
WO 2015/030809 	 PCT/US2013/057639 

TITLE OF THE INVENTION 

A Geostatistical Procedure for Simulation of the 3D Geometry of a Natural Fracture 

Network Conditioned By Well Bore Observations 

5 BACKGROUND OF THE INVENTION 

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 provide a geostatistical procedure 

for conditional simulation of the three-dimensional (3D) geometry of a natural fracture 

10 network. 

2. Discussion of the Related Art 

[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. 	For example, geological models 

15 may be created to provide a static description of the reservoir prior to production. In contrast, 

reservoir simulation models may be created to simulate the flow of fluids within the reservoir 

over its production lifetime. 

[0003] One challenge with reservoir modeling is the modeling of fractures within a reservoir, 

which 	requires 	a 	thorough 	understanding 	of 	flow 	characteristics, 	fracture 	network 

20 connectivity, and fracture-matrix interaction. 	The correct modeling of the fractures is 

important as the properties of fractures such as spatial distribution, aperture, length, height, 

conductivity, and connectivity significantly affect the flow of reservoir fluids to the well bore. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0004] 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: 

[0005] Figures 1A-1C is a flowchart illustrating a method for conditional simulation of the 3D 

geometry of a natural fracture network in accordance with the disclosed embodiments; 
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[0006] Figure 2 is a diagram illustrating an algorithm for determining the simulated fracture 

parameters 	from data analysis 	and geological analogs for performing the conditional 

simulation of the 3D geometry of a natural fracture network in accordance with the disclosed 

embodiments; 

5 [0007] Figure 3 is a diagram illustrating an algorithm for determining the actual fracture 

parameters from image logs in well bores for performing the conditional simulation of the 3D 

geometry of a natural fracture network in accordance with the disclosed embodiments; and 

[0008] Figure 4 is a block diagram illustrating one embodiment of a system for implementing 

the disclosed embodiments. 
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DETAILED DESCRIPTION 

[0009] The disclosed embodiments and advantages thereof are best understood by referring to 

Figures 1-4 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 

15 become apparent to one of ordinary skill in the art upon examination of the 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 

20 implemented. 

[0010] Figures 1A-1C is a flowchart illustrating a method 100 for providing conditional 

simulation of the 3D geometry of a natural fracture network in accordance with the disclosed 

embodiments. 	The method 100 begins at step 102 by setting simulated fracture parameters 

determined from data analysis and geological analogs. 	For example, Figure 2 illustrates an 

25 algorithm 200 for determining the simulated fracture parameters from data analysis and 

geological analogs for performing the conditional simulation of the 3D geometry of a natural 

fracture network in accordance with the disclosed embodiments. As illustrated in Figure 2, in 

one embodiment, the algorithm 200 for setting the simulated fracture parameters includes 

determining the minimum size of the fractures to be simulated (M) and also determining the 

30 number of fracture sets (NS). 
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[0011] For each of the fracture set (i), the algorithm 200 determines the cumulative frequency 

distribution of the strike length (1) for fractures in the set (f14). In addition, the algorithm 200 

determines the probability distribution of the ratio of strike length to dip length (r) for fractures 

in the set (fr,i). 	The algorithm 200 also determines the probability distribution of the strike 

5 angle (A) for fractures in the set (f),,) and the probability distribution of the dip angle (6) for 

fractures in the set (f64). 	Additionally, for each of the fracture set (i), the algorithm 200 

determines the degree of clustering of the fractures for fractures in the set (C,) the degree of 

smoothness of the fracture surfaces for fractures in the set (S,). In one embodiment, the degree 

of clustering of the fractures is assigned a value ranging from 0 to 1, wherein 1 indicates the 

10 highest degree of clustering of the fractures within the set. Similarly, in one embodiment, the 

degree of smoothness of the fracture surfaces may be assigned a value ranging from 0 to 1, 

wherein 1 indicates the highest degree of smoothness for the fracture surfaces within the set. 

