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DESCRIPTION

Technical field

[0001] The present invention relates to a positioning method for determining the position of a
tool in a casing downhole.

Background

[0002] When running a tool in a casing downhole, it may often be desirable to know the
specific position of the tool. Especially when running different types of inspection or logging
tools, it may be very important to know the exact location of each observation made during the
inspection or logging. For this and several other reasons, many attempts have been made to
develop a device capable of determining the position of the tool when situated downhole.

[0003] A known device for determining the position of a tool downhole is called a "Casing collar
locator". Typically, a locator comprises one or more magnets and one or more coils for
measuring changes in the magnetic and electrical flux when passing a collar or casing feature
significant enough to cause a measurable change. The device is thus only able to determine
the position of the tool collar by collar and not between two collars, and in order to measure
differences in the flux, the device must be moved with considerable speed in the casing.

[0004] Another "Casing collar locator" comprises one or more flux gate magnetometers in the
form of coils for measuring the remaining or naturally occurring magnetism in the casing
collars. However, in order to determine the position of the tool between the collars, the wireline
depth must be used.

[0005] As shown in US 6,768,299, a "Casing collar locator" may also comprise one
magnetometer for measuring changes in the strength of the magnetic field generated from a
magnet. The "Casing collar locator" may also comprise more than one magnetometer to
achieve different modes of detection so that one magnetometer detects collars and the other
magnetometers detect the direction of the tool in order to control the direction of the drilling
head of the tool.

Summary of the invention

[0006] It is an object of the present invention to wholly or partly overcome the above
disadvantages and drawbacks of the prior art. More specifically, it is an object to provide an
improved method capable of determining an exact position of the tool.
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[0007] The above objects, together with numerous other 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 positioning method for determining a position of a
downhole tool moving in a casing in a well, comprising the steps as set out in claim 1.

[0008] Furthermore, the position of the downhole tool may be determined from a point of
reference, such as a casing collar.

[0009] The positioning method may further comprise the steps of:

« determining a reference manufacturing pattern by measuring a magnitude and/or
direction of a magnetic field several times over a time period by means of a first sensor
comprised in the downhole tool, while moving along a first part of the casing of a known
length,

» estimating a wave length of the reference manufacturing pattern based on the number
of waves of the reference manufacturing pattern and the known length of the first part of
the casing having been measured, and

= counting the number of waves passing as the downhole tool moves along the first part of
the casing, starting from a point of reference,

wherein the position of the downhole tool is determined continuously with respect to the point
of reference as the downhole tool moves along the first part of the casing, based on the
number of waves counted and the estimated wave length. Moreover, the positioning method
may comprise the steps of:

» measuring a magnitude and/or direction of a magnetic field several times over a time
period by means of a second sensor comprised in the downhole tool, while moving along
the first part of the casing, the second sensor being arranged in the downhole tool with
an axial distance to the first sensor, and

* determining the velocity of the downhole tool along the first part of the casing from a
measured time period between the first sensor measuring a first point of the casing and
the second sensor measuring the same first point of the casing.

[0010] Furthermore, the positioning method may comprise the step of determining the velocity
of the downhole tool along the first part of the casing by comparing the measurements from
the first sensor with the measurements from the second sensor in order to calculate a velocity
of the tool.

[0011] Additionally, the positioning method may comprise the steps of:

» measuring a magnitude and/or direction of a magnetic field several times over a time
period by means of the first sensor, while moving along a second part of the casing,

+ determining a manufacturing pattern of the second part of the casing based on the
measurement,
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+ determining the velocity of the downhole tool along the second part of the casing from a
measured time period between the first sensor measuring a first point of the casing and
the second sensor measuring the same first point of the casing, and

e comparing the manufacturing pattern of the first part of the casing and the
manufacturing pattern of the second part of the casing to determine the position of the
downhole tool to be able to adjust the determined velocity of the tool along the second
part based on the manufacturing pattern.

