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1. INTRODUCTION

The Beaufort Regional Environmental Assessment (BREA) is a-stakeholder

regional researcimitiative that will make historical information available and gather new
information vital to the future management of oil and gaiviacin the Beaufort Sea.
BREA will help ensure¢he Inuvialuit,governmentstegulatorsjndustry, and all
Canadiansire better prepared for oil and gas exploration andldpmnent in the

Beaufort Sea by:

1. filling regional information and data gaps related to offslodrand gas
activities; and

2. supporting effective and efficient regulatory decisioaking by providing the
necessary data and information to all stakeholders.

BREA issupportingargeted research projects that will imprelvemanagement of oil
and gas duvities in the Beaufort Sedhe BREA area of study is the Canadian Beaufort
Seawithin the Inuvialuit Settlement Region (ISR), with emphasis on the dper waters
offshore where new>plorationLicences (ELs) have beemssued but also including the
broader northern aremveredwithin thelSR boundaries.

Figure 1. BREA Study Area (source Northern Oil and Gas Branch of
Aboriginal Affairs and Northern Development Canada 2011)
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This report is intended to provide a general description of potential oil and gatsesctiv
in the Beaufort Sea in the short to medium time period (15 years). It is to provide the
BREA Steering Committee, its working groups and arctic researchers ¥athcast of
industry activity they can use when assessing the priorities, scope amgl dinBeaufort
Sea research. It is also intended to help with understanding the implications of BREA
research findings.

The forecasts and opinions expressed in this report are the responsibility of LTLC
Consulting and Salmo Consialg Inc. and do not repsent thefficial position or vieve
of Aboriginal Affairs and Northern Developme@Ganada

2. HISTORY OF THE OIL AND GAS INDUSTRY IN THE
MACKENZIE BEAUFORT REGION

Thissectionbuildsont he 2009 report ABeaufort Regional
Summar y @d by LTe(gGonsulting and Salmo Consulting Inc. for the Canadian
Association of Petroleum Producers (CAPRhere recent information has been added it

is referenced.

Oil and gas development in the Mackenzie Valley began with the discovery of oil at
NormanWells by Imperial Oil LimitedImperial)in 1919, and the subsequent
construction of a topping plant in 1921. Hydrocarbon development continued to be
focused on Norman Wells until the 1950s.

Exploration activity in the MackenzigeltaBeaufortSearegion legan onshore in 1957
with earlyreconnaissanekevel ground and air studiéy the British American Oil
Company (BA),Chevron Canadhimited (Chevron)Dome Petroleunhimited (Dome)
Imperial, Shell Canad&imited (Shell),and others.

In 1961, the BritislAmerican Oil Company Limited (BA)hich later became Gulf
Canada Limited (Gulffompleted the first exploratory drilling in the MackenzietBel

This was followed by onshouwkilling for oil and gas at the Reindeer site on Richards
Island by a consorim comprised of BAShell and Imperial With the discovery of oll

and gas at Prudhoe B&jaskain 1968, exploration activity intensified throughout the
Western Arctic, particarly in the Mackenzie Delta ar@anadian Baaort Sea. In 1970,
Imperialreportedhe first discovery of oil in the Mackenzie Delta at Atkinson Point. The
discovery ofmajor gas fields by Imperialt Taglu (1971), Gulf at Parsons Lake (1972)
and Shell at Niglintgak (1973) resulted in fivet proposedviackenzie Valley Pipeline in
1974 and increased exploration and investment offshore.

LTLC Consulting and Salmo Consulting Inc. 2
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The ®ttlement of native land claims had a major influence on hydrocarbon development
in theCanadiarBeaufort Rgion during the 1970s and 1980%$rough the actions of the
Committee on Original Peopl&ntitlement (COPE), the Inuvialuit Lands Rights

Settlement Agreement in Principle was signed in 1978. This agreement led to completion
of the Western Arctic Claim Settlement and the Report of the Task Force on Northern
Conservation in 1984. These agreetasamiminated in the signing of the Inuvialuit Final
Agreement (IFA) in 1984. ThiE-A set aside a 906,430 square kilometer anedyding

much of the Canadian Beaufort Seferred to as the Inuvialuit Settlement Region

(ISR), which would be managed urrdée terms of the IFA.

Canadiaroffshore drillng in the Beaufort Sea begemthe early 1970s. The National
Energy Board (NEB) records show 1@anadian Arctioffshorewells have been drilled,
with 92 of these wells drilled in the Beaufort Segjion Historical well records show

that the industry operated in an extremely harsh environment, where drillships were often
forced off station by heavy ice. Records also show that numerous well kicks and
wellhead gas and water flows were encountered and ceuatrdet there havieeen no
significant oil spill incidents and the industry has a track record of technical innovation
(CAPP 2011)Numerous innovative drilling platforms and techniques were developed
and proven to operate successfully in the Canadianf@@&ea Table 1 summarizes the
Beaufort Sea offshore drillingctivity since 1972 angrovidesthe Well Operatorghe

dates wells were drilled, thailling platformsused,and the water depth$he table was
developed using data provided by the NEB hpdeviewing historical Well Reports
downloaded from the Northwest Territories Geoscience Office database.

