wo 2013/147875 A2 [N 00000000 O O A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

3 October 2013 (03.10.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/147875 A2

(51

eay)

(22)

(25)
(26)
1

(72)
(73)

74

31

International Patent Classification:
GO6F 19/00 (2011.01) E21B 47/26 (2012.01)

International Application Number:
PCT/US2012/031626

International Filing Date:
30 March 2012 (30.03.2012)

English
English

Filing Language:
Publication Language:

Applicant (for all designated States except US): LAND-
MARK GRAPHICS CORPORATION [US/US]; 2107
CityWest Blvd., Bldg. 2, Houston, Texas 77042 (US).

Inventors; and

Inventors/Applicants (for US only): GORELL, Sheldon
[US/US]; 22310 Rolling Meadow Lane, Katy, Texas
77450 (US). KUMAR, Amit [IN/US]; 10440 Deerwood
Road #1127, Houston, Texas 77042 (US).

Agents: TIDWELL, Mark et al.; Haynes and Boone,
LLP, 2323 Victory Avenue, Suite 700, Dallas, Texas
75219 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SYSTEM AND METHOD FOR AUTOMATIC LOCAL GRID REFINEMENT IN RESERVOIR SIMULATION SYS-
TEMS

(57) Abstract: A system and method of automatic local grid refinements in reservoir simulation systems is described. In one aspect
of the disclosure, a method is directed to a computer-implemented method of modeling a formation. The method includes applying a
coarse grid to a geologic formation of interest, the coarse grid having a plurality of coarse grid blocks and identifying a structure of
interest disposed in the formation. Further, the method includes determining a fine grid zone around the structure based upon a time
period for flow simulation of the geologic formation and a geologic characteristic of the geologic formation in a local region adja -
cent the structure and applying a fine grid to the coarse grid blocks encompassed by the fine grid zone.



10

15

20

25

30

WO 2013/147875 PCT/US2012/031626

SYSTEM AND METHOD FOR AUTOMATIC LOCAL GRID REFINEMENT IN
RESERVOIR SIMULATION SYSTEMS

Background

Reservoir simulation is an area of reservoir engineering that employs computer
models to predict the transport of fluids, such as petroleum, water, and gas, within a
reservoir. Reservoir simulators are used by petroleum producers in determining how best
to develop new fields, as well as generate production forecasts on which investment

decisions can be based in connection with developed fields.

Reservoir simulation software models are typically implemented using a number of

LA AN TY

discretized blocks, referred to interchangeably herein as “blocks,” “grid blocks,” or “cells.”
Models can vary in size from a few blocks to hundreds of millions of blocks. In these
software simulations, it is common to model a reservoir using a grid formed of grid blocks
and then simulate reservoir properties (e.g., pressure, temperature) within each grid block
to predict flow. For example, such modeling is particularly useful in low permeability
reservoirs for determining how many and where fractures should be induced in a reservoir

to achieve a certain flow over a period of time.

In any event, the application of grid blocks in a reservoir simulation is very
dependent on the type of reservoir being simulated. Typically, shale reservoirs have
extremely low permeability when compared to other types of geologic reservoirs. For
example, shale reservoirs may be less permeable than other geologic reservoirs by a factor
of 10®. As a result, flow in a portions of shale reservoir must be modeled at a very fine
grid scale when compared to non-shale reservoirs, which may often be modeled with
coarser grids, i.e., grid with larger grid blocks. Because fine grid scales are
computationally undesirable over a large area, it is common in the industry to apply fine
grids only to local areas of interest, such as around a fracture, and apply a coarser grid
across the remainder of the reservoir. These fine grids around local areas of interest are
referred to as local grid refinements (“LGRs”) and are typically used to envelope the
estimated region of the reservoir in which significant fluid and/or pressure movement will
occur. Heretofore, for extremely low permeability reservoirs, there has never been a
systematic process to determine the extent of this region of interest and where the boundary

between LGRs and coarse grid blocks should exist. In other words, there is currently not a
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method in the prior art to a priori determine how far out from a fracture or other structure

of interest to extent the fine grid blocks.
Brief Description of the Drawings

A more complete understanding of the present disclosure and advantages thereof
may be acquired by referring to the following description taken in conjunction with the

accompanying figures, wherein:

Fig. 1 is a block diagram of a computer system adapted for implementing a

reservoir simulation system of exemplary embodiments.

