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1.0 PURPOSE

The purpose of this Staff Analysis is to assess Husky’s North Amethyst Development
Plan Application and to make a recommendation to the Board. Staff’s analysis considered
safety, environment, resource management and socio-economic impact aspects of the

Application.

This Staff Analysis does not consider any Benefits aspects of the proposed project.
Benefits are assessed in a separate Benefits Plan Staff Analysis document. The Board will
review and make its decision on the Benefits Plan prior to making a decision on the

Development Plan. This approach is consistent with 45(2) of the Accord Acts.
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20 EXECUTIVE SUMMARY

On August 14, 2007, Husky Oil Operations Limited (Proponent) submitted to the
Canada-Newfoundland and Labrador Offshore Petroleum Board (Board) on behalf of the
ownership within the Significant Discovery Licences (SDL) 1024 and 1044, Production
Licence (PL) 1006 and Exploration Licence (EL) 1045, the following documents (the
Application):

North Amethyst Development Plan

e Development Plan North Amethyst Satellite Tie-back to SeaRose FPSO, August 2007

e North Amethyst Satellite Tie-back Development Application Project Summary, August
2007

e North Amethyst Satellite Tie-back Socio-economic Impact Assessment, August 2007

White Rose (FPSO Modifications)
e White Rose Development Plan Amendment - SeaRose FPSO Maodifications, August
2007

Benefits Plan (Both Applications)

e (Canada-Newfoundland and Labrador Benefits Plan North Amethyst Satellite Tie-
back, August 2007

e North Amethyst Satellite Tie-back Canada Newfoundland and Labrador Benefits Plan
Summary, August 2007

Other
e SeaRose Tieback Project Concept Safety Assessment, August 2007

Staff reviewed the Application and advised the Proponent that it constituted a

Development Plan (North Amethyst Field) as well as a Development Plan Amendment to
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the White Rose Development Plan. In September 2007, Staff informed the Proponent that
additional information would be required to complete the Application. The Proponent
submitted supplementary information (Completeness Review of Husky Tie-Back Project
Development Plan Documents, November 6, 2007) and on November 30, 2007, the

Proponent was advised the Application was complete.

An opportunity to comment on the Application (including Supplementary Information)
was provided for the period of November 30, 2007 to January 7, 2008; no comments

were received.

It should be noted that in a letter dated February 4, 2008, the Proponent informed the
Board that the substantial modifications to the SeaRose FPSO topsides “are not currently
required” and that they are withdrawing the “SeaRose FPSO Modifications August 2007
document at this time. Therefore, no amendment to the White Rose Development Plan is
necessary. The Proponent’s plan is to de-bottleneck the facility to accommodate future

expansion.

With respect to investigating alternative modes of development for the tie-back project, the
Proponent noted that it relied on the initial White Rose Development concept selection work
and, based on this work, a steel FPSO facility was selected as the preferred mode. The
Proponent then compared the options of using the existing SeaRose FPSO or a standalone
greenfield FPSO. Based on an assessment of several factors including procurement options,
development costs and schedule, the Proponent concluded that the tie-back to the SeaRose

FPSO option was preferred. Staff concurs with this assessment.

The Proponent then examined two options to tie-back to the SeaRose FPSO:

a) tie-back from the North Amethyst Glory Hole directly via new flowlines and new dedicated

riser systems; or
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b) tie-back via new flowlines from the North Amethyst Glory Hole to existing subsea

infrastructure (i.e. Southern Drill Centre or Central Drill Centre)

At the time of submission of the Application, each option was still being evaluated. However,
in the Proponent’s supplementary information dated November 6, 2007 they indicated that
Option B (using the Southern Drill Centre) was the proposed method of development for the
North Amethyst Field tie-back project. It should be noted that Option B does not require the
vessel to come to shore. The Proponent also indicated in this correspondence that they have

moved the first oil window up from late 2010 to late 2009.

With respect to the North Amethyst Glory Hole, it has a capacity of up to 16 wells but the tie-
back is expected to require from seven to ten wells consisting of four production and three to six

water injection wells thus leaving some flexibility for future expansion.

Staff reviewed the Application from an operations and safety, environment, resource
management as well as a socio-economic impact perspective. The following is a

summary of this review.

Operations and Safety

Based on the Proponent’s plan to use Option B above, no safety concerns were identified
which would preclude Staff from recommending approval of the Application. Activities
in connection with this Application can be managed in accordance with established safety

processes and procedures.