LTLC Consulting and Salmo Consulting Inc. 3
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Table 1. Drilling Activity in the Beaufort Sea

NUKTAK C -22 Imperial 16-Dec-1972 8-Mar-1973 | Land on Hooper Is NA
IMMERK B -48 Imperial 17-Sep-1973 | 22-Dec-1973 | Sacrificial Beach Is 3
ADGO F -28 Imperial 28-Dec-1973 | 19-Mar-1974 | Sandbag Retained Is 2
PULLEN E -17 Imperial 21-Apr-1974 11-Jul-1974 | Sandbag Retained Is 2
UNARK L -24 Sun 26-Sep-1974 | 24-Mayl1975 Hauled Island 2
PELLY B -35 Sun 5-Oct-1974 | 14-Feb-1975 | Hauled Island 2
ADGO P -25 Imperial 2-Jan-1975 | 28-Mar-1975 | Sandbag Retained Is 2
NETSERK B -44 Imperial 6-Jan-1975 8-Jun-1975 | Sandbag Retained Is 5
ADGO C -15 Imperial 21-Apr-1975 25-Jul-1975 | Sandbag Retained Is 2
IKATTOKJ -17 Imperial 10-Jul-1975 | 28-Feb-1976 | Sandbag Retained Is 2
NETSERK F -40 Imperial 8-Nov-1975 9-May-1976 | Sandbag Retained Is 8
SARPIKB -35 Imperial 2-Apr-1976 4-Sep-1976 | Sandbag Retained Is 4
KOPANOARD -14 Dome 8-Aug-1976 | 26-Sep-1976 | Canmar Explorer 3 60
TINGMIARK K -91 Dome 11-Aug-1976 | 18-Oct-1977 | Canmar Explorer 1/3 28
NEKTORALIK K -59 Dome 23-Sep-1976 17-Oct-1977 | Canmar Explorer 2/3 64
KOPANOAR M -13 Dome 27-Sep-1976 | 10-Sep-1979 | Canmar Explorer 3 57
KUGMALLITH -59 Imperial 30-Sep-1976 | 10-Nov-1976 | Sandbag Retained Is 5
ARNAK L -30 Imperial 5-Oct-1976 | 16-Mar-1977 | Sacrificial Beach Is 9
UNARK 2L -24 Sun 19-Oct-1976 8-May-1977 | Hauled Island 2
KANNERK G -42 Imperial 30-Mar-1977 | 14-Mayl977 Sacrificial Beach | s 8
UKALERK C -50 Dome 18-Jul-1977 3-0ct-1977 | Canmar Explorer 1 42
KAGLULIK A -75 Dome 19-Jul-1977 6-Aug-1978 | Canmar Explorer 3 39
NERLERK M -98 Dome 4-0ct-1977 | 28-Aug-1982 | Canmar Explorer 1/3 52
ISSERK E -27 Imperial 4-Dec-1977 5-May-1978 | Sacrificial Beac h s 13
NATSEK E -56 Dome 10-Jul-1978 8-0Oct-1979 | Canmar Explorer2 -4 34
UKALERK 2C -50 Dome 10-Aug-1978 11-0Oct-1979 | Canmar Explorer 1 42
TARSIUT A -25 Dome 18-Oct-1978 28-Jul-1980 | Canmar Explorer 3 20
KAGLULIKM -64 Dome 3-Nov-1978 10-Jul-1979 | Canmar Explo rer 2 27
ADGO J -27 Esso 5-Apr-1979 7-Aug-1979 | Sandbag Retained Is 2
KENALOOAKJ -94 Dome 20-Sep-1979 1-Nov-1982 | Canmar Explorer2 -4 68
KOPANOAR L -34 Dome 11-Oct-1979 | 26-Nov-1979 | Canmar Explorer 2 58
KOAKOAK O -22 Dome 5-Nov-1979 | 31-Oct-1981 | Canmar Explor er 1/2 49
KOPANOAR 2L -34 Dome 26-Nov-1979 | 28-Nov-1979 | Canmar Explorer 4 56
ISSUNGNAK O -61 Imperial 6-Feb-1980 8-Jul-1980 | Sacrificial Beach Is 37
KILANNAK A -77 Dome 23-Jun-1980 4-Sep-1981 | Canmar Explorer 3 38
ORVILRUK O -03 Dome 9-Jul-1980 | 16-Sep-1980 | Canmar Explorer 1 60
KOPANOAR | -44 Dome 10-Jul-1980 1-Aug-1980 | Canmar Explorer 4 59
KOPANOAR 21 -44 Dome 2-Aug-1980 | 28-Oct-1981 | Canmar Explorer 2 58
ISSUNGNAK 20 -61 Imperial 2-Oct-1980 | 13-Aug-1981 | Sacrificial Beach Is 19
N. ISSUNGNAKL -86 Gulf 17-Jul-1981 17-0Oct-1981 | Canmar Explorer 2 26
ALERK P -23 Imperial 21-Sep-1981 | 24-Dec-1981 | Sacrificial Beach Is 12
IRKALUK B -35 Dome 27-Sep-1981 4-0Oct-1982 | Canmar Explorer 4/2 58
E. TARSIUT N -44 Gulf 10-Dec-1981 7-Jun-1982 | Concrete Caisson 19
W. ATKINSON L -17 Imper ial 1-May-1982 25-Jun-1982 | Sandbag Retained Is 7
E. TARSIUT N -44A Gulf 8-Jun-1982 | 19-Sep-1982 | Concrete Caisson 19
KIGGAVIK A -43 Gulf 21-Jul-1982 17-0Oct-1982 | Canmar Explorer 1 18
LTLC Consulting and Salmo Consulting Inc. 4
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Table 1. Drilling Activity in the Beaufort Sea (cont.)

