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ESTIMATING RELATIVE PERMEABILITY
AND CAPILLARY PRESSURES OF A
GEOLOGICAL FORMATION BASED ON
MULTIPHASE UPSCALING

TECHNICAL FIELD

[0001] The present disclosure relates generally to oilfield
operations and, more particularly, although not necessarily
exclusively, to estimating flow unit properties of a geologi-
cal formation based on multiphase upscaling.

BACKGROUND

[0002] Hydrocarbon exploration is the search for hydro-
carbons, such as oil or gas, within a subterranean formation.
Properties such as relative permeability and capillary pres-
sure of the rock types that make up the subterranean for-
mation can influence hydrocarbon flow properties through
the subterranean formation. Physical rock samples from the
subterranean formation may be used to simulate properties
for a reservoir. But the accuracy of simulations using current
techniques may be limited. Inaccurate simulations of reser-
voirs can result in poor resource management.

[0003] Further, operators may resort to acquiring core
samples to perform physical laboratory or digital rock
technology experiments. These experiments may lead to the
determination of multiphase rock-fluid interaction proper-
ties. However, information regarding flow unit descriptions
proximal to the well where the physical samples were
derived is often assumed. The remedy for this assumption
may involve acquiring more core samples and performing
additional experiments on those core samples. This remedy
increases costs as additional core samples must be acquired
from a formation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of a computing system
for implementing multiphase upscaling to estimate relative
permeability and capillary pressures of a geological forma-
tion according to one example of the present disclosure.
[0005] FIG. 2 is a schematic of a digital representation of
a physical rock sample according to one example of the
present disclosure.

[0006] FIGS. 3A-3D are schematics of synthetic rock
samples according to one example of the present disclosure.
[0007] FIG. 4 is a graph of a comparison of the relative
permeability and capillary pressures for a physical rock
sample and synthetic rock samples according to one
example of the present disclosure.

[0008] FIG. 5 is a block diagram of an example of a
computing device for estimating of relative permeability and
capillary pressures of a geological formation based on
multiphase upscaling according to one example of the
present disclosure.

[0009] FIG. 6 is a flowchart of a process for estimating of
relative permeability and capillary pressures of a geological
formation based on multiphase upscaling according to one
example of the present disclosure.

DETAILED DESCRIPTION

[0010] Certain aspects and examples of the present dis-
closure relate to estimating flow unit properties based on
multiphase upscaling. Flow unit properties can include
relative permeabilities and capillary pressures for various
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rock types in a reservoir. Substances with multiple fluids,
water, oil, or other liquids, often flow through geological
formations. Multiphase upscaling refers to upscaling flow
data for a core sample to a reservoir scale. By using a system
according to some examples, flow unit properties for the
reservoir can be estimated for overall asset management of
the reservoir. The techniques described in the present dis-
closure may reduce costs associated with acquiring and
analyzing multiple physical core samples. Base geometric
configurations can be used to mimic any core samples and
machine learning can be leveraged to address intermediate
base geometries that are not developed as a part of the
synthetic cores.

[0011] The presently described techniques can execute
relative permeability and capillary pressure upscaling from
physical rock samples using physical laboratory or digital
rock technology data. Then, multiphase upscaling can be
performed on an ensemble of digital synthetic cores with
rock types that have disparate volumetric distributions. The
volumetric distributions can be assembled in series, parallel,
diagonal, random, or any combination of these with respect
to the direction of flow in the core samples. The resulting
core-based multiphase upscaling can be upscaled to the scale
of a reservoir for overall reservoir asset management.
[0012] The techniques can automate the upscaling process
and use machine learning to expedite the multiple execu-
tions of multiphase upscaling and to model systematic
changes in multiphase upscaling results determined by mul-
tiphase simulations. In this case, machine learning can
improve the performance of the overall worktflow by deter-
mining multiphase upscaling results derived from interme-
diate rock type configurations of the synthetic cores.
Machine learning can enable the system to estimate flow
unit properties needed for reservoir simulation and manage-
ment from the pore to the core scale in areas outside of
where physical data is present.

[0013] Illustrative examples are given to introduce the
reader to the general subject matter discussed herein and are
not intended to limit the scope of the disclosed concepts. The
following sections describe various additional features and
examples with reference to the drawings in which like
numerals indicate like elements, and directional descriptions
are used to describe the illustrative aspects, but, like the
illustrative aspects, should not be used to limit the present
disclosure.

[0014] FIG. 1 is a block diagram of a computing system
100 for implementing multiphase upscaling to estimate
relative permeability and capillary pressures of a geological
formation according to one example of the present disclo-
sure. Geological data, such as relative permeability and
capillary pressures, can be accessed by the computing sys-
tem 100. The computing system 100 can include modules
for completing operations to estimate relative permeability
and capillary pressures of a geological formation. The
modules can include a synthetic rock generation module
102, a single phase upscaling module 104, a multiphase
upscaling module 106, a synthetic rock selection module
108, a machine-learning module 110, and an additional
multiphase upscaling module 112.