Staff will ensure that the following matters will be followed up with the Proponent in due

course as the project proceeds:

1) When the project advances to the detailed engineering design phase, the Proponent

must advise the Chief Safety Officer of the manner in which the recommendations
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arising from the Atkin’s “SeaRose Tieback Project Concept Safety Assessment”
report have been addressed.

2) The scope of work of the Certifying Authority in respect of the White Rose project
must be amended to include a review of any new subsea systems and flowlines to
be installed as well as any modifications either to the SeaRose FPSO or to the
existing subsea systems.

3) The Proponent must provide, within 120 days of commencing detailed engineering
design, a summary of any upgrades that may be required to the SeaRose FPSO or
existing subsea systems as well as a summary of the new subsea equipment to be
added as part of the expansion. The Proponent’s plans for testing and integrating
these modifications into existing systems and procedures should be described
together with the Proponent’s plans for training personnel in respect of any new
systems or upgrades.

4) When the project proceeds to the detailed engineering design phase, the Proponent
must keep the Board Staff informed of the detailed schedule for the project,

including a schedule for any ongoing or future safety studies.

As a matter of course, updates to the SeaRose Safety Plan to reflect the North Amethyst
Development must be submitted to the Chief Safety Officer for approval. The
Quantitative Risk Analysis (QRA) which is amended to include the actual North
Amethyst development must be submitted to C-NLOPB. Any necessary changes to the
ice management plan and any other operational updates to existing plans, processes and
procedures must be made by the Proponent in accordance with its management of change

process.

Protection of the Environment
With respect to assessing the potential environmental effects of the Application, Staff
determined that a screening level assessment pursuant to the Canadian Environmental

Assessment Act was required. The Proponent prepared an environmental assessment
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(EA) report, and an addendum to the report to respond to comments from Staff,
government agencies and the public. The conclusion of the environmental assessment
was that, with the application of mitigation measures, the implementation of a Follow-up
Program and adherence to C-NLOPB guidance material, significant adverse

environmental affects associated with the project are not likely.

With respect to environmental protection planning for drilling and production operations,
Staff will expect the Proponent to submit any necessary revisions to White Rose
environmental protection plans (EPPs) for drilling and production operations prior to the

commencement of these operations at North Amethyst.

Staff accepted the Proponent’s evaluation that the re-injection of drill cuttings from
synthetic-based drilling muds was unfeasible at North Amethyst, and noted that an
ongoing feasibility analysis by the Proponent of produced water re-injection at White

Rose also would cover activities at North Amethyst.

Staff also noted that the Proponent’s Concept Safety Assessment did not consider target
levels of risk to the environment, and that its approach to environmental aspects of risk
assessment was qualitative rather than quantitative. Staff question the appropriateness of
this approach and will follow up the issue further with the Proponent as the review of

potential modifications to the Proponent’s EPPs progresses.

In conclusion, no environmental concerns were identified that would preclude Staff from
recommending approval of the Application. Therefore, Staff recommends that the

Application be approved subject to the following condition:

The Proponent, prior to commencing drilling operations at the North Amethyst
drill centre, shall submit for the approval of the Chief Conservation Officer an

amended Environmental Effects Monitoring program design.
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Resource Management
Staff also performed a technical review of the proposed project from a resource

management perspective. Staff has the following conclusions:

e Staff concurs with the Proponent’s proposed depletion strategy, which consists of nine
development wells (4 horizontal producers and 5 water injectors) with pressure
support from water flooding. In the event that there are changes in the geological or

reservoir model, well slots will be available for drilling.

e The Proponent has provided a resource management plan that includes a data
acquisition, voidage replacement, and gas conservation. However, Staff notes that the
Proponent has not adequately addressed the gas storage issue with respect to oil
production at the North Amethyst Field. Therefore they will be required to provide a

plan to the Board that addresses this issue.

e Pressure data, fluid analysis and geological interpretation confirm that the North

Amethyst Field is separate from the White Rose Field.

e A large volume of gas is expected to be produced to recover oil during the early phase
of production from the North Amethyst Field. Also, during the latter phase of
development, water production will be significant. The SeaRose FPSO has the
capacity to handle these volumes under the Proponent’s base plan; however, there is
limited excess capacity if volumes prove to be greater than planned. The Proponent

will be expected to address this issue in a report to the Board.

o Staff acknowledges the range of reserve estimates presented by the Proponent for the
North Amethyst Field and appreciate the uncertainty surrounding these estimates.

