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1. Introduction

The Bay du Nord 3D 2000 survey is located offshore Newfoundland, East Coast Canada, and
covers approximately 2300 square kilometers. The survey was acquired by Geco-Prakla, for
PetroCanada and NorskHydro, from 8™ June to 11" August, 2000; and was originally
processed by Veritas Geoservices in Calgary for PetroCanada and NorskHydro from August
2000 to March 2001. The Bay du Nord 2000 and 2014 surveys overlap, but were acquired
perpendicular to each other. Water depths for the Bay du Nord 200 survey vary from 1050m
to 1650m, but remain flat around 1150m for most of the survey.

Re-processing of the Bay du Nord 2000 survey was performed at the CGG Calgary processing
center, from October 2014 to August 2015. A fast-track PSDM product was provided by CGG
in November 2014.

Objectives

= The primary objective of this survey is to achieve an excellent seismic image of the
subsurface in the area of the Bay du Nord discovery and surrounding prospects in order
to reduce risk with the appraisal and exploration program.

= The Upper Jurassic targets should have top, internal and base reflectivity clearly imaged
with fault planes sharply defined. The main target interval in the structural highs is from
2700m (3000ms) to 3600m (3500ms). Noise and inaccuracies in reflector positioning
should be reduced compared to the currently available seismic data. Cretaceous and
shallow data quality should also be improved.

= Conduct TTI APSDM 3D processing, to provide high-quality data for detailed prospect
mapping, well location selection, resource calculation, and risk assessment.

= Provide proper amplitude-preserved offset data for AVO & inversion work.

= Test processing flow and algorithms (noise attenuation, demultiple etc.) that are specific
to the area.

= Test noise, velocity and anisotropic characteristics of the area that contribute to high-
quality imaging.
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Survey Map/Location

The Bay du Nord 2000 survey is located approximately 500km directly east of
Newfoundland, Canada:
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Bay du Nord 2000 and ST14001 survey locations:
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Acquisition Information

Acquisition Contractor:
Vessel

Location

Type of Survey (2D or 3D)
Area (km?)

Number of lines acquired
Heading

Streamer Parameters

Cable type

Number of cables

Group interval (m)

Cable length (m)

Cable depth (m)

Cable separation (m)

Number of groups per streamer
Total number of groups
Nearest offset available (m)

Recording Parameters

Recording system

Recording format

Record length (ms)

Sample rate (ms)

Recording filter (Hi-Cut, Slope)
Recording filter (Low-Cut, Slope)
Recording media

Source Parameters

Source

Number of sources
Source separation (m)
Source depth (m)
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Geco-Prakla

Geco Triton

Offshore East Coast Canada
3D Marine Streamer

~2300 km’

118 (12 NTBP)

17°/197°

NESSIE 3
10

25

5000
8.0+1.0
100

200
2000
222

TriAcqg 1.6 C
SEG-D 8015 rev2
9216

2

180 Hz, 72 dB/Oct
3 Hz, 18 dB/Oct
3590

Bolt Air Guns (Long Life Type 1500/1900)

2
50
7.0+1.0
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Shotpoint interval flip/flop (m) 25

Shotpoint interval per source (m) 50
Volume (per source)(cu in) 3874
Operating pressure (psi) 2000

Geodetic Information

Datum: NAD-83
Spheroid: GRS-80
Semi-major axis: 6378137.000 m
Inverse flattening: 298.2572221
Projection: UTM Zone 22 N
Central Meridian: 051.000 W
Latitude of Origin: 00.000 N
False Easting: 500000.0
False Northing: 0.0
Scale Factor: 0.99960000

8

ST14001 Bay du Nord 3D 2014 TTI APSDM Processing Report



Acquisition Information

50

100m
€ 900m
9

Oom. Antenna

66.28m. Stern

516m. Centre of Source

COS-CFG =222m

738m. Centre of 1% Group
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Final Processing Grid and Corner Point Information

Positional Information:

Inline Range : 6439 —-8989 Incr. 1 Inline spacing: 12.5m
Crossline Range : 4890 — 10865 Incr. 1 Crossline spacing: 125m
Projection Type :UTM
Datum info : NAD-83 GRS-80 6378137.000 298.2572221
Projection Zone 122N
Central Meridian :51W
Four Corner Points:
Point 1 Point 2 Point 3 Point 4
Inline 6439 6439 8989 8989
Crossline 4890 10865 4890 10865
CDPX | 853826.25 875298.88 823297.00 844769.63
CDPY | 5296318.50 | 5367852.50 | 5305482.50 | 5377017.00
4
2

3 !

Not to Scale
1
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2. Pre-processing

Overview

YVVVVVVYVYVVYVVVVYVYVVVVVYYVYVVVYYVYYVYY

Reformat from SEG-D

Navigation/Seismic merge & QC

Shot and channel edits

Zero-phase conversion filter (derived from WB)

Re-sample to 4ms

Gun & Cable datum correction

Spherical divergence correction (T?)

Swell noise attenuation

Channel consistent amplitude correction

Dynamic water-column statics correction

Receiver and source de-ghosting

Residual zero phasing

3D SRME de-multiple

Build common-offset planes (500-5100m, incr. 100m, 12.5m xline x 25m inline)
De-spike and residual swell noise attenuation in common offset domain
3D trace interpolation and bin centering

High-resolution Radon de-multiple

Time-varying high-cut filter

Residual random noise attenuation in common-offset domain
Q-compensation — phase only

3D trace interpolation to 12.5m x 12.5m

Remove spherical divergence (T?)

Convert to Global Processing Grid

Survey matching
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Reformat from SEG-D

The field seismic data, in SEG-D format on 3590 tapes were read and re-formatted to CGG’s
internal Geovation2 format at 2ms sample interval, at 32-bit floating point.

