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Introduction

Seismic data represents a unique snap-shot in time:
Subsurface (Statfic and 4D)
Acquisition and processing technology

3D acquisition, processing and computing
technology has made fremendous advances in the
past decade — Broadband is now the standard

In areas without serious imaging challenges .

- Consider Broadband reprocessing of existing 3D
data if processing is older than § years

In areas with serious imaging challenges:

- Broadband reprocessing first and then evaluate
value/feasibility of Broadband 3D re-shoot
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Introduction FINANCIAL TIME

Brunei’s energy production prospects were “very good” because the latest seismic

techniques were revealing both new reserves and extra deposits in existing fields, the
minister said. Pipeline network improvements would also make production from
some known fields commercially viable for the first time, he added.

7th August, 2017

BP takes leap forward in seismic imaging
technology

Date: 27 April 2017

Using new technique, BP finds significant additional resources in the Gulf of Mexico

The algorithms enhance a technigue known &g Full Waveform Inversion (FWI), which matches seismic simulations with
existing seismic data to produce high quality subsurface

ebn
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Seismic Reflectivity Time
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Introduction e Nt _
- Zechstein salt structures: , et ) = ,

- Complex morphologies with high &
variable Al contrasts

NSR-1054-3 NSRIO-H051-PROMIG 55y

NSR-2272-1

« Surrounded by deformed anisotfropic
sediments 3
- Propagate distorted wavefields 20 " ‘

- Typically flanks and underlying B
stratigraphy poorly illuminated/imaged -

- Accurate salt extent and hence velocity
model derivation often challenging
- Carboniferous

- Seismic imaging hampered by signal o,
penetration through complex overburden OEEE
and high Al contrasts (Top and base ZE)
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Geophysical tfechnology evolution
Broadband (BB)
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Reverse Time Migration (RTM)
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1980 -1990

1990 -2000

2010 -2020

2000 -2010

Analogue recording

2D seismic land,
dynamite source &
geophones

Paper displays & hand
contouring

First computers IBM
1130, Univac

Digital recording

2D seismic land
vibroseis

2D marine seismic,
airgun, hydrophone

3D land acquisifion &
processing

Multi-channel
processing

2D post-stack wave
equation migration

Bright spot fechnology

Large scale 3D marine
seismic acquisition

3D dip-moveout, time
migration and FWI

2D pre-stack Kirchhoff
depth migration

2D surface related
multiple elimination

Seismic strafigraphic
interpretation using
seismic amplitfudes, dip
and azimuth gildbudas

Probabilistic inversion
3D interpretation
Time-lapse seismic

3D pre-stack Kirchhoff
depth migration

3D surface related
multiple elimination

3D volume
inferpretation

Infroduction of parallel
computers — IBM SP2

3D workstatiorfs Cdlfpgﬁ
crAY, conver 1Y €0

ng of North Sea and
ast with 3D seismic

First SNS 3D's acquired
Parabolic radon filtering
KF filtering

Reservoir geophysics

Multi-azimuth marine

acquisition - MAZ, WAZ,

RAZ and OBS

Anisotfropic model
building

3D pre-stack wave
equation migration —
Reverse Time Migration

Pre-stack & multi
azimuth interpretation

Computing clusters

CSEM surveys deep
water

Large scale
implementation time-
lapse seismic

Broadband
acquisition and
processing

Wireless seismic
WAZ on land

Broadband
processing
conventional 3D

Full Waveform
Inversion (FWI)
implemented

Reverse Time
Migration (RTM)
implemented

Least Squares
Migration (LSM)

Least Squares
Reverse Time
Migration (LSRTM)
implemented
Towards Elastic Full
Waveform Inversion

Multi-core processors

Widespread OBN
deployment & cost
reduction initiatives

Flying OB nodes 2
Al2

www.ebn.nl
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— Brogdbanfl wavelet spikier
YT N[
Conventional
Broadband g| e —
_/ &

1Hz 3Hz 10Hz 30Hz 100Hz 150 100 50 100 150

Frequency 0 Timg (ms)
> Broadband = Seismic with increased signal bandwidth

> Increased high frequencies: usually only shallow
> Increased low frequencies: main benefit of Broadband at target levels

» Typical low frequency limits in seismic:
» Legacy data : starts at ~8 Hz
» Broadband reprocessed legacy data : can start af ~5 Hz
> ‘Real’ Broadband (dedicated acquisition and processing) : starts at ~2-3 Hz
» Note : Each step from 2 to 4 to 8 Hz each time adds 1 Octave to the spectrum — Very Significant! s

ebn
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Courtesy Stirling

oroadband
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Broadband Acquistion
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Fregat (F18)

CGG Broadseis (2015)
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Broadband Acquistion Camamu Ared -Brazil

Conventional
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Broadband seismic data -The importance of low frequencies, ten kroode et al, Geophysics vol 78, 2013

Broadband Inversion

North Sea Reservoir Shale

Sand pinch-out!

Sand pinch-out ??