However, the base case oil reserve estimate presented by the Proponent is
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conservative, as there are several opportunities that may further increase the oil
reserves. Furthermore, there is potential to produce the gas resources and natural gas
liquid resources within the North Amethyst Field, which would further extend field
life.

Staff concurs with the proposed Application from a resource management perspective,

and recommend approval, subject to the followings conditions:

Condition 1:
The Proponent shall not initiate oil production from the North Amethyst Field until

the Proponent submits and the Board approves a Gas Storage Strategy report.

Condition 2

The Proponent provide to the Board, as soon as possible, ideally not later than
commencement of detail design, a report assessing the potential opportunities for
de-bottlenecking of the facilities to accommodate any restrictions to oil production

and the pace of deferred development.

Condition 3

The Proponent shall submit to the Board within two years following initiation of
production from the North Amethyst Field an updated evaluation of the full field
(White Rose and North Amethyst) gas resources along with a description of
activities to be undertaken and a drilling schedule and locations for delineation or

pre-development wells.

Condition 4:
Prior to initiation of production from the North Amethyst development area, the

Proponent shall notify the Board’s Chief Conservation Officer that the commercial
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agreements with interest owners of PL 1006, PL 1007 and PL1008 are in place and

that the royalty owners concur with the commercial agreements.

Socio-Economic Impact Statement

Staff engaged a consultant to review the Proponent’s Socio-Economic Impact Statement

document (Appendix B). The consultant’s conclusions concurred with the Proponent’s

assessment that:

e the project is so small that it is very unlikely to generate any negative social impacts
or cause problematic demands on local infrastructure or public services; and

e that it could be a positive addition to economic activity within the province, is a

reasonable assessment.

Staff concurs with this assessment.

In conclusion, Staff recommends that the Board approve the Application, subject to the

conditions in the environmental protection and resource management sections of this

report.
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3.0 BACKGROUND

3.1 The Application

On August 14, 2007, Husky Oil Operations Limited (Proponent) submitted to the
Canada-Newfoundland and Labrador Offshore Petroleum Board (Board) on behalf of the
ownership within the Significant Discovery Licences (SDL) 1024 and 1044,

Production Licence (PL) 1006 and Exploration Licence (EL) 1045 the following

documents (the Application):

North Amethyst Development Plan
e Development Plan North Amethyst Satellite Tie-back to SeaRose FPSO, August 2007

e North Amethyst Satellite Tie-back Development Application Project Summary, August
2007

e North Amethyst Satellite Tie-back Socio-economic Impact Assessment, August 2007

White Rose (FPSO Modifications)
e White Rose Development Plan Amendment - SeaRose FPSO Modifications, August
2007

Benefits Plan (Both Applications)

e Canada-Newfoundland and Labrador Benefits Plan North Amethyst Satellite Tie-
back, August 2007

e North Amethyst Satellite Tie-back Canada Newfoundland and Labrador Benefits Plan
Summary, August 2007

Other
e SeaRose Tieback Project Concept Safety Assessment, August 2007

10
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The Application proposes development of the North Amethyst Field within the Significant
Discovery Licences (SDL) 1024 and 1044, Production Licence (PL) 1006 and Exploration
Licence (EL) 1045. These were subsequently converted to Production Licences (PL) 1006,
1007 and 1008 (see Section 3.2 Commercial Discovery Area/ Production License).

Staff reviewed the Application and requested additional information in a letter dated
September 18, 2007. The Proponent responded with supplemental information on
November 6, 2007 and in a letter dated November 30, 2007, the Proponent was informed

that the Application was complete.

The Board made the Application, and supplemental information, available to the public
for comment on its website for the period November 30, 2007 to January 7, 2007 and no

comments were received.

The Proponent examined two development options with respect to the tie-back to the
SeaRose FPSO and selected Option B tie-back via new flowlines from the North
Amethyst Glory Hole to existing subsea infrastructure (i.e. Southern Drill Centre). It
should be noted that Option B does not require the vessel to come to shore. The
Proponent also indicated in this correspondence that they have moved the first oil

window up from late 2010 to late 2009.

