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Express my appreciation to Dr. Adel EI-Emam of KOC
for the invitation to participate and present this Keynote
address.
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@ This presentation can be viewed as an executive
summary of a longer and detailed presentation “A
Perspective on Advances and Open Issues in Seismic

Exploration (2024)" that is located in the same link
where this presentation resides
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@ The events in seismic reflection data are catalogued
as either primary or multiple

@ We start with a new perspective and understanding
of the role that primaries and multiples play in
seismic processing and exploration

@ We then focus on specific prioritized obstacles to
effectiveness for land and shallow water.

@ Let's begin
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@ Migration is the method used to locate structure
(reflectors) in the subsurface.

@ Migration-inversion (M-I) is a two step procedure
that first locates where any property has changed
(M) and then determines the actual properties that
have changed, and the amplitude of those changes
(M-I). (Stolt and Weglein (1985), (2012))
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-

There is a new and most effective method
of migration and migration-inversion that
we label Stolt-Claerbout |l migration

(SCIII) for continuous and discontinuous
media
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The SCIII migration formula for continuous and
discontinuous media

oGPP oD
D(Xg,zg,xs,zs,w):// [D 5’(1)7 —GODD% dSgdSs

where GPP satisfies both Dirichlet and Neumann
boundary conditions on the lower surface of the finite
migration volume

Weglein et al (2016), SEG Abstract, “The first migration
method that is equally effective for all acquired
frequencies for imaging and inverting at the target and
reservoir’
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SCIII is the only migration method that can image and
invert:

without artifacts above and beneath top salt
specular or diffractive targets

— —~~
w N =
~— ~— —

can automatically image and invert for R or V
and then changes in v, vs and p
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(4) can image and invert targets without high
frequency approximations — e.g. no
geometric optics R.C. — no one way wave
assumptions in a smooth velocity model

(5) maximal amplitude and resolution capability,
no compromise in illumination

(6) the only migration method that can
accommodate a discontinuous velocity model
— and hence can provide a definitive response
to the role of primaries and multiples in
migration and inversion
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-
Migration

RTM doesn't satisfy any one of those properties and
characteristics — let alone all of them.

RTM and Kirchhoff have serious imaging, resolution,
illumination and inversion issues compared to SCIII.
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-
Migration

Another important fact is that if one used a
Stolt-Claerbout Il migration with an accurate
discontinuous velocity model, then multiples would not
cause any problems, and would not need to be removed.
[Weglein et al 2016 SEG Abstract]
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-
Migration

@ However, if you use a smooth velocity to migrate
data from a discontinuous medium, every multiple
will produce a false image, and every multiple must
be removed.

@ Since our most capable velocity analysis methods
today can at best produce a smooth velocity, all
multiples must be removed before migration.

Arthur B. Weglein A Keynote Address Nov 28-30, 2023 13 /70



Multiples must be removed in all seismic processing
methods, that is in all direct and indirect seismic
processing methods.
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The former, the direct methods include all classic wave
equation migration methods (that require an adequate
velocity model) and the inverse scattering isolated task
subseries for depth imaging (that do not need to know,
estimate or to determine a velocity model).
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Indirect methods, including all model matching methods
like AVO and FWI- require all multiples to be removed
either initially or at some point within the process.
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-
Migration

Of course, the latter conclusion about velocity analysis
includes FWI where a smooth velocity is the stretch goal
today.

Therefore methods (like FWI) that at best produce a
smooth velocity model—result in all multiples needing to
be removed.
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-
What about the use of multiples to
enhance imaging?

The removal of multiples and the use of multiples (to
enhance imaging) have the same exact goal: the imaging
of primaries, recorded and unrecorded primaries,
respectively.
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-
What about the use of multiples to
enhance imaging?

@ Nobody is migrating multiples—the phrase
“migrating multiples” has no meaning.

@ However, at times a recorded multiple can be used
to find an approximate image of an unrecorded
primary subevent of the recorded multiple.
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|
What about the use of multiples to
enhance imaging? (continued)

To predict a multiple, you need to have recorded all of its
subevents; hence, if you can predict a multiple its
useless. If you cannot predict a multiple, because you
have not recorded all its subevents, then it might be
useful. Hence, predicted multiples are useless, and useful
multiples cannot be predicted.
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|
What about the use of multiples to
enhance imaging? (continued)

What if the unrecorded subevent of the recorded
multiple, is not an unrecorded primary — but an
unrecorded multiple.