[0012] In addition, for each pair of fracture sets (i, j), the algorithm 200 determines the 

probability that a fracture from set i truncates against a fracture from set j (Prob IT,J1). 

15 Alternatively, in certain embodiments (not depicted), the algorithm 200 may determine a 

correlation coefficient rs  between a gridded secondary attribute and local fracture density. 

[0013] Referring back to Figure 1, following step 102, the method 100 at step 104 determines 

actual fracture parameters from the image logs in wellbores. 	For instance, as illustrated in 

Figure 3, in one embodiment, the method 100 may execute an algorithm 300 for determining 

20 the actual fracture parameters. The algorithm 300 may take as input one or more image logs 

taken from one or more wellbores. 	From the image logs, the algorithm 300 determines the 

number of observed fractures associated with the one or more wellbores. For each observed 

fracture, the algorithm determines the location coordinates (x„y„z,) where the fracture 

intersects the wellbore and also determines the strike length (0,)and dip length (6) of the 

25 fracture at the intersection of the fracture and the wellbore. 	Additionally, the algorithm 300 

includes instructions for determining the number of imaged intervals over which the image log 

provides data. 	For each image interval, the algorithm 300 determines the coordinates of the 

endpoints (xi,i,3[1,,,zi,i) and (x2,,,y2,,,z2,,) of the imaged intervals. 

[0014] Once all the parameters are determined, the method 100 determines the locations of 

30 seed points for fractures at step 106. 	For example, in one embodiment, the method begins 

with the locations of observed fractures and adds probabilistically selected locations for 

additional unobserved fractures to reach the target frequency of FL,,(M) in each fracture set. In 
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one embodiment, the selection of locations is controlled by the parameter C, (the degree of 

clustering of the fractures within the fracture set). 	In certain embodiments, the selection of 

locations may also be controlled by a grid of secondary data, if provided. 

[0015] At step 108, the method 100 assigns to each seed point a target strike length (SL) and 

5 target dip length (DL). 	In one embodiment, the method 100 assigns the target strike length 

and target dip length by drawing random values from the cumulative frequency distribution of 

the strike length (1) for fractures in the set (FL) and from the probability distribution of the 

ratio of strike length to dip length (r) for fractures in the set (fr,,). The method 100 at step 110 

assigns to each seed point an initial strike (0) and dip (6), using known orientations at observed 

10 locations, and drawing randomly from the probability distribution of the strike angle for 

fractures in the set (f0) and the probability distribution of the dip angle for fractures in the set 

(f6). 

[0016] At 	step 	112, 	the 	method 	100 	determines 	whether 	any 	unobserved 	fractures 

inconsistently intersect any imaged intervals. 	If the method 	100 determines that an 

15 unobserved fracture inconsistently intersects an imaged interval, the method 100 at step 114 

alters the assigned values of SL, DL, 0 and 6. In one embodiment, each of the values may be 

replaced with a different randomly drawn value from the respective probability distribution. 

Alternatively, in some embodiments, the method 100 may determine to alter only certain 

values. For example, in one embodiment, the method 100 may determine that only the initial 

20 dip (6) is altered. 	Still, in some embodiments, the method 100 may execute an algorithm to 

determine an adjustment to one or more of the values as opposed to replacing the one or more 

values with a randomly selected value. The method 100 then repeats step 112 and determines 

whether any unobserved fractures inconsistently intersect any imaged intervals based on the 

altered values. 

25 [0017] 	If the method 100 determines at step 112 that the there are no unobserved fractures 

that inconsistently intersect any of the imaged intervals, the method 100 at step 120, as 

illustrated in Figure 1B, locates a triangle of size M (i.e., the minimum size of the fractures to 

be simulated) at each seed point having the prescribed orientation. The method 100 marks all 

triangle edges as open for growth at step 122. At step 124, the method 100 randomly selects 

30 an open edge and adds a new triangle of size M to the selected open edge. 	In one 

embodiment, the method 100 uses a kriging method to simulate the orientation of the new 

triangle using adjacent triangles as conditioning data. 
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[0018] While performing the kriging method, the method 100 checks for one of three possible 

scenarios that may occur. 	One, if the fracture's strike length reaches the target strike length 

(SL) at step 128, the method 100 at step 136 marks all horizontal edges as closed to growth. 

