2016/073198 A1 |1 000 OO0 RO O 00

S
=

(43) International Publication Date

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

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

=

\

12 May 2016 (12.05.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/073198 Al

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72

International Patent Classification:
GO6F 17/50 (2006.01) GO6F 17/30 (2006.01)
GO1V 99/00 (2009.01)

International Application Number:
PCT/US2015/056620

International Filing Date:
21 October 2015 (21.10.2015)

Filing Language: English
Publication Language: English
Priority Data:

14/533,683 5 November 2014 (05.11.2014) US

Applicant: SAUDI ARABIAN OIL COMPANY
[SA/SA]; 1 Eastern Avenue, Dhahran, 31311 (SA).

Applicant (for AG only): ARAMCO SERVICES COM-
PANY [US/US]; 9009 West Loop South, Houston, TX
77210-4535 (US).

Inventors: GANIS, Santiago, Ariel; R-7880, Floor 7,
West Wing, Engineering Bldg. 728A, Dhahran, 31311
(SA). AL-SUBAIE, Abdulaziz; R-7880, Floor 7, West
Wing, Engineering Bldg 728A, Dhahran, 31311 (SA). AL-
ZAWAWI, Ahmed, S.; E-7830, EXPEC-II, 1 Eastern Av-
enue, Dhahran, 31311 (SA). BADDOURAH, Majdi; E-
7860, EXPEC-II, Dhahran, 31311 (SA). HARBI, Badr,
M.; R-7820, Floor 7, West Wing, Engineering Bldg. 728A,
Dhahran, 31311 (SA).

(74) Agent: CHIN, Brad, Y.; Bracewell & Giuliani LLP, P.O.

(8D

(84)

Box 61389, Houston, TX 77208-1389 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, 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, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 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, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, 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, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: SYSTEMS, METHODS, AND COMPUTER MEDIUM TO OPTIMIZE THE STORAGE OF HYDROCARBON
RESERVOIR SIMULATION DATA

108
USER ACTIONS

1
HYDROCARBCN RESERVOIR DESCRIPTION DATA
L

110,

112,

SHARED STORAGE LOCATION(S)

SHARED SIMULATION ﬂ
FIES __ _

INDIVIDUAL STORAGE LOCATION

—

\L SYSTEM
105 O UNIT(S) | 101 PROCESSOR(S) DISPLAY(S) 103
|
MEMORY MEDIUM 04
HYDROCARBON RESERVOIR =
— EE— SIMULATION RUN MODULE
[ — e — LV |
o e [owomme]

"

13

HYDROCARBON RESERVOIR
SIMULATION MODEL-EDITING
MODULE

HYDROCARBON RESERVOIR
SIMULATION MODEL-
DUPLICATING MODULE

123

HYDROCARBON RESERVOIR
SIMULATION MODEL-BUILDING
MODULE

124

FIG.2

(57) Abstract: Embodiments of systems, non-transitory computer-readable medium having one or more computer programs stored
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SYSTEMS, METHODS, AND COMPUTER MEDIUM TO OPTIMIZE THE STORAGE OF HYDROCARBON RESERVOIR
SIMULATION DATA

Inventors: Ahmed Al-Zawawi, Santiago Ganis, Abdulaziz Al-Subaie, Majdi Baddourah, and
Badr Harbi

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the invention relate to hydrocarbon reservoir production and, more
specifically, to methods, systems, and non-transitory computer-readable medium having

computer program stored therein to simulate fluid flow within hydrocarbon reservoirs.

Description of the Related Art

[0002] Simulated models of hydrocarbon reservoirs may be used to simulate fluid flow of
hydrocarbons or other fluids within a reservoir. These hydrocarbon reservoir simulation models
may require a large amount of data, however, as input during the simulation process, Which.may
consist of one or more hydrocarbon reservoir simulation runs. That is, a real hydrocarbon
reservoir or real hydrocarbon field may be modeled using a mathematical representation of the
real reservoir or field. The resulting reservoir model, for example, is an approximation of reality.
The accuracy of these models may depend on the available data, the physics of the real reservoir
captured by the reservoir simulation, and engineer insight and availability. As more data
becomes available, a new reservoif model may be constructed and an older model archived.
Each model that is constructed is a representation of the real reservoir and is part of a
hydrocarbon reservoir simulation study with a specific objective or goal. A hydrocarbon
reservoir simulation study, for example, may include one or more simulation runs (sometimes
called “jobs™). That is, within a reservoir study, a model may be built then iteratively modified
so as to create hundreds of model versions until a final reservoir model is found that meets the
objective of the study. Model versions may also be described, in some circumstances, as simply

“models.” Further, model versions may also be described as “jobs” because they are submitted
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to a job scheduling system. Similarly, model versions may be described as “runs” because they
run on a cluster. Each model version frequently has only one job and is only processed (i.e., run)
once, although exceptions may occur when a run fails, when a need to reproduce results exists,

or when using different simulation versions.

[0003] Furthermore, hydrocarbon reservoir simulation models may produce a large amount of
data as output of each hydrocarbon reservoir simulation run. Data associated with each
hydrocarbon reservoir simulation model may be stored separately, however. That is, each model
may have its own set of stored data, including input and output data. In some cases, two or more
models may each store the same data. For example, some of the output data of two different
hydrocarbon reservoir simulation runs may be the same when each hydrocarbon reservoir
simulation run is associated with the same hydrocarbon reservoir. In addition, two models may
require the same input data, for another example. In both examples, each hydrocarbon reservoir
simulation model may nonetheless be associated with a separate copy of the stored data.
Consequently, a hydrocarbon reservoir simulation process may produce and consume large
amounts of data. Over the past ten years, for example, data storage requirements have grown

exponentially.

[0004] Two hydrocarbon reservoir simulation models or multiple projects may require the same
hydrocarbon reservoir simulation input files, for example. As illustrated in FIG. 1A, for
example, many hydrocarbon reservoir simulation models may each have their own binary data
simulation files 61, ASCII data simulation files 62, and other data simulation files 63. That is,
hydrocarbon reservoir simulation model 1 65, hydrocarbon reservoir simulation model 2 66,
hydrocarbon reservoir simulation model 3 67, and other hydrocarbon reservoir simulation
models through hydrocarbon reservoir simulation model X 68 may each have an associated set of
binary data simulation files 61, ASCII data simulation files 62, and other data simulation files 63.
In this example, binary input files 61 are repeated. Consequently, each hydrocarbon reservoir

simulation model may have its own set of data even when some simulation files in different sets

may be the same.

[0005] Two main business workflows may exist in hydrocarbon reservoir simulation fields: (1)

history-matching studies and (2) prediction studies. History-matching hydrocarbon reservoir
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simulation studies, as will be understood by those skilled in the art, may include performing
hydrocarbon reservoir simulation runs to calibrate a given hydrocarbon reservoir simulation
model. For example, after comparing results of the hydrocarbon reservoir simulation runs to
observed or predicted data, the hydrocarbon reservoir simulation model may be modified as
necessary to produce more accurate results. Prediction hydrocarbon reservoir simulation studies,
on the other hand, may include performing hydrocarbon reservoir simulation runs to predict
future fluid flow in the hydrocarbon reservoir, for example. An entity may perform a significant
number of each type of hydrocarbon reservoir simulation study. As an example, an entity may
conduct around 20 history-matching hydrocarbon reservoir simulation studies and over 1,000
prediction hydrocarbon reservoir simulation studies annually. In a single year, furthermore,
these studies may amount to more than 100,000 hydrocarbon reservoir simulation runs. In these
studies, hydrocarbon reservoir simulation runs may evolve incrementally based on manual
changes by simulation engineers, who may duplicate hydrocarbon reservoir simulation input data
based on previous hydrocarbon reservoir simulation runs and perform slight modifications. In
addition, hydrocarbon reservoir simulation runs may evolve responsive to automatically utilizing
assisted history-matching and optimization packages that deploy a variety of optimization
algorithms to maximize a set objective function, e.g., minimize history match error, maximize
net present value (NPV), maximize oil recovery, etc. As a result, output data generated by a
hydrocarbon reservoir simulator, as will be understood by those skilled in the art, may tend to
have a lot of duplication due to minimal changes that may be introduced by the user, such as, for

example, static and dynamic history data and geometrical information.

[0006] For example, Applicant has recognized that more than three-quarters of an entity’s
storage capacity may be dedicated to duplicated data, in some circumstances. An example is
illustrated in FIG. 1C, which depicts the size in storage of files, for example. In this example,
approximately 900 history-matching hydrocarbon reservoir simulation runs over the course of
three months have produced approximately 2,000 files that require 8,076 GB of disk space. Of
this data, however, only 1,976 GB correspond to unique files, whereas the other 6,296 GB
correspond to duplicated files. That is, as is further illustrated in FIG. 1D, approximately 76.1%
of the entity’s stored data, as measured in gigabytes, is dedicated to duplicated data 98 in this
example. That is, the percentage of unique data 97 to duplicated data 98 is depicted in FIG. 1D,

for example.
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[0007] A simulation engineer may manually manage multiple hydrocarbon reservoir simulation
models by duplicating all input data for a hydrocarbon reservoir simulation model that is .
required for both history-matching and predictiOn hydrocarbon reservoir simulation studies. For
example, a method to perform a hydrocarbon reservoir simulation run may include user
interaction 50 and simulatot action, as illustrated in FIG. 1B. For example, after a start 51, user
interaction 50 may include collecting simulation data 52, such as hydrocarbon reservoir
~description data, then building a hydrocarbon reservoir simulation model 52. A user may then
choose to either select a hydrocarbon reservoir simulation model 54 or duplicate a hydrocarbon
reservoir simulation model 55. If the user duplicates a hydrocarbon reservoir simulation model
55, the user may then select a hydrocarbon reservoir simulation model 54. After selecting a
hydrocarbon reservoir simulation model 54, a user may choose whether to run the hydrocarbon.
reservoir simulation model 56, i.e., whether to perform a hydrocarb‘on reservoir simulation run of
the selected hydrocarbon reservoir simulation model. If the user chooses not to run the
hydrocarbon reservoir simulation model 56, the user may then modify the selected hydrocarbon
reservoir simulation model 57. After modifying the hydrocarbon reservoir simulation model 57,
the user may then again select a hydrocarbon reservoir simulation model 54.. Fbr example, the
user may select the modified hydrocarbon reservoir simulation model. If the user chooses to run
the hydrocarbon reservoir simulation model 56, the hydrocarbon reservoir simulation run may be

started 58 and may produce some output 59, such as, for example, simulation files.

[0008] Data may be “de-duplicated,” for example, by combing through existing data files
manually to identify duplicate data. Duplicate data may be deleted, and file links may be used
instead. Further, using file links to optimize storage may be a shared storage implementation in
Linux file systems. But deduplication as part of a backup, sync, or cleanup process as a solution
may be time-consuming because it may require investigating all files in both primary and

secondary file systems.

SUMMARY OF THE INVENTION

[0009] A significant part of an entity’s data storage capacity for hydrocarbon reservoir
simulation data can be dedicated to duplicated data. An entity with limited data storage capacity
can consequently wish to reduce the amount of duplicated hydrocarbon reservoir simulation data

that it stores. Deduplicating a large amount of existing data can be time-consuming and
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resource-intensive, however, particularly for entities that have a large amount of hydrocarbon
reservoir simulation data. As a result, it can be desirable to deduplicate hydrocarbon reservoir
simulation data as hydrocarbon reservoir simulation data is added or created, i.e., as part of the

hydrocarbon reservoir simulation process.

[0010] Having recognized that, in some cases, data Storage has been inefficiently allocated
among different hydrocarbon reservoir simulation models and different hydrocarbon reservoir
simulation runs, embodiments of the invention can include systems, non-transitory computer
medium having computer program product stored therein, and computer-implemented methods
to enhance data storage and retrieval during performance of a plurality of hydrocarbon reservoir
simulation runs of one or more hydrocarbon reservoir simulation models. Further, embodiments
can thereby reduce data storage capacity required for hydrocarbon reservoir simulation runs and

failure risks for hydrocarbon reservoir simulation runs.

[0011] More specifically, embodiments of the claimed invention éan include a novel algorithm
to enhance the hydrocarbon reservoir simulation process where the underlying complexity of
efficiently managing storage is masked. The new novel algorithm can optimize storage by
eliminating non-unique hydrocarbon reservoir simulation input and output data files for multiple
hydrocarbon reservoir simulation models. Users and third-party applications can be unaware
that storage optimization takes place when a hydrocarbon reservoir simulation run is created,
duplicated, or submitted. This algorithm can be implemented in the simulation reservoir
environment and can be enforced automatically. Advantageously, the simulation environment—
rather than, for example, a file systefn——can manage deduplication. Further, the algorithm can
ensure seamless integration with post-simulation analysis tools such as, for example, three-
dimensional visualization, well plotting, etc. For example, the algorithm can include 1
optimizing binary hydrocarbon reservoir simulation input data for multiple hydrocarbon
reservoir simulation runs by using single unique files and utilizing file links for multiple
hydrocarbon reservoir simulation runs. In addition, the algorithm can include (2) optimizing
ASCII hydrocarbon reservoir simulation input data for multiple hydrocarbon reservoir simulation
runs by using file links and only creating a copy of the data when modification is required.
Furthermore, the algorithm can include (3) optimizing binary output data for multiple simulation

runs by using single unique files and utilizing file links for multiple simulation runs.
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[0012] Embodiments can thus advantageously allow an entity to overcome exponential
hydrocarbon reservoir simulation data growth and reduce the high performance storage
requirements that can be necessary to meet the high business demand for hydrocarbon reservoir
simulations. Embodiments can eliminate observed data duplication in simulation models (e.g.,
non-unique static and dynamic data and geometrical information) generated by a hydrocarbon
reservoir simulator. Consequently, embodiments can allow for more efficient utilization of high
performance storage resources across different studies. Further, deduplication can occur as part
of a hydrocarbon reservoir simulation process. As a result, embodiments of the invention can
enable an entity to capitalize on hydrocarbon reservoir simulation processes to optimize storage,

which can thereby produce high returns with low overhead.

