands include the Coastal Arctic Plain between the Mackenzie
Delta and the Amundsen Gulf. Thick unconsolidated sediments, few bedrock outcrops,
ningos, massive ice, retrogressive-thaw flow slides and 30% coverage by lakes
characterize this area. Thermokarst activity has lead fo portions of this area to be poorly
drained with irregular drainage patterns;

® The Tununuk Low Hills comprise the west part of Richards Island and adjacent fand to
the south of Mackenzie River East. This area is characterized by rolling topography
underlain by clay to sandy gravel-texiured sediment, irregularly shaped and orientated
lakes and ridges and poorly drained broad depressions;
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@ The Kittigazuit Low Hills are characterized by deep inset, northeast trending lakes with
moderately steep slopes on ridges that are well drained. These ridges are formed by
thick, brown, fine-grained sands capped by thin surface fiils; and

e The Caribou Hills are located between the Mackenzie Delta and Tukioyaktuk Coastiands
and rise steeply above surrounding areas. The major landforms are bedrock controlled
with the perimeter marked by bedrock escarpments. This area is characterized by a
radial drainage pattern with a thin layer of unconsolidated deposits. Except for small
depressions on flat-crested hills, the area is well drained.

Parks, Sanctuaries and Historic Sites: The ISR is an area of significant natural beauty, wildlife
habitat and historicai importance. These characteristics are present in the many parks,
sanctuaries and historic sites located within the ISR. They are discussed in the following
sections and shown in

Figure 13,

3.3.1 Parks and Sancluaries

Through the Department of industry, Tourism and Investment, the GNWT develops and
operates 34 parks. Furthermore, there are 17 migraiory bird sanctuaries in the NWT, five of
therm in the ISR {three of them on the mainland I1SR) (PARKSCAN, 2008). The 1SR bird
sanciuaries and parks are shown in Figure 13 and include the following.

2311 Anderson River Delta Migratory Bird Sanctuary

Located near the community of Tukioyakiuk, the Sanctuary runs along the lower 50 kim of the
Anderson River and includes most of Wood Bay on the north coast of the NWT. The Sanctuary
hosts North American waterfowl that nest in great gatherings each sumimer, many species of
which use the Anderson River for breeding, moulting and staging. Brant, Tundra Swansg and
Lesser Snow Geese breed on the slands, while other waterfowl, shorebirds, raptors and
songbirds are all found in the delta (NWT, 2008).

3312 Cape Parry Migratory Bird Sanctuary

The Cape Parry Bird Sanctuary consists of three points at the Northern tip of the Parry
Peninsuia, 100 km north of Paulatuk. There is a rich marine environment in the vicinity of the
sanrciuary, providing critical habitat for migrating marine birds. Three limestone outcrops form
coastat cliffs rising 20 m above the sea and provide unique nesting habitat for the only Thick-
Billed Murre colony in the western Canadian Arctic, as well as for many other significant bird
populations. This is a globally significant area for waterfowl, with up to 20,000 birds found
staging in the area during spring migration (CWS, 2006 and 1BA, 2008).
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3.3.1.3  Kendall Island Migratory Bird Sanctuary

[.ocated northwest of Inuvik and just east of the Yuken border in the Mackenzie Delta, the
Kendall Island Bird Sanciuary encompasses 623 km* of the delta (MGP, 2004¢). These marshy
islands are important staging grounds from late August to late Sepiember for several species of
shorebirds, geese, sandhill cranes, terns, gulls, ducks and tundra swans. Large numbers of
shorebirds migrate through the delta {NWT, 2608).

3.3.1.4 hvavik National Park

l.ocated 950 km north of Whitehorse, Yukon, this natural refuge was established in 1984 as the
first national park in Canada to he developed as a result of an Aboriginal land claim agreement.
lvwvavik, meaning ‘a place for giving birth, a nursery' in Inuvialuitun (the fanguage of the
Inuvialuit), consists of over 16,000 km?* of wilderness that was given as a gift from the Inuvialuit
neople to the Canadian people. The park protects a portion of the calving grounds of the
Porcupine caribou herd, and ensures that the Inuvialuit historic sites and lifestyle are
maintained. The park represents the Northemn Yukorn and Mackenzie Della natural regions
(PARKSCAN 2008 and GCP 2008).

2.3.1.5 Tukiut Nogalt National Park Reserve

This remote park is located 45 km east of Paulatuk and 120 km north of the Arctic Cirgle, Tukiut
Noegait is designated a National Park of Canada and provides protection for the remote calving
grounds of the Bluenose caribou herd. The park alsc contains one of the highest densities of
raptors in North America, as well as wolves, grizzly bears, muskexen and arctic char. Both the
wildlife and the land have supported Aboriginal peoples, including the Copper and Thule
cultures and contemporary Inuvialuit camps, for thousands of years, Tuktut Nogait was
established by Parliament in 1998, with an approval for expansion passed in 2005 (NWT, 2008,
PARKSCAN, 2008; and GCP, 2008).

in addition to the existing protected areas, additional sites are being identified through the NWT
Protected Areas Strategy (PAS) process, land use planning and the national parks process. The
Wildlife Division of the Department of Environment and Natural Resources (ENR) is working
with other partners io implement the PAS, a process to identify and establish new protected
areas in the NWT. The PAS is using several 'best practices’ that increase ecosystem resilience
tc climate change, including protecting a range of different ecosystem types, latitudes,
elevations, habitat types and enduring features (GNWT, 2008a).

3.3.1.8 Yukon North Slope

The part of the ISR located within the Yukon Territory is known as the North Slope. The Yukon
North Slope is the area of lands in the Yukon Territory found between Alaska and the NWT and
lying north of the division point of the Porcupine River and Beaufori Sea watersheds. This area
includes adjacent waters and islands. A special conservation regime applies to the Yukon North
Slope under the IFA. The main purpose of the regime is to conserve wildlife, habitat and
traditional Aboriginal use (INAC, 1997).
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The Canadian people have come fo appreciate the Yulkon North Slope as an ecological work of
art, long celebrated by the tnuviaiuit, and an area to be protected and conserved. The Wildlife
Management Advisory Coungil {North Slope) is also committed to this end (WMAC, 2008).

3.3.2 Heritage Sites

Although the ISR is not home to any United Nations Educational, Scientific and Cultural
Organization (UNESCO) World Heritage Sites, there are several heritage sites within the ISR
that are of historic importance to the Inuvialuit people and shouid be avoided in any drilling
wasie management or {ransportation scheme. These sites include the following.

3.3.2.9 Reindeer Station

l.ocated about 50 km from Inuvik on the East Channel of the Mackenzie River, Reindeer Station
was established in 1932, This heritage site was the headquarters of the Reindeer Project, which
introduced reindeer farming inte northern Canada as a result of the Canadian government's
response to a shorlage of caribou in the coastal area. Al that time, 3,442 reindeer from Alaska
were herded to the ISR to provide an additional food source for the Inuvialuit. Reindeer Station
was abandoned in 1969, at which time the buildings were relocated and the residents moved to
Tuktoyakiuk or Inuvilk {IRC, 2008).

2322 Hitlgaaryuit

Located at the mouth of the East Channel of the Mackenzie River, Kitigaaryuil (or Kiiligazuit) is
believed to have been the largest permanent Inuvialuit setflement before contact with
foreigners. IZxcavations indicate that people have been present in Kitigaaryuit for at least 500
years, Kitigaaryuit was an important site, both as a base camp for whale hunting and as a place
to hold seasonal celebrations. Although people lived year-round in Kitigaaryuil, their numbers
increased during the summer whale hunt. It has been estimated that there were 1,000 Inuvialuit
fiving there in 1850. As a result of epidemics, by 1905 the population was reduced to 259, and
by 1910 to only 130, In 1978, Kitigaaryuit was declared a National Historic Site (IRC, 2008).

3.3.2.3 Bingo Canadian Landmark

Located in the Tuktoyakiuk Peninsula area, this area protects a unique arctic landform: ice-
cored hills cailed pingos. The Landmark features eight of the 1,350 pingos found in the region,
including lbyuk Pingo, Canada's highest pingo, standing 49 m tall. Approximately one quarter of
the world's pingos are concentrated in the Tukioyakiuk Peninsula area (PARKSCAN, 2008).
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3.3.24  Shingle Point

Shingie Point (also called Tapgaq) is located on a sand spit on the Yukon coast. This area was
once the site of a thriving settlement, where the first Anglican mission school for Inuvialuit
children was opened in 1929. The school was built in a renovated Hudson's Bay warehouse
and log houses were built nearby for student housing and a church. A series of epidemics
brought by foreigners took many Inuvialuit lives, resulting in a significant decrease in the
population. Survivors moved from the coast to inland communities of Akiavik and Tuktoyaktuk.
In 19386, the mission school moved to Aklavik. Shingle Point continues to be used as a summer
camp for traditional activities such as fishing, whaling, hunting and berry picking (IRC, 2008).

3.3.2.5 Herscheof fsfand

Herschel Island (also cailed Qikigtaruk) is located in the Beaufort Sea off the north coast of the
Yukon Terrifory. it is a historically important island and its cove, Pauiine Cove, served as a key
whaling port between 1880 and 1910. During the height of whaling activity, approximately 2,000
people lived at Pauline Cove in the winter seasons. This cove is the only proleciive cove located
between the Mackenzie River Delta and Point Barrow, Alaska. During the whaling years, the
inuvialuit traded food and clothing with the whalers for goods such as flour, sugar and tea (IRC,
2008},

In 1887, Herschel Island-Qikigtaruk Territorial Park became the Yukon's first territorial park.
The Park is home to a wide range of plant and animal species. There are some remaining
structures on the islands, such as small whalers’ cabins, warehouses and the former Anglican
mission building, which has become home to the largest colony of Black Guillemots in the
Western Arctic (IRC, 2008).

3.4 Climate

A continental sub-arctic climate characterizes the Mackenzie Delia with long, cold winters
lasting from October to Aprit and cool, short summers. Freezing temperatures can occur year-
round. in December and January, 24 hours of darkness descend on the Delta with temperatures
dropping to ~45°C and colder. During the summer, sunlight hours are long with warm southern
breezes, allowing the Mackenzie Valley to remain several degrees warmer than the tundra and
mouniains lying to the east and west. It is not unusual for Inuvik to be hotier than Edmonton or
Vancouver on a July afternoon (GNW'T, 2008b). Strong winds occur during the fall and winter,
with stronger temperature inversions occurring than along the coast. The Delta is also
characterized by complex wind patterns because of the mountainous terrain west of the Delia.
Winds are of a northwest {o southeast trend due to the channelling effect of the valley, while
inuvik and Tuktoyakiuk have winds predominantly from the east (AMEC, 2005).

Table 9 provides weather data from EC that deseribe the climate normals for the 187 1-2000
periocd for the communities of Inuvik and Tukiovakiuk.
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Table ¢; Climate Normals for ISR Communities

Daily Average Temperature (°G) Yearly

l.ocation Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct| Nov | Dec | Precipiation
(mm)
Inuvik -27.61-269]-2321-128] 02 | 1.3 1421 11 3.7 82 -21 {-257 284.4
Tuktoyaktuk -27 | -286|-257]-168] -4.8 6 11 89 | 28 |-83¢ -21 |-264 167.8

Source: Environment Canada. Climate Normals and Averages 18712000 [online at
nttneww climate weatherofiice.ec.gc.cafl.

3.4.1 Climate Change

Climate models project that northern latitudes will experience more warming than anywhere else
in the world, Because the Arctic plays a special role in global climate, these changes in the
Arctic will also affect the rest of the world {(ACIA, 2004). The Arctic Climate Impact Assessment
(ACIA) is the first comprehensively researched, fully referenced and independently reviewed
evaluation of the ongoing climate change in the Arclic and its impacts both for the region and for
the world. it has involved an infernational effort by hundreds of scientists over four years, and
also includes the special knowledge of indigenous people. Comprehensive studies such as the
ACIA found that the average temperaiures in the Arctic over the past several decades have
risen at almost twice the rate of the rest of the world (ACIA, 2004; EC, 2008b). The results of
these temperature changes are widespread glacial melt, reductions in the extent and thickness
of sea ice, global sea level iise, thawing permafrost, coastal erosion, shifting vegetation zones,
increased fire and insect outhreaks, and stress placed on populations of polar bear, seal,
migratory bird, carihou and reindeer.