Navigation/Seismic merge & QC

The navigation data in UKOOA P1/90 format was merged with the seismic data based on
time and shot point. A detailed navigation QC was conducted to determine the accuracy of
the navigation data. The nearest channel from each cable was extracted for every shot, and
the theoretical direct arrival time was plotted on the seismic. If the navigation data is
accurate, the plotted theoretical direct arrival should line up with the direct arrival. All 106
sail lines in the Bay du Nord 2000 survey were QC’d.

It was found that the navigation for Cable 10 (outermost cable) was not very accurate for 12
out of the 106 sail lines. As this was a very small percentage (<1%) of the total data, it was
decided to edit Cable 10 for those 12 lines, and interpolate the data instead.

No other navigation errors were found. The following .ppt details the navigation QC:

Bay du Nord 2000 3D

Navigation QC
August 13, 2014

<CGG

Shot and channel editing

Acquisition Observer Logs were analyzed for edits related to problems in acquisition. Shot
and channel root-mean-square (RMS) amplitude displays were also generated to confirm the
shot and channel edits from the Observer’s Logs, and also to identify any additional edits.
Bad shots were dropped from processing and bad channels were zeroed.

12
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Zero-phase conversion filter (derived from Water Bottom reflection)

The original Bay du Nord 2000 processing used a modelled source signature. As the Bay du
Nord 2000 survey contains deep-water data, it was possible to derive a better source
signature directly from near-offset water-bottom reflection data. After deriving the source
signature, a de-bubble operator and zero-phase conversion filter were designed. The
following .ppt details the data-derived source de-signature operator:

Bay du Nord 2000

Data-Derived Source De-Signature

deee

De-sample to 4ms

The sample rate of the data was changed from 2ms to 4ms. A zero-phase anti-aliasing filter
(110Hz / 72dB/Oct) was applied prior to de-sampling.

Gun and cable datum correction

The seismic data was adjusted to the sea level datum by correcting for the gun and cable
depths of 7.0m and 8.0m respectively. The resulting time shift of +10ms was applied to the
data.

Spherical divergence correction: T2

In order to balance the seismic data from top to bottom, a simple T spherical divergence
correction was applied to the seismic data.

13
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Swell noise attenuation

Varying degrees of swell noise were observed throughout the dataset — generally fairly mild,
but occasionally severe. In order to attenuate swell noise present in the data, 2 passes of FX-
projection filtering were performed. Firstly in the common-channel domain, and secondly in
the common-shot domain. This processing effectively removed swell noise from the data
without damaging primary energy.

Channel consistent amplitude correction

Sail-line RMS amplitude QCs were produced for each sail-line to QC channel-to-channel
amplitude variations — these showed there were some channel-to-channel amplitude
variations present in the data. These variations were corrected by identifying channel
amplitude variations and computing one scalar for each channel, per sail line.

To get a reliable scalar for each channel, we should compute the scalar based on signal by
excluding as much multiples and noise as possible. After testing, an offset-varying water-
bottom mute was applied before calculating the channel scalars. Smoothing was applied to
ensure geology was preserved, and the magnitude of the scalars applied was limited from
0.80to 1.20.

RMS QCs after channel amplitude corrections showed improvement in the channel to
channel variations; results on seismic QCs showed useful, but very subtle changes.

The .ppt file below details the common-channel amplitude corrections:

Bay du Nord 2000

Channel Consistent Amplitude Correction

< CGG
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Dynamic water-column static correction

Seasonal variations in water temperature and/or salinity result in water velocity variations,
and consequently time shifts between adjacent sail-lines. Also, daily tidal variations can lead
to very small time shifts between adjacent sail-lines.

Dynamic water-column static corrections calculate and apply offset-variant and time-variant
statics. Different ray-paths will have different travel time differences, and dynamic time
corrections account for both vertical and slanted ray-paths.

The water-column static corrections are sail-line consistent, and vary along sail-lines. The Bay
du Nord 2000 survey showed small water column statics were present: ranging from —
1.28ms to +2.31ms.

The following .ppt file details the water-column statics corrections:

Bay du Nord 2000

Water Column Statics QC

18" Aug 2014

< CGG

Receiver & source de-ghosting

Receiver and source de-ghosting were applied to the data. De-ghosting is beneficial to the
data in the following ways:
= Broadens seismic signal bandwidth, especially for low frequencies.
= Gives enhanced textures to the data due to increased low frequency content.
= Improves signal to noise ratio.
= Reduces side lobes on seismic wavelets, resulting in higher resolution.
A pre-migration bootstrap de-ghost approach was used.

Residual zero-phasing

After applying both receiver and source de-ghost, the wavelet is not perfectly zero-phase.
We applied residual zero de-phasing filter by extracting the source wavelet from the water-
bottom on near offset cube.

15
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3D SRME

3D SRME (Surface-Related Multiple Elimination) is a powerful technique for removing water-
bottom related multiples. The beauty of 3D SRME lies in its ability to predict the full
complexity of the 3D multiples without any subsurface information, such as structures and
velocity field.

This data was heavily contaminated by high amplitude water layer related multiples,
especially in the zone of interest.

Much time and effort was spent on testing and optimization of both the 3D SRME multiple
prediction and the subsequent adaptive subtraction. The predicted multiples were then
adaptively subtracted from the input data.

Build common-offset planes

The seismic data was binned on a 25.0m (inline) x 12.50m (crossline) grid and sorted into 47
common-offset planes. Offsets ranged from 500m to 5100m with an increment of 100m. If
duplicate offset traces fall within the same bin, several methods can be used to determine
which trace will be kept. For example, sometimes the trace closest to the bin center (in
terms of x & y); or closest to the offset bin center (in terms of offset value in m), is kept. For
this survey, if duplicate offset traces fell within each CDP bin, then the trace closest to the
bin center (in terms of x & y) was kept.

