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(57) Abstract: A method, system and
computer-readable medium for estimat
ing a life expectancy of a tool used in a
pumping operation is disclosed. A
property of the tool is obtained and a
pumping parameter of the downhole
operation is selected. The pumping
parameter is related to erosion of the
tool. A value of the pumping parameter
is measured during the pumping opera
tion. The life expectancy of the tool is
estimated during the pumping operation
the obtained property of the
downhole tool and the measured value
of the pumping parameter. The value of
the pumping parameter may then be
changed to a new value in order to af
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REAL TIME TOOL EROSION PREDICTION MONITORING

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Application No. 14/271692, filed on May
7, 2014, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE DISCLOSURE
1.

Field of the Disclosure
[0001] The present disclosure is related to a method of determining an erosion rate of

a tool used in downhole applications and, in particular, to determining a life time of a tool
using in-situ measurements of pumping parameters.
2.

Description of the Related Art
[0002] Various downhole processes, such as stimulation or fracturing ("fracking")

processes for example, pump erosive fluids and other materials from a surface location to a
subterranean formation in order to break up the subterranean formations, thereby causing the
release of hydrocarbons. The tools that deliver these erosive materials are also in contact
with the erosive fluid and therefore are susceptible to their erosive effects. Such downhole
tools thus have an expected lifetime or wear rate that is determined, in part, by their level of
exposure to and interaction with the erosive fluids. Therefore, when performing downhole
processes, it is desirable to know how long one may be able to use the downhole tools before
erosion renders the downhole tool sufficiently useless for its purposes in order that the tools
may be replaced on a timely schedule.