In October 1988, the GNWT adopied an official position on climate change. This position was
reconfirmed by the Executive Councit in November 2004, The GNWT maintains the belief that
climate change is a serious concern that could in the fuiure significantly disrupt the global
environment, affacting the ability of northerners 1o lead healthy and production lives. Hence, the
GNWT is prepared to develop and support global and local actions to reduce emissions of the
greenhouse gases believed to enhance climate change, through co-operation with a broad
range of stakeholders, including both provincial and federal governments.

3.5 Permatrost and Active Layer

3.5.1 Permafrost

Parmafrost is defined on the basis of temperature, as soil or rock that remains below 0°C
throughout the year, and forms when the ground cools sufficiently in winter to produce a frozen
layer that persists throughout the following summer. The atmospheric climate is the main factor
determining the existence of permafrost. However, the spatial distribution, thickness and
temperature of permafrost are highly dependent on the temperature at the ground surface. This
temperature, although strongly related to climate, is influenced by several other environmental
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factors such as vegetation type and density, snow cover, drainage and soif type (NRCAN,
2008a).

Almost half of Canada’s landmass is underiain by permafrost, a large portion of which is at
temperatures a few degrees below zero (Burgess et al., 2001). Al areas of the NWT are
underlain by permafrost, and within the Mackenzie Delta area, well away from river channeis or
lakes, the permafrost is approximately 100 m in depth. However, beneath main channels and
lakes, there is no permafrost. As a result, the Mackenzie Delta resides within the discontinuous
permafrost zone. Permafrost provides a strong, frozen support for infrastruciure such as
buildings, roads and airport runways. Throughout the NWT, much infrastructure has been
constructed on permafrost, especially at more Northern latitudes where there is no alternative.
Ground movement caused by melting permafrost resulis in significant problems to all forms of
infrastructure, including dikes, bridges and culverts (GNWT, 2008a).

3.5.2 Active Layer

I areas underlain by permafrost, the active layer is defined as the top layer of ground subject to
annual ihawing and freezing. The thickness of the active layer is influenced by variations in
many locat seasonal factors and site characteristics, comprised of the environmenial factors
affecting ground surface temperature (Burgess et al., 2001).

The Geological Survey of Canada (GSC) maintains an active network of over 60 sites in the
Mackenzie region, at which active layer conditions and ground temperatures are monitored. The
GSC’s Canadian Permafrost Monitoring Network provides information on the thickness of the
active iayer based on data gathered from these monitoring sites. Evidence from monitering sites
in the Mackenzie Delta indicates that thaw depths and ground subsidence increased during the
19890s (Smith et al., 2001). Of the 53 sites included in this program, seven are located in the
mainland ISR region. These sites and their corresponding active layer thickness, as recorded
from 1982 {o 2002, are shown in Table 10. The maximum and minimurm thickness over this iime
period is also indicated. An increase in active layer thickness represents an increase in
temperature and a resuliing decrease in the permafrost layer. At several of these sites, there
was minimal variation in active layer thickness over the monitoring pericd, with the year 1998
representing an exception to this trend, because at this time the warming effects of EI Nifio
resulted in an increase in the thickness of the active layer.

Climate warming would fikely result in a thickening of the active layer, an increase in permafrost
temperature and a decrease in permafrost thickness (SOCC, 2008),

3.8 Yegetation

The Mackenzie Delta region boasts a wide range of landscapes, ranging from high mountains fo
flat alluvial plains. Differing from other deltas in the world, the Mackenzie Delia is confined on
two sides by high landforms: the Richardson Mountains to the west and the Caribou Hilis to the
east. These boundaries constrain the expansion of the Delta’s widih. Since most of the Delia is
still within the discontinuous permafrost zone, the unfrozen nutrent-rich soil allows the tree line
fo reach farther north in the Western Arctic than elsewhere in the NWT.
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Two types of vegetation dominate the plant communities of the Delta, tundra along the Beaufort
Sea and taiga further inland, Successional changes in some plant communities are maintained
by fluctuations of river leve! (particularly that associated with flooding and sedimentation) and by
fire. In warmer climates, deltas are usually prime agricultural land; however, in the North the
productivity is expressed instead in seasonal abundance of various species of wildlife (BMMDA,
2005).

The Tuktoyakiuk Coastlands are dominated by low arctic tundra vegetation, which include dwarf
birch, willow, numerous heaths and sedges. The southern periphery of the Coastlands is
dominated by tundra-forest vegetation with clumps of trees scattered within the dense shrub
fayer of scrub birch, willow and heaths. Anderson Piain is also covered by low arclic tundra
vegetation (AMEC, 2005). Dry saxifrage tundra vegetation type is found on the dry, upland
areas on the tundra of the Tuktoyakiuk Peninsula, particularly Parson’s Lake and the North
Storm Hills. The Dwarf Shrub Heath is the most common vegetation type on the Tuktoyakiuk
Peninsula. it is widespread throughout flat and rolling terrain, in thin organic soils on crests to
mid-slope positions where water does not accumulate (MGP, 2004a).

The southern portion of the Mackenzie Delia is dominated by dense white spruce stands and
balsam poplar. Shrubs include willow and alder and are important in plant succession following
alluvium depaosition. Willow and alder characierize the central portion of the deita with low areas
being dominated by marshy vegetation. Poplars have also extended into this region. Due to
congfant flooding and the cooling effects of the Beaufort Sea, ouler areas of the delia are
covered by sedges and willows (AMEC, 2005).

KN Wittalife

Wildiife is a fundamental element of northern culture and a critical subsistence resource for
residents of the ISR, This section discusses wildlife that is present in the ISR, on either a
permanent or migratory basis. Approximately 54 species of mammals, 137 species of birds, one
amphibian and 55 fish species are known 10 occur in the Mackenzie Delia region (BMMDA,
20006). Although other wildlife exisis in the 1SR, in addition to those discussed in this section, the
focus is on wildlife that play an important role in the subsistence value to the people of the ISR,
To maintain the geographical scope of the work, only wildiife present on mainland areas of the
ISR are discussed.

3.7 Ungulates
The foltowing ungulates are present within the [SR:

@ Biuenose Caribou — Considered one of the major barren-ground caribou herds in the
NWT, it is an important source of food for several communities in the ISR, The Cape
Bathurst Caribou herd experiences calving on the Cape Bathurst Peninsula, with rutéing
cccurting east of Husky Lakes. The winter range siretches from the Tukioyakiuk
Peninsuia (o the Husky Lakes area and west 1o the Mackenzie River. Boreal Caribou
aiso exist in a small part of the ISR,
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® Moose — Canada’s extensive boreal forest provides the largest moose range in North
America. Moose exist in a large area of the ISR, where adequate forage is available;

® Dall's Sheep — Exist in a small area of the ISR, in the Richardson Mountains,
approximately 50 km southwest of the community of Aklavik; and

@ Muskox — Althcugh most are found on the Arctic islands, on the mainland they are found
in substantial numbers in several areas, including part of the 1SR north of Great Bear
|_ake fo the Arctic coast.

3.7.2 Furbearers
The following species of furbearing animals are present within the ISK:

@ Grizzly Bear — There are 4,000 to 5,000 grizzly bears in the NWT, with an estimated
resident population of 1,000 bears aged two years or older in the ISR, The fundra and
open forest of the 18R are good qualily grizzly bear habitat; the availability of good
denning habitat and migrating barren-ground caribou are thought to be reasens for the
large grizzly bear population in the ISR, compared with smaller populations in other
areas of the NWT. Grizzly bear hunting areas were established arcund Paulatuk and
Tukioyaktuk in 1986 and 1888, respectively, and in inuvik and Aklavik in 1994;

@ Folar Bear - Highly valued for the Inuvialuit traditional harvest and for commercial sport
harvest, within the ISR, polar bear harvest locations have been reporied along the
Reavfort Sea coastline from Herschel Island to the tip of the Tukloyakiuk Peninsula and
in the outer Mackenzie Della near Pullen Island. Distribution varies with the seasons and
is governed by the availability of food, suitable denning areas, breeding areas and ice
conditions:

® Arctic Fox — Are widely distribuied throughout the arctic tundra of the NWT. The natural
southern limit is the tree line, but some foxes venture into the boreal forest, especially
when their food decreases on the tundra;

® Red Fox — s the most widely distribufed carnivore in the world and inhabits all areas of
the ISR, Higher densities are lccated below the {ree line of the NWT;

® Marten — Are distributed across the NWT and occasionally range beyond the tree fine to
the Arclic coast, in parts of the |18R;

@ Lynx - Inhabit Canada’s boreal forest region from Newfoundland o the Yukon and are
found south of the tree iine in the NWT. Although lynx have never been prevalent in the
Mackenzie Delta region, their range extends into this region during periods of
abundance. Large populations of snowshoe hare exist in the NWT,; lynx depend heavily
on snowshoe hare populations {o survive and as a result lynx populations fluctuate with

cycles of the snowshoe hare;

® Beaver - North America's largest rodent, the beaver is distributed throughout the NWT,
including the ISR, along small streams and lakes along the Mackenzie Delia. The NWT
beaver popuiation is unknown but is estimated to be 10,000; and
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¢ Wolf - Aithough now extinct in many provinces of Canada, they are still found on most of
their traditional range in the NWT. Although relatively abundant, their exact numbers are
unknown. Densities are highest in areas of the mainland where barren-ground caribou
winter.

3.7.3 Birds
The following species of birds are present within the 1ISR:
e Greater-While-Fronfed-Geese — A common breeding bird on the outer Mackenzie Delia;

@ Tundra Swans — The Mackenzie Delta is the most important breeding area in Canada for
Tundra Swans, with about one third of the total population breeding there. Tundra swans
arrive in the Mackenzie Delia from May to early June and depart from laie Sepiember to
early October;

® Greafer Scaup -~ Part of the breeding range exiends from the Mackenzie Delia o the
Tuktoyakiuk Peninsula. Although seasonal variances are common, the Greater Scaup
tends io arrive in the Mackenzie Delta area in mid io late May and leave the breeding
grounds in mid-September o late October;

s Peregrine Falcons - Nest throughout the Mackenzie Delia region; the tundra subspacies
breeds along and north of the tree line; and the continental subspecies hreeds south of
the tree line. Both species are migratory and are absent from the Mackenzie Delia area
in the winter;

@ Whimbrel - In the NWT, breeds from the Mackenzie Delia to the Tukiut Nogait National
Park arca. The North American Whimbrel population is estimated to be 57,000 birds,
2,600 of which nest on the Mackenzie Defta. It is a common breeder on the upland
tundra of the Delta. Whimbrels arrive on the Mackenzie Delta in the last third of May,
with most leaving the Deka by mid-August;

® Lesser Yellowlegs — Breed only in North America; throughout the NWT they breed in
forested areas. The population in the NWT is unknown, but most arrive in late May and
egin fall migration in late July and early August;

e Arctic Terns — Nest in most of the NWT, commonly on lake shores throughout the
Mackenzie Deita. They first arrive in late May to early June and depart by August to
seplember;

@ Boreal Chickadees ~ Live oniy in North America and are present in the Mackenzie Delia

year-round; and

® Snow Geese — Migrate to the NWT, mainly to the Kendail island Bird Sanctuary in late
May or early June for purposes of reproduction, and then leave in mid fo late September
to return south.

Al information provided in this section is from MGP, 2004b and NWTWD, 2008.
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3.8 Traditional Land Use

Traditional land use is that type of use that the inuvialuit people have developed from centuries
of experience of living off the land, including activities such as bird, fish and wildiife harvesting,
trapping, and plant, herb and berry gathering. Other traditional fand uses typically include the
use of land for burial sites and sacred or ceremonial uses. Roughly 88% of residents in the
Beaufort-Delta region of the NWT consume harvested meat and fish and 26% of residents
obtain most or all of their meat and fish from harvesting (NWT Bureau of Statistics, 2002). The
subsistence economy is strong within the ISR and represents a key element of traditional land
use in the region.

Beluga whale harvesting is important to the subsistence economy in the ISR. The species i
hunted primarily by whalers from Inuvik, Tuktoyakiuk, Aklavik and Pauiatuk, with the products of
the hunt shared among all Inuvialuit communities. in addition {o the value of beluga whale as
food, the annual harvest is an imporiant Inuvialuit cultural tradition. In some years there is &
small but culturally important harvest of bowhead whales by the Inuvialuit in Aklavik. Ringed
seals are an imporiant subsistence resource for the Inuvialuit and & traditional resource in the
Beaufort Sea region. They continue {0 be harvested o a subsistence basis for food and for
theilr pelts; young seals are preferred for food (MG, 2004b).