[0013] For example, a system to enhance data storage and retrieval during performance of a
plurality of hydrocarbon reservoir simulation runs of one or more hydrocarbon reservoir
simulation models, according to an embodiment, can include one or more processors, one or
more displays in communication with the one or more processors, and one or more databases in
communication with the one or more processors. The one or more databases can furthermore
include a plurality of separate individual hydrocarbon reservoir simulation model storage
locations, for example. Each of the plurality of individual hydrocarbon reservoir simulation
model storage locations can be associated with one or more hydrocarbon reservoir simulation
models. The one or more databases can also include one or more other storage locations,
separate from the plurality of individual hydrocarbon reservoir simulation model storage
locations. The one or more other storage locations, for example, can have a plurélity of
simulation files stored therein. The one or more other storage locations can also be configured to
share the plurality of simulation files among the one or more hydrocarbon reservoir simulation
models and can thereby define one or more shared storage locations. Further, the plurality of
simulation files being shared among the one or more hydrocarbon reservoir simulation models
being stored in the one or more shared locations can also define shared simulation files, for
example. A system can also include non-transitory memory medium in communication with the
one or more processors. The memory medium, for example, can include a hydrocarbon reservoir

simulation run module and a linking module.

[0014] The hydrocarbon reservoir simulation run module can include computer-readable
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instructions stored therein that when executed cause the system to perform a series of steps. The
steps can include, for example, initiating a plurality of hydrocarbon reservoir simulation runs of
one or more hydrocarbon reservoir simulation médels, responsive to user run-request action.
The steps can further include retrieving, for two or more of the plurality of hydrocarbon reservoir
simulation runs, a selected one of the one or more shared simulation files from the one or more
shared storage locations. The selected one of the one or more shared simulation files can be for
use as an input simulation file during the two or more of the plurality of hydrocarbon reservoir
simulation runs. In addition, the selected one of the one or more simulation files can be the same
of the one or more shared simulation files. The steps can also include completing each of the
plurality of hydrocarbon reservoir simulation runs, responsive to the retrieved same one of the
one or more shared simulation files. Further, the steps can include producing a plurality of
output simulation result files associated with and responsive to each of the plurality of
hydrocarbon reservoir simulation runs. Each of the plurality of output simulation result files can
be associated with a hydrocarbon reservoir simulation model. The steps can also include storing
each output simulation result file in one or more of the plurality of individual hydrocarbon
TESErvoir sirhulation model storage locations. More specifically, the one or more of the plurality
of individual hydrocarbon reservoir simulation model storage locations can be associated with

the hydrocarbon reservoir simulation model associated with the output simulation result file.

[0015] The linking module can also include computer-readable instructions stored therein that
when executed cause the system to perform a series of steps. The steps of the linking module
can include, for example, comparing each of a plurality of output simulation result files to each
of the shared simulation files stored in the one or more shared storage locations. The steps can
also include determining when one or more of the plurality of output simulation result files each
has a file attribute match with one or more of the shared simulation files. Further, the steps can
include updating the one or more shared storage locations, responsive to the plurality of output
simulation result files. For example, the updating can include linking a hydrocarbon reservoir
simulation model and one or more shared simulation files when each of the one or more shared
simulation files has a file attribute match with one or more of the plurality of output simulation -
result files associated with the hydrocarbon reservoir simulation model.. The updating can
further include copying one or more of the plurality of output simulation result files to the one or

more shared storage locations when each of the one or more of the plurality of output simulation
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result files lacks a file attribute match with any of the shared simulation files. In addition, the
one or more of the plurality of output simulation result files lacking a file attribute match with
any of the shared simulation files can thereby deﬁné one or more copy simulation files. The
updating can also include linking a hydrocarbon reservoir simulation model and each of the one
or more copy simulation files associated with the hydrocarbon reservoir simulation model stored
in the one or more shared storage locations. The steps of the linking module can then include,
for example, discarding each of the plurality of output simulation result files stored in the
plurality of individual hydrocarbon reservoir simulation model storage locations. Notably,
discarding the output simulation result files stored in the plurality of individual hydrocarbon
reservoir simulation model storage locations can make data storage capacity available to other
hydrocarbon reservoir simulation runs. Moreover, discarding the output simulation result files
stored in the plurality of individual hydrocarbon reservoir simulation model storage locations can
thereby reduce data storage capacity required for hydrocarbon reservoir simulation runs and

failure risks for hydrocarbon reservoir simulation runs.

[0016] In addition, each of the plurality of individual hydrocarbon reservoir simulation model
storage locations can be configured to store ASCII hydrocarbon reservoir data in one or more
ASCII simulation files, for example. Further, the one or more shared storage locations can be
configured to store binary hydrocarbon reservoir data in one or more binary shared simulation
files. The one or more shared storage locations can also be configured to store other ASCII
hydrocarbon reservoir data in another one or more ASCII shared simulation files. As a result,
binary hydrocarbon reservoir data can be isolated in the one or more shared storage locations. A
system according to an embodiment can further include one or more input and output units in
communication with the one or more processors. - The one or more input and output units can
also be positioned to receive as input one or more user actions, Further, the memory medium
can also include a hydrocarbon reservoir simulation model-editing module, for example, that
includes computer-readable instructions stored thefein that when executed cause the system to
perform a series of steps. The steps, for example, can include altering one or more ASCII shared
simulation files associated with a hydrocarbon reservoir simulation model stored in the one or
more shared storage locations—responsive to user edit-request action through the one or more
input and output units—when each of the one or more ASCII shared simulation files is linked to

no more than one hydrocarbon reservoir simulation model. The steps can also include copying
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for editing use one or more ASCII shared simulation files associated with a hydrocarbon
reservoir simulation model from the one or more shared storage locations to the individual
hydrocarbon reservoir simulation model storage location associated with the hydrocarbon
reservoir simulation model, responsive to user edit-request action through the one or more input
and output units, when each of the one or more‘ ASCII shared simulation files is linked to more
than one hydrocarbon reservoir simulation model. The copied one or more ASCII shared
simulation files can thefeby define one or more nonexclusive ASCII simulation files, for
instance. The steps can further include linking each of the one or more nonexclusive ASCII
simulation files stored in the individual hydrocarbon reservoir simulation model étorage location
and the associated hydrocarbon reservoir simulation model. The steps can also include altering
one or more of the one or more nonexclusive ASCII simulation files stored in the individual
hydrocarbon reservoir simulation model storage location. Altering the one or more of the one or
more nonexclusive ASCII simulation files stored in the individual hydrocarbon reservoir
simulation model storage location can thereby isolate edits to the associated hydrocarbon
reservoir simulation model to ASCII simulation files stored in the individual hydrocarbon

reservoir simulation model storage location.

[0017] Similarly, in a system according to an embodiment in which the system further includes
one or more input and output units in communication with the one or more processors and
positioned to receive as input one or more user actions, the memory medium can further include
a hydrocarbon reservoir simulation model-duplicating module, for example. The hydrocarbon
reservoir simulation model-duplicating module can include computer-readable instructions
stored therein that when executed cause the system to perform the step of linking each of a
plurality of simulation files associated with an eXisting hydrocarbon reservoir simulation model
stored in the one or more shared storage locations and a new hydrocarbon reservoir simulation
model, responsive to user duplication-request action through the one or more input and output
units. Consequently, linking each of the plurality of simulation files associated with an existing
hydrocarbon reservoir simulation model and a new hydrocarbon reservoir simulation model can

thereby duplicate the existing hydrocarbon reservoir simulation model.

[0018] Furthermore, in a system according to an embodiment in which the system further

includes one or more input and output units, the one or more input and output units can be in

9.



WO 2016/073198 PCT/US2015/056620

“communication with the one or more processors and positioned to receive as input one or more
sets of hydrocarbon reservoir description data, in addition to one or more user actions. The
memory medium can also further include a hydrocarbon reservoir simulation model-building
module, for example. The hydrocarbon reservoir simulation model-building module can include
computer-readable instructions stored therein that when executed cause the system to perform
the step of creating a new hydrocarbon reservoir simulation model responsive to receipt of
hydrocarbon reservoir description data and user creation-request action through the one or more

input and output units.

[0019] Embodiments can also include non-transitory computer-readable medium having one or
more computer programs stored therein. For example, non-transitory computer-readable
medium having one or more computer programs stored therein bperable by one or more
processors, according to an embodiment, can enhance data storage and retrieval during
performance of a plurality of hydrocarbon reservoir simulation runs of one or mofe hydrocarbon
reservoir simulation models. The one or more computer programs can include a set of
instructions that, when executed by the one or more processors, cause the one or more processors
to perfbrm a series of operations. For example, the operations can include initiating a plurality of
hydrocarbon reservoir simulation runs-of one or more hydrocarbon reservoir simulation models,
responsive to user run-request action. The operations can also include retrieving—for two or
more of the plurality of hydrocarbon reservoir simulation runs—a selected one of one or more
simulation files from one or more storage locations for use as an input simulation file during the
two or more of the plurality of hydrocarbon reservoir simulation runs. The one or more storage
locations can be configured to share a plurality of simulation files among the one or more
hydrocarbon reservoir simulation models and can thereby define one or more shared storage
locations, for example. Further, the plurality of simulation files being shared amdng the one or
more hydrocarbon reservoir simulation models being stored in the one or more shared locations
can define shared simulation files. In addition, the selected one of the one or more simulation

files can be the same of the one or more shared simulation files.

[0020] The operations can further include, for example, completing each of the plurality of
hydrocarbon reservoir simulation runs, responsive to the retrieved same one of the one or more

shared simulation files. Additionally, the operations can include producing a plurality of output
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simulation result files associated with and responsive to each of the plurality of hydrocarbon
reservoir simulation runs. Each of the plurality of output simulation result files can be associated
with a hydrocarbon reservoir simulation model. The operations can also include storing each
output simulation result file in one or more of a plurality of other storage locations. The one or
more of a plurality of other storage locations can thereby define a plurality of separate individual
hydrocarbon reservoir simulation model storage locations, for example. Further, each of the
plurality of individual hydrocarbon reservoir simulation model storage locations can be
associated with one or more hydrocarbon reservoir simulation models. In addition, the one or
more of the plurality of individual hydrocarbon reservoir simulation model storage locations can
be associated with the hydrocarbon reservoir simulation model that is associated with the output

simulation result file.

[0021] The operations can still further include comparing each of the plurality of output
simulation result files to each of the shared simulation files stored in the one or more shared
storage locations. Additionally, the operations can include determining when one or more of the
plurality of output simulation result files each has a file attribute match with one or more of the
shared simulation files. The operations can also include updating the one or more shared storage
locations, responsive to the plurality of output simulation result files. The updating can include,
for example, linking a hydrocarbon reservoir simulation model and one or more shared
simulation files when each of the one or more shared simulation files has a file attribute match
with one or more of the plurality of output simulation result files associated with the
hydrocarbon reservoir simulation model. The updating can also include copying one or more of
the plurality of output simulation result files to the one or more shared storage locations when
each of the one or more of the plurality of output simulation result files lacks a file attribute
match with any of the shared simulation files. The one or more of the plurality of output
simulation result files lacking a file attribute match with any of the shared simulation files can
thereby define one or more copy simulation files, as well. The updating can also include linking
a hydrocarbon reservoir simulation model and each of the one or more copyisimulation files
associated with the hydrocarbon reservoir simulation model stored in the one or more shared
storage locations. Further, the operations can also include discarding each of the plurality of
output simulation result files stored in the plurality of individual hydrocarbon reservoir

simulation model storage locations. Discarding each of the plurality of output simulation result
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files stored in the plurality of individual hydrocarbon reservoir simulation model storage
locations can make data storage capacity available to other hydrocarbon reservoir simulation
runs. Discarding each of the plurality of output simulation result files stored in the plurality of
individual hydrocarbon reservoir simulation model storage locations can also thereby reduce data
storage capacity required for hydrocarbon reservoir simulation runs and failure risks for

hydrocarbon reservoir simulation runs,

[0022] Additionally, in some circumstances, éach of the plurality of individual hydrocarbon
reservoir simulation model storage locations can be configured to store ASCII hydrocarbon
reservoir data in one or more ASCII simulation files. Further, the one or more shared storage
locations can be configured to store binary hydrocarbon reservoir data in one or more binary
shared simulation files and other ASCII hydrocarbon reservoir data in another one or more
ASCII shared simulation files. This storage arrangement can thereby isolate binary hydrocarbon
reservoir data in the one or more shared storage locations. In some non-transitory computer-
readable medium having one or more computer programs according to an embodiment, the set of
instructions, when executed by the one or more processors, can further cause the one or more
processors to perform additional operations. The operations can include, for example, altering
one or more ASCII shared simulation files associated with a hydrocarbon reservoir simulation
model stored in the one or more shared storage locations, responsive to user edit-request action,
when each of the one or more ASCII shared simulation files is linked to no more than one
hydrocarbon reservoir simulation model. The operations can also include copying for editing use
one or more ASCII shared simulation files associated with a hydrocarbon reservoir simulation
model from the one or more shared storage locations to the individual hydrocarbon reservoir
simulation model storage location associated with the hydrocarbon reservoir simulation model,
responsive to user edit-request action, when each of the one or more ASCII shared simulation
files is linked to more than one hydrocarbon reservoir simulation model. The copied one or
more ASCII shared simulation files can thereby define one or more nonexclusive ASCII
simulation files. In addition, the operations can further include linking each of the one or more
nonexclusive ASCII simulation files stored in the individual hydrocarbon reservoir simulation
model storage location and the associated hydrocarbon reservoir simulation model. The
operations can still further include altering one or more of the one or more nonexclusive ASCII

simulation files stored in the individual hydrocarbon reservoir simulation model storage location.
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Altering the one or more of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location, for example, can thereby
isolate edits to the associated hydrocarbon reservoir simulation model to ASCII simulation files

stored in the individual hydrocarbon reservoir simulation model storage location.