Residual swell noise attenuation

In order to remove some residual swell noise remaining in the data, FX-projection filtering
was run in the common-offset domain. This processing effectively removed swell noise from
the data without damaging primary energy.

Common-offset domain de-spike

A mild de-spike was run in the common-offset domain in order to remove any spikes left in
the data prior to migration. The amplitude threshold was set high enough such that primary
energy was preserved.

16
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3D Trace interpolation and bin centering

Due to cable feathering, common-offset cubes usually contain many CDP bins that are
missing traces for particular offsets. In order to produce a uniform input to PSDM, the
missing traces within each offset were interpolated using CGG’s proprietary 3D anti-leakage
Fourier transform algorithm, to regularize the fold and offset distribution in each CDP bin.
Each trace was also moved to the bin center. Both trace interpolation and bin centering

were accomplished simultaneously.

High-resolution Radon de-multiple

High-resolution Radon multiple attenuation is a constrained 'high-resolution' version of the
conventional Radon transform multiple attenuation. All data is represented by parabolas
with move-out between the lower and upper data move-out values; parabolas with move-
out between the lower and upper primary move-out values are used to represent primaries,
and events outside this range will be removed. A 500ms AGC wrap was applied around the
Radon transform.

Maximum offset (reference offset for curvatures): 5100 m
Frequency range 3-100Hz
Lower data move-out value: — 1000 ms
Upper data move-out value: + 2000 ms
Lower primary move-out @ WB+600ms: — 1000 ms
Upper primary move-out @ WB+600ms: + 671 ms
Lower primary move-out value @ Base Tertiary+200ms: | — 1000 ms
Upper primary move-out value @ Base Tertiary+200ms: | + 235 ms
Radon applied from: WB+600ms

Time-varying high-cut filter (TVF)

The following mild high-cut filter, following the water-bottom, was applied to the seismic
data to remove high-frequency noise prior to migration:

WB time (ms) Time (ms) Frequency (Hz) Slope (dB/Oct)
500 0-500 100 72
1500 90 72
2700 70 60
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3500 50 48
7676 20 36
9216 20 36
0-1000 100 72
2000 90 72
1000 3200 70 60
4000 50 48
7676 20 36
9216 20 36
0-1500 100 72
2500 90 72
1500 3700 70 60
4500 50 48
7676 20 36
9216 20 36
0-2000 100 72
3000 90 72
2000 4200 70 60
5000 50 48
7676 20 36
9216 20 36

Residual noise attenuation in common-offset domain

In order to remove residual random noise remaining in the data, an FXY deconvolution (3D
signal-to-noise enhancement process) was ran in the common-offset domain using the
following parameters:

Window size: 21 x 21 traces

Window length: 128 ms (96 ms overlap)

Freq. range: 0-100 Hz

Application: Applied from Base Tertiary +100ms

The FXY deconvolution produced good results with significant noise removal, whilst
preserving primary energy.

Q-Compensation - phase only

A phase-only Q value of 120 was applied to the final input to migration, using a reference
frequency of 35 Hz. The Q compensation was applied from the water-bottom time.

18
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3D trace interpolation to 12.5m x 12.5m

The survey was interpolated from the 25.0mx12.5m grid to a 12.5mx12.5m grid. The smaller
crossline spacing will reduce spatial aliasing for steep-dipping events and improve the
migration image.

Remove spherical divergence correction T2

The T? spherical divergence correction was removed prior to migration.

Survey Matching

In order to merge the two surveys seamlessly, we conducted detailed survey matching early
on; including datum matching, wavelet matching, amplitude decay curve and overall
amplitude level matching.

The two surveys were acquired 14 years apart. Due to seawater velocity differences, the
water bottom reflection times do not match between the two surveys. Given that BdN2014
survey contains navigation errors, it was agreed that we would match the BAN2014 survey to
the BAN2000 survey. —2 ms shift (up) was applied to BdN2014 input data.

After both receiver and source de-ghosting, the wavelets from both surveys do match
reasonably well. No matching filter was needed.

The amplitude decay curves from both surveys also match reasonably well. No matching was
needed.

A constant single scalar of 0.001 was applied to BdN2014 data.

19
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Convert to Global Processing Grid

A global processing grid was defined to cover both surveys. Given that a lot of interpretation
work has been conducted based on the legacy survey, it was decided early on that the global
processing grid will follow the BAN2000 processing grid as much as possible, with a simple
mathematical formula to convert them. For the global processing grid, the inline is along the
sail line direction of the BAN2000 survey, and crossline is along the sail line direction of the
BdN2014 survey.

Below is the formula to convert between the BAN2000 & BdN2014 numbering systems:

BAN2000 Inline + 5999
BdAN2000 Inline + 3000

BdN2014 Inline
BdN2014 Crossline

BdAN2000 Inline
BdAN2000 Crossline

BdN2014 Inline — 5999
BdN2014 Inline — 3000

BdN2000 BdN2014
numbering system | numbering system
Survey Inline 440 - 2990 6439 - 8989
limits Crossline 1890 - 7865 4890 - 10865
Inline 1898 7897
L-11
Crossline 5646 8646
Inline 1115 7114
0-85 .
Crossline 5039 8039
Inline 2036 8035
C-78
Crossline 3457 6457
Inline 602 6601
1-78
Crossline 4093 7093
20
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3. BAN2000 Fasttrack TTI Depth Imaging

Introduction

TTI depth velocity model building was divided into the following steps:

Determine water velocity function

Validate WesternGeco BdN2010 legacy TTI depth models
TTI anisotropy model re-design above BT

Iterations of Vo tomography update above BT

TTI anisotropic initial models re-design beneath BT
Iterations of Vo tomography update beneath BT
Fast-track TTI PSDM Kirchhoff migration production

YV YV VVYVYY

Determine Water Velocity Function

Three legacy water velocity functions were migrated and evaluated using BAN2000 data,
which included:

e Water velocity function used in legacy WesternGeco BAN2010 depth model

e Water velocity function from Renews 3D adjacent to BAN2000 survey

e BdN2000 water velocity field measurements
After thorough testing and QC, we designed a new data driven water velocity function
which has a similar trend as the measured water velocities and flattens water bottom
reflection very well.