The Inuvialuit Regional Corporation (IRC) describes the whaling activities of the people as
follows:

“The long summer days provide ample opportunities for Inuvialuit to prepare for the
winter. Communitics appear deserted when residents move out to their whaling and
fishing camps. Those from Aklavik may be found at the traditional whaling camps at
Shingle Point on the Yukon coast, while those from Tukioyakiuk and Inuvik are generaily
found at Kendall Istand and Whitefish Siation, Residents of Paulatuk usually gather at
Fag Island in Argo Bay, Johnny Green Bay or Tusugiok. Sachs Harbour and Ulukhakiok
(Holman) residents enjoy camps along the coast, such as Kilyipvik, Angrivalik and
Mangmaktukvik, 1o name a few.” (IRC, 2008)

Since a large part of the Inuvialuit diet comes from harvesting local fish and wildlife, the
changing seasons bring a diversity of food options. Geese and muskoxen are hunted in the
spring and fall, whaling and fishing take place in the surmmer, and caribou hunting in the fali and
winter. Also hunted are arctic hare, muskrat, seal, duck, goose, and beluga and bowhead
whale. Fish harvesting focuses mainly on whitefish, herring, inconnu, arctic char and trout {IRC,
2008).

Several planis are used by the Inuvialuit for food, medicine and ceremonial and material
purposes. Berry picking is an important summer activity, with the bluebetry and the cloudberry
being important species, as well as akpiks, crowberries, currants and cranberries (MGP, 20044,
IRC, 2008). Tahie 11 lists areas within the ISR that are used for berry picking; many of these
areas are also used for other purposes such as hunting or fishing.
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Table 11: Berry Picking Sies in the ISR

Area Plant Collecting Other Subsistence Activities
Berry picking Subsistence fish harvesting
and hunting for geese and
other waterfowl

Toker Point (Toker Point south to
half way fo Tukioyakiuk)

Caribou Hits (upland area west Berry picking and unique Subsistence harvesting
of Parson’s Lake and parallel to | successional plant life (fransition

the east channe! of the between alluvial taiga and low

Mackenzie River) tundra)

Reindeer Station (historic Subsistence berry picking None identified
setitement in Caribou Hills)

Husky lakes (south of Subsistence berry picking

Year-round subsistence fishing,

. PN
Tuktoyakiuk —~ Sitidgi Lakes hunting and trapping

northeast to Liverpooi Bay)

Source: Mackenzie Gas Project: Environmental impact Statement for the Mackenzie Gas Project —
Volume 3: Biophysical Baseling Part [, Terresirlal Rescurces: Soils, Landforms, Permafrost and
Vegetation (MGP, 2004a).

3.9 Mor-Tradittona! Land and Resource Use

Non-fraditional land and resources users include the following:

@ non-Aboriginal residenis;

@ non-resident hunters and anglers;

® tourists;

@ Aboriginal, municipal and territorial governments; and
o resource-hasea industry.

The area of most significant activity is oil and gas development, with mineral rights exiending
across vast areas of the NWT. The Mackenzie Delta is currently the area with the most active
development. Imperial Oil Resources Ventures Limited, Shell Canada Limited, ConocoPhilips
Canada Limited, ExxonMobil Canada Properties and MGM Energy Corp. alt hold interesis within
the Deita area. There is also a strong potential for future oil and gas expansion in the ISR, and
many development wells and fulure projects are currently being planned; the Mackenzie Gas
Project is one of the most significant.

Within the 1SR, there are two types of land ownership: Federal Crown Lands (also called
Territoriat Lands), which are lands administered by INAC, and Inuvialuit Private Lands, which
are administered by the Inuvialuit Land Administration (iLA).

Granular resources represent ancther form of non-iraditional land use in the ISR, The most
common type of grandlar material found in the ISR is sand and gravel of fair quality, generally
used for fill. The Inuviaiuit own granular resources found on inuvialuit lands with subsurface
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rights. On all other inuviaiuit tands (i.e., surface rights only, and Crown lands), the granular
resources are owned by INAC.

Because most of the ISR lies north of the tree line within the tundra regien, there are no timber
resources sufficient for commercial operation within the area. However, some scrub and
transitional forest exists in the southern parts of the 1SR, and timber is harvested in this area,
specifically near Inuvik, for firewood.

There are known deposits of iron, coal, copper, lead and zinc within the Mackenzie estuary
region; however, these have yet to be developed and currently there are no identified plans for
developing these deposits. There has been extensive diamond exploration in the ISR.

Non-traditional resource harvesting includes hunting, fishing and trapping by non-Inuvialuit
residents for domestic, sport or commercial purposes. Other commercial activities include
reindeer herding, commercial iransportation and agricutiure. Marine operations are also
significant, with the Beaufort Sea being used by a variely of vessels for several different
purpeses and for shipning rotdes.

Tourism and recreation activities in the 1SR includes ecotourism, quided outfitting, river tours,
cultural tours and recreational activities, such as hiking, cross-country skiing, snowmobiling and
all-terrain vehicle use.

All of the information provided in this section was obtained from MGP, 2004¢.

3.19 Seltlernents
The ISR is home to approximately 8,000 people living in six communities. These communities
are the following

bt

& Aklavik {Aklarvik);

® fnuvik (Inuuvik);

@ FPaulatuk (Paulatuuqg);

@ Sachs Harbour (tkaahuk);

@ Tuktoyakiuk (Tuktuuyagtuuk), and

@ Holman {(Ulukhakiok or Uiuksagiuug).

The communities are comprised of predominantly Inuvialuit populations, except for Aklavik and
Inuvik, which are also home to many people of Gwich'in ancestry. inuvik is also home o a large
non-Aboriginal population. The communities of Sachs Harbour and Holman are located on
Banks Island and Victoria Island, respectively. The community of Paulatuk is in the easternmost
area of the ISR, The communities of Paulatuk, Sachs Harbour and Holman, although located
within the 1SR, are not included in the geographic scope of this study owing to their distance
from predominant areas of oil and gas activity. The study area communities for the purposes of
this study are listed inn Table 12.
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Table 12: Population of Communities Located in the Study Area

Cormmnunity Population (2006)
Aklavik 504
Inuvik 3,484
Tuktoyakiuk 870
Total - Study Area Communities 4,948

Source: Statistics Canada 2006 Community Profiles at hitp:/Awww12 statcan.cal.

S.10.1 Fopulation Characteristics

Of the total popuiation in the ISR, roughly half (49%) identified themselves as Inuit (Inuviaiuit)
during the 2008 Census. Of the remaining population, 30% were non-Aboriginal, with the next
largest group seli-identifying as North American Indian (17%).

The largest percentage of non-Aboriginal persons in the study area resides in Inuvik. The
Aboriginal population is roughly 84% in Tuktoyaktuk and 92% in Aklavik.

zducational attainment in study area communities is lower than the NWT average. The greatest
ditfferences are in the population that has achieved less than high school and those with a
university certificate, diploma or degree. Nearly half of the population in the study area
communities has less than a high school education. The percentages of people within the 18R
study communities who have an apprenticeship or trades ceriificate/diploma and those with a
college cerlificate/diploma closely reflect the NWT averages, which are about 8% and 18%
respectively.

Through the Beaufori-Delia Education Councll, kindergarten to grade 12 education is available
in all of the study area communities (BDEC, 2008).

The profile of the experienced labour force in the four ISR communities included in this study is
described in Table 13 and s cccupaticnally similar to that of the NWT as a whole. There are
some local variations in that some occupational categories are over- or under-represented in
particular communities. For instance, the percentage of people working in health occupations
was 0% in Tuktoyakiuk in 2006. However, sales and service occupations were over-represenied
in Tukioyakiuk. The occupational groupings of natural and applied sciences and trades,
fransport and equipment operators are well-represented in the study area communities.
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Table 13: Labour Force by Standard Occupational
Category in the Study Area Communities, 2006
NWT (%) Study Aldavik Fruvikk | Tukioyaktuk
Occupation Area {%) (Yo} {%)
Total (%)

Total experienced labour force 15 23,445 2,595 230 2,020 345
vears +

Management 12 12 9 13 S
Business, finance and administration 18 17 11 15 10
i_\!atural and apphed sciences and 7 6 4 5 7
related occupations

Health 4 5 9 5 0
Social science, e@ucahon, o 11 i3 17 17 14
government service and religion _

Art, culture, recreation and sport 3 3 0 3 3
Sales and service 23 24 24 23 29
Trades, tralwsy??rt gm:i QQ(;zgmg?iwg i8 19 54 18 55
operators and related occupations

Cocupations unigue to primary 3 1 0 1 3
industry

Ceeupations unigue 1o processing, .

L : ! O O 1 0

manufacturing and utilities

Source: Statistics Canada, Community Profiles, 2006 Census

The labour force aclivity characteristics of Inuvik are similar to the cverall territorial labour force
characieristics. The 2006 unempioyment rate in the study area varied from a low of 11% in
Iritivikk to a high of hearly 33% in Tuktoyakiuk.

During the 19708 and 1880s, the ISR experienced a boom-hbust cycle of economic activily;
however, in the recent past, it has developed local business capabiliies to address the high
level of oil- and gas-related activities in the reglon. The mandate of the [nuvialuit Development
Corporation (3G}, the business arm of the IRC, is {o foster business development in the region,
and the iIDC concentrates its investments in the energy and transportation seciors of the
geoonomy (IRC, 2008). The IRC's comprehensive business directory shows a wide range of
gaods and services available in the region through Inuvialuit-owned businesses (IRC, 2008). An
examination of the business direciory shows that the study area region is abie o offer a number
of services in the areas of transporiation, construction and provision of related goods and
servicas.

Although the wage economy is of particular importance, the traditional or subsistence sconomy

is also an important element of economic vitality in the region, Tradiffonal harvesting confribuies
to the economy and to the weli-being of the communities through sharing and mutual assistance
that occurs largely organized through kinship systems (Usher, 2003). Roughly 88%
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of residents in the Beaufort-Delta region of the NWT consume harvesied meat and fish and 26%
of residents obtain most or all of their meat and fish from harvesting (NWT Bureau of Statistics,
2002).

3.1 Transportation Networks

The NWT has a unique transportation system composed of paved highways, gravel highways,
ferries and winterfice roads. The winter roads, ice roads and ice crossings cover a total distance
of 1,400 km within the NWT (NWTDOT, 2008). Table 14 provides an overview of the
transportation infrastructure serving the three ISR communities inciuded in this study.

Table 14: Transportation Infrastruciure in the ISR

All-Season Road | Winterflice Road Adr Sea/Barge
Aklavii X X X
nuvik X X X X
Tuktoyaktulk X X X

Source: MGP EIS, Volume 4 (2004d)

The ISR s fargely isolated from the rest of Canada, lying far from Canada’s population centres.
lts remoteness and geographic landscape contributes fo the limited ground transportation
options within the area. The Dempster Highway (Yukon Highway 5 or Northwest Territories
Highway 8) connects Inuvik with Dawson City in the Yukon Territory and is the only highway
that connects the area with southern Canada. Although this is the only all-weather road within
the ISR, its use is seasonally restricted by the fall freeze-up and spring thaw of the Mackenzie
River. During the winter months, the highway exiends another 194 km to Tukioyaktuk and

112 kim to Aklavik, using frozen portions of the Mackenzie River defta as an ice road

(GNWT IT, 2008).

Inuvik is the most easily accessed community within the ISR, as it has an alrport with an asphali
runway, frequent scheduled flights, re-supply by barge in the summer and access o the south
on the Dempster Highway.

The most important form of transportation is air transportation, which links all of the communities
in the 1SR, which all have a sand or gravel runway and scheduled air services. During the period
from about June 15 to the first week in September, river barges on the Mackenzie River provide
re-supply services to each of the ISR communities. This annual marine re-supply is provided by
the Northern Transportation Company Limited (NTCL) from its staging site at Tuktoyaktuk, using
three tugs and 12 barges (MGP, 2004d). NTCL is 100% owned by the Inuvialuit of the ISR and
the Inuit pecples of Nunavut (NTCL, 2008).

Winter/ice roads are used by communities and mining operations not connected by allweather
roads. These roads, constructed using lake and river ice and compacted snow cover on land,
connect remote regions of the NWT. Winter/ice roads are a critical factor in the movement of
bulk goods and facilitate seasonal travel. The warming climate in the North has caused delayed
freeze-ups in the fall and early thaws in the spring, resulting in a shorter winter/ice road season,
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despite improved technology and more time and effort being applied to construct and maintain
roads (GNWT, 2008a). Information provided by the NWT Department of Transportation
indicates that, on average, over the past ten years, most winter/ice roads in the ISR have
opened in mid to late December and closed in late Aptil or early May (NWTDOT, 2008).