AIVERK | -45 Dome 5-Oct-1982 23-0ct-1982 | Canmar Explorer 2 62
AIVERK 21 -45 Dome 3-Nov-1982 | 11-Oct-1984 | Canmar Explorer 4/1 61
ITIYOK | -27 Imperial 5-Nov-1982 2-May-1983 | Sacrificial Beach Is 14
UVILUK P -66 Dome 10-Nov-1982 | 21-May1983 SSDC 30
NATIAK O -44 Dome 16-Jul-1983 | 25-Sep-1984 | Canmar Explorer 2 44
HAVIK B -41 Dome 17-Jul-1983 | 24-Aug-1986 | Canmar Explorer 1 35
SIULIK| -05 Dome 25-Jul-1983 18-0ct-1984 | Canmar Explorer 4 52
ARLUK E -90 Dome 30-Jul-1983 13-0Oct-1985 | Canmar Explorer 3 57
PITSIULAKA -05 Gulf 22-Aug-1983 26-Jul-1984 | Kulluk 27
KADLUK O -07 Imperial 25-Sep-1983 | 24-Apr-1984 | CRI 14
AMAULIGAK | -44 Gulf 7-0ct-1983 | 15-Nov-1983 | Kulluk 20
KOGYUK N -67 Gulf 28-0ct-1983 | 30-Jan-1984 | SSDC 28
AMAULIGAKJ -44 Gulf 16-Nov-1983 | 23-Sep-1984 | Kulluk 31
AMERK O -09 Imperial 22-Aug-1984 3-Mar-1985 | CRI 26
W. TARSIUT P -45 Gulf 25-Sep-1984 | 24-Dec-1984 | Molikpag 22
NERLERK J -67 Dome 26-Sep-1984 | 24-Oct-1985 | Kulluk 45
ADGO H -29 Imperial 27 -Sep-1984 12-Jan-1985 | Sandbag Retained Is 3
NIPTERKL -19 Imperial 3-Oct-1984 | 23-Mar-1985 | Sacrificial Beach Is 11
AKPAK P -35 Gulf 17-Oct-1984 8-Nov-1985 | Kulluk 41
NIPTERK L -19A Imperial 21-Apr-1985 15-Jul-1985 | Sacrificial Beach Is 11
AKPAK 2P -35 Gulf 8-Jul-1985 | 14-Aug-1985 | Kulluk 41
ADLARTOK P -09 Dome 8-Aug-1985 17-0Oct-1985 | Canmar Explorer 3 68
EDLOK M -56 Dome 10-Aug-1985 | 18-Sep-1985 | Canmar Explorer 4 32
AMAULIGAK |  -65 Gulf 24-Sep-1985 | 21-Jan-1986 | Molikpag 23
ADGO G -24 Imperial 7-0Oct-1985 7-Jan-1986 | Sandbag Ret ained Is 2
AAGNERK E -56 Gulf 28-Oct-1985 | 26-Jun-1986 | Kulluk 20
MINUK | -53 Imperial 27-Nov-1985 2-May-1986 | Sacrificial Beach Is 15
NORTHELLICEL -39 Chevron 25-Jan-1986 | 20-Apr-1986 | Sandbag Retained Is 2
AMAULIGAK |  -65A Gulf 28-Jan-1986 | 20-Mar-1986 | Molik paq 23
AMAULIGAK | -65B Gulf 20-Mar-1986 | 19-Sep-1986 | Molikpaq 23
ARNAK K -06 Imperial 27-Apr-1986 | 12-Aug-1986 | Sacrificial Beach Is 8
KAUBVIK | -43 Imperial 22-0Oct-1986 | 10-Jan-1987 | CRI 18
ANGASAK L -03 Trillium 24-Feb-1987 | 12-Apr-1987 | Spray Ice Island 5
AM AULIGAK F -24 Gulf 1-Oct-1987 | 12-Aug-1988 | Molikpag 32
AMAULIGAK 2F -24 Gulf 22-Dec-1987 | 29-Jan-1988 | Molikpag 32
AMAULIGAK 2F  -24A Gulf 30-Jan-1988 | 17-Feb-1988 | Molikpag 32
AMAULIGAK 2F -24B Gulf 15-Apr-1988 7-Aug-1988 | Molikpaq 32
AMAULIGAK O -86 Gulf 30-Jun-1988 | 26-Aug-1988 | Kulluk 20
AMAULIGAK CH NO.1 Gulf 12-Aug-1988 7-Sep-1988 | Molikpag 32
AMAULIGAK 2F  -24BST Gulf 27-Jun-1988 7-Aug-1988 | Molikpaq 32
NIPTERK P -32 Esso 21-Feb-1989 | 20-Apr-1989 | Spray Ice Island 7
IMMIUGAK N -05 Gulf 1-Jun-1989 | 10-Jun-1989 | Kullu k 32
IMMIUGAK A -06 Gulf 16-Jun-1989 | 22-Sep-1989 | Kulluk 53
KINGARK J -54 Amoco 18-Jul-1989 10-0Oct-1989 | Canmar Explorer 1 59
ISSERK | -15 Imperial 11-Nov-1989 8-Jan-1990 | Molikpaq 12
PAKTOA C -60 Devon 5-Dec-2005 | 19-Mar-2006 | SDC 13
LTLC Consulting and Salmo Consulting Inc. 5
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2.1 DRILLING PLATFORMS