SUMMARY OF THE DISCLOSURE
[0003] According to one aspect, the present disclosure provides a method of
estimating a life expectancy of a tool used in a pumping operation, the method including:
obtaining a property of the tool; selecting a pumping parameter of the downhole operation,
wherein the pumping parameter is related to erosion of the tool; measuring a value of the
pumping parameter during the pumping operation; and estimating, during the pumping
operation, the life expectancy of the tool using the obtained property the downhole tool and
the measured value of the pumping parameter.
[0004] According to another aspect, the present disclosure provides a system for
estimating a life expectancy of a tool in a pumping operation, the system including: a sensor
configured to measure, during the pumping operation, a value of a pumping parameter related
1
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to erosion of the tool; and a processor configured to: obtain a property of the tool, and
estimate, during the pumping operation, a life expectancy of the tool using the obtained
property the tool and the measured value of the pumping parameter.
[0005] According to yet another aspect, the present disclosure provides a non
transitory computer-readable medium including a set of instructions stored thereon that when
accessed by a processor enable the processor to perform a method of estimating a life
expectancy of a tool used in a pumping operation, wherein the method includes: obtaining a
property of the tool; selecting a pumping parameter of the pumping operation related to
erosion of the tool; measuring a value of the pumping parameter during the pumping
operation; and estimating, during the pumping operation, the life expectancy of the tool using
the obtained property the tool and the measured value of the pumping parameter.
[0006] Examples of certain features of the apparatus and method disclosed herein are
summarized rather broadly in order that the detailed description thereof that follows may be
better understood. There are, of course, additional features of the apparatus and method
disclosed hereinafter that will form the subject of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] For detailed understanding of the present disclosure, references should be
made to the following detailed description, taken in conjunction with the accompanying
drawings, in which like elements have been given like numerals and wherein:
FIG. 1 shows an exemplary completion system suitable for delivery of a fluid from a
surface location to a reservoir downhole according to one embodiment of the present
disclosure;
FIG. 2 shows a detailed view of surface equipment of the exemplary completion
system of FIG. 1;
FIG. 3 schematically illustrates a process flow for estimating life expectancy of a tool
of the completion system of FIG. 1 during a pumping operation;
FIG. 4 shows a timeline illustrating multiple calculations of the life expectancy
during a pumping process; and
FIG. 5 shows a flowchart illustrating an exemplary method for estimating a life
expectancy of a tool used in a pumping operation in one embodiment.
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DETAILED DESCRIPTION OF THE DISCLOSURE
[0008] FIG. 1 shows an exemplary completion system 100 suitable for delivery of a
fluid from a surface location 104 to a reservoir 114 downhole according to one embodiment
of the present disclosure. The exemplary system 100 includes a tool string 120 extending
downward from the surface location 104 into a wellbore 110 formed in an earth formation
112. In various embodiments, the tool string 120 may be a wired pipe and/or a drill pipe that
is configured to convey various tool downhole for performing a completion operation. At the
surface location 104, the tool string 120 is coupled to surface equipment 102. The surface
equipment 102 may be suitable for performing various completion operations such as
fracturing operations ("fracking"), gravel packing operations, acid stimulation operations,
sand control operations, pumping a fluid into the formation, and pumping a proppant into a
formation, among others. In an exemplary embodiment, the completion system 100 pumps a
fracturing fluid ("frac fluid"), proppant, sand, acid, etc. from the surface location 104 to a
downhole location. The surface equipment may further provide systems for control of the
downhole equipment and for determining a life expectancy of downhole equipment, in
various embodiments. While the exemplary completion system 100 is shown with respect to
land-based completions, this is not meant as a limitation of the present disclosure. The
methods and systems disclosed herein are equally suitable for ocean rig platforms, etc.
[0009] The exemplary wellbore 110 extends through the earth formation 112 and into
a reservoir 114 having a production zone 113. While only one production zone 113 is shown
for illustrative purposes, any number of productions zones may be formed as the wellbore
110 extends further into the reservoir 114. The exemplary wellbore 110 includes a vertical
section 110a and a substantially deviated section 110b. In various embodiments, the
substantially deviated section 11Ob may be a horizontal well. The wellbore 110 is lined with
a casing 108. A number of perforations 118 are created in the casing at the production zone
113 in order to create a passage for flow of hydrocarbons from the formation as well as to
provide a passage for fluids to be pumped into the production zone 113. The tool string 120
is shown to include a portion that extends along the deviated section 11Ob of the wellbore
110. An exemplary downhole tool, such as fracture tool assembly 134 ("frac assembly") is
conveyed along the tool string 120 to the production zone 113 to substantially coincide with
the axial location of the perforations 118. The exemplary frac assembly 134 may include a
screen 140. The frac assembly may further include a service tool 142 for controlling various
operations of the frac assembly 134. A sensor sub 144 for measuring downhole parameters
associated with the completion operation may be arranged between a top end of the service
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tool 142 and to a downhole end of the tool string 120. The tool string 120 defines an internal
axial flowbore 128 along its length. During pumping operations, various fluids and/or solids,
such as fracturing fluid and/or proppant are sent downhole through the axial flowbore 128
and into the production zone 113 of the reservoir 114 via the frac assembly 134 and
perforations 118. A proppant may be naturally occurring sand grains or man-made proppants
such as resin-coated sand or high-strength ceramic materials like sintered bauxite.
[0010] In an exemplary embodiment, the frac assembly 134 may be isolated within
the wellbore 110 by a pair of packer devices 148 and 150. Sump packer 150 isolates a lower
portion of the tool string 120 at an end of the tool string 120. Although only one frac
assembly 134 is shown along the tool string 120, multiple frac assemblies may be arranged
along the tool string 120 when the wellbore includes multiple production zones. The one or
more frac assemblies can be located in the vertical section 110a, deviated section 110b or
both the vertical section 110a and the deviated section 110b.
[0011] FIG. 2 shows a detailed view of the surface equipment 102 of the exemplary
completion system 100 of FIG. 1. A top end of tool string 120 is shown. A force application
device 220 is coupled to the top end of the tool string 120 and may be used to apply a
downward (or upward) force on the tool string 120, for example, during a pumping process.
The top end of the tool string 120 further includes an interface sub 204 and a head 202 known
as a "frac head." The frac head 202 is configured for delivery of fracturing fluid and various
proppants downhole.
[0012] A fluid mixture source 230 provides a fluid mixture to the frac head 202. The
fluid mixture may include frac fluid and/or proppant in various ratios, compositions, etc.
Pump 222 is coupled to the source 230 and pumps the fluid mixture via the conduit 224 into
the frac head 202. From the frac head 202, the fluid mixture is delivered via tool string 120
to the production zone 113. The frac fluid of the fluid mixture may contain various
chemicals that are corrosive and/or erosive to the equipment, including the tool string 120,
the frac assembly 134 and any other downhole tools that come into contact with the frac fluid
during the completion operation or pumping operation. The rate of erosion of the downhole
tools may be related to various parameters such as the type of chemical, the flow rate of the
fluid mixture, the viscosity of the fluid mixture, etc. Additionally, the proppant may cause
erosion of the downhole equipment. The rate of the erosion may be related to various
parameters of the proppant, such as the proppant type, the size of the proppant, the proppant
density or proppant concentration in the fluid mixture, etc. Such parameters of the frac fluid
and of the proppant that affect the erosion of the downhole tools are referred to herein as
4
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"pumping parameters." It is also noted that the erosion rate of a tool may further be related to
a chemical composition of the material tool.
[0013] The signal interface sub 204 may include a sensor 206 that may provide
various measurements of the fluid mixture in the tool string 120, such as fluid flow rate and
fluid viscosity. Additional sensors 232, 234 and 236 also may provide measurements of
various other parameters of the fluid, such as proppant type, proppant size, proppant density,
etc. In alternate embodiments, additional sensors that may be used to provide additional
pumping parameters. The measured values of the pumping parameters may be sent to a
control unit 210. The control unit 210 may use these pumping parameters to determine a life
expectancy and/or wear rate of the tool string 120 and/or various downhole tools
[0014] The control unit 210 includes a processor 212 and a memory storage device
216, which may be a non-transitory memory storage device, such as a solid-state memory,
tape or hard disc. The memory storage device 216 stores therein one or more programs 214
that are accessible to the processor 212 for determining various values, such as wear rate,
erosion rate, life expectancy of a tool, etc. as well as to operate the various surface equipment
102. The control unit 210 may store these values to the memory storage device 216 or send
these values to a display 218.
[0015] FIG. 3 schematically illustrates a process flow for estimating life expectancy
of a tool of the completion system 100 during a pumping operation in one embodiment of the
present disclosure. The pumping parameters 302 may be obtained from the various sensors
(e.g., 206, 232, 234, 236 of FIG. 2) or other sensors. Additional information may be
provided from databases or by operator input. In one embodiment, the pumping parameters
302 are obtained while the pumping operation is in progress, so that in-situ measurements of
fluid velocity, fluid viscosity, proppant concentration, volume, etc. may be obtained. The
pumping parameters 302 are provided during the pumping operation to programs 304 which
includes various algorithms that determine a rate of wear of a tool for selected values of the
pumping data 302. For example, a wear rate dM/dt may be a function of several variables:
d=