There is no rail access in any of the Inuvialuit communities.

3.12 Specific Environmental and Socio-economic Considerations for Each Disposal
Option

Frnvironmental and socio-economic considerations that are of significant concern or relevance

to each disposal option are shown in Tabie 15, Additional details on the nature of the concemn

are discussed in the following sections.

Tahle 15 Specific Environmentst and Socig-economic
Considerations for Each Disposal Option

Waste Chr-site Regional | Disposal
Disposal Waste Disposal | Outside
Surap Injecticon Facility the NWT
_ Physiographic Regions X X X
‘Geology X X X
Parks, Sanciuaries and Historic Sites X X X
Climate X X
Vegetation X X X
Wildlife X X X X
Traditional Land Use X X X X
Non-Traditional Land and Resource Lise X X X X
Regional Procurement X X X X
Regional Empioyment and income X X X X
Regional Capacity Development X X A X
Transportation Networks and Infrastruciure
X X
PDemand
Public Health and Safety X
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3.12.1 Waste Disposal Sumps

Both physiecgraphic region and geolegy have a significant impact on sump performance,
because the topography, thermal conditions and underlying soil of an area are all important
factors in the success of a sump. Locations away from a drainage area, lowiand or hillside, with
impermeable soil represent ideal locations for sump placement.

Climate, climate change and permafrost/active layer characteristics also have a profound effect
on the performance of a wasie disposal sump. Because the success of a sump depends
completely on the containment of drilling waste through freezing of material below the active
layer, if the thermal distribution through the permafrost and the active layer experiences
significant change as a result of climate change, this will affect the sump stability. The spatial
distribution, thickness and temperature of permafrost are partially related 1o the type and density
of vegetation; hence, vegetation is an additional environmental factor io consider when
reclaiming a wasie disposal sump.,

Because the [SR is a location of both prime wildlife habitat and significant migratory activity for
many wildlife species, when building a waste dispesal sump, care must be taken to ensure that
wildlife pathways and natural habitats are not negatively impacted in the process, Although it is
likely that & properly designed sump wilt not have a significant impact on wildife popuiations,
activities occurring during sump construction may have a negative impact, Furthermore, since
parks, sanctuaries and hisioric sites are generally protecied areas, care must be taken 10
ensure that a sump is not placed at a location that would jeopardize these areas.

Sump placement must also take info account the sccial aspects of an area, such as traditional
and non-traditional land uses and the {ocation of setffements and communities. Because of the
negative reputation that sumps have acquired in the 18R following a long history of failure,
public participation may be required if sump placement is to be near one of the aforementioned
areas.

3.12.2 On-Site Waste Injection

The environmental factors most significant to the success of on-site waste injection are the
physiographic region and the geolegy of the injection location. For successful waste injection to
oceur, the geologic formation must have specific porosily, permeabiiily and containment
barriers. Although these types of formations exist in the ISR, it is critical that the target area be
studied for its suitability in relation to these characieristics before injection occurs. Furthermore,
permafrost is a factor to be considered when planning equipment requirements and drilling
procedures. Since the type and density of vegetation has an effect on the thickness and
distribution of permafrost, vegeiation is an additional point for consideration.

Planning for injection activities must take into account existing wildlife habitat and migratory
paths so as o minimize disturbance of these populations,
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3.12.3 Regional Disposal Facility

The regionai disposal facility may be one of two types under consideration: a regional injection
facility or a regional landfill. Environmental considerations for the regional injection facility are
similar to those for an on-site injection facility, but with the added consideration of transportation
networks.

Depending on the location of the regional facility, access requirements may be a factor. If ice
roads and/or barges are necessary, climate and climate change are significant factors because
they have an impact on the length of utilization time and integrity of these transportation
methods, as discussed in the following section.

3.12.4 Dispesal Guiside the Northwest Territories

The main factor affecting the success of disposal outside the NWT is the exisience and integrity
of the transportation networks used to move waste to the external location. If ice roads are a
cormnponent of plans to move waste, climate and dlimate change are potential factors. H climate
change results in an increase in average seasonal temperatures, the result would be a reduced
tirne frame during which ice roads can be safely constructed and material moved from northern
locations. Furthermore, since & recommended minimum 20 cm of show must accumulate before
winter road construction proceeds, and because warmer temperatures impact snowfall, climate
change may also resuit in a condensed Himeline for construction, placing additional challenges
on the process. If ferries and barges are to be used as a method of transport, careful planning
must be done to properly time the movement of waste with seasonal fimitations for this
transportation method. Truck transportation out of the 18R is possible along Highway 8 from
inuvik o the Dempsier Highway, but must take into account the brief seasonal closure in the
spring and fall during breakup and frecze-up.

Wildlife habitats and pathways are an additional area of concern, since care must be taken fo
ensure that transportation networks do not negatively coincide with these areas, especially
during migratory seasons.

313 Specific Socio-Feonomic Considerations

The specific socio-economic considerations outlined in this section are based on the view that
communities experience socio-economic effects in accordance with two primary interactions:
physical, social or economic interaction refated to the component activities of the five waste
disposal options; and community residents and their economic, social or cuitural resources and
pursuits; and the community supply of workers or business services for each of the five wasie
disposal options, generating income for firms and individuals. The spending or investment of
this income could have both positive and negative effects (MGP, 2005).
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3.13.4 Traditional Land Use and Culture

To understand traditional land use in an area like the ISR is to understand how the lnuvialuit
used the land before contact with Canadians of European descent and how they continue to
use the land at present. The relaticnship to the land and the culture and cuitural practices are
important elements in understanding the effects of activities on traditional land use (Kavik-Axys
and FMA, 2008}

Traditional culture is as an integral part of life for Aboriginals in the NWT and the ISR, as well as
the following:

o a source of pride, self-worth, distinctiveness and identity;

@ the basis for harvesting the benefits and meeting the challenges of survival on the land
they respect and love; and

& a primary defence against the prejudice and discrimination sometimes experienced from
Canadians of European descent (MGP, 2004¢).

Traditional harvesting, an important fraditional land use, has a significant influence on wellness
in Aboriginal communities (MGP, 2008). Harvesting is a means of sharing traditional knowledge,
gathering food and coniributing to the economy {Usher, Duhaime & Searles, 2003}, it is
particularly important thai decisions related {o the disposal of drilling waste in the ISR be made
with consideration given to traditional land use and cultural values.

3.13.2 Euathetics

Izsthetics in air environmental context typically refers {o the visual landscape. However, there is
some overtap and interaction with respect to esthetics, land use and cufture. Changes in the
esthetic environment have the potential fo alter the look of the landscape and the perceptions of
the people who use the land. Depending on the infrastruciure reguirements for each of the
identified drilling wasie disposal options, the presence of new infrastructure has the potential fo
alter existing esthetics.

3.13.3 Regional Procurament

Regicnal procurement is an important consideration in terms of the waste disposal options
being envisaged. The IDC focuses on regional business development, particularly in the areas
of energy and transportation. These two sectors of the local economy could potentially benefit to
a greater or lesser degree, depending on the waste disposal option implementad. Local
businesses likely have the capacily to handie procurement opporfunities either with current
capacity or through joint veniure arrangements,

Capacity development in the context of regional procurement opportunities can also act as a
sustainability tool, enabiing communities and regions to diversify their economic hases and
increase their ability 1o withstand economic changes. There is an expectation in the 1SR that,
not unlike expectations in other areas, northerners will be able to participate in economic
opportunities that cceur locally, thus ensuring that a portion of revenues and cother benefits stay
in the North.
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3.134 Regional Employment and Incoie

The study region’s economy is largely dependent on public administration, natural gas,
transportation, tourism and furs (GNWT [Ti, 2008). Given the relatively low workforce
participation rates in the communities of Aklavik and Tuktoyaktuk, and high unemployment, the
potential for new employment opporfunities created through the various drilling waste disposal
options could result in meaningful contributions fo the regional population’s skilt levels, future
employability, income and quality of life.

In remote areas such as the study area within the ISR, capacity development is often a concern
as communities seek to build human resource capacily in order to more effectively respond to
change and be positioned {o seize economic development opportunities. Regional capacity
development can be achieved through timely sharing of training and employment opportunities.
Particularly when economic opportunities will be based on technology or practices that are new
to the region, appropriate opportunities must be provided io help local businesses and people
acauire the skills and/cr resources required for meaningful involvement.

3.14 Summary of Environmental and Sogie-Eoonomic Considerations

There are four key social and economic considerations that are factors in the assessment of
drilling waste disposal options in the 18R, These considerations include:

® traditional land use and culiure;
@ aesthetics;

@ orocurement; and

® employment.

Each of these four considerations is important in its own right; however, traditional land use and
culture are considered of prime Iimportance for this assessment, Traditional land use and culiure
serve as a basis on which potential benefits, such as employment and procurement, can be
realized. Esthetics, although closely related to traditional land use and culture, are a significant
consideration. However, changes in the esthetic properties of a site are offen considered more
palatable.
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4.0 REGULATORY REVIEW

Projects and work planned in the ISR are subiject to a variety of federal and territorial acts, laws,
regulations and guidelines. The specific requirements for projects or work in the iSR depend on
whether or not it is taking place on Inuvialuit-owned lands or Crown land. The inuviaiuit rights
and degree of influence in the decision-making process regarding whether a project is approved
by the reguiators varies, depending on the location of the proposed project. Regardiess of the
location, however, the Inuvialuit have a guaranieed role in the screening and review process for
proposed projects that may have a negative impact on the environment, even if it is only o
voice their concerns during public consuitations.

The Inuvialuit-owned and Crown lands are further divided as follows:

@ Inuvialuit Private Land:
0 7{1){a) lands (surface and sub-surface owned by Inuvialuit); and
O 7{1){b} tands {surface owned by inuvialuit, sub-surface cwned by federal

government).

6 Crown Land:
" onshore,;
i offshore;
a3 Commissioner’s Land (owned by federal government, but territorial government

acts as owner of the swrtace in the sense they can sell, lease or transfer the iand,
the federal government maintains control of the sub-surface righis); and
0 Yukon {(North Slope).

For lands in the ISR, the [FA establishes a formal Environmental impact Screening and Raview
Process (EISRP) to examine proposed projects and developments that are subject to screening.

The EISC and the Environmental Impact Review Board (EIRB) are responsible for conducting
the [FA EISRP, while other Inuvialuit government boards and committees are responsible for
heiping to protect wildlife, habitats and the environment on a project-specific basis. These
heards and commitiees include;

& Wildlife Management Advisory Council (Northwest Territories) (WMAC (NWT)),;
® Wildlife Management Advisory Council (North Slope) (WMAC (North Slope)); and
@ Fisheries Joint Management Committee (FJMC).

The six Community Corporations also have input and can comment on approved development
activities on 7{1)a)} or 7(1)(b) lands near the associated community. There are aiso six
Community Hunters and Trappers Committees that can influence the approval process by
setting by-laws and guotas, and submitting comments on proposed development activities
through the EISC.
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The regulations and requirements for the North Slope are currently in transition and some of the
legislation is only in draft form. The current regime is in the process of transferring federal
responsibilities to the Yukon government. Presently the key regulatory documents include the
Canada and Yukon Qil and Gas Accord, the Umbrelia Final Agreement Between the
Government of Canada, the Councif for Yukon Indians and the Government of the Yukon
between Yukon First Nations and the federal and territorial governments, and the Yukon Oif and
Gas Act. Similarly to other parts of the ISR, there are provisions for consultations, access
agreements, and oil and gas licensing.

Other fands in the ISR that have distinct reguirements include protected areas such as national
and territorial parks, migratory bird sanciuaries and archaeological sites. Site-specific
requirements for cerlain species and associated critical habitat may also apply.

There are a number of approvais, licences, permits and agreements required for various land
uses in the ISR, The intent of these authorizations is 1o ensure there is:

® no significant damage to the lands;

® no abhuse or extension of the right;

@ no mischief committed on the lands; and

@ no significant interference with Inuviaiuit use and enjoyment of the lands (CARP, 2001).

Most authorizations are granted for projects or scopes of work involving oil and gas exploration,
consiruction and/or operations. Disposal of diilling wasle is most often only one aspect of these
larger projects, The various authorizations required for a project in the 1SR can range from one
io a combination of the following:

5 land participation or access agresrment;

® co-operative agreement;

@ concession agreemeant,

@ land use permits;

@ reconnaissance permits;

® commercial lease; and

® rights-of-way (permanent and/or temporary).

