w0 20207123099 A3 |0 0000 Y0 RO R RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 June 2020 (18.06.2020)

(10) International Publication Number

WO 2020/123099 A3

WIPO I PCT

(51) International Patent Classification:
GO1V 1/28 (2006.01) GO1V 99/00 (2009.01)
GO1V 1/30 (2006.01)

(21) International Application Number:
PCT/US2019/061795

(22) International Filing Date:
15 November 2019 (15.11.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/777,941 11 December 2018 (11.12.2018) US
(71) Applicant: EXXONMOBIL UPSTREAM RESEARCH

COMPANY [US/US]; (EMHC-N1-4A-607), 22777

Springwoods Village Parkway, Spring, TX 77389 (US).

(72) Inventors: DENLI, Huseyin; 94 Patriot Hill Drive, Bask-
ing Ridge, NJ 07920 (US). TRENEV, Dimitar; 39 De-
peyster Street, Apt. 1, Sleepy Hollow, NY 10591 (US).
MACDONALD, Cody J.; 2601 Waugh Dr., Houston, TX
77006 (US). HERNANDEZ, Diego, 42 Star Iris Place,
Tomball, TX 77375 (US).

Agent: BAEHL, Stephen A. et al.; Exxonmobil Upstream
Research Company, (EMHC-N1-4A-607), 22777 Spring-
woods Village Parkway, Spring, TX 77389 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(54) Title: AUTOMATED SEISMIC INTERPRETATION-GUIDED INVERSION

100 N

~110

I 156

MODEL BUILDING I

UPDATE MODEL i

IMAGING |

INTERPRETATION l

UNSATISFACTORY

/\\{MQ

CHECK
gmz:/)}

e
SATISFACTORY

FIG. 1A

(57) Abstract: A method and apparatus for seismic analysis include obtaining an initial geophysical model and seismic data for a
subsurface region; producing a subsurface image of the subsurface region with the seismic data and the geophysical model; generating
a map of one or more geologic features of the subsurface region by automatically interpreting the subsurface image; and iteratively
updating the geophysical model, subsurface image, and map of geologic features by: building an updated geophysical model based on
the geophysical model of a prior iteration constrained by one or more geologic features from the prior iteration; imaging the seismic data
with the updated geophysical model to produce an updated subsurface image; and automatically interpreting the updated subsurface
image to generate an updated map of geologic features. The method and apparatus may also include post-stack migration, pre-stack time
migration, pre-stack depth migration, reverse-time migration, gradient-based tomography, and/or gradient-based inversion methods.
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cited to establish the publication date of another citation or other
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means

"P" document published prior to the international filing date but later than
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step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 February 2020

Date of mailing of the international search report

25/06/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fernandes, Paulo

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PLT/U52019/061795
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-8, 16-22

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-8, 16-22

A method of seismic analysis comprising producing a
subsurface image with an initial geophysical model and
seismic data, generating a map of geological features by
automatic interpretation and iteratively updating the model,
image and map wherein Full Wavefield Inversion (FWI) is used
to build the updated geophysical model..

2. claims: 9-15

A method of seismic analysis comprising producing a
subsurface image with an initial geophysical model and
seismic data, generating a map of geological features by
automatic interpretation and iteratively updating the model,
image and map wherein the automated seismic interpretation
comprises specific operations.
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