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(54) DOWNHOLE TOOL STRING

(67)  The presentinvention relates to a downhole tool
string for performing an operation downhole, the tool
string having a tool axis, said downhole tool string com-
prising an operating tool configured to fish an objectin a
well downhole, an actuating tool configured to actuate
the operating tool, wherein the operating tool comprises
a shroud having a shroud outer diameter, a grabbing tool
part comprising at least two arms, the shroud and the
grabbing tool part being movable in relation to each other
along the tool axis by means of the actuating tool, the
grabbing tool part having a projected position and a re-
tracted position in relation to the shroud, and in the pro-
jected position the arms are in a relaxed condition and
the grabbing tool part has a first outer diameter which is
larger than in the retracted position.
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Description

Field of the invention

[0001] The presentinvention relates toa downhole tool
string for performing an operation downhole.

Background art

[0002] When operating several kilometres down a well,
operations become much more complex than when op-
erating at surface, and some circumstances which at sur-
face do not seem to be a problem can be difficult to handle
in a well. Unintentional dropping of objects down a well
is one problem which is very difficult to solve, and such
dropped object may prohibit an operator from performing
another operation or even to produce from the well again.
[0003] Another challenge when operating downhole is
the lack of visibility, and therefore detecting a leak or a
lost object and the position thereof may be very difficult
if not impossible. Another challenge is to verify that an
operation has been performed as intended and thus to
prove that a specific operation is not the cause of another
problem occurring.

Summary of the invention

[0004] Itis an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide an improved tool string capable of fishing any
dropped objects from a well and bringing them to surface.
[0005] Itis a further object to provide an improved tool
string capable of verifying the operation performed.
[0006] Theabove objects, together with numerous oth-
er objects, advantages and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by a
downhole tool string for performing an operation down-
hole, the tool string having a tool axis, said downhole tool
string comprising:

- an operating tool configured to fish an object in a
well downhole, and

- anactuating tool configured to actuate the operating
tool,

wherein the operating tool comprises:

- ashroud having a shroud outer diameter, and

- a grabbing tool part comprising at least two arms,
the shroud and the grabbing tool part being movable
in relation to each other along the tool axis by means
of the actuating tool, the grabbing tool part having a
projected position and a retracted position in relation
to the shroud, and in the projected position the arms
are in a relaxed condition and the grabbing tool part
has a first outer diameter which is larger than in the
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retracted position.

[0007] The arms may be more flexible than the shroud.
[0008] Moreover, the arms may be made of metal.
[0009] Also, the shroud may be made of metal.
[0010] Further, the arms may each have a curved part.
[0011] In addition, the grabbing tool part may have

more than two arms.

[0012] Moreover, the shroud may be movable in rela-
tion to the grabbing tool part, and/or the grabbing tool
part may be movable in relation to the shroud.

[0013] The shroud may comprise an end part having
an internal space configured to receive the grabbing tool
part.

[0014] Said end part may comprise a camera config-
ured to watch the operating tool.

[0015] Also, the end part may comprise a plurality of
cameras arranged between the arms.

[0016] Furthermore, the end partmay comprise atleast
one source configured toilluminate visible light or infrared
light in front of the operating tool and the camera.
[0017] Moreover, the end part may have at least one
opening configured to eject a transparent fluid in front of
the camera.

[0018] Additionally, the tool string may comprise a fluid
chamber for the transparent fluid.

[0019] Further, the camera may be connected with a
monitor above surface, enabling an operator to follow the
operation downhole in real-time.

[0020] The camera may be connected with a storage
unit configured to store images provided by the camera.

[0021] In addition, the arms may circumvent the cam-
era.
[0022] Also, the actuating tool may be an axial stroking

tool having a housing, a chamber, a first tool part com-
prising a pump unit providing pressurised fluid to the
chamber, a shaft penetrating the chamber and a piston
dividing the chamber into a first chamber section and a
second chamber section.

[0023] Furthermore, the actuating tool may comprise
a threaded spindle and a motor.

[0024] The downhole tool string according to the
present invention may further comprise a driving tool for
propelling the tool string forward in a well.

[0025] Said driving tool may be a downhole tractor.
[0026] Moreover, the downhole tool string may be a
wireline downhole tool string.

[0027] Also, the downhole tool string may further com-
prise an anchoring tool section.

