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CLAIMS (11)

The invention claimed is:

1. A computer-implemented method for full wavefield inversion of seismic data

to infer subsurface physical property parameters including P-wave (pressure

wave) velocity, S-wave (shear wave) velocity, and density, comprising:

extracting only PP mode (P-wave down/P-wave up) from the seismic data,

and inverting, with a full wavefield inversion algorithm, the PP mode data

sequentially in two or more different offset ranges, each offset range full

wavefield inversion determining at least one physical property parameter,

wherein in a second and subsequent full wavefield inversions, parameters

determined in a previous inversion are held fixed, and further wherein all

full wavefield inversions are performed using a computer; and

generating, with a computer, a subsurface physical property model that

includes the P-wave velocity, S-wave velocity, and the density from the full

wavefield inversion algorithm, which transforms the seismic data into the

subsurface physical property model, wherein the subsurface physical

property model is a quantitative rock-property description of a hydrocarbon

reservoir, and using the subsurface physical property model for geophysical

prospecting.

2. The method of claim 1, wherein a near offset range is sequentially

first to be inverted, and said first full wavefield inversion infers P-wave

acoustic impedance Ip, using a computer programmed with an

acoustic full wavefield inversion algorithm.

3. The method of claim 2, wherein a mid-offset range is sequentially

second to be inverted, and said second full wavefield inversion infers
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ABSTRACT
Method for multi-parameter inversion using elastic inversion. This method

decomposes data into offset/angle groups and performs inversion on them in

sequential order. This method can significantly speed up convergence of the

iterative inversion process, and is therefore most advantageous when used for

full waveform inversion (FWI). The present inventive approach draws upon

relationships between reflection energy and reflection angle, or equivalently,

offset dependence in elastic FWI. The invention uses recognition that the 
amplitudes of small angle (near offset) reflections are largely determined byacoustic impedance alone (1), independent for the most part of Vp/Vs. Large angle 

(middle and far offset) reflections are affected by Ip, Vp/Vs (2) and other earth parameters such as density (3) and anisotropy. Therefore, the present inventive 

method decomposes data into angle or offset groups in performing multi-parameter FWI to reduce crosstalk between the different model parameters being 

determined in the inversion.

DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent Application

61/827,474, filed May 24, 2013, entitled “Multi-Parameter Inversion through

Offset Dependent Elastic FWI,” the entirety of which is incorporated by

reference herein.

FIELD OF THE INVENTION

The invention relates generally to the field of geophysical prospecting including

prospecting for hydrocarbons and, more particularly, to seismic data processing.

Specifically, the invention is a method for elastic full wavefield inversion (“FWI”)

of seismic data to obtain a subsurface model of multiple physical parameters.

BACKGROUND OF THE INVENTION

An inversion process in geophysics data processing usually, and in the case of

this document as well, refers to the process of transforming seismic reflection

data into a quantitative rock-property description of a reservoir in the form of a

subsurface earth model. Such a model needs three parameters, which are

density (ρ), P-wave velocity (VP) and S-wave velocity (VS) to describe it, if the

model is assumed to be isotropic. Additional parameters are needed in a more

general subsurface model that includes anisotropy and attenuation. There are

many techniques used in inversion at seismic resolution, such as post-stack or

pre-stack AVO inversion and Full-Waveform Inversion (FWI).

It is well known that PP reflection (P-wave down/P-wave up) at normal incident

angle is largely determined by the acoustic impedance Ip=ρVp. In order to

estimate Ip from seismic data, it is usually sufficient to consider only P-wave
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S-wave velocity VS, with IP fixed at its value from the first full wavefield

inversion, said second full wavefield inversion using an elastic

inversion algorithm.

4. The method of claim 3, wherein a far-offset range is sequentially

third to be inverted and said third full wavefield inversion infers density

or VP, using an elastic full wavefield inversion algorithm, with IP fixed at

its value from the first full wavefield inversion and VP/VS fixed at a

value determined from the second full wavefield inversion.

5. The method of claim 4, wherein VP and Vs are computed from IP

and IS using definition of acoustic impedance, and using density as

inferred in the third full wavefield inversion.

6. The method of claim 4, wherein VP is inferred in the third full

wavefield inversion, and density is computed from the relationship

IP=ρVP and IP is as determined in the first full wavefield inversion.

7. The method of claim 4, wherein one or both of the relationships

IP=ρVP and IP=ρVs are used in performing the method.

8. The method of claim 4, further comprising repeating the sequential

full wavefield inversions at least one time to update the inferred

physical property parameters.

9. A computer-implemented method for inversion of seismic data to infer at least

P-wave (pressure wave) velocity, S-wave (shear wave) velocity, and density,

comprising:

(a) taking only PP-mode (P-wave down/P-wave up) data from the seismic

data, and dividing the seismic data into a near-offset range, a mid-offset

range, and a far offset range, which ranges may or may not overlap;

(b) inverting the near offset range for P-wave acoustic impedance IP, using

a computer programmed with an acoustic full wavefield inversion algorithm;

(c) inverting the mid-offset range for S-wave acoustic impedance Is, or for

P-wave velocity VP divided by S-wave velocity VS, with IP fixed at its value

from (b), using an elastic full wavefield inversion algorithm;

(d) inverting the far-offset range for density, using an elastic full wavefield

inversion algorithm, with IP fixed at its value from (b) and VP/VS fixed at a

value determined from the value of IS from (c);

(e) computing VP and VS from IP and IS using definition of acoustic

impedance and density as determined in (d); and

(f) generating, with a computer, a subsurface physical property model that

includes the P-wave velocity, S-wave velocity, and the density, wherein the

steps (b), (c), and (d) transform the seismic data into the subsurface

physical property model, wherein the subsurface physical property model is

a quantitative rock-property description of a hydrocarbon reservoir, and

using the subsurface physical property model for geophysical prospecting.

10. The method of claim 1, wherein at least some of the two or more

different offset ranges overlap.

11. The method of claim 1, wherein at least some of the two or more

different offset ranges do not overlap.

good indicator of reservoir rocks and types. It is know that fluid types can be

better retrieved from elastic parameters such as VP/VS. As a result, multi-

parameter inversion for both acoustic and elastic parameters has become

desirable, perhaps almost necessary, in reservoir characterization.

Multi-parameter inversion through elastic FWI has a unique role in delineating

reservoir characters as it is based on accurate modeling of elastic wave

propagation. Elastic FWI is a highly expensive process for two main reasons.