[0015] In some examples, an operator can obtain a physi-
cal rock sample from the geological formation. The physical
rock sample can be a plug or core sample composed of
multiple rock types. Measurements can be completed on the
physical rock sample in a laboratory or using digital rock
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technology to create geological data 114 for the physical
rock sample. The measurements can quantitatively define
the rock types in the physical rock sample. For example, the
measurements can determine there are two or more types of
rock present in the physical rock sample. In some examples,
the measurements can indicate the rock types in the physical
rock sample and geometric information about the rock types
in the physical sample. For example, the measurements can
indicate Rock Type A and Rock Type B are present in the
physical rock sample. The geometric information can indi-
cate whether the rock types are arranged in parallel, series,
diagonally, random, or any combination of these. The mea-
surements can also provide relative permeability and capil-
lary pressures for the rock types in the physical rock sample.

[0016] The geological data 114 can include a set of curves
corresponding to relative permeability and capillary pres-
sures for the rock types in the physical rock sample. Each
rock type in the physical rock sample can be assigned to a
curve in the set of curves that corresponds to the relative
permeability and capillary pressure of the rock type.

[0017] In some examples, the computing system 100 can
access the geological data 114 containing the measurements
of the physical rock sample. An operator may upload the
geological data 114 to the computing system 100. Addition-
ally or alternatively, the geological data 114 can be stored on
an additional computing system that the computing system
100 can access.

[0018] Insome examples, a photograph can be taken of the
physical rock sample and the geological data 114 can be
generated from the photograph. The computing system 100
can access the geological data 114 and execute the digital
representation generation module 101 to generate a digital
representation of the physical rock sample from the photo-
graph of the physical rock sample.

[0019] In some examples, the computing system 100 can
include the synthetic rock generation module 102. The
synthetic rock generation module 102 can generate a plu-
rality of synthetic rock samples with disparate volumetric
distributions to each other and similar geometric configu-
rations to the physical rock sample. For example, if the
physical rock sample is composed of two rock types
arranged in parallel, the synthetic rock generation module
102 can generate synthetic rock samples with rock types in
parallel. Additionally, one synthetic rock sample can be
composed 50% of Rock Type A and 50% of Rock Type B.
Another synthetic rock sample can be composed 80% of
Rock Type A and 20% of Rock Type B. Other arrangements
and percentages of the synthetic rock samples may also be
generated by the synthetic rock generation module 102.

[0020] In some examples, the computing system 100 can
include the single phase upscaling module 104 to compute
an absolute permeability for the physical rock sample and
absolute permeabilities for the synthetic rock samples. The
single phase upscaling module 104 may execute steady-state
or unsteady-state upscaling. The absolute permeability can
be calculated when a single phase (e.g., water) flows through
the rock. The single phase upscaling module 104 can
execute operations on the physical rock sample or on a
digital representation of the physical rock sample to deter-
mine the absolute permeability of the physical rock sample.
The single phase upscaling module 104 can execute similar
operations on the synthetic rock samples to determine abso-
Iute permeabilities of the synthetic rock samples.
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[0021] The computing system 100 can include the multi-
phase upscaling module 106 to execute a first multiphase
upscaling operation based on the absolute permeability of
the physical rock sample and the absolute permeabilities of
the synthetic rock samples. The multiphase upscaling mod-
ule 106 may execute steady-state or unsteady-state upscal-
ing. The multiphase upscaling module 106 can compute a
relative permeability and capillary pressure for the physical
rock sample and relative permeabilities and capillary pres-
sures for the synthetic rock samples. The relative perme-
abilities and capillary pressures can be calculated using the
absolute permeability and fractional flow information from
two fluids flowing through a rock. For example, a combi-
nation of 50% water and 50% oil can be injected through the
physical rock sample. In another example, a digital simula-
tion can be used to determine the relative permeability and
capillary pressure of the physical rock sample. The multi-
phase upscaling module 106 can execute similar operations
for the synthetic rock samples to determine the relative
permeabilities and capillary pressures of the synthetic rock
samples. The relative permeabilities for the physical rock
sample and the synthetic rock samples can be represented by
curves showing relative permeability values at fractions of
water saturation.

[0022] In some examples, the computing system 100 can
include the synthetic rock selection module 108 to select a
synthetic rock sample that best represents the physical rock
sample. The synthetic rock selection module 108 can com-
pare the relative permeability curve for the physical rock
sample to the relative permeability curves for the synthetic
rock samples to determine which synthetic rock sample
varies the least from the physical rock sample. The synthetic
rock selection module 108 can select the synthetic rock
sample that varies the least from the physical rock sample as
the synthetic rock sample that best represents the flow unit
properties of the physical rock sample.