Validate WesternGeco BAN2010 Legacy TTI Depth Models

We merged the new water velocity function with the legacy WG 2010 vertical velocity field
and ran a full survey TTI migration QC. PSDM gathers showed primaries all curved down,
indicating that vertical velocity was too fast. Mistie checking was performed using PSDM
stacks and synthetic traces generated with well logs at well locations. Major seismic events
above Base of Tertiary were all shallower than synthetics, indicating the vertical velocity
was too slow. Based on the two conflict observations, we determined we had to reduce
delta and epsilon fields above BT.

21
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TTI Anisotropy Model Re-design above BT

The legacy WG 2010 delta model was a constant 2% from water bottom to water bottom
plus 800 meters, and then linearly increased to 6% at the Valanginian horizon. After
conducting several tests, we chose a delta model that started from 0 at the water bottom,
and linearly increased to 2% at water bottom plus 800 meters. We kept the epsilon and
delta ratio equal to 3. The initial Vo model was the smoothed legacy WG V, velocity merged
with the new water velocity. Theta and Phi (dip and azimuth models) were calculated first
using dips picked on VTl PSDM stacks, and later updated based on TTI PSDM stacks.

Tomography Update above BT

One iteration tomography update was performed above the Base of Tertiary based on the
new anisotropic fields. Tomography PSDM gather showed much better flatness from near
to far offsets. The stack volume also showed better ties at all major events above BT. Well
tomo was tested to further reduce misties. See .ppt below for further details:

Bay du Nord 3D 2000

BdN TTI PSDM Velocity Model Update

Oct 24, 2014

CCGG

TTI Anisotropy Model Re-design and Update beneath BT

Statoil clients provided us a new V,, Delta and Epsilon fields they had designed for beneath
BT area, based on the average velocities extracted from wells C78, C78Z, 085, 178, L11, 016
and F09. This new velocity trend was only applied beneath BT area. CGG’s tomography
updated velocity field was kept above BT.

The new velocity model beneath BT included 3 zones: Carbonate, beneath Carbonate down
to Base Cretaceous Unconformity (BCU), and beneath BCU.

The carbonate layer was inserted right beneath BT, and was defined by the top and base of
carbonate horizons provided by clients. V, velocity for the carbonate layer was set as a
constant 3150 m/s. Delta and epsilon values were set to 0. A vertical taper was applied at

22
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the top and base of carbonate.

For the area beneath the carbonate down to BCU, the V, velocity was defined as a constant
gradient field: Vo = 1944m/s + 0.278z.

Beneath the BCU, the velocity was originally set as a constant 3200m/s by the clients, and
was later changed to CGG’s re-designed smooth velocity trend based on well logs.

Several different versions of delta/epsilon models were designed and tested. All tests were
evaluated based on the pre-tomo and post-tomo velocity trend, gather flatness and stack
event misties at well locations. Statoil clients agreed to use the delta model of 10% between
carbonate and BCU, and 5% beneath BCU. Tomography updated velocities based on this
delta model showed a better geology consistent trend at the BCU. The Epsilon/Delta ratio
was set to 3. See .ppts below for further details:

_ “ i, #m

Bay du Nord 3D 2000 Bay du Nord 3D 2000

Statoil New Vertical Velocity Statoil New Vertical Velocity Testing - Update

Oct 23, 2014 November 6, 2014

dcee decee
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Fast-track BAN2000 TTI PSDM Kirchhoff Migration Production

In order to meet Statoil and Husky clients’ interpretation requirements, we produced and
delivered a fast-track TTI PSDM volume November 2014.

Input Parameters

= Grid Spacing 12.5m x 25.0m
= Fold 47

= Offset range 500 - 5100m

= Datalength 8000ms

=  Sample rate 4ms

Migration Parameters

= Migration grid 12.5m x 25.0m
= Ray-trace spacing 250m
* Max. emergence angle 89°
* Turning ray angle 120°
= Migration Aperture 6000m
= Anti-alias 12.5m x 25.0m
* Max. Dip 90°
= Qutput maximum depth 10000m
= Qutput sample rate 5m
24
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4. 2000/2014 Multi-Azimuth TTI PSDM Velocity Model Building

Introduction
surveys covering the Bay du Nord discovery. The BAN2000 survey was acquired in 2000, N-S

along the geological strike direction; and BdN2014 was acquired in 2014, E-W along the
N

TTI anisotropic PSDM velocity model building incorporated two orthogonal 3D seismic

geological dip direction.
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Dual-azimuth acquisition provides illumination advantages. We utilized the dual-azimuth

surveys to derive TTI anisotropic PSDM velocity fields. Our velocity model building

procedure was as follows:

Determine depth-varying water velocity function

Build initial TTI anisotropic PSDM velocity fields - Iterative
Build initial vertical velocity field — Vg

Build initial TTI anisotropic fields -  and &

Run TTI APSDM

Dual-azimuth global tomo update

QC velocity field/PSDM stack / gathers

Mistie checking

Decision point: go or no go

o O O O O O O

Start all over again

Keep the velocity fields above the Tertiary from BdAN2000 fast-track TTI
anisotropic PSDM velocity fields

1% Iteration dual azimuth tomo update / QC / mistie check

2" Jteration dual azimuth tomo update / QC / mistie check
Re-interpret Carbonate Horizon

3" teration dual azimuth tomo update after inserting newly picked carbonate
horizon

4™ Iteration dual azimuth tomo update / QC / mistie check

Deep section velocity scan

Insert a constant velocity of 5000 m/s beneath the Basement

5™ Iteration dual azimuth tomo update / QC / mistie check

In total, nine different initial TTI anisotropic PSDM velocity models were designed and
evaluated based on velocity field/PSDM gather/PSDM stack QC and mistie checking.
Two major geological horizons will be mentioned many times below: BT = the Base of

Tertiary, and BCU = the Base of Cretaceous Unconformity.