Two, if the dip length reaches the target dip length (DL) at step 132, the method 100 at step 

5 138 marks all vertical edges as closed to growth. The third scenario is if a triangle touches a 

different fracture at step 134. 	If this occurs, in one embodiment, the method 100 uses the 

probability that a fracture from the current fracture set truncates against another fracture set 

(Prob {T,J}) to decide if the propagating fracture should be truncated. 	If the method 100 

determines that the propagating fracture should be truncated, the method 100 closes all edges 

10 that reach the fracture against which it terminates. 

[0019] Once the method 100 closes an open edge based on the occurrence of the one of the 

above scenarios, the method 100 determines whether any open edges remain at step 142, and if 

so, the method 100 repeats the process at step 124 on a remaining open edge. Once all edges 

are closed, the method 100 writes the triangulation to an output file. 	The method 100 may 

15 perform additional post processing to add aperture, ip and k at step 152. 

[0020] 	At step 154, the method 100 determines whether to perform another realization. 	If 

additional realizations are needed, the method 100 repeats the above process beginning at step 

106. If no additional realizations are needed, the method 100 terminates. 

[0021] Figure 4 is a block diagram illustrating one embodiment of a system 400 for 

20 implementing the features and functions of the disclosed embodiments. 	The system 400 

includes, among other components, a processor 400, main memory 402, secondary storage 

unit 404, an input/output interface module 406, and a communication interface module 408. 

The processor 400 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 disclosed 

25 embodiments. 

[0022] The input/output interface module 406 enables the system 400 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 400 

may optionally include a separate display module 410 to enable information to be displayed on 

30 an integrated or external display device. 	For instance, the display module 410 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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For example, in one embodiment, the display module 410 is a NVIDIAO QuadroFX type 

graphics card that enables viewing and manipulating of three-dimensional objects. 

[0023] Main memory 402 is volatile memory that stores currently executing instructions/data 

or instructions/data that are prefetched for execution. The secondary storage unit 404 is non- 

5 volatile memory for storing persistent data. The secondary storage unit 404 may be or include 

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

one 	embodiment, 	the 	secondary 	storage 	unit 	404 	stores 	the 	computer 	executable 

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

functions of the disclosed embodiments. 

10 [0024] For example, in accordance with the disclosed embodiments, the secondary storage 

unit 404 may permanently store the executable code/instructions of an algorithm 420 for 

providing a geostatistical procedure for conditional simulation of the 3D geometry of a natural 

fracture network conditioned by well bore observations as described above. The instructions 

associated with the algorithm 420 are then loaded from the secondary storage unit 404 to main 

15 memory 	402 	during 	execution by the processor 400 	for performing the 	disclosed 

embodiments. 	In addition, the secondary storage unit 1104 may store other executable 

code/instructions and data 422 such as, but not limited to, a reservoir simulation application 

for use with the disclosed embodiments. 

[0025] The communication interface module 408 enables the system 400 to communicate with 

20 the communications network 430. 	For example, the network interface module 408 may 

include a network interface card and/or a wireless transceiver for enabling the system 400 to 

send and receive data through the communications network 430 and/or directly with other 

devices. 

[0026] The communications network 430 may be any type of network including a 

25 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 

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

networks. 	The communications network 430 may include a plurality of network nodes (not 

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

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

devices. 
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[0027] For example, in one embodiment, the system 400 may interact with one or more 

servers 434 or databases 432 for performing the features of the present invention. 	For 

instance, the system 400 may query the database 432 for well log information in accordance 

with the disclosed embodiments. 	In one embodiment, the database 432 may utilize 

5 OpenWorks® software available from Landmark Graphics Corporation to effectively manage, 

access, and analyze a broad range of oilfield project data in a single database. 	Further, in 

certain embodiments, the system 400 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). 

