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Barents Sea — Where are we |
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4. ARBEIDSFORPLIKTELSE (License work cbmmitrﬁent)

Rettighetshaver er palagt en arbeidsforpliktelse som i sin helhet skal veere gjennomfert
innen 22.6.2024.

Om arbeidsforpliktelsen og giennomferingen av denne gjelder felgende:

a) Rettighetshaver skal innen 3 &r fra tildelingstidspunktet samle inn ny 3D-
seismikk (Heyoppleslig seismikk) og giennomfere EM-mulighetsstudie.

«shall acquire new 3D high res seismic»

b) Rettighetshaver skal innen 3 ér fra tildelingstidspunktet vedta om det skal bores
en undersekelsesbronn. Vedtak om boring fattes i medhold av Avtale for
petroleumsvirksomhet artikkel 3.2. Dersom det fattes vedtak om boring av
undersakelsesbrennen, viderefores utvinningstillatelsen. Boring av
undersokelsesbrenn skal i sin helhet vaere gjennomfert innen 5 ar fra

tildelingstidspunktet.
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The link to Wisting and high resolution seismic

= Extensive data coverage: PL 537 Wisting Overview

» Very shallow reservoir — and heavily

" Larg e 3 D S u rveys > g;‘:;ndr:::gizsmdures with strong fluid & y ~.
driven amplitudes
= Abundance of 2D data A , ,
> 5 explo.ratlon .and appraisal wells drilled
» Several campaigns of high-res site- . Sl B sl
S u rvey 2 D d ata » 1 dry in Jurassic (7324/8-2 Bjaaland)

» 1 dry in Triassic (7324/7-1S)
» Main reservoir: Upper Triassic to Middle

Jurassic Realgrunnen Subgroup

Seismic RMS Amplitude Map
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Reservoir Driven Challenges ‘ geags e
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= The Maud basin is depocenter for
mOost prospective reservoir
sequence in this part of the
Barents Sea

= Reservoir stratigraphy is thinning
towards west (prospect area)

= We need to “see” the reservoir potential fault
. . .| reactivation in . -
arChlteCture tO ImprOVG =) Quarternary package! ) R Potzr.tiatl fault
understanding and reduce risk B e : | Quarternary package!
= Looking for flat-events — sign of : . e
moving hydrocarbons 1 S
ault/crack from
= Where do you set the base el e —— P AL
reservoir pick? Direct economic N . e S

impact




Chronostratigraphy
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Chronostratigraphy
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Geophysical Challenges

= Temporal resolution
= Spatial resolution
= Sharp faulting

= Definition

= Stubborn Multiples

= AVO/DHI

= Prospect survey

= Pre-PDO

>
>
>
>
>
>
>
>

COST

Both higher and lower frequencies

Smaller bins — more focused source point

Low frequencies — and deghosting (source & rec)
High trace density — lots of shots and receivers
High fold & sampling, near & far offsets

Requires close to zero offsets & far offsets

Cost efficient for ~200 km? (not a large survey)
Limited funds available to obtain needed data

VALUE

¢-<=ZS=>¢



To acquire and obtain:
1.
2.

a very high resolution survey, both spatially and temporally

a close to zero-offset dataset — by having the sources spread out wide and as
close as possible to the front of the streamers

a good quality low noise dataset with the streamers/receivers towed deep

a high signal to noise dataset with high fold data, with many sources (4) and shot
as frequent as possible (6.25m SPI)

a seismic survey using a small focused point source to obtain very high crisp
detail in the seismic image

Lundin Energy

COST VALUE
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Quad small point sourcesgs
Multimeasurement -";u s
Deep quiet noise free toW:
6.25m SPI, 4m source dept .
Zero offset acquisition <20m
Ultra high density, 1.56 x 3.12m
Source separation 33m

50m streamer separation

8 on 6 preplot for reduced noise Amazon Conqueror
1.5 — 204Hz continuous recording SHEARW/ATER
Natural dither only

Shot-by-shot far field compensation

-
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Multimeasurement Stredifieis:
Deep quiet noise free toWiSIR
6.25m SPI, 4m source depth