> Model 1

Above BT: CGG Fast-track model

Carbonate layer beneath BT

BT — BCU: Well log-derived V, and Delta / Epsilon from Eirik Overland Dischler
(Statoil)
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Model 2

Above BT: CGG Fast-track model
Carbonate layer beneath BT
BT-BCU: Well log-derived Vo from Rainer Tonn (Statoil) and Eirik’s Delta / Epsilon

Models 3 & 4

Above BT: CGG Fast-track model
Carbonate layer beneath BT
BT-BCU: Vo= average sonic logs from all wells, W/0 178, and Eirik’s Delta / Epsilon

Model 5

Above BT: CGG Fast-track model

Carbonate layer beneath BT

BT-BCU: Vo= Sonic logs from 3 vertical wells (C78 / L11 / O85) and Eirik’s Delta /
Epsilon

Model 6

Above BT: CGG Fast-track model

Carbonate layer beneath BT

BT-BCU: Vo= Sonic logs from 3 vertical wells (C78 / L11 / 085) and Delta=8% /
Epsilon=18%

Model 7

Above BT: CGG Fast-track model
Carbonate layer beneath BT
BT-BCU: Vo= C78 sonic log and Delta=8% / Epsilon=18%

Model 8

Above BT: CGG Fast-track model

Carbonate layer beneath BT

BT-BCU: Constant Vy with interpolated gradient using the 3 vertical wells
(C78/L11/085) and Delta=8% / Epsilon=18%

Model 9

Above BT: CGG Fast-track model
Carbonate layer beneath BT
BT-BCU: constant gradient C78 and Delta=8% / Epsilon=18%
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On February 6, 2015, Statoil clients provided us with a new velocity model (Vq, delta and
epsilon) created from F67z well log and VSP data. Well F67z was newly drilled during late
2014. This new model was smoothed and evaluated. Compared to the new model, the fast-
track model still worked the best above the Tertiary in term of mistie and gather flatness, so
we agreed to keep the velocity fields above the Tertiary from the BAN2000 fast-track TTI
anisotropic PSDM velocity fields. We would only re-design the TTI anisotropic PSDM velocity
fields beneath the Tertiary.

Eirik’s delta model was constant at 5% beneath carbonate down to BCU, and increased to
8.7% beneath BCU. Epsilon/Delta ratio was set as 3.

First five different versions of initial Vo models, including BAN2000 fast-track Vo and average
sonic logs, were built and tested. All initial models were migrated and evaluated after one
iteration of global tomography update. Well tie checking showed consistent deeper BCU at
all well locations. The deeper BCU indicated that we should increase the delta value
between BT and BCU. A new initial delta model was designed to increase the delta value
beneath BT to 8%, so tomography could slow down Vo and minimize the BCU mistie.
Subsequent tomo updates confirmed that the BCU misties were much reduced. After
reviewing the initial velocity models, PSDM images, PSDM gathers, and mistie checking, the
clients approved our TTl anisotropic models: Delta = 8% and Epsilon = 18%.
Based on their internal studies, Statoil clients believe a compaction velocity model with a
constant velocity gradient is more accurate in the marine environment. We built and tried
four different constant velocity gradient Vo models. Based on the results from those four
tests, the clients selected Model 9 as the initial TTI anisotropic PSDM velocity model to
proceed for dual-azimuth tomography update:
= |nitial Vo model:
e Above the base of Tertiary: using BAN2000 Fast-track TTI V, field 100%
e Carbonate Layer: a constant velocity of 3200 m/s
e BT - BCU: constant gradient function =1792 m/s + 0.322 * Depth
= The function was calculated from well C78 sonic log alone
= Delta/Epsilon
e Above the base of Tertiary: using BdN2000 Fast-track TTI Delta/Epsilon
fields 100%
e Beneath BT:
= Delta=8%
= Epsilon=18%
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The five initial model tests are detailed in the following .ppts:

ST14001 ST14001
New Anisotropic Parameter Testing New TTI Anisotropic PSDM Velocity Field Update — F67
derived from F-67Z March 5%, 2015
Feb 18, 2015
» »
Pontor s dcee T dcee

ST14001 ST14001
CGG March New TTI PSDM Initial Velocity Field Delta / Epsilon Picking

March 12, 2015 March 12, 2015

U CGGVERITAS

ST14001

BdN TTI APSDM Velocity Fields Update
March 261, 2015

1st and 2nd iteration multi-azimuth TTI tomography Vo update

Both surveys were migrated independently to yield two sets of common image gathers.
Residual gather curvatures were picked independently and were combined in tomography
where ray tracing was completed for each azimuth. After each tomography iteration
update, we compared PSDM gathers from both surveys at common imaging locations.
Butterfly gathers were formed where the BdN2000 gathers were displayed on the left and
BdN2014 gathers were displayed on the right. The PSDM gathers from the two surveys
exhibit different residual move-out patterns due to different ray paths through complex
geological structures. Multi-azimuth tomography uses the move-out differences as
additional constraints to generate a more accurate velocity field.
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Pre-conditioning processing steps, including post-migration Radon de-multiple, de-noise,
filtering and far angle mutes, were thoroughly tested and were applied to PSDM gathers.
Residual curvatures of the two azimuth surveys were analyzed individually on the pre-
conditioned PSDM gathers, and utilized together by dual-azimuth tomography inversions.
Intensive and extensive tomography tests were conducted to optimize the tomography
updates, including residual picking parameters, update depth range, spatial and vertical
smoothness etc.