10 [0028] While specific details about the above embodiments have been described, the above 

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 400 are not shown, those of ordinary 

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

15 [0029] In addition, certain aspects of the disclosed embodiments, as outlined above, may be 

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 

20 media (i.e., a computer program product) include any or all of the memory or other storage for 

the computers, processors or the 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. 

25 

30 

[0030] Additionally, the flowchart and block diagrams in the figures illustrate the architecture, 

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

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

be noted that, in some alternative implementations, the functions, instructions, or code noted in 

a block diagram or illustrated pseudocode 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 of the block diagrams and/or 

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

20 media (i.e., a computer program product) include any or all of the memory or other storage for 

the computers, processors or the 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. 

[0030] Additionally, the flowchart and block diagrams in the figures illustrate the architecture, 

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

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

be noted that, in some alternative implementations, the functions, instructions, or code noted in 

a block diagram or illustrated pseudocode may occur out of the order noted in the figures. For 

example, two blocks shown in succession may, in fact, be executed substantially concurrently, 

30 or the blocks may sometimes be executed in the reverse order, depending upon the 

functionality involved. It will also be noted that each block of the block diagrams and/or 

flowchart illustration, and combinations of blocks in the block diagrams and/or flowchart 
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illustration, can be implemented by special purpose hardware-based systems that perform the 

specified functions or acts, or combinations of special purpose hardware and computer 

instructions. 

5 

[0031] Accordingly, the disclosed embodiments provide a system, computer program product, 

and method for providing a geostatistical procedure for conditional simulation of the 3D 

geometry of a natural fracture network conditioned by well bore observations. 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. 

[0032] One example embodiment is a computer-implemented method for generating a 

10 simulation of a three dimensional (3D) geometry of a natural fracture network, the method 

includes determining parameters for performing the simulation of the 3D geometry of the 

natural fracture network; determining locations of seed points for fractures. 	The method 

assigns to each seed point a target strike length and target dip length. The method also assigns 

to each seed point an initial strike length and an initial dip length. 	The method located a 

15 triangle of a minimum size of the fractures to be simulated at each seed point and marks all 

edges of the triangle as open for growth. 	While the triangle has at least one open edge, the 

method selects an open edge of the triangle and adds new triangles of the minimum size of the 

fractures to be simulated to the open edge until one condition of a set of conditions is met. 

[0033] In one embodiment, the set of conditions comprises a strike length of the fracture 

20 reaching the target strike length, a dip length of the fracture reaching the target dip length, and 

the new triangle touching a different fracture. In response to the one condition being met, the 

method closes at least one open edge of the triangle. 	For example, in one embodiment, the 

computer-implemented method closes all horizontal edges of the triangle in response to a 

determination that the one condition of the set of conditions that is met is the strike length of 

25 the fracture reaching the target strike length. In the same embodiment, the method may close 

all vertical edges of the triangle in response to a determination that the one condition of the set 

of conditions that is met is the dip length of the fracture reaching the target dip length. 

[0034] In certain embodiments of the above example embodiment, the parameters are 

determined from data analysis and geological analogs. In some embodiments, the parameters 

30 may include one or more of the following: a minimum size of the fractures to be simulated, a 

number of fracture sets, a cumulative frequency distribution of the strike length for the 

fractures in each fracture set, a probability distribution of a ratio of the strike length to the dip 
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length for the fractures in the fracture set, a probability distribution of a strike angle and a 

probability distribution of a dip angle for the fractures in the fracture set, a degree of clustering 

of the fractures in the fracture set, and a degree of smoothness of the fractures in the fracture 

set. 	In some embodiments, the above example computer-implemented method embodiment 

5 may further include determining a probability that a fracture from first set truncates against a 

fracture from a second set. 