The following informationon the various types of drilling platforms used in the Canadian
Beaufort Sea is summarized from Timco et al. (2009).

2.1.1 Artificial Islands

The first offshore mammade drilling islad was constructed in 1973 by Imperial for the
Immerk B-48 well. Although, Imperial drilled the Nuktak-22 well in the Beaufort Sea
region a year earlier, records show that it was a conventionally drilled well on Hooper
Island. Artificial offshoreslands were constructed by either dredging the local sea
bottomand buildingup an islandreferred to as a sacrificial beach or sandiegined
island or by trucking gavel from the shore and depositih¢o form an islandreferred

to as a hauled islan@he latter approach was carried out during winter monttessiice
roads. Table 1 shows that these artificial islands were constructed in shallow water. Most
were located in the landfast ice zone, wHest-year icehaslittle movement during the
winter monthsAlthough, artificial islands allowed for year radidrilling, they were
subject to wave action and in 1985 a rig on the MiRGR kacrificial beach island was
lost during a severe storm (Dixit pers. comm. 2012).

2.1.2 Caisson Structures

In the early 1980's, special caisson structures were designed and blidi year
round drilling andexplorationof regions further offshore ideeper water anlgarsher ice
conditions.The following four types of caisson retained drilling platforms wesed in
the Canadian Beaufort:

e Concrete Caisson (Tars@aisson

e Sinde-Steel Drilling Caisson (SSDSDCQC)
e CaissorRetained Island (CRI)

e Molikpak Mobile Arctic Caisson (MAC)

LTLC Consulting and Salmo Consulting Inc. 6
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Figure 2. Concrete Caisson (Tarsuit Caisson)(source G.W. Timco)
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Theconcrete caisson island was develdfy Gulfand depbyedat Tarsuit N44 in

1981. Thestructure consisted of fouoncrete caissons thaere floated to the drilling

site and ballasted down with sand to form a squaee an underwater berm that was
within 6m of the water surfac@he inner corevas filled with dredged sandhis
structurewas not considered "mobile" structure due to the difficulty of resettinglan
connecting the four caissons. It hadissues with wave loads, but waaetion undercut

the footings of the caissons necessitating remedial action. Wave splash was also a
prodem, due to its low freeboard and flat sides. Later caisson structures were designed
with wave deflection collars. Theoncrete Tarsui) caissonstructure was only used for
drilling at theTarsuit N44 |ocation

LTLC Consulting and Salmo Consulting Inc. 7
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Figure 3. Single Steel Drilling Caisson (SSDC/SDC)(source G.W. Timco)

The SingleSteel Drilling Caisson (SSDC) was operateddanadian Marine Drilling
Limited (Cannar) a subsidiary of Domdt was constructed from a former tanker and
brought to the Beaufort Sea in 1982. In the winters of 1982/83 88884, it drilled at
two differert locations in approximately 30m of water. In 1985/a new steddase, the
MAT, was designedyuilt and deployedThis removed a limitation dhe SSDChat had
required construction of a subsurfa@end bernfor locations deeper than 9rithe SSDC
combined with the MATwas capable of operating yeaund in water depths of 7 to24
without a bermandin a wide variety obottomconditions. It was renamed the SE@d
used in the winter of 2005/08/ Devon Canad&orporaton (Devon)to drill the Paktoa
C-60 well in 13m of water

LTLC Consulting and Salmo Consulting Inc. 8
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Figure 4. Caisson-Retained Island (CRI)(source A. Barker)

The Caisson Retained Island (CRI) was originblilt by Imperial It was developed in

1977, as a means of reducing dredge quantinesdeddr the construction dfaditional

sand islands. It was first deployed in the Canadian Beaufort Sea in the summer of 1983.
The CRI consisted of 8 individual caissons formamgngheld together with two pre
stressed bands of steel irable. It was thefere namedhe stressed Caissorfined

Island and overall it hadn octagonashape with an inclined outer face. The central core
was filled with sand.

