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FACIES DEFINITION USING UNSUPERVISED CLASSIFICATION PROCEDURES 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present invention generally relates to the field of computerized reservoir modeling, 

and more particularly, to a system and method configured to generate facies definition using 

unsupervised classification procedures. 

2. Discussion of the Related Art 

10 

15 

[0002] In the oil and gas industry, reservoir modeling involves the construction of a computer 

model of a petroleum reservoir for the purpose of improving estimation of reserves and 

making decisions regarding the development of the field. The characterization of electrofacies 

is essential for reservoir modeling. 	Electrofacies is a type of facies analysis that uses log 

suites to determine facies or rock type. In reservoir characterization and reservoir simulation, 

the facies properties that are most important are the petrophysical characteristics that control 

the fluid behavior in the facies. Electrofacies and other multivariate techniques are often used 

to determine these characteristics. 

[0003] However, current methods for deriving electrofacies require initial assumptions 

regarding the number of groups represented by the sample, an initial partition of the samples 

20 into a priori groups, and distribution properties of data (e.g., numerical range and the kind of 

statistical distribution that governs the range of numerical data). These conditions and 

assumptions are rarely met; therefore, subtle distortions are introduced to the classification that 

cannot be undone by post-facto analysis. 

[0004] Accordingly, the disclosed embodiments seek to provide one or more solutions to the 

25 above problems associated with facies analysis. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Illustrative embodiments of the present invention are described in detail below with 

reference to the attached drawing figures, which are incorporated by reference herein and 

wherein: 

5 [0006] Figure 1 is a flowchart that depicts a process configured to generate facies definition 

using an unsupervised classification procedure in accordance with the disclosed embodiments; 

and 

[0007] Figure 2 is a block diagram illustrating one embodiment of a system for implementing 

the disclosed embodiments. 

10 

DETAILED DESCRIPTION 

[0008] The disclosed embodiments include a system, computer program product, and a 

computer implemented method configured to generate facies definition using an unsupervised 

15 classification procedure. 

[0009] As used herein, the singular forms "a", "an" and "the" are intended to include the 

plural forms as well, unless the context clearly indicates otherwise. 	It will be further 

understood that the terms "comprise" and/or "comprising," when used in this specification 

and/or the claims, specify the presence of stated features, steps, operations, elements, and/or 

20 components, but do not preclude the presence or addition of one or more other features, steps, 

operations, elements, components, and/or groups thereof 	The corresponding structures, 

materials, acts, and equivalents of all means or step plus function elements in the claims below 

are intended to include any structure, material, or act for performing the function in 

combination with other claimed elements as specifically claimed. 	The description of the 

25 present invention has been presented for purposes of illustration and description, but is not 

intended to be exhaustive or limited to the invention in the form disclosed. 	Many 

modifications and variations will be apparent to those of ordinary skill in the art without 

departing from the scope and spirit of the invention. 	The embodiment was chosen and 

described to explain the principles of the invention and the practical application, and to enable 

30 others of ordinary skill in the art to understand the invention for various embodiments with 

various modifications as are suited to the particular use contemplated. The scope of the claims 

is intended to broadly cover the disclosed embodiments and any such modification. 
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[0010] The disclosed embodiments and additional advantages thereof are best understood by 

referring to Figures 1-2 of the drawings, like numerals being used for like and corresponding 

parts of the various drawings. 	Other features and advantages of the disclosed embodiments 

will be or will become apparent to one of ordinary skill in the art upon examination of the 

5 following figures and detailed description. 	It is intended that all such additional features and 

advantages be included within the scope of the disclosed embodiments. Further, the illustrated 

figures are only exemplary and are not intended to assert or imply any limitation with regard 

to the environment, architecture, design, or process in which different embodiments may be 

implemented. 

10 [0011] Beginning with Figure 1, an example of a computer implemented method (process 

100) for generating facies definition using an unsupervised classification procedure in 

accordance with the disclosed embodiments is presented. The process 100 begins at step 102 

by importing and/or receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores. 

15 [0012] In accordance with the disclosed embodiments, the well logging data may be gathered 

during drilling of a wellbore using tools that are delivered downhole via wireline or 

alternatively using tools that are coupled to or integrated into a drill string of a drilling rig. For 

example, in certain embodiments, wireline-delivered tools are suspended from a wireline that 

is electrically connected to control and logging equipment at the surface of the well. The tools 

20 may be deployed by first removing the drill string and then lowering the wireline and tools to 

an area of interest within the formation. This type of testing and measurement is often referred 

to as "wireline formation testing (WFT)." 	The tools associated with WFT may be used to 

measure parameters of the wellbore including pressure and temperature of a formation and 

wellbore fluids. 

25 [0013] In certain embodiments, instead of wireline deployment, measurement tools are 

coupled to or integrated with the drill string. In these situations, the added expense and time 

of removing the drill string prior to measurement of important formation properties is avoided. 

