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(57) ABSTRACT 

A neural network based system, method, and process for the 
automated delineation of spatially dependent objects is 
disclosed. The method is applicable to objects such as 
hydrocarbon accumulations, aeromagnetic pro?les, astro 
nomical clusters, Weather clusters, objects from radar, sonar, 
seismic and infrared returns, etc. One of the novelties in the 
present invention is that the method can be utilized Whether 
or not knoWn data is available to provide traditional training 
sets. The output consists of a classi?cation of the input data 
into clearly delineated accumulations, clusters, objects, etc. 
that have various types and properties. A preferred but 
non-exclusive application of the present invention is the 
automated delineation of hydrocarbon accumulations and 
sub-regions Within the accumulations With various proper 
ties, in an oil and gas ?eld, prior to the commencement of 
drilling operations. 
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SYSTEM AND METHOD FOR DELINEATING 
SPATIALLY DEPENDENT OBJECTS, SUCH AS 
HYDROCARBON ACCUMULATIONS FROM 

SEISMIC DATA 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of co-pending 
commonly oWned US. patent application Ser. No. 09/385, 
345 ?led on Aug. 30, 1999, entitled SYSTEM AND 
METHOD FOR DELINEATING SPATIALLY DEPEN 
DENT OBJECTS, SUCH AS HYDROCARBON ACCU 
MULATIONS FROM SEISMIC DATA Which claims prior 
ity under 35 U.S.C. § 120 to commonly oWned US. 
provisional application serial No. 60/100,370 ?led Sep. 15, 
1998, entitled NEURAL NETWORK AND METHOD FOR 
DELINEATING SPATIALLY DEPENDENT OBJECTS, 
SUCH AS HYDROCARBON ACCUMULATIONS FROM 
SEISMIC DATA. 

FIELD OF THE INVENTION 

[0002] This invention relates to a system and method for 
delineating hydrocarbon accumulations. In particular, this 
invention is draWn to a method and system using a neural 
netWork for delineating spatially dependent objects such as 
hydrocarbon accumulations from seismic data. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to a system, method, 
and process for delineating objects in one (1), tWo (2), or 
three (3) dimensional space from data that contains patterns 
related to the existence of said objects. For example, seismic 
data frequently contains patterns from Which hydrocarbon 
accumulations can be detected through the identi?cation of 
bright spots, ?at spots, and dim spots. In the past, When 
neural netWorks have been used for similar purposes other 
than the detection of hydrocarbon accumulations, it has been 
necessary to de?ne training sets consisting of data from 
areas Where it is knoWn that certain conditions exist and do 
not exist. In the case of hydrocarbon accumulations and 
prior to the disclosures of the present invention, this Would 
have required expensive drilling of oil and gas Wells before 
the data for the training sets could have been acquired. In the 
method disclosed in the present invention, it is not necessary 
to use explicitly knoWn training sets to outline the various 
spatially dependent objects such as hydrocarbon accumula 
tions. By the method disclosed in the present invention, it is 
possible to automate the interpretation process and quickly 
provide important information on hydrocarbon accumula 
tions even before drilling commences. 

[0005] Automated delineation of hydrocarbon accumula 
tions from seismic data Will be used as a non-exclusive, 
actual example to describe the system, method, and process 
of the present invention. HoWever, the method disclosed is 
also applicable to a Wide range of applications other than 
hydrocarbon accumulations, such as but not limited to, 
aeromagnetic pro?les, astronomical clusters from radio 
telescope data, Weather clusters from radiometers, objects 
from radar, sonar, and infrared returns, etc. Many other 
applications Will be obvious to those skilled in the pertinent 
art. Accordingly, it is intended by the appended claims to 
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cover all such applications as fall Within the true spirit and 
scope of the present invention. 