[0023] In some non-transitory corhputer—readable medium having one or more computer
programs stored therein according to an embodiment, the set of instructions, when executed by
the one or more processors, can further cause the one or more processors to perform the
operation of linking each of a plurality of simulation files associated with an existing
hydrocarbon reservoir simulation model stored in the one or more shared storage locations and a
new hydrocarbon reservoir simulation model, responsive to user duplication-request action.
Linking the simulation files associated with an existing hydrocarbon reservoir simulation model
and a new hydrocarbon reservoir simulation model can thereby duplicate the existing

hydrocarbon reservoir simulation model.

[0024] Likewise, in some non-transitory computer-readable medium having one or more
computer programs stored therein according to an embodiment, the set of instructions, when
executed by the one or more processors, can further cause the one or more processors to perform
the operation of creating a new hydrocarbon reservoir simulation model responsive to receipt of

hydrocarbon reservoir description data and user creation-request action.

[0025] An embodiment can also include a computer-implemented method to enhance data
storage and retrieval during performance of a plurality of hydrocarbon reservoir simulation runs
of one or more hydrocarbon reservoir simulation models, for example. A method can include,
for instance, initiating a plurality of hydrocarbon reservoir simulation runs of one or more
hydrocarbon reservoir simulation models, responsive to user run-request action. Further, a
method can include retrieving, for two or more of the plurality of hydrocarbon reservoir
simulation runs, a selected one of one or more simulation files from one or more storage
locations for use as an input simulation file during the two or more of the plurality of
hydrocarbon reservoir simulation runs. The one or more storage locations configured to share a
plurality of simulation files among the one or more hydrocarbon reservoir simulation models, for

example, can thereby define one or more shared storage locations. Similarly, the plurality of
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simulation files being shared among the one or more hydrocérbon reservoir simulation models
being stored in the one or more shared locations can also define shared simulation files. The
selected one of the one or more simulation files can further be the same of the one or more
shared simulation files. A method can also include completing each of the plurality of
hydrocarbon reservoir simulation runs, responsive to the retrieved same one of the one or more
shared simulation files. Further, a method can include producing a plurality of output simulation
result files associated with and responsive to each of the plurality of hydrocérbon reservoir
simulation runs. Each of the plurality of output simulation result files, for example, can be
associated with a hydrocarbon reservoir simulation model. A method can still further include
storing each output simulation result file in one or more of a plurality of other storage locations,
which can thereby define a plurality of separate individual hydrocarbon reservoir simulation
model storage locations. Each of the plurality of individual hydrocarbon reservoir simulation
model storage locations, for example, can be associated with one or more hydrocarbon reservoir
simulation models. In addition, the one or more of the plurality of individual hydrocarbon
reservoir simulation model storage locations can be associated with the hydrocarbon reservoir
simulation model associated with the output simulation result file. A method according to an
embodiment can also include comparing each of the plurality of output simulation result files to
each of the shared simulation files stored in the one or more shared storage locations. Further, a
method can include determining when one or more of the plurality of output simulation result
files each has a file attribute match with one or more of the shared simulation files. A method
can still further include updating the one or more shared storage locations responsive to the
plurality of output simulation result files. The updating can include, for example, linking a
hydrocarbon reservoir simulation model and one or more shared simulation files when each of
the one or more shared simulation files has a file attribute match with one or more of the
plurality of output simulation result files associated with the‘hydrocarbon reservoir simulation
model. The updating can also include copying one or more of the plurality of output simulation
result files to the one or more shared storage locations when each of the one or more of the
plurality of output simulation result files lacks a file attribute match with any of the shared
simulation files. The one or more of the plurality of output simulation result files lacking a file
attribute match with any of the shared simulation files can thereby define one or more copy

simulation files, for example. Further, the updating can also include linking a hydrocarbon
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reservoir simulation model and each of the one or more copy simulation files associated with the
hydrocarbon reservoir simulation model stored in the one or more shared storage locations. A
method can then include discarding each of the plurality of output simulation result files stored
in the plurality of individual hydrocarbon reservoir simulation model storage locations.
Discarding these files can make data storage capacity available to other hydrocarbon reservoir
simulation runs and, ﬁlr:chermore, can thereby reduce data storage capacity required for
hydrocarbon reservoir simulation runs and failure risks for hydrocarbon reservoir simulation

runs.

[0026] In some circumstances, each of the plurality of individual hydrocarbon reservoir
simulation model storage locations can be configured to store ASCII hydrocarbon reservoir data
in one or more ASCII simulation files. The one or more shared storage locations, in contrast, can
be configured to store binary hydrocarbon reservoir data in one or more binary shared simulation
files and other ASCII hydrocarbon reservoir data in another one or more ASCII shared
simulation files. This storage arrangement can thereby isolate binary hydrocarbon reservoir data
in the one or more shared storage locations. Further, a method according to an embodiment can
further include, for example, altering one or more ASCII shared simulation files associated with
a hydrocarbon reservoir simulation model stored in the one or more shared storage locations,
responsive to user edit-request action, when each of the one or more ASCII shared simulation
files is linked to no more than one hydrocarbon reservoir simulation model. A method can also
include copying for editing use one or more ASCII shared simulation files associated with a
- hydrocarbon reservoir simulation model from the one or more shared storage locations to the
individual hydrocarbon reservoir simulation model storage location associated with the
“hydrocarbon reservoir simulation model, responsive to user edit-request action, when each of the
one or more ASCII shared simulation files is linked to more than one hydrocarbon reservoir
simulation model. The copied one or more ASCII shared simulation files can thereby define one
or more nonexclusive ASCII simulation files, for example. A method can further include linking
each of the one or more nonexclusive ASCII simulation files stored in the individual
hydrocarbon reservoir simulation model storage location and the associated hydrocarbon
reservoir simulation model. A method can still further include altering one or more of the one or
more nonexclusive ASCII simulation files stored in the individual hydrocarbon reservoir

simulation model storage location. Altering the one or more of the one or more nonexclusive
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ASCII simulation files stored in the individual hydrocarbon reservoir simulation model storage
location can thereby isolate edits to the associated hydrocarbon reservoir simulation model to
ASCII simulation files stored in the individual hydrocarbon reservoir simulation model storage

location.

[0027] A method according to an embodiment can further include, for example, linking each of a
plurality of simulation files associated with an existing hydrocarbon reservoir simulation model
stored in the one or more shared storage locations and a new hydrocarbon reservoir simulation
model. As a result, linking simulation files associated with an existing hydrocarbon reservoir
simulation model and a new hydrocarbon reservoir simulation model can thereby duplicate the

existing hydrocarbon reservoir simulation model, responsive to user duplication-request action.

[0028] A method can also include, for example, creating a new hydrocarbon reservoir simulation
model, responsive to receipt of hydrocarbon reservoir description data and user creation-request

action.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other features, aspects, and advantages of the present invention will become
better understood with regard to the following descriptions, claims, and accompanying drawings.
It is to be noted, however, that the drawings illustrate only several embodiments of the invention
and are therefore not to be considered limiting of the invention’s scope as it can admit to other

equally effective embodiments.

[0030] FIG. 1A is a schematic diagram of a data stofage configuration according to the prior art.
[0(‘)341] FIG.V 1B is a schematic diagram of a method according to the prior art,

[0032] FIG. 1C is a bar graph of unique and duplicated data storage according to the prior art.
[0033] FIG. 1D is a pie chart of unique and duplicated data storage according to the pri‘or art.
[0034] FIG. 2 is a schematic diagram of a system according to an embodiment of the invention.

[0035] FIG. 3 is a schematic diagram of a data storage configuration according to an

embodiment of the invention.
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[0036] FIG. 4 is a schematic diagram of a data storage configuration according to an

embodiment of the invention.
[0037] FIG. 5 is a schematic diagram of a method according to an embodiment of the invention.
[0038] FIG. 6 is a schematic diagram of a method according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] So that the manner in which the features and advantages of the embodiments of methods,
systems, and non-transitory computer-readable medium having computer program stored therein
of the present invention, as well as others, which will become apparent, may be understood in
more detail, a more particular description of the embodiments of methods, systems, and non-
transitory computer-readable medium having computer program stored therein of the present
invention briefly summarized above may be had by reference to the embodiments thereof, which
are illustrated in the appended drawings, which Vform a part of this specification. It is to be noted,
however, that the drawings illustrate only various embodiments of the embodiments of methods,
systems, and non-transitory computer-readable medium having computer program stored therein
of the present invention and are therefore not to be considered limiting of the embodiments of
methods, systems, and non-transitory computer-readable medium having computer program
stored therein of the present invention's scope as it may include other effective embodiments as

well.

[0040] Embodiments of the invention can include systems, computer-implemented methods, and
non-transitory computer-readable medium having computer program stored therein to enhance
data storage and retrieval during performance of a plurality of hydrocarbon reservoir simulation
runs of one or more hydrocarbon reservoir simulation models. Embodiments can enhance the
hydrocarbon reservoir simulation process by enhancing data storage management while masking
the underlying complexity of efficiently managing storage to users of hydrocarbon reservoir
simulations.  More specifically, embodiments can optimize data storage management by

eliminating some data that is not unique to a single hydrocarbon reservoir simulation model.

[0041] For example, embodiments can include a novel algorithm to enhance the hydrocarbon

reservoir simulation process where the underlying complexity of efficiently managing storage is
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masked. The new novel algorithm can optimize sto'rage by eliminating non-unique hydrocarbon
reservoir simulation input or output data files for multiple hydrocarbon reservoir simulation
models. Further, a user and third-party applications can be unaware of the storage optimization
taking place when a hydrocarbon reservoir simulation run is created, duplicated, or submitted.
This algorithm can be implemented in the hydrocarbon simulation reservoir environment and can
be enforced automatically. In addition, the algorithm can ensure seamless integration with post-
simulation analysis tools, including, for example, three-dimensional visualization, well plotting,
etc. The algorithm can include, for instance, (1) optimizing binary hydrocarbon reservoir
simulation input data for multiple hydrocarbon reservoir simulation runs by using single unique
files and wtilizing file links for multiple hydrocarbon reservoir simulation runs. The algorithm
can also include (2) optimizing ASCII hydrocarbon reservoir simulation input data for multiple
hydrocarbon reservoir simulation runs by using file links and only creating a copy of the data
when modification is required. Further, the algorithm can include (3) optimizing binary output
data for multiple hydrocarbon reservoir simulation runs by using single unique files and utilizing
file links for multiple hydrocarbon reservoir simulation runs. As a result, each hydrocarbon
reservoir simulation run can have a copy of, or link to, the simulation input data related to the
simulation run. Utilizing file links for multiple hydrocarbon reservoir simulation runs, for
example, can enable an entity to keep a record-keeping trail to trace or track, e.g., audit, the
relationships between (a) a given simulation run and the simulation run’s output and (b) the input

to the simulation run. Such a record-keeping trail, however, is not required.

[0042] A need to reduce and optimize the amount of storage systems in an entity’s computer
center can exist for several reasons. For example, the amount of disk space required for reservoir
simulation can be increasing at an exponential rate. In addition, a computer center of an entity
can be running out of required electrical power to support the additional required storage
infrastructure. Embodiments can accordingly help in reducing the storage capacity in a computer
center, which can in turn reduce power éonsumption, cooling, and support requirements and

thereby lead to significant cost avoidance.

[0043] For example, a system to enhance data storage and retrieval during performance of a
plurality of hydrocarbon reservoir simulation runs of one or more hydrocarbon reservoir

simulation models, according to an embodiment, can include one or more processors 101, one or
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more displays 103 in communication with the one or more processors 101, and one or more
databases 102 in communication with the one or more processors 101, as illustrated, for
example, in FIG. 2. The one or more databases 102 can furthermore include a plurality of
separate individual hydrocarbon reservoir simulation model storage locations 112, for example.
Each of the plurality of individual hydrocarbon reservoir simulation model storage locations 112
can be associated with one or more hydrocarbon reservoir simulation models. Further, each of
the plurality of individual hydrocarbon reservoir simulation model storage locations 112 can be
configured to store one or more simulation files 113 that are associated with the one or more
hydrocarbon reservoir simulation models associated with the individual hydrocarbon reservoir
simulation model storage location. The one or more databases 102 can also include one or more
other storage locations, separate from the plurality of individual hydrocarbon reservoir
simulation model storage locations 102. The one or more other storage locations, for example,
can have a plurality of simulation files stored therein. The one or more other storage locations
can also be configured to share the plurality of simulation files among the one or more
hydrocarbon reservoir simulation models and can thereby define one or more shared storage
locations 110. Further, the plurality of simulation files being shared among the one or more
hydrocarbon reservoir simulation models being stored in the one or more shared locations 110
can also define shared simulation files 111, for example. A system can also include non-
transitory memory medium 104 in communication with the one or more processors 101. The

memory medium 104, for example, can include a hydrocarbon reservoir simulation run module

120 and a linking module 121.