LTLC Consulting and Salmo Consulting Inc. 9
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Figure 5. Mobile Arctic Caisson (MAC)(source Gulf Canada Resources)

The Molikpaga Mobile Arctic Caisson (ME) wasdeployed in the Canadian Beaufort
Sea in 1984. It was develep by Gulf ancconsisedof a continuous steel annulus sitting
on a seHcontained deck structure. The outer face of the Molikpasydesigned for
extreme ice features. The structuras dle tooperate without a berm in water depths
rangingfrom 9 to 2In. In greater water depths, the structwes designed to sit on a
submerged ben. The core of the annulwgas filled with sand, which providedver 80
percent of thelesignhorizontal resiance.To achieve the fullesignhorizontal
resistance under dynamic load, densification of the hydraulically placed core was
required.Like many offshore vessels the Molikpag used water for ballast.

LTLC Consulting and Salmo Consulting Inc. 10
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2.1.3 Floating Drillships

In 1976 Dome, through its subsidraCanmay brought a fleet of three ice reinforced
drillships andaccompanyingcebreakers to the Beaufort Sea to support its oil and gas
exploration program. The floating drillships (Explorers 1, 2 and 3) were employed during
the summer months in waterp to 68mdeepalong the edge of the shear ice zone. They
were moored ostationduring the summelegsentiallyopenwater) months. It often took

at leastwo years to drill and test a wé¢lfable 1) These drillships required the support

of ice managemeimtebreakers.debreakers would break any oncoming ice and reduce
the size of the floe that could impact the vessel. Drilling lgs#drted in late June and
some years extended into November. In 1Dd$ne sent a fourth drillshifhe Explorer 4

to the Candian Beaufort S&

Figure 6. Canmar Explorer 1 with an Icebreaker Being Forced off Station by
Ice in October 1978 (source Gulf Canada Resources)

2.1.4 Conical Floating Drilling Platform

In 1983 Gulfbuilt an inverteecone shaped floating drillshithe Kulluk, which cald be

used throughout the summer and early autumn months. The vessel was towed to the drill
site and moored with a twe-point anchor systemapable of resisting ice forces from

any direction. Ice management was usually necessary to break the icedomafid the
Kulluk. This technique extended the drilling season by allowing operation earter

later in the yeafThe Kulluk began operations as early as late May and continued

working until late December. Activities were usually suspended becausiedirell

drilling restrictions, rather than limitations in theige statiorkeeping capabilities of the
Kulluk itself (Wright & Associates 2000). Table 1 shows that the Kulluk drilled in the
Beaufort Sea at water depths up to 45m.

LTLC Consulting and Salmo Consulting Inc. 11
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Figure 7. Conical Floating Drilling Platform (Kulluk)(source Gulf Canada
Resources)

LTLC Consulting and Salmo Consulting Inc. 12
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2.2 SPRAY ICE ISLANDS

In the late 1980s, spray ice islands wesed as pads for drilling a coupleveélisin the
Canadian Beaufort Se@hese were deployed in the landfast ice zonwater depths of
less than 8mThe ice pads were built by spraying seawater using large pumps and
nozzles to locally increase thee thickness. This sprayimgprmallycontinued until the
pad rested on the seabed wvatlfficient freeboard and enough weight to resist the ic
loads that it would incur during the drilling season. The cost of/splands was reported
to be approximately onkalf the cost ofjravel islang.

2.3 EXPLORATION RESULTS

By the mid 1980s, aumberof oil and gas discoveries had beeade in théBeaufort

Sea. The most significant discovery was that of the Amauligak oil and gas field by Gulf
The oil and gas discoveries made in the region are descrilbsaténdetail inSection 5

of this report. Despite these discoverl®gthis timeit had becme apparet that the

high expectations fdhe region had not been met. Unlike the Alaskan North Slope,
where a small number of large prolific fields exist, the MackeDeitaBeaufortSea
regionwascharacterized by a large number of small&tely scattered resees, due to
highly structured and fractured sedimentary strata.

2.4 ARCTIC EXPLORATION AND WORLD EVENTS

In the mid 1986, world oil prices and oil demand began to decline rapidly, thereby
affecting the impetus, anavailable financing to undertake hpdarbonexplorationin

the western Canadian Arctin March 1989, the Exxon Valdez ran aground in Prince
William Sound, Alaska. Worldwide publicity of the sfslimpacts had repercussidios
hydrocarbon exploration, development and transportation throughotlt Nimerica,
particularly in the Beaufort Sea region.

In 1989,Imperial wasgranted approval to drill the Isseid5 well. However, n 1990the
Environmental Impact Review Board (EIRB), created under the IFA, found a lack of
preparedness of the governmant Gulf to deal with a major oil blowout in the Beaufort
Sea. The EIRB recommended the Minister of Indian and Northern Affairs not approve
Gul f6s proposed Kudldwindthe Danial lofithe Kujuk &ilingg r a m.
programthere was little exjglration activity in theMackenzie Delta or Beaufort Sea for
the next decaden 19992000 increasing North American gas prices led to a rdrmawa
seismic exploration in the Mackenzie Valley and Beaufort &ee the drilling of several
exploration wellsn the Mackena Del t a. H o Waktoa@6Q welldelledim 6 s
200506, which targeted natural gas and discovered a reported 240 million barrels (397
10°m®) of recoverable oil, has beéme only Beaufort Sea ofisre well drilled in the last

22 years.
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2.5 ARCTIC OIL AND GAS PRODUCTION

Despite the billions of dollars invested in oil and gas exploration in the Canadian High
Arctic, there has been there has been no significant commercial production. In 1985
PanarcticArctic Oils Limited (Panarctichegan tdanker oil from the Bent Horn oll field
(discovered in 1974 at Bent Horrn' ™2 on Cameron Island) to Montreal. One to three
tankers of oil were shipped every summer from 1985 to 1996, with a total production
from the field of 2.8 million barrels (Drummon@®@5). The only oil production from the
Mackenzie Delta anBeaufort Sea occurred in 1986, when Gulf shipped a demonstration
tanker load of 317,000 barrels of oil from the Amauligak field to Japan (Drummond
2005). The firshaturalgas production from the &tkenzie Delta was in July 1999 from
thelkhil gas field(discovered by Gulf)which continues to provide local production to
the town of Inuvik.