[0023] In some examples, the computing system 100 can
execute the machine-learning module 110 to select the
synthetic rock sample instead of executing the synthetic rock
selection module 108. Training data can be used to train a
neural network for selecting a synthetic rock sample. In an
example, the training data can be historical data associated
with relative permeability and capillary pressure curves for
physical rock samples and synthetic rock samples. The
machine-learning module 110 can use results from the
multiphase upscaling module 106 to select the synthetic rock
sample that best represents the contents of the physical rock
sample. Machine learning can enable the computing system
100 to estimate flow unit properties needed for reservoir
simulation and management from the pore to the core scale
in areas outside of where physical data is present.

[0024] The computing system 100 can execute the addi-
tional multiphase upscaling module 112 on the physical rock
sample and the synthetic rock samples to determine the
second multiphase upscaling result 116. The additional
multiphase upscaling module 112 can upscale the results
from the scale of the plug or core sample to a larger scale,
such as a lithofacies scale. Additionally or alternatively, the
additional multiphase upscaling module 112 can upscale the
results from the lithofacies scale to a reservoir scale. The
result of upscaling to the reservoir scale can be represented
by a second multiphase upscaling result 116.

[0025] In some examples, the computing system 100 can
output the second multiphase upscaling result 116. A user
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may use the second multiphase upscaling result 116 in a
reservoir simulation. The reservoir simulation can allow the
user to create a plan for operating and managing the reser-
voir. For example, the reservoir simulation may indicate
locations suitable for drilling wells or provide other prop-
erties relating to extraction operations.

[0026] FIG. 2 is a schematic of a digital representation of
a physical rock sample 200 according to one example of the
present disclosure. The physical rock sample of a plug or
core sample containing multiple rock types can be converted
to a digital model. For example, a photograph can be taken
of the physical rock sample and, from the photograph, a
porosity fraction 202 and other properties of the physical
rock sample can be determined throughout the physical rock
sample. A computing system can generate the digital repre-
sentation of the physical rock sample 200 based on the
properties of the physical rock sample determined from the
photograph. The computing system can use the porosity
fraction 202 and other measurements to determine a relative
permeability and capillary pressure for the physical rock
sample.

[0027] FIGS. 3A-3D are schematics of synthetic rock
samples according to one example of the present disclosure.
A computing system can generate synthetic rock samples
based on the digital representation of a physical rock sample
200. The computing system can generate synthetic core
samples that are geometrically similar to the physical rock
sample and volumetrically different from each other. The
computing system can determine relative permeabilities and
capillary pressures for the synthetic rock samples, which
will vary based on their volumetric and geometric proper-
ties. A porosity fraction 202 can be shown throughout the
synthetic core samples.

[0028] FIGS. 3A and 3B show a Synthetic Rock Sample A
302 and a Synthetic Rock Sample B 308 generated by the
computing system based on the digital representation of the
physical rock sample 200. For example, if the physical rock
sample is made up of two types of rock that are arranged in
series, the computing system can generate the Synthetic
Rock Sample A 302 and the Synthetic Rock Sample B 308
that both contain Rock Type A 304 and Rock Type B 306 in
series. The Synthetic Rock Sample A 302 can be composed
of 50% Rock Type A 304 and 50% Rock Type B 306.
Synthetic Rock Sample B 308 can be composed of 80%
Rock Type A 304 and 20% Rock Type B 306.

[0029] FIGS. 3C and 3D show a Synthetic Rock Sample
C 310 and a Synthetic Rock Sample D 312 generated by the
computing system based on the digital representation of the
physical rock sample. For example, if the physical rock
sample is made up of two types of rock that are arranged in
parallel, the computing system can generate the Synthetic
Rock Sample C 310 and the Synthetic Rock Sample D 312
that both contain Rock Type A 304 and Rock Type B 306 in
parallel. The Synthetic Rock Sample C 310 can be com-
posed of 50% Rock Type A 304 and 50% Rock Type B 306.
Synthetic Rock Sample D 312 can be composed of 80%
Rock Type A 304 and 20% Rock Type B 306.

[0030] FIG. 4 is a graph 400 of relative permeabilities and
capillary pressures for a physical rock sample 406 and
synthetic rock samples according to one example of the
present disclosure. A computing system can generate the
graph 400 showing relative permeability 402 versus a water
saturation fraction 404 for the physical rock sample 200 and
a Synthetic Rock Sample A 302, a Synthetic Rock Sample
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B 308, a Synthetic Rock Sample C 310, and a Synthetic
Rock Sample D 312. The graph 400 includes an increasing
line and a decreasing line for each rock sample. The increas-
ing line represents the relative permeability for the rock
sample as water flows through the rock sample at an
increasing fraction. The decreasing line represents the rela-
tive permeability for the rock sample as oil flows through the
rock sample at a decreasing fraction. The lines intersect
where the flow rate is the same for the water and oil flowing
through the rock sample.