[0035] Additionally, in some embodiments of the above example computer-implemented 

method, the parameters are determined from at least one image log of at least one wellbore. In 

addition, the above computer-implemented method may include determining a number of 

10 observed fractures from the at least one image log of the at least one wellbore. 	For each 

observed fracture, the computer-implemented method determines a location coordinates where 

an observed fracture intersects a wellbore and also determines the strike length and the dip 

length of the observed fracture at the intersection of the observed fracture and the wellbore. 

Still, in certain embodiments, the computer-implemented method may include the steps of 

15 determining a number of imaged intervals over which an image log provides data; and for each 

image interval, determining coordinates of endpoints corresponding to the imaged interval. 

[0036] As part of the process of determining the locations of seed points for the fractures, in 

certain embodiments, the computer-implemented method starts from locations of observed 

fractures and adds probabilistically selected locations for additional unobserved fractures until 

20 a target frequency is reached for a fracture set. 

[0037] In some embodiments, the computer-implemented method assigns to each seed point 

the target strike length and the target dip length by respectively drawing random values from a 

cumulative frequency distribution of the strike length for the fractures in a fracture set and 

from a probability distribution of a ratio of the strike length to the dip length for the fractures 

25 in the fracture set. 

[0038] Another embodiment of the above disclosed computer-implemented method may 

include determining whether any unobserved fractures inconsistently intersect any imaged 

intervals; and altering at least one of the target strike length, the target dip length, the initial 

strike length, and the initial dip length in response to a determination that an unobserved 

30 fracture inconsistently intersects an imaged interval. 

[0039] A second example embodiment based on the above disclosure is a system, comprising: 

at least one processor; and at least one memory coupled to the at least one processor and 
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fractures and adds probabilistically selected locations for additional unobserved fractures until 

20 a target frequency is reached for a fracture set. 

[0037] In some embodiments, the computer-implemented method assigns to each seed point 

the target strike length and the target dip length by respectively drawing random values from a 

cumulative frequency distribution of the strike length for the fractures in a fracture set and 

from a probability distribution of a ratio of the strike length to the dip length for the fractures 

25 in the fracture set. 

[0038] Another embodiment of the above disclosed computer-implemented method may 

include determining whether any unobserved fractures inconsistently intersect any imaged 

intervals; and altering at least one of the target strike length, the target dip length, the initial 

strike length, and the initial dip length in response to a determination that an unobserved 

30 fracture inconsistently intersects an imaged interval. 

[0039] A second example embodiment based on the above disclosure is a system, comprising: 

at least one processor; and at least one memory coupled to the at least one processor and 
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storing computer executable instructions for generating a simulation of a three dimensional 

(3D) geometry of a natural fracture network, the computer executable instructions comprises 

instructions for: determining parameters for performing the simulation of the 3D geometry of 

the natural fracture network; determining locations of seed points for fractures; assigning to 

5 each seed point a target strike length and target dip length; assigning to each seed point an 

initial strike length and an initial dip length; locating a triangle of a minimum size of the 

fractures to be simulated at each seed point; marking all edges of the triangle as open for 

growth; and while the triangle has at least one open edge, selecting an open edge of the 

triangle, repeating a step of adding a new triangle of the minimum size of the fractures to be 

10 simulated to the open edge until one condition of a set of conditions is met, the set of 

conditions comprising a strike length of the fracture reaching the target strike length, a dip 

length of the fracture reaching the target dip length, and the new triangle touching a different 

fracture, and closing at least one edge of the triangle in response to the one condition being 

met. 

15 [0040] Still, another example is a non-transitory computer readable medium comprising 

computer executable instructions for generating a simulation of a three dimensional (3D) 

geometry of a natural fracture network, the computer executable instructions when executed 

causes one or more machines to perform operations comprising: determining parameters for 

performing the simulation of the 3D geometry of the natural fracture network; determining 

20 locations of seed points for fractures; assigning to each seed point a target strike length and 

target dip length; assigning to each seed point an initial strike length and an initial dip length; 

locating a triangle of a minimum size of the fractures to be simulated at each seed point; 

marking all edges of the triangle as open for growth; and while the triangle has at least one 

open edge, selecting an open edge of the triangle, repeating a step of adding a new triangle of 

25 the minimum size of the fractures to be simulated to the open edge until one condition of a set 

of conditions is met, the set of conditions comprising a strike length of the fracture reaching 

the target strike length, a dip length of the fracture reaching the target dip length, and the new 

triangle touching a different fracture, and closing at least one edge of the triangle in response 

to the one condition being met. 