[0012] Furthermore, the manufacturing pattern of the first part of the casing and the
manufacturing pattern of the second part of the casing may be compared by comparing distinct
marks of the two different manufacturing patterns to determine the position of the downhole
tool.

[0013] In addition, the casing may be made from metal.

[0014] The present invention furthermore relates to a positioning method for determining a
position of a downhole tool moving at a velocity in a casing in a well, comprising the steps of:

e measuring a magnitude and/or direction of a magnetic field by means of a first sensor
several times over a time period while moving along a first part of the casing
manufactured from metal,

¢ determining a manufacturing pattern of the casing along the first part from the
measurement,

e measuring a magnitude and/or direction of a magnetic field by means of the first sensor
several times over a time period while moving along a second part of the casing
manufactured from metal,

» determining the velocity of the tool along the second part, and

* adjusting the determined velocity of the tool along the second part based upon the
manufacturing pattern.

[0015] The step of determining a manufacturing pattern may comprise determining a cycle in
the measurement coming when manufacturing the casing, such as forming the casing by
means of rolling, cold drawing, or rolling milling.

[0016] Furthermore, the manufacturing pattern may be barrel or rolling lines in the casing.

[0017] In an embodiment, the casing may be connected by means of casing collars and the
first part and second part of the casing may be arranged between two collars.

[0018] Moreover, the first part of the casing may comprise several casing sections connected
by collars.
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[0019] Further, the manufacturing pattern may be thickness variations in the casing.

[0020] Additionally, the variation in the thickness of the casing may result from using a non-
circular roller when manufacturing the casing by rolling.

[0021] The manufacturing pattern may result from a rolling process, mill rolling, cold drawing
or hot drawing.

[0022] In addition, the sensors may be arranged in a detecting unit arranged in a tool and
comprising two magnets and two sensors arranged with an axial distance from each other and
in a same plane, such as on a plate.

[0023] Also, the manufacturing pattern may be a distance between a local minimum or
maximum thickness of the casing and a next local minimum or maximum thickness of the
casing.

[0024] Furthermore, the first sensor may have an axial distance to a second sensor and the
step of determining the velocity is from a measured time period between the first sensor
measuring a first point of the casing and the second detector measuring the same first point of
the casing.

[0025] Additionally, the variation of the thickness of the casing may result from a non-circular
roller used when manufacturing the casing by rolling.

[0026] The manufacturing pattern may be several fractions identified along the first part of the
casing.

[0027] Moreover, the method according to the present invention may comprise the steps of:

¢ measuring the magnitude and/or direction of the magnetic field by means of the second
sensor, and

« comparing the measurements from the first sensor with the measurements from the
second sensor in order to calculate a velocity of the tool.

[0028] Said step of measuring the magnitude and/or direction of the magnetic field may be
performed several times over a time period, and the step of comparing the measurements
from the sensor may be performed after this time period.

[0029] The present invention also relates to a system for carrying out the method as described
above, comprising:

« a detecting unit comprising two magnets and two sets of sensors arranged with an axial
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distance from each other and in a same plane, such as on a plate.

[0030] By comprising two sets of sensors arranged with an axial distance from each other, the
positioning tool is able to estimate the exact position of the tool by counting the number of
waves of the manufacturing pattern and by continuously calculating the velocity of the tool
based on the manufacturing pattern. Hereby, the positioning tool uses multiple methods to
increase the accuracy of the position determination.

[0031] Also, the present invention relates to use of the method described above for accurately
displaying a condition downhole in real time.

[0032] Finally, the present invention relates to use of the method as described above for
accurately displaying a position downhole in real time.

[0033] By accurately is meant that the displaying of the condition is more accurate than if
carried out by means of a casing collar locator.

Brief description of the drawings

[0034] 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 sequence of measurements by a sensor,

Fig. 1B shows an enlarged view of part of the sequence shown in Fig. 1A,
Fig. 2 shows a positioning tool,

Fig. 3A shows another sequence of measurements obtained by a sensor, and

Figs. 3B-3C show enlargements of a part of the sequence shown in Fig. 3A.