3. THE CYCLE OF OFFSHORE INDUSTRY ACTIVITY

The search for hydrocarbons in the Beaufort Sea is highly complecoatig due to the
extreme environmeng multi-jurisdictional regulatory systerand multiple technical
challenges. The extreme climate, ice conditions, long periods of darkness, and
remoteness each contribute to the complexity of planning and costdarfirexfor
hydrocarbons in the Beaufort offshore (Erlandson et al. 28@)ies have recently
appeared in the press predicting increases in oil and gas activity in the Canadian Arctic
due to the influence of Climate Change. Although, Climate Change limmsdor

routine vessel transit of the Northwest Passage, it is unlikely to significantly improve the
Beaufort Sea operating environment for the oil and gas industry, over the relatively short
timeframe of this forecast.

The doc um@ilrand Gasifpprovalgin tfie Beaufort Sea by Er | andson
(2002 is part of the regulatory road map series of documents prepared for Indian Affairs
and Northern Development Canada and CAPP. The road map provides a detailed outline
of the regulatory framework foeviewing and authorizing oil and gas activities in the
Beaufort Seat the time of its publication. The following sectipiovides an updated

summary of the regulatory processes described in detaiéiregulatory road map

report.

The life cycle of aroffshore project begins with a Call fooinations folleved by a

Call for Bids issuedby the Northern Oil and Gas Branch (NOGB)Adforiginal Affairs

and Northern Development Canada (AANDC). The succebgfders are issued ELs
which provide the exclusiveght to explore for and develop hydrocarbons from a
specifed parcel of land during theygarterm of thelicence. Figure 8 has been revised
from (Dixit 2009) to reflect the 2009 NEB update to the Canadian Oil and Gas Dirilling
and Production Regulatiof€OGDPR). ltillustrates thegeneralpproval phases of the
cycle of offshore industry activitiegigure 9 is revised from a figure on the NOGB of
AANDC website www.aadneaandc.gc.cga also to reflect the Z® COGDPR update. It
illustrates the steps in the Northern Oil and Gas Rights Management Process.
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Figure 8. National Energy Board Exploration and Production Approval
Phases (revised from Dixit 2009)
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Figure 9. Northern Oil and Gas Rights Management Process (revised from
NOGB of AANDC 2012)
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3.1 GEOLOGICAL AND GEOPHYSICAL PROGRAMS

Seismic surveys are generally the first active exglomadctivity undertaken on new EL
areasThey are used to gain an understanding of the regional geologic structure and to
identify drilling targets.Companies wishing to conduct seis programs must apply to

the NEB for Geological/Geophysical Operationthorizationg GOA). Consultation with
local communities and other agencies having regulatory authority is critical to the
approval process faill types of seismic programs. In the past several different types of
seismic surveybhave beeronducted in the near shore areas of the Beaufort Sea. These
include the usefaribroseis vehicles on the icérilled shotholesairguns and geophones
drilled throughor placed orthe ice, and ocean bottom cables witinimairguns used in

open water.

In the deepwater areas of the Beaufort SBao Dimensional 2D) andThree

Dimensional 8D) surveys are conducted by seismic vessefgeirerallyopen water

condifons The following description of deepater seismic surveys is summarized from

t he rMapne BeismidiOperations by t he I nternational Assoc
Contracbrs (IAGC) 2002In 2D seismic surveying, a single seismic cable or streamer is
towed behind the seismic vessel, together with a single source. The reflections from the
subsurface are assumed to lie directly belowshiéline that the seismic vessel

traverses, hencedgmame 2D. The processing of @Bta isless sophisticated thahat
employed for 3D surveys. 2D lines are typically acquired several kilometers apart, on a
broad grid of lines, over a large area. The method is generally used in frontier exploration
areagbefore 3D seismic adrilling is undertake)) to produce a gemal understanding of

the regional geological structurehe size of a 2D survey is usually expressed in

kilometers of line surveyed.

A 3D survey covers a specific area, generally with known geological targets generated by
previous 2D exploratigrand is gsually undertaken in an EL area to better identify

potential reservoirs and drilling locatiorrior to the survey, careful planning is

undertaken to ensure the survey area is precisely defined. The result of the detailed
planning is a map defining thersey boundaries and the direction of the survey lines.
Specific acquisition parameters such as energy source, firing and receiver station
intervals, together with seismic listening time, are also defined. In 3D surveying, groups
of sail lines (or swathesre acquired with the same orientation.

