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PUMP DOWN CONVEYANCE

BACKGROUND

[0001] The present disclosure is related in general to wellsite equipment such

as oilfield surface equipment, downhole assemblies, and the like.

[0002] The present disclosure relates generally to pump down conveyance of
wireline and/or slickline tools including, but not limited to, the conveyance of

perforating guns.

[0003] Generally, this disclosure describes methods for improving the
efficiency of pump down operations in wellbores having longer horizontal

sections and/or higher curvature, deviated, and/or horizontal wellbores.

[0004] One of the problems encountered while conveying downhole tools by
pumping them down in the well is the unintentional pull off of the wireline or
slickline cable at the weak point at the top of the toolstring. A weak point is
highly desirable in cases where the toolstring becomes stuck in the well, and
must be retrieved with a fishing tool. The weak point is installed to ensure
that when over-pulling on the cable, the weak point breaks at the top of the
toolstring if the toolstring is stuck, such that the cable may be removed from
the well before fishing. The more extended the reach of the well is, the higher
the tension of the cable must be to exceed the frictions forces between the
cable and the sidewall of the well, and therefore the lower the tension rating of
the weak point must be to insure mechanical integrity of the cable over its
entire length. Lowering the tension rating of the weak point makes

unintentional pull off more likely when the tool is pumped down.

[0005]1t remains desirable to provide improvements in oilfield surface

equipment and/or downhole assemblies.
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SUMMARY

[0006]An example method of conveying downhole equipment includes

providing pressure to a wellbore to convey a toolstring connected with a
cable; and measuring tension in the cable proximate a top of the toolstring;
wherein if the toolstring is being conveyed the toolstring remains connected
with the cable regardless of measured tension in the cable proximate to the
top of the toolstring, and wherein if the cable is being retrieved the downhole
equipment is released from the cable if the measured tension in the cable

proximate the top of the toolstring is too large.

[0007] An example system for monitoring and controlling a downhole
operation includes a toolstring connected with a cable by a release device.
The release device is configured to release the toolstring from the cable upon
receipt of a release signal from the control logic. The system also includes a
sensor operatively located adjacent a top of the toolstring for measuring
tension in the cable.

[0008] The system can also have control logic in communication with the
release device and the sensor. The control logic is configured to send the
release signal to the release device during deployment of the toolstring if the

sensor measures tension in the cable that is too large.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]FIG. 1 depicts an embodiment of a system for pump down conveyance.
[0010]FIG. 2 depicts flow diagram of a method of pump down conveyance.

[0011]FIG. 3 depicts a general schematic of a method of monitoring and

controlling a downhole operation.

[0012]FIG. 4 depicts another schematic of an embodiment of a method of

conveying and retrieving downhole equipment.

[0013]FIG. 5 depicts a toolstring in a wellbore.
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DETAILED DESCRIPTION OF THE INVENTION

[0014]Certain examples are shown in the above-identified figures and
described in detail below. In describing these examples, similar or identical
reference numbers are used to identify common or similar elements. The
figures are not necessarily to scale and certain features and certain views of
the figures may be shown exaggerated in scale or in schematic for clarity

and/or conciseness.

[0015] An example method of pump down conveyance includes lowering in a
well a toolstring connected to a cable by applying pressure to a pump down
head via a pump located at a wellbore surface; measuring a cable tension at a
downhole location proximate the top of the toolstring; transmitting the
measured cable tension to an operator at the wellbore surface; unlatching the
cable from the toolstring if the downhole cable tension is above a threshold
when the toolstring is reeled in; and not unlatching the cable from the
toolstring even if the downhole cable tension is above the threshold when the
toolstring is pumped down. Detaching the cable from the toolstring may be

performed by sending a command to an electrically controlled release device.

[0016] Another example method can include controlling the rate of the pump
based on the downhole cable tension. The method may also include
measuring a cable tension at a surface location proximate the winch, and
controlling the rate of the pump and the rotation of the winch based on the

downhole and surface cable tensions.

[0017] Controlling the pump or the winch may be automated and performed by
an electronics controller, or the operation and control of the pump or the winch

may be performed by an operator.

[0018] The control may be performed by an operator making decision in view
of data displayed on a monitor, or it may be performed automatically by a
controller, utilizing suitable equipment for monitoring data and controlling

surface equipment or the like.