Broallband
Impedance inversion (without well information) Sand

OWC observed below structural spill-point
Thick sands are now visible on the Broadband data

Conventional Streamer.

www.ebn.nl ecbn G




Broadband - General Benefits

Higher frequencies in shallow section (may avoid need for geohazard site survey)
Supports improved velocity model derivation and imaging :

FWI and RTM requirements better supported
Lower frequency content allows for more stable and faster interpretation
Deeper signal penetration (low frequencies scaftter less)
Higher vertical resolution (sharper wavelet with lower sidelobes)
Helps resolve thin/thicker layers (inferpretation and rock properties)
Improved acoustic impedance inversion

Improved quantitative interpretation (RTM improves amplitude stability)

www.ebn.nl ecbn 20




Full Waveform Inversion (FWI)

Invented in the 1980's

Computing advances - implemented ‘recently’

Refines the velocity model by iterative matching |

of modelled data with recorded data

Requires LOW frequency data (Broadband)

Enables improved velocity model derivation to

FWI:- High-resolution;high-
fidelity velocity models

depth of approximately 1/3 of maximum offset

www.ebn.nl ecbn 21




Courtesy PGS

Full Waveform Inversion (FWI)

Vgring Basin
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Full Waveform Inversion (FWI)
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RTM — From Imaging to Velocity Analysis, M. Andreolli et al., EAGE 2013

Imaging - RTM vs. Kirchhoff

Offshore West Africa

Comparison between ENI proprietary RTM 30Hz (left) and Kirchhoff (Right) Need both?

www.ebn.nl ecbn 24



A Practical Review of Migration Issues and Solutions, I. Jones (ION Geophysical), EAGE 2013

Imaging - WEM* vs. RTM

Comparison between WEM (left) and RTM (Right)

www.ebn.nl *WEM = Wavefield EXTerOIOﬁO” MinglﬁOﬂ http://sepwww.stanford.edu/data/media/public/sep//biondo/3DSI_frame.html 25


http://sepwww.stanford.edu/data/media/public/sep/biondo/3DSI_frame.html

EAGE E-lecture: Least Squares Reverse Time Migration by Bin Wang

Modelled Reflectivity

www.ebn.nl 26
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Imaging - RTM vs. LSRTM
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Imaging Comparison
(LS)RTM

Best migration tool commercially available today to tackle imaging in
structurally complex geological settings

Expensive

_m

Stable in complex models

Has no dip limitations \/ x \/
Handles turning waves \/ X \/
Handles prism waves v X X
Addresses multi-pathing v v X

www.ebrnl ebn https://www.youtube.com/watch?v=ywdML8ndYeQ
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Legacy 3D Data

Majority of offshore 3D data acquired in 80’s & 90’s
Importance of low frequencies not recognised.
Legacy data generally characterised by:
- Low fold (e.g. 20)
- Short max-offsets (e.g. 3000m)
« Single-sensor streamers towed shallow (e.g. 6m)
- In-field low-cut filtering
«  Narrow azimuth range
BB reprocessing of legacy 3D still advisable

Legacy 3D data acquistion parameters not
optimal for most effective use of FWI and RTM in
areas exhibiting severe imaging challenges .

www.ebn.nl cbn
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- Broadband reprocessing or reshoot?
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Courtesy PGS

Broadband Reprocessing or Reshoot?

Conventional Conventional | -
Seismic , Seismic . ~.Broadband Acquired

www.ebn.nl



Broadband Reprocessing or Reshoot?

Reprocessing Reshoot
Broadband -

Broadband Spectrum Sub-optimal \/
Offset range Sub-optimal \/
De-signature Sub-optimal ‘/
De-ghost Sub-optimal ‘/
De-multiple Sub-optimal ‘/
[llumination Sub-optimal \/
Azimuth Richness Sub-optimal \/
Velocity Model Derivation (FWI) Sub-optimal \/
Imaging (RTM, LSRTM) Sub-optimal v

-« FOr severe imaging challenge

34



Broadband Reprocessing or Reshoot?

5$10000k’s

$1000k’s

S100k’s

S10k’s

www.ebn.nl

Cost SS

A

New Broadband
Acquisition + PreStack
BB Processing

Optimal imaging,
inversion and QI

Improved Imaging from
velocity model building +
more reliable QI

Legacy Conventional
Data + PreStack
BB Processing
Basic Imaging and

amplitude clean-up

We need to matich the data, algorithms and
workflows we select to the complexity of the
subsurface model we expect to build and
the image we hope to see.

Days —» Time ebn Weeks Months
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3D Broadband Reshoot

Broadband acquistion requires deep

sfreamer tow e.g. >15m*

Broadband acquistion requires

minimum water depth >30m

OBN for shallower water depth and

areqas with restrictions

50000m
1:1553588

ebn

www.ebn.nl * Ideally >20m




Zechstein Thickness Map

ZE Thickness map

3D Broadband Reshoot

- Many areas with complex salt

diapirism in NL SNS remain undrilled

- These undrilled areas typically have
severe imaging and depth conversion

challenges

- Is there an opportunity to identify new

economic gas fields by BB reshoot?

50000m
1:1553588
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Summary

= | Question
. everything

£

Significant improvements in seismic data quality/interpretability can

be achieved with Broadband reprocessing
Consider reprocessing again if existing 3D was processed >5 years

Broadband 3D reshoot is likely required to tackle severe imaging

challenges by allowing optimal application of FWI and (LS)RTM

Undrilled areas in the NL SNS exist with severe imaging challenges

and where water depths >30m enabling 3D Broadband reshoot

www.ebn.nl ecbn 39







