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(57) Abstract: The present invention relates to a scanning
tool (1) for scanning an object downhole. The tool has a
longitudinal axis and comprises an emitting device (2) for
emitting radiation, a lens (3) for transmitting the radiation
in a predetermined pattern (4) of radiation, and a receiv-
ing device (5). In a first position of the tool, the pattern of
radiation is retlected on the object (6) to be scanned and
the retlected radiation is received in the receiving device
resulting in a first measurement.
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SCANNING TOOL

Field of the invention

The present invention relates to a scanning tool for scanning an object downhole.
The tool has a longitudinal axis and comprises an emitting device for emitting ra-
diation, a lens for transmitting the radiation in a predetermined pattern of radia-

tion, and a receiving device.

Background art

A completion comprises several hardware components. The casing string is built
as a long line of tubing parts mounted together by means of casing collars and,

to optimise production, valves are built in as part of the casing string.

Sometimes, leaks may occur, which must be found and sealed off if they are not
to impair the production. For this purpose, a tool capable of identifying the condi-

tion of the well and detecting the leak is required.

During production, the valves have to be opened or closed. However, a valve
may be covered by scales or the like, sometimes to an extent which makes op-
eration of the valve impossible, or the valve may be so damaged by previous at-
tempts to operate it that it can no longer be opened or closed by conventional
tools. In order to determine whether the valve needs cleaning or whether a new
key to operate the valve is needed, a tool which is able to identify the condition

of the hardware in the well is required.

Description of the invention

It is an object of the present invention to provide a downhole tool capable of
identifying the condition of the well and the condition of the hardware used in the

completion.

It is moreover an object to provide a tool capable of outlining or picturing the

hardware and casing wall.
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The above objects, together with numerous other objects, advantages, and fea-
tures, which will become evident from the below description, are accomplished by
a solution in accordance with the present invention by a scanning tool for scan-
ning an object downhole, the tool having a longitudinal axis and comprising:

- an emitting device for emitting radiation,

- a lens for transmitting the radiation in a predetermined pattern of radiation,
and

- a receiving device,

wherein, in a first position of the tool, the pattern of radiation is reflected on the
object to be scanned and the reflected radiation is received in the receiving de-

vice resulting in a first measurement.

The above scanning tool makes it possible to scan the inside surface of the well
line by line or in another pattern. When subsequently combining the sequence of
images, an image can be created showing the object or part of the object in a
way which makes it possible for an operator to evaluate the object by a visual in-
spection of the scanned image and thus determine what to do in order to fix a
specific problem. The entire well may be scanned in this way in order to evaluate
the condition of the well and to determine which parts of the well needs repair

work.

In one embodiment of the invention, a second measurement may be conducted

in a second position of the tool.

The scanning tool may further comprise a driving unit for moving at least the lens
and the receiving device along the longitudinal axis and conducting a second
measurement at a distance from the first measurement and in this way scan the
object by emitting the pattern at a distance from the previous emitted pattern,
and by repetition thus providing a sequence of measurements. The emitted pat-

tern may be a line.

The driving unit may be a downhole tractor or a conveying unit arranged inside
the tool, and it may move at least the lens and the receiving device at least 0.1
mm between the first and the second measurements. In this way, at least the
lens and the receiving device have been moved at least 0.1 mm between every

two images.



WO 2011/051441 PCT/EP2010/066462

10

15

20

25

30

35

The lens may be a plano-convex cylinder lens.

Moreover, the receiving device may be a recording device and it may be arranged

along the longitudinal axis.

In one embodiment of the tool, the emitting device may emit the radiation in a

direction transverse to the longitudinal axis.

In addition, the tool may comprise a plurality of emitting devices.

The lens may be torus-shaped.

In one embodiment, the tool may comprise a mirror device for reflecting the pat-
tern reflected on the object before it is received in the receiving device. The mir-

ror may be conical.

When the tool comprises a mirror device, light from the well may thus be re-
flected in a way which enables the entire circumference around the mirror to be

imaged by a single recording device.

Moreover, the lens and the emitting device may be comprised in a line generator.

Furthermore, a measurement may be conducted at a rate of 1 to 200 measure-

ments per second, preferably at a rate of 10 to 50 measurements per second.

In addition, the scanning tool may comprise a positioning tool for determining the

position of the scanning tool.