Eq. (1)

f(V, l7, Cprop, Vprop, Pprop)

where v is a fluid flow rate, q is a fluid viscosity, Cpro, is a concentration of proppant, Vpro, is
a volume of the proppant and pro, is a density of the proppant. Other pumping parameters
may also be used to determine wear rate. In addition, any suitable equation or algorithm may
be used to determine the wear rate. In a particular example, the wear rate may be determined
by:
5
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au_

d

TPC(dp)f (a)vbv)
A
p=1
N

Eq. (2)

where dt, is a mass flow rate of a pth particle, C(dp) is a physical factor or constant value,
f(a) is an angle of impact of the fluid mixture at the downhole tool and v is a velocity of the
fluid mixture (b(v) is a velocity-dependent scalar quantity). Additionally, N is a number of
particles in the fluid mixture and p is an index for counting the particles of the fluid mixture.
The programs 304 provide the estimate of life expectancy and/or wear rate to a display 306.
In various embodiments, the estimate may be shown at display 306 in a manner suitable for
quick and comprehensive understanding by an operator.
[0016] Once a wear rate of the downhole tool is determined, a life expectancy of the
tool may be determined. The life expectancy and/or the wear rate may be used, either by an
operator or by the processor (212, FIG. 2) to determine course of action. In one embodiment,
one or more of the pumping parameters may be altered so as to either increase or decrease an
expected life expectancy of the tool. Alternatively, the processor (212, FIG. 2) may
recommend a new value for a pumping parameter to an operator, wherein the new value has
an effect on a life expectancy and/or wear rate of the downhole tool. The operator may then
review the recommended new value and manually change the pumping parameter to its new
value.