That unrecorded multiple will be treated as an
unrecorded primary and will result in an artifact.
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|
What about the use of multiples to
enhance imaging? (continued)

Since we are confined to a smooth migration velocity,
recorded multiples must be removed to image recorded
primaries, and unrecorded multiples must be removed to
find an approximate image of an unrecorded primary.
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Up to now we explained “why” multiples must always be
removed in all seismic processing methods

With that established: Now we describe “how" to
remove multiples

What is the current toolbox of multiple removal
capability?
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N
An overview of methods: How to remove
multiples?

JOURNAL OF SEISMIC EXPLORATION 31, 15-28 (2022) 15

MULTIPLE REMOVAL: AN OVERVIEW AND
PERSPECTIVE OF CURRENT CAPABILITY,
ALGORITHMIC ASSUMPTIONS AND OPEN ISSUES

ARTHUR B. WEGLE]N JING WU?, FREDERJCO XAVIER DE MELO?,
JOHNT. ETGEN® and JAMES D. MAYHAN '

! M-OSRP, Physics Department, University of Houston, 3507 Cullen Boulevard,
Room 617, Houston, TX 77204, U.SA.

WesternGeco/Schlumberger 3730 Briarpark Dr., Houston, TX 77042, U.S.A.

? BP Houston, 501 Westlake Park Blvd., Houston, > 77079, U.S.A.
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An overview of methods
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ABSTRACT

Weglein, A.B., Wu, J., Xavier de Melo, F., Etgen, J.T. and Mayhan, 1.D., 2022. Multiple
removal: an overview and perspective of current capability, nlgon\hmw assumptions
and open issues. Journal of Seismic Exploration, 31: 15-28.

‘This s the second paper of a two-paper set - the first describes in detail why
‘multiples must be removed at some point within all seismic processing methods-and there
are absolutely no exceptions. With that ‘why” issue established and in place, this second
paper then proceeds to address the *how’ aspect, and therein provides a.tool-box
perspective on overall industry collective capability. All seismic methods make
assumptions, and have prerequisites - and, requiring subsurface information has become
an_increasing difficult assumption to satisfy. The latter challenge is largely due to the
industry trnd to decp wate and more comple ofShors and on-ahore plays. Tha rality
motivated the development of multiple removal methods that did not require subsurface
information. The distinct inverse scattering subseries for removing free surface an
interal muliples are the only multiple removal méthods that require absolutely no
subsurface information.

‘This paper provides a guide and perspective for making a well-informed cost-
effective choice within the toolbox. No method is the cost-effective choice under all
cireumsiances - and under certain situatons u Iess effctive and less costy hoice mlghl
a reasonable job. The development of more effective, and sometimes more cos

opnons provide e opportuniy lo pay more o roceive. more, when that hc\gh!cncd

necessary and needed. It is necessary to know what are the assumptions and
‘benind every maltple removal method, within the toolbor, in order to: (1)
Tnake an informed costeffective hoice, among tool-box options, and (2 to define apen
issues and challenges. There is a that today’s reasonable assumption will be
Lomorrow's.impedimént 1o cfccivenest and obsisuction o, progress, The mliple
removal toolbox is always a work in progress - and no method has been, or ever will be,
the last and final word.

KEY WORDS: overview, multiples, primaries, multiple removal, ool box,
cost-effective options, on-shore, off-shore, progress and open issues.

0963-0651/22/55.00 © 2022 Geophysical Press Ltd.
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N
An overview of methods

The published paper Feb. 2022, JSE, co-authored with
John Etgen of BP and Fred Melo and Jing Wu of
Schlumberger and Jim Mayhan of M-OSRP provides a
timely overview and describes when each option within
the multiple removal toolbox might be the well-informed
cost-effective choice — along with open issues and
challenges.
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-
Multiples: an overview of methods

One of several conclusions of that recent overview paper
(cited above) is that the most effective method for
removing internal multiples is the inverse scattering
internal multiple eliminator (ISS IME). Yanglei Zou et al,
(2019)
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An overview of methods
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A new multidimensi

al method that eliminates internal multiples that interfere with ps

maries, without damaging the primary, without knowledge of subsurface properties, for off-
shore and on-shore conventional and unconventional plays
Yangiei Zou, Chao Ma, and Arthur . Weglcin, M-OSRP/Physics Dept/Universit of Houston

SUMMARY

inensive than the current most capable ISS attenuation:plus-

mology. Many methods have been developed including: stack-
ing. FK filer, Radon transform, deconvolution and Feedback

We provide it as 4 new capa-
vl oclbox and 5 new opion for
circumstances when this type of capability is called for, ndi-

by in the muliple-

loop.