30 [0041] The above second and third example embodiments may similarly be modified in 

various embodiments as described above with respect to the first example embodiment. 

However the above specific example embodiments and modifications are not intended to limit 
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25 the minimum size of the fractures to be simulated to the open edge until one condition of a set 

of conditions is met, the set of conditions comprising a strike length of the fracture reaching 

the target strike length, a dip length of the fracture reaching the target dip length, and the new 

triangle touching a different fracture, and closing at least one edge of the triangle in response 
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30 [0041] The above second and third example embodiments may similarly be modified in 

various embodiments as described above with respect to the first example embodiment. 

However the above specific example embodiments and modifications are not intended to limit 

10 



WO 2015/030809 
	

PCT/US2013/057639 

the scope of the claims. 	For instance, the example embodiments may be modified by 

including, excluding, or combining one or more features or functions described in the 

disclosure. 

[0042] As used herein, the singular forms "a", "an" and "the" are intended to include the 

5 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, integers, steps, operations, elements, 

and/or components, but do not preclude the presence or addition of one or more other features, 

integers, steps, operations, elements, components, and/or groups thereof 	The corresponding 

10 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 

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 

15 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 

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 

20 is intended to broadly cover the disclosed embodiments and any such modification. 
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CLAIMS 

Claim 1. A computer-implemented method for generating a simulation of a three dimensional 

(3D) geometry of a natural fracture network, the method comprising: 

determining parameters for performing the simulation of the 3D geometry of the 

5 natural fracture network; 

determining locations of seed points for fractures; 

assigning to each seed point a target strike length and target dip length; 

assigning to each seed point an initial strike length and an initial dip length; 

locating a triangle of a minimum size of the fractures to be simulated at each seed 

10 point; 

marking all edges of the triangle as open for growth; and 

while the triangle has at least one open edge, selecting an open edge of the triangle, 

repeating a step of adding a new triangle of the minimum size of the fractures to 

be simulated to the open edge until one condition of a set of conditions is met, the 

15 set of conditions comprising a strike length of the fracture reaching the target 

strike length, a dip length of the fracture reaching the target dip length, and the 

new triangle touching a different fracture, and closing at least one edge of the 

triangle in response to the one condition being met. 

Claim 2. 	The computer-implemented method of Claim 1, wherein the parameters are 

20 determined from data analysis and geological analogs. 

Claim 3. The computer-implemented method of Claim 2, wherein the parameters include the 

minimum size of the fractures to be simulated and a number of fracture sets. 

Claim 4. 	The computer-implemented method of Claim 3, further comprising determining a 

cumulative frequency distribution of the strike length for the fractures in each fracture set and 

25 a probability distribution of a ratio of the strike length to the dip length for the fractures in the 

fracture set. 

Claim 5. 	The computer-implemented method of Claim 4, further comprising determining a 

probability distribution of a strike angle and a probability distribution of a dip angle for the 

fractures in the fracture set. 

12 

WO 2015/030809 PCT/US2013/057639 

CLAIMS 
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Claim 6. 	The computer-implemented method of Claim 5, further comprising determining a 

degree of clustering and a degree of smoothness of the fractures in the fracture set. 

Claim 7. 	The computer-implemented method of Claim 6, further comprising determining a 

probability that a fracture from first set truncates against a fracture from a second set. 

5 Claim 8. The computer-implemented method of Claim 2, wherein the parameters are further 

determined from at least one image log of at least one wellbore. 