First, finite difference modeling becomes far more expensive than under the

acoustic (P-wave only) assumption due to denser computational grids needed

for computer simulation of shear wave propagation. Second, multi-parameter

inversion requires many more iterations than acoustic FWI to achieve

convergence and reduce crosstalk between different parameters. In reservoir

characterization, the most important parameters to describe rock properties are

acoustic impedance Ip and the velocity ratio Vp/VS. Therefore, there is a need

for an FWI method than can robustly invert for Ip and Vp/VS in a small number of

iterations (preferably ˜10) to make it practical in business applications such as

reservoir characterization and velocity model building.

There are a wide variety of methods to estimate rock properties from seismic

data. The procedure proposed by Hampson et al. (2005) represents a typical

workflow in pre-stack AVO inversion. In their workflow, IP, IS and density are

estimated simultaneously based on AVO in angle gathers and the Aki-Richards

equations (Aki and Richards, 2002). Their approach is based on linearized

approximation for reflectivity instead of the iterative process of simulating elastic

waves and matching waveforms. Computational cost is therefore much cheaper

in pre-stack inversion due to the linearized approximation. In contrast, elastic

FWI, although a much more expensive process, has the potential to generate

superior results.

SUMMARY OF THE INVENTION

The present invention is a robust and efficient computer-implemented method

for multi-parameter inversion using elastic FWI. This method decomposes data

into offset or angle groups and performs elastic FWI on them in sequential

order. This method can significantly speed up convergence, by a factor of

approximately 10 in some examples, compared to elastic FWI carried out

without the improvements of the present invention. The present inventive

approach draws upon the relationship between reflection energy and reflection

angle, or equivalently, offset dependence in elastic FWI. From the classic AVO

theory by Aki and Richards (1980), it is known that the amplitudes of small

angle (near offset) reflections are largely determined by acoustic impedance

alone, independent for the most part of Vp/Vs. Large angle (middle and far

offset) reflections are affected by Ip, Vp/Vs, and other earth parameters such as

density and anisotropy. Therefore, the present inventive method decomposes

data into angle/offset groups in performing multi-parameter FWI to reduce

crosstalk between different model parameters, i.e. between the inversion

unknowns. For purposes of this disclosure, including the appended claims, it

shall be understood that decomposing the data into angle groups is equivalent

to decomposing the data into offset groups, and the one term shall be

understood to include the other.

In one embodiment, the invention is a computer-implemented method for

inversion of seismic data to infer subsurface physical property parameters

including P-wave velocity, S-wave velocity, and density, comprising extracting

only PP mode from the seismic data, and inverting the PP mode data

sequentially in two or more different offset ranges, each offset range inversion

determining at least one physical property parameter, wherein in a second and

subsequent inversions, parameters determined in a previous inversion are held fixed.

In another embodiment, the invention is a method for inversion of seismic data to infer at least P-wave velocity, S-wave

velocity, and density, comprising: (a) taking only PP-mode data from the seismic data, and dividing the seismic data into a
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offset range for P-wave acoustic impedance IP, using a computer programmed with an acoustic inversion algorithm; (c)

inverting the mid-offset range for S-wave acoustic impedance IS, or for P-wave velocity VP divided by S-wave velocity VS,

with IP fixed at its value from (b), using an elastic inversion algorithm; (d) inverting the far-offset range for density, using an

elastic inversion algorithm, with Ip fixed at its value from (b) and VP/VS fixed at a value determined from the value of IS from

(c); and (e) computing VP and VS from IP and IS using definition of acoustic impedance and density as determined in (d).

In a typical case, the near-offset range might be <500 m with the far-offset range being >2 km, and the mid-offset range

being in between.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the present invention are better understood by referring to the following detailed description and the

attached drawings, in which:

FIG. 1 is a flowchart showing basic steps in one embodiment of the seismic processing method of the present invention;

FIG. 2 shows the true Vp, Vs and density profiles used to generate a synthetic gather, and one of the shot gathers;

FIG. 3 shows inversion of IP using near offset data and data misfit, compared with true IP and synthetic data;

FIG. 4 shows Ip alone without knowledge of Vp/Vs is not able to explain middle offset data;

FIG. 5 shows inversion of VP/VS with Ip fixed from FIG. 2 explains seismic data up to the middle offsets; and

FIG. 6 shows the results of inversion of density from far offset data, with IP and VP/VS fixed from FIG. 2 and FIG. 4.

Many of the drawings are color originals converted to gray scale because of patent law restrictions on the use of color.

The invention will be described in connection with example embodiments. However, to the extent that the following

detailed description is specific to a particular embodiment or a particular use of the invention, this is intended to be

illustrative only, and is not to be construed as limiting the scope of the invention. On the contrary, it is intended to cover all

alternatives, modifications and equivalents that may be included within the scope of the invention, as defined by the

appended claims.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

In the elastic FWI method presented by (“SSB” for short) Sears, Singh and Barton (2008), a three-stage workflow was

proposed to estimate Vp and Vs from P-wave and S-wave seismic data: stage one, inversion for short and intermediate

scale Vp using normal-incidence and wide-angle P-wave data; stage two, inversion for intermediate Vs using wide-angle

P-wave data; and stage three, inversion for short-scale Vs using PS-wave data. Short and intermediate scale are terms

used in the SSB paper. General speaking, short-scale refers to spatial scales that can be inferred directly from high

frequency reflection energy in seismic data, and large-scale refers to spatial scales whose reflected frequencies are below

typical seismic sources (e.g., 4-6 Hz in marine acquisition). Therefore, the large-scale is typically inferred from migration

velocity analysis. The gap between large-scale and short-scale is usually called intermediate-scale.

While the SSB method may at first appear similar to the 3-step inventive method that is disclosed herein, there are

important features that distinguish them. First, the SSB method uses different wave modes through the 3 stages. The

present inventive method uses the same wave mode (PP-wave) but different reflection angle/offset through the 3 steps. It

is well known that PP-wave data represent most of the recorded energy in a typical seismic survey, and therefore most of

the value in marine streamer acquisition. Second, the SSB method does not separate normal-incidence and wide-angle

P-wave data in stage 1 and uses them simultaneously. The present inventive method uses only small angle reflection data

in step 1, which is the critical step of speeding up convergence.