This process of "measurement while drilling (MWD)" uses measurement tools to determine 

formation and wellbore parameters including, but not limited to, temperature and pressure, as 

30 well as the trajectory and location of the drill bit. Additionally, the process of "logging while 

drilling (LWD)" uses tools to determine additional formation properties such as permeability, 

porosity, resistivity, and other properties. 
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[0014] Non-limiting examples of the types of well logging data may include electrical logs 

such as, but not limited to, resistivity logs, image logs, porosity logs, density logs, neutron 

porosity logs, and sonic logs. 	Resistivity logging works by characterizing the rock or 

sediment in a borehole by measuring its electrical resistivity. 	Image logs use a rotating 

5 transducer to measure acoustic impedance across the entire borehole wall. 	This can then be 

used to identify the presence and direction of rock fractures, as well as understanding the dip 

direction of the stratigraphy. Porosity logs measure the fraction or percentage of pore volume 

in a volume of rock. The density log measures the bulk density of a formation by bombarding 

it with a radioactive source and measuring the resulting gamma ray count after the effects of 

10 Compton Scattering and Photoelectric absorption. 	The neutron porosity log works by 

bombarding a formation with high energy epithermal neutrons that lose energy through elastic 

scattering to near thermal levels before being absorbed by the nuclei of the formation atoms. 

Sonic logs provide formation interval transit time for shear and compressional waves, which 

typically vary with lithology and rock texture. 

15 [0015] In certain embodiments, the types of well logging data may also include lithology logs 

such as, but not limited to, gamma ray logs and spontaneous potential logs. Gamma ray logs 

record the natural radioactivity of the formation along the borehole measured in API. 	This 

information is particularly useful for distinguishing between sands and shales in a siliclastic 

environment. 	Spontaneous potential logs measure the natural or spontaneous potential 

20 difference, without any applied current, between the borehole and the surface. 	Spontaneous 

potential logs are commonly used to detect permeable beds and to estimate clay content and 

formation water salinity. 

[0016] As stated above, problems with current procedures for performing electrofacies are 

prone to error because initial assumptions of the properties of data that are often incorrect are 

25 being applied to the data. 	Such assumptions include, but are not limited to, applying a 

numerical range and/or applying a certain statistical distribution that governs the range of 

numerical data. 	Thus, in accordance with the disclosed embodiments, no assumptions are 

being introduced to the data. 

[0017] Using the received data, the process then receives a selection of a type well at step 104. 

30 The type well will be used as the standard/model for that area in which everything else will be 

compared. 	Selection of the type well is based on the quality or maximum coverage of the 

section of interest. For instance, in one embodiment, selection of the type well is based on an 

4 



WO 2015/130313 
	

PCT/US2014/019570 

analysis of stratigraphic intervals. From this analysis, the type well is selected to have the best 

expression of that stratigraphy (i.e., the well data that has most complete example of the 

unit/stratigraphy in the section of interest). 	In certain embodiments, the type well will also 

include ancillary data such as, but not limited to, core and special core analysis. 

5 [0018] In an alternative embodiment, the type well may be created from the data that comprise 

several wells. For example, in one embodiment, the type well may be made from a composite 

of the well data, where one or more components of the data may be averaged or an expected 

value established. 

[0019] At step 106, the process develops an appropriate scaling of the data based on the type 

10 

15 

well so that all the logs/data are comparable to one another as each of the log data is 

numerically different. 	For example, resistivity is measured on a logarithmic scale and can 

vary from 2/10 to 20,000, whereas sonic logs have a range of 40-240, and porosity logs have 

values between 0-1. 	Thus, each of the different types of log data has a different number 

system. 	In one embodiment, the process will scale each of the log data to a predetermined, 

non-dimensional scale (e.g., a 0-1 scale). How to scale data is determined by a thorough 

examination of type well data using tools embodied in exploratory data analysis (EDA). By 

scaling all the data in this fashion, no assumptions have been made regarding distributional 

properties of the data and each log is weighted equally with all the others. 	In addition, the 

scaling process preserves the shape of each log and produces no adverse effect. 

20 [0020] The process then at step 108 creates a training set by drawing samples without 

replacement from the type well data at random depths. A reason for creating the training set is 

that the full set of data would be too computationally inefficient for any algorithm to process. 

For instance, most logs provide a reading every six inches. Thus, a single log for a well that is 

25 

3,000 feet deep will have 6,000 readings. 	Therefore, when multiplied by a plurality of logs, 

the full set of data would be too much to computationally process efficiently. 	As a non- 

limiting example, in one embodiment, the process may sample 600-800 log readings at 

randomly selected depths for creating the training set. 

