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SIMULTANEOUS INTERFERENCE TESTING AND FRACTURING TESTING

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Patent Application No.
15/630,305 filed on June 22, 2017, the entire contents of which are hereby
incorporated by reference.
TECHNICAL FIELD
[0002] This specification relates to geologic formation testing within a

wellbore.

BACKGROUND

[0003] When producing fluids from a geologic formation, it can be helpful to
know certain properties of the geologic formation. Several tests to determine geo-
mechanical properties of the geological formation can be performed after a wellbore
has been drilled into the geologic formation. Such tests can include a vertical
interference test and an injection fall-off test. Vertical interference testing normally
involves pumping fluid out of the geologic formation and into the wellbore while
monitoring a pressure signal with a pressure sensor. An injection fall-off test involves
pumping a small volume of fluid into the geologic formation until a fracture is

initiated, followed by natural pressure fall-off due to fracture closure.

SUMMARY

[0004] This specification describes technologies relating to injection and
fracturing interference testing.

[0005] An example implementation of the subject matter describes within this
disclosure is a method with the following features. A wellbore is formed into a
geologic formation with a first fracture zone and a second zone. The second zone is
outside the first fracture zone. The wellbore passes through both the first fracture zone
and the second zone. fluids are pumped into the wellbore by pulsing the fluids at a
variable, positive pressure relative to the geologic formation until a first pressure
threshold in the first fracture zone is satisfied. The pumping results in a first pressure
profile in the first fracture zone representing pressures in the first fracture zone over

time responsive to the pumping, and a second pressure profile in the second zone
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representing pressures in the second zone over time responsive to the pumping. In
response to determining that the first pressure threshold is satisfied, the fluids are
ceased to pump into the wellbore for a duration of time. After the duration of time, the
fluids are re-pumped into the wellbore by pulsing the fluids at the variable, positive
pressure relative to the geologic formation until a second pressure threshold in the first
fracture zone in the first fracture zone is satisfied. The second pressure threshold is
different from the first pressure threshold. The re-pumping results in a third pressure
profile in the first fracture zone representing pressures in the first fracture zone over
time responsive to the pumping. In response to determining that the second pressure
threshold is satisfied, ceasing to re-pump the fluids into the wellbore until a third
pressure threshold in the first fracture zone is satisfied, the third pressure threshold
different from the second pressure threshold. Mechanical properties of the geologic
formation are determined based on the first pressure profile, the second pressure
profile, and the third pressure profile.

[0006] Aspects of the example method, which can be combined with the
example method alone or in combination, include the following. The second pressure
threshold can be greater than the first pressure threshold.

[0007] Aspects of the example method, which can be combined with the
example method alone or in combination, include the following. The determined
mechanical properties can include a vertical permeability.

[0008] Aspects of the example method, which can be combined with the
example method alone or in combination, include the following. An acoustic response
can be measured during the re-pumping. The mechanical properties can include a
fracture geometry determined based on the acoustic response.

[0009] Aspects of the example method, which can be combined with the
example method alone or in combination, include the following. While pumping the
fluids into the wellbore, a first plurality of pressure values can be measured over time
by a first sensor in the first fracture zone, and a second plurality of pressure values
over time in the second zone by a second sensor in the second zone. It can be
determined that the second plurality of pressures within the second zone satisfy a
pressure threshold in the first fracture zone.

[0010] Aspects of the example method, which can be combined with the

example method alone or in combination, include the following. After ceasing to pump
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the fluids into the wellbore, a third plurality of pressure values over time in the first
fracture zone can be measured by the first sensor and the second sensor, resulting in a
third pressure profile and a fourth plurality of pressure values over time in the second
zone resulting in a fourth pressure profile, respectively.

[0011] Aspects of the example method, which can be combined with the
example method alone or in combination, include the following. The pumping and re-
pumping can be implemented in a single trip of a wellbore tool into the wellbore.

[0012] Aspects of the example method, which can be combined with the
example method alone or in combination, include the following. In the single trip, the
wellbore tool is not removed from within the wellbore after ceasing the pumping and
before the re-pumping.