ferences,or require knowledge of the subsurface and the gen-
erstors o the multples (2. Fostr and Mosher, 1992; Ver
1992 Berkhout and Verschuur, 1997: Jakubow-
icz, 1998; Robinson and Treiel, 2008; Wo and Wang, 2011;
Meles et . 2015 da Costa Filho et al. 2017: Lomas and Cur.
185, 2019). A theindustry moved 1o decp water
Pl onthorswd of ot lys. thetsetods bped up
st sunyton. The Incre S
e hemnion slgomom (vt 1 o 1994

and generators are complicated and unknown. 1 s the only.
multi-dimensional internal-multple-removal method that can
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bined with ¥
movs el e, Fe st sl mlils e
1SS atenuator combined with e apiv

whtacion sl and ficine, Howerer, when memit

onshore conventional and unconventional plays. W

ploring methods to educe the computational cost o these 1SS
atenuation and elimination algorthms, without compromising
effectiveness.

INTRODUCTION
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ing objectves, €., free-surface-multipl removaland inernal-

malipe el deph imasin. o incar amplitode analy-

sis and 0

dta, without any e o, ordeterminatonof ubsurfuce prop-
2

i) lows sl roces

algorithm is the only method today that can predict the cor-
rect time and approximate amplitude foral first-order nternal
malils genered fom ll rflcns, ane, without ny

 the attenuaton algorithm
and the amplitude of the imemal multples. Horwever primar

multipes ate proximal to
other events,thecriteri behind energy-minimization dapiive

ction can ful (e, the energy can increase ather than
dectease when a mulipl is removed from 4 destructvely in-

interfere with each other in both
hore and of-shore seismic plays. In these cases, the
e of cnegy minimizaton adapeie subircion can il and
elimining mmal maliles s byond the curen bl
of the

b e i s
e e whch e s s outcome 1
et e il h st ml meron 15 it il

ol s onde temal-mulipes senerated o e
shallowest reflector. Y. Zou and Weglein (2014) then went
At devcloped d st anlininion gt

in eliminatealfirstorder internal multiples generated by
U relors for D earh. In this paper we provide he fr

For dealing with this challenging problem, Weglein (2013)
proposed a three-pronged sirategy’

1. For on-shore applications, predicting ground roll and
rection il uren mthods e g ech
niques that remve ground roll while damaging reflc
tion data. The latter is harmfol for al subscquent pro-

cessing goals e.2.. multple removal, imaging and in
und

oll and refcction data (withou filering or damaging
either, e, Wu and Weglein (2015) without needing
or determining subsurface properties, but requiring near

larly, Matson (1997) and Mat

can remove intermal multiples interfering with primaris, with

son and Weglein (1996). Zhang and Weglein (2006)
demuliple and

We also compare the 1SS climination resul with ISS aten-
wation plus enerey-minimization adapive subiracton for an
interfering primary and internal muliple. This 1SS internal-

deghosting, respectively, and did not require subsur-

surface informarion.

preprocessing and processing, not nly dosst require
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-
Multiples: an overview of methods

There are three properties that only this internal multiple
(ISS IME) method possesses: (1) it predicts the exact
amplitude and phase of the internal multiple at all
offsets; (2) there is no subsurface information known,
estimated or determined, no interpreter intervention, and
(3) it is one unchanged algorithm for every earth model

type;
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-
Multiples: an overview of methods

(4) 1SS IME contains a water speed Stolt-Claerbout Il
migration, and unlike Kirchhoff and RTM it can
automatically accommodate multiple generators that are
planar curved, and point scatterer diffractive pinch outs;
(5) there is no need for an adaptive step since it predicts
the exact phase and amplitude of the internal multiple at
every offset — and the criteria behind energy
minimization adaptive subtraction can fail with
interfering or proximal events.
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-
Multiples: an overview of methods

(6) the key lower higher lower relationship is correct and
in vertical time, not total time (the latter is erroneous
(and deleterious) and called upon in Marchenko
methods).
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-
Multiples: an overview of methods

No other multiple removal method (e.g., Radon,
Jakubowicz, or Marchenko) satisfies one let alone all
these beneficial properties — and that explains why ISS
IME is currently the most effective internal multiple
removal method.
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-
Multiples: an overview of methods

The inverse scattering internal multiple attenuator (1SS
IMA) predicts the exact time and approximate amplitude
of all internal multiples — and hence ISS IMA often calls
upon an adaptive step to remove the internal multiple.
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-
Multiples: an overview of methods