[0031] The computing system can compare the relative
permeability of the physical rock sample 406 to the relative
permeabilities of each of the synthetic rock samples. The
computing system can determine which synthetic rock
sample varies the least from the physical rock sample based
on the comparison. For example, the computing system can
determine physical rock sample 406 varies the least from the
Synthetic Rock Sample C 310, so the relative permeability
of'the Synthetic Rock Sample C 310 best represents the flow
unit properties of the physical rock sample 406.

[0032] FIG. 5 is a block diagram of an example of a
computing device 500 for estimating relative permeability
and capillary pressures of a geological formation based on
multiphase upscaling according to one example of the
present disclosure. The computing device 500 can include a
processor 502, a bus 506, a memory 504, a display device
522, and an image capturing device 524. In some examples,
the components shown in FIG. 5 can be integrated into a
single structure. For example, the components can be within
a single housing with a single processing device. In other
examples, the components shown in FIG. 5 can be distrib-
uted (e.g., in separate housings) and in electrical communi-
cation with each other using various processors. It is also
possible for the components to be distributed in a cloud
computing system or grid computing system.

[0033] The processor 502 can execute one or more opera-
tions for estimating relative permeability and capillary pres-
sures for a geological formation. The processor 502 can
execute instructions stored in the memory 504 to perform
the operations. The processor 502 can include one process-
ing device or multiple processing devices. Non-limiting
examples of the processor 502 include a field-programmable
gate array (“FPGA™), an application-specific integrated cir-
cuit (“ASIC”), a processor, a microprocessor, etc.

[0034] The processor 502 is communicatively coupled to
the memory 504 via the bus 506. The memory 504 may
include any type of memory device that retains stored
information when powered off. Non-limiting examples of
the memory 504 include electrically erasable and program-
mable read-only memory (“EEPROM”), flash memory, or
any other type of non-volatile memory. In some examples,
at least some of the memory 504 can include a non-transitory
medium from which the processor 502 can read instructions.
A computer-readable medium can include electronic, opti-
cal, magnetic, or other storage devices capable of providing
the processor 502 with computer-readable instructions or
other program code. Non-limiting examples of a computer-
readable medium include (but are not limited to) magnetic
disk(s), memory chip(s), read-only memory (ROM), ran-
dom-access memory (“RAM”), an ASIC, a configured pro-
cessing device, optical storage, or any other medium from
which a computer processing device can read instructions.
The instructions can include processing device-specific
instructions generated by a compiler or an interpreter from
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code written in any suitable computer-programming lan-
guage, including, for example, C, C++, C#, etc.

[0035] In some examples, the computing device 500
includes a display device 522. The display device 522 can
represent one or more components used to output data.
Examples of the display device 522 can include a liquid-
crystal display (LCD), a computer monitor, a touch-screen
display, etc.

[0036] In some examples, the computing device 500
includes an image capturing device 524. The image captur-
ing device 524 can be a camera or any other type of device
capable of capturing an image of a physical rock sample.
[0037] The computing device 500 may include geological
data 510 describing the physical rock sample. The comput-
ing device 500 can access the geological data 510 and
generate synthetic rock samples 512 based on the number of
rock types and the geometric arrangement of the rock types
in the physical rock sample. The synthetic rock samples 512
can be geometrically similar to the physical rock sample and
volumetrically different from each other. For example, if the
computing device 500 determines the geological data 510
indicates that the physical rock sample has two rock types in
parallel, the computing device 500 can generate synthetic
rock samples 512 made of two rock types in parallel. Each
of the synthetic rock samples 512 can have a different
volumetric ratio of the two rock types.

[0038] The computing device 500 can execute single
phase upscaling 514 on the physical rock sample and the
synthetic rock samples 512 to determine absolute perme-
abilities of the physical rock and the synthetic rock samples
512. The computing device 500 can use the absolute per-
meabilities to execute multiphase upscaling 516 to deter-
mine relative permeabilities and capillary pressures for the
physical rock sample and the synthetic rock samples 512.
The computing device 500 can compare the relative perme-
ability and capillary pressure of the physical rock sample to
the relative permeabilities and capillary pressures of the
synthetic rock samples 512 to determine which synthetic
rock sample varies the least from the physical rock sample.
The computing device 500 can select the synthetic rock
sample that varies the least as the rock sample that best
describes the properties of the physical rock sample. In some
examples, computing device 500 can select the synthetic
rock sample that best matches the physical rock sample
using machine learning. Training data can be used to train a
machine-learning model that can select the best synthetic
rock sample.