[0006] 2. Description of the Prior Art 

[0007] Many organiZations, Whether commercial or gov 
ernmental, have a need to recogniZe objects from patterns in 
the data acquired from some sensing process. Spatial delin 
eation of objects is often the ?rst step toWard the identi? 
cation of these objects. Neural netWorks have been used for 
this type of delineation and identi?cation in the past. HoW 
ever, prior to the present invention, the neural netWork 
approach has generally required that knoWn data be used to 
form training sets that are used as input to the neural netWork 
process. HoWever, acquisition of the knoWn data is often a 
long and expensive process. 

[0008] For example, in the oil and gas industry, it is 
common that seismic data be initially subjected to an 
interpretation process that is labor intensive. Furthermore, 
this interpretation is carried out by highly skilled and; 
therefore, expensive personnel Who are limited in the 
amount of data that they can physically process in a ?xed 
period of time. Even though the interpreters are generally 
highly skilled and experienced, they are still only able to 
render subjective judgements as to Where hydrocarbon accu 
mulations might exist. Having a clear and accurate areal or 
spatial delineation of possible hydrocarbon accumulations, 
i.e. reservoirs, before the interpretation process begins, Will 
greatly improve the accuracy and quality of the interpreta 
tion; thereby, reducing the risk in drilling. Drilling of oil and 
gas Wells commonly runs into millions of dollars for each 
Well; and Wellbore data, ie knoWn data, is not available 
until this drilling has taken place. 

[0009] US. Pat. No. 5,884,295, Which discloses a “System 
For Neural NetWork Interpretation of Aeromagnetic Data”, 
is assigned to Texaco, Inc., one of the World’s major oil 
companies. This patent discloses “a system for processing 
Aeromagnetic survey data to determine depth to basement 
rock;” and although it does not pertain to the method of the 
present invention, it is interesting in that it points out “the 
high cost of drilling deep exploratory Well holes and col 
lecting re?ection seismic data.” 

[0010] US. Pat. No. 5,444,619 (incorporated herein by 
reference) is assigned to Schlumberger Technology, a lead 
ing seismic processing organiZation. In this patent, the 
inventors state that “Seismic data are routinely and effec 
tively used to estimate the structure of reservoir bodies but 
often play no role in the essential task of estimating the 
spatial distribution of reservoir properties. Reservoir prop 
erty mapping is usually based solely on Wellbore data, even 
When high resolution 3D seismic data are available.” The 
Schulumberger patent provides a means for extrapolation of 
Wellbore data throughout a ?eld based on seismic data; 
hoWever, it does not provide a means for the spatial delin 
eation of reservoir properties, such as the gas cap, perme 
ability Zones, porosity Zones, etc., prior to the acquisition of 
Wellbore data. 

[0011] The method of the present invention provides a 
process of spatially delineating accumulations of various 
types and properties. For example, it provides an automated 
process for delineating hydrocarbon accumulations from 
seismic data. One particular hydrocarbon accumulation is 
the gas beloW the cap, i.e. gas cap, in an oil and/or gas ?eld. 
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Being able to accurately delineate the gas cap, from 2D and 
3D seismic data, before the interpretation process even 
begins, Will prove to be very valuable to the oil and gas 
industry. See, for example, US. Pat. Nos. 4,279,307, 3,788, 
398, 4,183,405, and 4,327,805 Which all rely on knoWledge 
of the gas cap in their various methods and processes for 
enhancing hydrocarbon recovery. Accurate delineation of 
the gas cap, from seismic data, is a long felt and important 
need in the oil and gas industry. 