A synthetic example is used to demonstrate that this method is very robust and effective in retrieving Ip and Vp/Vs. The

total number of iterations needed to get Ip and Vp/Vs is ˜10. Retrieving density information in step 3 (see the FIG. 1 flow

chart) may require an additional 10-15 iterations in the synthetic example. Tests on field data show that accurate and

robust estimate of Ip and Vp/Vs can be obtained within ˜10 iterations as well. However, in the field data case, the reliability

of the density inversion is strongly subject to the accuracy of the velocity model, including anisotropy, and data quality at

far-offsets.

The synthetic example follows the embodiment of the present inventive method illustrated in the flow chart of FIG. 1.

Synthetic (computer simulated) data are used in this test example to demonstrate the invention. The data set is generated

by isotropic elastic finite difference modeling on a layered (1D) earth model shown in FIG. 2, where VP, VS and density are

plotted vs. depth in the subsurface. The units for velocity and density are m/s and kg/m3. A common-shot gather of the

synthetic “measured” data is also shown at 8 in FIG. 2. Time in seconds is plotted on the vertical axis, and offset in meters

is plotted on the horizontal axis. The maximum depth of the earth model is 2.3 km and the maximum offset available is 5
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data display, where color is used to represent the magnitude of seismic amplitudes. The same is true of the comparisons

of simulated to measured data, and the misfits, shown in FIGS. 3-6.

Step 1: Inversion of Ip from Near Offset Data.

First, acoustic FWI is performed using near offset PP data (offset <500 m) to get an estimate of IP, which is plotted in FIG.

3. As explained above, PP-wave data at small reflection angles (equivalently, small offsets in this example) are determined

by acoustic impedance Ip. Elastic parameters have very little effect on small angle PP reflection data. Initial VP and density

models are needed to perform acoustic FWI. The initial VP model can be derived from traditional migration velocity

analysis, and for this synthetic test, a smoothed version of the “true” VP profile (used to forward model the synthetic data)

in FIG. 2 was used. The initial density model can be derived from an empirical relationship between density and VP. For

simplicity, a constant density (1,000 kg/m3) model was used to start with. From the mathematical definition

I p =ρV p,  (1)

it is clear that inverted IP with known density ρ can be directly translated to Vp after dividing IP by density ρ. The results at

iteration 5 of IP and VP are shown in both time and depth domain in FIG. 3, where the dark lines are the inverted model

and the lighter shaded lines are the synthetic model. The inverted unknown is Ip in this case. An estimate of Vp may then

be obtained by dividing inverted Ip by ρ according to equation (1). In FIG. 3, the inverted models are overlaid with the true

synthetic models for comparison. All inversions are performed in depth domain (meters); the results are shown at 11 and

12. For comparison in certain frequency range, inversion results are converted to time (seconds) by depth-to-time

conversion using the smoothed version of true Vp in FIG. 2. The comparisons in time domain (9 and 10) are limited within

5-40 Hz after applying band-pass filter. From 9 and 11, it can be seen that the inverted Ip matches synthetic model very

well. Since Vp was derived from the inverted Ip based on an assumed constant ρ according to Eqn. (1), a good match

between derived Vp and the true Vp is not expected (no updated estimation of ρ has been performed yet). Thus, the initial

density model (constant) is very different from the synthetic density model (7 in FIG. 2), and this difference is reflected in

VP due to equation (1). This is particularly indicated in 10 by the mismatch in time domain at about 1.75 s and a similar

mismatch in depth domain (12) at about 1800 m. It can be seen in 9 and 11 that the mismatch for IP is much less at that

particular time and depth.

Data misfit 15, i.e. the difference between measured data 13 (from synthetic models) and simulated data 14 (from inverted

Ip, constant density and derived Vp according to (1)), is shown in FIG. 3. The difference is actually negligible. Data misfit is

a very important criterion for convergence check during inversion of field (actual) data because in a field data application, a

‘true model’ is seldom known. Generally speaking, when other conditions are similar, better data misfit usually, but not

always, indicates higher confidence in the inversion product. The negligible amount of misfit indicates that near offset data

can be well explained by Ip alone.

Step 2: Inversion of IS or VP/VS from Middle Offset (<2 km) Data with IP Fixed from the Previous Step.

The following are known, simple relationships:2, 3
where Eqn. (3) results directly from Eqs. (1) and (2). In this step 2, the inversion needs to be elastic and the inversion

unknown was Vp/Vs. Since Ip is fixed from the previous step, inverting for Vp/Vs is equivalent to inverting for Is in this step

according to (3). Alternatively, the inversion unknown could be IS. FIG. 4 shows difference between initial Vs model (dark

line, constant) and synthetic model (lighter shaded line) in 18, and the ratio Vp/Vs is shown in 19. With this initial Vs

model, and Vp (shown in 17) and density (constant) from step 1, a large data misfit may be observed in panel 22 when

extending the offset to 2 km, as indicated in FIG. 4. This is because Ip alone is not adequate to explain middle reflection

angle (offset) data. A good estimate for the second parameter, which is Vp/Vs is needed to explain middle offset data.

However, the data misfit at near offset is still as small as in FIG. 3 (15) because IP is fixed (16, 9) from step 1.

Following the same layout as FIG. 3 used in displaying step 1 inversion results, FIG. 5 shows the inverted VP/VS (dark line,

26) after 5 iterations, overlaid with the synthetic model (lighter shaded line, 26). The inverted model matches the synthetic

model very well. As indicated at panel 29, the data misfit at the middle offset range (500 m to 2 km, scale not shown in the

drawing) is greatly reduced by having the benefit of the inverted VP/VS model. In the step 2 inversion, IP (23) and VP (24)

are fixed from step 1. From equation (3), an accurate Is can be derived from accurate inversion results of Ip and Vp/Vs. But

Vs from Eqn. (2) will not be as accurate if information on density is missing or inaccurate. This is indicted at time≈1.75 s in

panel 25 in FIG. 5, where it can be seen that Vs derived from Vp/Vs does not match synthetic model to the same degree

as Vp/Vs.

Step 3: Inversion of Density from Far Offset (Up to 5 km) Data with IP and VP/VS Fixed from the Previous Two Steps.

The mathematical relations (1)-(3) indicate that any update of density with Ip and VP/VS being fixed results in an update to

VP and VS Therefore inversion of density with IP and VP/VS fixed is equivalent to inversion of Vp In step 3 all available
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1 and 2. FIG. 6 shows inverted density (dark line, 33) after 10 iterations, overlaid with the synthetic model (lighter shaded

line, 33), where the synthetic model is 7 in FIG. 2, converted to time domain. At the same time, step 3 results in an

improved prediction of VP (31, dark line) compared with that of FIG. 3 (10, dark line) due to the updated density profile 33.