[0035] All these 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

[0036] The present invention relates to a positioning method for determining a position of a
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downhole tool moving at a velocity in a casing in a well, also between two casing collars. When
a downhole tool conducts certain measurements of the well properties, such as the well flow,
fluid characteristics, temperature, the pressure etc., the measurements are each conducted at
a certain time and position along the casing. However, if the position is not accurate due to the
fact that the tool moves at another velocity than expected, the measurements provide an
inaccurate picture of the well properties. When using present positioning tools, such as a
casing collar locator, the position is adjusted when the positioning tool passes a casing collar
and the distance since passing the previous casing collar is adjusted accordingly. However,
such adjustments presume that the tool velocity has been constant between the previous and
the present casing collar, and this may not always be the case. When this happens, the
measured well properties do not provide an accurate picture of the well.

[0037] Using a positioning method according to the present invention, a magnitude and/or
direction of a magnetic field is measured several times over a time period by means of a first
sensor while moving along a first part of the casing manufactured from metal, as shown in
Figs. 1A and 1B. The sensor is arranged in a positioning tool 1 comprising a detection unit 2,
as shown in Fig. 2. The detection unit 2 comprises two magnets 4 and two sets of r sensors 5,
6. These sensors 5, 6 are positioned so that one sensor is positioned on each side of the
magnet 4. The two sets of sensors 5, 6 are arranged with an axial distance dy from each other

and in the same plane 7, such as on a plate 8.

[0038] The positioning tool 1 has a substantially cylindrical shape, and the detecting unit 2 is
arranged in its centre, extending along the length the tool. The plate 8 is fastened to the wall of
the tool 1. When the tool 1 moves down the casing 3, the magnetic field changes depending on
the surroundings, and the sensors 5, 6 detect the direction 6 of the magnetic field lines when
the tool moves. By performing substantially continuous measurements of the direction and/or
magnitude, small variations are measured while the tool 1 passes the part of the casing 3
between two collars or joints, as shown in Fig. 1B. The small variations in thickness result from
the manufacturing process, i.e. when the casing is made by means of rolling, resulting in barrel
lines or rolling lines in the casing. The measurements come from small inaccuracies in the
diameter of the roller and results in a manufacturing pattern, shown in Fig. 1B, having peaks in
the form of local minimums and maximums.

[0039] Each sensor 5, 6 measures the same changes, but there is a difference in time
between the measurements due to the distance between the sensors. The data from the
sensors 5, 6 is convoluted, and from the maximum value of the convolution, it can be deducted
when a sensor 5 of the first set of sensors passes the same position as a second sensor 6 of
the second set of sensors, and so forth. The period between the point in time when the first
and the second sensor pass the same positions is named AT, and since the distance ds

between the first sensor 5 and the second sensor 6 is known, it is possible to calculate the
velocity of the positioning tool 1 by means of the following equation:

d,
Veslimule =E
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[0040] The estimate of the velocity is based on a number of measurements, and by
continuously calculating the velocity of the tool 1, it is possible to calculate the distance Ax

travelled since the previous calculation by means of the following equation:
Ax=v-At
where At is the time between calculations and Ax is the estimated velocity. When adding these

estimated distances, the distance from the top of the well at a specific time of e.g. an
observation of an irregularity, such as a leak, is known.

[0041] Using convolution between datasets received from at least two sensors instead of only
comparing the measurements from one sensor with measurements from the other
measurement by measurement, the method is relatively insensitive to noise in the
measurements. In this way, a more accurate result is obtained. Furthermore, since the same
characteristics are present in the two sets, the scale of the data is not important.

