
EP 0 247 672 B1 Description The invention relates to a method for
determining the distance between adjacent wells. More particu- larly it
relates to a method for determining the distance between a first well in
which a casing, drill string, or 5  other ferromagnetic parts are present
and a second well being drilled into subsurface earth formations adjacent
said first well. During drilling operations it Is at times desirable to
know the distance between a well being drilled and a previously drilled
well. For example it may be desired to drill a directional relief-well to
intercept a previously drilled well In which a blow-out has occurred. On
the other hand, it may also be desired that a 10  well being drilled must
avoid collision with previously drilled wells. Numerous procedures have
been developed to determine the distance between adjacent wells for the
above purposes. US patent 3,745,446 discloses a logging method whereby the
distance between a cased well and a second well is determined on the basis
of magnetic logs taken in said second well. The logs are taken by a 15
magnetometer assembly which is able to detect disturbances of the earth
magnetic field caused by the magnetic field around the magnetic pole of a
casing end in the cased well. Another procedure is disclosed in U.S. patent
No. 3,725,777. In the technique described in this patent the distance
between a cased well and a second well is determined by first measuring in
the second well magnetic field intensity and direction and by subsequently
carrying out computer calculations using said 20  measured values together
with assumed values for the earth magnetic field and the location of the
cased well relative to the second well. Although the known procedures
generally provide useful information about the distance between the
adjacent wells they have the Inherent disadvantage that complicated
calculations are necessary to obtain the required data and that sometimes
the results are Inaccurate. A common problem is that a well may 25  include
various ferromagnetic parts which may each have separate  magnetic poles.
The magnetic fields of said poles may interfere at the locations where
measurements are taken in the second well. In this situation it is often
not possible to accurately derive the distance between the wells from
magnetic logs taken in the relief well using the known techniques. The
invention provides a reliable method for determining the distance between a
first well in which 30  ferromagnetic parts are present and a second well
on the basis of magnetic logs taken in said second well, by providing an
accurate indication of the distance between said wells even if said
ferromagnetic parts form a complex pattern of magnetic poles, I.e. a method
for determining the distance between a first well containing ferromagnetic
parts and a second well having a central axis. This method, according to
the invention as set out in claim 1, comprises: 35    - measuring a
characteristic of a magnetic field in the surroundings of said
ferromagnetic parts at several depths in said second well; - converting the
measurement Into a signal and plotting in a first diagram the amplitude of
the component frequencies of the signal against the wavenumber thereof,
said wavenumber being displayed on a logarithmic scale; 40      calculating
a characteristic, corresponding to said measured characteristic, of a
theoretical magnetic field around a single monopole or dipole at a selected
distance do from the central axis of said second well; - plotting In a
second diagram the amplitude of the component frequencies of said
calculated 



characteristic against the wavenumber thereof, said wavenumber being
displayed on a logarithmic 45      scale, and defining in said second
diagram a peak wavenumber [err] in the calculated amplitude wavenumber
spectrum; - overlaying said first and second diagram and finding a match
which defines a peak wavenumber km in said first diagram, and - determining
the distance [err] between the wells from 50 [err] The invention will now
be explained in more detail, by way of example, with reference to the 2
EP 0 247 672 B1 accompanying drawings, in which: Fig. 1 shows a sketch of a
relief well passing a casing shoe in a target-well; Fig. 2 shows the
calculated axial and radial magnetic field components [err] and [err] and
the total field B when passing a magnetic monopole at closest distance d; 5
Fig. 3 shows the calculated axial and radial, magnetic field components
[err] and [err] when passing a magnetic dipole at closest distance d; Fig.
4 shows the magnetic disturbance [err] measured in a relief-well when
approaching a casing string in a target well; Fig. 5 shows the wavenumber
spectrum of the signal from Fig. 4 together with an overlay of the 10
calculated wavenumber spectrum for a dipole; Fig. 6A shows the theoretical
wavenumber spectrum of [err] (z) for a monopole with a closest distance of
3 m from a relief well; and Fig. 6B shows the theoretical wavenumber
spectrum of [err] (z) for a dipole with a closest distance of 3 m from a
relief well. 15     The method of the invention involves matching
wavenumber spectra of the idealised theoretical magnetic field of a
monopole or dipole with wave number spectra of features observed by means
of the magnetometers located in a relief well. In order to calculate the
distance from a first relief well to a second target well equations must be
derived describing the magnetic field B of a monopole and dipole. 20
Referring to Figure 1, for a monopole at a point X in the target well 2, of
pole strength [err] the axial field component [err] at a point at depth z
relative to the point of closest approach z=0 in the relief well 1 is
defined as [err] 30 Expressing cos [err] in terms of geometry, equation (1)
becomes [err] This function for the axial component [err] Is shown in
Figure 2 together with the corresponding function for the radial component
[err] and the total field 40 [err] 