Data misfit is mostly at far offsets (2 km to 5 km) as is shown at 36 in FIG. 3.

The foregoing description is directed to particular embodiments of the present invention for the purpose of illustrating it. It

will be apparent, however, to one skilled in the art, that many modifications and variations to the embodiments described

herein are possible. All such modifications and variations are intended to be within the scope of the present invention, as

defined by the appended claims.
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Method of processing seismic data

US5878372 Mar 4, 1997 Mar 2, 1999 Western Atlas International, Inc.
Method for simultaneous inversion processing of well

log data using a plurality of earth models

US5920828 Jun 2, 1997 Jul 6, 1999 Baker Hughes Incorporated Quality control seismic data processing system

US5924049 Jan 30, 1998 Jul 13, 1999 Western Atlas International, Inc. Methods for acquiring and processing seismic data

US5999488 Apr 27, 1998 Dec 7, 1999 Phillips Petroleum Company
Method and apparatus for migration by finite

differences

US5999489 Mar 21, 1997 Dec 7, 1999 Tomoseis Inc. High vertical resolution crosswell seismic imaging

US6005916 Nov 17, 1997 Dec 21, 1999 Techniscan, Inc.
Apparatus and method for imaging with wavefields

using inverse scattering techniques

US6014342 Jul 16, 1997 Jan 11, 2000 Tomo Seis, Inc.
Method of evaluating a subsurface region using gather

sensitive data discrimination

US6021094 Mar 5, 1999 Feb 1, 2000 Sandia Corporation Method of migrating seismic records

US6028818 May 28, 1997 Feb 22, 2000
Schlumberger Technology

Corporation

Method and apparatus for multiple seismic vibratory

surveys

US6058073 Mar 30, 1999 May 2, 2000 Atlantic Richfield Company
Elastic impedance estimation for inversion of far offset

seismic sections

US6125330 Aug 19, 1998 Sep 26, 2000
Schlumberger Technology

Corporation

Method of determining the response caused by model

alterations in seismic simulations

US6219621 Jun 25, 1999 Apr 17, 2001
Exxonmobil Upstream Research

Co.
Sparse hyperbolic inversion of seismic data

US6225803 Oct 29, 1998 May 1, 2001 Baker Hughes Incorporated
NMR log processing using wavelet filter and iterative

inversion

US6311133 Sep 30, 1999 Oct 30, 2001 Institut Francais Du Petrole 3D prestack seismic data migration method

US6317695 Mar 30, 2000 Nov 13, 2001 Nutec Sciences, Inc. Seismic data processing method

US6327537 Jul 19, 1999 Dec 4, 2001 Luc T. Ikelle
Multi-shooting approach to seismic modeling and

acquisition

US6374201 Jul 2, 1998 Apr 16, 2002 Institut Francais Du Petrole
Method for 3D modelling of the impedance of a

heterogeneous medium

US6381543 Aug 8, 2000 Apr 30, 2002 Institut Francais Du Petrole
Method for forming a model of a geologic formation,

constrained by dynamic and static data

US6388947 Sep 14, 1998 May 14, 2002 Tomoseis, Inc. Multi-crosswell profile 3D imaging and method

US6480790 Oct 11, 2000 Nov 12, 2002
Exxonmobil Upstream Research

Company

Process for constructing three-dimensional geologic

models having adjustable geologic interfaces

US6522973 Oct 30, 2000 Feb 18, 2003 Institut Francais Du Petrole

Method for 2D or 3D modelling of a heterogeneous

medium such as the subsoil described by one or more

physical parameters

US6545944 May 30, 2001 Apr 8, 2003 Westerngeco L.L.C.
Method for acquiring and processing of data from two

or more simultaneously fired sources

US6549854 F b 11 2000 A 15 2003
Schlumberger Technology

U t i t t i d b f d li
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US6574564 Apr 9, 2001 Jun 3, 2003 Institut Francais Du Petrole 3D prestack seismic data migration method

US6593746 Jan 15, 2002 Jul 15, 2003 Larry G. Stolarczyk
Method and system for radio-imaging underground

geologic structures

US6662147 Apr 12, 2000 Dec 9, 2003 Fournier Frederique

Method allowing to obtain an optimum model of a

physical characteristic in a heterogeneous medium

such as the subsoil

US6665615 Mar 26, 2001 Dec 16, 2003 Jason Geosystems B.V.
Method of estimating elastic and compositional

parameters from seismic and echo-acoustic data

US6687619 Oct 17, 2001 Feb 3, 2004 Westerngeco, L.L.C.
Method of using cascaded sweeps for source coding

and harmonic cancellation

US6687659 Mar 24, 2000 Feb 3, 2004 Conocophillips Company

Method and apparatus for absorbing boundary

conditions in numerical finite-difference acoustic

applications

US6704245 Dec 21, 2001 Mar 9, 2004 Institut Francais Du Petrole

Seismic prospecting method and device using

simultaneous emission of seismic signals obtained by

coding a signal by pseudo-random sequences

US6714867 Feb 9, 2001 Mar 30, 2004 Institut Francais Du Petrole
Method for seismic monitoring of an underground zone

by simultaneous use of sererval vibroseismic sources

US6735527 Feb 26, 2003 May 11, 2004 Landmark Graphics Corporation 3-D prestack/poststack multiple prediction

US6754590 May 16, 2000 Jun 22, 2004 Westerngeco, L.L.C. Seismic surveying method

US6766256 Feb 13, 2001 Jul 20, 2004
Schlumberger Technology

Corporation
Processing simultaneous vibratory seismic data

US6826486 Apr 3, 2003 Nov 30, 2004
Schlumberger Technology

Corporation

Methods and apparatus for predicting pore and

fracture pressures of a subsurface formation

US6836448 Jan 19, 2001 Dec 28, 2004
Schlumberger Technology

Corporation
System and method for seismic wavefield separation

US6842701 Feb 25, 2002 Jan 11, 2005 Westerngeco L.L.C. Method of noise removal for cascaded sweep data