[0012] Numerous U.S. Patents have been issued on the 
topics of machine vision, image contour recognition, visual 
recognition, pattern recognition, image edge sensing, object 
recognition, object tracking, image edge extraction, etc. See, 
for example, US. Pat. Nos. 5,103,488, 5,111,516, 5,313, 
558, 5,351,309, 5,434,927, 5,459,587, 5,613,039, 5,740,274, 
5,754,709, and 5,761,326 that deal With subjects tangentially 
related to the present invention. Even though the cited 
patents may in some cases provide superior methods, to that 
of the present invention, for dealing With each of their 
particular subjects; these patents indicate the potentially 
Wide range of usage for the novelty included in the present 
invention and indicate the importance of the disclosure of 
the present invention. Furthermore, those skilled in the 
pertinent arts Will ?nd a Wide range of application for the 
present invention. It is, therefore, intended by the appended 
claims to cover all such applications that fall Within the true 
spirit and scope of the present invention. In addition to the 
patents cited above, a number of speci?c examples Where 
the present invention might ?nd usage have also been 
addressed in US. Patents. 

[0013] In Us. Pat. No. 5,214,744, the inventors describe 
a method for automatically identifying targets in sonar 
images Where they point out that “the noisy nature of sonar 
images precludes the use of line and edge detection opera 
tors.” Seismic data is also generally recogniZed as being 
highly noisy. HoWever, the present invention has been 
proven to provide a process for accurately delineating 
hydrocarbon accumulations directly from seismic data. 
Therefore, it might be expected that, at least in some cases, 
the present invention might provide another and possibly 
better process for accomplishing the task described in the 
sonar patent cited at the start of this paragraph. 

[0014] Us. Pat. No. 5,732,697 discloses a “Shift-Invari 
ant Arti?cial Neural NetWork for ComputeriZed Detection of 
Clustered Microcalci?cations in Mammography.” In this 
disclosure “a series of digitiZed medical images are used to 
train an arti?cial neural netWork to differentiate betWeen 
diseased and normal tissue.” The present invention might 
also ?nd application in delineating diseased tissue from the 
normal or healthy tissue. 

[0015] Us. Pat. No. 5,775,806 discloses an Infrared 
Assessment System for evaluating the “functional status of 
an object by analyZing its dynamic heat properties using a 
series of infrared images.” The present invention might also 
be used to delineate Zones of differing functionality in a 
series of infrared images. 

[0016] Us. Pat. No. 5,776,063, “Analysis of Ultrasound 
Images in the Presence of Contrast Agent,” describes “an 
analysis system designed to detect ‘texture’ characteristics 
that distinguish healthy tissue from diseased tissue.” The 
cited patent also points out that the invention “can be applied 
to characteriZing tWo-dimensional image data derived from 
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X-rays, MRI devices, CT, PET, SPECT, and other image 
generating techniques.” The present invention can also be 
applied to detecting and delineating texture characteristics 
that distinguish healthy tissue from diseased tissue. 

[0017] US. Pat. 5,777,481, “Ice Detection Using Radi 
ometers,” discloses an invention that uses “atmospheric 
radiation as an indicator of atmospheric conditions.” The 
present invention can be used to delineate the regions of 
atmospheric Water vapor, cloud Water, and ice; and it might 
be used in conjunction With the cited patent to also identify 
the content of the regions delineated. 

[0018] A great deal of recent research has been published 
relating to the application of arti?cial neural netWorks in a 
variety of contexts. Some examples of this research are 
presented in the US. Patents cited above. Therefore, the 
purpose of the present invention is not to teach hoW neural 
netWorks might be constructed, but rather to disclose hoW 
they can be used to delineate spatially dependent objects 
from patterns in the data obtained from some sensing 
process, in particular hydrocarbon accumulations from seis 
mic data, Which has been a long standing need prior to the 
present invention. 

[0019] While many different types of arti?cial neural 
netWorks exist, tWo common types are back propagation and 
radial basis function (RBF) arti?cial neural netWorks. Both 
of these neural netWork architectures, as Well as other 
architectures, can be used in the method, system, and 
process disclosed by the present invention. HoWever, the 
exemplary embodiments used to disclose the method, sys 
tem, and process of the present invention Will be based on 
the back propagation model. 