The North Amethyst Glory Hole has a capacity of up to 16 wells but the tie-back is
expected to require from seven to ten wells consisting of four production and three to six

water injection wells thus leaving some flexibility for future expansion.
On February 4, the Proponent informed the Board that it was no longer considering doing

the topside modifications for water and gas handling on the SeaRose FPSO and were

therefore withdrawing the SeaRose Modifications Development Plan Amendment

11



Staff Analysis
Respecting North Amethyst Tie-Back Project

document at this time. The Proponent’s plan is to de-bottleneck the facility to

accommodate future capacity expansion.

The Proponent estimates 11.1 million m® (70 million barrels) of recoverable oil from the
North Amethyst Field with an estimated cost of $1.5 billion for Option B. These are

estimated by the Proponent as follows:

Drilling and completions $ 705 million
Subsea Systems $ 587 million
Project Management and Engineering ~ $ 137 million
Glory Hole Construction $ 32 million
FPSO modifications $ 7 million

3.2 Commercial Discovery Area / Production Licences

On May 25, 2007, the Board received the document Application for an Extension to the
Commercial Discovery Area, White Rose Region North Amethyst/White Rose Structure.
The Board reviewed this document and identified several deficiencies that prevented
proper consideration of its merits. On July 9, 2007, the Board received an Application for
a Commercial Discovery Declaration North Amethyst Structure (2 volumes). This
application is based on the oil and gas reserves defined in the North Amethyst structure
by the K-15 discovery well and considers an area of 14 sections equalling 4,956 hectares.
On October 24, 2007, the Proponent was notified of successful application defining the
North Amethyst Commercial Discovery Area (CDA) covering six sections 2, 12, 13, 24,
25, 26.

On November 2, 2007, the Proponent submitted a Commercial Discovery Declaration
Application for a Production Licence from the White Rose and North Amethyst

Commercial Discovery Areas. The Proponent was notified by the Board, on November

12
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21, 2008 that the Production License had been issued and approved resulting in the
current land regime. The North Amethyst Field is now defined by PL 1006, 1007 and

1008 as shown below.
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3.3 Glory Hole Construction

The glory hole for North Amethyst was dredged during the summer of 2007 by the MV
Vasco da Gama. Since there was no development plan in place at the time of
authorization for this work, approval was granted by special decision of both levels of

government.

3.4 History/Context

The White Rose Field was discovered in 1984 by the drilling and testing of the Husky et
al Whiterose N-22 exploratory well. The field is located approximately 350 km east of St.
John’s, Newfoundland and Labrador on the eastern edge of the Jeanne d’Arc Basin in an

area where the water depth ranges between 115 and 130 meters.

The recoverable oil reserves in the White Rose Field are estimated, and expressed at a 50
percent probability level by the Board, to be 45 million m* (283 million barrels). Most of the
hydrocarbons are contained in the Ben Nevis Formation. Pressure measurements and fluid
contacts indicate that the oil and gas accumulation in the Ben Nevis Formation are divided into
four separate oil pools, each with an associated gas cap: the South Avalon pool, the North
Avalon pool, the West Avalon pool, the South White Rose Extension (SWRX) pool.

Commercial oil production began at the South Avalon Pool on November 12, 2005.

The South White Rose Extension (SWRX) is an expansion to the White Rose
Development within Significant Discovery Licences 1043 and 1044. This expansion
proposed a subsea tie-back to the SeaRose FPSO through the existing Southern Glory
Hole (SGH) and utilizes a new glory hole to be constructed approximately 4km south of
the SGH. The C-NLOPB estimates that 22 million barrels of oil is recoverable from the
SWRX pool.

14
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The SWRX pool was approved by governments on September 7, 2007. Expected first oil
for this pool is late 2012.

The North Amethyst Field was discovered in 2006 by the drilling of the Husky Oil et. al.
North Amethyst K-15 well into the North Amethyst structure. The K-15 well defined the
presence and quality of a hydrocarbon-bearing reservoir in a geological feature
previously interpreted to be devoid of adequate reservoir. The well encountered an
extensive gas over oil hydrocarbon interval within the Ben Nevis Formation. The
resources identified by the K-15 well are approximately 600 metres shallower than those
in the South Avalon Pool of the White Rose Field.

A note of clarification is required regarding the naming convention used in the
Application. The reservoir section was termed the “Avalon Formation” in the
Proponent’s White Rose Development Plan Application (2001), and in the Board’s
Decision 2001.01. It is now believed the reservoir section lies upon the mid-Aptian
unconformity, is middle Aptian-Albian in age, and is an overall fining-upward package
within a transgressive systems tract, and is now interpreted to be the “Ben Nevis

Formation”.

