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FIG. 5

a wellbore is presented. The method includes conveying a downhole tool in a well -
bore via a cable, and determining the torque in the cable in real-time. The method
further involves conveying the downhole tool on a wireline, and automatically trig-
gering an alert when the torque reaches a certain level. The apparatus includes a
cable, a downhole tool attached to the cable for conveyance within the wellbore, and
a sensor to measure torque in the cable. The apparatus may also include a telemetry
system to communicate the torque data to the surface. The downhole tool includes a
sensor to measure the relative torque between the downhole tool and the cable in real



WO 2014/099394 A1 AT 00T A0 0RO 00 A0t o

(72

74

31

Inventors: DALVI, Nikhil; 2323 Long Reach Drive, Apt
# 13303, Sugar Land, Texas 77478 (US). HARRIGAN,
Edward; 2606 Summer Trace Court, Richmond, Texas
77406 (US).

Agents: GROVE, Trevor G. et al.; 10001 Richmond Av-
enue, IP Administration Center of Excellence, Room
4720, Houston, Texas 77042 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN,
KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,

84)

RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, ZA, ZM, ZW.

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

Published:

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



WO 2014/099394 PCT/US2013/073278

DOWNHOLE CABLE SENSOR

BACKGROUND

[0001] Wellbores are generally drilled into the ground or ocean bed to recover
natural deposits of oil and gas, as well as other desirable materials that are trapped
in geological formations in the Earth’s crust.

[0002] In various oil and gas exploration operations, it may be beneficial to have
information about the subsurface formations that are penetrated by a wellbore. For
example, certain formation evaluation schemes include measurement and analysis
of the formation pressure and permeability. These measurements may be useful in
predicting the production capacity and production lifetime of the subsurface
formation. Evaluating and/or measuring properties of encountered formations,
formation fluids, and/or formation gasses may also be beneficial. An example
property is the phase-change pressure of a formation fluid, which may be a bubble
point pressure, a dew point pressure and/or an asphaltene onset pressure depending
on the type of fluid. In some cases, a drillstring is removed and a wireline tool
deployed into the wellbore to test, evaluate, and/or sample the formation(s),
formation gas(es), and/or formation fluid(s).

[0003] Until a couple of decades ago, most of the wells drilled were vertical.
Gravity and weight bars in the tool strings helped convey wireline (WL) tools
rather easily in these wells. Today, the search for hydrocarbons has undergone a
quantum leap in terms of the profile of the wells. Multi-laterals and horizontal
wells are being drilled to boost oil recovery from the same reservoir. The
technology required to convey tools in such wells has had to catch up to meet the
growing needs of the industry. Tractors, Coil Tubings, High Strength Cables and
TLC (Tough Logging Conditions) are now used to convey tools in such ultra-deep
and extended reach wells. But these challenging environments posed even bigger

challenges for conveyance operations. The cables saw increased torque, not just
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while tractoring in horizontal wells, but also in ultra-deep vertical wells.
Previously, tension and compression in the cables were the only two parameters
monitored in real time. But one other parameter, cable torque, is often not

measured or monitored during the entire operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] A better understanding of the various disclosed system and method
embodiments can be obtained when the following detailed description is
considered in conjunction with the drawings, in which:

[0005] FIG. 1 is an illustrative, cable conveyance environment in accordance with
one or more embodiments;

[0006] FIG. 2 illustrates an example downhole tool in which embodiments of the
downhole system can be implemented;

[0007] FIG. 3 illustrates another example downhole tool in which embodiments of
the system can be implemented;

[0008] FIG. 4 illustrates an example system in which embodiments of the system
can be implemented; and

[0009] FIG. 5 is an illustrative, chart that displays example methods for the

downhole system in accordance with one or more embodiments.

DETAILED DESCRIPTION

[0010] The following discussion is directed to various embodiments of the
presented subject matter. The drawing figures are not necessarily to scale. Certain
teatures of the embodiments may be shown exaggerated in scale or in somewhat
schematic form and some details of conventional elements may not be shown in
the interest of clarity and conciseness. Although one or more of these
embodiments may be preferred, the embodiments disclosed should not be

interpreted, or otherwise used, as limiting the scope of the disclosure, including the
2
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claims. It is to be fully recognized that the different teachings of the embodiments
discussed below may be employed separately or in any suitable combination to
produce desired results. In addition, one skilled in the art will understand that the
following description has broad application, and the discussion of any embodiment
1s meant only to be exemplary of that embodiment, and not intended to intimate
that the scope of the disclosure, including the claims, is limited to that
embodiment.