For example, the fluid flow rate may be either increased or decreased during the

pumping operation to achieve a selected life expectancy. Alternatively, the processor (212,
FIG. 2) or operator may compare an accumulated time-of-use of the downhole tool to the
estimated life expectancy or to a criterion based on the estimated life expectancy (e.g., a
selected margin of safety with respect to the estimated life expectancy). When the
accumulated time-of use of the downhole tool matches or exceeds the estimate life
expectancy or its related criterion, the processor (212, FIG. 2) or operator may stop or reduce
use of the downhole tool. Additionally, maintenance schedules for the downhole tool may be
set up with respect to the estimated life expectancy.
[0017] In various embodiments, the life expectancy and/or wear rate may be
estimated several times during the pumping operation. The estimated wear rate or estimated
life expectancy calculated at a first time during the pumping operation may be used in
calculations of life expectancy and wear rate performed at a second time that comes after the
first time. FIG. 4 shows a timeline illustrating multiple calculations of the life expectancy
during a pumping process. The pumping operation starts at time T=O. At time (T=1) one or
more pumping parameters PP(T=1) are measured and used to determine the life expectancy
(LE1) and/or wear rate of the tool. The pumping parameters may be altered at this time based
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on the first estimate of life expectancy (LE1). At time (T=2), the one or more pumping
parameters PP(T=2) are measured. These measurements PP(T=2) and the previously
determined life expectancy (LE 1) may be used to calculate a second estimate of life
expectancy (LE2). This iterative process may continue as illustrated in FIG. 4 until a time
(T=TF)at which the pumping process ends.
[0018] FIG. 5 shows a flowchart 500 illustrating an exemplary method for estimating
a life expectancy of a tool used in a pumping operation in one embodiment. In Box 502, one
or more properties of the downhole tool may be obtained (e.g., chemical composition of
material of the tool, surface area, simulated flow fields, physical wear data, etc.). In Box 504,
sensors (e.g., sensors 206, 232, 234, 236 of FIG. 2) measure a value of a pumping parameter
of a fluid mixture. These values are measured during a pumping operation. In Box 506, an
estimate is calculated for a life expectancy and/or wear rate of the downhole tool using the
obtained property of the downhole tool and the measured value of the pumping parameter. In
Box 508, a pumping parameter is altered based on the estimate for the life expectancy and/or
wear rate. The alteration of the pumping parameter also occurs during the pumping
operation. From Box 508, the method may return to Box 504 in order to perform subsequent
calculations of life expectancy and/or wear rate. Alternately, the method may proceed from
Box 508 to end at Box 510.
[0019] Therefore in one aspect, the present disclosure provides a method of
estimating a life expectancy of a tool used in a pumping operation, the method including:
obtaining a property of the tool; selecting a pumping parameter of the downhole operation,
wherein the pumping parameter is related to erosion of the tool; measuring a value of the
pumping parameter during the pumping operation; and estimating, during the pumping
operation, the life expectancy of the tool using the obtained property of the downhole tool
and the measured value of the pumping parameter. The tool may include, in various
embodiments, a cross-over tool, a sand control tool, a gravel pack completion tool, a fracking
tool, a pumping tool, etc. The pumping parameter may includes a fluid flow rate, a fluid
viscosity, a proppant type, a proppant size, a proppant density, etc. Use of the tool may be
suspended when an accumulated time-of-use of the tool substantially matches a criterion
related to the estimated life expectancy of the tool. The pumping parameter may be altered
via a control unit. Alternatively, a new set of pumping parameter may be recommended to an
operator. In one embodiment, the life expectancy of the tool may be calculated using or
based on a previously-estimated life expectancy.
7
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[0020] In another aspect, the present disclosure provides a system for estimating a life
expectancy of a tool in a pumping operation, the system including: a sensor configured to
measure, during the pumping operation, a value of a pumping parameter related to erosion of
the tool; and a processor configured to: obtain a property of the tool, and estimate, during the
pumping operation, a life expectancy of the tool using the obtained property the tool and the
measured value of the pumping parameter. In various embodiments, the tool may include a
cross-over tool, a sand control tool, a gravel pack completion tool, a fracking tool, a pumping
tool, etc. The pumping parameter may include a fluid flow rate, a fluid viscosity, a proppant
type, a proppant size, a proppant density, etc. The processor may be further configured to
suspend use of the tool when an accumulated time-of-use of the tool substantially matches a
criterion related to the estimated life-expectancy of the tool. Also, the processor may alter
the pumping parameter during the pumping process in order to affect the life expectancy of
the tool or recommend a new value of the pumping parameter to an operator. In one
embodiment, the processor estimates the life expectancy of the tool using a previously
estimated life expectancy.
[0021] In yet another embodiment, the present disclosure provides a non-transitory
computer-readable medium includes a set of instructions stored thereon that when accessed
by a processor enable the processor to perform a method of estimating a life expectancy of a
tool used in a pumping operation, the method including: obtaining a property of the tool;
selecting a pumping parameter of the pumping operation related to erosion of the tool;
measuring a value of the pumping parameter during the pumping operation; and estimating,
during the pumping operation, the life expectancy of the tool using the obtained property the
tool and the measured value of the pumping parameter. In various embodiments, the tool
may include a cross-over tool, a sand control tool, a gravel pack completion tool, a fracking
tool, a pumping tool, etc. The pumping parameter may include a fluid flow rate, a fluid
viscosity, a proppant type, a proppant size, a proppant density, etc. The method may include
suspending use of the tool when an accumulated time-of-use of the tool substantially matches
a criterion related to the estimated life-expectancy of the tool. The method may further
include at least one of: (i) altering the pumping parameter during the pumping process in
order to affect the life expectancy of the tool; and (ii) recommending a new value of the
pumping parameter to an operator. Additionally, the method may include estimating the life
expectancy of the tool using a previously-estimated life expectancy.
[0022] While the disclosure has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
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changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the disclosure. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the disclosure without departing
from the essential scope thereof Therefore, it is intended that the disclosure not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
disclosure, but that the disclosure will include all embodiments falling within the scope of the
claims.
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CLAIMS

What is claimed is:
1.