US6859734 Oct 6, 2003 Feb 22, 2005
Paradigm Geophysical

Corporation

Method and system for limited frequency seismic

imaging

US6865487 May 6, 2003 Mar 8, 2005 Total Fina Elf S.A.
Method for decimating seismic traces driven by the

seismic path

US6865488 Jan 16, 2004 Mar 8, 2005 Westerngeco, L.L.C.
Method of using cascaded sweeps for source coding

and harmonic cancellation

US6876928 Sep 26, 2003 Apr 5, 2005 Jason Geosystems B.V.
Method of estimating elastic and compositional

parameters from seismic and echo-acoustic data

US6882938 Jul 30, 2003 Apr 19, 2005 Pgs Americas, Inc.
Method for separating seismic signals from two or

more distinct sources

US6882958 Jun 28, 2001 Apr 19, 2005 National Instruments Corporation
System and method for curve fitting using randomized

techniques

US6901333 Oct 27, 2003 May 31, 2005 Fugro N.V.
Method and device for the generation and application

of anisotropic elastic parameters

US6903999 Jan 19, 2001 Jun 7, 2005
Schlumberger Technology

Corporation

System and method for estimating seismic material

properties

US6906981 Jul 17, 2002 Jun 14, 2005 Pgs Americas, Inc.
Method and system for acquiring marine seismic data

using multiple seismic sources

US6927698 Jun 4, 2002 Aug 9, 2005 Larry G. Stolarczyk
Shuttle-in receiver for radio-imaging underground

geologic structures

US6944546 Oct 1, 2003 Sep 13, 2005 Halliburton Energy Services, Inc.
Method and apparatus for inversion processing of well

logging data in a selected pattern space

US6947843 Jul 25, 2002 Sep 20, 2005 Vetco Grey Controls Limited Microseismic signal processing

US6970397 Jul 9, 2003 Nov 29, 2005 Gas Technology Institute
Determination of fluid properties of earth formations

using stochastic inversion

US6977866 Jan 9, 2004 Dec 20, 2005 Conocophillps Company
Method and process for prediction of subsurface fluid

and rock pressures in the earth

US6999880 Mar 11, 2004 Feb 14, 2006
The Regents Of The University

Of California

Source-independent full waveform inversion of seismic

data

US7046581 Nov 24, 2004 May 16, 2006 Shell Oil Company Well-to-well tomography

US7050356 Mar 31, 2003 May 23, 2006 Westerngeco L.L.C. Method of seismic surveying

US7069149 Dec 14, 2001 Jun 27, 2006 Chevron U.S.A. Inc.
Process for interpreting faults from a fault-enhanced

3-dimensional seismic attribute volume

US7072767 Apr 1, 2003 Jul 4, 2006 Conocophillips Company
Simultaneous inversion for source wavelet and AVO

parameters from prestack seismic data
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US7092823 Jul 31, 2003 Aug 15, 2006 Institut Francais Du Petrole

Method of forming a model representative of the

distribution of a physical quantity in an underground

zone, free of the effect of correlated noises contained

in exploration data

US7110900 Apr 7, 2004 Sep 19, 2006 Westerngeco L.L.C. Determination of waveguide parameters

US7184367 Feb 13, 2004 Feb 27, 2007
Exxonmobil Upstream Research

Company

Method to convert seismic traces into petrophysical

property logs

US7230879 Feb 12, 2005 Jun 12, 2007 Chevron U.S.A. Inc.

Method and apparatus for true relative amplitude

correction of seismic data for normal moveout stretch

effects

US7271747 May 10, 2006 Sep 18, 2007 Rice University
Method and apparatus for distributed compressed

sensing

US7330799 Oct 28, 2004 Feb 12, 2008

Société de commercialisation des

produits de la recherche

appliquée-Socpra Sciences et

Génie s.e.c.

Method and algorithm for using surface waves

US7337069 Jun 24, 2005 Feb 26, 2008 Institut Francais Du Petrole

Method of simulating the sedimentary deposition in a

basin respecting the thicknesses of the sedimentary

sequences

US7373251 Dec 22, 2004 May 13, 2008 Marathon Oil Company
Method for predicting quantitative values of a rock or

fluid property in a reservoir using seismic data

US7373252 Nov 2, 2006 May 13, 2008 Western Geco L.L.C. 3D pre-stack full waveform inversion

US7376046 Oct 11, 2006 May 20, 2008 Westerngeco L.L.C. Method of seismic surveying

US7376539 Apr 16, 2003 May 20, 2008 Norsar
Method for simulating local prestack depth migrated

seismic images

US7400978 Dec 18, 2006 Jul 15, 2008 Institute Francais Du Petrole Method for updating a geologic model by seismic data

US7436734 Feb 13, 2004 Oct 14, 2008
Exxonmobil Upstream Research

Co.
Shaped high frequency vibratory source

US7480206 Sep 13, 2004 Jan 20, 2009 Chevron U.S.A. Inc.
Methods for earth modeling and seismic imaging using

interactive and selective updating

US7584056 Feb 22, 2006 Sep 1, 2009 Paradigm Geophysical Ltd.
Multiple suppression in angle domain time and depth

migration

US7599798 Sep 11, 2007 Oct 6, 2009 Westerngeco L.L.C.
Migrating composite seismic response data to produce

a representation of a seismic volume

US7602670 Nov 26, 2007 Oct 13, 2009 Westerngeco L.L.C. Method of seismic surveying

US7616523 Nov 13, 2008 Nov 10, 2009 Pgs Geophysical As

Method for combining pressure and motion seismic

signals from streamers where sensors are not at a

common depth

US7620534 Apr 28, 2006 Nov 17, 2009 Saudi Aramco
Sound enabling computerized system for real time

reservoir model calibration using field surveillance data

US7620536 Jul 15, 2005 Nov 17, 2009 Fujitsu Limited Simulation techniques

US7646924 Aug 8, 2005 Jan 12, 2010 David Leigh Donoho Method and apparatus for compressed sensing

US7672194 Dec 12, 2005 Mar 2, 2010 Westerngeco L.L.C. Method of seismic surveying

US7672824 Dec 10, 2001 Mar 2, 2010 Westerngeco L.L.C. Method for shallow water flow detection

US7675815 Jan 22, 2008 Mar 9, 2010 Spectraseis Ag Time reverse reservoir localization

US7679990 Dec 6, 2004 Mar 16, 2010 Chevron U.S.A. Inc.