Fig. 2 is a flowchart illustrating a method implemented by the reservoir simulation

system of Fig. 1 for performing embodiments described herein.

Fig. 3 illustrates a coarse grid applied to a reservoir that will be modeled by the

reservoir simulation system of Fig. 1.
Fig. 4 illustrates a fracture disposed within the reservoir of Fig. 3.

Fig. 5 illustrates an appropriately-sized local region surrounding the fracture of Fig.

Fig. 6 illustrates a fine grid zone disposed around the fracture of Fig. 4.

Fig. 7 illustrates the application of a local grid refinement to the coarse grid of Fig.

3 within the fine grid zone of Fig. 6.

Fig. 8 illustrates an example embodiment of a geometric local grid refinement

applied to a fracture in a reservoir.
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Detailed Description

To overcome the above-noted and other limitations of the current approaches, one
or more embodiments described herein comprise a method of automatic local grid

refinements in reservoir simulation models.

Fig. 1 is a block diagram of an exemplary computer system 100 adapted for
implementing the reservoir simulation system as described herein. In one embodiment, the
computer system 100 includes at least one processor 102, a non-transitory, computer-
readable storage 104, optional /O devices 106, and an optional display 108, all
interconnected via a system bus 109. Software instructions executable by the processor
102 for implementing a reservoir simulation system 110 in accordance with the
embodiments described herein, may be stored in storage 104. Although not explicitly
shown in Fig. 1, it will be recognized that the computer system 100 may be connected to
one or more public and/or private networks via appropriate network connections. It will
also be recognized that the software instructions comprising the reservoir simulation
system 110 may be loaded into storage 104 from a CD-ROM or other appropriate storage

media.

In one embodiment of the disclosure, a portion of the reservoir simulation system
110 is implemented using reservoir simulation software known in the art. Such reservoir
simulation software typically utilizes numerical representations of the reservoir , either as it
currently exists or as it is envisioned to exist at some point in the future once, such as
before any wells are drilled and prior to any field development. This representation of the
reservoir combined with additional data about proposed or existing wells and development
strategy allows the software to predict how the reservoir might perform in terms of fluid
injection and production. In the prior art, to the extent such reservoir simulation software
defined local grid refinements (“LGRs”) around areas of interest, it has not been done in an
effective manner, but rather in a manner that results in computational inefficiency. For
instance, the size of an LGR in the prior art has been defined based on simulation data.
Further, an engineer may have had to manually define the LGR or LGR characteristics in
the reservoir simulation software. In certain embodiments of the present invention, as
described in more detail below, is a method for automatically applying an appropriately-
sized LGR to an area of interest is provided. The method determines the distance from a
geologic structure, such as a fracture, that a fine grid should extend so as to minimize the

unnecessary application of fine grids in a reservoir simulation model. The method utilizes
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the reservoir parameters of porosity and permeability in conjunction with formation flow
over a select period of time to automatically generate appropriately-sized and spaced LGRs
for modeling flow over the time period. The reservoir simulation system 110 in the
computer system 100 may implement this method and other methods contemplated by the

embodiment.

Turning to Fig. 2, a method 200 for utilization in the reservoir simulation system
110 to model a formation of interest is illustrated. In that regard, Fig. 3 illustrates a
reservoir 300 that will be modeled by method 200. In the current embodiment, the
reservoir 300 is an extremely low permeability shale reservoir, but in other embodiments,
may be other types of formations. As shown in Fig. 3, the reservoir 300 includes one or
more geologic features of interest, such as fractures, wellbores or the like. In Fig. 3,
fractures 302, 304, and 306 are shown. A model of reservoir 300 should ultimately predict
the areas of the reservoir in which fluid and/or pressure movement associated with the
fractures will occur. For the purposes of the model created by system 110, these fractures
may be either man-made or naturally occurring. In other embodiments, they may be other

types of reservoir features that are of interest.

First, in step 202, a coarse grid 308 is applied to the reservoir 300. The coarse grid
308 is characterized by a multiplicity of coarse grid blocks 310. In certain embodiments,
grid blocks 310 may be substantially uniform in shape and size, but the particular shape
and size of grid blocks as described in the invention is not intended as a limitation. In any
event, each of the coarse grid blocks 310 is used to discretely characterize a portion of the
reservoir 300. As an aspect of this, reservoir engineering data may be collected on a grid
block level. For example, each grid block 310 in the coarse grid 308 may be associated
with a distinct porosity value and a distinct permeability value. A functional model of the
reservoir 300 may be created by simulating reservoir properties such as pressure and

temperature within each grid block.