[0021] At step 110, the process analyzes and modifies the training set to remove data with 

properties that may interfere with the classification process disclosed herein. 	For instance, in 

30 one embodiment, the process will remove invariant data. 	For example, a caliper log, which 

provides a continuous measurement of the size and shape of a borehole along its depth, is 

basically invariant (i.e., the measurements do not vary much) if the borehole is in good 
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condition. Thus, in one embodiment, the disclosed process would remove this type of log data 

in the training set because it tends to make all the observations look very similar. Any 

classification procedure highlights differences. 

[0022] In addition, in one embodiment, the process will remove any redundant data from the 

5 training set. 	For example, redundant data may occur when there are multiple logs that 

measure the same thing. As an example, often data will include an environmental corrected 

gamma ray log, a gamma ray log, and a normalized gamma ray log that are all almost hundred 

percent correlated. 	Thus, if the training set data includes all three of these logs, the 

classification process would be improperly weighted to the gamma ray end. 	Thus, in one 

10 embodiment, the process will select or receive a selection of just one of these gamma ray logs. 

For instance, in one embodiment, the selection may be based on an analysis of a statistical 

profile of the logs. In one embodiment, the log data that is not selected to be in the training set 

is not discarded, but instead merely not included in this particular stage of the analysis. 

[0023] The process, at step 112, then classifies the training set samples by applying an 

15 unsupervised classification procedure to the training set. 	As a non-limiting example, in one 

embodiment, the process applies an unweighted pair group method with arithmetic mean 

(UPGMA) analysis for classifying the training set samples on the basis of their pairwise 

similarities 	in relevant descriptor variables. 	Other types 	of unsupervised classification 

procedures may also be employed in accordance with the disclosed embodiments. 

20 [0024] In one embodiment, following the unsupervised classification procedure, the process 

generates a diagram that illustrates the hierarchy of relationships among the training samples 

at all similarity levels. 	Information carried by each hierarchical level is evaluated. 	The 

process then selects, or in some embodiments, receives a user-selection, of a level that appears 

to best exemplify a usable grouping. 	In one embodiment, this step is performed based on 

25 geometrical and/or graphical analysis of the relationship of the training samples to identify the 

groups. 

[0025] At step 114, the process tests the lithofacies. 	For instance, in one embodiment, the 

process establishes statistical differentiation of the groups to interpret the groups in terms of 

the logs to determine how they differ. For example, in one embodiment, the process may use 

30 a multivariate analysis of variance (MANOVA) for comparing multivariate means and other 

statistics of the derived groups. Other embodiments may apply a stepwise linear discriminant 

analysis (LDA) to find a linear combination of features which characterizes or separate the 

6 
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established groups. The grouping obtained from the clustering procedure is evaluated by these 

methods. The disclosed embodiments may employ other numerical or graphical analysis 

techniques to examine the relationships between variables and groupings for classifying the 

lithofacies. For instance, in certain embodiments, the process may generate or employ one or 

5 more boxplots, star diagrams, scatterplots, statistical profiles, and polar ordination to examine 

the relationships between variables and groups comprising the lithofacies classification. 

[0026] In one embodiment, at step 116, once an acceptable classification is obtained, the 

process develops classification functions. For example, in one embodiment, the process uses 

another aspect of the linear discriminant procedure (LDA) to establish linear functions that 

10 divide the groups into sets based on the multivariate statistical properties of each group. The 

process first applies these linear functions to the type well and results are compared to other 

geological data. The process then is configured to utilize the groups derived from application 

of clustering methods to the training set to the classify the to classify the lithofacies of the 

entire section of interest in the type well, of which the training set is a sample, using the 

15 classification functions established from the classified training set. 

[0027] The process may rely on the classification functions developed using the training set or 

if necessary, refine the classification and the process develops new classification functions 

based on the entire set of type well data. 

[0028] At step 118, the process then uses the classification functions to classify unknown 

20 wells that have the same log suite. These data can then be used to populate an earth model to 

predict the rock types for drilling a new well. 	The process thus produces a 3 dimensional 

realization of the distribution of log-defined rock types. 

[0029] Accordingly, the disclosed embodiments provide a novel and efficient procedure to 

generate facies definition using unsupervised classification procedures. Several aspects of the 

25 described embodiments differ significantly from electrofacies procedures currently in use. For 

example, difference between the disclosed embodiments and prior procedures lie in the 

application and type of scaling used on the raw log data, and in the use of scaled raw log data 

as opposed to computed values obtained from a petrophysical model. The scaling procedure is 

non-parametric, thereby reducing dependence on assumptions of distributional parameters. 
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[0030] In addition, the disclosed embodiments described above uses a purely unsupervised 

procedure to develop the initial partition of the scaled raw log data. 	Input of an a priori 

number of groups or any other information is unnecessary. 