[0044] The hydrocarbon reservoir simulation run module 120 can include computer-readable
instructions stored therein that when executed cause the system to perform a series of steps. The
steps can include, for example, initiating a plurality of hydrocarbon reservoir simulation runs of
one or more hydrocarbon reservoir simulation models, responsive to user run-request action.
The stéps can further include retrieving, for two or more of the plurality of hydrocarbon reservoir
simulation runs, a selected one of the one or more shared simulation files 111 from the one or
more shared storage locations 110. The selected one of the one or more shared simulation files
111 can be for use as an input simulation file during the two or more of the plurality of
hydrocarbon reservoir simulation runs. In addition, the selected one of the one or more

simulation files can be the same of the one or more shared simulation files. The steps can also
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include completing each of the plurality of hydrocarbon reservoir simulation runs, responsive to
the retrieved same one of the one or more shared simulation files 111. Further, the steps can
include producing a plurality of output simulation result files associated with and responsive to
each of the plurality of hydrocarbon reservoir simulation runs. Each of the plurality of output
simulation result files can be associated with a hydrocarbon reservoir simulation model. The
steps can also include storing each output simulation result file in.one or more of the plurality of
individual hydrocarbon reservoir simulation model storage locations 112. More specifically, the
one or more of the plurality of individual hydrocarbon reservoir simulation model storage
locations 112 can be associated with the hydrocarbon reservoir simulation model associated with

the output simulation result file.

[0045] The linking module 121 can also include computer-readable instructions stored therein
that when executed cause the system to perform a series of steps. The steps of the linking
module 121 can include, for example, comparing each of a plurality of output simulation result
files to each of the shared simulation files stored in the one or more shared storage locations 110.
The steps can also include determining when one or more of the plui‘ality of output simulation
result files each has a file attribute match with one or more of the shared simulation files 111.
Further, the steps can include updating the one or more shared storage locations 110, responsive
to the plurality of output simulation result files. For example, the updating can include linking a
hydrocarbon reservoir simulation model and one or more shared simulation files 111 when each
of the one or more shared simulation files 111 has a file attribute match with one or more of the
plurality of output simulation reAsult files associated with the hydrocarbon reservoir simulation
model. The updating can further include copying one or more of the plurality of output
simulation result files to the one or more shared storage locations 110 when -each of the one or
more of the plurality of output simulation result files lacks a file attribute match with any of the
shared simulation files 111. In addition, the one or more of the plurality of output simulation
result files lacking a file attribute match with any of the shared simulation files 111 can thereby
define one or more copy simulation files. The updating can also include linking a hydrocarbon
reservoir simulation model and each of the one or more copy simulation files associated with the
hydrocarbon reservoir simulation model stored in the one or more shared storage locations 110.
In some circumstances, linking can include use of a UNIX hard link to ensure validity of existing

models, for instance. The steps of the linking module 121 can then include, for example,
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discarding each of the plurality of output simulation result files stored in the plurality of
individual hydrocarbon reservoir simulation model storage locations 112, Notably, discarding
the output simulation result files stored in the plurality of individual hydrocarbon reservoir
simulation model storage locations 112 can make data storage capacityv available to other
‘hydrocarbon reservoir simulation runs. Moreover, discarding the output simulation result files
stored in the plurality of individual hydrocarbon reservoir simulation model storage locations
112 can thereby reduce data storage capacity required for hydrocarbon reservoir simulation runs
and failure risks for hydrocarbon reservoir simulation runs. Consequently, deduplication can
occur at the end of a simulation process, for example, rather than as data is being stored in a file

system.,

[0046] In some systems according to an embodiment, each of the plurality of individual
hydrocarbon reservoir simulation model storage locations 112 can be associated with an
individual hydrocarbon reservoir simulation model. In addition, each individual hydrocarbon
reservoir simulation model can be separaté from other hydrocarbon reservoir simulation models
and also associated with a set of hydrocarbon reservoir description data. Although each set of
hydrocarbon reservoir description data can be associated with a hydrocarbon reservoir, a
hydrocarbon reservoir can be associated with one or more sets of hydrocarbon reservoir
description data. Furthermore, two or more hydrocarbon reservoir simulation models can each
be associated with one set of hydrocarbon reservoir description data, even though the two or
more hydrocarbon reservoir simulation models remain separate, individual hydrocarbon reservoir

simulation models.

[0047] Hydrocarbon reservoir simulation input data, in some circumstances, can include a
combination of binary and ASCII data that can generated by using third-party simulation
preprocessing tools or manually by using text editors, for example. For example, frequently
shared storage input data types, as will be understood by those skilled in the art, can include: (1)
geological model data (static data), in binary or ASCII format, including geometrical information
and static reservoir properties, for instance; (2) historical well production and injection data
(dynamic data), in ASCII format; (3) relative permeability data, in ASCII format; (4) PVT
analysis, in ASCII format; (5) well and facility configuration data, in ASCII format; and (6)

model control data, in ASCII format. Likewise, hydrocarbon reservoir simulation output data
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can include a combination of binary and ASCII data and can be generated by a simulator, as will
be understood by those skilled in the art. For example, frequently shared storage output data
types, as will be understood by those skilled in the art, can include: (1) grid file data, in binary
format; (2) static reservoir property data, in binary format; (3) dynamic reservoir property data,
in binary format; (4) well information data, in binary format; and (5) simulator log file data, in

ASCII format.

[0048] Advantageously, each of the plurality of individual hydrocarbon reservoir simulation
model storage locations 112 can be configured to store ASCII hydrocarbon reservoir data in one
or more ASCII simulation files, for example. Further, the one or more shared storage locations
110 can be configured to store binary hydrocarbon reservoir data in one or more binary shared
simulation files and other ASCII hydrocarbon reservoir data in another one or more ASCII
shared simulation files. As a result, binary hydrocarbon reservoir data can be isolated in the one

or more shared storage locations 110.

[0049] For example, as illustrated in FIG. 3, a hydrocarbon reservoir simulation model 1 145, a
hydrocarbon reservoir simulation model 2 146, a hydrocarbon reservoir simulation model 3 147,
and other hydrocarbon reservoir simulation models through a hydrocarbon reservoir simulation
model X 148 can be linked to binary hydrocarbon reservoir data 131 in the one or more shared
simulation storage locations 110, in an exemplary hydrocarbon reservoir simulation input file
layout after implementation of storage optimization according to embodiments. Each of the
h&drocarbon reservoir simulation models 145, 146, 147, and 148 can also be linked to ASCII
hydrocarbon reservoir data 132 in the one or more shared storage locations 110. However, each
of the hydrocarbon reservoir simulation models 145, 146, 147, and 148 can additioﬁally be
linked to ASCII hydrocarbon reservoir data and other data in the individual hydrocarbon
reservoir simulation model storage location associated with each hydrocarbon reservoir
simulation model. - That is, hydrocarbon reservoir simulation model 1 145 can be linked to
ASCII hydrocarbon reservoir data 133 and other hydrocarbon reservoir data 134 stored in the
individual hydrocarbon reservoir simulation model storage location associated with hydrocarbon
reservoir simulation model 1 145. Similarly, hydrocarbon reservoir simulation model 2 146 can
be linked to ASCII hydrocarbon reservoir data 135 and other hydrocarbon reservoir data 136

stored in the individual hydrocarbon reservoir simulation model storage location associated with
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hydrocarbon reservoir simulation model 2 146. In addition, hydrocarbon reservoir simulation
model 3 147 can be linked to ASCII hydrocarbon reservoir data 137 and other hydrocarbon
reservoir data 138 stored in the individual hydrocarbon reservoir simulation model storage
location associated with hydrocarbon reservoir simulation model 3 147. Further, hydfocarbon
reservoir simulation model X 148 can be linked to ASCII hydrocarbon reservoir data 139 and
other hydrocarbon reservoir data 140 stored in the individual hydrocarbon reservoir simulation
model storage location associated with hydrocarbon reservoir simulation model X 148. In this
example, a single unique binary data set 131 can be used for all hydrocarbon reservoir simulation
models, and the ASCII input files for hydrocarbon reservoir simulation data can be different only
based on user modification. Consequently, binary hydrocarbon reservoir data 131 can be

isolated in the one or more shared storage locations 110.

[0050] An exemplary storage configuration is further illustrated in FIG. 4, for example. As
depicted, hydrocarbon reservoir simulation model A 161 is linked to one or more of the shared
simulation files 111 in the one or more shared storage locations 110. As depicted in FIG. 4,
hydrocarbon reservoir simulation model A 161 is not linked to any simulation files in the
individual hydrocarbon reservoir simulation model storage location 162 associated with
hydrocarbon reservoir simulation model A 161. In contrast, hydrocarbon reservoir simulation
model B 165 is linked to one or more simulation files 167 in the individual hydrocarbon
reservoir simulation model storage location 166 associated with hydrocarbon reservoir
simulation model B 165. Hydrocarbon reservoir simulation model B 165, however, is also
linked to one or more of the shared simulation files 111 in the one or more shared storage
locations 110. Similarly, hydrocarbon reservoir simulation model C 170 is linked to one or more
of the shared simulation files 111 in the one or more shared storage locations 110, but it is also
.linked to one or more simulation files 172 in the individual hydrocarbon reservoir simulation
model storage location 171 associated with hydrocarbon reservoir simulation model C 170.
Although an example is illustrated in)F 1G. 4, each hydrocarbon reservoir simulation model can
be linked to one or more simulation files in one of the plurality of individual hydrocarbon
reservoir simulation model storage locations. Alternatively, none of the hydrocarbon reservoir
simulation models can be linked to one or more simulation files in one of the plurality of

individual hydrocarbon reservoir simulation model storage locations, in some circumstances.
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[0051] A system according to an embodiment can further include one or more input and output
units 105 in communication with the one or more processors 101. The one or more input and
output units 105 can also be positioned to receive as input one or more user actions 106. Further,
the memory medium 104 can also include a hydrocarbon reservoir simulation model-editing
module 122, for example, that includes computer-readable instructions stored therein that when
executed cause the system to perform a series of steps. The steps, for example, can include
altering one or more ASCII shared simulation files associated with a hydrocarbon reservoir
simulation model stored in the one or more shared storage locations 101—responsive to user
edit-request action through the one or more input and output units 105—when each of the one or
more ASCII shared simulation files is linked to no more than one hydrocarbon reservoir
simulation model. The steps can also include copying for editing use one or more ASCII shared
simulation files associated with a hydrocarbon reservoir simulation model from the one or more
shared storage locations 110 to the individual hydrocarbon reservoir simulation model storage
location associated with the hydrocarbon reservoir simulation model, responsive to user edit-
request action through the one or more input and output units 105, when each of the one or more
ASCII shared simulation files is linked to more than one hydrocarbon reservoir simulation
model. The copied one or more ASCII shared simulation files can thereby define one or more
nonexclusive ASCII simulation files, for instance. The steps can further include linking each of
the one or more nonexclusive ASCII simulation files stored in the individual hydrocarbon
reservoir simulation model storage location and the associated hydrocarbon reservoir simulation
model. The steps can also include altering one or more of the one or more nonexclusive ASCII
simulation files stored in the individual hydrocarbon reservoir simulation model storage location.
Altering the one or more of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location can thereby isolate edits to
the associated hydrocarbon reservoir simulation model to ASCII simulation files stored in the

individual hydrocarbon reservoir simulation model storage location.

[0052] Similarly, in a sysfem according to an embodiment in which the system further includes
one or more input and output units 105 in communication with the one or more processors 101
and positioned to receive as input one or more user actions 106, the memory medium 104 can
further include a hydrocarbon reservoir simulation model-duplicating module 123, for example.

The hydrocarbon reservoir simulation model-duplicating module 123 can include computer-
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readable instructions stored therein that when executed cause the system to perform the step of
linking each of a plurality of simulation files associated with an existing hydrocarbon reservoir
simulation model stored in the one or more shared storage locations 110 and a new hydrocarbon
reservoir simulation model, responsive to user duplication-request action through the one or
more input and output units 105. Consequently, linking each of the plurality of simulation files
associated with an existing hydrocarbon reservoir simulation model and a new hydrocarbon
reservoir simulation model can thereby duplicate the existing hydrocarbon reservoir simulation

model.

[0053] Furthermore, in a system according to an embodiment in which the system further
includes one or more input and output units 105, the one or more input and output units 105 can
be in communication with the one or more processors 101 and positioned to receive as input one
or more sets of hydrocarbon reservoir description data 107, in addition to one or more user
‘actions 106. The memory medium 104 can also further include a hydrocarbon reservoir
simulation model-building module 124, for example. The hydrocarbon reservoir simulation
model-building module 124 can include computer-readable instructions stored therein that when
executed cause the system to perform the step of creating a new hydrocarbon reservoir
simulation model responsive to receipt of hydrocarbon reservoir description data 107 and user

creation-request action through the one or more input and output units 105.

[0054] In some circumstances, a file attribute match can include substantially similar metadata
and equal checksums, and metadata can include file size and file type. For example, metadata
can be used as an initial filter to speed up a determination of when one or more of the plurality of
output simulation result files each has a file attribute match. A file attribute match also can relate
to the number of cells or the number of wells, for instance. Additionally, the plurality of output

simulation result files can be simulation files.