Methods for acquiring and processing seismic data

from quasi-simultaneously activated translating energy

sources

US7684281 Apr 14, 2008 Mar 23, 2010 Pgs Americas, Inc.
System for combining signals of pressure sensors and

particle motion sensors in marine seismic streamers

US7710821 Aug 20, 2004 May 4, 2010
Schlumberger Technology

Corporation
Multiple attenuation method

US7715985 Mar 23, 2007 May 11, 2010 Westerngeco L.L.C.
Method of evaluating the interaction between a

wavefield and a solid body

US7715986 May 22, 2007 May 11, 2010 Chevron U.S.A. Inc.
Method for identifying and removing multiples for

imaging with beams

US7725266 May 31, 2007 May 25, 2010
Bp Corporation North America

Inc.

System and method for 3D frequency domain

waveform inversion based on 3D time-domain forward

modeling

US7791980 Jul 7, 2006 Sep 7, 2010 Westerngeco L.L.C.
Interpolation and extrapolation method for seismic

recordings

US7835072 Mar 17, 2008 Nov 16, 2010 Sumitomo Electric Industries, Ltd.
Far-infrared camera lens, lens unit, and imaging

t
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US7840625 Apr 7, 2006 Nov 23, 2010 California Institute Of Technology
Methods for performing fast discrete curvelet

transforms of data

US7940601 Feb 26, 2007 May 10, 2011
Council Of Scientific & Industrial

Research

Method for computing an exact impulse response of a

plane acoustic reflector at zero offset due to a point

acoustic source

US8121823 Sep 11, 2007 Feb 21, 2012
Exxonmobil Upstream Research

Company

Iterative inversion of data from simultaneous

geophysical sources

US8248886 Mar 19, 2008 Aug 21, 2012
Exxonmobil Upstream Research

Company

Separation and noise removal for multiple vibratory

source seismic data

US8379482 * Jan 7, 2010 Feb 19, 2013
Exxonmobil Upstream Research

Company

Using seismic attributes for data alignment and seismic

inversion in joint PP/PS seismic analysis

US8428925 Jan 6, 2012 Apr 23, 2013
Exxonmobil Upstream Research

Company

Iterative inversion of data from simultaneous

geophysical sources

US8437998 Oct 13, 2010 May 7, 2013
Exxonmobil Upstream Research

Company

Hybrid method for full waveform inversion using

simultaneous and sequential source method

US8547794 Apr 8, 2010 Oct 1, 2013 Baker Hughes Incorporated
Extending the coverage of VSP/CDP imaging by using

first-order downgoing multiples

US8688381 Sep 1, 2011 Apr 1, 2014
Exxonmobil Upstream Research

Company

Simultaneous source inversion for marine streamer

data with cross-correlation objective function

US8781748 Sep 9, 2011 Jul 15, 2014 Chevron U.S.A. Inc.
System and method for generating images of

subsurface structures

US20020099504 May 15, 2001 Jul 25, 2002 Cross Timothy A.
Method of predicting three-dimensional stratigraphy

using inverse optimization techniques

US20020120429 Dec 7, 2001 Aug 29, 2002 Peter Ortoleva

Methods for modeling multi-dimensional domains using

information theory to resolve gaps in data and in

theories

US20020169559 Mar 13, 2001 Nov 14, 2002 Onyia Ernest C.
Method and process for prediction of subsurface fluid

and rock pressures in the earth

US20020183980 Mar 4, 2002 Dec 5, 2002 Patrice Guillaume
Methods of tomographically inverting picked events on

migrated seismic data

US20040199330 Apr 1, 2003 Oct 7, 2004 Conocophillips Company
Simultaneous inversion for source wavelet and AVO

parameters from prestack seismic data

US20040220743 Apr 30, 2003 Nov 4, 2004 Conocophillips Company
Method for determining shear-wave velocity model for

depth migration of mode-converted data

US20040225483 Feb 24, 2004 Nov 11, 2004 Michal Okoniewski Fdtd hardware acceleration system

US20040243313 Apr 23, 2004 Dec 2, 2004 Karine Broto
Method for determining a seismic wave velocity model

in a heterogeneous underground

US20060235666 Dec 11, 2003 Oct 19, 2006 Assa Steven B
System and method for representing and processing

and modeling subterranean surfaces

US20070036030 Aug 11, 2005 Feb 15, 2007 Baumel Robert T
Method of accounting for wavelet stretch in seismic

data

US20070038691 Apr 7, 2006 Feb 15, 2007 Emmanuel Candes
Methods for performing fast discrete curvelet

transforms of data

US20070274155 May 14, 2007 Nov 29, 2007 Ikelle Luc T
Coding and Decoding: Seismic Data Modeling,

Acquisition and Processing

US20080175101 Jan 22, 2008 Jul 24, 2008 Spectraseis Ag Time Reverse Reservoir Localization

US20080306692 Dec 21, 2005 Dec 11, 2008 Sondex Wireline Limited
Method and Apparatus for Determining the

Permeability of Earth Formations

US20090067041 Mar 17, 2008 Mar 12, 2009 Sumitomo Electric Industries, Ltd.
Far-infrared camera lens, lens unit, and imaging

apparatus

US20090070042 Aug 27, 2008 Mar 12, 2009 Richard Birchwood

Joint inversion of borehole acoustic radial profiles for in

situ stresses as well as third-order nonlinear dynamic

moduli, linear dynamic elastic moduli, and static elastic

moduli in an isotropically stressed reference state

US20090083006 Aug 23, 2008 Mar 26, 2009 Randall Mackie
Methods and apparatus for three-dimensional

inversion of electromagnetic data

US20090164186 Dec 20, 2007 Jun 25, 2009 Bhp Billiton Innovation Pty Ltd.
Method for determining improved estimates of

properties of a model

US20090164756 Oct 18, 2006 Jun 25, 2009 Tor Dokken
Geological Response Data Imaging With Stream

Processors

US20090187391 Jan 21, 2009 Jul 23, 2009
Schlumberger Technology

Corporation
Three-dimensional mechanical earth modeling

Simultaneous inversion of induction data for dielectric
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US20090254320 Mar 27, 2009 Oct 8, 2009 Andrea Lovatini
Joint inversion of time domain controlled source

electromagnetic (td-csem) data and further data

US20090259406 Apr 8, 2009 Oct 15, 2009
Schlumberger Technology

Corporation

Continuous microseismic mapping for real-time 3d

event detection and location

US20090271118 Jun 6, 2006 Oct 29, 2009 Saltzer Rebecca L
Method for Obtaining Porosity and Shale Volume From