Zero offset acquisition <20m
Ultra high density, 1.56 x 3.12m
Source separation 33m

50m streamer separation

8 on 6 preplot for reduced noise
1.5 — 204Hz continuous recording
Natural dither only

Shot-by-shot far field compensation
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Revealing possibilities

MARINE ACQUISITION  PROCESSING & IMAGING  REVEAL SOFTWARE TECHNOLOGY

News » Shearwater GeoServices awarded Isometrix projects by Lundin Norway and Spirit Energy Norway

10th September 2019
Shearwater GeoServices awarded Isometrix projects by Lundin Norway and Spirit Energy Norway.

Shearwater GeoServices Holding AS (“Shearwater”) is pleased to announce the award of a master services agreement by
Lundin Norway AS (“Lundin”), and new Isometrix seismic acquisition projects for Lundin and Spirit Energy Norway AS (“Spirit
Energy”) in the Barents Sea, Norway.

Both projects are Flexisource quad-source Isometrix projects with 50m streamer separation which will deliver a true 3D deghosted high-resolution Isogrid
dataset. The marine acquisition surveys will be carried out by the Amazon Conqueror, starting in Q3. The Lundin award is under the new multi-year
master services agreement and covers approximately 180 sq. km at license PL965. The project for Spirit Energy covers 130 sq. km and is at license block
PL962.

“In addition to the unique Isometrix streamer technology. we have redesigned the source configuration down to a very small point source of only 1m by 3m.
Combined with wide tow and four of the small focused sources, we believe we will obtain a super-high resolution image with almost zero-offsets as well as give us
accurate amplitude versus offset measurements for reservoir property prediction” comments Per Eivind Dhelie, Senior Geophysicist in Lundin.

“This novel hybrid acquisition setup, which combines elements from 3D marine and site-survey operations will deliver a very high-resolution dataset that we believe
will enable high fidelity imaging of our target”, comments Mark Ackers, Senior Geophysicist in Spirit Energy.

“The combination of our Amazon class vessel and Isometrix multi-sensor technology gives our clients access to the industry’s most technologically advanced and
efficient platform for marine seismic acquisition,” said Irene Waage Basili, the CEO of Shearwater GeoServices. “We are truly excited by Lundin and Spirit Energy
choosing our Isometrix technology and the Amazon Conqueror for their surveys.”
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= Acquisition Solution — HalfSeis
= Design, Source, Receivers
= Planning & Performing the acquisition




A conventional big cool spread — (that does not work....) L
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. flip flop

*
50m xline

.. 25m SPI
50rm per source
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A conventional big cool spread — (that does not work....)
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100m streamer separation

50m xline
. 25m SP|

50m per source

Native bin size evaluation:
Inline x Xline x fold @km) x offset
1) 12,5 x 25,0 x 20 x 656

Lundin®

Energy Norway

Key issues:

1. Too large xline
sampling

2. Way too long
distance to outer
streamers

3. Shotline
spacing of 700m

4. Too far nominal
near offset

5. Too sparse shot

grid



_ A high density big cool spread — (that does not work....)

.
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28 streamers Q 50m streamer separation
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Key issues:
1. Too large xline
sampling

2. Way too long
distance to outer

streamers
3. Shot line
spacing of 700m
4. Too far nominal
near offset

5. Too sparse shot
grid



A high density cool spread — (that does not work....) ‘
Lundin

Energy Norway

Key issues:
1. Too large xline
sampling

2. Way too long
distance to outer

&1 streamers
14 streamers ¢ 50m streamer separation 3 ShOt Iine
spacing of 700m
4. Too far nominal
“25m xline near offset
25m SPI 5. Too sparse shot

50m per'source grid




A high density spread — (that does rnet work....)