We applied a relatively big smoother for the first two iterations of tomography updates:
X xY x Z=2800m x 800m x 400m to update the long wavelength velocity field. Since
tomography updates were already performed above BT during fast-track processing, the 1%
iteration tomography update was only limited to the depth range from BT to 6km. The 2"
iteration update was from water bottom to 6km. Substantial improvements in PSDM
gather flatness and images were obtained from the first two iteration updates.

1%t and 2" iteration updates are detailed in the following .ppt:

ST14001

BdN TTI APSDM Velocity Fields Update
March 26/, 2015

C'CGG

Re-interpret Carbonate Horizon

The carbonate horizon was originally interpreted from BdN2000 fast-track APSDM stack and
did not cover the entire BdN2014 survey. In order to map the carbonate horizon more
accurately, we ran APSDM migration on the entire BAN2014 survey using the TTI anisotropic
PSDM velocity fields after the two iteration tomography updates. Statoil clients re-picked
the top and base of the carbonate layer based on the latest BdN2014 and BdN2000 PSDM
stacks.

3rd jteration multi-azimuth TTI tomography Vo update

After receiving the new carbonate horizon, we ran 3" iteration tomography update using
the same parameters as those of the 2" iteration.
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4th jteration multi-azimuth TTI tomography Vo update

We applied smaller spatial and vertical smoothing (600m x 600m x 300m) in the 4™ and 5™
iteration global tomography updates to add short wavelength velocity details. Update depth
range was from water bottom to 8km. After the 4™ jteration tomo update, PSDM gather
and gamma QC showed much reduced residual curvatures for the whole volume. Vertical
velocity profiles followed well logs more closely, and the PSDM stack also showed much
improved depth images.

Mistie checking was performed using CGG-Hampson-Russell software called Geoview. We
observed very small misties at all wells for all major horizons. Given that the clients prefer
to see consistent small misties (all positive or all negative) and smooth delta and epsilon
fields, we did not perform well tomo and delta/epsilon tomo update.

4™ iteration updates and mistie checking are detailed in the following .ppts:

ST14001 ST14001

BdN TTI APSDM Velocity Fields Tomo 4 Update BdN Tomo4 APSDM Well Tie Checking
April 30, 2015
May 07", 2015

dcee R dceo

Deep section velocity scan

After the 4 iteration tomography update, a deep section velocity scan was conducted
using constant velocities ranging 4500m/s to 5500m/s. Smooth tapering was applied to
ensure the smoothing merged vertically. Our tests indicated that 5000m/s worked the best
to flatten gathers and improve the stack images beneath the Basement. The Basement
horizon was picked and modified throughout the whole survey based on the scan results.
Another PSDM migration was run using the updated velocity field as the input to the 5t
iteration tomography update.
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5th jteration multi-azimuth TTI tomography Vo update

The 5% iteration tomography with smaller smoothing was conducted to update the vertical
velocity field between BT and the basement plus 1km, to minimize residual curvatures
across the whole survey. 5" iteration updates are detailed in the following .ppt:

ST14001

BdN TTI APSDM Velocity Fields — Tomo5 Update
May 14%, 2015

dcee

Single-azimuth Velocity Update for Northern Area of BAN2000 Area.

After multi-azimuth tomography updates for BdN2014 and BAN2000 merge area, we ran
single-azimuth velocity update for the northern part of the BdN2000 survey following the
same approach. The only difference was that the basement velocity for part of northern
BdAN2000 needed to be increased to 5500m/s. please see .ppts below for details:

ST14001 ST14001
BdN2000 North TTI APSDM Velocity Fields Update BdN2000 TTI APSDM Velocity Fields Update
Tomo2 QC July 30", 2015
July 15, 2015
- -
dcee deee

ST14001

BdN2000 Mistie Checking

July 30", 2015

dcee
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5. BAN2000 Full Volume TTI Anisotropic Kirchhoff PSDM

Introduction

Kirchhoff PSDM migration was performed for this project. This migration is well known for its
true amplitude, wide frequency bandwidth and very stable imaging ability. Kirchhoff PSDM
runs in the common offset domain.

Input Parameters

Grid spacing
Fold

Offset range
End time
Sample rate

Travel time parameters

12.5m x12.5m
a7

500m —5100m
8000ms

4ms

Travel time aperture in radius
Travel time type

Maximum wave-front angle
Turning ray angle

Velocity model grid

Travel time surface grid
Travel time sub-surface grid
Velocity type

X: 9725m / Y: 6000m

Wave-front reconstruction anisotropy travel
time. Choose the ray path with minimum
velocity contrast.

90 degree

120 degree

100m x 100m x 20m

250m x 250m

100m x 100m x 20m
Interval-epsilon-delta-theta-phi

=  Turning ray angle 120 degree
Migration Parameters
= Grid spacing 12.5mx 12.5m
=  Qutput sample rate 5m
=  Qutput maximum depth 12000m
= Migration aperture in radius
e Om 4000m
e 2500m 4000m
e 3000m 5000m
e 4000m 6000m
e 12000m 6000m
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6. Post-APSDM processing

Overview

Residual move-out correction
Stretch data to Time domain

High-resolution Radon de-multiple

CDP Stack

>

>

>

» Stack mute
>

» Targeted residual multiple removal
>

Residual scaling

° Stretch to Depth domain
° RAW PSDM stack
° SEG-Y output

» Q-Wave horizontal amplitude scaling

° Stretch to Depth domain
. Final PSDM stackl
° SEG-Y output

» Qamplitude compensation

° Stretch to Depth domain
° Final PSDM stack 2
° SEG-Y output

Residual move-out correction

The APSDM CDP gathers were flattened automatically using an automatic gamma-based
residual move-out algorithm prior to stacking. (Gamma is a measure of the residual
curvature of the gathers.) A 75m x 75m grid was observed to be sufficient to handle lateral
velocity variations. The APSDM CDP gathers were already fairly flat, and therefore the
residual move-out correction made useful, but small adjustments to the CDP gathers.
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Stretch to Time domain

The data was stretched to Time domain for the remainder of the post-PSDM processing,
using the PSDM velocity model.