[0028] The present invention also relates to a down-
hole tool string for performing an operation downhole,
the downhole tool string comprising:

- awireline,

- an operating tool,

- adriving section receiving power from the wireline
for driving the operating tool, and

- a camera section having a camera facing radially
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from the tool string,

wherein the camera section is arranged between the
wireline and the operating tool, and the camera section
has a first end part and a second end part and at least
an electric conductor and/or a hydraulic channel extend-
ing from the first end part to the second end part for pro-
viding electricity and/or hydraulics to the operating tool.

[0029] The driving section may comprise a pump and
a motor.
[0030] Further,the driving section may be a driving tool

with wheels for propelling the tool string forward in a well.
[0031] Moreover, the driving tool may be a downhole
tractor.

[0032] In addition, the camera section may comprise
at least one source configured to illuminate an area in
front of the camera.

[0033] The source may be a light source configured to
radiate any kind of electromagnetic radiation, such visible
light or infrared light.

[0034] Thecamera section may comprise a sensor unit
configured to measure a condition of the well and, on the
basis of the measurement, activate the camera.

[0035] Furthermore, the sensor unit may comprise a
sensor configured to measure a temperature, a pressure
and/or a flow content of a fluid.

[0036] Also, the sensor unit may comprise an ultra-
sonic sensor configured to measure a thickness of a met-
al casing arranged in the well.

[0037] Said sensor unit may comprise a first magnet
for generating a magnetic field, a first sensor for meas-
uring the magnitude and/or direction of the magneticfield,
said first sensor being arranged in a first plane and at a
first distance from the first magnet, for detecting changes
in the magnetic field, and a second sensor for measuring
the magnitude and/or direction of the magnetic field, said
second sensor being arranged in the same first plane
and at a second distance from the first sensor along the
axis, also for detecting changes in the magnetic field and
for locating casing collars and/or sliding sleeves in the
metal casing.

[0038] Further, the camera section may comprise a
storage unit configured to store images provided by the
camera and/or data from measurements provided by the
sensor unit.

[0039] Moreover, the camera may be arranged in a
circumference of the camera section.

[0040] Additionally, the camera section may comprise
a transparent cover for protecting the camera.

[0041] Also, the camera section may comprise a plu-
rality of cameras.

[0042] Furthermore, the camera section may comprise
at least one opening configured to eject a transparent
fluid in front of the camera.

[0043] The tool string may comprise a fluid chamber
for the transparent fluid.

[0044] In addition, the tool string may comprise a driv-
ing unit configured to rotate the camera in relation to the
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driving section.

[0045] Also, the tool string may comprise a positioning
unit connected with the camera section, so that a down-
hole position of an image provided by the camera is
stored with said image.

[0046] Moreover, the operating tool may be a grabbing
tool part, a casing cutter, a sleeve operating tool, a log-
ging tool, a drilling tool or a milling tool.

[0047] The downhole tool string may further comprise
a second camera in front of the tool string.

Brief description of the drawings

[0048] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
in which

Fig. 1 shows a partly cross-sectional view of a down-
hole tool string,

Fig. 2 shows a partly cross-sectional view of a down-
hole tool string,

Fig. 3 shows a partial view of the downhole tool string
having a grabbing tool part, and

Fig. 4 shows a partly cross-sectional view of a down-
hole tool string.

[0049] Allthe figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in order to elucidate the invention, other
parts being omitted or merely suggested.

Detailed description of the invention

[0050] Fig. 1 shows a downhole tool string 1 for fishing
an object 3 in a well 2 downhole where the tool string has
atool axis 41 extending along the extension of the casing.
The downhole tool string 1 comprises an operating tool
5 configured to fish the object 3 and an actuating tool 10
configured to actuate the operating tool 5. The operating
tool comprises a shroud 4 having a shroud outer diameter
ODg which is approximately the same as the outer diam-
eter of the downhole tool string 1. The operating tool 5
further comprises a grabbing tool part 7 comprising at
least two arms 8. The shroud 4 and the grabbing tool part
7 are movable in relation to each other along the tool axis
41 by means of the actuating tool 10. The grabbing tool
part 7 has a projected position and a retracted position
in relation to the shroud. The projected position is shown
in Fig. 1 and the partly retracted position is shown in Fig.
2. In the projected position, the arms are in a relaxed
condition and the grabbing tool part has a first outer di-
ameter OD4g which is larger than in the retracted posi-
tion. The arms are more flexible than the shroud and are
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able to flex radially inwards and are in their retracted po-
sition limited in flexing back into their relaxed position by
means of the shroud. Each arm has a curved part 42 and
an inwardly projecting part 47.