15
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40 RESOURCE MANAGEMENT

Resource management is the essence or core feature of any Development Plan Decision.
This statement is not meant to detract from the importance of other aspects of the
decision such as safety, environmental protection or benefits. However, all of these are to
some extent driven by the choice that is made in determining the general approach to the

development of the hydrocarbon resources.

The legislative and regulatory philosophy which guides this decision process is generally

described as “Conservation of the Resource”.

Resource conservation is perhaps the most complex and technically challenging aspect of
the Development Plan Decision, involving the integrated application of a wide array of
geological and engineering factors. The Accord Legislation stipulates that a central
feature of the general approach must be the prevention of waste. The overriding principle
here is one of good reservoir management practice. This principle, and the legislative
requirement to prevent waste, must be the basis of the Staff’s recommendation in this

area.
It is the recommendation of the Staff from a Resource Management perspective that
the North Amethyst Development Plan be approved, subject to the proposed

conditions established in this Analysis.

The recommendation is based on the North Amethyst Field development using a tieback

of a satellite field via the SeaRose FPSO facility as described in the Application.

16
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4.1 Resource Management Review

This section focuses on resource management aspects of the Application. The statutes and
regulations administered by the Board require that oil and gas resources be produced in
accordance with good oil field practise, having proper regard for the efficient recovery of the

resource and the prevention of waste. The Proponent’s Application sets out:

interpretation of the geology and reservoir characteristics of the North Amethyst Field,;

estimates of hydrocarbon reserves and resources;

the strategies to recover oil reserves and the conservation of the gas resources; and

modes of development.

In any oil or gas field development, it is impossible to resolve all of the geological,
geophysical and reservoir ambiguities prior to proceeding with development. Several
uncertainties, which are discussed in the sections of this analysis, may affect the

depletion scheme to be employed and the recoverable reserves.

Staff reviewed the Application and the Proponent’s electronic copies of their seismic data
and reservoir simulation model, as well as conducted a review of reservoir and geological
data. Also, updated South Avalon well, production and other relevant data was included
in the analysis. Collectively, this information was sufficient to allow the assessment of
the Proponent’s overall resource management plan. The following sections of this report

presents the Board staff’s review, determinations and recommendation.

4.2  Geology/Geophysics/Petrophysics

4.2.1 Regional Geology

In the original White Rose Development Plan (2001) the Proponent extensively details

the regional geologic history of the Jeanne d’Arc Basin. In light of both the Board’s and
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general industry understanding of the Basin, this discussion adequately describes the
tectonic evolution of the White Rose and North Amethyst areas. The following summary
Is extracted from various sources including: the Proponent’s original White Rose
Development Plan Application, the Terra Nova Development Plan Application and

literature describing the regional geology of the Jeanne d’Arc Basin.

The North Amethyst field is located on the eastern margin of the Jeanne d’Arc Basin,
about 50 km east of both the Hibernia and Terra Nova fields. This northeast trending
basin is bounded to the west by the Bonavista Platform, to the east by the Ridge
Complex, to the south by the Avalon Uplift, and to the north by the Cumberland Ridge.

The Mesozoic depositional sequences contained in the basin were strongly controlled by
regional tectonic events occurring on the North Atlantic continental margin from Late
Triassic to mid Cretaceous time. Sediments were initially deposited during the Late
Triassic to Early Jurassic rift phase within a northeast trending graben. This episode was
followed by a Jurassic post-rift phase, during which subsidence and deposition of marine
sediments, such as shale and limestone, occurred. The organic-rich shales, limestones and
marlstones of the Rankin Formation deposited at the end of this phase are of particular
importance because they are considered the primary source rock for most of the oil

generated in the basin.

A second phase of east-west oriented rifting occurred in the Late Jurassic. The deposition
of the fluvial sandstones and conglomerates of the Jeanne d’Arc Formation followed the
uplift and erosion of the underlying Rankin Formation in this period. Basinward, the
Jeanne d’Arc Formation grades into shales of the Fortune Bay Formation. Braidplain and
deltaic sandstones of the Hibernia Formation continued to fill the basin until Early
Cretaceous time. Following this, a post-rift period of subsidence and deepening basin
conditions occurred which is reflected by the “B” Marker and “A” Marker limestones,

marine sandstones of the Catalina Formation and the Whiterose Formation shale.
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The final phase of rifting, a southwest-northeast extension, occurred in the mid-
Cretaceous. During this time, the fluvial to marine sandstones of the Ben Nevis/Avalon
Formations and basinward, the shales of the Nautilus Formation, were deposited. Since
the Late Cretaceous, the entire basin has subsided and the sediments deposited include
fluvial-deltaic and deeper marine clastics and minor limestones. This was followed in the

Quaternary by glaciation and the subsequent transgression of the ocean into the area.