[0031] Experimental application of the disclosed embodiments in several different areas has 

5 resulted in mapped geological patterns that are more applicable to current earth modeling 

techniques. For example, the disclosed embodiments provide better volumetric estimates and 

can better define "sweet spots" and help to predict the well performance. 	Because rock 

properties are defined by logs calibrated to laboratory data, these properties can be propagated 

in an earth model using the group statistics. 

10 [0032] As an example, the disclosed embodiments have been applied to exploration problems 

in several different areas and have achieved remarkable success. 	In one example, a client 

reported a 50% increase in the performance of four wells drilled using the disclosed 

embodiments to develop input to an earth model which in turn was used to select drilling 

locations. The disclosed embodiments can help completions engineers decide where and how 

15 to drill lateral wells and how to complete them. 	These disclosed embodiments are also of 

value in defining the extent of resource plays based on log characteristics. 

[0033] Referring now to Figure 2, a block diagram illustrating one embodiment of a system 

200 for implementing the features and functions of the disclosed embodiments is presented. 

The system 200 may be any type of computing device including, but not limited to, a desktop 

20 computer, a laptop, a server, a tablet, and a mobile device. The system 200 includes, among 

other components, a processor 210, main memory 202, secondary storage unit 204, an 

input/output interface module 206, and a communication interface module 208. 

[0034] The processor 210 may be any type or any number of single core or multi-core 

processors capable of executing instructions for performing the features and functions of the 

25 disclosed embodiments. 	The input/output interface module 206 enables the system 200 to 

receive user input (e.g., from a keyboard and mouse) and output information to one or more 

devices such as, but not limited to, printers, external data storage devices, and audio speakers. 

The system 200 may optionally include a separate display module 211 to enable information 

to be displayed on an integrated or external display device. For instance, the display module 

30 211 may include instructions or hardware (e.g., a graphics card or chip) for providing 

enhanced graphics, touchscreen, and/or multi-touch functionalities associated with one or 

more display devices. 
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[0035] Main memory 202 is volatile memory that stores currently executing instructions/data 

or instructions/data that are prefetched for execution. The secondary storage unit 204 is non-

volatile memory for storing persistent data. The secondary storage unit 204 may be or include 

any type of data storage component such as a hard drive, a flash drive, or a memory card. In 

5 one 	embodiment, 	the 	secondary 	storage 	unit 	204 	stores 	the 	computer 	executable 

code/instructions and other relevant data for enabling a user to perform the features and 

functions of the disclosed embodiments. 

[0036] For example, in accordance with the disclosed embodiments, the secondary storage 

unit 204 may permanently store executable code/instructions 220 for performing the above- 

10 described procedure for generating facies definition using an unsupervised classification 

procedure. The executable code/instructions 220 are then loaded from the secondary storage 

unit 204 to main memory 202 during execution by the processor 210 for performing the 

disclosed embodiments. 	In addition, the secondary storage unit 204 may store other 

executable code/instructions and data 222 such as, but not limited to, a reservoir simulation 

15 application 	(e.g., 	Nexus® 	reservoir 	simulation 	software) 	for 	use 	with 	the 	disclosed 

embodiments. 

[0037] The communication interface module 208 enables the system 200 to communicate with 

the communications network 230. 	For example, the network interface module 208 may 

include a network interface card and/or a wireless transceiver for enabling the system 200 to 

20 send and receive data through the communications network 230 and/or directly with other 

devices. 

[0038] The communications network 230 may be any type of network including a 

combination of one or more of the following networks: a wide area network, a local area 

network, one or more private networks, the Internet, a telephone network such as the public 

25 switched telephone network (PSTN), one or more cellular networks, and/or wireless data 

networks. 	The communications network 230 may include a plurality of network nodes (not 

depicted) such as routers, network access points/gateways, switches, DNS servers, proxy 

servers, and other network nodes for assisting in routing of data/communications between 

devices. 

30 [0039] For example, in one embodiment, the system 200 may interact with one or more 

servers 234 or databases 232 for performing the features of the disclosed embodiments. 	For 

instance, the system 200 may query the database 232 for well log information for use in 

9 



WO 2015/130313 
	

PCT/US2014/019570 

generating facies definition in accordance with the disclosed embodiments. Further, in certain 

embodiments, the system 200 may act as a server system for one or more client devices or a 

peer system for peer to peer communications or parallel processing with one or more 

devices/computing systems (e.g., clusters, grids). 

5 [0040] The disclosed embodiments may be integrated in an Earth model application such as, 

but not limited to, DecisionSpace® Earth Modeling, or may be implemented in a standalone 

software application or module. DecisionSpace® Earth Modeling software is available from 

Landmark Graphics Corporation. 