The invention further relates to a system for creating an image of the condition
inside a well, comprising:
- a scanning tool according to any of the preceding claims, and

- a calculation unit.

Finally, the invention also relates to a method comprising the steps of:
- inserting a scanning tool according to any of the preceding claims into a well,
- emitting a line of radiation,

- detecting the reflected line,
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- moving at least part of the scanning tool in order to illuminate a new part of the
well, and

- analysing the reflected line in order to identify the condition of the well.

The method may further comprise the step of creating an image of the analysed

reflected line in order to create an image of the well from within.

Brief description of the drawings

The invention and its many advantages will be described in more detail below
with reference to the accompanying schematic drawings, which for the purpose of

illustration show some non-limiting embodiments and in which

Fig. 1A shows a partly cross-sectional view of a scanning tool according to the in-

vention seen from a side,

Fig. 1B shows a partly cross-sectional view of another embodiment of the scan-

ning tool according to the invention seen from a side,

Fig. 2 shows a partly cross-sectional view of another embodiment of the scanning

tool seen from one end,

Fig. 3 shows a graph of measurements, based on the image of Fig. 7, in Carte-

sian coordinates,

Fig. 4 shows a second graph of the measurements of Fig. 3 in polar coordinates,

Fig. 5 shows a grid,

Fig. 6 shows a line,

Fig. 7 shows the recorded image that, after transformation, resulted in the meas-

urements shown in Figs. 3 and 4,

Fig. 7A shows a sequence of recorded images of a sleeve combined to create an

image of the sleeve, and
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Fig. 8 shows a partly cross-sectional view of yet another embodiment of the tool.
All the figures are highly schematic and not necessarily 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

In Fig. 1A, part of a scanning tool 1 according to invention is shown. The scan-
ning tool 1 is capable of scanning an object downhole, e.g. line by line, when the
tool or part of the tool is moved in relation to the object to be scanned. The
scanning tool 1 comprises an emitting device 2 for emitting radiation into a lens
3. The lens 3 transmits the radiation in a predetermined pattern 4 of radiation,
such as a line as shown in Figs. 1A, 1B, and 6, a grid as shown in Fig. 5, or an-
other suitable pattern. The pattern 4 is reflected on the inside wall of the casing

or borehole and is subsequently detected by a receiving device 5.

In the following, the invention is explained on the basis of an object present in
the well, such as a valve arranged as part of the casing wall, perforations in the
casing, a sleeve, a packer, or the like hardware elements in a well. Thus, the
scanning tool 1 may be used to detect whether a sliding sleeve is open, partly
closed, or closed. Subsequently, another operation tool can be submerged in or-
der to close or open the sleeve, or clean the object. When the other operation
tool has finished its operation, the scanning tool 1 can be submerged once more

to inspect the object again.

In this way, the pattern 4 of radiation is reflected on an object to be scanned and
the reflected radiation is received in the receiving device 5, which is a camera, an
image sensor, or the like processor. The receiving device 5 may have a lens pro-

vided in front of the camera seen in relation to the emitting device 2.

The scanning tool 1 comprises an elongated housing 7 with a plurality of slots or
openings 10 allowing radiation in the form of light to be emitted from the tool
and enter the tool again. Inside the housing 7, the torus-shaped lens 3 is illumi-
nated from within by the emitting device 2. In order to illuminate the whole lens
3, several emitting devices 2 are arranged inside the torus. In Fig. 1A, twenty

emitting devices 2 are arranged inside the lens 3. The lens 3 guides the radiation
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into a pattern 4, such as a line, and irradiates the object to be scanned with that
pattern. The pattern 4 is reflected by the surface of the object to be scanned and
returned at an angle 6 so as to be reflected by a mirror 8 before being received
in the receiving device 5. The mirror 8 is cone-shaped and, in this embodiment,
the pattern 4 is a line which is reflected as a circle by the mirror, as illustrated in
Fig. 4. The mirror 8 is mounted onto the housing 7 by means of a mounting de-
vice 9 onto which the emitting device 2 is also fastened. The mounting device 9 is
provided with a circumferential slot allowing the radiation of the emitting devices
2 to illuminate the lens 3. Having a mirror 8 makes it possible to arrange the re-

ceiving device 5 axially displaced in relation to the lens 3.