[0039] The computing device 500 can perform the multi-
phase upscaling 516 multiple times to increase the scale
from a plug or core sample level to a lithofacies or reservoir
scale. The computing device 500 can generate an output 518
of the upscaled result. In some examples, the computing
device 500 can include an action module 520 that can take
the output 518 and apply it to some other process. For
example, the computing device 500 can use the output 518
to control a well drilling operation or some other process
relevant to the output 518. The action module 520 can apply
the output 518 to develop a plan for drilling operations. The
plan can include locations in the reservoir to drill wells to
reduce the cost of production operations. Since the relative
permeability and capillary pressure provide information
about how fluids will flow in the rock, higher relative
permeabilities in a location of the reservoir can indicate that
fluids, such as oil, will flow more readily at that location. As
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a result, the plan for drilling can include a well at that
location so the yield of extracted oil is greater.

[0040] In some examples, the computing device 500 can
implement the process 600 shown in FIG. 6 for effectuating
some aspects of the present disclosure. Other examples can
involve more operations, fewer operations, different opera-
tions, or a different order of the operations shown in FIG. 6.
The operations of FIG. 6 are described below with reference
to the components shown in FIG. 5.

[0041] In block 602, the processor 502 can access geo-
logical data 510 describing a plurality of rock types in a
physical rock sample from a geological formation. The
physical rock sample can be a plug or core sample. The
geological data 510 can indicate the number of rock types
present in the physical rock sample as well as geometric
information for the arrangement of the plurality of rock
types.

[0042] In block 604, the processor 502 can generate a
plurality of synthetic rock samples 512. The plurality of
synthetic rock samples 512 can be geometrically similar to
the physical rock sample. The processor 502 can generate
synthetic rock samples 512 that are volumetrically different
from each other.

[0043] Inblock 606, the processor 502 can execute single
phase upscaling 514 to compute an absolute permeability for
the physical rock sample and a plurality of absolute perme-
abilities for the plurality of synthetic rock samples 512. The
processor 502 can determine the absolute permeabilities by
performing computer simulations for single-phase flow of a
fluid through the physical rock sample and the plurality of
synthetic rock samples 512.

[0044] In block 608, the processor 502 can execute a first
multiphase upscaling 516 based on the single phase upscal-
ing 514 to determine a relative permeability for the physical
rock sample and a plurality of relative permeabilities for the
plurality of synthetic rock samples 512. The processor 502
can perform additional operations using the absolute per-
meabilities to determine relative permeabilities for the
physical rock sample and the plurality of synthetic rock
samples 512.

[0045] In block 610, the processor 502 can compare the
relative permeability of the physical rock sample to the
plurality of relative permeabilities for the plurality of syn-
thetic rock samples 512. The processor 502 can determine
how much each of the synthetic rock samples 512 vary from
the physical rock sample.

[0046] In block 612, the processor 502 can select a syn-
thetic rock sample among the plurality of synthetic rock
samples 512 that varies the least from the relative perme-
ability for the physical rock sample. The synthetic rock
sample that is selected can represent the flow unit properties
of the physical rock sample. In some examples, the proces-
sor 502 can use machine learning to select the synthetic rock
sample that varies the least from the relative permeability of
the physical rock sample.

[0047] Inblock 614, the processor 502 can perform at least
one additional multiphase upscaling 516 on the physical
rock sample and the synthetic rock samples to determine a
second multiphase upscaling result. The at least one addi-
tional multiphase upscaling 516 can be from a plug or core
sample to a lithofacies scale or a reservoir scale.

[0048] Inblock 616, the processor 502 can generate a plan
for drilling operations at a scale of the second multiphase
upscaling result using the second multiphase upscaling
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result. For example, the second multiphase upscaling result
can be at the reservoir scale and can be used in reservoir
simulations so a user can create a plan for managing the
reservoir. The plan can include locations in the reservoir to
drill wells based on lowering the cost of production opera-
tions of the wells.

[0049] In some aspects, a system, a method, or a non-
transitory computer-readable medium for estimating relative
permeability and capillary pressures of a geological forma-
tion by multiphase upscaling of synthetic rock samples
according to one or more of the following examples:

[0050] As used below, any reference to a series of
examples is to be understood as a reference to each of those
examples disjunctively (e.g., “Examples 1-4” is to be under-
stood as “Examples 1, 2, 3, or 47).