[0041] While specific details about the above embodiments have been described, the above 

10 hardware and software descriptions are intended merely as example embodiments and are not 

intended to limit the structure or implementation of the disclosed embodiments. For instance, 

although many other internal components of the system 200 are not shown, those of ordinary 

skill in the art will appreciate that such components and their interconnection are well known. 

[0042] In addition, certain aspects of the disclosed embodiments, as outlined above, may be 

15 embodied in software that is executed using one or more processing units/components. 

Program aspects of the technology may be thought of as "products" or "articles of 

manufacture" typically in the form of executable code and/or associated data that is carried on 

or embodied in a type of machine readable medium. Tangible non-transitory "storage" type 

media include any or all of the memory or other storage for the computers, processors or the 

20 like, or associated modules thereof, such as various semiconductor memories, tape drives, disk 

drives, optical or magnetic disks, and the like, which may provide storage at any time for the 

software programming 

[0043] Additionally, the flowchart and block diagrams in the figures illustrate the architecture, 

functionality, and operation of possible implementations of systems, methods and computer 

25 program products according to various embodiments of the present invention. It should also 

be noted that, in some alternative implementations, the functions noted in the block may occur 

out of the order noted in the figures. For example, two blocks shown in succession may, in 

fact, be executed substantially concurrently, or the blocks may sometimes be executed in the 

reverse order, depending upon the functionality involved. It will also be noted that each block 

30 of the block diagrams and/or flowchart illustration, and combinations of blocks in the block 

diagrams and/or flowchart illustration, can be implemented by special purpose hardware-based 

10 
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systems that perform the specified functions or acts, or combinations of special purpose 

hardware and computer instructions. 

[0044] In 	addition to the 	embodiments 	described above, 	many examples 	of specific 

combinations are within the scope of the disclosure, some of which are detailed below. 

5 [0045] Example 1 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well; developing an appropriate scaling 

of the well logging data based on the type well; creating a training set by drawing samples 

10 from the well logging data at random depths; modifying the training set to remove interfering 

data; performing an unsupervised classification procedure on the training set to group samples 

in the training set; comparing a suite of values of the well logging data in the groups to 

classify lithofacies of the type well; develop classification functions; and classifying unknown 

wells using the classification functions to generate the facies definition. 

15 [0046] Example 2 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well; developing an appropriate scaling 

of the well logging data based on the type well; creating a training set by drawing samples 

20 from the well logging data at random depths; modifying the training set to remove interfering 

data; performing an unsupervised classification procedure on the training set to group samples 

in the training set; comparing a suite of values of the well logging data in the groups to 

classify lithofacies of the type well; develop classification functions; and classifying unknown 

wells using the classification functions to generate the facies definition, wherein the facies 

25 definition is used to populate an earth model. 

[0047] Example 3 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well, wherein the type well has the best 

30 expression of a stratigraphy in a section of interest; developing an appropriate scaling of the 

well logging data based on the type well; creating a training set by drawing samples from the 

well logging data at random depths; modifying the training set to remove interfering data; 
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performing an unsupervised classification procedure on the training set to group samples in the 

training set; comparing a suite of values of the well logging data in the groups to classify 

lithofacies of the type well; develop classification functions; and classifying unknown wells 

using the classification functions to generate the facies definition. 

5 [0048] Example 4 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well, wherein the type well is 

generated from a composite of data from the well logging data; developing an appropriate 

10 scaling of the well logging data based on the type well; creating a training set by drawing 

samples from the well logging data at random depths; modifying the training set to remove 

interfering data; performing an unsupervised classification procedure on the training set to 

group samples in the training set; comparing a suite of values of the well logging data in the 

groups to classify lithofacies of the type well; develop classification functions; and classifying 

15 unknown wells using the classification functions to generate the facies definition. 

[0049] Example 5 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well; developing an appropriate scaling 

20 of the well logging data based on the type well, wherein the appropriate scaling of the well 

logging data preserves a shape of the log; creating a training set by drawing samples from the 

well logging data at random depths; modifying the training set to remove interfering data; 

performing an unsupervised classification procedure on the training set to group samples in the 

training set; comparing a suite of values of the well logging data in the groups to classify 

25 lithofacies of the type well; develop classification functions; and classifying unknown wells 

using the classification functions to generate the facies definition. 

[0050] Example 6 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

30 introduced to the well logging data; determining a type well; developing an appropriate scaling 

of the well logging data based on the type well; creating a training set by drawing samples 

from the well logging data at random depths, wherein the training set consist of 600-800 log 

12 



WO 2015/130313 
	

PCT/US2014/019570 

readings at randomly selected depths; modifying the training set to remove interfering data; 

performing an unsupervised classification procedure on the training set to group samples in the 

training set; comparing a suite of values of the well logging data in the groups to classify 

lithofacies of the type well; develop classification functions; and classifying unknown wells 

5 using the classification functions to generate the facies definition. 