Those skilled in the art will appreciate that while the coarse grid of this
embodiment is described for convenience as cells or blocks of squares or rectangles
existing in one plane, the embodiment is not limited to a grid defined in one plane. For
example, all of the methods described herein are also valid in other dimensions, such as
three dimensions (“3D”). Further, the grid blocks do not need to be of any particular
shape. For convenience of description, the grid blocks are shown as rectangular. For

purposes of the description, use of the terms “standard” grid block and “non-standard” grid
4
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block refers to the shape of the grid block of interest when compared to the common shape
of a plurality of blocks in a grid. For example, a grid may be generally characterized by a
plurality of rectangular grid blocks of a particular dimension w, h and I (where w, h and |
are width, length and height respectively), thereby representing the “standard” shape of

blocks for a grid.

Referring back to Fig. 2, at step 204, a structure of interest in the reservoir 300 is
identified. The structure identified in step 204 may be an existing structure in an existing
formation or it may be a proposed structure selected to achieve a particular flow in a
modeled formation. In the illustrated embodiment, the identified structure is a fracture, for
example fracture 304, as shown in more detail in Fig. 4. To accurately predict pressure
flow in the regions surrounding the fracture 304, a model is used to simulate pressure flow
at a large number of discrete locations around the fracture. As illustrated in Fig. 4, the
coarse grid blocks 310 of coarse grid 308 may have a width 312 that is too large to produce
an accurate simulation of the fracture’s pressure change. Thus, an LGR is needed to
replace the coarse grid blocks 310 in the areas surrounding the fracture 304. The
application of an appropriately-sized LGR to fracture 304 is described in associated with

the remaining steps of Fig. 2.

Those of ordinary skill in the art will appreciate that the foregoing need for use of
an LGR in reservoir modeling is particularly prevalent in shale reservoirs, where extremely
low permeabilities result in very slow fluid and pressure changes associated with fractures.
Therefore the areas around the fractures require extremely fine grids to capture long

pressure transient behavior.

Referring again to Fig. 2, at step 206, the porosity and permeability for the region
surrounding the fracture 304 are selected. Porosity and permeability may be selected based

on known data for the reservoir or expected or estimated data for the reservoir.

In certain embodiments, this step includes two sub-steps. First, the size of the local
region around the fracture 304 in which average permeability and porosity is identified.
Second, average values for permeability and porosity for the local region are determined.
In Fig. 5, for example, a local region 314 around fracture 304 is shown. In certain
embodiment, system 110 automatically determines the size the local region 314 based on
the distances 316 and 318 between fracture 304 and the adjacent fractures 302 and 306 in

reservoir 300. In the illustrated embodiment, the left-most outer boundary of local region

5
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314 is approximately mid-way between the fracture 302 and fracture 304, and the right-
most boundary is approximately mid-way between fracture 306 and fracture 304. For
example, if the distance 316 is 500 feet, the local region 314 would extend approximately
250 feet away from fracture 304 in the direction of fracture 302. Further, the local region
314 may extend in the y-direction, and as applicable, the z-direction, away from fracture
304 depending on the distance to a reservoir boundary, another fracture, or some other
structure. Those skilled in the art will appreciate that the local region surrounding a
structure of interest in a reservoir may be determined in any number of various ways and
the above determination is simply an example. For instance, in alternative embodiments, a
local region may extend less than halfway between a fracture of interest and an adjacent

fracture.

Next, after the local region 314 has been defined, the average permeability and
average porosity for the local region are determined. As mentioned above, geologic
engineering data collected by reservoir tools is associated with each grid block 310 in the
coarse grid 308. That is, each grid block within the local region 314 has a discrete
permeability value and a discrete porosity value. The average permeability values of the
grid blocks within the local region 314 are determined to find overall permeability of the
local region and the average porosity values of the grid blocks within the local region 314
are determined to find the overall porosity of the local region. In the illustrated
embodiment, the permeability of the local region 314 is measured in millidarcies (mD) and
the porosity is a value between 0 and 1 that represents a ratio of the pore volume over the
total volume. In the event the boundaries of the local region 314 capture only partial grid
blocks within the region, a grid block is considered to be within the region for the purposes
of the permeability and porosity calculations if a greater percentage of it is inside the local
region than outside the local region. Again, those skilled in the art will appreciate that the
local permeability and porosity in the regions surrounding a fracture of interest in a
reservoir may be determined in a variety of manners and the above manner is just one such
example. The foregoing descriptions are intended only as one method for assigning
porosity and permeability values to an area around a fracture. The invention is not limited
to a particular method for this step so long as permeability and porosity values for the area

around the structure are selected or otherwise assigned.