The inverse scattering free surface eliminator (ISS
FSME) and the inverse scattering internal multiple
eliminator (ISS IME) are the most effective methods for
removing free surface and internal multiples, respectively.
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-
Multiples: an overview of methods

See e.g., Chao Ma et al 2018 for a direct comparison
between ISS FSME and SRME, and Chao Ma et al
(2020) for a comparison of internal multiple methods.
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Multiples: an overview of methods
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Comparison of the inverse scattering series free-surface multiple

el
related multiple elimination (SRME]
in

Chao Ma', Qiang Fu', and Arthur B. Weglein'

ation (ISS FSME) algorithm with th

dustry-standard surface-
fining the circumstances

h each method is the appropriate toolbox choice

ABSTRACT

The industry-standard surface-relaed. multple elimination
(SRME) method provides an approximate predictor of the am-
plitude and phase of free-surface mulipls. This approximatc
predictor then calls upon adapive sub.

(FSME) method predicts fee-surfuce multiples with aceurate
time and accurate amplitude of free-surface muliples for a
mulidimensional carth, directly and without any subsurface
information. To quanify these differences, a comparison with
analytc data was caried out, confirming that wh

tracton siep to bridge the difference between the SRME pre-
dicton and the setual free-surface. muliple. For free-surface
multipls that are proximal to other events, the crieria behind

i lying SRME with

o st can o vill anege e prinay e
188 free-surface climination will precisely remove the frec-

s e hon damaging e g piay

On the other hand, i the free-surface muliple s isolated, then
RME

energy-minimization adaplive sublraction can be invalid. When
P

e damaged. To reduce the dependens on

amore accurate free-surface

e seatrng s

a costeffctive oolbox
choice. SRME and ISS FSME cach have an important and dis-
tinet ole 10 play in the seisnic toolbox. and each method is the
indicated choice under differnt circumstances

INTRODUCTION

In the beginning of the paper, it is useful to remind ourselves
of the d
(Weglein et al., 2003). For insang

fons of scismic events based on thei travel histories
Figure 1 shows different types

the subsurface, ghostevents are defined as the seismic events
hat begin their propagation hisories by taveling up from the
source 1o the air-water boundary (source ghosts) or end thair his.

(receiver ghosts) or both (source and receiver ghosts). Afer tht,
events that begin their history going downward from the source.
and end thir istory upward at the receiver are d
and muliple events. Primary evens are defined as the events that
experience only one upward reflection during their propagation
history, wh
experience multiple reflctions during their propagation history
Maltiple events. are further divided into. free-surface multples
and intermal muliples depending on the location of downward re
flection between two consecutive upward relectons.
‘Multples that have at least one downward reflecion at the s
s orofhorsexploniono i Gt cshrs explonion)
surface are called f whereas .,mxn,.m that
e sl oftheir dowmward rflections blow the
land surface are called internal muliples (Wey

ided nto primary

liple events are defined as the events that

cin et 4l 1997).
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Multiples: an overview of methods
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Analysis and application of data-driven approaches for internal-multiple elimination

Chao Ma*, Manhong Guo, Zhaojun Liu and James Sheng.

SUMMARY
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INTRODUCTION
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METHOD.
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-
Multiples: an overview of methods

The ISS methods are often the well-informed
cost-effective choice under the most complicated and
daunting circumstances, with rapidly varying multiple
generators (and for interfering and proximal events).
Further detail and analysis can be found in the video
presentations and publications in the links below.
http://www.mosrp.uh.edu/people/faculty/
arthur-weglein
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-
What are prioritized open issues for land
and shallow water multiple removal?

And what are some of the approaches that could address
these open issues on multiple removal and imaging and
inversion?
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-
What are prioritized open issues for land
and shallow water multiple removal?
(continued)

Onshore challenges begin with the complex ill-defined
near surface issues where identifying the model type and
medium properties are a major obstacle and largely
unsolved problem.
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-
What are prioritized open issues for land
and shallow water multiple removal?
(continued)

A new embryonic seismic processing method has been
developed that removes the need for near surface and
subsurface information to be known, estimated, or
determined (Weglein, 2024). Early tests are encouraging.
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to on-shore (1) A method to remove the
need to know, estimate or determine near surface information for
seismic preprocessing and processing methods and (2) a respon:

to the multiples generated by near-surface subresolution
reflectors: Part I, the basic concept and first examples