Thus, the lens 3 has a radial extension transverse to the longitudinal extension of
the tool 1. The emitting devices 2 are arranged so that they irradiate the lens 3
in a radial direction. The mirror 8 is arranged on one side of the lens 3 at an axial
distance from the lens 3 in relation to the axis of the tool 1 and tapers away from
the emitting devices 2 and the lens. The receiving device 5 is arranged at an ax-

ial distance from the mirror 8 even further away from the lens 3.

In another embodiment, only three emitting devices 2 are arranged inside the
lens 3. Such emitting devices 2 must have a wider emitting range in order to il-

luminate the whole lens 3.

Sealing means 11 in the form of an O-ring is arranged between the lens 3 and
the housing 7 in order to seal off the inside of the tool 1. Furthermore, the slot
10 through which the reflected radiation enters the housing again may be pro-
vided with a window 12 also sealing off the inside of the housing, but also letting
the light through.

In another embodiment, the surrounding part of tool 1 is a glass housing which
surrounds a frame part of the tool, which in this case is also the mounting device
9 of the tool.

In Figs. 1A and 1B, the lens 3 generates a radiation pattern 4 in the form of a
line and is a plano-convex cylinder lens. However, the lens 3 may be any suitable

lens capable of generating a pattern, such as a line, a grid, etc.
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Another embodiment of the tool 1 is shown in Fig. 1B, in which embodiment the
tool has two mirrors 8 and two receiving devices 5 positioned opposite each other
so that a mirror and a receiving device is positioned on each side of the lens 3. In
this embodiment, the mounting device 9 has a frame configuration providing a
strong tool design. The frame has openings 10 displaced in relation to one an-
other so that a first opening 10a is displaced in relation to a second opening 10b.
Each opening 10 is adapted to both emit radiation and let in reflected radiation to
be reflected by the mirror 8 and transmitted into the receiving device 5. Each of
the receiving devices 5 receives only part of the reflected radiation so that one
part of the pattern is received in one receiving device 5 and another part is re-
ceived in the other receiving device 5. When these parts of the reflected pattern

are joined, the whole pattern can subsequently be processed as explained below.

The entire mounting device 9 may be surrounded by only one glass housing pro-
viding a simple encapsulation of the mounting device and a design which seals off

the tool 1 towards the outside well fluid in @ simple manner.

The receiving device 5 of Figs. 1A and 1B receives the reflected line as a circle or
parts of a circle due to the conical shape of the mirror 8. The receiving device re-
ceives light from a small part of the casing and each point on the object, e.g. the
inside of the casing, is mapped to a point between two concentric circles in the
two-dimensional image plane. Thus, the radiated line in the image corresponds to

a plurality of points on the casing.

In this embodiment, the pattern 4 is a line emitted as a circle all the way around
the tool 1 towards the inside of the casing to scan the casing. The pattern 4 may
be any kind of pattern emitted as a closed contour on an object to be scanned, in
the illustrated example as a circle which is received in the tool 1 again as a circle
if the inside of the casing wall is smooth, or as parts of concentric circles if the

casing wall has a projection or an indentation.

Moreover, an image sensor connected with the receiving device 5 converts the
image of a circle or parts of concentric circles, as shown in Fig. 7, into data, as
shown in Fig. 3. In Fig. 7, the circle has been broken and a piece of the circle has
been displaced. The reason for this is that the emitted line has been reflected on
an object having an indentation corresponding to the piece of the line that has

been displaced. The data in Fig. 3 show the same displacement. The data in Fig.
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3 is viewed in a different way in Fig. 4, also illustrating the emitted line. At the
angle 50, four data points have been displaced in the same way. If the object had
had several indentations, a corresponding number of points would have been dis-
placed. If the object had had a projection instead of an indentation, the piece of
line would have been displaced in the opposite direction, i.e. outwards and away

from the centre, in Fig. 4.

When the images of Fig. 7 are combined in sequence, an image 320 of the object
to be scanned is created as a scanned image 320 of either the whole section of
the object or the inside of the well as shown in Fig. 7A. Fig. 7A shows an image
of a sleeve scanned line by line by the scanning tool created by combining the
sequence of reflected lines. Having such a scanned image 320 of a whole section
of the sleeve makes it possible to determine whether the sleeve is open, partly
opened, or closed, and whether scales fasten to the sleeve hinder the operation

of the sleeve.