[0011] Certain terms are used throughout the following description and claims to
refer to particular features or components. As one skilled in the art will appreciate,
different persons may refer to the same feature or component by different names.
This document does not intend to distinguish between components or features that
differ in name but not function. The drawing figures are not necessarily to scale.
Certain features and components herein may be shown exaggerated in scale or in
somewhat schematic form and some details of conventional elements may not be
shown in interest of clarity and conciseness.

[0012] In the following discussion and in the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted to
mean “including, but not limited to... .” Also, the term “couple” or “couples” is
intended to mean either an indirect or direct connection. Thus, if a first device
couples to a second device, that connection may be through a direct connection, or
through an indirect connection via other devices, components, and connections. In
addition, as used herein, the terms “axial” and “axially” generally mean along or
parallel to a central axis (e.g., central axis of a body or a port), while the terms
“radial” and “radially” generally mean perpendicular to the central axis. For
instance, an axial distance refers to a distance measured along or parallel to the
central axis, and a radial distance means a distance measured perpendicular to the

central axis.
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[0013] To further assist the reader’s understanding of the disclosed systems and
methods, environments for their use and operation are described. Accordingly, an
illustrative cable conveyance environment is shown in FIG. 1, which shows a
formation 121 and a borehole 20 that may extend either or both vertically or at an
angle to vertical such as in directional drilling operations. A platform 2 is equipped
with a derrick 4 that supports a hoist 6 for lowering and raising an apparatus 10 in
the borehole 20. The apparatus 10 includes a cable 142 extendable into the
wellbore 20 through a wellhead 12. The apparatus 10 also includes a downhole
tool 134, e.g., a logging tool such as a sensing instrument sonde, suspended by the
cable 142. The cable 142 may be, for example, a wireline cable having conductors
for transporting power and/or control signals to the tool and telemetry from the
tool to the surface. For the example of the logging tools, a resistivity imaging
portion of the downhole tool 134 may have centralizing arms 136 that center the
tool 134 within the borehole as the tool is pulled uphole. For the example of a
logging tools, a logging facility 144 collects measurements from the downhole
tool 134, and includes computing facilities 150 for processing and storing the
measurements gathered by the downhole tool 134. The computing facility can also
include a display mechanism for an operator to monitor. FIG. 1 shows a formation
121 that is not perpendicular to the borehole, a situation that may occur naturally
or may occur due to directional drilling operations. Wireline operations are used to
determine characteristics of a borehole.

[0014] FIG. 2. shows an illustrative embodiment of a downhole tool 202 attached
to a cable 204 for conveyance in a wellbore. Attaching the downhole tool 202 with
the cable is a sensor 206 to measure relative torque between the downhole tool 202
and the cable 204 in real-time. The sensor 206 or the downhole tool 202 is also
capable of taking other measurements such as tension, compression, and downhole

temperature in real-time.
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[0015] The sensor or load cell 206 may be any suitable sensor for measuring
torque. For example, the sensor 206 may include a strain gauge with a Wheatstone
bridge arrangement arranged so as to measure relative torque between the cable
204 and the downhole tool 202. The bridge 1s arranged along the length of the tool
202. With no load on the load cell 206, the diagonally opposite nodes in the
Wheatstone bridge show the same resistance. The bridge is said to be completely
balanced under this condition. As the torque on the cable increases or decreases,
the load cell receives and/or detects torque. This results in a change in resistance
across the opposite nodes of the bridge. This change in resistance is then later
correlated to load in pounds by a processor in the sensor 206 or the downhole tool
202. For example, the processor may include a digital telemetry cartridge (not
shown).

[0016] As an example configuration, the downhole tool 202 can include an
intermediate housing and a lower housing, where the sensor 206 is keyed into the
lower housing and held fixed into the intermediate housing via screws. The lower
housing of the downhole tool 202 is free to twist about the z-axis relative to the
intermediate housing. This will cause a twisting motion to be exerted on the sensor
206 that can be measured to determine torque.

[0017] In this embodiment, the sensor 206 is arranged to measure torque in the
cable 204. For example, the sensor 206 may include a Wheatstone bridge rotated
by 45 degrees to measure torque. As an example, the sensor 206 may be housed in,
or integral with, the downhole tool 202, where the cable 204 experiences the
maximum amount of torque. Alternatively, the sensor 206 may be located in a
cable head used for attaching the downhole tool 202 to the cable 204. Further, the
downhole tool 202 and/or the sensor 206 may include the capability of measuring
cable torque and downhole temperature. The measured temperature may be used to

calibrate the torque measurements from the sensor 206. In other embodiments, the
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sensor 206 includes the capability of measuring cable torque, tension,
compression, and downhole temperature all in real-time.