Arthur B. Weglein
Jan 2024

Abstract

The current inability to provide adequate information about the overburden above a target
has been and remains an open and very serious issue for seismic preprocessing and pro-
cessing. There are current methods for preprocessing based on Green’s theorem, and for
processing that derive from the inverse scattering serics, that do not need or require sub-
surface information. That is, they do not require any information about the carth starting
at some depth below where sources and receivers reside (that is, beneath the measurement
surfaces). However, they do require information at, and immediately beneath, the measure-
ment surface (and the latter defines the “near surface”). For on-shore and OBS applications,
the need for near-surface information (information that is often hard to define, let alone
1o determine

is a major hurdle, a largely unsolved problem, open issue and challenge. In
this paper, we introduce a new concept and method for preprocessing and processing that
removes the need to know, estimate or to determine both subsurface and near surface prop-
exties. We introduce the concept with the first step in the seismic processing chain, namely
the separation of the reference wave (that would include the direct wave and ground-roll for
on-shore application) and the recorded scattered wavefield (the data that has experienced
the subsurface and near surface). We use an analytic data example to demonstrate how the
method works and we point out how it would be applied in practice. This paper introduces
anew concept and method. 1t will be followed by both more complicated synthetic and field
data examples within this paper’s objective and to the next steps in the processing chain
(for example, for deghosting, multiple removal and imaging and inversion). In addition, a
response to the issue of multiples generated by subresolution reflectors (often in the near
surface) is proposed. This paper responds to two currently intractable on-shore exploration
problems: the need for near-surface information and subresolution multiples.
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Ground roll issues

Jing Wu et al (2015) present a new method to separately
predict ground roll and reflection data without filtering
and harming either one.
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Ground roll issues
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e 1 A generic model deseribing the land experiment
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the active source (orthe verticalforce 51) and the other
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-
Shallow water challenge

Among major shallow water issues, is the fact that the
nearest phone to the source can be in the postcritical
regime. That is a major impediment to multiple removal
methods that depend on recorded subevents.
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-
Shallow water challenge

To arrange for those required subevents there is typically
an extrapolation to nearer offsets when the nearest
phone is in the precritical region; that is often successful.
However, extrapolation methods will fail when the
nearest phone is postcritical region and the sought after
data is precritical.
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-
Shallow water challenge

One approach for addressing this challenge can be found
in the 2001 M-OSRP Annual Report by Mrinal Sen, Paul
Stoffa (UTIG) and A. Weglein (M-OSRP) present a
method for predicting precritical data from postcritical
data.
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-
Shallow water challenge: a response

Research Project Report

Title: Prediction of pre-critical seismograms from post-critical traces

Principal Investigator: Mrinal Sen
Co-principal Investigators:  Arthur Weglein and Paul Stoffa

Asther B. quﬁm,

2001 M-OSRP Annual Technical Review and Report for Sponsors

Final report submitted to BP on January 5, 2001

Attention:
Dr. Scott Mitchell
‘michells@bp.com
(281)366-5521
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-
Near surface subresolution multiple
generators

A frequent challenge in land seismic processing is a series
of subresolution internal multiple generators at the near
surface.
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Near surface subresolution multiple
generators

Those subresolution multiple generators produce a chain
of troublesome multiples that cannot currently be
removed. That is a prioritized challenge that within all
conventional thinking does not have an effective
response — or even an embryonic concept or theory
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-
Near surface subresolution multiple
generators

We propose the following response:

(1) apply the ISS Q compensation algorithm [Zou and
Weglein (2018)] to boost the high frequency content of
the recorded data, and hence the resolution of currently
subresolution multiple generators.

Arthur B. Weglein A Keynote Address Nov 28-30, 2023 51/70



-
Near surface subresolution multiple
generators

JOURNAL OF SEISMIC EXPLORATION 27, 593-608 (2018) 593

ISS 0 COMPENSATION WITHOUT KNOWING,
ESTIMATING OR DETERMINING Q AND WITHOUT
USING OR NEEDING LOW AND ZERO FREQUENCY
DATA

YANGLEI ZOU and ARTHUR B. WEGLEIN

M-OSRP, Physics Department, University of Houston, Houston, TX 77204, U.S.A.
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-
Near surface subresolution multiple

generators

JOURNAL OF SEISMIC EXPLORATION 27, 593-608 (2018) 503

ISS 0 COMPENSATION WITHOUT KNOWING,
ESTIMATING OR DETERMINING Q AND WITHOUT
USING OR NEEDING LOW AND ZERO FREQUENCY
DATA

YANGLEI ZOU and ARTHUR B. WEGLEIN

M-OSRP, Physics Department, University of Houston, Houston, TX 77204, U.S.A.