[0013] An example implementation of the subject matter describes within this
disclosure is a second method with the following features. A wellbore tool is
assembled based on a set of estimated geo-mechanical properties of a formation in
which the wellbore is formed. The wellbore tool is inserted into the wellbore to be in-
line with a testing zone. An upper packer nearer an uphole end of the testing zone and
a lower packer nearer a downhole end of the testing zone are sealed against a wall of
the wellbore. Each packer is attached to the wellbore tool. The wellbore is pressurized
between the upper packer and the lower packer by pulsing a fluid at a variable,
positive pressure relative to a geologic formation. A first downhole property is
measured with respect to time by a first sensor package positioned between the upper
packer and the lower packer. A second downhole property is measured with respect to
time by a second sensor package. A set of geo-mechanical properties of the formation
is determined based on the first downhole property with respect to time and the second
downhole property with respect to time. The geo-mechanical properties include a
vertical permeability of the formation.

[0014] Aspects of the example second method, which can be combined with
the example second method alone or in combination, include the following.
Assembling a wellbore tool based on a set of estimated geo-mechanical properties of a
formation in which the wellbore is formed can include determining a type of sensor to

include with the sensor package.
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[0015] Aspects of the example second method, which can be combined with
the example second method alone or in combination, include the following. The
sensor package can include an acoustic sensor.

[0016] Aspects of the example second method, which can be combined with
the example second method alone or in combination, include the following. The
determined geo-mechanical properties can include a fracture geometry. Determining a
fracture geometry can include analyzing a signal from the acoustic sensor.

[0017] Aspects of the example second method, which can be combined with
the example second method alone or in combination, include the following. The set of
estimated geo-mechanical properties can be updated based on the set of determined
geo-mechanical properties. Updating the set of estimated geo-mechanical properties
can include replacing a set of estimated values with a set of empirical values.

[0018] Aspects of the example second method, which can be combined with
the example second method alone or in combination, include the following. a future
wellbore route through the geologic formation is planned based on the set of
determined geo-mechanical properties.

[0019] Aspects of the example second method, which can be combined with
the example second method alone or in combination, include the following. A
fracking pressure of the formation is determined based on the set of determined geo-
mechanical properties.

[0020] An example implementation of the subject matter describes within this
disclosure is a third method with the following features. a vertical interference test is
performed within a wellbore with a wellbore tool inserted into the wellbore during a
trip into the wellbore. Within the same trip, an injection fall-off test is performed
within the wellbore. A set of geo-mechanical properties is determined based on a set
of results from both the vertical interference test and the injection fall-off test.

[0021] Aspects of the example third method, which can be combined with the
example third method alone or in combination, include the following. Performing a
vertical interference test and performing an injection fall-off test can occur
simultaneously.

[0022] Aspects of the example third method, which can be combined with the
example third method alone or in combination, include the following. Performing a

vertical interference test can include pumping a fluid at a greater pressure than a
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formation pressure within the wellbore. The formation pressure is a required threshold
pressure for fluid to flow into the formation from the wellbore.

[0023] Aspects of the example third method, which can be combined with the
example third method alone or in combination, include the following. An injection
fall-off test can include pumping a fluid at a sufficient pressure to start fracturing a
formation.

[0024] Aspects of the example third method, which can be combined with the
example third method alone or in combination, include the following. The determined
geo-mechanical properties can include a fracture geometry.

[0025] The details of one or more implementations of the subject matter
described in this specification are set forth in the accompanying drawings and the
description later within this specification. Other features, aspects, and advantages of
the subject matter will become apparent from the description, the drawings, and the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is schematic diagram of a side view of an example string within
a wellbore.

[0027] FIG. 2 is a schematic diagram of an example wellbore testing tool
positioned within a wellbore.

[0028] FIG. 3 is a flowchart showing an example method of an injection and
fracturing interference test.

[0029] FIG. 4 is a flowchart showing an example method of an injection and
fracturing interference test.

[0030] FIG. 5 is a block diagram of an example computer that can be used for
analyzing the data from the injection and fracturing interference test.

[0031] Like reference numbers and designations in the various drawings

indicate like elements.

DETAILED DESCRIPTION
[0032] Both a vertical interference test (VIT) and a diagnostic fracture test
(DFIT™), also known as a pre-frac test, injection fall-off test, a data-frac, or a mini-
frac, are tests that can be used to determine mechanical properties of a geologic

formation. For example, a VIT can be used to determine a horizontal and vertical
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permeability, while a mini-frac can be used to determine a minimum fracture initiation
pressure. Traditionally, these tests are performed with different wellbore testing tools
and must be performed in separate trips down the wellbore. If a situation arises where
both tests need to be performed, the need for two trips can cost excessive time and
money.