[0051] Example 1 is a system comprising: a processing
device; and a memory device that includes instructions
executable by the processing device for causing the process-
ing device to: access geological data describing a plurality of
rock types in a physical rock sample drilled from a reservoir;
generate a plurality of synthetic rock samples; execute single
phase upscaling to compute an absolute permeability for the
physical rock sample and a plurality of absolute permeabili-
ties for the plurality of synthetic rock samples; execute a first
multiphase upscaling based on the single phase upscaling to
determine a relative permeability and capillary pressure for
the physical rock sample and a plurality of relative perme-
abilities and capillary pressures for the plurality of synthetic
rock samples; compare the relative permeability and capil-
lary pressure of the physical rock sample to the plurality of
relative permeabilities and capillary pressures of the plural-
ity of synthetic rock samples; select a synthetic rock sample
among the plurality of synthetic rock samples that varies the
least from the relative permeability and capillary pressure
for the physical rock sample; perform at least one additional
multiphase upscaling on the physical rock sample and the
plurality of synthetic rock samples to determine a second
multiphase upscaling result; and generate a plan for drilling
operations at a scale of the second multiphase upscaling
result using the second multiphase upscaling result.

[0052] Example 2 is the system of example 1, wherein the
memory device further includes instructions executable by
the processing device for causing the processing device to
select the synthetic rock sample using a machine learning
algorithm trained with historical data of relative permeabili-
ties and capillary pressures of physical rock samples and
synthetic rock samples.

[0053] Example 3 is the system of examples 1-2, wherein
the geological data includes a set of curves corresponding to
relative permeability and capillary pressures for the plurality
of rock types in the physical rock sample and each rock type
in the plurality of rock types is assigned to a curve in the set
of curves.

[0054] Example 4 is the system of examples 1-3, wherein
the plurality of synthetic rock samples comprises synthetic
rock samples that are volumetrically different from each
other and geometrically similar to the physical rock sample.

[0055] Example 5 is the system of examples 1-4, wherein
the physical rock sample is a plug or core sample from the
reservoir.

[0056] 6. The system of examples 1-5, wherein the first
multiphase upscaling is from a plug or core scale to a
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lithofacies scale, and wherein the at least one additional
multiphase upscaling is from the lithofacies scale to a
reservoir scale.

[0057] Example 7 is the system of examples 1-6, wherein:
the physical rock sample and the plurality of synthetic rock
samples are plug or core samples; the plurality of synthetic
rock samples comprises synthetic rock samples that are
volumetrically different from each other and geometrically
similar to the physical rock sample; the first multiphase
upscaling and the at least one additional multiphase upscal-
ing are based on a fluid combination of oil and water; the
first multiphase upscaling is from a plug or core scale to a
lithofacies scale; the at least one additional multiphase
upscaling is from a lithofacies scale to a reservoir scale; and
the memory device further includes instructions executable
by the processing device for causing the processing device
to output the second multiphase upscaling result to a user to
allow the user to create a plan for extraction operations for
the reservoir.

[0058] Example 8 is the system of examples 1-7, wherein
the memory device further includes instructions executable
by the processing device for causing the processing device
to: control an image capturing device to capture an image of
the physical rock sample; and generate a digital represen-
tation of the physical rock sample from the image of the
physical rock sample, the digital representation including
geological data of the physical rock sample.

[0059] Example 9 is a method, comprising: accessing
geological data describing a plurality of rock types in a
physical rock sample drilled from a reservoir; generating a
plurality of synthetic rock samples; executing single phase
upscaling to compute an absolute permeability for the physi-
cal rock sample and a plurality of absolute permeabilities for
the plurality of synthetic rock samples; executing a first
multiphase upscaling based on the single phase upscaling to
determine a relative permeability and capillary pressure for
the physical rock sample and a plurality of relative perme-
abilities and capillary pressures for the plurality of synthetic
rock samples; comparing the relative permeability and cap-
illary pressure of the physical rock sample to the plurality of
relative permeabilities and capillary pressures for the plu-
rality of synthetic rock samples; selecting a synthetic rock
sample among the plurality of synthetic rock samples that
varies the least from the relative permeability and capillary
pressure for the physical rock sample; performing at least
one additional multiphase upscaling on the physical rock
sample and the plurality of synthetic rock samples to deter-
mine a second multiphase upscaling result; and generate a
plan for drilling operations at a scale of the second multi-
phase upscaling result using the second multiphase upscal-
ing result.

[0060] Example 10 is the method of example 9, wherein
selecting the rock sample comprises using a machine learn-
ing algorithm.

[0061] Example 11 is the method of examples 9-10,
wherein the geological data includes a set of curves corre-
sponding to relative permeability and capillary pressures for
the plurality of rock types in the physical rock sample and
each rock type in the plurality of rock types is assigned to a
curve in the set of curves.

[0062] Example 12 is the method of examples 9-11,
wherein the plurality of synthetic rock samples comprises
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synthetic rock samples that are volumetrically different from
each other and geometrically similar to the physical rock
sample.

[0063] Example 13 is the method of examples 9-12,
wherein the physical rock sample is a plug or core sample
from the reservoir.

[0064] Example 14 is the method of examples 9-13,
wherein the at least one additional multiphase upscaling is
from a lithofacies scale to a reservoir scale.