(Received June 2, 2018; revised version accepted October 12, 2018)

ABSTRACT

Zou, ¥, and Weglen, AB, 2018, ISS O compensation without knawing, stimating or
determining Q and without using or needing low and zero frequency data. Journal of
Seismic Exploration, 27: $93-608

Developing new and more effective methods to achieve O compensation is of
priority in seismic processing and exploration Wc propose a new approsy ach for O
compensation as an is ies of the hi
inverse scattering subseries vy 3 compensation withou
or o determine 0. The method avoids the il of an carlier '185 method by not necding

low frequeny data and in particulr nof needing st frequency data. This paper
providss two wnlnbuuum (1) 1t dbvelops inverse scattering series (ISS)
O compens: cttiod without Xnowing of cstimatiog O and (most_importantly)
Without needing zero frequency data (2) It avoids a division by 7¢ro in the Subscauent
reformulated algorithm by adding a smail imaginary term to  (adding a small amount of
friction in the reference medium).

43
&

n this paper, we et the O compensation algorithn in 8 two-telector model and
have obtained encoutaging resulis. This advance in ISS O compensation also has
immediate significant and p consequence for all amplitude analysis (that currently
vequiee low and zro fequency dam) including ISS deph imagin, IS5 direct parameter
traditional iterative AVO and m 2 F ad 1S5 0
compensation. without knowmg o esti 0 method can_be  transferred for
electromagnctic applications where Conductivity pisys he rol of 0. and 3 conductivity
map can be output

n, 4

Once the O compensated data is available we could use that data together with the
original data to estimate 0. Alternatively, the anelastic equation and data could input the
original data and ISS inverted for elastic and Q parameters.
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-
Near surface subresolution multiple

generators

(2) apply the high water mark of internal multiple
removal the ISS IME algorithm with its water speed
SCII migration to maximize the ability to locate and
delineate multiple generators and remove the multiples
they generate
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-
Near surface subresolution multiple
generators

A new multidimensional method that eliminates internal multiples that interfere with pri-
maries, without damaging the primary, without knowledge of subsurface properties, for off-
shore and on-shore conventional and unconventional plays

Yanglei Zou, Chao Ma, and Arthur B. Weglein, M-OSRP/Physics Dept./University of Houston
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Near surface subresolution multiple

generators
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shore and on-shore conventional and unconvenuonal

Yanglei Zou, Chao Ma, and Arthur B. Weg

SUMMARY

Pl
dein, M-OSRP/Physics Dep. Foniveri of Houston

innsive than e cutent most bl 55 suion s
method. We provide it as

apa-
iy in 0 oo nd 5 new opon for

mology.

stack-
ing. FK filer, Radon transform, deconvolution and Feedback

circumstances when this type of capabilty is called for, indi-

loop.
ferences,or require knowledge of the subsurface and the gen-
erstors o the multples (.g. Foster and Mosher, 1992; Ve
schuur et al. 1992: Berkhout and Verschuur, 1997 Jakubow.
icz, 1998; Robinson and Treiel, 2008; Wo and Wang, 2011
Meleet . 2015:d Cosa ol 2017 Loms nd Cor
5. 2019). As the industry moved 0 deep water and more con-
yv\u n-shore and off-shore plays, these methods bumped up.
gainst ther assumptions. The Inverse Scattring Serics (ISS)
s e tenuaion gt (o
Weglein and Weglein et ol made none of

fe

inoffshore and
ashore conventionl and unconventional plays. We ore ex-
ploring methods to educe the computational cost of these
attenuation and elimination agorthms, without compromising
elfectiveness.

INTRODUCTION

The 55 (s Scaterin Sei) allows s s
b . ke il ol el

alone, and is unique in ts ffectiveness when the subsurface
‘and generators are complicated and unknown. 11 s the only
multi-dimensional internal-multiple-removal method that can
predict all inteenal multiples with exaet arival time and ap.
prot e wibout iy s i
mation. When internal multiples and primaries are isolaied,
R IS8 ert-mipl o o s sl o
o dapive su

bined with an
move intermal multipls. For isolated inter
1SS attenuator combined with enerey-minimization adapiive
subteacton i successful and efTective. Howener, when internal

eplh maging.non analy.
i and © compensaton o be achievd diety n lrms of
data, withoutany e for, o determination o subsurface prop-
eries (e, Weglein et al. 2012; Zhang and Weglin, 20090,
Zou and Weglein, 2018). The IS5 inemnal-muldple attenuation