[0042] When the tool 1 passes a joint or collar where two casing parts are mounted together,
the change in field direction is substantially increased. At this point, the distance from a collar is
zero, and any errors in the estimated position of the tool can be eliminated. The number of
past collars and the distance from the last collar indicate the determined position of the tool
since the distance between collars is known. However, as mentioned, this determined position
is based on the presumption that the tool moves at a constant velocity between two collars.

[0043] Fig. 1A shows a sequence of measurements conducted by means of a sensor moving
past two casing collars. Unfortunately, the sequence of measurements shows the supports
made of metal supporting the casing while testing, see the parts of the measurements marked
51, and thus, the manufacturing pattern is thus only visible at a distance from the supports and
the collars. The part of the sequence of measurements conducted when the positioning tool
passes a casing collar is marked 52. Thus, the sequence of measurements showing the
manufacturing pattern is marked 53 and is showed in an enlarged view in Fig. 1B.

[0044] In Fig. 1B, a pattern is identified as e.g. two distances X and Y which occur at a certain
point along the first casing part, and subsequently, this pattern is used to adjust the velocity
and thus the position of the tool between two collars. When moving down the well, the
positioning tool passes many casing parts between two collars, and thus, the manufacturing
pattern is identified when the positioning tool passes these first parts. The identified
manufacturing pattern of the first casing part may also be referred to as a reference
manufacturing pattern. The pattern may have a constant thickness change so that at a certain
part of the casing, a distance X between a local minimum or maximum thickness of the casing
and a next local minimum or maximum thickness of the casing is identified. Such constant
thickness variation may result from a non-circular diameter of the rollers used when
manufacturing the casing by means of rolling. Subsequently, when the positioning tool passes
a second casing part, another manufacturing pattern is identified, and any variations in relation
to the first identified manufacturing pattern or the reference manufacturing pattern is used to
adjust the velocity of the tool and thus correct the position at which a certain measurement of a
well property is conducted.
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[0045] In another case, the manufacturing pattern is a more unique pattern since no constant
thickness change is identified. However, a pattern identified as the same from one casing part
to the next when moving down the well also provides distinct marks along a second casing part
at which the determined velocity and position of the tool can be adjusted by comparing the
measured sequence of the second part of the casing with the identified manufacturing pattern.
The velocity and position of the tool can thus be more accurately determined than would have
been the case if carried out by means of a traditional casing collar locator since the tool
velocity determination is not only based on a sequence of measurements, but also on a
comparison of an expected and identified manufacturing pattern. Subsequently, the position of
a measured well property can be more precisely determined.

[0046] The identified manufacturing pattern may only be fractions of the measurements
illustrating thickness variations of a casing part, and thus, the pattern does not need to be
identified along an entire casing part between two casing collars. By having identifiable
manufacturing pattern fractions along a casing part, these may be used to adjust the
determined velocity and position of the tool when measuring a sequence of a magnitude
and/or direction of a magnetic field by means of a sensor while moving along a second part of
the casing. When having e.g. two identified manufacturing pattern fractions along a casing
part, the velocity and position determined from the sequence of the magnitude and/or direction
of a magnetic field is adjusted twice along the second part and thus twice before reaching the
next collar.

[0047] When producing the casing by means of rollers, the thickness of the casing varies in a
certain pattern which is identified and stored in the positioning tool as the expected pattern and
compared to the determined velocity. If the expected pattern does not correspond to the
measured pattern for determining the velocity of the tool, the distance variations of the
measured pattern in relation to the expected pattern is determined and the measured pattern
is adjusted accordingly, and the velocity is recalculated or adjusted accordingly.

[0048] If the identified manufacturing pattern is a constant distance X between e.g. a local
maximum thickness of the casing and a next local maximum thickness of the casing along the
entire casing part between two casing collars, the tool velocity may be adjusted based on the
time elapsed between measuring a local maximum thickness of the casing and a next local
maximum thickness of the casing.