50m per source

&1,

6/8 streamers

¥ 50m streamer separation
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Energy Norway

Key issues:
1. Too large xline
sampling

2. Way too long
distance to outer

streamers
3. Shot line
spacing of 700m
4. Too far nominal
near offset

5. Too sparse shot
grid




A HalfSeis spread — that does work ©

6/8 streamers

¥ 50m streamer separation

5. i&

25m per source
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Energy Norway

Key issues:
1. Too large xline
sampling

2. Way too long
distance to outer

streamers
3. Shot line
spacing of 700m
4. Too far nominal
near offset

5. Too sparse shot
grid




Acquisition configuration — details Lundin "

Energy Norway
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Re-designing the source - alternatives
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Directivity modeling for the 720in3 source
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12m

Possible reduction of nominal near offset by -12m.
This can be achieved by moving the two front cluster
to the back of the gun string.




1sttime we do a full rebuild of the sources

Reducing the physical length of the source allowed the front
of the streamers to be moved much closer to the tail of the
source. Had only ~5m clearance to streamer fronts.




Photo taken onboard the
Amazon Congueror, Oct 51
2019




Photo taken onboard the

Amazon Congueror, Oct 51

2019 [soMetrix streamers




Shot line density — more or less even Lundin
Energy Norway
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Shot line density — more or less even Lundin

Energy Norway

This is
«after the fact
= post plot»

0 SP/km?

Close to “an order of
magnitude” more shot
points




Video of compact point-source in action Lundin‘

Energy Norway
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Outline

= Results

= Imaging with ultra high density
= AVO
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Seismic processing — 1 — Onboard
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SHEARW/ATER

eismic processing — 1 — Onboard — GMP Pup REV/EAL

[ Gid - 2D # 3 [03:02:07) Q94002_101b_113_004_01_GMPup._ Single_Shot_QC_TimeSlice CHAN_CBL 018, 2020
1 sw54/3097 Testing/34002_CMP_Q/@94002. 1010, 113.004_01_GMPup Single ShotC TimeSlice CHAN_CBL_018,2020/334002.101b. 113004 Fup_MAD_Tumesice. 018.2020.T5ice0520. CHANNEL

| 620 ms

CABLE_NUM

148 155 162 169 176
CHAMNMEL_NUM

| 1120 ms

155 162 169
CHANINEL_NUM

CAELE_NUM

| 1620 ms

148 155 162 16
CHAMNEL_NUM

From 6 to 41 cables
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Seismic processing — 2 — Onshore
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AVO compliant — 0-45° at all target levels Lundin

Energy.Norwa

Al i

l'|.( '



2Ll) 574,000

LR (m)

8,184,000

LL0) 574,000
2 1

,;.
4
@

8,184,000




575,000

s Al

8,184,000

8,183,000

8,181,000 8,182,000

9.000 8,180,000

8,1

LElaY(m)

8,184,000

183,000

8,182,000

8,181,000




Returning to our challenge

Potential fault

reactivation in
| Quarternary = 5 Potential fault . w
package! Major risk reactivation in
for retentlon Quarternary
—— — package! Major risk
| for retention.

Fault/crack from
reservoir to
overburden?

Legacy - Inline HalfSeis - Inline

The new high-resolution seismic is really doing the
job in solving the pre-defined challenges
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= Conclusions




Well — just before we conclude, I'd like to address
two key items not covered so far:
1) You only have 2km offset — what about Velocity Model Building = FWI
and

2) You had 6.25m shot interval and very small source output, 720 in3;
Can you image deep with this data?

Lundin Energy



We have NO problems to image > 4km deep
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Conclusions Lundin

Energy Norway

= A seismic acquisition and image project has been
undertaken involving very specific and clear goals stated
upfront.

= The project involved:

= re-designing the seismic towing configuration — to get close to
zero offsets

= re-design and rebuilding of four sources into small efficient point
sources

= acquisition using multisensor recording system to allow for full
deghosting
= The new seismic allows us to:

= Image reservoir architecture in high resolution at multiple target
levels & pick the top and base reservoir

= Fault reactivation and retention control is vastly improved

= The data can and will be used for shallow hazard gas detection
(no need for any further 2D site survey acquisition)

= AVO can now confidently be performed on all these “shallow
targets”.
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