Referring back to Fig. 2, at step 208, a time period for the simulation of the

movement of pressure in the reservoir 300 is selected. For example, it may be desirable to
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predict flow of a formation over a one year period, or perhaps over an extended period,
such as 20 years. In some instances, the time period selected depends on the predicted
number of years a reservoir will be producing oil and/or gas. In the present embodiment, a
time period is selected in days, however, in other embodiment, different time units may be

utilized.

Next, at step 210, the zone in which a fine grid will be applied to the fracture 304 is
determined. Specifically, dimensions for the find grid are determined, i.e., how far away
from the fracture 304 an LGR should extend, to allow for accurate yet efficient simulation
computational performance. Fig. 6 illustrates a fine grid zone 320 around the fracture 304.
In the illustration, fine grid zone 320 extends a distance 322 in the x-direction from
fracture. In this step the local permeability and local porosity identified in step 206 and the
simulation time period selected in step 208 are utilized to calculate distance 322. Notably,
the local permeability and porosity values upon which the distance 322 is based are
measured engineering data rather than variables estimated via a simulation. The distance
322 may be represented by the variable X, and is calculated in accordance with the

following equation:

time*k

por

X,y =10**

where time = the time period for the simulation of reservoir (in days);

k = permeability of the local region surrounding the fracture of interest (in mD);

por = porosity of the local region surrounding the fracture of interest (ratio from 0 to 1);
and

a = an empirical constant determined through a series of calibration simulations run on the
linear subsets of the reservoir of interest. The constant @ depends at least on the
temperature, pressure, and compressibility characteristics of a reservoir. Thus, two
simulations of different reservoirs with similar permeability and porosity characteristics but
run at different pressures, temperatures, and/or compressibility characteristics may utilize

different a constants. In one embodiment, a is approximately 2.

After the distance X,, 322 is calculated, it is applied to the coarse grid 308 to
determine the number of coarse grid blocks 310 away from the fracture that will be
encompassed by the fine grid zone 320. The calculated distance 322 may be applied in any

direction from the structure. In the illustrated embodiment of Fig. 6, the calculated
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distance 322 is applied in the x direction from the fracture 304 so as to define the fine grid
zone 320. In an alternate and complementary embodiment, the distance X,, may also be
applied in the y- direction and/or the z-direction. In certain preferred embodiment, when
determining which grid blocks are included in the fine grid zone 320 and which are not, if a
non-edge portion of a grid block is disposed at a X, distance away from the fracture, the
entire grid block is included in the fine grid zone if the center point of the grid block is less
than the distance X, away from the fracture. On the other hand, a grid block need not be
included in the fine grid zone if its center point is greater than the distance X,, away from
the fracture. In alternative embodiment, however, at least one partial grid block may be
included in the fine grid zone. In this manner, it is determined which grid blocks in the
coarse grid 308 should be refined into smaller grid blocks so as to increase the accuracy of

the reservoir simulation in the regions around a fracture.

Referring again to Fig. 2, at step 212, a local grid refinement is applied to the fine
grid zone 320 determined in step 210. That is, each coarse grid block within the fine grid
zone 320 is sub-divided into a plurality of smaller (i.e., finer) grid blocks. Thus, when the
reservoir model is simulated, pressure and/or fluid movement is discretely calculated for
each new fine grid block to achieve a more accurate simulation. The coarse grid blocks
designated for refinement may be subdivided using any standard gridding algorithm known
in the art. For example, a standard gridding algorithm may be applied to create an LGR
around the fracture with uniformly-sized fine grid blocks. Or, in other embodiments, a
geometric gridding algorithm may be utilized to create a LGR with fine grid blocks that
geometrically increase in size as their distance away from the structure of interest
increases. That is, in geometric LGRs, each grid block varies in size from an adjacent grid
block in a direction by a constant factor. In alternative embodiments, any number of
different and/or additional grid refinements may be applied to the fine grid zone. Fig. 7
illustrates the application of an LGR 324 to the coarse grid blocks within the fine grid
zone. In the illustrated embodiment, the fine grid blocks of the LGR 324 geometrically
increase in size the further away from the fracture 304 they are disposed (i.e., they are
feathered). Thus, at the conclusion of step 212, a LGR envelope has been sized and
applied to a fracture in a reservoir model based upon geologic engineering data such as

permeability and porosity and also simulation duration.