These authorizations also allow for compensation if the proponent damages the lands or
interferes with the traditional use of the land. The IRC receives lands and financial
compensation from proponenis should this occur. The ILA, which is a division of the IRC,
administers and manages the lands received.

According to the IFA with the Government of Canada, the [nuvialuit also have the right to
participate in economic activily in the ISR and receive compensation for any damage to wildtife,
habitatl or the environment. A Participationf/Action Agreement must be concluded priot o
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exercising a right of access for exploration, development or production activities. Additionally,
waler licences from the appropriate territorial water board will likely be required and, depending
on the scope of the project, authorizations under the Fisheries Act and the Navigable Waters
Protection Act, and other authorizations may be required. Again, such agreements typically
apply to entire projects and not just to components, such as the disposal of drilling waste.
Nonetheless, the method of disposal of drilling waste will be considered whether it is part of a
project or on iis own,

For Crown lands, the main legislation includes the Canadian Environmental Assessment Act
(CEAA), the Canada Qil and Gas Operations Act (COGOA) and the Yukon Qif and Gas Act
(YOGA). CEAA is applicable to ali lands and is conducted by the responsibie authority under
CEAA. COGOA is administered by the NEB and governs all fands in the NWT part of the ISR,
while YOGA is adminisiered by the Yukon Government and appiies to oil and gas projects in the
Yukon. Commissioner's lands are subject {0 screening by Municipal and Community Affairs
(MACA).

In general, the proponent should begin consuliations with community groups and the 1A
immediately, whether the project is ocourring on nuvialuii-owned or Crown lands. The
preponent should also consuit with regulatory bodies early on to ensure that they meet their
expectations. Regardiess of the scope of the project, iand access and use permits and
agreemenis will be required under the IFA.If the project gives rise to screening, the proponent
should first notify the E1SC. Applications to the NWT Water Board for water licences and to the
NEZB for the appropriate authorization and/or approval should be submitted, and authorizations
from Fisheries and Oceans Canada (DFQO} and others should be obiained as required. If the
project is 1o take place on Crown lands, Indian and Northermn Affairs will also be involved in
project approval. From there, the E1SC, and EIRE, if necessary, and CEAA processes will
ensue.

4.1 Federal Regutations

There are countiess acts, reguiations, standards and guidelines with respect to ol and gas
activity in the ISR, However, this section doas not attempt to address all of them, only the ones
that are relevant to the disposal of drilling mud and drilling fluids specifically.

Tabie 16 provides a list of federally mandated regulations that will need to be adhered to when
disposing of drilling waste. The table identifies with an “x” which regulations govern sach
disposal option.

The NWT Waters Act requires thai the disposal of drilling waste be licensed. Licensing is done
by the NWT Water Board. The type of licence issued (either a Type A or Type B) depends on
the size of the project (GNWT, 2003a).

SaProjact CACEO3507\n! rpl-ceO3B0T-2 1dect9wenzel.doc Page 72



Environmental Studies Research Funds
Assessment of Dillling Waste Disposal Options
Inuvialuit Settlement Region

December 2008

4.2 TerritoriaifRegional Regulations

Table 17 identifies with an ™" a number of territorial acts and regulations that directly or
indirectly apply io the disposal of drilling waste. Again, this is not a complete list, but it highlights
those acts and regulations that are more relevant to drilling waste.
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in addition to regulations, the territorial government also provides some guidelines for waste
management. The following guidelines should be reviewed, as applicable, for all proposed
projects in the ISR:

® Environmental Impact Screening Commitiee Operating Guidelines and Procedures —
Environmental Impact Screening Committee;

® Guideline for Industrial Waste Discharges in the NWT — Department of Environment and
Natural Resources of the Goverament of Northwest Territories;

® Guidetine for the Planning, Design, Operations and Maintenance of Modified Solid
Waste Sites in the NWT — Municipal and Community Affairs of the Government of
Northwest Terriiories;

@ Oil and Gas Approvals in the Northwest Territories: Inuvialuit Settlement Region —
Canadian Association of Petroleum Producers; and

@ Watear Licensing in the Inuvialuit Settlement Region Northwest Territories: Summary of
Procedures and Information Requirement — Northwast Terrftories Water Roard,

¥

e

4.3 Regulatory Reguirements for Each Disposal Optlon

This subsection briefly describes the permitiing, monitoring and any other regulatory
requirements for the selected disposal aption.

4.3.1 Sumips

Sumps have been used for drilling waste for almost 50 years and have a long history of failure
in the 18K, Because of their negative reputation, the use of sumps is generally looked upon as a
last resort. Additionally, regulations and best practices have been developed in an atiempt io
address the causes of failure and reduce the risk associated with sump use.

The key piece of federal legislation that governs the use of sumps is INAC’s Territorial Lands
Act and Territorial Land Use Regulations. Aimost all of the tersitorial reguiations in Table 16
apply, except for those dealing with transportation. However, even transportation reguiations
such as the Transportation of Dangerous Goods Regulations {TDGR) will apply if the drilling
wasle is transported to the sump by vehicle.

4.3.2 Bowrn-hole Injection

Down-hole injection of drilling waste and hazardous waste as a means of disposal is taking
place in areas such as Alberta, British Columbia and Alaska, but has not yet been used in the
ISR, However, reguiations, as listed in Tables 16 and 17, do govern the use of down-hole
injection for disposal of drilling waste in the ISR,

Federally, both INAC and NEB have regulations that apply to down-hole injection. The
Northwest Territories Water Board (NWTWE)Y and the National Energy Board (NEB) each have
jurisdiction over drilling waste management in the 1SR, In 2008, the NWTWB and the NEB
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sighed a memcrandurm of understanding that minimizes duplication of effort in applications
seeking authority fo dispose of waste by means of down-hole injection. The purpose of the
Memorandum of Understanding is to ensure that water licence applications to the NWTWR for
issuance of water licences that include a request for disposai of waste by down-hole injection
are reviewed by hoth parties with a minimum of dupiication (NEB, NWTW8S, 2008c).

4.3.3 Regional Treatmeni/Disposal

The regional site may be a central down-hole disposal facility, but could also be a centrai
landfili. Both oplions would be considered new to the ISR and would have to meet federal and
territorial reguirements. Whether a central down-hole disposal facility or a central landfill is
chosen, the regulatory and permitting requirements will be relatively similar.

For either regional option, siting is important, Suitable site characteristics are required for both
landfills and injection wells. Also, as previously mentioned and as a best practice, MACA's
guidelines for modified solid waste sites should he used.

4.3.4 Trucking out of Northwest Terrlories te an Approved SHe

Trucking the waste out of the NWT to an approved sife would require the approval of the
receiving facility. On-site ireatment of the drilling wasie 1o remove waler would also have {0 ba
congidered for this option. Off-sife treatment and/or disposal would require fransportation and
any assocciated regulaiions for the destination. The drilling waste would need to be sampled and
classified and freated according o the recelving facility’s regulations,

Typicaily, drilling wasie is classified as non-hazardous. However, should the waste be tested
and meet the definition of hazardous waste, additional reguiations sucl: as the Export and
Import of Hazardous Waste and Harzardous Recyclable Material Regulations and the
Interprovincial Movement of Hazardous Waste Regulations will apply for transportation within
Canada. if the drilling waste is fransported 1o Alaska, the Basel Convention on the Conirol of
Transboundary Movements of Hazardous Wastes and their Disposal would govern.

4.4 Summary of Regulatory Reguiraments

For most of the drilling wasie disposal options, the regulatory requirements and most of the
licensing, permitiing and approvals will apply to the main proiect (1.e., well drilling) as opposed
{0 being specific to the drilling waste disposal method. The one exception to this is the regional
treatment/disposal facility since H is more than simply a component of a project and can be
considered a project in and of itself. This does not necessarily mean that the regional facility will
need to comply with stricter environmental and operating requirements; just that there will be
more permitting and approval reguirements. However, there are limitations on each disposal
option discussead.
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Given increased public scrutiny and climate change concerns, it may be difficult to obtain
regulatory buy-in for sumps. Geolegical investigations and appropriate disposal settings are
necessary for deep-well injection and landfill disposal. If trucking of the waste outside the NWT
is considered, it will be necessary to obtain approval from the receiving destinations and comply
with local handling, storage and transportation regulations.

The key legislation, regardless of the disposal option, is the IFA, NWT Water Act, CEAA and
COGOA. Co-ordination between the various government bodies has heiped o reduce
redundancy and streamiine the regulatory approval process. For every disposal option, it is best
to be timely and forthright with ail of the proiect and engineering details, including the method of
ariliing waste disposal.

Lasily, the key piece of regulatory advice, as with all aspects of an oil and gas project, is that it
is vital to make the intended disposal option(s) known to the Community Corporation(s} and the
Hunters and Trappers Comemnittee(s) {(either Inuvik, Aklavik or Tuktoyakiuk), and fo residents
most likely 1o be afiected so that their concerns can be addressed in the planning phase. This
will expedite the approval process. Because many government and Inuvialuit organizations
must be consufted during the authorization process, it is vitally important to start early and not
rush the regulatory and assocciated consultation processes.
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8.0 DISPOSAL OPTION CONCEPTUAL COST ESTIMATES

The methods and assumptions used to develop concepiual cost estimates for the five disposal
options are described in the following sections. These estimates are classified as Class V
estimates, having a low level of project definition (AACE, 1997). They are defined as being
feasibility or screening level estimates designed to show a realistic relationship between the
disposal options and having a low (i.e., order of magnitude) level of accuracy (+/- 100%).

5.1 Work Breakdown Siruciure

The cost estimates use a Work Breakdown Siructure (WBS) to describe how the work is
organized and to define the activities and tasks required to complete the work. The WBS is built
up through a number of line items that serve as the basis for the estimate. Each line item
combines an estimate of quantity for the activity and task with an appropriate unit price 1o
produce the line item cost estimate. The WBS includes a breakdown of the disposal option,
activity and assoclated tasks.

.11 Activity and Task

The WAS incorporated the activities applied {o each disposal option along with the associated
tasks for each option. The activities for each disposal option were identified as follows:

@ engineering/permitting,;
@ equipment;

@ construction,

® lifelimea operation; and

@ closure.

52 Quantity Estimates

The quantity estimate was developed from available characterization data, from data obtained
from public sources in the literature review and from the application of generic guantity factors
hased on the availabifity of data. The data sources and the methods used to develop potential
drilling waste guantities are described in the following sections.

5.2.1 firilling Waste Volumes

The volume of potential drilling waste generated over a perfod of 25 years was determined by
assuming compiletion of proposed projects as well as additional volume based on a hypothelical
number of future wells. Proposed projects include the Mackenzie Gas Project (L.e., Taglu,
Niglintgak and Parsons Lake) and a 2008-t0-2011 exploration program planned by MGM
Energy Corp.
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For the purpose of determining generic drilling waste volumes, the depth of wells was estimated
to be 2,500 m per well, based on the range of well depths for previous wells. The Drilling Waste
Management Recommended Best Practices suggests volumes of 0.25 m® to 0.5 m® of drilling
wasie per meire of well depth. The quantity assumption for the cost estimate assumes the
higher end value of 0.5 m®,

The estimated volume per metre was muitiplied by the estimated poteniial well depth and again
by a number of wells to achieve the total potential volume of drilling waste. Using generic well
depths as an exampie, the calculation was completed as follows:

Total Potential Drilling Waste (m®) = 2,500 m (depth) * 0.5 m* {potential volume)
* 250 welis = 312,500 m®

5.2.2 Composition and Density

Both the sclid and liguid components of drilling wasle were considered in the cost estimates.
This was necessary because of the differing costs and disposal methods required for solids and
fiquids in at least one of the disposal options. While the ratio between solids and liquids is highly
variable, drilling waste was broken down info a representative value of 66% solids and 34%
fiquids (Shell, 2005).

Because some unit prices are represented on a fonnage basis, it was necessary to determine a
soil density conversion value to use for drilling waste. The density of drilling fiuid is highly
variable and dependent on the original composition as well as addiiives used to alter the fluid to
suit conditions. Based on a number of dala sources and on analytical resulis, an estimaied
value of 1.5/ m® was used to convert the waste volumes to tonnes.