[0051] Example 7 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well; developing an appropriate scaling 

10 of the well logging data based on the type well; creating a training set by drawing samples 

from the well logging data at random depths; modifying the training set to remove interfering 

data including redundant data; performing an unsupervised classification procedure on the 

training set to group samples in the training set; comparing a suite of values of the well 

logging data in the groups to classify lithofacies of the type well; develop classification 

15 functions; and classifying unknown wells using the classification functions to generate the 

facies definition. 

[0052] Example 8 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

20 introduced to the well logging data; determining a type well; developing an appropriate scaling 

of the well logging data based on the type well; creating a training set by drawing samples 

from the well logging data at random depths; modifying the training set to remove interfering 

data including invariant data; performing an unsupervised classification procedure on the 

training set to group samples in the training set; comparing a suite of values of the well 

25 logging data in the groups to classify lithofacies of the type well; develop classification 

functions; and classifying unknown wells using the classification functions to generate the 

facies definition. 

[0053] Example 9 is a computer-implemented method for generating facies definition. 	The 

method comprising receiving well logging data indicative of one or more properties of 

30 geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

introduced to the well logging data; determining a type well; developing an appropriate scaling 

of the well logging data based on the type well; creating a training set by drawing samples 
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from the well logging data at random depths; modifying the training set to remove interfering 

data; performing an unsupervised classification procedure on the training set to group samples 

in the training set that includes generating a diagram that illustrates a relationship of the 

samples in the training set at all levels; comparing a suite of values of the well logging data in 

5 the groups to classify lithofacies of the type well; develop classification functions; and 

classifying unknown wells using the classification functions to generate the facies definition. 

[0054] Example 10 is a computer-implemented method for generating facies definition. The 

method comprising receiving well logging data indicative of one or more properties of 

geologic formations penetrated by one or more wellbores, wherein no assumptions are being 

10 introduced to the well logging data; determining a type well; developing an appropriate scaling 

of the well logging data based on the type well; creating a training set by drawing samples 

from the well logging data at random depths; modifying the training set to remove interfering 

data including redundant data and invariant data; performing an unsupervised classification 

procedure on the training set to group samples in the training set; comparing a suite of values 

15 of the well logging data in the groups to classify lithofacies of the type well; develop 

classification functions; and classifying unknown wells using the classification functions to 

generate the facies definition. 

[0055] Example 11 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

20 generating facies definition. The computer executable instructions comprises instructions for 

receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well; developing an appropriate scaling of the well logging 

data based on the type well; creating a training set by drawing samples from the well logging 

25 data at random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

classification functions to generate the facies definition. 

30 [0056] Example 12 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 
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receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well; developing an appropriate scaling of the well logging 

data based on the type well; creating a training set by drawing samples from the well logging 

5 data at random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells 	using the 

classification functions to generate the facies definition, wherein the facies definition is used 

10 to populate an earth model. 

[0057] Example 13 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 

receiving well logging data indicative of one or more properties of geologic formations 

15 penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well; creating a training set by drawing samples from the well logging data 

at random depths; modifying the training set to remove interfering data; performing an 

20 unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

classification functions to generate the facies definition, wherein the facies definition is used 

to populate an earth model. 

25 [0058] Example 14 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 

receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

30 logging data; determining a type well, wherein the type well is generated from a composite of 

data from the well logging data; developing an appropriate scaling of the well logging data 

based on the type well; creating a training set by drawing samples from the well logging data 
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at random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

5 classification functions to generate the facies definition, wherein the facies definition is used 

to populate an earth model. 

[0059] Example 15 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 

10 receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 

15 shape of the log; creating a training set by drawing samples from the well logging data at 

random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

20 classification functions to generate the facies definition, wherein the facies definition is used 

to populate an earth model. 

[0060] Example 16 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 

25 receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 

30 shape of the log; creating a training set by drawing samples from the well logging data at 

random depths, wherein the training set consist of 600-800 log readings at randomly selected 

depths; modifying the training set to remove interfering data; performing an unsupervised 
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classification procedure on the training set to group samples in the training set; comparing a 

suite of values of the well logging data in the groups to classify lithofacies of the type well; 

develop classification functions; and classifying unknown wells using the classification 

functions to generate the facies definition, wherein the facies definition is used to populate an 

5 earth model. 

[0061] Example 17 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 

receiving well logging data indicative of one or more properties of geologic formations 

10 penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 

shape of the log; creating a training set by drawing samples from the well logging data at 

15 random depths; modifying the training set to remove interfering data including redundant data 

and invariant data; performing an unsupervised classification procedure on the training set to 

group samples in the training set; comparing a suite of values of the well logging data in the 

groups to classify lithofacies of the type well; develop classification functions; and classifying 

unknown wells using the classification functions to generate the facies definition, wherein the 

20 facies definition is used to populate an earth model. 