recttime and
il peneted fom al o, ot one
subrtce informton. 1 mulile 0

‘and the ampliude of the nternal multiples. Howwever primary

muliiples are prosimal (0 with primarics or
other events,th crteria behind enerey-minimization adapiive

decrease when 4 multipl is removed from a destructvely in-
terfering primary and multiple), With ntefering events, energy
minimization ada

target primary,

partof a
e proned gy propocd by Weleinat e 2013 SEG
Internatior rence (Weglein 2014). Herrera a

e 013 proponed . 11 15 bl cimnaon
algorithm for al irst-order internl-muliles generated a the
hallowest reflector. Y. Zou and Weglein (2014) then went

frher and developed and illustrated an climination algorith
tatcan it all st e gy
s paper we provide the first

allreflctors for 1D e

iterfere with cach other in both
onshore and off-shore seismic plays. In these cases, the cri-
teria of energy minimization adaptive subtraction can il and
climinating intemal multiples is beyond the current capability
of the petroleum industy.

i this challenging problem, Weglein (2013)
proposed a three-pronged sirategy:

1. For s opfations, priing round ol
e

verston) Recnt it pogtos it sround

oll and refection data

ther), e.2. W (2015) without needing

ordeteining sabutace propetis bt eqiing e
Masen (1997

can remove interal multiples interfering with primaris, with

o e (155, Ehng st Woses (2008

nd OBC demliple and

We also compare the 1SS climination resul with ISS aten-
wation pls enegy-minmization adspie sbirction for an

deghosting, respectively, and did not require subsur-
face information but requi urace mformation
A new and seneral method (Weelein. 2019) for seismic
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-
Near surface subresolution multiple

generators

(3) use SCIII migration with heterogeneous and
discontinuous medium to (avoid high frequency
approximations) and have the benefit of all frequency
components in the source wave field.
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-
Near surface subresolution multiple
generators

A wedge resolution comparison between RTM and the first migration method that is equally effective
at all frequencies at the target: tests and analysis with both conventional and broadband data
Yanglei Zou, Qiang Fu, and Arthur B. Weglein, M-OSRP/Physics Dept./University of Houston
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Near surface subresolution multiple

generators

Arthur B. Weglein

A wedge resolution comparison between RTM and the first migration method that s equally effective
at all frequencies at the target: tests and analysis with both conventional and broadband dat
Yanglei Zou, Qiang Fis and Arthur B. Weglein, M-OSRP/Physics Dept./University of Houston

SUMMARY

ng owerfsgucny scismic s an ndsry-wide

requerey specnm nd ppearance. bt 3 ey afcn
c less than the hoped for difference in structural reso

frequency components in the broadband data. The new Stolt
tended Cl e

Clacrbout imaging principle 11 (CID). Waves propagte down
rom the source, e incident on the tefector, and the refec
ol wping e, Mg o CI, s
thlor«x\m atthe locaton in space where the w

o popagating rom hesorce and h upwive rom
e rellconae o th s e andspace. All A methods
are based on RTM (CI1) imaging principle and we afer refer o
RTM in tis paper a5 RTM (CID). The thirdis Claerbout imag:
ing principle 11 (CID, which starts with surface source and
receiver data and predicis what a source and receiver would
record inside the carth. CTI then arranges the predicted source
ind receiver to be coincident and asks for £ = 0. IF the pre-
dicted coincident source and receiver experiment at depth is
proximal 0. eflector one gets  non-ero fesult at time equals
zero. Stolt and his colleagues provided several major exten-
vions ofCll i we e 0 ht caigory o imgin pici-
e Stolt extended CIIL

lein t al. 2016) addresses this problem as the frst. migraton
method that s cqually effective at all frequencics at the tar
et and reservoir. That allows the broadband lower frequency

al resolution

value provided by the new Stolt extended CIII migration for
heterogencous medium, The side lobes of the images of upper
and lower reflctors produce an inteference that determines
resolution. The migation method with a grester reduction of
side lobes will be the migraton with a grater abilty 1o esolve
o eflectors with a same banduwidih i the dat, conventional
or band imited.

INTRODUCTION

fon methods that use wae theory for scis

ur new migration methad, Stol extended CII for hetero
neous media i the first migration method that makes no high:
fegueney pproximaionnbshcompenents (1 2. for 4

RTM (CI1) and Stolt extended CI ar of central industry in
oy, e e ey e o

) and Stolt extended CIII will produce different resuls for
epaed s ndeceies locwed i omogeneo bl
space above a single horizonta reflctor. That diffrence forms
acentral and key message of this paper.