53 Disposal Gutside the Northwest Territorles

This option takes into consideration the dispasal of both solid and liguid drilling wastes oulside
the NWT. Solids would be transported to the CCS Northern Rockies fandfill in BC. Liquid wastes
are not eligible for disposal at this location and therefore must be transported farther south to
Silverbetry for injection. Unit prices are provided in Table 18 and are used as a basis for the
cost estimate.

H.4 Waste Uisposal Sump

Unit prices for a waste disposal sump are shown in Table 19. This option takes inio
consideration the engineering, construction and monitoring required to consiruct and operate a
SLIMP.

5.5 On-Site Waste injection

This option takes info consideration the injecting of solid and liguid drilling wastes inio an on-site
well. Several variations of the waste injection option are possible; however, only annular
injection and injection into a dedicated well have been included as part of this estimate. The
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conversion from an exploratory well o a disposal weil would require engineering and conversion
costs, but overail the costs wouid be significantly reduced because a dedicated disposal well is
not reguired.
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Annuiar injection may be used for the disposal of drilling waste in a production well, however,
this option may be geolegically limited in this region. Shell has stated that annular injection is
not an option at Niglintgak because the formations hetween the hase of the permafrost and the
top of the gas production reservoir are not suitable for injection. However, there may be areas in
the 1SR suitable for annuiar injection. Either of these latter options is site and project specific.
Unit prices are provided in Table 20 and are used as a basis for the cost estimate.

5.6 Regional Waste Disposal

561 frjection Well

The option of using a regional injection well to dispose of drilling waste requires the construction
and operation of a centralized facility to handle drilling wastes from multiple scurces and
transportation networks to transfer waste to the facility. Using current technologies, both solid
and liquid waste would be disposed of at this facility. The volume of waste that a formation can
acoept varies and it has been assumeaa that a single disposal well can be used for the disposal
of up to 125,000 m® of drilling waste. Given this assumption there may be a tolal of three welis
required at such a facility to accommodate the estimated poiential volume of 325,000 m®. Unit
prices are provided In Table 21 and are used as a basis for the cost estimaie.

8.6.2 Landfil

Similar to the regional injection facility, this option is a centralized landfill designed fo contain
drifiing wastes from multiple sources and would reguire construction and mainienance of a
fransportation network to transfer waste to the facility. As was the case when disposing wastes
at a landfill ouiside the NWT, this option requires differentiation between solids and fiquids.
Solids will be disposed of at this facility while liquids are assumed 1o be ransporied ouiside of
the ISR and taken to Silverberry for disposal. Unit prices are provided in Table 22 and are used
as a hasis for the cost estimate.

5.7 Waste Disposal Option — Summary of Cost Estimates

A surmmary of the five disposal options is provided in Tables 23 and 24. The cost-effectiveness
of the opticns varies depending on the voiume of drilling waste. Table 23 shows the fotal cost
for each disposal option for & number of different weil count scenarios. The fable indicaies that
a regional injection facility becomes the most cost-effective option if the drilling waste from over
24 wells is injected. A waste disposal sump is the least costly option for less than 24 wells or
45,000 fonnes of drilling waste.

Tabie 24 compares the cost of each drilling waste disposal option on a per tonhne basis for a
number of well count scenarios. If a regional injection facility is used, the cost of drilling waste
disposal reaches $194/ionne if the waste from 300 wells is injected.
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6.0 COMPARATIVE ANALYSIS

8.1 Approach

To ciearly evaiuate the potential impacts of each drilling waste disposal option and select &
preferred disposal method, a comparative analysis was dene. The objective was to ensure that
a wide range of issues were {aken into account when comparing the options. The issues,
selected by ESRF, are represented in four main categories:

e environment;

® socio-cultural and economic;
& feasibility; and

@ cost.

Factors that represent potential benefits and/or impacts that may result from the use of each
disposal method were included in each category. A process of pariicipation by and discussion
among members of the AMEC project team was used o design the decision matrix in order to
identify appropriate categories and faciors that would address key aspects of the drilling waste
disposal oplions. These caltegories and associated factors are iisted in Table 25.

Tabte 28: Decision Matrix Calegories and Factors

Category Fagtor Comment
Ehvironment Surface Water Exposure Potential for dispesal option to result in an
Groundwater Exposura exposure

Direct Contact Exposure
Food Chain Exposure

Airborne Exposures Potential for air emissions due to equipment
activity required to impiement the disposal
opiion

Impact of Climate Change Potential ilﬁ‘fjléﬁ%fﬁ climate change on the

integrity of the drilling waste disposal option.
{The impact of the disposal option on diimate
change was not considered).

Socio-Cuttural and Traditional Land Use and impaci of the disposal option on traditional
Economic Culiure land use and culiurat values
Esthetcs
Business Opbbréuﬂities Impact of the disposal eption on commaercial
Jobs and employment opportunities.
Feasibility Technical Extent of technical resources required to
implement the disposai opticn
Reguiatory Extent of regulatory approval required {o
implement the disposal option.
Safety Extent of safety risks encountered in
implementing the disposal oplion
Capital and Cost io Construct Relative costs required to implement each
Operating Costs Cost fo Operate and Maintain | disposal option
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6.1.1 Standardization of the Matrix

To properly illustrate the results of the decision matrix, the data were standardized. Because of
the different number of factors within each calegory, it was necessary 1o standardize in order to
represent each factor equally and accurately compare the resulis of each category. Ali of the
results presented in the following sections have been standardized.

6.1.2 Numerical Weighting

After the categoties and associated factors were identified, each factor was assigned two
numerical weighted values: one value based on its importance, as perceived by AMEC, and the
other value based on the likelihood of occurrence andfor impact. For both importance and
fikelihood, a scale of 1 to 5 was used, with five representing the most desirable choice or
outcome, and one representing the least desirable choice or outcome (e.g., for the factor of
“Cost 1o Construct”, 5 represents a low cost while 1 represents a high cost).

The resulting score for each factor was the product of the numerical value for impostance, the
numerical value for likelihood and the weighting for each category. A total score for each
disposal option was calcuiated by adding up the individual scores for aach factor. The preferred
disposal option was the one with the highest score. This calculation is as follows:

Score = Importance x Likelihood x Weight
Overall Score for each Disposal Option = {Environment Factors Total Score} +
(Socio-Cultural and Economic Factors Total Score) + (Feasibility Factors Total
Score) + (Capital and Qperating Cost Faclors Total Score)

#is important to recognize that the scores are sighificant hecause of their relative values only,
not because of their absolute values {i.e., the disposal option with the highest score is perceived
to be the mosgt desirable option; the score does not yield any additional information other than
this preference relative to the other options). Furthermore, the scores are relevant within the
same categories and factors only; individual scores cannot be compared against different
factors and/or categories o obtain a meaningful result.

A value for likelihood was assigned {o each disposal option based on the assumption that each
would be constructed and/or implemented using current technology and best management
practices, Mistorical chaflenges with each disposal opticn that may have been afiributed 1o
outdated technology or methods were not considered when assigning fikelihood values.

Prior to completing the comparative analysis, AMEC conducted research on and a technical
review of each disposal option. This exercise was used io develop the categories and factors
presented in the decision matrix, and aliowed AMEC to determine the likelihood of the disposal
options having an impact on each of the factors. The likelihood of impact is objective, because it
is based entirely on the technical characteristics of the disposal option and not on petrsonal
opinions or interpretations. Therefore, AMEC evaluated likelihood for each factor, whereas the
stakeholders were asked {o evaluate imporiance, Imporiance is subjective because it is based
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on an individual's values, priorities and perceptions. Stakeholder validation of factor importance
is discussed further in Section 6.1.3.

When evaiuating the likelihood for each factor, AMEC considered unconiroliable versus
controllable risks for each option. For example, when building a sump, most aspects of the
design and construction are controllable and not impacted by external factors. However, when
trucking material ouiside the NWT, there are many uncontroliable factors (e.g., poor weather,
collisions with wildlife and/or other vehicles, poor road conditions). Furthermore, AMEC
considered the conseguence of each option impacting the factors. For example, a low
conseqguence result was rated higher {i.e., more desirable) than an impact with a high
conseguence result.

The factors and categories were presented in a structured matrix to facilitate side-by-side
comparisons of each dispesal eption. All inputs were based on a drilling waste volume scenario
of 375,000 m®,

6.1.3 Stakeholder Valldation

1o evaluate the five disposal oplions, AMEC contacted interested and affected parties from
three diverse groups: the 1SR, petroleum and exploration companies active in the ISR, and
federal government regulators.

The Inuvialuit stakeholders represent the various crganizations representing the peopls of the
I5R. The regulators represent organizations that are active governing hodies assocfated with
drilling activiiies in the 1SR, The three induslry represeniatives wera chosen because of their
past, current and/or future drilling activities in the 1SR,

Al stakeholders were sent the same letter in which they were given basic background
information on drilling waste, the disposal options, the project and the comparative analysis.
They were asked o indicate the importance to them of each Tactor and their preferred disposai
option, and to include any associated commenis. A copy of this letter is included in Appendix
AT, Within ten days after mailing the letier, each stakeholder was contacted by telephone by an
AMEC representative to discuss any guestions or comments they might have. The stakehoider
categories, stakeholder groups and organizations and position of sach contacted stakeholder
group or arganization are shown in Table 26.
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Table 26; Stakeholder Representatives Contacied by AMEC

Stakeholder Company/Organization individual Contacted
Group
Inuvialuit Joint Secretariat Chairperson
[nuvialuit Game Council Chairperson
Inuvialuit Land Administration Chief Land Administrator
Aklavik Community Corporation Chalrperson, Office Manager
Inuvik Community Corporation Chairperson, Corporation Manager
Tukioyaktuk Community Corporation Chaérpersonm
Aktavik Hunters and Trappers Committee President, Office Mahager
Inuvik Hunters and Trappers Commitiee President, Office Manager
Tuktoyakiuk Hunters and Trappers Committee | President, Office Manager
z‘iﬂiﬁfgmder CompanylOrganization individual Contacted

Regulators

Environment Canada, Environmental Impact
Assessment Section

Mackenzie Gas Project Review
Team Member

Indian and Neorthern Affairs Canada

District Manager

NWT Water Board

Executive Director

| Government of the NWT

Industrial Specialist - O#f and Gas

industry Chevron Canada Resources Envirenmental & Remediation
Specialist
MGM Energy Corp. HSE Advisor
Shell Canada Energy Reclamation and Drilling Waste
Manager
§.1.4 fruvialult and Stakeholder Response

uvialuit and stakeholdar responses to AMEC’s request for opinion were limited 1o the

following:

® one response from industry;
® two responses from the huvialuit, and
® two responses from the reguiators.

Generally, the reasons provided for not participating in the study included:

© fack of ime;

® disagreement with the waste disposal options presented;

@ disagreemert with the format and engagement method used; and
@ a perceived lack of gualification.
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Appendices A3 through AL include the response, as completed by each group that responded
to AMEC’s request for feedback. It was the opinion of the ESRF Technical Advisory Group
(TAG), with which AMEC agrees, that the number of responses was insufficient to conduct
further comparative analyses of the options from the viewpoint of the Inuvialuit and
stakeholders.

AMEC's discussion regarding the Inuvialuit and stakeholder respanses is included in Appendix
A2.

6.2 Comparative Analysis Resulls

AMEC completed the decision matrix with values for importance and likelihocd for each factor;
importance based on AMEC's values and priorities, and iikelihood hased on the technical
characteristics of each option. The completed version of the decision matrix is shown in Table
27.

AMET ranked the environmenial and socio-culiural and economic faciors with a highar
importance than the cost and feasibility factors. In AMEC’s opinion, these factors are critical
because they have the potential {o affect human health, fraditional values and the environment,
Although cost and Teasibiity are important (o project budget and scheduling, they do not affect
health or life; so they were ranked with & lower vaiue for imporiance. An expianation of the
methodelogy used to assign likelihood values within each category is included in the following
sections.

g8.2.1% Erviroment

Within the category of environment, the on-site disposal opiions had the highest scores
indicating that they are the preferred disposal choice from this perspective. Both or-site sumps
and on-site waste injection involve minimal waste handling (hecause the waste is contained on
site), requires minimal additional equipment and would hot be significantly impacted by climate
change. Furthermore, current technology and best practices provide assurance that waste can
be permanently contained, thus reducing the risi of exposure to surface waler, groundwater, air
or the food chain.