High-resolution Radon de-multiple

Some residual multiple was observed in the dataset, so a high-resolution Radon de-multiple
was performed on the APSDM CDP gathers. A 500ms AGC wrap was applied around the
Radon transform, no Radon mute was applied, and Radon was only applied below the Base
Tertiary horizon. The detailed Radon parameters are given below:

Maximum offset (reference offset for curvatures): 7600 m
Frequency range 3-100Hz
Lower data move-out value: — 2000 ms
Upper data move-out value: + 6000 ms
Lower primary move-out @ Base Tertiary: —500 ms
Upper primary move-out @ Base Tertiary: + 200 ms
Lower primary move-out @ Base Tertiary+300ms —500 ms
Upper primary move-out @ Base Tertiary+300ms + 200 ms
Lower primary move-out @ Base Tertiary+1000ms: —500 ms
Upper primary move-out @ Base Tertiary+1000ms: + 400 ms
Lower primary move-out @ 5000ms: —-500 ms
Upper primary move-out @ 5000ms: + 150 ms
Lower primary move-out @ 7500ms: —500 ms
Upper primary move-out @ 7500ms: + 100 ms
Radon applied from: Base Tertiary
Stack mute

A 5° inside trace angle mute and 30° outside trace angle mute were chosen and applied to
the CDPs prior to stacking.

CDP Stack

After applying the stacking mute, the CDPs were stacked. The traces were normalized using
the scalar 1/n where n is the number of live traces at each sample.
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Targeted residual Multiple Attenuation (TMA)

Some localized residual multiple seen on the final stack section was removed using a mild
TMA.

Residual post-stack scaling (T1)

A simple T* spherical divergence correction started from the water bottom was applied to
the stack to balance the amplitude of the stack from top to bottom.

Stretch data to Depth domain

The data was stretched back to Depth domain before SEG-Y output.

SEG-Y output

The data was output in SEG-Y IBM 32-bit floating point format.
The following is a list of the SEG-Y header byte locations:

SEG-Y header Byte locations
INLINE 189 -192
CROSSLINE 193 -196
CDP X (m) 181 -184
CDPY (m) 185-188
CDP X (cm) 73-76
CDPY (cm) 77 - 80
CDP 21-24
No. samples 115-116
Sample rate 117-118
OFFSET 37-40

Water-bottom time/depth 61 — 64
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The data volume sizes (approx.) were as follows:

Stack in Depth domain: 148 Gb each

Stack in Time domain: 117 Gb each

Velocities: 40 Gb each

CDP Gathers in Depth domain: 7 Tb total

CDP Gathers in Time domain: 5.5 Tb total
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7. Additional Information

In addition to the Raw TTI APSDM Stack, two additional stack products were delivered:
= TTI APSDM Final 1 Stack — Q-wave applied
= TTI APSDM Final 2 Stack — Q-wave, and amplitude only Q-compensation applied

Q-guided wavelet-domain amplitude correction (Q-wave)

Q-wave is a Q-guided wavelet-domain approach to the treatment of local amplitude
variations in seismic data, based on a residual Q model. The approach removes shadow
zones and other local amplitude effects whilst at the same time preserving the character of
events in the data.

Q-Compensation — amplitude only

For the Final2 stacks, in addition to the Q-wave, an amplitude-only Q value of 120 was
applied, using a reference frequency of 35Hz. The Q compensation was applied from the
water-bottom time.
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8. SEG-Y loading information

Bay du Nord 2000 — CGG 2015 Re-Processing:
SEG-Y Loading Information

Inline range: 6439 — 8989 incr.l Inline spacing: 12.5m
Crossline range: 4890 — 10865 incr.1 Crossline spacing: 12.5m
Trace length: 12,000ms / 7,500m Sample rate: 5m / dms
Format: SEG-Y (32-bit IBM Floating Point)

Header Byte Locations

Name Format Firstbyte. No.bytes. |Name Format First byte. No.bytes.
CDP-X INT 181 4 NO. SAMPLES BIN 115 2
CDP-Y INT 185 4 SAMPLERATE BIN 117 2
INLINE INT 189 4 CDP-X (cm) INT 73 4
CROSSLINE INT 1393 4 CDP-Y{cm) INT rEi 4
cDp INT 21 4 WE Time/Depth FLOAT 6l 4
OFFSET INT a7 4

Positional Infermation

Projection Type :UTM Datum: NAD-83 6378137.000 298.2572221
ProjectionZone :22 N Central Meridian: 51 W

Four Corner Points

Point1 Point2 Point3 Point4
Inline 6439 6439 8989 8989 4
Xline 4830 10865 4890 10865
CDPX B853826.25 875298.88 823297.00 B844769.63

CDPY 5296318.50 5367852.50 5305482.50 5377017.00

T 3
North

Not to Scale 1
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Due to the size of the data volume, the ASPDM CDP gathers that were delivered were split
into 13 inline swaths to help make the dataset more manageable. The following table shows
the inline ranges for each swath:

INLINE RANGES FOR CDP GATHER

SWATHS:
MIN MAX
SWATH INLINE INLINE
1 6379 6600
2 6601 6800
3 6801 7000
4 7001 7200
5 7201 7400
6 7401 7600
7 7601 7800
8 7801 8000
9 8001 8200
10 8201 8400
11 8401 8600
12 8601 8800
13 8801 9017
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9. Final Deliverables

TTI APSDM Deliverables

Raw TTI APSDM Stack - delivered 31° August, 2015
Final 1 TTI APSDM Stack (with Qwave) - delivered 31° August, 2015
Final 2 TTI APSDM Stack (with Qwave & Qcomp) - delivered 31° August, 2015
TTI APSDM Angle Stacks - delivered 31" August, 2015

Near Angle Stack (5-15 deg.)