3D seismic sail line separation is normaltythe order of 200 to 40QrBy utilizing

more than one source and many parallel streamers towed by the seismic vessel, the
acquisition of many closely spaced ssibface D lines, tyically between 25 and 50m

apart, can be achieved by a single sail line. A 3D survey is therefore much more efficient
in that many timesnore data is generated than iaasurvey The size of a 3D survey is
usually referred to in square kilornees. With the number of sail line kilometers involved,
3D surveys catake several months to complete.
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High resolution seismic site surveys are carried out before a well is drilled, as there is a
legal and operational need to have detailed informatiche@area immediately

surrounding the well location and the geological layers immediately below the

subsurface. The information on the nature of the seabed is needed to identify any physical
hazards on the surface of the seabed and the information oratloevssubsurface is

used to identify other unforeseen hazards, such as buried channels, shallow gas pockets,
gas hydrates and permafrost that could cause problems if penetrated by the drill.

KAVIK-AXYS (2008) provided a hypothetical shortest duration BeauSea offshore
development timeline based on a review of regulatory approval processes, hypothetical
development scenarios and input from industry experts. They estimate the licencing and
seismic exploration phase of an offshore development to takeimum of 3 years.

3.2 DRILLING PROGRAMS

While seismic surveys can identify targets of interest, drilling is required to confirm the
presence or absence of hydrocarbons. An NEB Operations Authorization (OA) is
required to undertake drilling operations for pktoon resources in the offshore area as
required by the Canada Oil and Gas Operations Act (COGOA). In addition, individual
well approvals from the NEB are required to drill a well (ADW) or to alter the condition
of a well (ACW). Prior to the NEB issuing &WA, environmental screening must be
completed under the IFA, the Canadian Environmental Assessment Act (CEAA), and
COGOA. Further, the Applicant would need to demonstrate financial responsibility to the
satisfaction of the NEB, and the NEB needs to havéication that a Benefits Plan
prepared by the Applicant has been approved by AANDC or the requirement for it
waived.

KAVIK -AXYS (2008) estimated the exploration and delineatating phase of a
Beaufort Sea offshore development to take a minimumyefBs. However, since a
single offshore deewater well may take 3 years to drill, this phase of an offshore
development may be considerably longer.

3.3 SIGNIFICANT DISCOVERY AND COMMERCIAL DISCOVERY
APPLICATIONS

If an exploration well results in the discoyaf hydrocarbons the Operator can make an
application to the NEB for a Significant Discovery Declaration (SODe NEBmay, by
order, make a SDI relation to those frontier lands in respect of whtblere are
ressonable grounds to believe the Sigraft Dscovery may extend

The Applicant can then seek a Significant Discovery Licence (SDL) from the NOGB of

AANDC, which would extend the Applicantds
without any time limit.
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Additional delineation wells and 3D senic may be needed to determine if a discovered
hydrocarbon resource is sufficiently large to warrant production. An Operator that can
demonstrate to thiEB that the sought areantains petroleum reserves that justify the
investment of capital and effaxi bring the discovery to producti@an submit an
application for a Commercial Discovery Declaration (CDD). The M&, by order,

make a CDDn relation to those frontier lands in respect of which there are reasonable
grounds to believe theommercial Dscovery may extend

3.4 DEVELOPMENT PLANS AND OPERATION AUTHORIZATIONS

An SDL does not expire, it can be held for many years, before conditions are favorable
enough to justify the costs and risks involved in attempting to produce hydrocarbons. To
date, othethan the three limited examples described in Se@bthere has been no
commercial production of hydrocarbons from the Mackenzie Delta, Beaufort Sea and/or
Canadads Arctic Islands. It is difficult to
in progressing a project through to production. Although, the specific timing of each
activity will vary depending on the type and scale of individual projects, it is expected
that at a minimum the activities listedTiable 2would be required in order for¢eINEB

to consider a Development Plan Approval (DPA) application and issue a DPA. The DPA
is subject to Governean-Council consent, and Operations Authorizations (OA) for
activities included in the DPA. Finally, once a CDD has been made by the NEB, the
NOGB of AANDC may issue a Production Licence that would enable the Operator to sell
the produced oil and gas, make royalty payments, and profits.

3.5 COMMERCIAL DISCOVERY DEVELOPMENT TIMELINE

The timeline for an offshore development project is controlled byirtieerequired to

work through each stage of the development process and complete the types of activities
illustrated in Table 2. The larger and more complex the development project, the longer
the timelines will be extendeBlease note that the time lindgstrated in Table 2 are
estimated by the author and are not endorsed by AANDC or any other Regulatory
Authority (RA).

It is normal practice for the Operator to reduce the overall development schedule by

undertaking activities concurrently, however, soattivities such as regulatory hearings

and authorizations or approvals must be completed prior to undertaking physical works.