PDisposal cutside the NWT had the lowest score in this category, and was significantly lower
than any other option, indicating that i the least preferred disposal option within the environment
category. Because this option involves repeated handling of the waste and a significant hau
distance requiring many iruckloads, there is a heightened risk fo human healih, surface water,
food chain and air quality. Furthermore, climate change may impact the ability of trucks to use
winter roads over extended periods of time.
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6.2.2 Socio-Culiural and Economic

Within the socio-cultural and economic category, an oif-site landfill and disposal outside the
NWT were the preferred disposal methods. Disposal outside the NWT results in waste being
permanently contained outside the ISR, thus resulling in minimal impact on esthetics and the
potential for local business opportunities and employment in the transportation sector. This
option does have some impact on traditional land use and culiure because the exiensive
trucking activity may result in collisions with wildlife; however, the positive impacts of the other
factors balance out this impact. Although an off-site landfill would be located on ISR land,
resulting in impacts to traditional land use and culfure and esthetics, this option represents an
excellent opportunity for business development and employment, because the construction and
operation of a landfill requires considerable labour and resources. Cff-site waste injection
represents a minimal impact on both traditional land use and culture and esthetics; however,
hecause it does not yield as significant an apportunity for local husinesses and employment,
there was less of a preference for this option than for the other two off-site disposal options.
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The on-site disposal options were least preferred within the socio-cuitural and economic
category. Although the construction and ongoing enviranmental monitoring of an on-site sump
provides local business and job opportunities, the cumulative effect of a sump at each well site
with the waste remaining on ISR land represenis a significant impact on both traditional land
use and esthetic values. Alternatively, on-site waste injection has a minimal poetential impact on
land use and esthetics. However, because it provides minimal opportunities for Inuvialuit
involvement in business and empioyment, it is not a preferred option within this category.

6.2.3 Feasibility

Within the category of feasibitity, the on-site sump was the most preferred disposal option,
compared o all of the other options. Because the regulatory framework for a sump is
well-established, the current design and construction methods are well-understood and there
are minimal safety risks during the construction and maintenance of a sump, the on-site sump
was mosi preferred.

The other four opiions had a lower feasibility score. Both on-site and off-sife waste Injection
require refatively intensive design and planning of the technical requirements and are subject io
an unceriain regulatory framework. However, as described in Section 4.3.2, the NEB and INAC
have sighed a Memorandum of Understanding intended 1o sireamline the reguiatory process
associated with waste injection, Although an off-site landfill has relatively few safety concerns
and a well-undersiood construction design, the regulaiory framework for this option is still in the
early development stages, making it & more difficult option to implement. Disposal cutside the
NWT has minimal technical requirements, because haui routes and trucking methods are
well-understood and few approvals are required. However, the exiensive handling of wasle and
significant haul distances present many unconirollable risks (e.g., weather, wildlife, other
drivers, road conditions) that may pose heighiened safety risks.

§.2.4 Coat

Within the cost category, off-site waste injeciion was most preferred because the costof a
regional injection facility becomes increasingly more economicat with an increasing number of
welis. Disposal outside the NWT was the least preferred option within the cost category,
because the significant haul distances resuli in this option not being economical. Because an
off-site landfill cannot accept fiquid waste, a dedicaied disposai well is likely required, resulting
in signitficant costs for this option. On-gite waste injection may not be economical unless annular
injection is feasible.
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7.0 RECOMMENDATIONS

7.1 Dieilling Waste Disposal Option

The recommendead option for drilling waste disposal in the ISR, identified through use of the
decision matrix and developed and completed by AMEC, was on-site waste injection. This was
followed by on-site sump disposal, disposal outside the NWT, off-site waste injection, and off-
site landfill disposal. However, choosing a specific waste disposal method is complex and must
invoive site-specific and project-specific considerations since some sites will not be suitable for
on-site waste injection or sump disposal. Further, it is expected, once resource development
shifts from the exploration phase to the development phase, that off-site injection at a regional
wasie disposal facility would become the preferred option.

Table 28 can be used as guide in choosing a drilling waste disposal option when more detailed
information is available. This table recognizes two potential types of drilling waste (i.e., water-
based and non-agueous), the suitability of the snvironment in which the activity occurs, the
project scale (i.e., an exploration program with less than 10 wells versus a muiti-well
development program), and whether or not there is a regional waste management facility in the
activity area. The table suggests a Tst, 2nd and 3rd choice of drilling waste disposal opiion.

Iy Table 28, environmental suitability is inlended to address favourable areas for the
construction and use of driling waste disposal sumps. Generaily, these favourable areas would
include upland areas located ouiside the Mackenzie Delta and would include the physiographic
regions identified in Figure 11. Favourable areas would also include those that are not locaied
in protected areas, are not ulilized by the Inuvialuit for traditional land uses and are not locaied
in sensitive areas utliized by wildlife. i is important to note that the use of a sump as a disposal
method is recommended only under the following conditions:

@ when no regional waste disposal facility is available;

@ when on-siie wasie injection is not feasible;

@ when the drilling waste is water based and will freeze under site conditions;

@ where the environment is favourable for construction and long-term containment; and
@ where wastes are generated during an exploration program.

7.2 Preparation of Drilling Waste Disposal Guidance Material

AMEC, in agreement with ESRF's Technical Advisory Group, suggests that discussions
involving the regulators, industry and appropriate 1SR representatives would be useful for the
development of guidance material that specifically address the management of drilling waste in
the ISR, This guidance material would have to recognize and address current regulations, the
environmental diversity of the 1SR and the type and quantity of drilling waste expected to be
generaied by oil and gas development and exploration in the foreseeable future.
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Table 28: ISR Drilling Waste Disposal Option Selection by Scenario 2T eco

Scenario Waste Management Option

Regional Waste Disposal
Management | Outside of the
Centre NWT

Regional or NO
Project Type Regional Waste On-site Sump
Management Centre

On-Site Waste
Injection

Environmental
Suitability

T g 1st Choice
2 2nd Choice
Legend 5
B! s 3rd Choice
- Not Recommended
Regional Waste | ' 5
Management Centre | i A s
Exploration - e -
@ NO Regional Facility -
i) Favourable Sump ity b
ﬁ Environment :
Regional Waste ! e
O ; ; :
® Management Centre |
E Development
'8 NO Regional Facility
©
o Regional Waste
% Management Centre |
[0y Exploration
m .
5 TT— NO Regional Facility 5
"(-U‘ Sump
; Environment Regional Waste
Management Centre |
Development
NO Regional Facility }
L]
= Regional Waste
o M
= anagement Centre |
Exploration
—_
oL
) _% NO Regional Facility |
3 N |
) (b} )
) Regional Waste :
anagement Centre |
g gt |
1 Development
ZO NO Regional Facility |

ISR Drilling Waste Disposal Recommendations_2nd draft.xls, 05/13/2009 AMEC Earth & Environmental
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7.3 Review of Inuvialuit and Stakeholder Feedback

AMEC agrees with the ESRF Technical Advisory Group's concern that the adequacy of the
responses from the ISR interests, industry and the regulators was considered insufficient to
include in the guaniitative analysis conducted in this study. As a result, if is recommendad that
further consultations take place, particularly with 1SR representatives, to verify or supplement

the findings of this study.
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8.0 PROJECT CD

8.1 Contents

A CD containing the project report is included in Appendix B. The CD containg the following
files:

9 1SR Drilling Waste Disposal Options Decision Matrix.xis:
@ ISR Drilling Waste Disposal Opliens Cost Estimates.xls; and
® a PDF version of this report,
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9.0 CLOSURE

The work described in this report was conducted in accordance with the Scope of Work outlined
in the proposal and with generally accepted engineering and assessment practices. The
Limitation of Liability, Scope of Report and Third Party Reliance statements in Appendix C form
part of this document.

Respectfully submitted,

AMEC Earth & Environmental

Reviewed by:
/ W
E. Christopher Wenzel, R.P.T. (Eng) Bruce Ramsay, MNRM
Associate Environmental Specialist Group Lead Human Environment Group
Jennifer Hedayat, B.Sc.Eng., E.I.T. Dean K. Wall, M.Sc., P.Eng.
Environmental Engineer Senior Associate

Mo Foo¥ REGISTERED PROFESSIONAL

TECHNOLOGIST (ENGINEERING)

Mike Panek, B.Sc. Environmental Specialist E. CHRISTOPHER WENZEL

Simm—,AA:M&Q’ﬂZ

o Defined Scope of Practice: Within the discipiine of
environmental Englneering: Design, report and man-
) aga environmental liabiity assessments and Phasa |

and Phass Il environmental site assassmants,

Krista Maydew, M.A. Human Environment Specialist | "Gzoroaers i atomis onAL ENGINEERS, |

-

Sarah Jadot, P. Eng. Environmental Engineer

ECWi/cf APEGGA Permit to Practice #P-04546
AMEC Earth & Environmental
A Division of AMEC Americas Limited
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amec®

_October 2008

Dear .
Re: Evaluation of Drilling Waste Disposal Options in the Inuvialuit Settlement Region

AMEC Earth & Environmental (AMEC) is a consulting business that offers environmental,
geotechnical and water resources services to clients across Canada and throughout North
America. Environmental Studies Research Funds (ESRF) is a joint federal and petroleum
industry funded research program that sponsors environmental and social studies related to oil
and gas exploration and development in Canada’s frontier lands.

ESRF has contracted AMEC to evaluate five options for the disposal of petroleum drilling waste
from onshore wells in the Inuvialuit Settlement Region (ISR). This study considers current
disposal technologies that have been successful in northern locations like the ISR. Historically,
some methods of drilling waste disposal have not worked well. However, improvements to
design and construction procedures and the use of industry best practices for drilling waste
management has resulted in current waste disposal technologies that are successful in northern
environments. The information you provide, along with AMEC'’s research and technical
considerations, will be used to create a decision—-making tool to guide the choice of a preferred
drilling waste disposal method.

To evaluate the five disposal options, AMEC is contacting interested and affected parties
including: representatives from Inuvialuit Hunters and Trappers Committees, the Land
Administration and three mainland ISR communities; federal government regulators; and
petroleum exploration and development companies that are active in the ISR.

The purpose of this letter is to ask for your feedback on the five options for disposal of drilling
waste and the factors that will be used to evaluate and compare each of the options. Your
opinion will be taken into consideration in the final evaluation and recommendations of the
drilling waste disposal options.

This letter also includes:

o a description of the amount and type of drilling wastes produced by exploration activities
in the ISR,;

o a description of the five options for disposal of the drilling waste;

o a list of factors to compare and evaluate each of the different disposal options; and

o two tables for you to complete.

1.0 Drilling Waste

Drilling waste is a mix of both drill cuttings (rock fragments) and drilling mud or fluid (used to
assist drilling activities). The drilling mud typically used for oil and gas operations in the ISR is a

AMEC Earth & Environmental

A division of AMEC Americas Limited

221 — 18" Street S.E.

Calgary, Alberta, CANADA T2E 6J5

Tel: +1 (403) 248-4331
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salty fluid designed to help reduce the freezing point of the mud. Potassium chloride salt (KCI) is
the mineral used, with the amount of KCI in the drilling mud ranging from 3% to 8%. This
amount of KCl in drilling mud is comparable to sea water, which has a 3.5% salt concentration.
The drilling waste created as a result of drilling activities is water-based and non-hazardous.

2.0  Amount of Drilling Waste

Each well drilled in the ISR will produce drilling waste. The following wells may be drilled in the
future:

o Mackenzie Gas Project — about 42 wells over the next five years; and

° about 10 wells per year may be drilled by other petroleum exploration companies that
are active in the ISR.

The total amount of drilling waste that these wells might produce over five years is about
100,000 cubic metres, covering an area of 10 hectares (25 acres) if spread evenly to a depth of
one metre. The amount of drilling waste produced by a single well depends largely on the depth
of the well. AMEC has assumed-that the average well would be about 2,500 metre deep and
would produce drilling waste at a rate of about 0.5 cubic metres per metre of depth.

Drilling waste volumes have decreased significantly since the 1980s. With less waste, less land
is required for disposal and fewer resources are needed.