[0055] A system according to an embodiment can also have, for example, a predetermined limit
on data storage capacity. Further, operation of the linking module 121 for a hydrocarbon
reservoir simulation run can reduce data storage capacity required for the hydrocarbon reservoir
simulation run to thereby reduce time required to complete a plurality of hydrocarbon reservoir

simulation runs. A reduction in data storage capacity required for a hydrocarbon reservoir
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simulation run can be particularly advantageous, for example, to an entity that performs a large
volume of hydrocarbon reservoir simulation runs and must store all of the accompanying data.
For example, more than three-quarters of an entity’s storage capacity can be dedicated to
duplicated data, in some circumstances, as illustrated in FIG. 1C and FIG. 1D, for instance. Use
of an embodiment of the invention, however, can eliminate duplicated data by deleting non-
unique files and employing links to unique files. Consequently, embodiments can in some
circumstances make approximately 75% of an entity’s data storage capacity available to other

data and hydrocarbon reservoir simulation runs.

[0056] To further illustrate advantages of embodiments of the invention, consider an example of
a data input optimization process and an example of a data output optimization process. In the
exemplary input optimization process, for example, ten simulation cases with 40 million cells
can require an input of 6.3 GB of storage for each model accordiﬁg to the prior art. The total
amount of storage required, in that case, will be 63 GB of storage for the ten models. ‘Only 20
MB of storage per model— for a total of 6.5GB—can be required according to an embodiment
of the invention, for example. Likewise, in the exemplary output optimization process, ten
simulation cases with 40 million cells can require an output of 38 GB of storage for each model
according to the prior art. The total, in that case, will be 380 GB of storage for the ten models.
However, only 26 GB of storage per model can be required aééording to an embodiment, for a

total of 260 GB in comparison to 380 GB of storage.

[0057] Advantageously, embodiments can thus allow an entity to overcome exponential
simulation data growth and allow simulation engineers to generate more studies utilizing the
same storage capacity. In addition, embodiments can reduce simulation job failures that are due
to unavailability of sufficient storage: Consequently, embodiments can enable an entity to save
on high performance storage by at least ten percent (10%). A ten percent (10%) savings on high
performance storage can further translate to more than $100,000 per year in savings related to
storage cost alone. In addition, this estimate does not necessarily consider savings that can be
gained by other infrastructure savings (e.g., network, electrical power, cooling, IT support),
reducing job failure rates, and enabling engineers to run larger simulation models for

hydrocarbon reservoir fields that can in turn lead to more accurate business decisions.
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[0058] Advantageously, embodiments can work on a controlled environment with known
scenarios and conditions for removing redundancy. Embodiments can ensure minimum time
needed to investigate for potential reservoir simulation data elimination, as files under search can

be controlled by reservoir simulation processes.

[0059] Embodiments can also include non-transitory computer-readable medium having one or
more computer programs stored therein. For example, non-transitory computer-readable
medium having one or more computer programs stored therein operable by one or more |
processors according to an embodiment can enhance data storage and retrieval during
performance of a plurality of hydrocarbon reservoir simulation runs of one or more hydrocarbon
reservoir simulation models. The one or more computer programs can include a set of
instructions that, when executed by he one or more processors, cause the one or more processors
to perform a series of operations. For example, the operations can include initiating a plurality of
hydrocarbon reservoir simulation runs of one or more hydrocarbon reservoir simulation models,
responsive to user run-request action. The operations can also include retrieving—for two or
more of the plurality of hydrocarbon reservoir simulation runs—a selected one of one or more
simulation files from one or more storage locations for use as an input simulation file during the
two or more of the plurality of hydrocarbon reservoir simulation runs. The one or more storage
locations can be configured to share a plurality of simulation files among the one or more
hydrocarbon reservoir simulation models and can thereby define one or more shared storage
locations 110, for example. Further, the plurality of simulation files being shared among the one
or more hydrocarbon reservoir simulation models being stored in the one or more shared
locations 110 can define shared simulation files 111. In addition, the selected one of the one or

more simulation files can be the same of the one or more shared simulation files 111,

[0060] The operations can further include, for example, completing each of the plurality of
hydrocarbon reservoir simulation runs, responsive to the retrieved same one of the one or more
shared simulation files 111. Additionally, the operations can include producing a plurality of
output simulation result files associated with and responsive to each of the plurality of
hydrocarbon reservoir simulation runs. Each of the plurality of output simulation result files can
be associated with a hydrocarbon reservoir simulation model. The operations can also include

storing each output simulation result file in one or more of a plurality of other storage locations.
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The one or more of a plurality of other storage locations can thereby define a plurality of
separate individual hydrocarbon reservoir simulation model storage locations 112, for example.
Further, each of the plurality of individual hydrocarbon reservoir simulation model storage
locations can be associated with one or more hydrocarbon reservoir simulation models. In
addition, the one or more of the plurality 6f individual hydrocarbon reservoir simulation model
storage locations 112 can be associated with the hydrocarbon reservoir simulation model that is

associated with the output simulation result file.

[0061] The operations can still further include comparing each of the plurality of output
simulation result files to each of the shared simulation files 111 stored in the one or more shared
storage locations 110. Additionally, the operations can include determining when one or more of
the plurality of output simulation result files each has a file attribute match with one or more of
the shared simulation files 111. The operations can also include updating the one or more shared
storage locations 110, responsive to the plurality of output simulation result files. The updating
can include, for example, linking a hydrocarbon reservoir simulation model and one or more
shared simulation files 111 when each of the one or more shared simulation files 111 has a file
attribute match with one or more of the plurality of output simulation result files associated with
the hydrocarbon reservoir simulation model. The updating can also include copying one or more
of the plurality of output simulation result files to the one or more shared storage locations 110
when each of the one or more of the plurality of output simulation result files lacks a file
attribute match with any of the shared simulation files 111. The one or more of the plurality of
output simulation result files lacking a file attribute match with any of the shared simulation files
111 can thereby deﬁne‘ one or more copy simulation files, ‘as well. The updating can also include
linking a hydrocarbon reservoir simulation model and each of the one or more copy simulation
files associated with the hydrocarbon reservoir simulation model stored in the one or more
shared storage locations 110. Further, the operations can also include discarding each of the
_ plurality of output simulation result files stored in the plurality of individual hydrocarbon
reservoir simulation model storage locations 112. Discarding each of the plurality of output
simulation result files stored in the plurality of individual hydrocarbon reservoir simulation
model storage locations 112 can make data storage capacity available to other hydrocarbon
reservoir simulation runs. Discarding each of the plurality of output simulation result files stored

in the plurality of individual hydrocarbon reservoir simulation model storage locations 112 can

-28-



WO 2016/073198 PCT/US2015/056620

also thereby reduce data storage capacity required for hydrocarbon reservoir simulation runs and

failure risks for hydrocarbon reservoir simulation runs.

[0062] In some circumstances, each of the plurality of individual hydrocarbon reservoir
simulation model storage locations 112 can be associated with an individual hydrocarbon
reservoir simulation model. Further, each individual hydrocarbon reservoir simulation model
can be separate from other hydrocarbon reservoir simulation models, and each hydrocarbon
reservoir simulation model can be associated with a set of hydrocarbon reservoir description
data. However, two or more hydrocarbon reservoir simulation models can each be associated
with one set of hydrocarbon reservoir description data. In addition, although each set of
hydrocarbon reservoir description data can be associated with a hydrocarbon reservoir, a
hydrocarbon reservoir can be associated with one or more sets of hydrocarbon reservoir

description data.

[0063] Additionally, in some circumstances, each of the plurality of individual hydrocarbon
reservoir simulation model storage locations 112 can be configured to store ASCII hydrocarbon
reservoir data in one or more ASCII simulation files. Further, the one or more shared storage
locations 110 can be configured to store binary hydrocarbon reservoir data in one or more binary
shared simulation files and other ASCII hydrocarbon reservoir data in another one or more
ASCII shared simulation files. This storage arrangement can thereby isolate binary hydrocarbon
reservoir data in the one or more shared storage locations 110. In some non-transitory computer-
readable medium having one or more computer programs according to an embodiment, the set of
instructions, when executed by the one or more processors, can further cause the one or more
processors to perform additional operations. The operations can include, for example, altering
one or more ASCII shared simulation files associated with a hydrocarbon reservoir simulation
model stored in the one or more shared storage locations 110, responsive to user edit-request
action, when each of the one or more ASCII shared simulation files is linked to no more than one
hydrocarbon reservoir simulation model. The operatioris can also include copying for editing use
one or more ASCII shared simulation files associated with a hydrocarbon reservoir simulation
model from the one or more shared storage locations 110 to the individual hydrocarbon reservoir
simulation model storage location associated with the hydrocarbon reservoir simulation model,

responsive to user edit-request action, when each of the one or more ASCII shared simulation
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files is linked to more than one hydrocarbon reservoir simulation model. The copied one or
more ASCII shared simulation files can thereby define one ‘or more nonexclusive ASCII
simulation files. In addition, the operations can further include linking each of the one or more
nonexclusive ASCII simulation files stored in the individual hydrocarbon reservoir simulation
model storage location and the associated hydrocarbon reservoir simulation model. The
operations can still further include altering one or more of the one or more nonexclusive ASCII
simulation files stored in the individual hydrocarbon reservoir simulation model storage location.
Altering the one or more of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location, for example, can thereby
isolate edits to the associated hydrocarbon reservoir simulation model to ASCII simulation files

stored in the individual hydrocarbon reservoir simulation model storage location.

[0064] In some non-transitory computer-readable medium having one or more computer
programs stored therein according to an embodiment, the set of instructions, when executed by
the one or more processors, can further cause the one or more processors to perform the
operation of linking each of a plurality of simulation files associated with an existing
hydrocarbon reservoir simulation model stored in the one or more shared storage locations 110
and a new hydrocarbon reservoir simulation model, responsive to user duplication-request
action. Linking the simulation files associated with an existing hydrocarbon reservoir simulation
~model and a new hydrocarbon reservoir simulation model can theréby duplicate the existing

hydrocarbon reservoir simulation model.

[0065] Likewise, in some non-transitory computer-readable medium having one or more
computer programs stored therein according to an embodiment, the set of instructions, when
executed by the one or more processors, can further cause the one or more processors to perform
the operation of creating a new hydrocarbon reservoir simulation model responsive to receipt of

hydrocarbon reservoir description data and user creation-request action.

[0066] In some circumstances, a file attribute match can include substantially similar metadata
and equal checksums, and metadata can include file size and file type. Additionally, the plurality

of output simulation result files can be simulation files.
[0067] In some circumstances, the one or more shared storage locations 110 and the plurality of
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separate individual hydrocarbon reservoir simulation model storage locations 112 can have a
predetermined collective limit on data storage capacity. Further, some operations—including,
for example, updating the one or more shared storage locations 110 responsive to the plurality of
output simulation files associated with a hydrocarbon reservoir simulation run and discarding
each of the plurality of output simulation result files stored in the individual hydrocarbon
reservoir simulation model storage location associated with the hydrocarbon reservoir simulation
model of the hydrocarbon reservoir simulation run—ban reduce data storage capacity required
for the hydrocarbon reservoir simulation run. Reducing data storage capacity required for the
hydrocarbon reservoir simulation run, furthermore, can thereby reduce time required to complete

a plurality of hydrocarbon reservoir simulation runs.

[0068] An embodiment can also include a computer-implemented method to enhance data
storage and retrieval during performance of a plurality of hydrocarbon reservoir simulation runs
of one or more hydrocarbon reservoir simulation models, for example. A method can include,
for instance, initiating a plurality of hydrocarbon reservoir simulation runs of one or more
hydrocarbonv reservoir simulation models, responsive to user run-request action. Further, a
method can include retrieving, for two or more of the plurality of hydrocarbon reservoir
simulation runs, a selected one of one or more simulation files from one or more storage
locations for use as an input simulation file during the two or more of the plurality of
hydrocarbon reservoir simulation runs. The one or more storage locations configured to share a
plurality of simulation files among the one or more hydrocarbon reservoir simulation models, for
example, can thereby define one or more shafed storage locations 110. Similarly, the plurality of
simulation files being shared among the one or more hydrocarbon reservoir simulation models
being stored in the one or more shared locations 110 can also define shared simulation files 111.
The selected one of the one or more simulation files can also be the same of the one or more
shared simulation files 111. A method can also iﬁclude completing each of the plurality of
hydrocarbon reservoir simulation runs, responsive to the retrieved same one of the one or more
shared simulation files. Further, a method can include producing a plurality of output simulation
result files associated with and responsive to each of the plurality of hydrocarbon reservoir
simulation runs. Each of the plurality of output simulation result files, for example, can be
associated with a hydrocarbon reservoir simulation model. A method can still further include

storing each output simulation result file in one or more of a plurality of other storage locations,
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which can thereby define a plurality of separate individual hydrocarbon reservoir simulation
model storage locations 112. Each of the plurality of individual hydrocarbon reservoir
simulation model storage locations 112, for example, can be associated with one or more
hydrocarbon reservoir simulation models. In addition, the one or more of the plurality of
individual hydrocarbon reservoir simulation model storage locations 112 can be associated with
the hydrocarbon reservoir simulation model associated with the output simulation result file. A
method according to an embodiment can also include comparing 250 each of the plurality of
output simulation result files to each of the shared simulation files 111 stored in the one or more
shared storage locations 110, as illustrated, for example, in FIG. 6. Further, a method‘ can
include determining 251 when one or more of the plurality of output simulation result files each
has a file attribute match with one or more of the shared simulation files 111. A method can still
further include updating the one or more shared storage locations 110 responsive to the plurality

of output simulation result files. The updating can include, for example, linking 252 one or more
shared simulation files 111 and a hydrocarbon reservoir simulation model when each of the one
or more shared simulation files 111 has a file attribute match with one or more of the plurality of
output simulation result files associated with the hydrocarbon reservoir simulation model. The
updating can also include copying 253 to the one or more shared storage locations 110 one or
more of the plurality of output simulation result files when each of the one or more of the
plurality of output simulation result files lacks a file attribute match with any of the shared
simulation files 111. The one or more of the p‘lurality of output simulation result'ﬁles lacking a
file attribute match with any of the shared simulation files 111 can thereby define one or more
copy simulation files, for example.' Further, the updating can also include linking 254 a
hydrocarbon reservoir simulation model and each of the one or more copy simulation files stored
in the one or more shared storage locations 110 and associated with the hydrocarbon reservoir
simulation model. A method can then include discarding 255 each of the plurality of output
simulation result files stored in the plurality of individual hydrocarbon reservoir simulation
model storage locations 112. Discarding 255 these files can make data storage capacity available
to other hydrocarbon reservoir simulation runs and, furthermore, can thereby reduce data storage

capacity required for hydrocarbon reservoir simulation runs and failure risks for hydrocarbon

reservoir simulation runs.