Claim 9. The computer-implemented method of Claim 8, further comprising: 

determining a number of observed fractures from the at least one image log of the at 

least one wellbore; and 

10 for each observed fracture, determining a location coordinates where an observed 

fracture intersects a wellbore, determining the strike length and the dip length of 

the observed fracture at an intersection of the observed fracture and the wellbore. 

Claim 10. The computer-implemented method of Claim 9, further comprising: 

determining a number of imaged intervals over which an image log provides data; 

15 and 

for each image interval, determining coordinates of endpoints corresponding to the 

imaged interval. 

Claim 11. The computer-implemented method of Claim 1, wherein determining the locations 

of seed points for the fractures comprises starting from locations of observed fractures and 

20 adding probabilistically selected locations for additional unobserved fractures until a target 

frequency is reached for a fracture set. 

Claim 12. 	The computer-implemented method of Claim 1, wherein assigning to each seed 

point the target strike length and the target dip length is performed by drawing random values 

from a cumulative frequency distribution of the strike length for the fractures in a fracture set 

25 and from a probability distribution of a ratio of the strike length to the dip length for the 

fractures in the fracture set. 

Claim 13. 	The computer-implemented method of Claim 1, further comprising determining 

whether any unobserved fractures inconsistently intersect any imaged intervals; and altering 

the target strike length, the target dip length, the initial strike length, and the initial dip length 
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in response to a determination that an unobserved fracture inconsistently intersects an imaged 

interval. 

Claim 14. The computer-implemented method of Claim 1, wherein closing at least one edge 

of the triangle in response to the one condition being met comprises closing all horizontal 

5 edges of the triangle in response to a determination that the one condition of the set of 

conditions that is met is the strike length of the fracture reaching the target strike length. 

Claim 15. The computer-implemented method of Claim 1, wherein closing at least one edge 

of the triangle in response to the one condition being met comprises closing all vertical edges 

of the triangle in response to a determination that the one condition of the set of conditions that 

10 is met is the dip length of the fracture reaching the target dip length. 

Claim 16. 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 a simulation of a three dimensional (3D) 

15 geometry of a natural fracture network, the computer executable instructions 

comprises instructions for: 

determining parameters for performing the simulation of the 3D geometry 

of the natural fracture network; 

determining locations of seed points for fractures; 

20 assigning to each seed point a target strike length and target dip length; 

assigning to each seed point an initial strike length and an initial dip length; 

locating a triangle of a minimum size of the fractures to be simulated at 

each seed point; 

marking all edges of the triangle as open for growth; and 

25 while the triangle has at least one open edge, selecting an open edge of the 

triangle, repeating a step of adding a new triangle of the minimum size 

of the fractures to be simulated to the open edge until one condition of a 

set of conditions is met, the set of conditions comprising a strike length 

of the fracture reaching the target strike length, a dip length of the 

30 fracture reaching the target dip length, and the new triangle touching a 
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in response to a determination that an unobserved fracture inconsistently intersects an imaged 

interval. 

Claim 14. The computer-implemented method of Claim 1, wherein closing at least one edge 
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15 geometry of a natural fracture network, the computer executable instructions 
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determining parameters for performing the simulation of the 3D geometry 

of the natural fracture network; 
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locating a triangle of a minimum size of the fractures to be simulated at 

each seed point; 

marking all edges of the triangle as open for growth; and 

25 

30 

while the triangle has at least one open edge, selecting an open edge of the 

triangle, repeating a step of adding a new triangle of the minimum size 

of the fractures to be simulated to the open edge until one condition of a 

set of conditions is met, the set of conditions comprising a strike length 

of the fracture reaching the target strike length, a dip length of the 

fracture reaching the target dip length, and the new triangle touching a 
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different fracture, and closing at least one edge of the triangle in 

response to the one condition being met. 

Claim 17. The system of Claim 16, wherein the parameters are determined from at least one 

image log of at least one wellbore, and wherein the computer executable instructions further 

5 comprises instructions for: 

determining a number of observed fractures from the at least one image log of the at 

least one wellbore; and 

for each observed fracture, determining a location coordinates where an observed 

fracture intersects a wellbore, determining the strike length and the dip length of 

10 the observed fracture at an intersection of the observed fracture and the wellbore. 