45 The curve for the axial component [err] has peak values at z= +/-
0.707d. Therefore, we can relate the extreme values of that curve to the
distance d between target- and relief well through the equation, [err]
where Az as defined in Fig. 2 is the depth interval between the minimum and
maximum value of [err] 55 measured  in the relief well. Referring again to
Figure 1, one can also consider a dipole of magnetic moment K . I, where is
the pole spacing, centred at point X  in the target- well. Assuming that
[err] the far-field approximation to the axial field for a dipole can be
expressed as, 3    EP 0 247 672 B1 [err] 5 This function together with the
corresponding function for the radial component [err] (z) is illustrated In
Figure 3. The axial field component is zero at z = +/- 0.707d. Hence
distance d to target can be related through 10 d= [err] where [err] is the
depth interval between zero points in [err] as defined in Figure 3.
Equivalent rules can be derived to calculate the target distance from e.g.
the radial field component [err] 15     The approach outlined in the above
is sound providing there is no interference between poles. If they do
Interfere like e.g. in the measurement shown in Fig. 4 the approach becomes
Inaccurate. The method according to the invention for distance
determination ("overlay method"), described below is less sensitive to
Interference and can give more accurate estimates. If interference is
minimal, then this method forms an alternative to the approach described
above. 20    In order to use the overlay method we must analyse e.g. the
axial field component [err] in terms of its dominant frequencies or
wavenumbers. To accomplish this, the Fourier Transform of this function
must be calculated. Before this is done, equation (2) for a monopole is
re-written as [err] This expression can in turn be generalized as, 30 [err]
36 where g is a function of z/d. The corresponding function for a dipole
can be written as, 40 46 [err]] where j is also a function of z/d. If there
Is more than one pole on a target, like e.g. a drilistring, and all are at
about the same distance d 55  from the relief-well, then the resulting
field component [err] can be expressed as a convolution of the 



expression of one monopole or dipole and a function H(z) related to the
geometry of the drillstring i.e. positions of tool joints. This function
can be expressed as 4    EP 0 247 672 B1 [err] 6 where [err] Is the
projection of the [err] pole on the relief-well track and [err] is the
strength of the [err] pole. The axial field component for a monopole can
thus be  expressed as, 10 [err] 16 where denotes convolution. Equation (8)
for a dipole- Is, [err] The axial field component of a monopole or dipole
field may be expressed as a Fourier Series of the 25 form, [err] "n" is
called the harmonic number and "k" is a wavenumber or the reciprocal of the
wavelength. 35     Let F{g(z)} = G(k) be the Fourier Transform of the
function g(z). An important property of the Fourier Transform is, [err] 40
This means that in the wavenumber domain, an increase in d results in a
"squeezing" of the wavenumber axis. Another property of the Fourier
Transform is, 46   [err] or a convolution in the spatial domain is
equivalent to a simple multiplication in the Fourier domain. Hence
equations (10) and (11) can be expressed as, 50                      [err]
(13) [err]    EP 0 247 672 B1 This result [err] is particularly Important
since it Implies that the Fourier Transform of the magnetic field
originating from a series of poles on a drillstring in the target- well
consists of two parts. The first part comprises the signal of one monopole
or dipole. Superimposed on this is the contribution from the geometrical
function determined 15 by the spacing of the poles on the drillstring. This
can be illustrated by plotting the amplitude of the component frequencies
of the signal against the corresponding wavenumber. An example is depicted
in Figure 5. 