[0069] In some circumstances, each of the plurality of individual hydrocarbon reservoir
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simulation model storage locations 112 can be associated with an individual hydrocarbon
reservoir simulation model. Further, each individual hydrocarbon reservoir simulation model
can be separate from other hydrocarbon reservoir simulation models, and each hydrocarbon
reservoir simulation model can be also associated with a set of hydrocarbon reservoir description
data. Two or more hydrocarbon reservoir simulation models can each be associated with one set
of hydrocarbon reservoir description data, however. Additionally, each set of hydrocarbon
reservoir description data can be associated with a hydrocarbon reservoir, and a hydrocarbon

reservoir can be associated with one or more sets of hydrocarbon reservoir description data.

[0070] In some circumstances, each of the plurality of individual hydrocarbon reservoir
simulation model storage locations 112 can be configured to store ASCII hydrocarbon reservoir
data in one or more ASCII simulation files. The one or more shared storage locations 110, in
contrzist,_ can be configured to store binary hydrocarbon reservoir data in one or more binary:
shared simulation files and other ASCII hydrocarbon reservoir data in another one or more
ASCII shared simulation files. This storage arrangement can thereby isolate binary hydrocarbon
reservoir data in the one or more shared storage locations 110. Further, a method according to an
embodiment can further include, for example, altering one or more ASCII shared simulation files
associated with a hydrocarbon reservoir simulation model stored in the one or more shared
storage locations 110, responsive to user edit-request action, when each of the one or more
ASCII shared simulation files is linked to no more than one hydrocarbon reservoir simulation
model. A method can also include copying for editing use one or more ASCII shared simulation
files associated with a hydrocarbon reservoir simulation model from the one or more shared
storage locations 110 to the individual hydrocarbon reservoir simulation model storage location
associated with the hydrocarbon reservoir simulation model, responsive to user edit—requestv
aqtion, when each of the one or more ASCII shared simulatidn files is linked to more than one
hydrocarbon reservoir simulation model. The copied one or more ASCII shared simulation files
can thereby define one or more nonexclusive ASCII simulation files, for example. A method can
further include linking each of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location and the associated
hydrocarbon reservoir simulation model. A method can still further include altering one or more
of the one or more nonexclusive ASCII simulation files stored in the individual hydrocarbon

reservoir simulation model storage location. Altering the one or more of the one or more
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nonexclusive ASCII simulation files stored in the individual hydrocarbon reservoir simulation
model storage location can thereby isolate edits to the associated hydrocarbon reservoir
simulation model to ASCII simulation files stored in the individual hydrocarbon reservoir

simulation model storage location.

[0071] A method according to an embodiment can further include, for example, linking each of a
plurality of simulation files associated with an existing hydrocarbon reservoir simulation model
stored in the one or more shared storage locations 110 and a new hydrocarbon reservoir
simulation model. As a result, linking simulation files associated with an existing hydrocarbon
reservoir simulation model and a new hydrocarbon reservoir simulation model can thereby
duplicate the existing hydrocarbon reservoir simulation model, responsive to user duplication-

request action.

[0072] A method can also include, for example, creating a new hydrocarbon reservoir simulation
model, responsive to receipt of hydrocarbon reservoir description data and user creation-request

action.

[0073] In some circumstances, a file attribute match can include substantially similar metadata
and equal checksums, and metadata can include file size and file type. Further, in some

circumstances, the plurality of output simulation result files can be simulation files.

[0074] In some circumstances, the one or more shared storage locations 110 and the plurality of
separate individual hydrocarbon reservoir simulation model storage locations 112 can have a
predetermined collective limit on data storage capacity. Further, a method—including updating
the one or more shared storage locations 110 responsive to the plurality of output simulation files
associated with a hydrocarbon reservoir simulation run and discarding each of the plurality of
output simulation result files stored in the individual hydrocarbon reservoir simulation model
storage location associated with the hydrocarbon reservoir simulation model of the hydrocarbon
reservoir simulation run—can reduce data storage capacity required for the hydrocarbon
reservoir simulation run. Reducing data storage capacity required for the hydrocarbon reservoir
simulation run, in turn, can thereby reduce time required to complete a plurality of hydrocarbon

reservoir simulation runs.
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[0075] Notably, embodiments can include a novel algorithm to enhance the hydrocarbon
reservoir simulation process where the underlying complexity of efficiently managing storage is
masked. The new novel algorithm can optimize storage, for example, by eliminating non-unique
hydrocarbon reservoir simulation input or output data files for multiple hydrocarbon reservoir
simulation models. Advantageously, users and third-party applications can be unaware of the
storage optimization taking p‘ylace when a hydrocarbon reservoir simulation run is created,
duplicated, or submitted. This algorithm can be implemented in the hydrocarbon simulation
reservoir environment and can be enforced automatically. Further, the algorithm can ensure
seamless integration with post-simulation analysis tools such as, for example, three-dimensional

visualization, well plotting, etc.

[0076] For example, embodiments of the invention can include at least some portions of a
workflow of the algorithm as illustrated, for example, in FIG. 5. A workflow as illustrated can
include user interaction 230, an output process 231, an optimization agent 232, a duplicate
process 233, and a copy on modify agent 234, for example. User interaction 230 can include
actions and decisions of a user of a hydrocarbon reservoir simulator. For instance, user
interaction 230 can include, after starting 200, getting hydrocarbon reservoir description data
201. Hydrocarbon reservoir description data can include, for example, observed, measured, or
predic‘ted characteristics of a hydrocarbon reservoir, as will be understood by those skilled in the
art. For example, hydrocarbon reservoir descfiption data can include data related to a core
sample of subsurface material from a wellbore associated with the hydrocarbon reservoir. User
interaction 230 can then include building a hydrocarbon reservoir simulation model 202,
responsive to the hydrocarbon reservoir description data, as will be understood by those skilled
in the art. Building a hydrocarbon reservoir simulation model 202 can include, for example,
upscaling models of one or more boreholes associated with the hydrocarbon reservoir. After
building a hydrocarbon reservoir simulation model 202, a user can then face a choice. The user
can then either duplicate an existing hydrocarbon reservoir simulation model 208 or select an
existing hydrocarbon reservoir simulation model 203. If the user chooses to select an existing
hydrocarbon reservoir simulation model 203, the user can then choose to either run the selected
hydrocarbon reservoir simulation model 204 or to edit the selected hydrocarbon reservoir
simulation model 209, If the user chooses to run the hydrocarbon reservoir simulation model

204, an output process 231—that is, a process controlled by a hydrocarbon reservoir simulator,
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for example—can begin. The user’s decision to run the hydrocarbon reservoir simulation model
204 can cause a hydrocarbon reservoir simﬁlation run of the hydrocarbon reéervoir simulation
model to begin. After the hydrocarbon reservoir simulation run is complete 205, some output
206 1s produced, e.g., a plurality of output simulation result files associated with the hydrocarbon
reservoir simulation run. An optimization agent 232 can then be performed on the output 206.
Consequently, the output process 231 with the optimization agent 232 can include, for example,

the following steps:

(1) Select Simulation MODEL

(2) Run Simulation MODEL

(3) Simulation MODEL complete

(4) Run Optimization Agent on MODEL

[0077] The optimization agent 232 can include first determining whether a given file is stored in
the one or more shared storage locations 220. If not, the file can be moved or copied to the one |
or more shared storage locations 221. If the file is already stored in the one or more shared
storage locations 220, however, the file can be deleted 222, and a link to the file stored in the one
or more shared storage locations 223 can be created, for example. For example, the optimization

agent 232 can include the following steps:

(1) Foreach FILE1 in MODEL
(2)  EXISTS=0
3 Foreach FILE2 in SHARED STORAGE

€)) If FILE! and FILE2 share same metadata:

(5) Both files are already linked, break this loop

(6) Else

(7 compare size of FILE1 with FILE2

®) If the file size the same

) compare data of FILE] with FILE2

(10) If they are the same:

(1D Delete FILEI from MODEL

(12) Create link pointing to FILE2 with name FILEI
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(13) EXISTS=1

(14) Endif

(15) Endif

(16) Endif

(17 Endfor

(18) If FILE1 does not exist in SHARED_ STORAGE (EXISTS=0)

(19) if a file with same name (FILE1) already exists in destination
(20) Copy FILEI+TIMESTAMP to SHARED STORAGE
3} Else

(22) ' Copy FILE1 to SHARED STORAGE

(23) Delete FILE1 from MODEL

(24) Create link pointing to FILE2 with name FILE1

(25) Endif

(26)  Endfor

[0078] Consequently, performing the optimization agent 232 on a plurality of output simulation
result files, for example, can include comparing each of the plurality of output simulation result
files to the shared simulation files 111. For each output simulation result file that is different
than the shared simulation files 111—i.e., that lacks a file attribute match with any shared
simulation file—the output simulation result file can be moved 221 to the one or more shared
storage locations 110. For each output simulation result file that is the same as one of the shared
simulation files 111, i.e., that has a file attribute ma_tch with a shared simulation file, the output
simulation result file can be deleted 222, and a link can be created 223 between the shared
simulation file that had a file attribute match and the hydrocarbon reservoir simulation model.
After the optimization agent 232 has been performed on the output 206 of a hydrocarbon
reservoir simulation run, the user can then again select a hydrocarbon reservoir simulation model
203. As aresult, the optimization agent 232 can optimize user data automatically by maintaining
only unique hydrocarbon reservoir simulation input and output data and by utilizing file links for

duplicate data.

[0079] If the user chooses to duplicate a hydrocarbon reservoir simulation model 208, rather than

to run the hydrocarbon reservoir simulation model 204, a duplicate process 233 can begin. The
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duplicate process 233 can include,‘ for all files in the original hydrocarbon reservoir simulation
model 210—i.e., the hydrocarbon reservoir simulation model to be duplicated—performing the
optimization agent 232. That is, the optimization agent 232 can determine whether each of the
files 210 is stored in the one or more shared storage locations 220. If not, the file can be moved
or copied to the one or more shared storage locations 221. If the file is already stored in the one
or more shared storage locations 220, however, the file can be deleted 222, and a link to the file
stored in the one or more shared storage locations 223 can be created, for example. As a result,
the duplicate process 233 with the optimization agent 232 can be described by at least the

following steps:

(1) Select Simulation model
(2) User execute duplicate simulation model process

(3) Run Optimization Agent on MODEL

[0080] If the user chooses to edit a selected hydrocarbon reservoir simulation model 209, a copy
on modify agent 234 can begin. The copy on modify agent 234 can include first determining
whether a given hydrocarbon reservoir simulation model is exclusive 213. That is, it. can
determine whether the hydrocarbon reservoir simulation model is linked to one or more shared
simulation files 111 that are also linked to another hydrocarbon reservoir simulation model. If
not, i.e., if the selected hydrocarbon reservoir simulation model is exclusive 213, the copy on
modify agent can enable the user to edit the selected hydrocarbon reservoir simulation model
214. If the selected hydrocarbon reservoir simulation model is not exclusive 213—that is, if one
or more shared simulation files 111 linked to the selected hydrocarbon reservoir simulation
model are also linked to another hydrocarbon reservoir simulation model—the copy on modify
agent 234 can then determine whether the input data are the same for the selected hydrocarbon
reservoir simulation model and the other hydrocérbon reservoir simulation model 215, If not, the
copy on modify agent 234 can then remove the link between the one or more non-exclusive
shared simulation files and the selected hydrocarbon reservoir simulation model and create a
local copy of the one or more non-exclusive shared simulation files 216. That is, the copy on
modify bagént 234 can copy the one or more non-exclusive shared simulation files to the
individual hydrocarbon reservoir simulation model storage location associated with the selected

hydrocarbon reservoir simulation model. The copy on modify agent 234 can then allow the user
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to again select a hydrocarbon reservoir simulation model 203. If the input data are the same 215,
however, the copy on modify agent 234 can simply allow the user to again select a hydrocarbon
reservoir simulation model 203. As a result, a copy on modification algorithm for ASCII files

can include, for example, the following steps:

(1) User opens a FILE1 in MODEL
(2) If FILE1 read only mode
(3)  viewFILEl

(4) Else

(5) If FILE] is exclusive to FILE1

(6) use FILE] in the SHARED STORAGE
(7) Else

®) Delete FILE1 link in MODEL

® Copy FILE1 to MODEL

(10) Edit FILE1

(11)  Endif

(12)  Endif

[0081] Stated differently, an embodiment can include four related processes: (1) a duplication
process 233, (2) a copying-the-data-on-modification agent 234, (3) an output process 231, and

(4) an optimization agent 233.