A method of estimating a life expectancy of a tool used in a pumping

operation, comprising:
obtaining a property of the tool;
selecting a pumping parameter of the downhole operation, wherein the pumping
parameter is related to erosion of the tool;
measuring a value of the pumping parameter during the pumping operation; and
estimating, during the pumping operation, the life expectancy of the tool using the
obtained property of the downhole tool and the measured value of the pumping parameter.
2.

The method of claim 1, wherein the tool further comprises at least one selected

from the group consisting of: (i) a cross-over tool; (ii) a sand control tool; (iii) a gravel pack
completion tool; (iv) a fracking tool; and (v) a pumping tool.
3.

The method of claim 1, wherein the pumping parameter includes at least one

of: (i) a fluid flow rate; (ii) a fluid viscosity; (iii) proppant type; (iv) proppant size; (v)
proppant density.
4.

The method of claim 1, further comprising suspending use of the tool when an

accumulated time-of-use of the tool substantially matches a criterion related to the estimated
life-expectancy of the tool.
5.

The method of claim 1, further comprising performing at least one of: (i)

altering the pumping parameter during the pumping operation to affect the life expectancy of
the tool; and (ii) recommending a new value of the pumping parameter to an operator.
6.

The method of claim 1, further comprising estimating the life expectancy of

the tool using a previously-estimated life expectancy.
7.

A system for estimating a life expectancy of a tool in a pumping operation,

comprising:
a sensor configured to measure, during the pumping operation, a value of a pumping
parameter related to erosion of the tool; and
a processor configured to:
obtain a property of the tool, and
estimate, during the pumping operation, a life expectancy of the tool using the
obtained property the tool and the measured value of the pumping parameter.

10
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8.

The system of claim 7, wherein the tool further comprises at least one selected

from the group consisting of: (i) a cross-over tool; (ii) a sand control tool; (iii) a gravel pack
completion tool; (iv) a fracking tool; and (v) a pumping tool.
9.

The system of claim 7, wherein the pumping parameter includes at least one

of: (i) a fluid flow rate; (ii) a fluid viscosity; (iii) proppant type; (iv) proppant size; (v)
proppant density.
10.

The system of claim 7, wherein the processor is further configured to suspend

use of the tool when an accumulated time-of-use of the tool substantially matches a criterion
related to the estimated life-expectancy of the tool.
11.

The system of claim 7, wherein the processor is further configured to perform

at least one of: (i) altering the pumping parameter during the pumping process in order to
affect the life expectancy of the tool; and (ii) recommending a new value of the pumping
parameter to an operator.
12.

The system of claim 7, wherein the processor is further configured to estimate

the life expectancy of the tool using a previously-estimated life expectancy.
13.

A non-transitory computer-readable medium includes a set of instructions

stored thereon that when accessed by a processor enable the processor to perform a method of
estimating a life expectancy of a tool used in a pumping operation, the method comprising:
obtaining a property of the tool;
selecting a pumping parameter of the pumping operation related to erosion of the tool;
measuring a value of the pumping parameter during the pumping operation; and
estimating, during the pumping operation, the life expectancy of the tool using the
obtained property the tool and the measured value of the pumping parameter.
14.

The non-transitory computer-readable medium of claim 13, wherein the tool

further comprises at least one selected from the group consisting of: (i) a cross-over tool; (ii)
a sand control tool; (iii) a gravel pack completion tool; (iv) a fracking tool; and (v) a pumping
tool.
15.

The non-transitory computer-readable medium of claim 13, wherein the

pumping parameter further includes at least one of: (i) a fluid flow rate; (ii) a fluid viscosity;
(iii) proppant type; (iv) proppant size; (v) proppant density.
16.

The non-transitory computer-readable medium of claim 13, wherein the

method further comprises suspending use of the tool when an accumulated time-of-use of the
tool substantially matches a criterion related to the estimated life-expectancy of the tool.
11
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17.

The non-transitory computer-readable medium of claim 13, wherein the

method further comprises at least one of: (i) altering the pumping parameter during the
pumping process in order to affect the life expectancy of the tool; and (ii) recommending a
new value of the pumping parameter to an operator.
18.

The non-transitory computer-readable medium of claim 13, wherein the

method further comprises estimating the life expectancy of the tool using a previously
estimated life expectancy.
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