By scanning an object line by line or in another pattern, an image can be created
picturing the object or part of the object in a way which makes it possible for an
operator to evaluate the object by visually inspecting the scanned image and
thus to determine what to do in order to fix a certain problem. The entire well
may be scanned in this way in order to evaluate the condition of the well and to

determine which parts of the well needs repair work, if any.

The distance between the displaced piece and the rest of the circle indicates the
depth of the indentation or the height of the projection. Similarly, the length of
the displaced line piece in relation to the length of the circumference of the rest
of the circle indicates the circumferential length of the indentation in the object to
be scanned. Thus, an exact image of the whole object can be calculated from the

data retrieved when scanning the object.

In Fig. 2, the scanning tool 1 comprises four lenses 3 arranged spaced apart
along the periphery of the tool housing 7. Each lens 3 is illuminated by an emit-
ting device 2 situated radially behind the lens in a direction towards the centre of
the tool 1. Each lens 3 is capable of transmitting a line radially, the lines of the
four lenses thus overlapping each other and together defining one circumferential
line. Next to each lens 3 in the axial extension of the tool, a receiving device 5 is

arranged for receiving the line when reflected by the object. In the embodiment
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of Fig. 2, no mirror is needed in order to scan the object, since the each receiving

device 5 is arranged next to a lens 3 receiving the reflected radiation radially.

In some cases, more lenses 3, emitting devices 2, and receiving devices 5 may
be needed in order to scan an object depending on the object itself, the distance
to the object, and the fluid in the well. The more transparent the well fluid, the

less illumination is needed for scanning the object properly.

In another embodiment, only one lens 3, emitting device 2, and receiving device
5 are arranged in the tool 1. The tool 1 is then at least partly rotated to scan the
inside of the well. The tool 1 thus comprises rotation means for rotating part of
the tool or the whole tool. In this case, the pattern 4 may be a single point ro-

tated into creating a line on the inside of the casing wall.

The lens 3 and the emitting device 2 may be arranged in the tool 1 as one unit,
e.g. comprised in a line generator. Furthermore, the tool 1 may comprise several
lenses 3 for each emitting device 3, resulting in the creation of a grid as shown in
Fig. 6, or the lens may be covered in order to create the grid pattern. In another

embodiment, the emitting device comprises a grid generator.

As shown in Fig. 8, the pattern 4 may be emitted in front of the tool 1 by several
emitting devices 2 to obtain information concerning objects in front of the tool,
such as valve, or objects positioned as part of the casing wall, but narrowing the
casing, such as a “no-go landing nipple” or the like. As can be seen, the cameras
are angled towards the centre axis of the tool 1 and they are thus able to detect
the same pattern 4 from different angles, creating a three-dimensional image of
the object. In another embodiment, the pattern 4 may be created by a grid gen-
erator arranged behind the lens 3 in Fig. 8 instead of by emitting devices 2 ar-

ranged around the lens in front of the tool 1.

The scanning tool 1 may be used as a positioning tool, since it is capable of de-
tecting a casing joint, a sleeve, or another object. Based on the information on
the design of the object, the images can be put together to match the dimensions
of the known object and, based on information on the frequency with which the

images are taken, it is possible to estimate the velocity of the scanning tool 1.
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The scanning tool may also comprise a positioning tool in order to determine the
position of each image. If a leak is detected, an operation tool may thus subse-

quently be submerged at the exact position in order to seal off the leak.

The images may be received and at least partly processed by the receiving device
at a rate of 10-200 images per second, preferably 20-100 images per second,
and even more preferably 20-50 images per second. When an image is received,
it is converted into data, such as electronic signals. This data is compared to the
data of the image previously taken and only the differences between the data are
communicated to the top of the well or above surface to reduce the total amount
of data. When the amount of data is thus reduced, an image can quickly be
created on a PC screen, making it possible for the operator to follow the investi-

gation as it is performed.

The data may also be compressed in conventional ways before being sent to the
top of the well or above surface. It may also be downloaded into a buffer, such as
a data memory. If no change is detected, the scanning tool 1 may then transmit

a signal to the top of the well that there is no change.

The mirror 8 may have any suitable shape, such as a pyramid shape, a semi-

sphere, or the like.