[0033] This specification describes a method for testing geo-mechanical
properties of a geologic formation surrounding a wellbore. The tested properties
include vertical permeability and fracture-ability. The method involves performing a
VIT to determine a horizontal and vertical permeability of the formation, and
performing a mini-frac to determine the fracture-ability of the formation. The tests are
performed with the same testing apparatus simultaneously. That is, the testing
apparatus is not removed from the wellbore between tests. The tests can also be started
at the same time, or certain aspects of each test can be performed at the same time.
Details on overlapping aspects of the tests are discussed in detail later in this
disclosure. Such a system saves considerable time and money over previous methods.
Additionally, extra sensors can be added to the wellbore tool to determine more geo-
mechanical properties within the single trip. The geo-mechanical properties that can be
determined include but not limited to Young's modulus, Poisson's ratio, in situ stresses,
electrical properties (conductivity and dielectric) and the direction or spatial variability
of these properties when multiple sensors are used. These properties can also be used
with other logging measurements to determine additional interpreted properties such as
water, oil and gas saturations in the rock pore space.

[0034] FIG. 1 shows a wellbore testing system 100. The testing system 100
includes a wellbore testing tool 108 positioned within a wellbore 106. The wellbore
testing tool 108 is supported and transported through the wellbore 106 with a testing
string 112. The wellbore tool can be used to determine mechanical properties of a
geologic formation 104 in which the wellbore 106 has been formed. The string 112 can
be supported by a derrick 118. While the illustrated implementation shows the
wellbore testing tool 108 being deployed with the string 112 and the derrick 118, the
wellbore testing tool 108 could also be deployed with a coiled tubing or wireline set-
up. The wellbore testing tool 108 can be deployed with any conveyance method,
including but not limited to; drill-pipe, coiled tubing, a wireline set-up, or any other

form of conveyance. A computer 102 located at a topside facility can control the
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wellbore testing tool 108 and to collect and analyze data from wellbore testing tool
108. Alternatively, or in addition, the computer 102 (or a different computer) can be
located within the wellbore 106 or off-site, coupled (using wires or wirelessly or both)
to the computer 102 at the well site. While the illustrated implementation shows the
wellbore testing tool 108 being deployed in a vertical wellbore, the wellbore testing
tool 108 can also be used in a deviated or horizontal wellbore.

[0035] FIG. 2 shows a detailed view of an example wellbore testing tool 108
deployed in the wellbore 106. The wellbore testing tool can include an upper packer
210 attached nearer an uphole end of the wellbore testing tool 108 than a downhole
end of the wellbore testing tool 108, and a lower packer 214 attached nearer the
downhole end up the wellbore testing tool 108 than the downhole end of the wellbore
testing tool 108. The packers can be inflatable packers, or any other type of packer that
can sufficiently, hydraulically isolate a target section of the wellbore 106 from the rest
of the wellbore 106. A first sensor package 212 is attached to the wellbore tool 108
between the upper packer 210 and the lower packer 214. The first sensor package 212
can include one or more sensors, such as a temperature sensor, a pressure sensor, a
sonic sensor, an ultrasonic sensor, a resistivity sensor, a dielectric sensor, an
electrostatic sensor, or any other sensor suitable for a wellbore environment. The
wellbore tool 108 also includes a second sensor package 208 located uphole of the
upper packer 210. The second sensor package 208 can also include multiple sensors,
such as a temperature sensor, a pressure sensor, a sonic sensor, an ultrasonic sensor, a
resistivity sensor, a dielectric sensor, an electrostatic sensor, or any other sensor
suitable for a wellbore environment. In some implementations, the wellbore testing
tool 108 can include a third sensor package 216 located downhole of the lower packer
214. The third sensor 216 package can include multiple sensors, such as a temperature
SeNnsor, a pressure Sensor, a sonic sensor, an ultrasonic sensor, a resistivity sensor, a
dielectric sensor, an electrostatic sensor, or any other sensor suitable for a wellbore
environment. The third sensor package 216 can include sensor used to determine
different rock properties from those determined by the first sensor package 212 or the
second sensor package 208. If two sensor packages are used, variations in properties
can determine in two dimensions, such as along the wellbore. The use of three sensor
packages can result in detecting property variations in three dimensions and resolve

the direction that certain formation properties are changing. The spacing between each
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sensor package can vary between different implementations. Factors such as depth,
formation sensitivity, size of zones, and other factors can determine the spacing of the
sensor packages. The sensors for each sensor package are chosen based upon a set of
estimated petrophysical and geo-mechanical properties of the formation 104 in which
the wellbore 106 is formed. The sensors within the sensor package can be
omnidirectional or azimuthally oriented.