[0049] The detecting unit 2 of Fig. 2 only has four sensors 5, 6, and it is necessary to have two
of the sensors arranged on the same side of the magnets 4 to calculate the position of the tool.
The closer the two sensors 5, 6 are arranged in the longitudinal direction of the tool, the faster
the measurements can be processed. One magnet 4 can be arranged on the outside of a
sensor 5, 6 so that the first magnet is arranged on the outside of the first sensor and the
second magnet is arranged on the outside of the second sensor. When a magnet 4 is
arranged on the outside of each sensor 5, 6, all sensors are positioned with the same distance
to the magnet, which results in a more precise measurement, again resulting in better velocity
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estimates.

[0050] Thus, the positioning tool may comprise a first sensor 5 and a second sensor 6,
wherein the velocity is determined by measuring the magnitude and/or direction of the
magnetic field by means of the first sensor and subsequently the second sensor, and then
comparing the measurements from the first sensor with the measurements from the second
sensor in order to calculate a velocity of the tool.

[0051] In another positioning method according to the present invention, the manufacturing
pattern measured while moving along the casing is utilised in a slightly different way. Figs. 3A-
3C show sequences of measurement obtained by a sensor in a positioning tool having been
run through a section of casing. The positioning tool may be a positioning tool such as that
described above. The measurements show a manufacturing pattern representing
characteristics of the casing, such as material characteristics as discussed above. The section
of the casing having been scanned in this specific example represents a length of
approximately 70 feet. The measurements shown in Fig. 3A reveal three obvious features 52
which represent casing collars present in the scanned section of the casing. In Figs. 3B and
Fig. 3C, a section of the measurements shown in Fig. 3A is cut out and gradually enlarged.
The representation of the measurement shows that the manufacturing pattern resembles a
substantial periodic wave having peaks in the form of local minimums and maximums, as
described above.

[0052] The enlargement of the sequence of measurements shown in Fig. 3C represents a
length of a casing of approximately 3 feet and shows approximately 5 wave tops 56. Knowing
the approximate length of the casing and the number of waves, the wave length is estimated to
approximately 7 inches in this specific example.

[0053] In a similar manner, the casing in an existing wellbore may be scanned, whereby a
reference manufacturing pattern is obtained. If the length of the scanned section of casing
downhole is known, the wave length of the reference manufacturing pattern of the particular
section of casing can be estimated based on the identified number of waves. The length of a
scanned section of casing may be known or estimated if for example the section of the casing
arranged between two casing collars or other points of reference is scanned.

[0054] Subsequently, information about the wave length obtained from the reference
manufacturing pattern may be compared with another manufacturing pattern of the same
section of the casing determined through a subsequent run wherein the casing is scanned.
Knowing the wave length of the reference manufacturing pattern of the section of the casing,
the position downhole may be determined by counting the number of waves identified as the
positioning tool moves forward along the previously scanned section of the casing. Methods for
counting the number of waves are well known to the skilled person and may be conducted in
an automated manner.

[0055] In theory, the number of waves may be counted from the top of the well to determine
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the position downhole. However, factors such as variations in the manufacturing pattern of
different sections of the casing or inaccuracies in the identification of the number of wave may
result in an undesirable inaccuracy in the position determined. In practice, the number of wave
may advantageously be counted from a point of reference of a known position downhole. Such
a point of reference may be represented by a specific feature present downhole, such as a
casing collar, a valve, a nipple or a pop joint.

[0056] In one exemplary use, the method described above may be used for positioning a
downhole tool at a specific position along a section of a casing. The downhole tool is moved
through the well, e.g. using a downhole tractor, until a predetermined point of reference is
reached. Then, the positioning tool is activated and the manufacturing pattern is determined,
as described above. Depending on whether the specific section of the casing has been
scanned or logged before and whether a reference manufacturing pattern exists, the specific
position may be identified by simply counting the number of waves as the downhole tool moves
through the casing or by first determining a reference manufacturing pattern and then counting
the number of waves from the point of reference. A reference manufacturing pattern for
estimating the wave length may be determined for a specific casing element prior to inserting
the casing element into the well, in an earlier run after the casing has been installed or just
prior to starting position estimation. Alternatively, a reference manufacturing pattern may be
determined for all casing elements individually, e.g. for a casing from a specific manufacture,
for casing elements from a specific batch, etc.