[0082] A storage optimization agent 232, for example, can be responsible for optimizing storage
by eliminating duplicate files. Each new target file can be compared to all existing files in the
shared storage, for example. If the file exists in the shared storage, then the file can be deleted,
and a file link can be created maintaining the original‘ﬁle structure. If the file does not exist in
the shared storage, then the file can be moved to the shared storage, and a file link can be created
maintaining the original file structure. An important component of the optimization agent 232
can be its reliance on identifying similar files efficiently. It can be critical for the implemented
comparison algorithm to minimize overhead of the optimization agent 232 on the overall
performance of high-performance storage (HPS). Therefore, a two-tiered file simile;rity

detection algorithm can efficiently identify unique files. In the first stage, a file’s file metadata,
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hashed in a database, can be used to filter similar files. For example, file metadata can include
file size, type, etc. Further, a comparison of checksum for each file can be performed to verify
similarity before file linking. At least one advantage of first using metadata to identify similar
files is that a comparison of metadata can be faster than a checksum comparison. Further, a
database to maintain metadata and checksum information can be unnecessary. Similarly, server

administration can be unnecessary, which can thus reduce overhead costs.

[0083] Iﬁ duplication process 233, a neW instance of a selected hydrocarbon reservoir simulation
model can be created. This can be a first instance where the optimization.agent 232 is called.
All files can be included in the shared storage if not already existing. The hydrocarbon reservoir
simulation model can then be edited if desired by a user, who can initiate the copy on modify

agent 234,

[0084] The copy on modify agent 234 can check if the target file is shared or exclusive. If it is
exclusive, no action is required, for example, and the user can be permitted to edit the files.
However, if the file is shared by several hydrocarbon reservoir simulation models———i.e., if it is
not exclusive—then a separate copy can be created for editing to insure the consistency of the

hydrocarbon reservoir simulation models.

[0085] Once anyv editing has been completed, a user can submit the simulation to a high-
performance computing (HPC) environment, which can trigger the simﬁlation output process
231. The simulation output process 231 can start with executing the simulation of the
hydrocarbon reservoir simulation model. After a job has been completed and files have been

created, the output process 231 can initiate the optimization agent 232.

| [0086] The four processes can advantageously enhance data storage and retrieval during
performance of hydrocarbon reservoir simulation runs in several ways. For example, a model
duplication process 233 can optimize reservoir simulation input data for multiple simulation runs
by using single unique files and utilizing links for multiple simulation runs for both binary and
ASCII files. Further, a duplication process can include (a) simulation engineers selecting a
simulation model 203. A duplication process can then include (b) simulation engineers
duplicating the selected model for a new study 208. Then, (c) this duplicate process can execute

an optimization agent 232, where only unique copies can be placed in a shared storage location.
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File links can be created pointing to the unique copy.

[0087] A copying-the-data-on-modification agent 234, on the other hand, can be a process to
ensure that needed unique user data is local to a selected model. For example, a copying-the-
data-on-modification agent 234 can include (a) simulation engineers selecting input ASCII files
for modification. A copying-the-data-on-modification agent can then include (b) changing the
original file 214 if the selected file is exclusive 213. Further, (¢) if the selected file is not
exclusive 213, the link to the original file can be removed, and the modified file can be copied to

the model input location 216.

[0088] Turning to an output process 231, an output process 231 can optimize data for multiple
simulation runs by using single unique files and utilizing links for multiple simulation runs. For
example, (a) the reservoir simulator can produce output 206. Large binary files can usually be
identical if the run belongs to the same model. Furthef, (b) this process can execute an
optimization agent 232 where only unique copies are placed in a shared storage location. File

links can be created pointing to the unique copy.

[0089] The optimization agent 232 itself can (a) search the given reservoir simulation file in the
shared storage. This search can be a one file to all files in the shared storage comparison. In
addition, an optimization agent can compare the sizes of the files, i.e., metadata hashed from the
database, to determine whether they are the same before conducting a checksum comparison
between both files to find a match. Then, (b) if the file exists in the shared storage 220, the agent
can delete the new generated reservoir simulation file 222 and link the shared file to the new
model location 223. Further, (c) if the file does not exist in the shared storage 220, the agent can
copy the new generated reservoir simulation file to the shared storage 231 and can delete the file

in the model location.'

[0090] In the drawings and specification, there have been disclosed embodiments of methods,
systems, and non-transitory computer-readable medium having computer program stored therein
of the present invention, and although specific terms are employed, the terms are used in a
descriptive sense only and not for purposes of limitation. The embodiments of methods,
systems, and non-transitory computer-readable medium having computer program stored therein

of the present invention have been described in considerable detail with specific reference to
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these illustrated embodiments. It will be apparent, however, that various modifications and
changes can be made within the spirit and scope of the embodiments of methods, systems, and
non-transitory computer-readable medium having computer program stored therein of the present
invention as described in the foregoing specification, and such modifications and changes are to

be considered equivalents and part of this disclosure.
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CLAIMS

THAT CLAIMED IS:

1. A system to enhance data storage and retrieval during performance of a plurality of
hydrocarbon reservoir simulation runs of one or more hydrocarbon reservoir simulation models,

the system comprising:

one Or More processors;
one or more displays in communication with the one or more processors;

one or more databases in communication with the one or more processors and including a
plurality of separate individual hydrocarbon reservoir simulation model storage locations and
one or more other storage locations separate from the plurality of individual hydrocarbon
reservolr simulation model storage locations, each of the plurality of individual hydrocarbon
reservoir simulation model storage locations being associated with one or more hydrocarbon
reservoir simulation models, the one or more other storage locations having a plurality of
simulation files stored therein and being configured to share the plurality of simulation files
among the one or more hydrocarbon reservoir simulation models to thereby define one or more
shared storage locations, the plurality of simulation files being- shared among the one or more
hydrocarbon reservoir simulation models being stored in the one or more shared locations also

defining shared simulation files; and

non-transitory memory medium in communication with the one or more processors, the

memory medium including:

a hydrocarbon reservoir simulation run module including computer-
readable instructions stored therein that when executed cause the system to

perform the steps of:

initiating a plurality of hydrocarbon reservoir simulation runs of
one or more hydrocarbon reservoir simulation models responsive to user

run-request action,
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retrieving, for two or more of the plurality of hydrocarbon .
reservoir simulation runs, a selected one of the one or more shared
simulation files from the one or more shared storage locations for use as
an input simulation file during the two or mbre of the plurality of
hydrocarbon reservoir simulation runs, the selected one of the one or

more simulation files being the same of the one or more shared simulation
files,

completing each of the plurality of hydrocarbon reservoir
simulation runs responsive to the retrieved same one of the ‘one or more

shared simulation files,

producing a plurality of output simulation result files associated
with and responsive to each of the plurality of hydrocarbon reservoir
simulation runs, each of the plurality of output simulation result files being

associated with a hydrocarbon reservoir simulation model, and

storing each output simulation result file in one or more of the
plurality of individual hydrocarbon reservoir simulation model storage
locations associated with the hydrocarbon reservoir simulation model

associated with the output simulation result file, and

a linking module including computer-readable instructions stored therein

that when executed cause the system to perform the steps of:

comparing each of a plurality of output simulation result files to
each of the shared simulation files stored in the one or more shared storage

locations,

determining when one or more of the plurality of output simulation
result files each has a file attribute match with one or more of the shared

simulation files,

updating the one or more shared storage locations responsive to the

plurality of output simulation result files, the updating including:
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linking a hydrocarbon reservoir simulation model and one
or more shared simulation files when each of the one or more

shared simulation files has a file attribute match with one or more

- of the plurality of output simulation result files associated with the

hydrocarbon reservoir simulation model,

copying one or more of the plurality of output simulation
result files to the one or more shared storage locations when each
of the one or more of the plurality of output simulation result files
lacks a file attribute match with any of the shared simulation files,
the one or more of the plurality of output simulation result files
lacking a file attribute match with any of the shared simulation

files to thereby define one or more copy simulation files, and

linking a hydrocarbon reservoir simulation model and each
of the one or more copy simulation files associated with the
hydrocarbon reservoir simulation model stored in the one or more |

shared storage locations, and

discarding each of the plurality of output simulation result files

stored in the plurality of individual hydrocarbon reservoir simulation
model storage locations to make data storage capacity available to other
hydrocarbon reservoir simulation runs and to thereby reduce data storage
capacity required for hydrocarbon reservoir simulation runs and failure

risks for hydrocarbon reservoir simulation runs.

A system of Claim 1, wherein each of the plurality of individual hydrocarbon reservoir

simulation model storage locations is associated with an individual hydrocarbon reservoir
simulation model, each individual hydrocarbon reservoir simulation model separate from other
hydrocarbon reservoir simulation models, each hydrocarbon reservoir simulation model -
‘associated with a set of hydrocarbon reservoir description data, two or more hydrocarbon
reservoir simulation models each associated with one set of hydrocarbon reservoir description

data, each set of hydrocarbon reservoir description data associated with a hydrocarbon reservoir,
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a hydrocarbon reservoir associated with one or more sets of hydrocarbon reservoir description

data.

3. A system of Claim 1 or 2, wherein each of the plurality of individual hydrocarbon
reservoir simulation model storage locations is configured to store ASCII hydrocarbon reservoir
data in one or more ASCII simulation files and the one or more shared storage locations are
configured to store binary hydrocarbon reservoir data in one or more binary shared simulation
files and other ASCII hydrocarbon reservoir data in another one or more ASCII shared
simulation files to thereby isolate binary hydrocarbon reservoir data in the one or more shared

storage locations.

4, A system of Claim 3, wherein the system further comprises one or more input and output
units in communication with the one or more processors and positioned to receive as input one or
more user actions, and wherein the memory medium further includes a hydrocarbon reservoir
simulation model-editing module including computer-readable instructions stored therein that

when executed cause the system to perform the steps of:

altering one or more ASCII shared simulation files associated with a hydrocarbon
reservoir simulation model stored in the one or more shared storage locations, responsive to user
edit-request action through the one or more input and output units, when each of the one or more
ASCII shared simulation files is linked to no more than one hydrocarbon reservoir simulation

model,;

copying for editing use one or more ASCII shared simulation files associated with a
hydrocarbon reservoir simulation model from the one or more shared storage locations to the
individual hydrocarbon reservoir simulation model storage location associated with the
hydrocarbon reservoir simulation model, responsive to user edit-request action through the one
or more input and output units, when each of the one or more ASCII shared simulation files is
linked to more than one hydrocarbon reservoir simulation model, the copied one or more ASCII

shared simulation files to thereby define one or more nonexclusive ASCII simulation files;

linking each of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location and the associated

hydrocarbon reservoir simulation model; and
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altering one or more of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location to thereby isolate edits to the
associated hydrocarbon reservoir simulation model to ASCII simulation files stored in the

individual hydrocarbon reservoir simulation model storage location.

5. A system of Claim 1,. 2, 3, or 4, wherein the system further comprises one or more input
and output units in communication with the one or more processors and positioned to receive as
input one or more user actions, and wherein the memory medium further includeé a hydrocarbon
reservoir simulation model-duplicating module including computer-readable instructions stored

therein that when executed cause the system to perform the step of:

linking each of a plurality of simulation files associated with an existing hydrocarbon
reservoir simulation model stored in the one or more shared storage locations and a new
hydrocarbon reservoir simulation model to thereby duplicate the existing hydrocarbon reservoir
simulation model, responsive to user duplication-request action through the one or more input

and output units.

6. A system of Claim 1, 2, 3, 4, or 5, wherein the system further comprises one or more
input and output units in communication with the one 6r more processors and positioned to
receive as input one or more sets of hydrocarbon reservoir description data and one or more user
actions, and wherein the memory medium further includes a hydrocarbon reservoir simulation
model-building module including computer-readable instructions stored therein that when

executed cause the system to perform the step of:

creating a new hydrocarbon reservoir simulation model responsive to receipt of
hydrocarbon reservoir description data and user creation-request action through the one or more

input and output units.

7. A system of Claim 1, 2, 3, 4, 5, or 6, wherein a file attribute match includes substantially

similar metadata and equal checksums, metadata including file size and file type.

8. A system of Claim 1, 2, 3, 4, 5, 6, or 7, wherein the system has a predetermined limit on
data storage capacity and wherein operation of the linking module for a hydrocarbon reservoir

simulation run reduces data storage capacity required for the hydrocarbon reservoir simulation
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run to thereby reduce time required to complete a plurality of hydrocarbon reservoir simulation

runs.

9. A system of Claim 1, 2, 3, 4, 5, 6, 7, or 8, wherein the plurality of output simulation

result files are simulation files.