Since activities like detailed engineering and procurement are not normally initiated prior

to receiving regulatory approvalsdd e 2 only assumes, in the au
reduction in the median development timeframe resulting from work activities being

conducted concurrently.
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Table 2. Activities and Estimated Time Schedule for a Generalized
Beaufort Sea Offshore Development Project

Reserves Assessment

Market Assessment

Conceptual Engineering

Economic Modeling

Budgeting

Assessment of Regulatory Environment
Feasibility Study 0.5-1.5years
Reservoir Engineering

Drilling and Completions Engineering
Cost and Schedule Engineering

Public and Regulatory Consultation 0.5- 1.5 years
Environmental Fieldwork
Engineering Fieldwork 1 -3 years

Construction Engineering Design
Business and Economics Analysis
Development Plan

Environmental Impact Assessment
Socio-economic Impact Assessment

Decommissioning and Abandonment Plan 1-2years
Public Regulatory Review Processes

Regulatory Approvals

Permitting 2 - 5 years

Detailed Design

Procurement and Construction of Infrastructure
Development Drilling

Procurement and Construction of Facilities
Facility Start-up/Commissioning 5 -7 years

TOTAL Median Estimated Development
Timeframe 14 years

TOTAL Estimated Development Timeframe
Reduced 30% for Concurrent Work 10 years
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3.6 OPERATIONS AUTHORIZATIONS FOR DECOMMISSIONING AND
ABANDONMENT

The final phase of the project life cycle is decommissioningadatidonment. As
indicated in Table 2an initial Decommissiang and Abandonment Plannsquired

before regulatory approvals to construa ssued. Thiplanincludes decommissioning

of installations, abandonment of fields and abandonment of wells. Specific facility and
well abandonments may be undertaken several times during the operating life of an oil or
gas development. At the end gbiject life cycle, once the requirements of all other
Regulatory Authorities (R8) have been met, arp€rator can apply to the NEB far

final OA for decommissioning and abandonmeétawever,the Operator continues to be
acountable and responsible fomall, even after abandonment, and may be required to
carryout remediation work shouldveell later be discovered to be leaking or require
other maintenance.

3.7 POTENTIAL FUTURE OIL AND GAS EXPLORATION AND
DEVELOPMENT ACTIVITIES

Table 3waspreparedy CAPP for the Beaufort Sea Strategic Regional Plan of Action
(BSStRPA 2008 report, itdentifies potential future oil and gas exploration and
development activit®in the Canadian Beaufort Sea. It is the most recent description of
potential oil and gas actiw#s available. In addition, to the description in Table 3 of
offshore drilling support vessels required in the drilling of a deep water Beaufort Sea
exploration well. Although no OA for drilling deep slope Beaufort Sea exploration wells
have been appliedf, industry planning has advanced to the point where it expects that
the following support vessels would likely be needed:

e 2 or 3icebreakers would stay on location at the wellsite,

e 2 or 3 supply vessels would make trips back and forth to a shore base,

e 1 possible wareship would stay on location, replacing 1 supply vessel

e and 1 fuel tanker would stay on location throughout the drilling operation.

BREA researchers should consider these drilling sumessels along with the industry

activitiesdescribedn Table 3when attempting to identify and fill regional information
and data gaps related to offshore oil and gas exploration and development.
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Table 3. Potential Future Oil and Gas Exploration and Development
Activities (from BSStRPA 2008)

Activity

2D and 3D Seismic — near
shore

Details

Wibroseis vehicles on ice which must be frozen to the bottom
Airguns and geophones drilled through the ice in <20m water
depth, one airgun or receiver per hole

Shot holes drilled through the ice in <20m water depth with
charge size limited by Department of Fisheries and Oceans
pressure restrictions

Ocean bottom cables with mini airguns used during open
water season in <70m water depths

2D and 3D offshore seismic -
deep water

Seismic vessels using airgun armays and streamers during the
open water season in >20m water depths

Wellsite surveys

High resolution seismic and geotechnical surveys

Exploration drilling - landfast
ice zone

Offshore exploration drilling -
shallow water zone (including
land fast ice zone)

Drilling from spray ice pads grounded in <15m water depths
Drrilling from spray ice pads floating in >15m water depth
within the land fast ice zone

Construction of ice roads to shore

Drilling from gravel or sand islands in <20m water depth with
a surface blowout preventer (BOP) and up to 12 month
SERs00

Drilling from gravity based structures (GBS) like the Caisson
Retained Island (CRI}, or the Concrete |sland Drilling System
{CIDS) in =20m water depth with a surface BOF and a 12
manth season

Offshore exploration drilling -
deep water zone

Offshore drilling support

Drilling from GBS like the Steel Drilling Caisson (SDC) or the
Malikpag in =10m to <40m water depths, with a surface BOP
and up to 12 month season

Drilling from floating drill ships like the Kulluk in >15m water
depths with a subsea BOP and a 3-6 month season

Small and heavy lift helicopters

Supply vessels and barges

lce breakers for towing, anchor handling, and ice
management

Spill response vessels and eguipment

Marine maintenance facilities (i.e. floating drydocks)

Offshore development -
shallow water zone

Gravel islands in <20m water depths
Causeways or subsea pipelines to shore

Offshore development -
shallow water zone

A GBS in <60m water depths

The GBS may need an ocean bottom excavation and sand or
gravel foundation

Directionally drilled production wells from GBS

Subsea pipelines to shore
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Table 3. Potential Future Oil and Gas Exploration and Development
Activities (from BSStRPA 2008)(cont.)
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