[0065] Example 15 is the method of examples 9-14, fur-
ther comprising outputting the second multiphase upscaling
result to a user to allow the user to create a plan for
extraction operations for the reservoir.

[0066] Example 16 is a non-transitory computer-readable
medium comprising instructions that are executable by a
processing device for causing the processing device to:
access geological data describing a plurality of rock types in
a physical rock sample drilled from a reservoir; generate a
plurality of synthetic rock samples; execute single phase
upscaling to compute an absolute permeability for the physi-
cal rock sample and a plurality of absolute permeabilities for
the plurality of synthetic rock samples; execute a first
multiphase upscaling based on the single phase upscaling to
determine a relative permeability and capillary pressure for
the physical rock sample and a plurality of relative perme-
abilities and capillary pressures for the plurality of synthetic
rock samples; compare the relative permeability and capil-
lary pressure of the physical rock sample to the plurality of
relative permeabilities and capillary pressures for the plu-
rality of synthetic rock samples; select a synthetic rock
sample among the plurality of synthetic rock samples that
varies the least from the relative permeability and capillary
pressure for the physical rock sample; perform at least one
additional multiphase upscaling on the physical rock sample
and the plurality of synthetic rock samples to determine a
second multiphase upscaling result; and generate a plan for
drilling operations at a scale of the second multiphase
upscaling result using the second multiphase upscaling
result.

[0067] Example 17 is the non-transitory computer-read-
able medium of example 16, further comprising instructions
that are executable by the processing device for causing the
processing device to select the rock sample using a machine
learning algorithm.

[0068] Example 18 is the non-transitory computer-read-
able medium of examples 16-17, wherein the geological
data includes a set of curves corresponding to relative
permeability and capillary pressures for the plurality of rock
types in the physical rock sample and each rock type in the
plurality of rock types is assigned to a curve in the set of
curves.

[0069] Example 19 is the non-transitory computer-read-
able medium of examples 16-18, wherein the plurality of
synthetic rock samples comprises synthetic rock samples
that are volumetrically different from each other and geo-
metrically similar to the physical rock sample.

[0070] Example 20 is the non-transitory computer-read-
able medium of examples 19, wherein the at least one
additional multiphase upscaling is from a lithofacies scale to
a reservoir scale.

[0071] The foregoing description of certain examples,
including illustrated examples, has been presented only for
the purpose of illustration and description and is not
intended to be exhaustive or to limit the disclosure to the
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precise forms disclosed. Numerous modifications, adapta-
tions, and uses thereof will be apparent to those skilled in the
art without departing from the scope of the disclosure.

What is claimed is:

1. A system comprising:

a processing device; and

a memory device that includes instructions executable by

the processing device for causing the processing device

to:

access geological data describing a plurality of rock
types in a physical rock sample drilled from a
reservoir,

generate a plurality of synthetic rock samples;

execute single phase upscaling to compute an absolute
permeability for the physical rock sample and a
plurality of absolute permeabilities for the plurality
of synthetic rock samples;

execute a first multiphase upscaling based on the single
phase upscaling to determine a relative permeability
and capillary pressure for the physical rock sample
and a plurality of relative permeabilities and capil-
lary pressures for the plurality of synthetic rock
samples;

compare the relative permeability and capillary pres-
sure of the physical rock sample to the plurality of
relative permeabilities and capillary pressures of the
plurality of synthetic rock samples;

select a synthetic rock sample among the plurality of
synthetic rock samples that varies the least from the
relative permeability and capillary pressure for the
physical rock sample;

perform at least one additional multiphase upscaling on
the physical rock sample and the plurality of syn-
thetic rock samples to determine a second multiphase
upscaling result; and

generate a plan for drilling operations at a scale of the
second multiphase upscaling result using the second
multiphase upscaling result.

2. The system of claim 1, wherein the memory device
further includes instructions executable by the processing
device for causing the processing device to select the
synthetic rock sample using a machine learning algorithm
trained with historical data of relative permeabilities and
capillary pressures of physical rock samples and synthetic
rock samples.

3. The system of claim 1, wherein the geological data
includes a set of curves corresponding to relative perme-
ability and capillary pressures for the plurality of rock types
in the physical rock sample and each rock type in the
plurality of rock types is assigned to a curve in the set of
curves.

4. The system of claim 1, wherein the plurality of syn-
thetic rock samples comprises synthetic rock samples that
are volumetrically different from each other and geometri-
cally similar to the physical rock sample.

5. The system of claim 1, wherein the physical rock
sample is a plug or core sample from the reservoir.

6. The system of claim 1, wherein the first multiphase
upscaling is from a plug or core scale to a lithofacies scale,
and wherein the at least one additional multiphase upscaling
is from the lithofacies scale to a reservoir scale.