10.  Non-transitory computer-readable medium having one or more computer programs stored
therein operable by one or more processors to enhance data storage and retrieval during
performance of a plurality of hydrocarbon reservoir simulation runs of one or more hydrocarbon
reservoir simulation models, the one or more computer programs comprising a set of instructions
that, when executed by the one or more processors, cause the one or more processors to perform

the operations of:

initiating a plurality of hydrocarbon reservoir simulation runs of one or more

hydrocarbon reservoir simulation models responsive to user run-request action;

retrieving, for two or more of the plurality of hydrocarbon reservoir simulation runs, a
selected one of one or more simulation files from one or more storage locations for use as an
input simulation file during the two or more of the plurality of hydrocarbon reservoir simulation
runs, the one or more storage locations configured to share a plurality of simulation files among
the one or more hydrocarbon reservoir simulation models to thereby define one or more shared
storage locations, the plurality of simulation files being shared among the one or more
hydrocarbon reservoir simulation models being stored in the one or more shared locations also
defining shared simulation files, the selected one of the one or more simulation files being the

same of the one or more shared simulation files;

completing each of the plurality of hydrocarbon reservoir simulation runs responsive to

the retrieved same one of the one or more shared simulation files;

producing a plurality of output simulation result files associated with and responsive to
each of the plurality of hydrocarbon reservoir simulation runs, each of the plurality of output

simulation result files being associated with a hydrocarbon reservoir simulation model;

storing each output simulation result file in one or more of a plurality of other storage

locations to thereby define a plurality of separate individual hydrocarbon reservoir simulation
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mode] storage locations, each of the plurality of individual hydrocarbon reservoir simulation
model storage locations associated with one or more hydrocarbon reservoir simulation models,
the one or more of the plurality of individual hydrocarbon reservoir simulation model storage
locations associated with the hydrocarbon reservoir simulation model associated with the output

simulation result file;

comparing each of the plurality of output simulation result files to each of the shared

simulation files stored in the one or more shared storage locations;

determining when one or more of the plurality of output simulation result files each has a

file attribute match with one or more of the shared simulation files;

updating the one or more shared storage locations responsive to the plurality of output

simulation result files, the updating including:

linking a hydrocarbon reservoir simulation model and one or more shared
simulation files when each of the one or more shared simulation files has a file
attribute match with one or more of the plurality of output simulation result files

associated with the hydrocarbon reservoir simulation model,

copying one or more of the plurality of output simulation result files to the
one or more shared storage locations when each of the one or more of the
plurality of output simulation result files lacks a file attribute match with any of
the shared simulation files, the one or more of the plurality of output simulation
result files lacking a file attribute match with any of the shared simulation files to

thereby define one or more copy simulation files, and

linking a hydrocarbon reservoir simulation model and each of the one or
more copy simulation files associated with the hydrocarbon reservoir simulation

model stored in the one or more shared storage locations; and

discarding each of the plurality of output simulation result files stored in the plurality of
individual hydrocarbon reservoir simulation model storage locations to make data storage

capacity available to other hydrocarbon reservoir simulation runs and to thereby reduce data
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storage capacity required for hydrocarbon reservoir simulation runs and failure risks for

hydrocarbon reservoir simulation runs.

11.  Non-transitory computer-readable medium having one or more computer programs stored
therein of Claim 10, wherein each of the plurality of individual hydrocarbon reservoir simulation
model storage locations is associated with an individual hydrocarbon reservoir simulation model,
each individual hydrocarbon reservoir simulation model separate from other hydrocarbon
reservoir simulation models, each hydrocarbon reservoir simulation model associated with a set
of hydrocarbon reservoir description data, two or more hydrocarbon reservoir simulation models
each associated with one set of hydrocarbon reservoir description data, each set of hydrocarbon
reservoir description data associated with a hydrocarbon reservoir, a hydrocarbon reservoir

associated with one or more sets of hydrocarbon reservoir description data.

12. Non-transitory computer-readable medium having one or more computer programs stored
therein of Claim 10 or 11, wherein each of the plurality of individual hydrocarbon reservoir
simulation model storage locations is configured to store ASCII hydrocarbon reservoir data in
one or more ASCII simulation files and the one or more shared storage locations are configured
to store binary hydrocarbon reservoir data in one or more binary shared simulation files and
other ASCII hydrocarbon reservoir data in another one or more ASCII shared simulation files to

thereby isolate binary hydrocarbon reservoir data in the one or more shared storage locations.

13.  Non-transitory computer-readable medium having one or more computer programs stored
therein of Claim 12, wherein the set of instructions, when executed by the one or more

processors, further cause the one or more processors to perform the operations of’

altering one or more ASCII shared simulation files associated with a hydrocarbon
reservoir simulation model stored in the one or more shared storage locations, responsive to user
edit-request action, when each of the one or more ASCII shared simulation files is linked to no

more than one hydrocarbon reservoir simulation model;

copying for editing use one or more ASCII shared simulation files associated with a
hydrocarbon reservoir simulation model from the one or more shared storage locations to the
individual hydrocarbon reservoir simulation model storage location associated with the

hydrocarbon reservoir simulation model, responsive to user edit-request action, when each of the
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one or more ASCII shared simulation files is linked to more than one hydrocarbon reservoir
simulation model, the copied one or more ASCII shared simulation files to thereby define one or

more nonexclusive ASCII simulation files;

linking each of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location and the associated

hydrocarbon reservoir simulation model; and

altering one or more of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location to thereby isolate edits to the
associated hydrocarbon reservoir simulation model to ASCII simulation files stored in the

individual hydrocarbon reservoir simulation model storage location.

14.  Non-transitory computer-readable medium having one or more computér programs stored
therein of Claim 10, 11, 12, or 13, wherein fhe set of instructions, when executed by the one or

more processors, further cause the one or more processors to perform the operation of:

linking each of a plurality of simulation files associated with an existing hydrdcarbon
‘reservoir simulation model stored in the one or more shared storage locations and a new
hydrocarbon reservoir simulation model to thereby duplicate the existing hydrocarbon reservoir

simulation model, responsive to user duplication-request action.

15.  Non-transitory computer-readable medium having one or more computer programs stored
therein of Claim 10, 11, 12, 13, or 14, wherein the set of instructions, when executed by the one

or more processors, further cause the one or more processors to perform the operation of:

creating a new hydrocarbon reservoir simulation model responsive to receipt of

hydrocarbon reservoir description data and user creation-request action.

16.  Non-transitory computer-readable medium having one or more computer programs stored
therein of Claim 10, 11, 12, 13, 14, or 15, wherein a file attribute match includes substantially

similar metadata and equal checksums, metadata including file size and file type.

- 17. Non-transitory computer-readable medium having one or more computer programs stored

therein of Claim 10, 11, 12, 13, 14, 15, or 16, wherein the one or more shared storage locations
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and the plurality of separate individual hydrocarbon reservoir simulation model storage locations
have a predetermined collective limit on data storage capacity, and wherein updating the one or
more shared storage locations responsive to the plurality of output simulation files associated
with a hydrocarbon reservoir simulation run and discarding each of the plurality of output
simulation result files stored in the individual hydrocarbon reservoir simulation model storage
location associated with the hydrocarbon reservoir simulation model of the hydrocarbon
reservoir simulation run reduce data storage capacity required for the hydrocarbon reservoir
simulation run to thereby reduce time required to complete a plurality of hydrocarbon reservoir

simulation runs.

18.  Non-transitory computer-readable medium having one or more computer programs stored
therein of Claim 10, 11, 12, 13, 14, 15, 16, or 17, wherein the plurality of output simulation

result files are simulation files.

19. A computer-implemented method to enhance data storage and retrieval during
performance of a plurality of hydrocarbon reservoir simulation runs of one or more hydrocarbon

reservoir simulation models, the method comprising:

initiating a plurality of hydrocarbon reservoir simulation runs of one or more

hydrocarbon reservoir simulation models responsive to user run-request action;

retrieving, for two or more of the plurality of hydrocarbon reservoir simulation runs, a
selected one of one or more simulation files from one or more storage locations for use as an
input simulation file during the two or more of the plurality of hydrocarbon reservoir simulation
runs, the one or more storage locations configured to share a plurality of simulation files among
the one or more hydrocarbon reservoir simulation models to thereby define one or more shared
storage locations, the plurality of simulation files being shared among the one or more
hydrocarbon reservoir simulation models being stored in the one or more shared locations also
defining shared simulation files, the selected one of the one or more simulation files being the

same of the one or more shared simulation files;

completing each of the plurality of hydrocarbon reservoir simulation runs responsive to

the retrieved same one of the one or more shared simulation files;

-52-



WO 2016/073198 PCT/US2015/056620

prbducing a plur,ality of output simulation result files associated with-and responsive to
each of the plurality of hydrocarbon reservoir simulation runs, e‘ach of the plurality of output

simulation result files being associated with a hydrocarbon reservoir simulation model;

storing each output simulation result file in one or more of a plurality of other storage
locations to thereby define a plurality of separate individual hydrocarbon reservoir simulation
model storage locations, each of the plurality of individual hydrocarbon reservoir simulation
model storage locations associated with one or more hydrocarbon reservoir simulation models,
the one or more of the plurality of individual hydrocarbon reservoir simulation model storage
locations associated with the hydrocarbon reservoir simulation model associated with the output

simulation result file;

comparing each of the plurality of output simulation result files to each of the shared

simulation files stored in the one or more shared storage locations;

determining when one or more of the plurality of output simulation result files each has a

file attribute match with one or more of the shared simulation files;

updating the one or more shared storage locations responsive to the plurality of output

simulation result files, the updating including:

linking a hydrocarbon reservoir simulation model and one or more shared
simulation files when each of the one or more shared simulation files has a file
attribute match with one or more of the plurality of output simulation result files

associated with the hydrocarbon reservoir simulation model,

copying one or more of the plurality of output simulation result files to the
one or more shared storage locations when each of the one or more of the
plurality of output simulation result files lacks a file attriBute match with any of
the shared simulation files, the one or more of the plurality of output simulation
result files lacking a file attribute match with any of the shared simulation files to

thereby define one or more copy simulation files, and
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linking a hydrocarbon reservoir simulation model and each of the one or
more copy simulation files associated with the hydrocarbon reservoir simulation

model stored in the one or more shared storage locations; and

discarding each of the plurality of output simulation result files stored in the plurality of
individual hydrocarbon reservoir simulation model storage locations to make data storage
capacity available to other hydrocarbon reservoir simulation runs and to thereby reduce data
storage capacity required for hydrocarbon reservoir simulation runs and failure risks for

hydrocarbon reservoir simulation runs.

20. A computer-implemented method of Claim 19, wherein each of the plurality of individual
hydrocarbon reservoir simulation model storage locations is associated with an individual
hydrocarbon reservoir simulation model, each individual hydrocarbon reservoir simulation
model separate from other hydrocarbon reservoir simulation models, each hydrocarbon reservoir
simulation model associated with a set of hydrocarbon reservoir description data, two or more
hydrocarbon reservoir simulation models each associated with one set of hydrocarbon reservoir
description data, each set of hydrocarbon reservoir description data associated with a
hydrocarbon reservoir, a hydrocarbon reservoir associated with one or more sets of hydrocarbon

reservoir description data.

21. A computer-implemented method of Claim 19 or 20, wherein each of the plurality of
individual hydrocarbon reservoir simulation model storage locations is configured to store ASCII
hydrocarbon reservoir data in one or more ASCII simulation files and the one or more shared
storage locations are configured to store binary hydrocarbon reservoir data in one or more binary
shared simulation files and other ASCII hydrocarbon reservoir data in another one or more
ASCII shared simulation files to thereby isolate binary hydrocarbon reservoir data in the one or

more shared storage locations.
22. A computer-implemented method of Claim 21, wherein the method further comprises:

altering one or more ASCII shared simulation files associated with a hydrocarbon
reservoir simulation model stored in the one or more shared storage locations, responsive to user
edit-request action, when each of the one or more ASCII shared simulation files is linked to no

more than one hydrocarbon reservoir simulation model;
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copying for editing use one or more ASCII shared simulation files associated with a
hydrocarbon reservoir simulation model from the one or more shared storage locations to the
individual hydrocarbon reservoir simulation model storage location associated with the
hydrocarbon reservoir simulation model, responsive to user edit-request action, when each of the
one or more ASCII shared simulation files is linked to more than one hydrocarbon reservoir
simulation model, the copied one or more ASCII shared simulation files to thereby define one or

more nonexclusive ASCII simulation files;

linking each of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location and the associated

hydrocarbon reservoir simulation model; and

altering one or more of the one or more nonexclusive ASCII simulation files stored in the
individual hydrocarbon reservoir simulation model storage location to thereby isolate edits to the
associated hydrocarbon reservoir simulation model to ASCII simulation files stored in the

individual hydrocarbon reservoir simulation model storage location.

23. A computer-implemented method of Claim 19, 20, 21, or 22, wherein the method further

comprises:

linking each of a plurality of simulation files associated with an existing hydrocarbon
reservoir simulation model stored in the one or more shared storage locations and a new
hydrocarbon reservoir simulation model to thereby duplicate the existing hydrocarbon reservoir

simulation model, responsive to user duplication-request action.

24. A computer-implemented method of Claim 19, 20, 21, 22, or 23, wherein the method

further comprises:

creating a new hydrocarbon reservoir simulation model responsive to receipt of

hydrocarbon reservoir description data and user creation-request action.

25. A computer-implemented method of Claim 19, 20, 21, 22, 23, or 24, wherein a file
atiribute match includes substantially similar metadata and equal checksums, metadata including

file size and file type.
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26. A computer-implemented method of Claim 19, 20, 21, 22, 23, 24, or 25, wherein the one
or more shared storage locations and the plurality of separate individual hydrocarbon reservoir
simulation model storage locations have a predetermined collective limit on data storage
capacity, and wherein updating the one or more shared storage locations responsive to the
plurality of output simulation files associated with a hydrocarbon reservoir simulation run and
discarding each of the plurality of output simulation result files stored in the individual
hydrocarbon reservoir simulation model storage location associated with the hydrocarbon
reservoir simulation model of the hydrocarbon reservoir simulation run reduce data storage
capacity required for the hydrocarbon reservoir simulation run to thereby reduce time required to

complete a plurality of hydrocarbon reservoir simulation runs.

27. A computer-implemented method of Claim 19, 20, 21, 22, 23, 24, 25, or 26, wherein the

plurality of output simulation result files are simulation files.
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