Cl can b expresed n the form.

1= Y56 5 @R G, 5 ), It
where & s the refiecion dat (or  shot record), rn back
Wards, and s the complexconjugale of e source wavelekl

A realization of CIILis Stolt FK migeation (Solt, 1978)

o [ it

expl-ilkt +ha(v—x)))

[ desp(cithe

My,

o(r—x)))

N r—— o

ghted sum of recorded data, summed over reccivers,
cally predicts the receiver experiment at depth for a source
1 the surfuce. The sum over sources predicts the source in
the subsurface. Then the predicied source and receiver experi-

ciesat th target andor the reservoir wcghm(’ﬂm) provides
a detaled development of this new migration metho

For he imaging principle component, a good sart s Jon Clacr-
bour’s 1971 landmark contibution (Claerbout, 1971) where

ment dattime
equals zero; it defines u Stolt extended CII image. Each step.
Gntegral in his Stolt extended CIIL has a speific physically
inerpretable purpose towards the Solt extended CII image.

Claerbout imaging principle 1 (C1). The second s time-space.

odel for stacked or zero-offset data, which we call |

RTMIS A v

“Todav all misration methods assume a hish-freauency aooror.
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I
Overview

In the 1980's the methods for migration were
conceptually and practically more advanced compared to
methods for removing multiples. Now that situation is
reversed
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]
Overview: In 1985

@ migration: multiD and needed the velocity model

@ multiples: one-D methods, with statistical
assumptions or filtering methods that needed a
velocity model
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]
Overview: In 2023

e migration (SCIII): multi-D and need the velocity
model

e multiples (ISS): multi-D and with no subsurface
information known, estimated or determined
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-
Overview: In 2043 we predict

@ migration (ISS direct depth imaging): multi-D and
no need for subsurface information to be known,
estimated or determined

e multiples (ISS removal of free surface and internal
multiples): multi-D and with no need for subsurface
information to be known, estimated or determined
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I
Overview

migration needs to catch-up with multiple removal
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INVERSE SCATTERING SERIES DIRECT DEPTH IMAGING
WITHOUT THE VELOCITY MODEL: FIRST FIELD DATA
EXAMPLES
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ABSTRACT

Weglein, A.B., Liu, F., Li, X.. Terenghi, P., Kragh, E., Mayhan, J.D., Wang,
Amundsen, L., Liang, H., Tang, L. and Hsu, S.-Y., 2012. Inverse scattering sci
imaging without the veloci

128,

.+ Mispel, J..
s direct depth
y model: First field data examples. Journal of Seismic Exploration, 21

In Wegen t a. 2010) an upe and s seort were proided on e progress on e
aricle, results
on synthetics with sufficient realism indicated i ek et e waramed. Thi paper
documents those first field data tests. These first early tests are encouraging and indicate that ISS
dinet depth maging oo el e is posite, Exch meniber of a set of three distinct data or

entfied and shown o be necessary for inverse
scattering direct depth imaging, without a v(lmuy ‘model, t0 be effective and to produce the accurate:
strucuural configuration of reflectors and interfaces in the subsurface. Taken together, that set
represens both necessary and sufficient conditions. In addition, for ISS imaging, the CIG flatness
condition is a necessary and sufficient indication that an accurate depth image has been reached. The
latter property is in contrast (o conventional velocity dependent imaging methods where common
image gather (CIG) flatness is a necessary but pot a sufficient condition that & correct depth image
has been achieved. The next steps, and open issues, on the road between viable and providing
relevant and differential added value to the seismic tool-box are described and discussed.

KEY WORDS: imaging, migration, inverse scattering series, field data, velocity, CIG atness.

0963-0651/12/$5.00 © 2012 Geophysical Press Ltd.
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-
Summary

@ The inverse scattering free surface eliminator (1SS
FSME) and the inverse scattering internal multiple
eliminator (ISS IME) are the most effective methods
for removing free surface and internal multiples,
respectively.

@ See e.g., Chao Ma et al 2018 for a direct
comparison between ISS FSME and SRME, and

Chao Ma et al (2020) for a comparison of internal
multiple methods.
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-
Summary

This Presentation has described the current state of
multiple removal and imaging, and the open issues and
challenges to all marine and onshore seismic processing.
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-
Summary

We addressed specific prioritized obstacles to
effectiveness for land and shallow water. Lastly new
embryonic concepts, and methods that can begin to
address these multiple removal and imaging and
inversion challenges were suggested and described.
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