Seismic Data

US20100008184 Jun 2, 2009 Jan 14, 2010 Stian Hegna

Method for aquiring and processing marine seismic

data to extract and constructively use the up-going and

down-going wave-fields emitted by the source(s)

US20100018718 Sep 11, 2007 Jan 28, 2010 Krebs Jerome R
Iterative inversion of data from simultaneous

geophysical sources

US20100039894 Aug 17, 2009 Feb 18, 2010 Abma Raymond L
Method for separating independent simultaneous

sources

US20100054082 Aug 29, 2008 Mar 4, 2010 Acceleware Corp.
Reverse-time depth migration with reduced memory

requirements

US20100088035 Oct 6, 2009 Apr 8, 2010 Etgen John T
Pseudo-analytical method for the solution of wave

equations

US20100103772 Oct 22, 2009 Apr 29, 2010 Conocophillips Company Marine Seismic Acquisition

US20100118651 Sep 24, 2009 May 13, 2010 Chevron U.S.A. Inc.
Method for generation of images related to a

subsurface region of interest

US20100142316 Dec 7, 2008 Jun 10, 2010 Henk Keers
Using waveform inversion to determine properties of a

subsurface medium

US20100161233 Mar 7, 2010 Jun 24, 2010 Spectraseis Ag Time Reverse Reservoir Localization

US20100161234 Mar 9, 2010 Jun 24, 2010 Spectraseis Ag Time Reverse Reservoir Localization

US20100177595 Jan 7, 2010 Jul 15, 2010 Vijay Khare
Using Seismic Attributes for Data Alignment and

Seismic Inversion In Joint PP/PS Seismic Analysis

US20100185422 Jan 20, 2009 Jul 22, 2010 Chevron U,S,A., Inc.
Stochastic inversion of geophysical data for estimating

earth model parameters

US20100208554 Feb 11, 2010 Aug 19, 2010 Conocophillips Company Multiple seismic signal inversion

US20100212909 Jan 8, 2010 Aug 26, 2010 Anatoly Baumstein Method For Analyzing Multiple Geophysical Data Sets

US20100246324 Nov 5, 2009 Sep 30, 2010 Dragoset Jr William Henry Multiple attenuation for ocean-bottom seismic data

US20100265797 Apr 17, 2009 Oct 21, 2010 Robertsson Johan O A Interferometric seismic data processing

US20100270026 Dec 5, 2008 Oct 28, 2010 Spyridon Lazaratos
Spectral Shaping Inversion And Migration of Seismic

Data

US20100286919 Jan 26, 2009 Nov 11, 2010 Sunwoong Lee
Characterizing Spatial Variability of Surface Waves In

Seismic Processing

US20100299070 Aug 6, 2010 Nov 25, 2010
Bp Corporation North America

Inc.

Method for separating independent simultaneous

sources

US20110000678 Jan 26, 2009 Jan 6, 2011 Krebs Jerome R Efficient Method For Inversion of Geophysical Data

US20110040926 Sep 5, 2009 Feb 17, 2011 Texas Memory Systems, Inc.
FLASH-based Memory System With Variable Length

Page Stripes Including Data Protection Information

US20110051553 Mar 24, 2010 Mar 3, 2011 Ian Richard Scott Determining the quality of a seismic inversion

US20110090760 Oct 19, 2009 Apr 21, 2011 James Rickett Full-waveform inversion in the traveltime domain

US20110131020 Sep 9, 2010 Jun 2, 2011 Conocophillips Company Dip guided full waveform inversion

US20110134722 Dec 6, 2010 Jun 9, 2011 Mediwound Ltd.
Simultaneous Joint Inversion of Surface Wave and

Refraction Data

US20110182141 Aug 14, 2008 Jul 28, 2011
Schlumberger Technology

Corporation

Method and system for monitoring a logging tool

position in a borehole

US20110182144 Jan 24, 2011 Jul 28, 2011 Gray Frederick D
Methods and systems for estimating stress using

seismic data

US20110191032 Jan 29, 2010 Aug 4, 2011 Ian Moore Interpolation of periodic data

US20110194379 Jan 4, 2011 Aug 11, 2011 Sunwoong Lee
Methods For Subsurface Parameter Estimation In Full

Wavefield Inversion And Reverse-Time Migration

US20110222370 Mar 11, 2011 Sep 15, 2011 Jon Downton
Methods and systems for performing azimuthal

simultaneous elastic inversion

US20110227577 Mar 19, 2010 Sep 22, 2011
Schlumberger Technology

Corporation
Single well reservoir imaging apparatus and methods

US20110235464 Mar 24, 2010 Sep 29, 2011 John Brittan
Method of imaging the earth's subsurface during

marine seismic data acquisition

US20110238390 Feb 3, 2011 Sep 29, 2011 Krebs Jerome R Full Wavefield Inversion Using Time Varying Filters
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US20110267921 Apr 30, 2010 Nov 3, 2011
Schlumberger Technology

Corporation
Multicomponent seismic inversion of vsp data

US20110267923 Sep 24, 2010 Nov 3, 2011 Snu R&Db Foundation

Apparatus and method for seismic imaging using

waveform inversion solved by conjugate gradient least

squares method

US20110276320 Mar 10, 2011 Nov 10, 2011 Krebs Jerome R
Artifact Reduction In Iterative Inversion Of Geophysical

Data

US20110288831 Feb 24, 2011 Nov 24, 2011 Lijian Tan
Method and system for checkpointing during

simulations

US20110299361 Feb 17, 2010 Dec 8, 2011 Changsoo Shin
Apparatus and method for imaging subsurface

structure

US20110320180 May 13, 2011 Dec 29, 2011 Al-Saleh Saleh M
Migration Velocity Analysis of Seismic Data Using

Common Image Cube and Green's Functions

US20120010862 Jul 11, 2011 Jan 12, 2012 Fumie Costen Wave modelling

US20120014215 Sep 25, 2011 Jan 19, 2012 Spectraseis Ag Time reverse reservoir localization with borehole data

US20120014216 Sep 25, 2011 Jan 19, 2012 Spectraseis Ag Time reverse reservoir localization