[0020] The system and method disclosed in a co-pending 
US. patent application, Ser. No. 08/974,122, “Optimum 
Cessation of Training in Neural NetWorks,” Which is incor 
porated herein by reference, is described and utiliZed in the 
present invention. HoWever, the system and method dis 
closed in the co-pending application is merely an expedient 
used to facilitate the system, method, and process of the 
present invention. It is not essential to the application of the 
system, method, and process of the present invention. 

[0021] It is thus apparent that those of ordinary skill in 
their various arts Will ?nd a Wide range of application for the 
present invention. It is, therefore, intended by the appended 
claims to cover all such applications as fall Within the true 
spirit and scope of the present invention. 

[0022] It is also apparent that there has been a long 
existing need in the art to be able to accurately delineate 
spatially dependent objects from patterns in the data 
acquired from some sensing process. The present invention 
provides such a system, method, and process. 

FEATURES OF THE INVENTION 

[0023] The above-mentioned, long existing needs have 
been met in accordance With the present invention disclosing 
a system, method, and process for delineating spatially 
dependent objects from patterns in the data acquired from 
some sensing process. 

[0024] It is therefore one objective of the present invention 
to disclose hoW neural netWorks can be used to delineate 



US 2001/0037178 A1 

spatially dependent objects from patterns in the data 
acquired from some sensing process. 

[0025] It is yet another objective of the present invention 
to disclose hoW the technique is applied to the automated 
delineation of hydrocarbon accumulations from seismic 
data. 

[0026] It is yet another objective of the present invention 
to disclose hoW the appropriate number of nodes and acti 
vation function can be determined prior to starting the 
overall delineation process. 

[0027] It is yet another objective of the present invention 
to disclose a system, method, and process for quickly 
delineating spatially dependent objects, from patterns in the 
data acquired from some sensing process, When partial 
knoWledge or even intuition as to the approximate delinea 
tion is knoWn or can be surmised. 

[0028] It is yet another objective of the present invention 
to provide a system, method, and process for detecting the 
direction in Which an object, accumulation, or cluster lies 
When the sliding WindoW of the present invention is sitting 
on the edge of the object, accumulation, or cluster. 

[0029] It is yet another objective of the present invention 
to provide a system, method, and process for delineating 
spatially dependent objects, from patterns in the data 
acquired from some sensing process, When no a priori 
knoWledge or intuition exists as to the delineation. 

[0030] It is yet another objective of the present invention 
to provide a system, method, and process for determining 
Whether or not distinguishable object(s) even exist Within 
the data acquired from some sensing process. For example, 
Whether or not it is possible to delineate regions that are 
characteristic of hydrocarbon reservoirs, Within the area 
covered by a given seismic survey. This objective is accom 
plished either When a priori knoWledge is available, or When 
no a priori knoWledge as to the existence of such delineation, 
accumulation, reservoir, region, or cluster exists. 

[0031] It is yet another objective of the present invention 
to provide a system, method, and process for separating 
different sub-objects, subregions, or sub-clusters that might 
exist Within a given set of data arising out of some sensing 
process. For example, separating the gas cap from the oil 
Water contact (OWC) in a gas and oil ?eld using seismic 
data, or separating different porosity, permeability, and pro 
ductivity Zones Within a hydrocarbon reservoir. This objec 
tive is accomplished even When no a priori knoWledge as to 
the existence of such sub-delineation, sub-accumulation, 
sub-region, or sub-cluster exists. 

[0032] It is yet another objective of the present invention 
to disclose a method for internally validating the correctness 
of the delineations derived from the system, method, and 
process of the present invention. 

[0033] It is yet another objective of the present invention 
to indicate hoW the general application of the concepts 
disclosed in the present invention can be applied to a variety 
of ?elds, designs, and physical embodiments and to ?t the 
speci?c characteristics of different sensory inputs and/or 
different output requirements. 

[0034] It is yet another objective of the present invention 
to indicate that the general concepts disclosed in the present 

Nov. 1, 2001 

invention can be implemented in parallel on different 
machines and can be embedded directly in hardWare to 
expedite processing. 