[0019] The control inputs comprise downhole data, for example measured by

sensors disposed proximate the top of the toolstring, such as in the logging
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head. Typically, downhole data may comprise downhole cable tension
measured at the logging head. Other downhole data can include wellbore
pressure, wellbore temperature, etc., as will be appreciated by those skilled in

the art with the aid of this dislcsoure.

[0020] The control inputs may also comprise surface data, for example
measured by sensors disposed at the well site. Typically, surface data
include winch direction (or winch speed). Other surface data may also include
uphole cable tension measured at the winch, the rate of the pump used to

pump the toolstring down, and pressure at the pump.

[0021] The control logic utilizes downhole and surface data, so the data are
gathered in one convenient location, typically at the surface. For example the
downhole data are telemetered and displayed to the operator and/or gathered

by the controller, together with the surface data.

[0022] The control outputs include downhole commands, for example sent to
downhole actuators disposed proximate the top of the toolstring, such as in
the logging head. Downhole commands may be sent to an electrically
controlled release device. Other downhole commands could be sent to an

unsticking device or another downhole device as part of the toolstring.

[0023] The control outputs may also include commands sent to surface
actuators disposed at the well site. The control outputs could include
commands sent to the pump used to pump the toolstring down or to the

winch.
[0024]FIG. 1 depicts an embodiment of a system for pump down conveyance.

[0025]The system 100 can include a logging head 110. The logging head 110
can have any number of sensors. The sensors can be for measuring
downhole tension in the cable or other parameters related to downhole
parameters of the toolstring, cable, or wellbore. The downhole parameters
can be acceleration of the toolstring, wellbore pressure, wellbore temperature,
or the like. The toolstring may also be referred to herein as a downhole tool.
The toolstring can have any number of components or tools connected

together.
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[0026]A release device 114 can be connected with the logging head 110. The
logging head 110 can also be connected with a telemetry module 112. The
telemetry module 112 is in communication with the sensors of the logging

head 110 and the release device 114.

[0027]A control 120 with control logic 122 can be in communication with the
telemetry module 112, a pump motor 136, a pump 130, a winch 132, and a
winch motor 134. The control logic 122 can be configured to perform any of

the methods described herein.

[0028]An operator 140 can see operation conditions on a display 141. In an
embodiment, the operator 140 can use the information on the display 141 to
control the conveyance and retrieval of the toolstring. In another embodiment,
the control logic can receive information from the sensors, pump motor 136,
pump 130, winch 132, winch motor 134, and use that data to control the

conveyance and retrieval of the toolstring.
[0029]FIG. 2 depicts flow diagram of a method of pump down conveyance. T

[0030]The method 200 includes measuring downhole tension (Block 210).
The downhole tension can be measured using a sensor that is proximate to
the toolstring. The sensor can send a tension signal a controller and the
controller can use calibration data to determine the downhole tension.

[0031]The method 200 also includes determining if the downhole tool is being
pump down or reeled in (Block 213). For example, the controller can receive a
signal from an operator indicating if conveyance or retrieval is occurring, or in
another embodiment a sensor such as an accelerometer can be send a
direction signal to the controller, which can used preinstalled calibration data

to determine if conveyance or retrieval is occurring.

[0032]The method 200 also includes comparing downhole tension to
threshold tension (Block 215) if the downhole tool or toolstring is being
retreived; however, if the downhole tools is being conveyed the method loops
back to measuring downhole tension (Block 210) . The threshold tension can

be a predetermined working break strength for the cable. The threshold
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tension can change as the toolstring moves through the well; therefore, the
control can use know techniques and methods to dynamically determine the

threshold tension.

[0033]The method also included unlatching the release device (Block 217) if
the downhole tool is likely stuck or cable failure is likely; however, if the
comparison indicates cable failure risk is low then the method loops back to
measuring the downhole tension (Block 210). Unlatching the release device
can include sending a signal to the release device when the downhole tension

is larger than the threshold tension.

[0034]FIG. 3 depicts a general schematic of a method of monitoring and

controlling a downhole operation.