The next step is to derive the distance to the target. This is done using
an overlay technique. This technique involves attempting to find, in the
amplitude/wavenumber spectrum of the field component [err] the 20
underlying  amplitude/wavenumber spectrum  of a  single  monopole  or
dipole. Plotting  the amplitude/wavenumber spectrum of the axial field
component of a single monopole or dipole at a distance [err] from a point
in the relief-well, results in such signatures as seen in Figures 6A and
6B, respectively. The wavenumber axis is displayed on a logarithmic scale
since we can write for e.g. a dipole, [err] This implies that a change in
distance d results in a simple shift of J in the logarithmic wavenumber
domain. In each case a peak wavenumber [err] can be determined. By plotting
the amplitude/wavenumber 30 spectrum of the actual signal and overlaying
the plot of a spectrum related to a single monopole or dipole, ultimately a
match can be found between the single pole spectrum and the envelope of the
signal spectrum which determines the peak wavenumber, [err] of the actual
signal as indicated by the dashed line in Fig. 5. The distance from
relief-well to target-well can then be found from, 35 [err] If the two
wells are parallel to each other, the distance derived in equation (18) is
a constant. However, If the 40 wells are converging, the distance
calculated represents a mean distance for the interval where the magnetic
disturbance occurs. It is obvious that an equivalent procedure can be
derived for the radial component [err] for the total magnetic field [err]
50 and for the axial gradient of one of said components [err]  or of [err]
the total magnetic field B. 6    EP 0 247 672 B1 It will further be
appreciated that the contribution of the earth magnetic field to the
measured data obtained by magnetometer measurements taken  In the relief
well can be eliminated in several ways. In some situations this
contribution is only of minor importance and can be ignored. If desired,
the contribution of the earth magnetic field to the measured  data can be
eliminated by known filtering techniques in the 5  wavenumber domain or by
subtracting said contribution from the data obtained by said magnetometer
measurements before carrying out the Fourier Transform  described
hereinbefore. Since these correction techniques are known per se to those
skilled in the art no detailed description thereof is necessary. Various
other modifications of the present invention will become apparent to those
skilled in the art from the foregoing description and accompanying
drawings. to     Such modifications are Intended to fall within the scope
of the appended claims. Claims 15 



1. A method for determining the distance between a first well (2)
containing ferromagnetic parts and a second well (1) having a central axis,
the method comprising: - measuring a characteristic of a magnetic field in
the surroundings of said ferromagnetic parts, at several depths in said
second well, and characterized by: 20       - converting the measurement
Into a signal and plotting in a first diagram the amplitude of the
component frequencies of the signal against the wavenumber thereof, said
wavenumber being displayed on a logarithmic scale; - calculating a
characteristic, corresponding to said measured characteristic, of a
theoretical magnetic field around a single monopole or dipole at a selected
distance do from the central axis 25          of said second well; -
plotting in a second diagram the amplitude of the component frequencies of
said calculated characteristic against the wavenumber thereof, said
wavenumber being displayed on a logarithmic scale, and defining in said
second diagram a peak wavenumber [err] in the calculated amplitude
wavenumber spectrum; so        - overlaying said first and second diagram
and finding a match which determines a peak wavenumber [err] In said first
diagram, and - determining the distance [err] between the wells from [err]
40 2. The method of claim 1, wherein said calculated and measured
characteristics are the components parallel to said central axis of said
theoretical and measured magnetic field, respectively. 3. The method of
claim 1, wherein said calculated and measured characteristics are the
components 46     perpendicular to said central axis of said theoretical
and measured magnetic field, respectively. 4. The method of claim 1 wherein
the axial and two mutually perpendicular radial components of said magnetic
fields are calculated and measured, and said calculated and measured
characteristics are the magnitude of the total theoretical and measured
magnetic field, respectively. 50 5. The method of claim 1 wherein said
calculated and measured characteristics are the axial gradients of the
theoretical and measured magnetic field or of one of its components,
respectively. 65 Revendications 1. Proc~dd pour determiner la distance
entre un premier pults (2) contenant des 461ments ferromagndti- ques et un
second puits (1) ayant un axe central, ce proc~d6 comprenant: 7    EP 0 247
672 B1 It will further be appreciated that the contribution of the earth
magnetic field to the measured data obtained by magnetometer measurements
taken in the relief well can be eliminated in several ways. In some
situations this contribution is only of minor importance and can be
ignored. If desired, the contribution of the earth magnetic field to the
measured data can be eliminated by known filtering techniques in the 5
wavenumber domain or by subtracting said contribution from the data
obtained by said magnetometer measurements before carrying out the Fourier
Transform described hereinbefore. Since these correction 