[0018] Monitoring torque seen by the cable 204 will assist an operator in reducing
field maintenance cost of cables. Over a period of time, enough data about the
exposure of the cable to different torque values for different time period will be
obtained. This data may be used to map future cable servicing and replacement
intervals. Monitoring cable torque in real-time with the sensor 206 will also help
an operator in reducing the need for excessive cable de-torquing trips downhole,
and reduce the risk of cable damage. The sensor 206 will allow an operator to
monitor the torque level constantly over time. Some embodiments can include an
alarm mechanism to alert the operator when the torque in the cable 204 reaches a
certain level or threshold. For instance, during operation, the operator can be
notified by an alarm via logging facility 144 when the torque sensor 206 measures
torque at a certain threshold that could possibly lead to cable failure. Alternatively,
the operator can be notified visually via computing facility 150. Once notified, the
operator is allowed time to slow down or cease conveyance.

[0019] The apparatus 10 may also include a telemetry system to communicate
measured data from the downhole tool 202 to the computing facility 150 or a
display device at the surface. For example, the downhole tool 202 may melude a
telemetry subsystem (not shown) that allows the tool 202 to communicate with a
surface computing facility 150 that is located at the earth surface from which the
wellbore extends. The telemetry system may also nclude the use of an Enhanced
Digital Telemetry Cartridge (EDTC). The EDTC correlates the change in
resistance across opposite nodes of the bridge to loads 1 pounds. This 1s how the
ioad cell measures tension and compression 1 the cable. The telemetry system
transfers this data to the surface.

[0020] FIG. 3 shows another illustrative embodiment of a downhole tool 302

attached to a cable 304 for conveyance in a wellbore. However, this embodiment
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illustrates a downhole tool 302 with a sensor 306 and a tractor 308. The tractor 308
has the ability to arrange itself as to be able to move itself within an open or cased
borehole. The tractor 308 is used to pull the downhole tool 302, sensor 306, and
cable 304 into the borehole, without being gravity dependent. The tractor 308 is
most useful in deviated and horizontal wells where gravity 1s insufficient for
conveyance, as shown in FIG. 1. The tractor 308 is able to apply force against the
side of the wellbore either through the use of wheels or through an “inchworm-
like” motion. The tractor 308 can be operated by any suitable means, such as being
hydraulically powered and can be attached to the bottom of the cable for the
purpose of pulling the cable along the horizontal section of the well. The tractor
device 308 used in this embodiment can be of any sort.

[0021] FiG. 4 illustrates another example apparatas in which torque in a cable 404
can be measured. The cable 404 15 lowered mto a deviated well 401, as shown.
The well 420 can be lined with steel casing cemented in place to the formation.
However, it is within contemplation of the subject embodiment to have an open-
hole portion of the wellbore 420 as well. In this embodiment, the apparatus
includes multiple downhole tools 402 attached by multiple cables 404. The cables
404 can also mclude an electronics cartridge for controlling the conveyance
apparatus. Sensors 406 may be 1ncluded with each of the downhole tools 402. The
downhole tools 402 may, for example, be logging tools with one or more logging
sensors that perform the functions of the downhole tool deseribed above 1in FIGS.
2 and 3. However, in the embodiments shown n FIG. 4, sensors 406 measure
torque in each portion of the cable 404, This ensures that monttoring is done on all
parts of cable 404 to avoid cable fatlure. The cables 404 may, for example, be a
wirgline that can be used for transmitting power and control signals from the
surface of the well to the downhole tools 402, and data telemetry from the tool to