[0035] The method 300 includes determining downhole tool movement (Block
310). The movement of the downhole tool (pumped down or reeled in) can be
determined by utilizing the winch speed or other sensors. The method also
include determining tension along the cable (Block 310). The tension along
the cable can also be computed. The tension along the cable can change.
For example, the tension changes depending on the tool movement, change
in the direction of drag forces, and location of the tool in the well. To compute
the tension, data other than the tool movement may be used, such as, but not
limited to, uphole and/or downhole cable tension, pressure applied to pump
down head, pump pressure at the well site, or the like, as will be appreciated

by those skilled in the art.

[0036] Based on the cable tension computed along the cable, the method can
include changing winch speed (Block 330), changing pump rate (Block 340),
Unlatching the release device (Block 350), and/or unsticking the downhole
tool (Block 360). For example, control logic can determine if the winch speed
and/or the pump rate should be modified to prevent cable failure or to
increase the speed of the tool as it progresses along the wellbore. Also, the
control logic can determine if the electrically release device should be
unlatched, and/or if an unsticking device should be actuated. The control logic

can use predetermined operational parameters, calibration data, cable data,
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and predetermined mathematical formulas to make the control

determinations.

[0037]As an example of the generalized logic. When reeling in, the cable
tension increases towards the surface, either because of cable drag in the
deviated section, and/or because of cable weight in the horizontal section.
The point of highest cable tension is usually uphole, and the decision to
unlatch the ECRD may be taken or initiated based on the uphole cable
tension measured at the winch and a cable failure threshold. The threshold
may be updated to take into account uncertainty in the drag forces on the

cable, to increase a safety margin in case of debris or the like.

[0038]When pumping down, the cable tension may decrease towards the
surface in the deviated section because of cable drag, and increases again
towards the surface in the horizontal section because of cable weight. The
point of highest cable tension is usually downhole, and the decision to unlatch
the ECRD may be taken based on the downhole tension measured at the
logging head and a cable failure threshold. The threshold can be updated to

take into account uncertainty in the drag forces on the cable, or the like.

[0039]FIG. 4 depicts another schematic of an embodiment of a method of

conveying and retrieving downhole equipment.

[0040] The method 400 can include determining if the downhole tool is being

pumped down or reeled in (Block 410).

[0041]Upon a determination that the downhole tool is being pumped down the
method includes measuring downhole tension (Block 412) and updating pump
down-threshold (Block 414). Measuring downhole tension and updating the
pump down-threshold can be done using techniques disclosed herein or other
techniques that are now known or known in the future. These techniques and
implantation thereof would be known to one skilled in the art with the aid of
this disclosure. The method also includes comparing downhole tension to
pump down-threshold (Block 416). The method 300 can loop back to
determining if the downhole tool is being pumped down or reeled in (block
410) when cable failure risk is low, or the method 300 can include unlatching

a release device (Block 430).
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[0042]Upon a determination that the downhole tool is being reeled in, the
method 300 includes measuring the uphole tension (Block 420) and updating
the reeled-in threshold (Block 424). The method also includes comparing
uphole tension to reeled-in threshold (Block 426). Upon a determination that
there is no cable failure risk the method loops back to (Block 410); however, if

cable failure risk is determined the method continues to (Block 420).
[0043]FIG. 5 depicts a toolstring in a wellbore.

[0044] The toolstring 504 can be conveyed into a wellbore 502 using pump
down head provided by pump 520. The toolstring 504 can be connected with
a cable 510. The cable 510 is connected to a winch 511. The winch 511 and
cable 510 can be used to retrieve the toolstring 504. The tension on the cable
will be higher near the toolstring 504 during pump down and near the surface
during retrieval. The tension on the cable can change depending on the
wellbore shape, the pump down rate, and other factors. For example, when
pumping down the cable tension decreases towards the surface in the
deviated section because of cable drag, and increases again towards the

surface in the horizontal section because of cable weight.

[0045]Although example assemblies, methods, systems have been described
herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers every method, apparatus, and article of
manufacture fairly falling within the scope of the appended claims either

literally or under the doctrine of equivalents.
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What is claimed is:

1. A method of conveying downhole equipment, wherein the method

comprises:

providing pressure to a wellbore to convey a toolstring
connected with a cable; and

measuring tension in the cable proximate a top of the toolstring;
wherein if the toolstring is being conveyed the toolstring remains connected
with the cable regardless of measured tension in the cable proximate to the
top of the toolstring, and wherein if the cable is being retrieved the downhole
equipment is released from the cable if the measured tension in the cable

proximate the top of the toolstring is too large.