[0036] In the illustrated example, the wellbore tool 108 is inserted into the
wellbore 106 to be in-line with a testing zone 204 of the formation 104. The formation
104 also includes a second zone 202 that is outside the first fracture zone 204. In some
implementations, the formation 104 can include a third zone 206 that is outside the
first fracture zone 204 and is separated from the second zone 202 by the first fracture
zone 204. Measurement in the third zone 206 can help determine the vertical
connectivity between the first zone 204, the second zone 202, and the third zone 206.
Measurements in the third zone 206 can also help estimate changes in the physical
properties of each zone when 204 is undergoing an injection or fracturing test. Having
both results from the second zone 202 and the third zone 206 can help determine
heterogeneity in the formation along the borehole above and below the testing zones.
The upper packer 210 seals against a wall of the wellbore 106 nearer an uphole end of
the testing zone 204 and the lower packer 214 seals against a wall of the wellbore 106
nearer a downhole end of the testing zone 204. During some tests on the formation
104, a fluid is pulsed at a variable, positive pressure relative to a geologic formation
104 to pressurize the wellbore 106 between the upper packer 210 and the lower packer
214. That is, fluid is pressurized to the point that the fluid flows from the wellbore 106
into the formation 104. The variable, positive pressure pulses can be driven by a pump
at a topside facility or a downhole pump. In some implementations, the pumping and
sealing can be controlled by the computer 102. In such a test, the first sensor package
212 can measure a first downhole property with respect to time by the first sensor
package 212. For example, the first sensor package 212 can measure a pressure of the
adjacent first zone 204 within the wellbore 106. That is, a pressure of the wellbore
containing the first sensor package 212 is measured; the first zone 204 is fluidically
connected to this section, so the pressure of the first zone 204 can be determined based
on the readings from the first sensor package 212. While a pressure is being measured

in the first zone 204, the pressure can also be measured in the second zone 202. In
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certain testing scenarios, the wellbore is pressurized to sufficiently begin to fracture
the first zone 204. In such an example, the first sensor package 212 can include an
acoustic sensor to detect the soundwaves emitted by the fracturing process. Based on
these readings, fracture geometries can be determined. In some implementations, the
downhole properties with respect to time are recorded and processed by the computer
102.

[0037] Simultaneously, a second downhole property can be measured with
respect to time by the second sensor package 208. For example, a pressure within the
wellbore 106 of the adjacent second zone 202 can be measured. During a VIT, the
pressure within the wellbore 106 is increased to be higher than the pressure of the first
zone 204. That is, fluid flows from the wellbore 106 and into the first zone 204. The
fluid can flow from the first zone 204 and into the second zone 202. The additional
fluid flow between the first zone 204 and the second zone 202 creates a pressure
differential that can vary with time. In some implementations, a third downhole
property can be measured with respect to time by the third sensor package 216. For
example, a pressure within the wellbore 106 of the adjacent third zone 206 can be
measured. Similar to the previously described VIT, the pressure within the wellbore
106 is increased to be higher than the pressure of the first zone 204. That is, fluid flows
from the wellbore 106 and into the first zone 204. The fluid can flow from the first
zone 204 and into the third zone 206. The additional fluid flow between the first zone
204 and the third zone 206 creates a pressure differential that can vary with time. A
set of geo-mechanical properties of the formation can be determined based on the first
downhole property with respect to time and the third downhole property with respect
to time. For example, a vertical permeability of the formation 104 can be determined.
Specifically, the vertical permeability of the formation 104 can be calculated based on
the rate of pressure change between the first zone 204 and either the second zone 202
or the third zone 206. Higher permeabilities can result in a higher pressure change
while low permeabilities can result in a lower pressure change. In addition, fluid flows
slower in lower permeability formation causing a delay in time form the injection in
one location to the detection of a change in another location. In some implementations,
the computer 102 can be used to calculate the horizontal and vertical permeability, or
any other desired parameter that can be determined from the collected data. The data

collected can include analog signals or digital samples. In some implementations, the
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third set of geo-mechanical properties can be determined using the third downhole
property with respect to time. In some implementations, such as when an acoustic
sensor is included in one of the sensor packages, a fracture geometry can be
determined.