7. The system of claim 1, wherein:

the physical rock sample and the plurality of synthetic

rock samples are plug or core samples;
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the plurality of synthetic rock samples comprises syn-
thetic rock samples that are volumetrically different
from each other and geometrically similar to the physi-
cal rock sample;

the first multiphase upscaling and the at least one addi-

tional multiphase upscaling are based on a fluid com-
bination of oil and water;

the first multiphase upscaling is from a plug or core scale

to a lithofacies scale;

the at least one additional multiphase upscaling is from a

lithofacies scale to a reservoir scale; and

the memory device further includes instructions execut-

able by the processing device for causing the process-
ing device to output the second multiphase upscaling
result to a user to allow the user to create a plan for
extraction operations for the reservoir.

8. The system of claim 1, wherein the memory device
further includes instructions executable by the processing
device for causing the processing device to:

control an image capturing device to capture an image of

the physical rock sample; and

generate a digital representation of the physical rock

sample from the image of the physical rock sample, the
digital representation including geological data of the
physical rock sample.

9. A method, comprising:

accessing geological data describing a plurality of rock

types in a physical rock sample drilled from a reservoir;
generating a plurality of synthetic rock samples;
executing single phase upscaling to compute an absolute
permeability for the physical rock sample and a plu-
rality of absolute permeabilities for the plurality of
synthetic rock samples;
executing a first multiphase upscaling based on the single
phase upscaling to determine a relative permeability
and capillary pressure for the physical rock sample and
a plurality of relative permeabilities and capillary pres-
sures for the plurality of synthetic rock samples;

comparing the relative permeability and capillary pres-
sure of the physical rock sample to the plurality of
relative permeabilities and capillary pressures for the
plurality of synthetic rock samples;

selecting a synthetic rock sample among the plurality of

synthetic rock samples that varies the least from the
relative permeability and capillary pressure for the
physical rock sample;

performing at least one additional multiphase upscaling

on the physical rock sample and the plurality of syn-
thetic rock samples to determine a second multiphase
upscaling result; and

generate a plan for drilling operations at a scale of the

second multiphase upscaling result using the second
multiphase upscaling result.

10. The method of claim 9, wherein selecting the rock
sample comprises using a machine learning algorithm.

11. The method of claim 9, wherein the geological data
includes a set of curves corresponding to relative perme-
ability and capillary pressures for the plurality of rock types
in the physical rock sample and each rock type in the
plurality of rock types is assigned to a curve in the set of
curves.

12. The method of claim 9, wherein the plurality of
synthetic rock samples comprises synthetic rock samples
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that are volumetrically different from each other and geo-
metrically similar to the physical rock sample.

13. The method of claim 9, wherein the physical rock
sample is a plug or core sample from the reservoir.

14. The method of claim 9, wherein the at least one
additional multiphase upscaling is from a lithofacies scale to
a reservoir scale.

15. The method of claim 9, further comprising outputting
the second multiphase upscaling result to a user to allow the
user to create a plan for extraction operations for the
reservoir.

16. A non-transitory computer-readable medium compris-
ing instructions that are executable by a processing device
for causing the processing device to:

access geological data describing a plurality of rock types

in a physical rock sample drilled from a reservoir;
generate a plurality of synthetic rock samples;

execute single phase upscaling to compute an absolute

permeability for the physical rock sample and a plu-
rality of absolute permeabilities for the plurality of
synthetic rock samples;
execute a first multiphase upscaling based on the single
phase upscaling to determine a relative permeability
and capillary pressure for the physical rock sample and
a plurality of relative permeabilities and capillary pres-
sures for the plurality of synthetic rock samples;

compare the relative permeability and capillary pressure
of the physical rock sample to the plurality of relative
permeabilities and capillary pressures for the plurality
of synthetic rock samples;

select a synthetic rock sample among the plurality of

synthetic rock samples that varies the least from the
relative permeability and capillary pressure for the
physical rock sample;

perform at least one additional multiphase upscaling on

the physical rock sample and the plurality of synthetic
rock samples to determine a second multiphase upscal-
ing result; and

generate a plan for drilling operations at a scale of the

second multiphase upscaling result using the second
multiphase upscaling result.

17. The non-transitory computer-readable medium of
claim 16, further comprising instructions that are executable
by the processing device for causing the processing device
to select the rock sample using a machine learning algo-
rithm.

18. The non-transitory computer-readable medium of
claim 16, wherein the geological data includes a set of
curves corresponding to relative permeability and capillary
pressures for the plurality of rock types in the physical rock
sample and each rock type in the plurality of rock types is
assigned to a curve in the set of curves.

19. The non-transitory computer-readable medium of
claim 16, wherein the plurality of synthetic rock samples
comprises synthetic rock samples that are volumetrically
different from each other and geometrically similar to the
physical rock sample.

20. The non-transitory computer-readable medium of
claim 16, wherein the at least one additional multiphase
upscaling is from a lithofacies scale to a reservoir scale.
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