4.2.2 Geology of North Amethyst

The North Amethyst Field is located on a rotated fault block adjacent to the Terrace
portion of the White Rose South Avalon pool. The principle reservoir consists of shallow
marine, fine-grained, quartzose sandstones of the Ben Nevis Formation. This southwest-
northeast trending sequence was likely deposited along a paleoshoreline located east of
the field (Figure 4.1). Movement along the fault bounding the North Amethyst structure
occurred after the deposition of the Ben Nevis sands, with similar thicknesses of the
reservoir occurring in the North Amethyst structure and in the South Avalon pool. The
resources identified by the K-15 well are approximately 600 metres shallower than those
of the South Avalon Pool (Figure 4.2). This shallower burial has resulted in increased
porosity and permeability of the North Amethyst reservoir, as compared to the South

Avalon Pool.
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Figure 4.1: Schematic of aerial distribution of shoreface sandstones and early moving faults related
to the initial phases of Ben Nevis deposition (Source: Husky, 2007)
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Figure 4.2: West to East Structural cross-section through the North Aethyst area and adjacent South

Avalon Pool (Source: CNLOPB)

The Proponent defines the Ben Nevis Formation using three main facies associations:

1) Lower shoreface storm deposits consisting of well-sorted, very fine-grained sandstones that

form the main reservoir rock type in the region.

2) Lower shoreface fair-weather deposits consisting of heavily bioturbated siltstone to silty-

sandstone.

3) Marine silty shale and shale deposits with minor bioturbated intervals that represent the

distal component of the White Rose region deposition.
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The sandstone reservoir facies are incorporated into the geological model for reservoir
simulation purposes. The division between reservoir and non-reservoir units is identified by
porosity and permeability cut-offs, which are obtained from the calibration of core and

petrophysical data.

4.2.3 Geophysics

The North Amethyst Field is covered by three separate seismic surveys, PGS-97, Breton
1990 and GSI 1985. PGS-97 and Breton 1990 are modern three-dimensional (3-D)
seismic surveys, while the GSI 1985 is an exploration reconnaissance pseudo 3-D survey.
Subsequent reprocessing and merging of all datasets was completed by the Proponent in
2000 and the White Rose Merge dataset was used as the primary seismic volume for the

structural interpretation of the North Amethyst Field.

The Proponent has used two primary wells, K-15 and G-57, to correlate seismic data and key
seismic markers in the North Amethyst Field. The K-15 synthetic seismic trace generated from
sonic and density logs has provided a strong tie to the merged seismic dataset. The North
Amethyst area has been mapped by the Proponent for three seismic markers, the Base Tertiary
Unconformity, the Top Ben Nevis Avalon (BNA) and the Mid-Aptian Unconformity. The
interpretation and correlation was described by the Proponent as challenging given the low
impedance contrast of the Ben Nevis Avalon reservoir and surrounding geology as well as fault

complexity.

All three surfaces mapped by the Proponent over the North Amethyst Field were tied to
the White Rose Field using numerous adjacent wells. The Base Tertiary Unconformity
marker is a regional seismic surface mapped as a strong positive peak through the North
Amethyst Field and surrounding White Rose Area. Limited faulting and a strong

impedance contrast allows for confident interpretation of the regional marker. The Top
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Ben Nevis Avalon Formation is mapped as the top of the hydrocarbon-bearing reservoir;

this horizon represents a low impedance contrast that can be a difficult pick in North
Amethyst and the White Rose fields. The Mid-Aptian Unconformity defines the Base of
the Ben Nevis Avalon reservoir interval. A medium to high amplitude horizon, this
surface is mapped with a higher level of confidence. The reservoir interval is imaged
seismically as low amplitude sequence indicative of the low impedance siltstone
reservoir. Overall, the North Amethyst Field is less structurally complex then the

adjacent White Rose Field. The north-south elongated westerly dipping North Amethyst

ridge is separated to the east and north by major faults: the West Terrace Fault and North

Terrace Fault, respectively (Figure 4.3).