2. The method of claim 1, further comprising sending a command to an

electrically controlled release device to release the toolstring from the cable.

3. The method of claim 1, further comprising adjusting the rotation of a

winch based on measured tension in the cable.

4. The method of claim 1, further comprising retrieving the toolstring from
the wellbore, and measuring uphole tension in the cable, and wherein the
toolstring is released from the cable if the measured uphole tension in the

cable is too large.

5. A system for monitoring and controlling a downhole operation, wherein

the system comprises:

a toolstring connected with a cable by a release device wherein
the release device is configured to release the toolstring from the cable upon

receipt of a release signal from the control logic;
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a sensor operatively located adjacent a top of the toolstring for

measuring tension in cable;

control logic in communication with the release device and the
sensor, wherein the control logic is configured to send the release signal to
the release device during deployment of the toolstring if the sensor measures

tension in the cable that is too large.

6. The system of claim 5, further comprising a winch in communication
with the control logic wherein the winch is configured to determine uphole
tension in the cable, and wherein the control logic is configured to send the

release signal to the release device, if uphole tension in the cable is too large.

10



WO 2014/099723 PCT/US2013/075276

100

\
KHO /112

114

L ing Head -
(Tensic;?\?gtiere;ensory » Telemetry
130
[ 122 136
v
(RateP/llizspsure) Control Logic

134

f132

Winch
(Speed/Tension)

Winch Motor

Operator

\140




WO 2014/099723 PCT/US2013/075276

2/5

200

/210 l

» Measuring Downhole Tension

Pumped-
down
213

Determining if the downhole

Cable tool being pumped down or
failure reeled in?
risk low

Reeled-in

Comparing downhole

tension to threshold
tension

Downhole tool likely stuck

217\

Unlatching the release device

FIG. 2



WO 2014/099723 PCT/US2013/075276

0 3/5 -

Determining downhole tool movement

l f320

Determining tension along cable

330

Changing winch speed?

340

Changing pump rate?

350

Unlatching release
device

350

Unstick downhole tool

FIG. 3



WO 2014/099723

400

PCT/US2013/075276

4/5

Reeled-in

420 \

Y

Is the downhole tool being
pumped down or reeled in?

410

Pumped-down

K412

Measuring Uphole Tension

Measuring Downhole Tension

424 \

/414

Updating reeled-in threshold
(optional)

Updating pump down-threshold
(optional)

Compare uphole tension
to reeled-in threshold

Cable Failure

426

416

Comparing downhole tension
to pumped-down threshold

Cable Failure

430
\

Risk

Unlatch a release device

Risk

FIG. 4



WO 2014/099723 PCT/US2013/075276

5/5

oY) .
{ANg(a) Winch
2 x
511
L

{

|, 520 o)
Pump
WeIIbore\ :|
502

-

<

ﬁ
i
I




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/075276

A. CLASSIFICATION OF SUBJECT MATTER
E21B 19/08(2006.01)i, E21B 43/12(2006.01)i, E21B 47/008(2012.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 19/08; E21B 47/00; E21B 47/06; E21B 31/00; E21B 19/22; E21B 27/00; E21B 29/00; E21B 29/04; E21B 43/12; E21B 47/008

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: toolstring, cable, release device, control logic, sensor, tension, and winch

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 7874372 B2 (VARKEY et al.) 25 January 2011 1-6
See abstract, column 3, line 29 - column 4, line 42, and figure 1.

Y US 2003-0179651 A1 (NUTT et al.) 25 September 2003 1-6
See abstract, paragraph [0053], and figure 10.

A US 2010-0181072 A1 (GILLAN, PETER) 22 July 2010 1-6
See abstract, paragraphs [0021]1-[0024],[0034], and figures 1,4.

A US 2010-0006279 A1 (MARTINEZ et al.) 14 January 2010 1-6
See abstract, paragraph [0018], and figure 1.