Fig. 8 illustrates a more detailed example of a local grid refinement 400 as applied

to a fracture 402. The LGR 400 includes geometrically-spaced fine grid blocks that vary in
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size from each other by a constant variable. Specifically, in the example of Fig. 8, the ratio
(fx) of the size of any fine grid block (dx;.1) to an adjacent grid block closer to the fracture
402 (dx;) is 1.1. In other embodiments, however, the geometric factor may be in a range of
about 1.05 to 1.3, or, may be a different value depending upon the characteristics of the
reservoir.  This geometric grid block arrangement increases the accuracy and
computational efficiency of reservoir simulation because regions increasingly closer to a
structure of interest are increasingly scrutinized. Thus, when a reservoir modeled with
geometric LGRs is simulated, computing power is biased toward areas of the model in

which more pressure movement is expected (i.e., regions near a fracture).

While the foregoing methods have been described with respect to a single structure
of interest, it is understood that a formation may include many structures and that described
fine grid zones around the various structure may overlap or intersect, such that a

continuous fine grid may extend between adjacent structures.

The foregoing methods and systems described herein are particularly useful in
drilling wellbores in oil and gas reservoirs. Following reservoir modeling as described
herein, a drilling plan may be implemented based on the modeling. Persons of ordinary
skill in the art will understand that the formation evaluated with the foregoing method may
have hundreds of fractures or other structures that must be taken into consideration when
determining the expected flow of a reservoir over a period of time. Thus, the plan includes
preparing equipment to construct a wellbore, identifying one or more wellbores to be
drilled in a formation and drilling of a wellbore into a reservoir based on desired or
modeled flow. Specifically, the number, location and trajectory of wellbores in a
formation relative to the fractures can be determined using the method of the invention in
order to achieve a particular flow over a period of time. Those of ordinary skilled in the art
will appreciate that while the method of the invention has been described statically as part
of implementation of a drilling plan, the method can also be implemented dynamically.
Thus, a drilling plan may be implemented and data from the drilling process may be used
to update the model. In particular, porosity and permeability can be determined during the
process of drilling a wellbore. This real-time data may be used to adjust the wellbore being
drilled or alter the number, location and trajectory of planned wellbores.  After
implementing the drilling plan, the system of the invention may be utilized during the
drilling process on the fly or iteratively to calculate and re-calculate anticipated reservoir

flow over a period of time as parameters change or are clarified or adjusted. In either case,
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the results of the dynamic calculations may be utilized to alter a previously implemented

drilling plan.

In one exemplary aspect, the present disclosure is directed to a computer-
implemented method of modeling a formation. The method includes applying a coarse
grid to a geologic formation of interest, the coarse grid having a plurality of coarse grid
blocks and identifying a structure of interest disposed in the formation. Further, the
method includes determining a fine grid zone around the structure based upon a time
period for flow simulation of the geologic formation and a geologic characteristic of the
geologic formation in a local region adjacent the structure and applying a fine grid to the

coarse grid blocks encompassed by the fine grid zone.

In another exemplary aspect, the present disclosure is directed to a computer-
implemented reservoir simulation system. The system includes a processor, a non-
transitory, computer-readable storage medium accessible by the processor, and software
instructions stored on the storage medium. The instructions are executable by the
processor for applying a coarse grid to a reservoir, the coarse grid having a plurality of
coarse grid blocks identifying a fracture of interest disposed in the reservoir, determining
an average geologic characteristic for a local region adjacent the fracture, and determining
a fine grid zone around the fracture based upon a time period for flow simulation of the
reservoir and the geologic characteristic. The determining includes calculating a distance
Xyar away from the fracture at which the fine grid zone terminates based upon the time
period for simulation and the geologic characteristic and defining the fine grid zone by the
coarse grid blocks within the distance Xy, away from the structure in a direction. Further,
the instructions are executable for applying a local grid refinement (“LGR”) to the coarse

grid blocks encompassed by the fine grid zone.