Two-way Trawel Time {ms)

Figure 4.3: North Amethyst Field, Top Ben Nevis time structure map (Source: C-NLOPB)
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The Proponent has supplied supplemental information on time-to-depth conversion, and
all seismic surfaces have been converted using the Vo,K method to be input into geologic
modelling. All seismic datasets and geophysical surfaces were provided to the Board for
review and audit. Variations in the interpretation are minimal and staff has concluded

that the geophysical interpretation presented is acceptable.

Staff conclude that the geophysical analysis by the Proponent is considered reasonable and

acceptable at this time.

4.2.4 Petrophysics

The Proponent has conducted a comprehensive logging and coring program while drilling
the exploration, delineation and development wells in the White Rose Field. In the
Application, the Proponent summarized their petrophysical interpretation of the Ben
Nevis / Avalon reservoir for all wells in the approved development area as well as for the
North Amethyst K-15 well, southwest of the developed region. The Proponent supplied
supplemental information on the methodology, assumptions and criteria used in their

petrophysical analysis.

Staff reviewed the petrophysical data and determined that the Proponent’s petrophysical
interpretation matches Staff’s assessment with slight differences attributed to different
methodology, assumptions and criteria used in interpreting the data. Based on its
analyses, Staff believe the interpretation presented by the Proponent is reasonable and

appropriate for the evaluation this Application.

4.2.5 Reservoir Geologic Modeling

Staff continues to build and update their geological models for the North Amethyst Field
using the 3D modeling software package Petrel (Schlumberger). The Board’s models

cover the entire North Amethyst development area, as well as the White Rose Field.
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Specific effort was focused on the construction of a sector model of the North Amethyst
area for this evaluation. With this sector model, Staff evaluated the oil and gas in place

and oil reserves presented by the Proponent.

The geological model of the North Amethyst area is bound by geophysically controlled
structural map surfaces of the top and bottom of the reservoir as supplied to the Board by the
Proponent. The model was adjusted based on information acquired from wells drilled in the
area. Fault mapping in the Board’s model is derived from fault polygons supplied by the

Proponent, modified to suit the most recent and applicable structural input surfaces.

The surfaces and fault polygon sets were imported and manipulated in Petrel. Well data,
in the form of the Board’s petrophysical analysis, were also imported into the modeling

software. The model is shown in Figure 4.4.
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Figure 4.4: North Amethyst geological model: Top structural surface (Ben Nevis Formation), showing gas-
oil contact, oil-water contact, and interpreted faults (Source: C-NLOPB)
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A 3-D, sloping fault geo-cellular model was constructed with the above data, using cell
sizes of approximately 100 x 100 x 4 metres. Key reservoir properties for the North
Amethyst model (ie. porosity and water saturation) were scaled up from log scale (0.1524
metres/sample) to reservoir scale (approx 4 metres/sample) in Petrel (Figure 4.5). Using
Sequential Gaussian Simulation (SGS), the scaled up well parameters for porosity and
water saturation were distributed throughout the model. This maintains the statistical
distribution of the original data and the inverse correlation coefficient relationship
between the porosity and water saturation data (Figures 4.5, 4.7). Other parameters key to
the resource/reserve calculations (i.e. oil formation volume factor, B,, gas formation
volume factor, By, gas—oil ratio, GOR, recovery etc.) are fixed scalar quantities, and are

entered into the software.
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Figure 4.6: Example of porosity distribution in the North Amethyst geological model (Source: C-NLOPB)

The Proponent continues to work on its geophysical and geologic models for the North
Amethyst Field, which is typical for any field under production. Staff believes that the

Proponent’s geological model is reasonable and appropriate to evaluate this Application.
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4.3 Oil in Place, Gas in Place and Reserve Estimates

Consistent with Board practice for reserve/resource determinations, fifty separate
porosity and corresponding water saturation realizations, each controlled by a random
number statistical seed, were used for the Board’s North Amethyst geological model.
This provides a statistical range for the hydrocarbon pore volume determination (HCPV).
Scalar quantities (Table 4-1), convert HCPV,; and HCPV s to oil and gas in place and
recoverable oil. The recovery factors assigned were not completely based on Proponent’s
reservoir simulation studies as these are viewed to be optimistic. Rather, the recovery

factors are based on the Staff’s engineering and geologic work.