Claim 18. 	The system of Claim 17, wherein the computer executable instructions further 

comprises instructions for: 

determining a number of imaged intervals over which an image log provides data; 

and 

15 for each image interval, determining coordinates of endpoints corresponding to the 

imaged interval. 

Claim 19. 	The system of Claim 16, wherein the computer executable instructions further 

comprises instructions for determining whether any unobserved fractures inconsistently 

intersect any imaged intervals; and altering the target strike length, the target dip length, the 

20 initial strike length, and the initial dip length in response to a determination that an unobserved 

fracture inconsistently intersects an imaged interval. 

Claim 20. 	A non-transitory computer readable medium comprising computer executable 

instructions for generating a simulation of a three dimensional (3D) geometry of a natural 

fracture network, the computer executable instructions when executed causes one or more 

25 machines to perform operations comprising: 

determining parameters for performing the simulation of the 3D geometry of the 

natural fracture network; 

determining locations of seed points for fractures; 

assigning to each seed point a target strike length and target dip length; 

30 assigning to each seed point an initial strike length and an initial dip length; 
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different fracture, and closing at least one edge of the triangle in 

response to the one condition being met. 

Claim 17. The system of Claim 16, wherein the parameters are determined from at least one 

image log of at least one wellbore, and wherein the computer executable instructions further 

5 comprises instructions for: 

determining a number of observed fractures from the at least one image log of the at 

least one wellbore; and 

for each observed fracture, determining a location coordinates where an observed 

fracture intersects a wellbore, determining the strike length and the dip length of 

10 the observed fracture at an intersection of the observed fracture and the wellbore. 

Claim 18. The system of Claim 17, wherein the computer executable instructions further 

comprises instructions for: 

determining a number of imaged intervals over which an image log provides data; 

and 

15 for each image interval, determining coordinates of endpoints corresponding to the 

imaged interval. 

Claim 19. The system of Claim 16, wherein the computer executable instructions further 

comprises instructions for determining whether any unobserved fractures inconsistently 

intersect any imaged intervals; and altering the target strike length, the target dip length, the 

20 initial strike length, and the initial dip length in response to a determination that an unobserved 

fracture inconsistently intersects an imaged interval. 

Claim 20. A non-transitory computer readable medium comprising computer executable 

instructions for generating a simulation of a three dimensional (3D) geometry of a natural 

fracture network, the computer executable instructions when executed causes one or more 

25 machines to perform operations comprising: 

determining parameters for performing the simulation of the 3D geometry of the 

natural fracture network; 

determining locations of seed points for fractures; 

assigning to each seed point a target strike length and target dip length; 

30 assigning to each seed point an initial strike length and an initial dip length; 
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locating a triangle of a minimum size of the fractures to be simulated at each seed 

point; 

marking all edges of the triangle as open for growth; and 

while the triangle has at least one open edge, selecting an open edge of the triangle, 

repeating a step of adding a new triangle of the minimum size of the fractures to 

be simulated to the open edge until one condition of a set of conditions is met, the 

set of conditions comprising a strike length of the fracture reaching the target 

strike length, a dip length of the fracture reaching the target dip length, and the 

new triangle touching a different fracture, and closing at least one edge of the 

10 triangle in response to the one condition being met. 
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locating a triangle of a minimum size of the fractures to be simulated at each seed 

point; 

marking all edges of the triangle as open for growth; and 

while the triangle has at least one open edge, selecting an open edge of the triangle, 

repeating a step of adding a new triangle of the minimum size of the fractures to 

be simulated to the open edge until one condition of a set of conditions is met, the 

set of conditions comprising a strike length of the fracture reaching the target 

strike length, a dip length of the fracture reaching the target dip length, and the 

new triangle touching a different fracture, and closing at least one edge of the 

triangle in response to the one condition being met. 
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