[0057] The manufacturing pattern and the related variations in the magnetic field detected by
the sensors may also result from material properties of the casing material or other
manufacturing processes such as mill rolling, cold drawing or hot drawing.

[0058] By fluid or well fluid is meant any type of fluid that may be present in oil or gas wells,
such as natural gas, oil, oil mud, crude oil, water etc. By gas is meant any type of gas
composition present in a well, completion or open hole, and by oil is meant any type of oll
composition, such as crude oil, an oil-containing fluid etc. Gas, oil and water fluids may
therefore all comprise other elements or substances than gas, oil and/or water, respectively.
The fluid may also be a combination of gas, oil, water and small solids in the fluid.

[0059] By a casing is meant all types of pipes, tubings, tubulars etc. used downhole in relation
to oil or natural gas production.

[0060] 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 type of driving tool capable of pushing or pulling tools in a well, such as a Well Tractor®.

[0061] 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 departing from the invention as defined by the following
claims.
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Patentkrav

1. Positioneringsfremgangsmade til bestemmelse af en position af et borehuls-
veerktgj, der beveeger sig i et foringsrgr i en brgnd, hvilken fremgangsmade
omfatter:

- tilvejebringelse af et referencefremstillingsmgnster for stgrrelsen og/eller
retningen af magnetfeltet for en del af foringsrgret,

- méling af en stgrrelse og/eller retning af et magnetfelt flere gange i Igbet af et
tidsrum ved hjalp af en fgrste sensor under bevaegelse af borehulsvaerktgjet langs
en del af foringsraret og derved tilvejebringelse af mindst én méling af stgrrelsen
og/eller retningen for magnetfeltet, idet borehulsvaerktgjet omfatter naevnte forste
sensor,

kendetegnet ved, at fremgangsmaden endvidere omfatter:

- bestemmelse af et fremstillingsmgnster for den forste del af foringsrgret pd basis
af naevnte mindst ene madling af stgrrelsen og/eller retningen af magnetfeltet, hvor
det bestemte fremstillingsmgnster resulterer fra tykkelsesvariationer i foringsrgret,
0g

- sammenligning af referencefremstillingsmgnsteret med det bestemte
fremstillingsmg@nster med henblik pd bestemmelse af en position for borehuls-

vaerktgjet.

2. Positioneringsfremgangsmade ifglge krav 1, som endvidere omfatter:

- bestemmelse af et referencefremstillingsmgnster for bglger, der har en bglge-
lzengde, ved mdling af en stgrrelse og/eller retning af et magnetfelt flere gange i
lgbet af et tidsrum ved hjeelp af den fgrste sensor, der er omfattet i borehuls-
vaerktgjet, under bevaegelse langs en fgrste del af foringsrgret, som har en kendt
leengde,

- estimering af referencefremstillingsmgnsterets bglgelseengde p8 basis af reference-
fremstillingsmgnsterets antal bglger og den kendte laengde af den fgrste del af
foringsraret, der er blevet mélt, og

- teelling af antallet af bglger, der passerer, nar borehulsveerktgjet beveeger sig
langs den fgrste del af foringsrgret, startende fra referencepunktet,

hvor borehulsvaerktgjets position bestemmes Igbende i forhold til referencepunktet,
i takt med at borehulsveerktgjet bevaeger sig langs den fgrste del af foringsrgret, pd

basis af antallet af bglger, der taelles, og den estimerede bglgelaengde.