[0051] By having a shroud 4 and a grabbing tool part
7 movable in relation to each other and having arms of
the grabbing tool part which are able to assume a retract-
ed position, a very simple fishing tool is provided. The
arms having a relaxed extended position are arranged
to enclose the identified object, and by a simple axial
movement, the arms flex inwards to grab around the ob-
ject and the shroud prevents the arms from assuming
their relaxed position and thus provides the arms with a
pre-tension, bringing them to squeeze around the object.
When fishing an object downhole, the size of the object
is not often known. If the object is smaller than predicted,
the arms are thus retracted further into the shroud and
the arms are then diminishing the outer diameter of the
grabbing tool part and are able to provide a sufficient
squeezing force around the object to be able to retrieve
the object.

[0052] The shroud comprisesanend part 9 comprising
a camera 6 configured to watch the operating tool during
the fishing operation and even identify the object 3 and
the position thereof if required. The camera 6 is arranged
between the arms so that the arms do not significantly
limit the camera’s visual range towards the object. The
arms circumventthe camera and due to the curved shape
of the arms, the camera has a full view of the operation
and the object. The end part 9 comprises at least one
light source 22 configured to illuminate in front of the op-
erating tool 5 and the camera 6.

[0053] The end part of Fig. 1 has an opening 45 for
ejecting a transparent fluid in front of the camera and
thus displacing the well fluid to create a better environ-
ment in front of the camera so that better images can be
obtained. The tool string comprises a fluid chamber 46
containing the transparent fluid. The end part further
comprises a plurality of cameras arranged between the
arms.

[0054] As canbe seenin Fig. 3, the shroud comprises
an end part 9 having an internal space 43 which is con-
figured to receive the grabbing tool part 7. As shown, the
grabbing tool part 7 has more than two arms, e.g. three
arms, to provide a better grip around the object to be
fished in the well. In Fig. 3, the grabbing tool part 7 is
divided into three arms in that the arms are cut out of one
rod and then bent into the shape shown. The grabbing
tool part 7 is retracted into the shroud 4 by the actuating
tool.

[0055] In Fig. 1, the shroud is moved downwards
pressing the arms inwards to have them squeeze around
the object. The movement is performed by the actuating
tool 10 which moves the shroud away from the actuating
tool 10.

[0056] The actuating tool may be an axial stroking tool
having a housing, a chamber, a first tool part comprising
a pump unit providing pressurised fluid to the chamber,
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a shaft penetrating the chamber and a piston dividing the
chamberinto a first chamber section and a second cham-
ber section. When said actuating tool is influenced by the
pressurised fluid, an axial movement is provided along
the tool axis 41 to retract the arms into the shroud or
project the shroud over the arms, limiting the free move-
ment of the arms.

[0057] The actuating tool may be a non-hydraulic tool
comprising a threaded spindle and a motor providing a
linear actuator retracting the arms into the shroud or pro-
jecting the shroud over the arms, limiting the free move-
ment of the arms.

[0058] Each arm may be arranged in a space in be-
tween the cameras and the light sources.

[0059] The arms are made of metal, e.g. in a spring
metal. The shroud is also made of metal butmay be made
of other rigid materials suitable for use in a well.

[0060] Fig. 4 shows a downhole tool string 1 for per-
forming an operation downhole, comprising a wireline
34, an operating tool 5 and a driving section 11 receiving
power from the wireline for driving the operating tool 5.
The downhole tool string 1 further comprises a camera
section 23 having a camera 6 facing radially from the tool
string. The camera section is arranged between the wire-
line and the operating tool, and the camera section has
a first end part 35 and a second end part 36 and at least
an electric conductor 37 and a hydraulic channel 38 ex-
tending from the first end part to the second end part for
providing electricity and/or hydraulics to the operating
tool.