[0035] Finally, it is yet another objective of the present 
invention to provide a system, method, and process for 
predicting future reservoir behavior, i.e. reservoir simula 
tion. This objective is accomplished by combining the 
methods for detecting and delineating hydrocarbon carbon 
accumulations, and subdivisions Within the accumulations, 
directly from seismic data With a priori knoWledge related to 
completion times, production, and pressure properties. 
Thereby providing a method for reservoir simulation based 
on the actual parameters present in a particular hydrocarbon 
accumulation. 

[0036] In accordance With these and other objectives, the 
system, method, and process of the present invention are 
based on the utiliZation of a neural netWork to discriminate 
betWeen differing regions, accumulations, or clusters that 
can be detected from the patterns present in the data arising 
out of some sensing process. The neural netWork classi?es 
particular areas of the data as being either In or Out of a 
particular region, accumulation, or cluster. 

[0037] The above as Well as additional objects, features, 
and advantages of the present invention Will become appar 
ent in the folloWing detailed Written description. 

SUMMARY OF THE INVENTION 

[0038] Amethod is provided for the automated delineation 
of hydrocarbon accumulations from seismic data gathered in 
an existing or prospective oil and/or gas ?eld including the 
steps of developing a neural netWork using Wellbore data 
indicating productive areas and data indicating nonproduc 
tive areas and applying the neural netWork to at least a 
portion of the seismic data to distinguish producing areas 
from non-producing areas of the oil ?eld. The Wellbore data 
indicating productive areas may be gathered from preexist 
ing Wells or from Wells systematically planned using infor 
mation provided by the present invention. Also, the data 
indicating nonproductive areas may be gathered from either 
an area assumed to be non-productive or from “dusters”, i.e. 
dry Wells. The seismic data may be acquired from recording 
seismic, or any other suitable, data from dynamite, 
Vibroseis, Thumper, nuclear explosion, earthquake or any 
other technology or natural event that produces shock 
Waves, or any other type of data Which is used to image or 
display the characteristics of the subsurface of the earth. The 
method may also be used to distinguish sub-regions Within 
major accumulations, such as porosity, permeability, high or 
loW productivity Zones, etc. 

[0039] One embodiment of the invention provides a 
method of delineating hydrocarbon accumulations from 
seismic data gathered in an oil and/or gas ?eld even When no 
Wells have been drilled, including the steps of developing a 
neural netWork Within a conceptual sliding WindoW to 
distinguish accumulations, and applying the neural netWork 
to at least a portion of the seismic data to distinguish areas 
characteristic of hydrocarbon reservoirs from areas Without 
characteristics of hydrocarbon reservoirs. The sliding Win 
doW may include an “In” portion and an “Out” portion. 

[0040] One embodiment of the invention provides a 
method of delineating mineral accumulations from data 
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relating to a given area including the steps of developing a 
neural network to distinguish producing areas from non 
producing areas of the given area and applying the neural 
netWork to at least a portion of the data to distinguish 
producing areas from non-producing areas. The data may be 
seismic data, aeromagnetic data, gravity data or any other 
type of suitable data. 

[0041] One embodiment of the invention provides a 
method of delineating spatially dependent characteristics in 
a given area from data relating to the given area including 
the steps of developing a neural netWork to detect and 
delineate anomalies and applying the neural netWork to at 
least a portion of the data to delineate anomalies Within the 
given area. The characteristics may relate to temperature, 
tissue differences, composition of the material in the area, 
etc. 