[0062] Example 18 is a system, comprising: at least one processor; and at least one memory 

coupled to the at least one processor and storing computer executable instructions for 

generating facies definition. The computer executable instructions comprises instructions for 

receiving well logging data indicative of one or more properties of geologic formations 

25 penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 

shape of the log; creating a training set by drawing samples from the well logging data at 

30 random depths; modifying the training set to remove interfering data including redundant data 

and invariant data; performing an unsupervised classification procedure on the training set to 

group samples in the training set that includes generating a diagram that illustrates a 
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relationship of the samples in the training set at all levels; comparing a suite of values of the 

well logging data in the groups to classify lithofacies of the type well; develop classification 

functions; and classifying unknown wells using the classification functions to generate the 

facies definition, wherein the facies definition is used to populate an earth model. 

5 [0063] Example 19 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 

receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

10 logging data; determining a type well; developing an appropriate scaling of the well logging 

data based on the type well; creating a training set by drawing samples from the well logging 

data at random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

15 type well; 	develop classification functions; 	and classifying unknown wells using the 

classification functions to generate the facies definition. 

[0064] Example 20 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 

20 receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well; developing an appropriate scaling of the well logging 

data based on the type well; creating a training set by drawing samples from the well logging 

data at random depths; modifying the training set to remove interfering data; performing an 

25 unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

classification functions to generate the facies definition, wherein the facies definition is used 

to populate an earth model. 

30 [0065] Example 21 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 
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receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

5 based on the type well; creating a training set by drawing samples from the well logging data 

at random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

10 classification functions to generate the facies definition, wherein the facies definition is used 

to populate an earth model. 

[0066] Example 22 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 

15 receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well is generated from a composite of 

data from the well logging data; developing an appropriate scaling of the well logging data 

based on the type well; creating a training set by drawing samples from the well logging data 

20 at random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

classification functions to generate the facies definition, wherein the facies definition is used 

25 to populate an earth model. 

[0067] Example 23 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 

receiving well logging data indicative of one or more properties of geologic formations 

30 penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

19 



WO 2015/130313 
	

PCT/US2014/019570 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 

shape of the log; creating a training set by drawing samples from the well logging data at 

random depths; modifying the training set to remove interfering data; performing an 

unsupervised classification procedure on the training set to group samples in the training set; 

5 comparing a suite of values of the well logging data in the groups to classify lithofacies of the 

type well; 	develop classification functions; 	and classifying unknown wells using the 

classification functions to generate the facies definition, wherein the facies definition is used 

to populate an earth model. 

[0068] Example 24 is a non-transitory computer readable medium comprising computer 

10 executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 

receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

15 stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 

shape of the log; creating a training set by drawing samples from the well logging data at 

random depths, wherein the training set consist of 600-800 log readings at randomly selected 

depths; modifying the training set to remove interfering data; performing an unsupervised 

20 classification procedure on the training set to group samples in the training set; comparing a 

suite of values of the well logging data in the groups to classify lithofacies of the type well; 

develop classification functions; and classifying unknown wells using the classification 

functions to generate the facies definition, wherein the facies definition is used to populate an 

earth model. 

25 [0069] Example 25 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

when executed further causes the one or more machines to perform operations comprising 

receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

30 logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

based on the type well, wherein the appropriate scaling of the well logging data preserves a 
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shape of the log; creating a training set by drawing samples from the well logging data at 

random depths; modifying the training set to remove interfering data including redundant data 

and invariant data; performing an unsupervised classification procedure on the training set to 

group samples in the training set; comparing a suite of values of the well logging data in the 

5 groups to classify lithofacies of the type well; develop classification functions; and classifying 

unknown wells using the classification functions to generate the facies definition, wherein the 

facies definition is used to populate an earth model. 

[0070] Example 26 is a non-transitory computer readable medium comprising computer 

executable instructions for generating facies definition. The computer executable instructions 

10 when executed further causes the one or more machines to perform operations comprising 

receiving well logging data indicative of one or more properties of geologic formations 

penetrated by one or more wellbores, wherein no assumptions are being introduced to the well 

logging data; determining a type well, wherein the type well has the best expression of a 

stratigraphy in a section of interest; developing an appropriate scaling of the well logging data 

15 based on the type well, wherein the appropriate scaling of the well logging data preserves a 

shape of the log; creating a training set by drawing samples from the well logging data at 

random depths; modifying the training set to remove interfering data including redundant data 

and invariant data; performing an unsupervised classification procedure on the training set to 

group samples in the training set that includes generating a diagram that illustrates a 

20 relationship of the samples in the training set at all levels; comparing a suite of values of the 

well logging data in the groups to classify lithofacies of the type well; develop classification 

functions; and classifying unknown wells using the classification functions to generate the 

facies definition, wherein the facies definition is used to populate an earth model. 