[0038] In one example, when a fracture is initiated, induced energy in the rock
is captured as micro-seismic events using geophones or hydrophones as part of the first
sensor package 208 and the third sensor package 216 in array set-up. For example, the
second sensor package 208 can contain eight arrays of four azimuthal micro-seismic
geophones. Recorded time domain data can then be used to map an induced fracture
and estimate properties of the induced fracture, such as half-length and angle If
sufficient measurements are made with various sensors the three-dimensional shape of
the fracture can be determined.

[0039] Geo-mechanical properties, such as fracture geometry or vertical
permeability, can be determined by interpreting the data gathered by the sensor
packages. The empirically determined geo-mechanical properties can be used to
update the set of estimated geo-mechanical properties. That is, the original estimated
values of the geo-mechanical properties that were used to select the sensors to be
included in each sensor package can be updated with the set of empirical values. The
estimated geo-mechanical properties can be based upon values in a similar geologic
formation, values determined in another section of the formation 104, or from any
other basis for estimating geo-mechanical properties. In some implementations, the
estimated geo-mechanical properties can be calculated and stored using the computer
102. The updated geo-mechanical properties can be used in a geologic model that can
be used to help plan a future wellbore route through the geologic formation, determine
a fracking pressure required to fracture the formation, or plan any other operation that
needs to be performed within the geologic formation. For example, a separate wellbore
can be drilled within the geologic formation 104. The separate wellbore can be
fractured to increase production rates. In some implementations, the geologic model
can be stored and utilized with the computer 102.

[0040] The wellbore tool 108 can be used for a variety of tests. Such an
example test is shown in FIG. 3. FIG. 3 is a flowchart of an example method 300 that
can be used to perform a test with the wellbore testing tool 108. At 304, a vertical

interference test (VIT) is performed within the wellbore 106 with the wellbore testing

10

PCT/US2018/038079



10

15

20

25

30

WO 2018/236752

tool 108. At 306, an injection fall-off test (also called a mini-frac) is performed within
the wellbore. At 302, both the VIT (304) and the mini-frac (306) are performed within
the same trip. In other words, performing a VIT (304) and performing a mini-frac
(306) occur simultaneously. For example, both tests use the same input: a variable,
positive pressure. At 308 a set of geo-mechanical properties are determined based on a
set of results from both the VIT (304) and the mini-frac (306). In some
implementations, the computer 102 can control the previously mentioned tests, store
the results from the previously mentioned tests, process the results from the previously
mentioned tests, or a combination.

[0041] A VIT includes pumping a fluid at a greater pressure than a formation
pressure within the wellbore. The formation pressure is a required threshold pressure
for fluid to flow from the wellbore and into the formation. A mini-frac can include
pumping a fluid at a sufficient pressure to start fracturing the formation, typically a
higher pressure than that of the VIT. In implementations where an acoustic sensor is
used, the acoustic sensor can detect the sounds produced by the formation beginning to
fracture. As discussed earlier these sounds can be analyzed to determine fracture
geometries. In some implementations, acoustic sensors can be included in the first
sensor package 212, the second sensor package 208, and the third sensor package 216.
That is, the acoustic sensors can be positioned uphole of the fracture zone 204. Each of
the sensor packages can include acoustic sensors arranged azimuthally around and
longitudinally around the wellbore tool 108. In some implementations, each acoustic
sensor is an array of acoustic sensors. When fractures are induced, the formation stress
is increased and pore pressure is increased due to injected fluid leak-off. This creates a
seismic wave that can be recorded by sensitive geophones. Analysis of the
compressional P-waves and Shear S-waves (wave separation, move out, particle
motion, etc.) can be used to locate fracture events in the space around the borehole.
Based on this information. a map can be produced and used to identify fracture
geometry, azimuth, half-length, width, height, and any other geometric property of the
produced fracture.