3.0 Disposal Options

This study is focussing on five drilling waste disposal options, including both on-site and off-site
disposal methods. These options are:

o On-Site Waste Disposal Options:

a Disposal Sump - a disposal sump is a widely used method of waste disposal,
involving a pit dug into the ground into the permafrost layer to contain the waste,
at or near the well site. Historically, sumps have had limited success within the
ISR due to poor design and construction methods. However, modern technology
and construction methods are designed to ensure permanent containment of the
drilling waste (pre-construction site assessments, smaller sumps, deeper
containment, engineered design, detailed monitoring programs, and increased
regulatory participation). This option requires no additional infrastructure beyond
what is already present for on-site drilling activities. The average surface area of
a sump built for a well in the ISR is comparable to the size of a basketball court.

a On-Site Waste Injection — waste injection is pumping the drilling fluids and
cuttings back underground, directly at the well site. The drilling waste is injected
back into the well and is permanently contained in a geological formation several
hundred metres below ground surface. This option requires additional temporary
infrastructure other than what is already on-site for drilling activities (tanks,
grinding equipment etc.). Although this technology has not been used previously
in the ISR, it is used extensively and successfully in Alaska.
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e Off-Site Waste Disposal Options:
All off-site waste disposal options involve waste handling, containment, pre-treatment
and transportation to the designated disposal area, using a network of winter/ice roads,
barges, all-season roads and/or trains.

o Off-Site Waste Injection — this option uses the same technology as on-site waste
injection, however it would occur at a designated location in the region away from
the original well sites. A regional injection site would be built, with the capability
to contain drilling waste from numerous wells located throughout the ISR.

] Landfill - a secure landfill is a carefully engineered containment area for drilling
waste and/or other oilfield wastes. A synthetic liner inside the landfill and a
granular cover on top of the landfill is used to avoid mixing of the waste with the
surrounding environment. A regional landfill would be built to permanently store
drilling waste from numerous wells located throughout the ISR. Landfills are a
frequently used waste disposal option in the NWT. Numerous Distant Early
Warning (DEW) sites in the NWT have been cleaned up by building single-use
landfills.

=] Haul out of the NWT — transportation networks like winter/ice roads, barges,
all-season roads and trains would be used to haul waste from the well site to a
suitable landfill in Alberta or British Columbia. This option is based on current
regulations that allow waste to be transported and disposed of across provincial
boundaries. It requires multiple handling of the drilling waste, is seasonal-
dependent and energy intensive, involving many truckloads to transport all of the
waste to and from the barge loading/unloading sites or directly out of the NWT.

4.0 Factors

AMEC intends to evaluate the five drilling waste disposal options using the factors shown under
the four categories listed below. We would like your feedback on the four categories and factors
associated with them. Specifically, we would like to know:

° Are the four categories complete? Or, do you think that there are there other categories
that should be considered in the evaluation?

° How important to you are each of the factors listed under the categories in evaluating the
different waste disposal options?

The current list of factors includes:

° Environment:
Q Surface Water Exposure
] Groundwater Exposure
m} Direct Contact Exposure
] Food Chain Exposure
a Airborne Exposures
a Impact of Climate Change
° Socio-Cultural and Economic:
a Traditional Land Use and Culture
a Aesthetics

JACE03807 - Drilling Waste Disposal Options\Techinfo\WorkingDrafts\Decision Matrix\Stakeholder Responses\Iindustry\ AMEGC Sump Disposal Option Survey Itr ce03807-oct7-
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m} Business Opportunities
a Jobs
o Feasibility:
a Technical
a Regulatory
a Safety
o Capital and Operating Costs:
a Cost to Construct
Q Cost to Operate and Maintain

We would also like to know which disposal option(s) you prefer among the five options being
evaluated. On Page B of this letter, please indicate your preference for each of the five disposal
options using a scale of 1 to 5, with 1 being your least preferred option and 5 being your most
preferred option.

AMEC has conducted extensive research and a technical review of each of the disposal

options. This exercise was used to develop the categories and factors presented here and will
be used to evaluate the waste disposal options. This research will allow users of the AMEC
study to estimate the likelihood of potential effects of each waste option on the categories and
factors listed here, based on technical considerations. The information you provide, along with
AMEC'’s research and technical considerations, will be used to create a decision—making tool for
land managers, regulators and people from industry to guide the choice of a preferred drilling
waste disposal method.

In summary, AMEC is requesting your opinion on the following:

The importance of each factor to you — Assign each factor a number between 1 and 5
(1 = not important at all, 5 = extremely important). Please provide this information in the
table on Page A, at the end of this letter.

2 The disposal options — which option(s) do you prefer? Assign each option a number
between 1 and 5 (1 = least preferred option, 5 = most preferred option). Please provide
this information in the table on Page B, at the end of this letter.

JACE03807 - Drilling Waste Disposal Options\TechInfo\WorkingDrafts\Decision Matrix\Stakeholder Responses\Industry\AMEC Sump Disposal Option Survey ltr ce03807-oct7-
wenzel-Etty.doc



Stakeholder
September 2008
Page 5 ame

A representative from AMEC’s Human Environment division (Krista Maydew or Bruce Ramsay)
will contact you within the next 10 days to discuss this letter, to answer any questions you may
have, to discuss your views regarding the factors used to evaluate each disposal option and
your preferences regarding the different disposal options.

Thank you kindly for your time and your opinion.

Yours truly,
AMEC Earth & Environmental

[ Wond

Chris Wenzel, R.P.T. (Eng)
Project Manager

AMEC Contacts:
Contact Person Phone Number Email
Chris Wenzel ;
Associate Environmental Specialist 403.259.8999 chils:wahzel@armec.com
Bruce Ramsay
Team Lead — Human Environment Group 403.569.6540 bruce.ramsay@amec.com
Krista Maydew .
Human Environment Specialist 705.720.2632 krista.maydew@amec.com
Jennifer Hedayat i
Environmental Engineer 403.204.9352 jennifer.hedayat@amec.com
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ecember 2006

APPENDIX AZ; AMEC REVIEW OF INUVIALUIT AND STAKEHOLDER RESPONSES

A2-1.0 ISR RESPOUNSE

AMEC received two responses from the ISR stakeholders; the Tuldoyakiuk Hunters and
Trappers Committee and the ILA.

The ISR representatives indicated that the environmental and socio-economic factors were
more important to them than the feasibility and cost factors. The original completed decision
matrices, including comments to explain the way the ISR represeniatives rated the factors, are
included in Appendix A3,

When asked to designate their most preferred disposal option, both ISR representatives
indicated that disposal outside of the NWT was most preferred. One represeniative indicated
that all other oplions would be least preferred, without differentiating hetween them, while the
other indicated that on- and off-site injection would be viable options, but an off-site landfill or
on-site sump would not. The preferred disposal options, as indicated by the ISR stakeholders,
are shown in Table A2-1.

Table AZ-1; 18R Preferred Disposal Options

Stakeholder Preference {i=least preferred, H=most ;}:’efe?réd}
Stakehiolder ite On-Site Off-Site f it Disposal
%l;:ie Waste Haste f};_‘igﬁ Guiside of
: Injection injection " the NWT
Tuktoyakiuk Hunters and 1 1 i 1 5
Trappers Committee _
Inuvialuit Land Adminisiration i 3 4 2 5

AZ-2.0 REGULATOR RESPONSE

AMEC received two responses from the regulalory stakeholders; the Government of the NWT
and the NWT Land and Walter Board. The original completed decision matrices, including
comments to explain the way the regulator representatives rated the Yaciors, are included in
Appendix Ad.

The representative from the GNWT provided ratings for the factors within the environment
category, indicating that exposures via surface water, groundwater and airborne were most
important. Direct contact exposture, foed chain exposure and impact of climate change were
rated as less important, not because they were seen 1o be less significant than the other factors,
but because i was felt that if the former three factors were elfiminated than the latter three would
not be an issue. Ratings were not provided for factors within the feasibility, socio-cultural and
econormic and cost categories.

SiProjest CAACeDIBOTVIN rpl-ce03807-2 1dectd-wenzel doo Page AZ-1
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The representative from the NWT Land and Water Board provided ratings for the factors within
the environment and feasibility categories. Surface water exposure, groundwater exposure and
direct contact exposure were rated as most important, while impact of ciimate change was rated
as least important. Both the technical and regulatory factors were rated as very important,
Ratings were not provided for the remaining factors, as it was indicated that they were not
directly related to the NWT Water Board mandate relaling to the deposit of wastes, as defined in

the NWT Waier Act.

When asked to desighate their most preferred disposal option, the GNWT representative
indicated that off-site waste injection and disposal outside of the NWT were the only appropriate
disposal metheds. The NWT Land and Water Board Representative indicated that both on- and
off-site waste injection were most preferred, and an on-site sump was least preferred. The
preferred disposal aptions, as indicated by the regulatory stakeholders, are shown in Table A2-

2.

Table AZ2-2: Regulator Preferred Disposal Options

_ Gtakeholder P)z;eference (1=least preferred, S=most preferred)
Stakeholder e On-Site Oif-Gite o i [isposal
{}stsilit Waste Waste ?gﬁgﬁ Oside of
] njection Injection A the NWT
GNWT 0 0 5 0 0
NWT Land and Water Beard 1 5 4 2 3

AZ.3.0 INDUSTRY RESPONSE

AMEC received one response from the indusiry stakeholders, frormn Chevron Canada

Resources. The original completed decision matrices, including commenis to explain the way
the industry representative rated the factors, are included in Appendix A5,

The industry representative indicated that within the category of environment, surface water
exposure was the most important factor, while traditional land use and cuiiure was the most
important factor within the socio-cultural and economic category. Al feasibility and cost factors
were rated with equal importance, feasibility rated as slightly more important than cost.

When asked to designaie their most preferred disposal option, the Industry representative
indicated that on-site sump, and both on-and off-site waste injection were all equally preferred,
with off-site disposal and disposal outside of the NWT least preferred. These preferred disposal
options, as indicated by the industry stakeholder, are shown in Table A2-3.

Table AZ-3: Industry Preferred Disposal Options

Stakehoider Preference (fzleast preferred, S=most preferred)
Stakeholder On-Site On-Site Off-Site Off.Site Disposal
Sum Waste Waste L andfill Cutside of
p Injection Injection * the NWT
Chevron Canada Resources 4 4 4 2 2
SiProject CoMCEB38G7MN rpk-ce03807-21 dechf-wenzet.dos Page AZ-2
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9.

10.

11.

Limitations

The work performed in the preparation of this report and the conclusions presented are subject to
the following:

(a) The Standard Terms and Conditions which form a part of our Professional Services
Coniract;

(b} The Scope of Services,

(c) Time and Budgetary limitations as described in our Contract; and

{d) The Limitations stated herein.

No other wairranties or representations, either expressed or implied, are made as to the
professional services provided under the terms of our Contract, or the conciusions presentad.

The conclusions presented in this report were based, in part, on visual chservations of the Site
and attendant structures. Our conciusions cannot and are not exiended {o include those porticns
of the Site or siructures, which are not reasonably available, in AMEC's opinion, for direct
ohservation.

The environmentat conditions at the Site were assessed, within the limitations set out above,
having due regard for applicable environmental reguiations as of the date of the inspection. A
review of compliance by past owners or occupants of the Site with any applicable local, provincial
or federal by-laws, orders-in-council, legislative enactments and regulations was not performed.

The Site history research included obtaining information from third parties and employees or
agenis of the owner. No attempt has been made to verify the accuracy of any information
provided, unless specifically noted in our report.

Where testing was performed, it was carried ouf in accordance with the terms of our contract
providing for testing. Other substances, or different quantities of substances testing for, may be
present on Site and may be revealed by different or other testing not provided for in our contract.

Because of the limitations referred 1o above, different environmental conditions from those stated
in our report may exist. Should such different conditions be encountered, AMEC must be notified
in order that it may determine if modifications to the conclusions in the report are necassary.

The ulilization of AMEC's services during the implementation of any remedial measures will allow
AMEC to observe compliance with the conclusions and recommendations contained in the report,
AMEC’s involvement will aiso aliow for changes to be made as necessary {o suit field conditions
as they are encounterad.

This report is for the sole use of the party to whom | is addressed unless expressly stated
otherwise in the report or centract. Any use which any third party maikes of the report, in whole or
the part, or any reliance thereor or decisions made based on any information or conclusions in
the report is the sole responsibility of such third party. AMEC accepts no responsibility
whatsoever for damages or loss of any nature or kind suffered by any such third party as a result
of actions taken or not taken or decisions made in reliance on the report or anything set out
therein.

This report is not to be given over to any third parly for any purpose whatsoever without the
written parmission of AMEC,

Provided that the report is still reliable, and less than 12 months old, AMEC will issue a third-party
reliance letter to parties that the client identifies in writing, upon payment of the then cuirent fee
for stich letters. All third parties relying on AMEC's report, by such reliance agree to be bound by
our propoesal and AMEC's standard reliance letter. AMEC's standard refiance letter indicates that
in no event shall AMEC be liable for any damages, howsoever arising, relating to third-party
reliance on AMEC's report. No reliance by any party is permitted without such agreement.
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