The emitting device 2 emits electromagnetic radiation with a frequency of 10'!-
10'° Hz, such as X-rays, UV, visible light, and infrared light. The emitting device

2 may thus be a laser or another radiation device.

When the well fluid which the radiation of the scanning tool 1 has to penetrate is
water or gas, light having a frequency of 750 nm is sufficient. However, when the
fluid is mostly oil, the emitted radiation could be another type of radiation, such

as radiation closer to the infrared area or closer to UV.

The receiving device 5 may be a camera or an image sensor converting an optical

image/pattern to an electric signal.

The tool 1 may also comprise a driving unit for moving at least the lens and the
receiving device along the longitudinal axis of the tool for conducting a second

measurement at a distance from the first measurement. The object is thus
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scanned by emitting subsequent patterns at a distance from the previous emitted

pattern, providing a sequence of measurements by repetition.

The driving unit may be a conveying unit arranged inside the tool 1, so that only
the lens 3 and the receiving device 5 are moved in relation to the tool along its

longitudinal axis.

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 ele-

ments or substances than gas, oil, and/or water, respectively.

By a casing is meant any kind of pipe, tubing, tubular, liner, string etc. used

downhole in relation to oil or natural gas production.

In the event that the tools are not submergible all the way into the casing, a
downhole tractor can be used to push the tools all the way into position in the
well. A downhole tractor is any kind of driving tool capable of pushing or pulling

tools in a well downhole, such as a Well Tractor®.

Although the invention has been described in the above in connection with pre-
ferred embodiments of the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without departing from the inven-

tion as defined by the following claims.



WO 2011/051441 PCT/EP2010/066462

10

15

20

25

30

35

12

Claims

1. A scanning tool (1) for scanning an object downhole, the tool having a
longitudinal axis and comprising:

- an emitting device (2) for emitting radiation,

- a lens (3) for transmitting the radiation in a predetermined pattern (4) of radia-
tion, and

- a receiving device (5),

wherein, in a first position of the tool, the pattern of radiation is reflected on the
object (6) to be scanned and the reflected radiation is received in the receiving

device resulting in a first measurement.

2. A scanning tool according to claim 1, wherein a second measurement is

conducted in a second position of the tool.

3. A scanning tool according to claim 1, further comprising a driving unit for
moving at least the lens and the receiving device along the longitudinal axis and
conducting a second measurement at a distance from the first measurement and
in this way scan the object by emitting the pattern at a distance from the previ-
ous emitted pattern, and by repetition thus providing a sequence of measure-

ments.

4, A scanning tool according to any of the preceding claims, wherein the

pattern is a line.

5. A scanning tool according to claim 3 or 4, wherein the driving unit is a

conveying unit arranged inside the tool.

6. A scanning tool according to any of claims 3 to 5, wherein the driving unit
moves at least the lens and the receiving device at least 0,1 mm between the

first and the second measurements.

7. A scanning tool according to any of the preceding claims, wherein the

lens is a plano-convex cylinder lens.

8. A scanning tool according to any of the preceding claims, wherein the re-

ceiving device is a recording device.
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9. A scanning tool according to any of the preceding claims, wherein the
emitting device emits the radiation in a direction transverse to the longitudinal

axis.

10. A scanning tool according to any of the preceding claims, further com-
prising a mirror device for reflecting the pattern reflected by the object before it

is received in the receiving device.

11. A scanning tool according to claim 10, wherein the mirror is conical.

12. A scanning tool according to any of the preceding claims, wherein a
measurement is conducted at a rate of 1 to 200 measurements per second, pref-
erably at a rate of 5 to 100 measurements per second and more preferably at a

rate of 10 to 50 measurements per second.

13. A system for creating an image of the condition inside a well, comprising
- a scanning tool according to any of the preceding claims, and

- a calculation unit.

14. A method comprising the steps of:

- inserting a scanning tool according to any of the preceding claims into a well,

emitting a line of radiation,

detecting the reflected line,

moving at least part of the scanning tool in order to illuminate a new part of the
well, and

- analysing the reflected line in order to identify the condition of the well.

15. A method according to claim 14, further comprising the step of creating
an image of the analysed reflected line in order to create an image of the well

from within.
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Fig. 5

Fig. 6
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