Table 4-1: Parameters and assumptions used to determine resources/reserves for the North
Amethyst area

Oil formation volume factor (Rm*/STm®) | 1.27
Gas formation volume factor (Rm®/Sm?®) .005
Gas Oil Ratio (m*/m°) 100.6
P90 Oil Recovery (fraction) 0.17
P50 Oil Recovery (fraction) 0.27
P10 Oil Recovery (fraction) 0.40

Staff assessed the oil-in-place for the North Amethyst Field presented by the Proponent and the
resource estimates based on the Board’s geological model. A comparison of the Proponent’s,
and the Board’s volumetric oil-in-place estimates, for the North Amethyst area, are shown in
Table 4-2.

Table 4-2: Comparison of Husky and C-NLOPB Probabilistic (Volumetric) Resources in Place,
North Amethyst Field

30



Staff Analysis
Respecting North Amethyst Tie-Back Project

P90 P50 P10
Husky ~ C-NLOPB  Husky C-NLOPB  Husky C-NLOPB
OOIP (million Barrels) 211 213 259 251 310 288
OOIP (million m3) 34 34 41 40 49 46
OGIP (Gas Cap BCF) 114 147 149 173 210 216
OGIP (Gas Cap (BM3)) 3.2 4.2 4.2 4.9 5.9 5.5
OGIP (Solution BCF) 122 120 150 142 181 162
OGIP (Solution (BM3)) 3.5 3.4 4.2 4.0 5.1 4.6

With respect to reserves, Table 4-3 show that the Board’s estimates are in close
agreement with the Proponent’s for the North Amethyst Field. Staff feels that the
reserve estimates are realistic but conservative in light of the fact that one well was
drilled.

Table 4-3: Comparison of Husky and C-NLOPB Qil Reserves, North Amethyst Field

P90 P50 P10
Husky C-NLOPB Husky C-NLOPB Husky  C-NLOPB

Oil Recovery Factor | o | o017 | o027 | 027 | 040 | 0.40
Recoverable Oil (million Barrels) 31.7 36.2 69.8 67.9 124.0 115.2
Recoverable Oil (million m3) 5.0 5.8 11.1 10.8 19.7 18.3

Staff believe the Proponent’s oil and gas-in-place estimates are reasonable for planning
purposes. If the results of development drilling indicate any significant change in the premise
upon which the present plan is based, the Proponent will be required to submit to the Chief

Conservation Officer an amended plan that takes this new information into account.

4.4 Reservoir Engineering Review

The review of the Proponent’s reservoir engineering component of the Application
includes the following:

e An overview of alternative development opportunities,

e A review of the reservoir engineering data;

e An assessment of the depletion and reservoir management;
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e A review of the reservoir simulation model;
e A review of the exploitation plan and sensitivities to the reservoir simulation;
e A base case production forecast for North Amethyst and production forecasts for

South Avalon pool and full field development; and

4.4.1 Development Opportunities

The Application noted that the Proponent considered several development and production
optimization opportunities. These included:

e Steel FPSO facility

e Concrete FPSO facility

e Steel floating, production, drilling, storage, offloading (FDPSO) facility

e Concrete gravity base structure (GBS)

o Steel semi-submersible facility with and without integral storage

e Concrete semi-submersible facility

e Disconnectable concrete tension leg platform (TLP)

e Concrete barrier wall with floating production unit (FPU)

With respect to investigating these alternative modes of development for the tie-back
project, the Proponent noted that it relied on the initial White Rose Development concept
selection work and, based on this work, a steel FPSO facility was selected as the
preferred mode. The Proponent then compared the options of using the existing SeaRose
FPSO to a standalone Greenfield FPSO. Based on an assessment of several factors
including procurement options, development costs and schedule, the Proponent

concluded that the tie-back to the SeaRose FPSO option was preferred.

With respect to using a FPSO as the mode of development, two options were chosen by the
Proponent for review as follows:

1) asub-sea development to a new steel FPSO facility;or
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2) a sub-sea tie-back system to the existing SeaRose FPSO facility;
a) North Amethyst Satellite Tie-Back (directly to SeaRose)
b) North Amethyst Satellite Tie-Back via Southern Drill Centre or Central Drill

Centre

The Proponent selected option 2(b) above as its preferred approach with a tie-back using the
Southern Drill Centre. According to the Proponent, the main drivers in the decision