[0042] FIG. 4 is a flowchart of an example method 400 that can be used in
conjunction with the wellbore tool 108 to determine geo-mechanical properties of the
formation 104. All of the following steps take place within the wellbore 106. As a

reminder, the formation 104 includes a first fracture zone 204 and a second zone 202
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outside the first fracture zone 204. At 402, fluids are pumped into the wellbore 106 by
pulsing the fluids at a variable, positive pressure relative to the geologic formation 104
until a first pressure threshold in the first fracture zone 204 is satisfied. A first set of
pressure values over time in the first fracture zone 204 and a second set of pressure
values over time in the second zone 202 are measured by the first sensor package 212
within the first fracture zone 204 and the second sensor package 208 within the second
zone 202, respectively, while pumping the fluids into the wellbore 106. In some
implementations, the recorded values can be stored with the computer 102. The
pumping results in a first pressure profile in the first fracture zone 204 representing
pressures in the first fracture zone 204 over time in response to the pumping. The
pumping also results in a second pressure profile in the second zone 202 representing
pressures in the second zone 202 over time in response to the pumping.

[0043] At 404, in response to determining that the first pressure threshold is
satisfied, pumping of the fluids into the wellbore is ceased for a duration of time. In
some implementations, the computer 102 can control the pumping to cease once the
first pressure threshold is satisfied. During the duration of time, an additional pressure
profile can be taken for the first zone 204, the second zone 202, or both. After ceasing
to pump the fluids into the wellbore, a third set of pressure values is measured over
time in the first fracture zone 204 by the first sensor package 212, resulting in a third
pressure profile, and a fourth set of pressure values is measured over time in the
second zone 202 by the second sensor package 208, resulting in a fourth pressure
profile. In some implementations, the second set of pressures within the second zone
202 are determined to satisfy a pressure threshold in the first fracture zone 204 before
pumping is resumed. In some implementations, the pressure threshold can be
sufficiently below the first pressure threshold to allow for a pressure profile that can be
used to calculate a vertical permeability. The various pressure profiles can be stored
and analyzed by the computer 102.

[0044] At 406, after the duration of time, fluids are re-pumped into the
wellbore 106 by pulsing the fluids at the variable, positive pressure relative to the
geologic formation 104 until a second pressure threshold in the first fracture zone 204
is satisfied. The second pressure threshold is different from the first pressure threshold.
For example, the second pressure threshold can be higher than the first pressure

threshold. In some implementations, the second pressure threshold can be a fracturing
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pressure threshold. That is, a pressure necessary to start fracturing a zone of the
geologic formation 104. The re-pumping results in a third pressure profile in the first
fracture zone 204 representing pressures in the first fracture zone 204 over time in
response to the re-pumping. In some implementations, the pumping and re-pumping
steps can occur within the same trip. That is, in the single trip, the wellbore tool 108 is
not removed from the wellbore 106 after ceasing the pumping and before the re-
pumping. In some implementations, the pumping and re-pumping can be controlled by
the computer 102,

[0045] At 408, in response to determining that the second pressure threshold is
satisfied, re-pumping the fluids into the wellbore is ceased until a third pressure
threshold in the first fracture zone 204 is satisfied. The third pressure threshold can be
different from the second pressure threshold. For example, the third pressure threshold
can be lower than the second pressure threshold. In some implementations, the third
pressure threshold can be a fracture closure pressure. That is, a pressure at which
fractures formed in the geologic formation 104 close after being formed.

[0046] At 410, mechanical properties of the geologic formation are determined
based on the first pressure profile, the second pressure profile, and the third pressure
profile. The computer 102 can be used to determine the mechanical properties. In some
implementations, the geo-mechanical properties determined can include vertical
permeability. For example, the vertical permeability can be determined as described
earlier. In implementations where acoustic sensors are used in one or more of the
sensor packages, fracture geometry can be a determined mechanical property as
described earlier. The acoustic measurements necessary to determine fracture
geometry can be taken during the re-pumping. That is, fracture geometry can be
determined based on an acoustic response during re-pumping. The acoustic
measurements can be processed by the computer 102 to determine the fracture
geometry.

[0047] Implementations of the subject matter described in this specification
can be implemented in a computing system that includes a back-end component, such
as, as a data server, or that includes a middleware component, such as, an application
server, or that includes a front-end component, such as, a client computer 102 having a
graphical user interface or a Web browser through which a user can interact with an

implementation of the subject matter described in this specification, or any
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combination of one or more such back-end, middleware, or front-end components.
The components of the system can be interconnected by any form or medium of digital
data communication, such as, a communication network. Examples of communication
networks include a local area network (“LAN™) and a wide area network (“WAN"), an
inter-network (such as, the Internet), and peer-to-peer networks (such as, ad hoc peer-
to-peer networks).