In yet another exemplary aspect, the present disclosure is directed to a computer-
implemented reservoir simulation system. The system includes a processor, a non-
transitory storage medium accessible by the processor, and software instructions stored on
the storage medium. The instructions are executable by the processor for applying a coarse
grid to a reservoir, the coarse grid having a plurality of coarse grid blocks and identifying a
fracture of interest disposed in the reservoir. The instructions are also executable by the
processor for determining a fine grid zone around the fracture based upon a time period for

simulation of the reservoir, porosity of a region adjacent the fracture and permeability of
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the region adjacent the fracture and applying a fine grid to the coarse grid blocks

encompassed by the fine grid zone.

In a further exemplary aspect, the present disclosure is directed to a method for
drilling a wellbore in reservoir. The method includes applying a coarse grid to a geologic
formation of interest, the coarse grid having a plurality of coarse grid blocks, identifying a
structure of interest disposed in the formation, and determining a fine grid zone around the
structure based upon a time period for flow simulation of the geologic formation and a
geologic characteristic of the geologic formation in a local region adjacent the structure.
The method also includes applying a fine grid to the coarse grid blocks encompassed by
the fine grid zone to determine flow adjacent the structure, selecting a position and
trajectory for a wellbore in the formation based on the determined flow. Further, the
method includes preparing equipment to construct a portion of said wellbore and drilling a

wellbore in accordance with the selected trajectory.

While certain features and embodiments of the disclosure have been described in
detail herein, it will be readily understood that the disclosure encompasses all
modifications and enhancements within the scope and spirit of the following claims.
Furthermore, no limitations are intended in the details of construction or design herein
shown, other than as described in the claims below. Moreover, those skilled in the art will
appreciate that description of various components as being oriented vertically or
horizontally are not intended as limitations, but are provided for the convenience of

describing the disclosure.

It is therefore evident that the particular illustrative embodiments disclosed above
may be altered or modified and all such variations are considered within the scope and
spirit of the present disclosure. Also, the terms in the claims have their plain, ordinary

meaning unless otherwise explicitly and clearly defined by the patentee.

11
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CLAIMS

What is claimed is:

1. A computer-implemented method of modeling a formation, comprising:

applying a coarse grid to a geologic formation of interest, the coarse grid having a
plurality of coarse grid blocks;

identifying a structure of interest disposed in the formation;

determining a fine grid zone around the structure based upon a time period for flow
simulation of the geologic formation and a geologic characteristic of the geologic
formation in a local region adjacent the structure; and

applying a fine grid to the coarse grid blocks encompassed by the fine grid zone.

2. The computer-implemented method of claim 1, wherein determining the fine
grid zone includes calculating a distance X,y away from the structure at which the fine grid
zone terminates, the calculating based upon the time period for flow simulation and the

geologic characteristic.

3. The computer-implemented method of claim 2, wherein the calculating the

distance X, is in accordance with the equation:

time*k

?

X, =10"%
por

wherein time = the time period for simulation, k = average permeability for the
local region adjacent the structure, por = average porosity of the local region adjacent the
structure, and a = an empirical constant determined through calibration simulation of a

linear subset of the formation.

4. The computer-implemented method of claim 2, wherein the fine grid zone is
defined by the coarse grid blocks within the distance X, away from the structure in a

direction.
5. The computer-implemented method of claim 4, wherein the fine grid zone

includes all coarse grid blocks having a center point that is less than the distance X, in the

direction away from the structure.

12
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6. The computer-implemented method of claim 2, wherein the fine grid zone is
defined by the coarse grid blocks within the distance X., away from the structure in any

direction.

7. The computer-implemented method of claim 1, further including defining the
local region adjacent the structure based on the distance between the structure and adjacent

structures in the formation.

8. The computer-implemented method of claim 7, wherein the local region is
defined by coarse grid blocks within a distance approximately equal to halfway between

the structure and an adjacent structure.

9. The computer-implemented method of claim 8, wherein the geologic
characteristic of the formation in the local region adjacent the structure is defined as the

average geologic characteristic of the coarse grid blocks encompassed by the local region.

10. The computer-implemented method of claim 1, wherein the geologic

characteristic is at least one of permeability and porosity.

11. The computer-implemented method of claim 1, where the structure is a fracture

and the formation is a reservoir.