[0061] Byhavingacamerasectionwithatleastanelec-
tric conductor or a hydraulic channel extending from the
first end part to the second end part, the camera section
canbe arranged at any position along the tool string wher-
ever suited in relation to other tool sections and perform-
ance of the tool sections. The operating tool 5 may be a
cutter tool 31 driven by both hydraulic fluid for pressing
the cutter arms 32 and thus the cutting edge 33 in en-
gagement with the casing and by electricity for driving a
motor 39 rotating the cutter tool 31. After the cutting op-
eration is completed, the camera section is run past the
cut part of the casing, and the camera 6 is thus able to
detect the cut and verify that the casing is in fact com-
pletely cut through. Sometimes even though the casing
is cut perfectly, the upper part of the casing can, for other
reasons, be difficult to pull out of the well, and then the
cutting operator may be accused of not having performed
the cutting operation in a satisfactory manner.

[0062] As shown in Fig. 4, the camera section 23 has
a plurality of light sources 22 arranged around the cir-
cumference of the camera section 23 and around the
camera 6 to illuminate the object or the wall of the casing
and thus determine if a leak 15 is present or determine
the position and the size of an object. As shown in Fig.
4, the camera 6 is arranged in a groove 40 in the camera
section 23 so that the camera does not extend from the
camera section 23, thus preventing the camera from po-
tential damage. The camera section 23 may further com-
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prise atransparent cover covering the camera 6 and thus
protecting the camera and the light sources. The tool
string 1 further comprises a driving unit 21 for rotating
the camera 6 in relation to the driving unit 21 so that only
one camerais required for capturingimages of the casing
along also the entire circumference of the casing.
[0063] The camera section may further have an open-
ing 45 configured to eject a transparent fluid in front of
the camera. The tool string may thus comprise a fluid
chamber containing the transparent fluid.

[0064] The driving section may comprise a pump 17
driven by a motor 39 for providing fluid to an operating
tool such as a sleeve operating tool for sliding a sleeve
in order to open or close the sleeve.

[0065] In Fig. 4, the camera section comprises a sen-
sor unit 51 configured to measure a condition of the well
and, on the basis of the measurement, activate the cam-
era when a condition of the well has changed. For in-
stance the temperature dropping is an indication of water
coming into the casing. The sensor unit 51 thus compris-
es a sensor 52 configured to measure a temperature, a
pressure and/or a flow content of a fluid. The sensor unit
may also comprise an ultra-sonic sensor configured to
measure a thickness of the metal casing arranged in the
well in order to detect a leak 15, as shown in Fig. 4.
[0066] InFig. 4, the tool string comprises a positioning
unit 53 connected with the camera section 23, so that a
downhole position of an image provided by the camera
is stored with said image. In this way, the camera section
may be connected as part of a tool string performing an
operation downhole which does not need the camera for
performing the operation, but due to the fact that the cam-
era section follows the tool string all the way down the
well, the camera section is able to obtain images along
the way if the sensor unit detects an unexpected condi-
tion, such as dropping temperature.

[0067] In another aspect, the sensor unit comprises a
first magnet for generating a magneticfield, a first sensor
for measuring the magnitude and/or direction of the mag-
netic field, the first sensor being arranged in a first plane
and at a first distance from the first magnet, for detecting
changes in the magnetic field. The sensor unit further
comprises a second sensor for measuring the magnitude
and/or direction of the magnetic field, the second sensor
being arranged in the same first plane and at a second
distance from the first sensor along the axis, also for de-
tecting changes in the magnetic field, for locating casing
collars and/or sliding sleeves in the metal casing. The
camera section may comprise a storage unit configured
to store images provided by the camera and/or data from
measurements provided by the sensor unit.

[0068] The tool string 1 may further comprise an an-
choring tool section 24 having projectable anchors 27 for
engaging the wall of the casing and thus maintaining the
tool string in a predetermined position along the tool axis
41 while performing an operation.

[0069] As shown in Fig. 4, the driving section 11 may
be a driving tool for propelling the tool string forward in
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a well, such as a downhole tractor having wheels 12 on
arms 14. The downhole tool string is connected with a
wireline and is thus a wireline downhole tool string.
[0070] Even though not shown, the camera may be
connected with a monitor above surface, enabling an op-
erator to follow the operation downhole in real-time. The
camera may further be connected with a storage unit
configured to store images provided by the camera.
[0071] The operating tool may be a grabbing tool part,
a casing cutter, a sleeve operating tool, a logging tool, a
drilling tool or a milling tool.