3. Positioneringsfremgangsmade ifglge krav 1 eller 2, der endvidere omfatter:
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2

- méling af en stgrrelse og/eller retning af et magnetfelt flere gange i Igbet af et
tidsrum ved hjeelp af en anden sensor, der er omfattet i borehulsveerktgjet, under
bevaegelse langs den fgrste del af foringsrgret, idet den anden sensor er anbragt i
borehulsvaerktgjet med en aksial afstand til den fgrste sensor, og

- bestemmelse af borehulsvaerktgjets hastighed langs den fgrste del af foringsrgret
fra et malt tidsrum mellem den forste sensor, der méler et fgrste punkt af
foringsreret, og den anden sensor, der médler det samme fgrste punkt af

foringsrgret.

4. Positioneringsfremgangsmade ifalge krav 3, der endvidere omfatter:

- méling af en stgrrelse og/eller retning af et magnetfelt flere gange i Igbet af et
tidsrum ved hjeelp af den fgrste sensor under beveegelse langs en anden del af
foringsrgret,

- bestemmelse af et fremstillingsmgnster for den anden del af foringsrgret pa basis
af malingen,

- bestemmelse af borehulsveerktgjets hastighed langs den anden del af foringsrgret
fra et malt tidsrum mellem den forste sensor, der méler et fgrste punkt af
foringsrgret, og den anden sensor, der mdler det samme fgrste punkt af
foringsrgret, og

- sammenligning af fremstillingsmgnsteret for den fgrste del af foringsrgret og
fremstillingsmgnsteret for den anden del af foringsroret med henblik pd at
bestemme borehulsveerktgjets position for at kunne justere veerktgjets bestemte

hastighed langs den anden del pa basis af fremstillingsmgnsteret.

5. Positioneringsfremgangsméde ifglge et hvilket som helst af de foregdende
krav, hvor det bestemte fremstillingsmgnster resulterer fra en valseproces,

valsning, koldtraekning eller varmtraekning.

6. Positioneringsfremgangsmade ifslge et hvilket som helst af de foregdende
krav, hvor det bestemte fremstillingsmgnster resulterer fra en afstand mellem en
lokal minimums- eller maksimumstykkelse af foringsrgret og en naeste lokal

minimums- eller maksimumstykkelse af foringsrgret.

7. Positioneringsfremgangsméade ifglge et hvilket som helst af de foregdende
krav, hvor sensorerne er indrettet i en detekteringsenhed, der er indrettet i et
vaerktgj (1), og omfatter to magneter (4) og to sensorer (5, 6), der er indrettet
med en aksial afstand (d2) fra hinanden og i et samme plan (7), sdsom pd en
plade (8).
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8. Positioneringsfremgangsmade ifslge et hvilket som helst af de foregdende
krav, hvor fremstillingsmgnsteret er flere fremstillingsmgnsterfraktioner, der

identificeres langs en del af foringsrgret.

9. Positioneringsfremgangsmade ifslge et hvilket som helst af de foregdende
krav, hvor foringsrgret er forbundet ved hjeelp af foringsrgrkraver, og de fgrste og

anden dele af foringsrgret er indrettet mellem to kraver.

10. Positioneringsfremgangsmade ifglge et hvilket som helst af de foregdende
krav, hvor den fgrste del af foringsrgret omfatter adskillige foringsrgrsektioner, der

er forbundet ved hjaelp af kraver.

11. Positioneringsvaerktgj til udfgrelse af fremgangsmaden ifglge et hvilket som
helst af kravene 1-10, hvilket veerktgj omfatter:

en detekteringsenhed, der omfatter to magneter (4) og to sat sensorer (5, 6), der
er indrettet med en aksial afstand (dz) fra hinanden og i et samme plan (7), sdsom

pé en plade (8).

12. Anvendelse af fremgangsma&den ifglge et hvilket som helst af kravene 1-10 til

visning af en borehulstilstand i realtid.

13. Anvendelse af fremgangsmaden ifglge et hvilket som helst af kravene 1-10 til

visning af en position i borehullet i realtid.
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