[0042] One embodiment of the invention provides a 
method of determining the accuracy of a neural netWork 
used for delineating spatially dependent objects from data 
related to a given area including the steps of developing a 
?rst neural netWork to detect and delineate anomalies in the 
given area, applying the ?rst neural netWork to at least a 
portion of the data to create scores relating to sub-areas of 
the area, Wherein high and loW scores indicate the presence 
or absence of objects Within the given area, creating training 
sets and test sets using data relating to sub-areas Which 
scored high and loW relative to the remaining sub-areas, 
developing a second neural netWork using the training and 
test sets to detect and delineate anomalies in the given area, 
applying the second neural netWork to at least a portion of 
the data to create scores relating to sub-areas of the area, and 
comparing the results of the ?rst, second, third, etc. neural 
netWorks to determine the accuracy of a neural netWork to 
discriminate on the given data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself hoWever, as Well as a preferred mode of use, further 
objects, aspects and advantages thereof, Will be best under 
stood from the folloWing detailed description of an illustra 
tive embodiment When read in conjunction With the accom 
panying draWings, Wherein: 

[0044] 
[0045] FIG. 2 shoWs a schematic diagram of the concep 
tual sliding WindoW used by the present invention. 

[0046] FIG. 3 shoWs information How betWeen the layers 
of a neural netWork While using back propagation for 
training. 

FIG. 1 is a schematic diagram of a neural netWork. 

[0047] FIG. 4 shoWs a neural netWork With an input layer, 
a hidden layer and an output layer. 

[0048] FIG. 5 depicts the relationship betWeen training 
data, test data, and the complete data set. 

[0049] FIG. 6 shoWs the steps required for training the 
neural netWork. 

[0050] 
[0051] FIG. 7(b) shoWs a threshold logic activation func 
tion. 

FIG. 7(a) shoWs a hard-limited activation function. 
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[0052] FIG. 7(c) shoWs a sigmoid activation function. 

[0053] FIG. 8 depicts an embodiment of a node in a neural 
netWork. 

[0054] FIG. 9 shoWs a neural netWork model With its 
Weights indicated. 

[0055] FIG. 10 shoWs the contrast of the mean squared 
error as it is related to the variance from a test set. 

[0056] FIG. 11 shoWs a How chart of the typical process 
to be folloWed in delineating a spatially dependent object. 

[0057] FIG. 12 shoWs a hypothetical seismic layout. 

[0058] FIG. 13 shoWs a Common Depth Point (CDP) 
gather. 

[0059] FIG. 14 shoWs a hypothetical seismic layout With 
a split-sliding WindoW. 

[0060] FIG. 15 shoWs a hypothetical seismic layout in a 
hypothetical Oil and Gas ?eld. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0061] DEFINITIONS 

[0062] “Node” a single neuron-like computational ele 
ment in a neural netWork. 

[0063] “Weight” an adjustable value or parameter associ 
ated With a connection betWeen nodes in a netWork. The 
magnitude of the Weight determines the intensity of the 
connection. Negative Weights inhibit node ?ring While posi 
tive Weights enable node ?ring. 

[0064] “Connection” are pathWays betWeen nodes, that 
correspond to the aXons and synapses of neurons in the 
human brain, that connect the nodes into a netWork. 

[0065] “Learning LaW” an equation that modi?es all or 
some of the Weights in a node’s local memory in response 
to input signals and the values supplied by the activation 
function. The equation enables the neural netWork to adapt 
itself to eXamples of What it should be doing and to organiZe 
information Within itself and thereby learn. Learning laWs 
for Weight adjustment can be described as supervised learn 
ing or unsupervised learning or reinforcement learning. 
Supervised learning assumes that the desired output of the 
node is knoWn or can be determined from an overall error. 
This is then used to form an error signal, Which is used to 
update the Weights. In unsupervised learning the desired 
output is not knoWn and learning is based on input/output 
values. In reinforcement learning the Weights associated 
With a node are not changed in proportion to the output error 
associated With a particular node but instead are changed in 
proportion to some type of global reinforcement signal. 

[0066] “Activation function” or “Transfer function” a for 
mula that determines a node’s output signal as a function of 
the most recent input signals and the Weights in local 
memory. 

[0067] “Back propagation” in a neural netWork is the 
supervised learning method in Which an output error signal 
is fed back through the netWork, altering connection Weights 
so as to minimiZe that error. 






