[0071] The above specific example embodiments are not intended to limit the scope of the 

25 claims. 	The example embodiments may be modified by including, excluding, or combining 

one or more features or functions described in the disclosure. 
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CLAIMS 

Claim 1. A computer-implemented method for generating facies definition, the method 

comprising: 

receiving well logging data indicative of one or more properties of geologic 

5 formations penetrated by one or more wellbores, wherein no 

assumptions are being introduced to the well logging data; 

determining a type well; 

developing an appropriate scaling of the well logging data based on the type 

well; 

10 creating a training set by drawing samples from the well logging data at 

random depths; 

modifying the training set to remove interfering data; 

performing an unsupervised classification procedure on the training set to 

group samples in the training set; 

15 comparing a suite of values of the well logging data in the groups to classify 

lithofacies of the type well; 

develop classification functions; and 

classifying unknown wells using the classification functions to generate the 

facies definition. 

20 	Claim 2. The computer-implemented method of Claim 1, wherein the facies definition is used 

to populate an earth model. 

Claim 3. The computer-implemented method of Claim 1, wherein the type well has the best 

expression of a stratigraphy in a section of interest. 

Claim 4. The computer-implemented method of Claim 1, wherein the type well is generated 

25 from a composite of data from the well logging data. 

Claim 5. The computer-implemented method of Claim 1, wherein the appropriate scaling of 

the well logging data preserves a shape of the log. 

Claim 6. The computer-implemented method of Claim 1, wherein the training set consist of 

600-800 log readings at randomly selected depths. 
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Claim 7. The computer-implemented method of Claim 1, wherein modifying the training set 

to remove interfering data includes removing redundant data. 

Claim 8. The computer-implemented method of Claim 1, wherein modifying the training set 

to remove interfering data includes removing invariant data. 

5 Claim 9. The computer-implemented method of Claim 1, further comprising generating a 

diagram that illustrates a relationship of the samples in the training set at all levels. 

Claim 10. A system, comprising: 

at least one processor; and 

at least one memory coupled to the at least one processor and storing 

10 computer executable instructions for generating facies definition, the 

computer executable instructions comprises instructions for: 

receiving well logging data indicative of one or more properties 

of geologic formations penetrated by one or more 

wellbores, wherein no assumptions are being introduced 

15 to the well logging data; 

determining a type well; 

developing an appropriate scaling of the well logging data based 

on the type well; 

creating a training set by drawing samples from the well logging 

20 data at random depths; 

modifying the training set to remove interfering data; 

performing an unsupervised classification procedure on the 

training set to group samples in the training set; 

comparing a suite of values of the well logging data in the 

25 groups to classify lithofacies of the type well; 

develop classification functions; and 

classifying unknown wells using the classification functions to 

generate the facies definition. 

Claim 11. The system of Claim 10, wherein the facies definition is used to populate an earth 

30 model. 
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Claim 12.  The system of Claim 10, wherein the type well has the best expression of a 

stratigraphy in a section of interest. 

Claim 13.  The system of Claim 10, wherein the type well is generated from a composite of 

data from the well logging data. 

5 Claim 14.  The system of Claim 10, wherein the appropriate scaling of the well logging data 

preserves a shape of the log. 

Claim 15.  The system of Claim 10, wherein the training set consist of 600-800 log readings at 

randomly selected depths. 

Claim 16.  The system of Claim 10, wherein modifying the training set to remove interfering 

10 data includes removing redundant data. 

Claim 17.  The system of Claim 10, wherein modifying the training set to remove interfering 

data includes removing invariant data. 

Claim 18.  The system of Claim 10, the computer executable instructions further comprises 

instructions for generating a diagram that illustrates a relationship of the samples in 

15 the training set at all levels. 
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Claim 19. A non-transitory computer readable medium comprising computer executable 

instructions for generating facies definition, the computer executable instructions 

when executed causes one or more machines to perform operations comprising: 

receiving well logging data indicative of one or more properties of geologic 

5 formations penetrated by one or more wellbores, wherein no 

assumptions are being introduced to the well logging data; 

determining a type well; 

developing an appropriate scaling of the well logging data based on the type 

well; 

10 creating a training set by drawing samples from the well logging data at 

random depths; 

modifying the training set to remove interfering data; 

performing an unsupervised classification procedure on the training set to 

group samples in the training set; 

15 comparing a suite of values of the well logging data in the groups to classify 

lithofacies of the type well; 

develop classification functions; and 

classifying unknown wells using the classification functions to generate the 

facies definition. 

20 

Claim 20. The non-transitory computer readable medium of Claim 19, wherein the computer 

executable instructions when executed further causes the one or more machines to 

perform operations comprising generating a diagram that illustrates a relationship of 

the samples in the training set at all levels. 

25 
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