the surface. At the surface, data can be transmitted, processed, and stored 1 a data
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control system 430, Tractors {as shown in FIG. 3) can be part of the logging tool
402 to assist with movement along vertical and non-vertical portions of the well.
[0022] FiG. 5 idlustrates example methods for the use of the apparatus in
accordance with one or more embodiments. The illustrative flow diagram shows
an example method for conveying a tool {or multiple tools) in a wellbore using a
cable and measuring the torque in the cable. In block 502, the downhole tool is
conveyed into a wellbore via a cable, which may be a wireline. The embodiment
of the method shown m FIG. 5 is done using a wireline logging system, as shown
in FIG. 1. In block 504, wellbore characteristics are determined. These
characteristics melude, but are not himited to, pressure, temperature, resistivity,
permeability, etc. In block 506, torgue 1s mieasured and monttored in the cable,
Measurements are taking by the torque sensors that are located in the logging tool.
Torgue measurements are taken in real-time. Measurements are also monitored in
the cable such as compression and tension, as these features also play arole i
cable failure. For example, tension and torque may be monitored and adjusted with
respect to cach other in the sense that the amount of torque a cable may be able to
withstand may depend on the amount of tension i the cable. Additionally, if there
is torque 1n the cable, a munimum tension value may need to be kept in the cable to
prevent the cable from collapsing due to the torque, the equivalent of allowing the
ends of a twisted rubber band to come together. Appropriate adjustments to the
tension 1n the cable may be made. In block 508, data 15 sent up to the surface for
further processing and/or storing. Alternatively, data can measured and sent to an
operator. Finally, in block 510, an operator can be alerted during tractoring when
the torque n the cable reaches a certan level. This last portion of the method s
beneficial in order to avoid cable fatlure during operation. Although described in
portions, it should be appreciated that the sensors in the apparatus may be used to

measure and/or calculate torque, tension, and temperature n real time thoughout
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the entire conveyance 1n the wellbore, whether travelling mnto or being pulled out
of the wellbore.

[0023] Although only a few example embodiments have been described in detail
above, those skilled in the art will readily appreciate that many modifications are
possible in the example embodiments without materially departing from the
presented subject matter. Accordingly, all such modifications are intended to be
included within the scope of this disclosure as defined in the following claims. In
the claims, means-plus-function clauses are intended to cover the structures
described herein as performing the recited function and not only structural
equivalents, but also equivalent structures. Thus, although a nail and a screw may
not be structural equivalents in that a nail employs a cylindrical surface to secure
wooden parts together, whereas a screw employs a helical surface, in the
environment of fastening wooden parts, a nail and a screw may be equivalent
structures. It is the express intention of the applicant not to invoke

35 U.S.C. § 112, paragraph 6 for any limitations of any of the claims herein,
except for those in which the claim expressly uses the words “means for” together

with an associated function.
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CLAIMS

WHAT IS CLAIMED IS:

1. An apparatus for conveyance within a wellbore extending into a subterranean
formation, comprising:

a cable;

a downhole tool attached to the cable; and

a sensor to measure the relative torque between the downhole tool and the

cable in real time.

2. The apparatus of claim 1, further comprising a processor to receive the torque

measurement and compute a torque in the cable.

3. The apparatus of claim 2, further comprising:
wherein the cable is a wireline; and

a telemetry system to communicate the wireline torque data to the surface.

4. The apparatus of claim 1, further comprising a tractor to convey the downhole

tool in the wellbore.

5. The apparatus of claim 1, wherein the torque sensor comprises a load cell

including a strain gauge.
6. The apparatus of claim 5, wherein the strain gauge causes a change in resistance

under a load and further comprising processor to correlate the change in resistance

to load.

10
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7. The apparatus of claim 1, further comprising a logging head connecting the

downhole tool to the cable and wherein the sensor is located in the logging head.

8. The apparatus of claim 1, wherein the downhole tool comprises a logging tool

string.

9. The apparatus of claim 1, further comprising a sensor to measure at least one of

temperature and tension in the cable.

10. The apparatus of claim 1, further comprising more than one downhole tool,

more than one cable, and more than one sensor to measure torque in the cables.

11. The apparatus of claim 1 wherein at least a portion of the downhole tool is free

to rotate relative to the cable.

12. A method, comprising:
conveying a downhole tool in a wellbore extending into a subterranean
formation on a cable; and
determining the torque in the cable in real time while the downhole tool is

being conveyed.

13. The method of claim 12, further comprising conveying the downhole tool on a

wireline.

14. The method of claim 12, further comprising communicating the torque to the

surface in real time while the downhole tool is being conveyed.

11
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15. The method of claim 12, further comprising automatically triggering an alert

when the torque crosses a threshold value.

16. The method of claim 12, further comprising conveying the downhole tool into

the wellbore with a tractor.

17. The method of claim 12, further comprising performing logging measurements

with the downhole tool.

18. The method of claim 12, further comprising relieving at least some of the

torque in the wireline.

19. The method of claim 12, further comprising determining tension in the cable in

real time while the downhole tool is being conveyed.

20. The method of claim 12, further comprising determining torque in the cable by

measuring relative torque between the downhole tool and the cable.

21. The method of claim 12, further comprising determining a minimum tension

value in the cable based on the torque.

12
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