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Agenda

▪ 4D survey requirements
▪ Ærfugl field background
▪ 4D history and feasibility
▪ Opportunistic Multi-client 4D monitor

▪ The decision
▪ Acquisition and processing

▪ 4D results and analysis
▪ Summary / future work 
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4D survey requirements

ΔS

ΔR

Survey 1
Survey 2

Landrø et al 1999

Source & Receivers

Statics and datum

Seasonal changes

Kragh & Christie 2001 Hatchell et al 2007
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Ærfugl
Skarv

Ærfugl Skarv

Heidrun

Draugen

Ormen Lange

Stavanger

2 discoveries: Ærfugl discovered in 2000 and Ærfugl North discovered in 2012. 
Field development: 2019-2021.

Ærfugl
North

Ærfugl

Discovery wells

750 km

Ærfugl Field Introduction: location map
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▪ Cretaceous Lysing Fm, Gas 
field

▪ Stratigraphic pinch-out to 
the east

▪ 60 x 3km 

▪ Average 30m total thickness

Ærfugl Field Introduction

P1

BCU

Lysing Fm

Top Shetland

Pinch-out

Garn Fm

Åre coal

~20km
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4D history at Ærfugl
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▪ Hardening: water 
replacing gas and 
pressure depletion

▪ Softening: gas 
saturation increase (gas 
cap expansion or gas 
out of solution in the 
aquifer)

Modelled AI % change 22-05  
Infill

P5
P6

P7

P1 P4
P3 P2

4D feasibility

Before production

Gas expansion

Water flooding

After production

hardening

softening
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2022 Multi-client monitor? 

Landrø et al 1999

pgs.com
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4D history at Ærfugl
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2017

2022
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▪ 2022 Multi-client survey matched legacy 
azimuth by 6-degree deviation

▪ Phased 4D project 

▪ Phase 1: Geometric repeatability analysis
▪ Phase 2: 2005 outline
▪ Phase 2: Full 2017 outline

2022 repeatability
Data stat
Mean: 27
Std dev: 40
Histogram stat
Mode: 6.5

Data stat
Mean: 176
Std dev: 135
Histogram stat
Mode: 29
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1st pass De-multiple

Full De-multiple

Post-stack condtioning

Seismic Processing

Post-migration denoise

NRMS

▪ Hard rugose seabed/multiples
▪ Weak underlying reflectivity
▪ Small expected 4D changes

▪ Intermediate cubes
▪ 4D Co-denoise
▪ Good collaboration 

P1

hardening
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4D analysis: 2005 3D stack Crossline
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4D analysis: 2017 – 2005 Crossline

Hardening

Water replacement

Hardening

depletion
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4D analysis: 2022 – 2005 Crossline

Softening Depletion

Gas expansion

Gas out of Solution

Hardening

Water replacement

Hardening

depletion
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Summary

Figure: 4D amplitude difference 22-05

Data Courtesy of PGS

▪ Include 4D in value proposition of Multi-Client surveys
▪ Low-cost alternative to proprietary survey
▪ Future work: 4D with non-repeated azimuths

The 4D data results are important for reservoir 
characterization and infill well opportunities at Ærfugl

▪ Hardening: Mapping of the waterfront, potential flow 
units, segmentation

▪ Softening: depletion in the aquifer. Lack of softening 
may indicate compartmentalization
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