[0048] The computing system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-server
relationship to each other. In some implementations, a server transmits data (such as,
an HTML page) to a client device (such as, for purposes of displaying data to and
receiving user input from a user interacting with the client device). Data generated at
the client device (such as, a result of the user interaction) can be received from the
client device at the server.

[0049] An example of one such type of computer 102 is shown in FIG. 5,
which shows a block diagram of a programmable computer 102 suitable for
implementing apparatus or performing methods of various aspects of the subject
matter described in this specification. The computer 102 includes a processor 505, a
random access memory (RAM) 507, a power supply 514, a user interface 504, and an
application 508 (for example, a computer program that can form a geologic model).
The computer 102 can be preprogrammed, in ROM, for example, or it can be
programmed (and reprogrammed) by loading a program from another source (for
example, from a floppy disk, a CD-ROM, or another computer). In some
implementations, the geo-model 516 can be stored in a database 506. The database 506
can be stored on the computer 102 or at an offsite storage location that can be accessed
remotely by the computer 102.

[0050] While this specification contains many specific implementation details,
these should not be construed as limitations on the scope of any inventions or of what
may be claimed, but rather as descriptions of features specific to particular
implementations of particular inventions. Certain features that are described in this
specification in the context of separate implementations can also be implemented in

combination in a single implementation. Conversely, various features that are
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described in the context of a single implementation can also be implemented in
multiple implementations separately or in any suitable subcombination. Moreover,
although features may be described earlier as acting in certain combinations and even
initially claimed as such, one or more features from a claimed combination can in
some cases be excised from the combination, and the claimed combination may be
directed to a subcombination or variation of a subcombination.

[0051] Similarly, while operations are depicted in the drawings in a particular
order, this should not be understood as requiring that such operations be performed in
the particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various system
components in the implementations described earlier should not be understood as
requiring such separation in all implementations, and it should be understood that the
described program components and systems can generally be integrated together in a
single software product or packaged into multiple software products.

[0052] Thus, particular implementations of the subject matter have been
described. Other implementations are within the scope of the following claims. In
some cases, the actions recited in the claims can be performed in a different order and
still achieve desirable results. In addition, the processes depicted in the accompanying
figures do not necessarily require the particular order shown, or sequential order, to
achieve desirable results. In certain implementations, multitasking and parallel
processing may be advantageous. While some implementations of the subject matter
have been disclosed within this disclosure, other implementations can be used. For
example, a surface frac can be performed with a similar tool to the one previously
described within this disclosure. The first packer 210 and the second packer 214 can
be replaces with retrievable packers. Flow-lines can be included in the center or aside
to the sensors packages 208, 212 and 216. Telemetry can be ensured through the same
flow-line or directly connected to the sensors packages through wireline or fiber optics

or any other any other communication method.
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CLAIMS
A method comprising;
in a wellbore formed into a geologic formation comprising a first

fracture zone and a second zone, the second zone outside the first fracture zone,
the wellbore passing through both the first fracture zone and the second zone:

pumping fluids into the wellbore by pulsing the fluids at a
variable, positive pressure relative to the geologic formation until a first
pressure threshold in the first fracture zone is satisfied, wherein the pumping
results in a first pressure profile in the first fracture zone representing pressures
in the first fracture zone over time responsive to the pumping, and a second
pressure profile in the second zone representing pressures in the second zone
over time responsive to the pumping;

in response to determining that the first pressure threshold is
satisfied, ceasing to pump the fluids into the wellbore for a duration of time;

after the duration of time, re-pumping fluids into the wellbore
by pulsing the fluids at the variable, positive pressure relative to the geologic
formation until a second pressure threshold in the first fracture zone in the first
fracture zone is satisfied, the second pressure threshold different from the first
pressure threshold, wherein the re-pumping results in a third pressure profile in
the first fracture zone representing pressures in the first fracture zone over time
responsive to the pumping;

in response to determining that the second pressure threshold is
satisfied, ceasing to re-pump the fluids into the wellbore until a third pressure
threshold in the first fracture zone is satisfied, the third pressure threshold
different from the second pressure threshold; and

determining mechanical properties of the geologic formation
based on the first pressure profile, the second pressure profile, and the third

pressure profile.

The method of claim 1, wherein the second pressure threshold is greater

than the first pressure threshold.
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The method of claim 1, further wherein the determined mechanical

properties comprise a vertical permeability.

The method of claim 1, further comprising measuring, during the re-
pumping, an acoustic response, and wherein the mechanical properties

comprise fracture geometry determined based on the acoustic response.