Mid Angle Stack (15-25 deg.)

Far Angle Stack (25-35 deg.)
Extra-far Angle Stack (35-45 deg.)

Raw TTI APSDM Stack [in TIME domain] - delivered 31°" August, 2015
Final 1 TTI APSDM Stack (with Qwave) - delivered 31°" August, 2015
[in TIME domain]

Final 2 TTI APSDM Stack (with Qwave & Qcomp) - delivered 31°" August, 2015
[in TIME domain]

TTI APSDM Angle Stacks [in TIME domain] - delivered 31*" August, 2015
Near Angle Stack (5-15 deg.)
Mid Angle Stack (15-25 deg.)
Far Angle Stack (25-35 deg.)
Extra-far Angle Stack (35-45 deg.)

TTI APSDM Velocities - delivered 31°" August, 2015
Vertical velocity (Depth/Interval) - delivered 31* August, 2015
Delta - delivered 31° August, 2015
Epsilon - delivered 31° August, 2015
Phi - delivered 31° August, 2015
Theta - delivered 31°" August, 2015
TTI APSDM Final Gathers in Depth - delivered 8" Sept. 2015
TTI APSDM Final Gathers [in TIME domain] - delivered 8" Sept. 2015
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TTI APSDM Raw Gathers in Depth - delivered 8" Sept. 2015

TTI APSDM Raw Gathers [in TIME domain] - delivered 8" Sept. 2015
Input to APSDM Gathers [in TIME domain] - delivered 29" Sept. 2015
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10. Processed line list

Sequence Line Name . First . Last
Fieldrecord | Fieldrecord

1 10110p001 3881 3700
2 22710p002 1001 3981
3 19510p003 3881 1003
4 22510p004 1001 3980
5 16310p005 3881 903
6 22310p006 1001 3980
7 16110p007 3881 902
8 22110p008 1001 3981
9 15910p009 3881 902
10 21910p010 1212 3976
11 15710p011 3881 903
12 21710p012 1001 3981
13 15510p013 3881 901
14 21910p014 1001 1350
15 22310p015 1550 2535
16 22711r016 2896 3797
17 15310p017 3881 901
18 21510p018 1001 3980
19 15110p019 3881 901
20 21310p020 1001 3981
21 15111i021 3881 2880
22 22312i022 3075 3660
23 14910p023 3881 902
24 21311p024 1001 3981
25 14710p025 3881 1725
26 21110p026 1001 3981
27 14711i027 3881 902
28 21111i028 1001 3980
29 14510p029 3881 903
30 20910p030 1001 3981
31 14310p031 3881 901
32 20710p032 1001 3981
33 14110p033 3881 901
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34 20510p034 1001 2425
35 13910p035 3881 901
36 20511p036 1001 3980
37 13710p037 2500 901
38 20310p038 1001 3513
39 13711p039 3881 2491
40 20311i040 1001 3979
41 13510p041 3881 901
42 20110p042 1001 3981
43 13511i043 3618 902
44 19910p044 1001 3980
45 13310p045 3881 902
46 19710p046 1001 3980
47 13110p047 3881 901
48 19510p048 1001 3981
49 15711i049 3841 2765
50 20311p050 3506 3981
51 12910p051 3881 902
52 19310p052 1001 3981
53 12911i053 2282 901
54 19110p054 1001 3979
55 12912i055 3881 2273
56 14712p056 1734 901
57 18910p057 1001 3981
58 12710p058 3881 902
59 18710p059 1001 3403
60 12711p060 3881 902
61 18711i061 1001 3981
62 12510p062 3881 902
63 18510p063 1700 3981
64 12511p064 3881 902
65 18511i065 1001 3980
66 12512p066 3881 902
67 18310p067 1001 3403
68 18311p068 2683 3980
69 12513p069 3881 903
70 18312p070 1001 2945
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71 18712p071 3394 3981
72 12310p072 3871 891
73 18110p073 1001 3870
74 12110p074 3675 902
75 17910p075 1001 3668
76 12111i076 3881 901
77 17911i077 1001 3981
78 11910p078 3881 902
79 17710p079 1001 3978
80 11710p080 3881 904
81 17510p081 1001 3981
82 11711i082 3881 901
83 17310p083 1001 3981
84 11510p084 3881 902
85 17110p085 1001 3981
86 11310p086 3881 901
87 17111i087 1001 3981
88 11311p088 3881 902
89 16910p089 1001 3981
90 11312i090 3881 901
91 16710p091 1001 3981
92 11110p092 3881 901
93 16510p093 1001 3981
94 11111i094 3881 902
95 16511i095 1001 2430
96 16512i096 3120 3981
97 10910p097 3881 901
98 17511p098 1391 1909
99 16513i099 2400 3981
100 10710p100 3881 902
101 18512p101 1001 1785
102 16514i102 2380 3981
103 10510p103 3881 901
104 21912p104 1001 1226
105 22313p105 1540 2545
106 17912p106 3659 3981
107 14911i107 3760 3440
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108 18111p108 3861 3981
109 10310p109 3881 901
110 12112p110 3665 3981
111 10190p111 3881 2410
112 11712i112 1726 2331
113 10191p113 2419 901
114 10070p114 1001 3980
115 10111p115 3881 901
116 11713i116 1850 2310
117 10112i117 1940 901
118 10113i118 1001 3980
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