[0072] By fluid or well fluid is meant any kind of fluid
that may be present in oil or gas wells downhole, such
as natural gas, oil, oil mud, crude oil, water, etc. By gas
is meant any kind of gas composition present in a well,
completion, or open hole, and by oil is meant any kind of
oil composition, such as crude oil, an oil-containing fluid,
etc. Gas, oil, and water fluids may thus all comprise other
elements or substances than gas, oil, and/or water, re-
spectively.

[0073] By an annular barrier is meant an annular bar-
rier comprising a tubular metal part mounted as part of
the well tubular metal structure and an expandable metal
sleeve surrounding and connected to the tubular part de-
fining an annular barrier space.

[0074] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.

[0075] In the event that the tool string is not submer-
gible all the way into the casing, a downhole tractor can
be used to push the tool all the way into position in the
well. The downhole tractor may have projectable arms
having wheels, wherein the wheels contact the inner sur-
face of the casing for propelling the tractor and the tool
forward in the casing. A downhole tractor is any kind of
driving tool capable of pushing or pulling tools in a well
downhole, such as a Well Tractor®.

[0076] Although the invention has been described in
the above in connection with preferred embodiments of
the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without de-
parting from the invention as defined by the following
claims.

Claims

1. A downhole tool string (1) for performing an opera-
tion downhole, the tool string having a tool axis (41),
said downhole tool string comprising:

- an operating tool (5) configured to fish an object
(3) in a well (2) downhole, and

- an actuating tool (10) configured to actuate the
operating tool,

wherein the operating tool comprises:
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- a shroud (4) having a shroud outer diameter
(ODg), and

- a grabbing tool part (7) comprising at least two
arms (8), the shroud and the grabbing tool part
being movable in relation to each other along
the tool axis by means of the actuating tool, the
grabbing tool part having a projected position
and aretracted position in relation to the shroud,
and in the projected position the arms are in a
relaxed condition and the grabbing tool part has
afirstouter diameter (OD, ) whichiis larger than
in the retracted position.

A downhole tool string according to claim 1, wherein
the arms are more flexible than the shroud.

A downhole tool string according to claim 1 and/or
2, wherein the arms each have a curved part (42).

A downhole tool string according to any of the pre-
ceding claims, wherein the shroud is movable in re-
lation to the grabbing tool part, and/or wherein the
grabbing tool part is movable in relation to the
shroud.

A downhole tool string according to any of the pre-
ceding claims, wherein the shroud comprises an end
part (9) having an internal space (43) configured to
receive the grabbing tool part.

A downhole tool string according to claim 5, wherein
the end part comprises a camera (6) configured to
watch the operating tool.

A downhole tool string according to claim 6, wherein
the end part comprises at least one light source (22)
configured to illuminate in front of the operating tool
and the camera.

A downhole tool string according to any of the pre-
ceding claims, wherein the arms circumvent the
camera.

A downhole tool string according to any of the pre-
ceding claims, further comprising a driving tool (16)
for propelling the tool string forward in a well.

A downhole tool string for performing an operation
downhole, the downhole tool string comprising:

- a wireline (34),

- an operating tool (5),

- a driving section (11) receiving power from the
wireline for driving the operating tool, and

- a camera section (23) having a camera (6) fac-
ing radially from the tool string, wherein the cam-
era sectionis arranged between the wireline and
the operating tool, and the camera section has
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1.

12.

13.

14.

15.

a first end part (35) and a second end part (36)
and at least an electric conductor (37) and/or a
hydraulic channel (38) extending from the first
end part to the second end part for providing
electricity and/or hydraulics to the operating tool.

A downhole tool string according to claim 10, wherein
the driving section comprises a pump (17) and a mo-
tor (39).

A downhole tool string according to claim 10 and/or
11, wherein the camera section comprises a sensor
unit (51) configured to measure a condition of the
well and, on the basis of the measurement, activate
the camera.

A downhole tool string according to claim 12, wherein
the sensor unit comprises a sensor (52) configured
to measure a temperature, a pressure and/or a flow
content of a fluid.

A downhole tool string according to any of claims 10
to 13, wherein the tool string comprises a driving unit
configured to rotate the camerain relation to the driv-
ing section.

A downhole tool string according to any of claims 10
to 14, wherein the tool string comprises a positioning
unit (53) connected with the camera section, so that
a downhole position of an image provided by the
camera is stored with said image.
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