The method of claim 4, further comprising:

while pumping the fluids into the wellbore, measuring, by a first sensor
in the first fracture zone and a second sensor in the second zone, a first
plurality of pressure values over time in the first fracture zone and a second
plurality of pressure values over time in the second zone, respectively; and

determining that the second plurality of pressures within the second

zone satisfy a pressure threshold in the first fracture zone.

The method of claim 5, comprising, after ceasing to pump the fluids
into the wellbore, measuring, by the first sensor and the second sensor, a third
plurality of pressure values over time in the first fracture zone resulting in a
third pressure profile and a fourth plurality of pressure values over time in the

second zone resulting in a fourth pressure profile, respectively.

The method of claim 1, wherein the pumping and re-pumping are

implemented in a single trip of a wellbore tool into the wellbore.

The method of claim 7, wherein, in the single trip, the wellbore tool is
not removed from within the wellbore after ceasing the pumping and before the

re-pumping.

A method comprising;

assembling a wellbore tool based on a set of estimated geo-mechanical
properties of a formation in which the wellbore is formed:

inserting the wellbore tool into the wellbore to be in-line with a testing
zone;

sealing an upper packer nearer an uphole end of the testing zone and a

lower packer nearer a downhole end of the testing zone, each packer being
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10.

11

12.

13.

14.

15.

attached to the wellbore tool, against a wall of the wellbore;

pressurizing the wellbore between the upper packer and the lower
packer by pulsing a fluid at a variable, positive pressure relative to a geologic
formation;

measuring a first downhole property with respect to time by a first
sensor package positioned between the upper packer and the lower packer;

measuring a second downhole property with respect to time by a second
sensor package; and

determining a set of geo-mechanical properties of the formation based
on the first downhole property with respect to time and the second downhole
property with respect to time, the geo-mechanical properties comprising

vertical permeability of the formation.

The method of claim 9, wherein assembling a wellbore tool based on a
set of estimated geo-mechanical properties of a formation in which the
wellbore is formed comprises determining a type of sensor to include with the

sensor package.

The method of claim 10, wherein the sensor package comprises an

acoustic sensor.

The method of claim 11, wherein the determined geo-mechanical
properties comprise fracture geometry, wherein determining a fracture

geometry comprises analyzing a signal from the acoustic sensor.

The method of claim 9, further comprising updating the set of estimated
geo-mechanical properties based on the set of determined geo-mechanical
properties, wherein updating the set of estimated geo-mechanical properties

comprises replacing a set of estimated values with a set of empirical values.

The method of claim 9, further comprising planning a future wellbore
route through the geologic formation based on the set of determined geo-

mechanical properties.

The method of claim 9, further comprising determining a fracking
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16.

17.

18.

19.

20.

pressure of the formation based on the set of determined geo-mechanical

properties.

A method comprising;

performing a vertical interference test within a wellbore with a wellbore
tool inserted into the wellbore during a trip into the wellbore; and

within the same trip, performing an injection fall-off test within the
wellbore
determining a set of geo-mechanical properties based on a set of results from

both the vertical interference test and the injection fall-off test.

The method of claim 16, wherein performing a vertical interference test

and performing an injection fall-off test occur simultaneously.

The method of claim 16, wherein performing a vertical interference test
comprises pumping a fluid at a greater pressure than a formation pressure
within the wellbore, wherein the formation pressure is a required threshold

pressure for fluid to flow into the formation from the wellbore.

The method of claim 16, wherein an injection fall-off test comprises

pumping a fluid at a sufficient pressure to start fracturing a formation.

The method of claim 16, wherein the determined geo-mechanical

properties comprise fracture geometry.
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400

N

pumping fluids into the wellbore by pulsing the 402

fluids at a variable, positive pressure relative to -
the geologic formation until a first pressure

threshold in the first fracture zone is satisfied

!

ceasing to pump the fluids into the
wellbore for adjuration of time

j’ 406
re-pumping fluids into the wellbore by pulsing the //
fluids at the variable, positive pressure relative {o
the geologic formation until a second pressure
threshold in the first fracture zone in the first
fracture zone is satisfied

‘l 408
ceasing to re-pump the fluids into the wellbore |/
until a third pressure threshold in the first fracture

zone is satisfied

|

determining mechanical properties of the geologic 410
formation based on the first pressure profile, the -/
second pressure differential and the third pressure

profile
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