US20120051176 Aug 31, 2010 Mar 1, 2012 Chevron U.S.A. Inc.
Reverse time migration back-scattering noise removal

using decomposed wavefield directivity

US20120051177 * Nov 2, 2011 Mar 1, 2012
Board Of Regents Of The

University Of Texas System
Extracting sv shear data from p-wave seismic data

US20120073824 Oct 13, 2010 Mar 29, 2012 Routh Partha S
Hybride Method For Full Waveform Inversion Using

Simultaneous and Sequential Source Method

US20120073825 Sep 9, 2011 Mar 29, 2012 Routh Partha S

Simultaneous Source Encoding and Source

Separation As A Practical Solution For Full Wavefield

Inversion

US20120082344 Dec 12, 2011 Apr 5, 2012 David Leigh Donoho Method and apparatus for compressed sensing

US20120143506 Sep 1, 2011 Jun 7, 2012 Routh Partha S
Simultaneous Source Inversion for Marine Streamer

Data With Cross-Correlation Objective Function

US20120215506 Feb 10, 2012 Aug 23, 2012 Rickett James E
Waveform inversion by multiple shot-encoding for

non-fixed spread geometries

US20120218859 May 4, 2012 Aug 30, 2012 Cggveritas Services Sa Method and Device for Processing Seismic Data

US20120275264 Jul 2, 2012 Nov 1, 2012 Westerngeco L.L.C.
Removing free-surface effects from seismic data

acquired in a towed survey

US20120275267 Mar 26, 2012 Nov 1, 2012 Ramesh Neelamani Seismic Data Processing

US20120290214 May 10, 2012 Nov 15, 2012 Saudi Arabian Oil Company
Coupled time-distance dependent swept frequency

source acquisition design and data de-noising

US20120314538 Jun 8, 2011 Dec 13, 2012 Chevron U.S.A. Inc. System and method for seismic data inversion

US20120316790 Jun 8, 2011 Dec 13, 2012 Chevron U.S.A. Inc.
System and method for data inversion with phase

extrapolation

US20120316844 Jun 8, 2011 Dec 13, 2012 Chevron U.S.A. Inc.
System and method for data inversion with phase

unwrapping

US20130081752 Jun 1, 2011 Apr 4, 2013
Denki Kagaku Kogyo Kabushiki

Kaisha

Method of manufacturing translucent rigid substrate

laminate

US20130238246 Jan 23, 2013 Sep 12, 2013 Jerome R. Krebs Orthogonal Source and Receiver Encoding

US20130279290 Apr 9, 2013 Oct 24, 2013 Cggveritas Services Sa
Device and method for deghosting variable depth

streamer data

US20130282292 Mar 18, 2013 Oct 24, 2013 Cggveritas Services Sa
Premigration deghosting of seismic data with a

bootstrap technique

US20130311149 Mar 22, 2013 Nov 21, 2013 Yaxun Tang Tomographically Enhanced Full Wavefield Inversion

US20130311151 Sep 27, 2011 Nov 21, 2013
René-Edouard André Michel

Plessix

Earth model estimation through an acoustic full

waveform inversion of seismic data

CA2796631A1 Mar 14, 2011 Nov 24, 2011
Exxonmobil Upstream Research

Company

Method and system for checkpointing during

simulations

EP1094338A1 Oct 22, 1999 Apr 25, 2001 Jason Geosystems B.V.

Method of estimating elastic parameters and rock

composition of underground formations using seismic

data

EP1746443A1 Oct 22, 1999 Jan 24, 2007 Jason Geosystems B.V.

Method of estimating elastic parameters and rock

composition of underground formations using seismic

data

GB2390712A Title not available

GB2391665A Title not available
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WO2006037815A1 Oct 10, 2005 Apr 13, 2006
Compagnie Generale De

Geophysique

Improvement to seismic processing for the elimination

of multiple reflections

WO2007046711A1 Oct 18, 2006 Apr 26, 2007 Sinvent As
Geological response data imaging with stream

processors

WO2008042081A1 Sep 11, 2007 Apr 10, 2008
Exxonmobil Upstream Research

Company

Iterative inversion of data from simultaneous

geophysical sources

WO2008123920A1 Mar 19, 2008 Oct 16, 2008
Exxonmobil Upstream Research

Company

Separation and noise removal for multiple vibratory

source seismic data

WO2009067041A1 May 26, 2008 May 28, 2009
Steklov Mathematical Institute

Ras

Method and system for evaluating the characteristic

properties of two contacting media and of the interface

between them based on mixed surface waves

propagating along the interface

WO2009117174A1 Jan 26, 2009 Sep 24, 2009
Exxonmobil Upstream Research

Company
An efficient method for inversion of geophysical data

WO2010085822A2 Jan 26, 2010 Jul 29, 2010 Shotspotter, Inc.

Systems and methods with improved three-

dimensional source location processing including

constraint of location solutions to a two-dimensional

plane

WO2011040926A1 Oct 1, 2009 Apr 7, 2011 Halliburton Energy Services, Inc.
Apparatus and methods of locating downhole

anomalies

WO2011091216A2 Jan 21, 2011 Jul 28, 2011 Schlumberger Canada Limited
Real-time formation anisotropy and dip evaluation

using tri-axial induction measurements

WO2011093945A1 Dec 2, 2010 Aug 4, 2011
Exxonmobil Upstream Research

Company

Temporary field storage of gas to optimize field

development

WO2012024025A1 Jun 27, 2011 Feb 23, 2012
Exxonmobil Upstream Research

Company

Reducing the dimensionality of the joint inversion

problem

WO2012041834A1 Sep 27, 2011 Apr 5, 2012
Shell Internationale Research

Maatschappij B.V.

Earth model estimation through an acoustic full

waveform inversion of seismic data

WO2012047384A1 Aug 19, 2011 Apr 12, 2012
Exxonmobil Upstream Research

Company

Hybrid method for full waveform inversion using

simultaneous and sequential source method

WO2012083234A2 Dec 16, 2011 Jun 21, 2012
Bp Corporation North America

Inc.
Seismic acquisition using narrowband seismic sources

WO2012134621A1 Jan 30, 2012 Oct 4, 2012
Exxonmobil Upstream Research

Company

Convergence rate of full wavefield inversion using

spectral shaping

WO2012170201A2 May 23, 2012 Dec 13, 2012 Chevron U.S.A. Inc.
System and method for seismic data inversion by

non-linear model update

WO2013081752A2 Oct 26, 2012 Jun 6, 2013
Exxonmobil Upstream Research

Company

Methods for approximating hessian times vector

operation in full wavefield inversion

* Cited by examiner
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