12. The computer-implemented method of claim 11, wherein the formation is an

extremely low permeability shale gas reservoir.
13. The computer-implemented method of claim 1, wherein applying the fine grid

includes applying a local grid refinement having geometrically spaced fine grid blocks to

the coarse grid blocks encompassed by the fine grid zone.

13
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14. A computer-implemented reservoir simulation system, the system comprising:
a processor;
a non-transitory, computer-readable storage medium accessible by the processor;
and
software instructions stored on the storage medium and executable by the processor
for:

applying a coarse grid to a reservoir, the coarse grid having a plurality of
coarse grid blocks;

identifying a fracture of interest disposed in the reservoir;

determining an average geologic characteristic for a local region adjacent
the fracture;

determining a fine grid zone around the fracture based upon a time period
for flow simulation of the reservoir and the geologic characteristic, the determining
including:

calculating a distance X,, away from the fracture at which the fine
grid zone terminates based upon the time period for simulation and the
geologic characteristic; and
defining the fine grid zone by the coarse grid blocks within the
distance Xy, away from the structure in a direction; and
applying a local grid refinement (“LGR”) to the coarse grid blocks

encompassed by the fine grid zone.

15. The computer-implemented reservoir simulation system of claim 14, wherein

the calculating the distance X, is in accordance with the equation:

time*k

por

X =107%

wherein time = the time period for flow simulation, k = average permeability for
the local region adjacent the fracture, por = average porosity of the local region adjacent
the fracture, and a = an empirical constant determined through calibration simulation of a

linear subset of the reservoir.

16. The computer-implemented reservoir simulation system of claim 14, wherein

the geologic characteristic is at least one of permeability and porosity.

14
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17. The computer-implemented reservoir simulation system of claim 14, wherein
determining the average geologic characteristic for the local region includes:
defining the local region by selecting coarse grid blocks within a distance
approximately halfway between the fracture and an adjacent fracture; and
averaging the geologic characteristic of each coarse grid block encompassed

by the local region.
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18. A computer-implemented reservoir simulation system, the system comprising:
a processor;
a non-transitory storage medium accessible by the processor; and
software instructions stored on the storage medium and executable by the processor
for:

applying a coarse grid to a reservoir, the coarse grid having a plurality of
coarse grid blocks;

identifying a fracture of interest disposed in the reservoir;

determining a fine grid zone around the fracture based upon a time period
for simulation of the reservoir, porosity of a region adjacent the fracture and
permeability of the region adjacent the fracture; and

applying a fine grid to the coarse grid blocks encompassed by the fine grid

zone.

19. The computer-implemented reservoir simulation system of claim 18, wherein
determining the fine grid zone includes calculating a distance Xy, away from the fracture

in accordance with the equation:

time*k

por

Xy =10 %

wherein time = the time period for simulation, k = average permeability for the
region adjacent the fracture, por = average porosity of the region adjacent the fracture, and
a = an empirical constant determined through calibration simulation of a linear subset of

the reservoir.

20. The computer-implemented reservoir simulation system of claim 19, wherein
the fine grid zone is defined by the coarse grid blocks within the distance X, away from

the structure in any direction.

21. A method for drilling a wellbore in reservoir, the method comprising:
applying a coarse grid to a geologic formation of interest, the coarse grid having a
plurality of coarse grid blocks;

identifying a structure of interest disposed in the formation;
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determining a fine grid zone around the structure based upon a time period for flow
simulation of the geologic formation and a geologic characteristic of the geologic
formation in a local region adjacent the structure;

applying a fine grid to the coarse grid blocks encompassed by the fine grid zone to
determine flow adjacent the structure;

based on the determined flow, selecting a position and trajectory for a wellbore in
the formation;

preparing equipment to construct a portion of said wellbore; and

drilling a wellbore in accordance with the selected trajectory.

22. The method of claim 21, wherein determining the fine grid zone includes
calculating a distance X,, away from the structure at which the fine grid zone terminates,
the calculating based upon the time period for flow simulation and the geologic

characteristic.

23. The method of claim 22, wherein the calculating the distance Xy is in

accordance with the equation:

time*k

por

Xvul =1Od *

wherein time = the time period for simulation, k = average permeability for the
local region adjacent the structure, por = average porosity of the local region adjacent the
structure, and a = an empirical constant determined through calibration simulation of a

linear subset of the formation.

24. The method of claim 22, wherein the fine grid zone is defined by the coarse

grid blocks within the distance X, away from the structure in a direction.
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