A US 2012-0145396 A1 (FISHER et al.) 14 June 2012 1-6
See abstract, paragraphs [0030]-[0031], and figure 2.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" ecatlicr application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
21 March 2014 (21.03.2014) 27 March 2014 (27.03.2014)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Fécéirhile No. +82-42-472-7140 Telephone No. +82-42-481-3360
Form PCT/ISA/210 (second sheet) (July 2009)

LEE, Jong Kyung




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/075276
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7874372 B2 25/01/2011 CA 2693875 Al 22/01/2009

EP 2185786 A2 19/05/2010
US 2009-0020294 Al 22/01/2009
WO 2009-010923 A2 22/01/2009
WO 2009-010923 A3 17/12/2009
US 2003-0179651 Al 25/09/2003 AU 2003-207867 Al 08/10/2003
CA 2591576 Al 29/06/2006
CA 2592280 Al 06/07/2006
CA 2679302 Al 12/09/2008
CA 2738204 Al 01/04/2010
CN 102227543 A 26/10/2011
CN 1313840 CO 02/05/2007
CN 1643401 A 20/07/2005
CN 1643401 CO 02/05/2007
EG 23358 A 31/01/2005
EP 1488256 A2 22/12/2004
EP 2156011 A2 24/02/2010
GB 2436257 A 19/09/2007
GB 2437430 A 24/10/2007
GB 2458030 A 09/09/2009
JP 2012-504199 A 16/02/2012
MX PAO4008983 A 17/02/2005
US 2006-0133711 Al 22/06/2006
US 2006-0152383 Al 13/07/2006
US 2007-0062696 Al 22/03/2007
US 2007-0143027 Al 21/06/2007
US 2007-0165487 Al 19/07/2007
US 2009-0038794 Al 12/02/2009
US 2009-0224936 Al 10/09/2009
US 7187620 B2 06/03/2007
US 7515774 B2 07/04/2009
US 7567485 B2 28/07/2009
US 7696901 B2 13/04/2010
US 7720323 B2 18/05/2010
US 7894297 B2 22/02/2011
US 7929812 B2 19/04/2011
WO 03-081284 A2 02/10/2003
WO 03-081284 A3 04/12/2003
WO 2006-067578 Al 29/06/2006
WO 2006-070239 A2 06/07/2006
WO 2006-070239 A3 28/09/2006
WO 2008-035156 A2 27/03/2008
WO 2008-035156 A3 25/06/2009
WO 2008-107774 A2 12/09/2008
WO 2008-107774 A3 31/12/2008
WO 2010-035098 A2 01/04/2010
WO 2010-035098 A3 17/03/2011

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/075276
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010-0181072 Al 22/07/2010 US 8082980 B2 27/12/2011
US 2010-0006279 Al 14/01/2010 BR PI0710893 A2 21/06/2011
CA 2589672 Al 24/11/2007
CA 2589672 C 11/12/2012
CA 2650000 Al 08/11/2007
CN 101479441 A 08/07/2009
CN 101479441 B 12/06/2013
GB 0819409 DO 03/12/2008
GB 2451370 A 28/01/2009
GB 2451370 B 23/11/2011
MX 2008013674 A 19/11/2008
NO 20084527 A 27/11/2008
RU 2008146970 A 10/06/2010
RU 2463448 C2 10/10/2012
US 2007-0251687 Al 01/11/2007
US 2007-0251692 Al 01/11/2007
US 7540327 B2 02/06/2009
US 7607478 B2 27/10/2009
US 8220541 B2 17/07/2012
WO 2007-125509 Al 08/11/2007
US 2012-0145396 Al 14/06/2012 CA 2661169 Al 28/02/2008
CA 2661342 Al 28/02/2008
CA 2661342 C 05/02/2013
GB 0903362 DO 08/04/2009
GB 2454842 A 27/05/2009
GB 2454842 B 27/04/2011
GB 2457334 A 12/08/2009
GB 2457334 B 01/12/2010
US 2008-0041587 Al 21/02/2008
US 2008-0041597 Al 21/02/2008
US 7681642 B2 23/03/2010
US 8141634 B2 27/03/2012
US 8347964 B2 08/01/2013
WO 2008-024791 A2 28/02/2008
WO 2008-024791 A3 17/04/2008
WO 2008-024793 Al 28/02/2008

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