techniques are known per se to those skilled in the art no detailed
description thereof is necessary. Various other modifications of the
present invention will become apparent to those skilled in the art from the
foregoing description and accompanying drawings. 10     Such modifications
are intended to fall within the scope of the appended claims. Claims 15 1.
A method for determining the distance between a first well (2) containing
ferromagnetic parts and a second well (1) having a central axis, the method
comprising: - measuring a characteristic of a magnetic field in the
surroundings of said ferromagnetic parts, at several depths in said second
well, and characterized by: -   20        - converting the measurement into
a signal and plotting In a first diagram the amplitude of the component
frequencies of the signal against the wavenumber thereof, said wavenumber
being displayed on a logarithmic scale; - calculating a characteristic,
corresponding to said measured characteristic, of a theoretical magnetic
field around a single monopole or dipole at a selected distance do from the
central axis 26          of said second well; - plotting in a second
diagram the amplitude of the component frequencies of said calculated
characteristic against the wavenumber thereof, said wavenumber being
displayed on a logarithmic scale, and defining In said second diagram a
peak wavenumber ko in the calculated amplitude wavenumber spectrum; 30
- overlaying said first and second diagram  and finding a match which
determines a peak wavenumber [err] In said first diagram, and - determining
the distance [err] between the wells from [err] 40 2. The method of claim
1, wherein said calculated and measured characteristics are the components
parallel to said central axis of said theoretical and measured magnetic
field, respectively. 3. The method of claim 1, wherein said calculated and
measured characteristics are the components 45     perpendicular to said
central axis of said theoretical and measured magnetic field, respectively.
4. The method of claim 1 wherein the axial and two mutually perpendicular
radial components of said magnetic fields are calculated and measured, and
said calculated and measured characteristics are the magnitude of the total
theoretical and measured magnetic field, respectively. 50 5. The method of
claim 1 wherein said calculated and measured characteristics are the axial
gradients of the theoretical and measured magnetic field or of one of its
components, respectively. 55 Revendications 1. Procedd pour determiner la
distance entre un premier puits (2) contenant des eldments ferromagneti-
ques et un second puits (1) ayant un axe central, ce proced6 comprenant: 7
EP 0 247 672 B1 



la mesure d'une caracteristique d'un champ magnetique au volsinage des
elements ferromagn~ti- ques selon plusleurs profondeurs, et ce dans le
second puits, et dtant caract6risd par: la conversion de la mesure en un
signal et Is trace sur un premier graphique de l'amplitude des frequences
el6mentaires du signal en fonction du nombre d'onde de celles-cl, ce nombre
d'onde etant 6      portM sur une dchelbe logarithmique; Ie calcul d'une
caracteristique d'un champ magn6tique thdorique qui regne autour d'un
monop8le ou d'un dip8le unique a une distance do choisie par rapport a
l'axe central du second pults, cette caracteristique correspondant a la
caractdrlstique mesuree; le tracd sur un second graphique de P'amplitude
des frSquences 616mentalres de la caractiristique 10     calculee en
fonction du nombre d'onde de celles-ci, ce nombre d'onde etant porti sur
une dchelle logarithmique, la d6finition sur le second graphlque d'un
nombre d'onde de plc ik qul se situe dans le spectre des nombres d'ondes
dont l'amplitude a ete calculde; la superposition des premier et second
graphiques et la recherche d'un aJustement qui d6finisse un nombre d'onde
de plc k, sur le premier graphique; et 15      la determination de la
distance dm entre les puits & partir de: *  k  d 20
d 25  2. Procddd selon la revendication 1, dans lequel les caracteristiques
calculdes et mesurees sont les composantes qui sont respectivement
parallbles & I'axe central du champ magnetique theorique et du champ
magnetique mesure. 3  Proced6 selon la revendication 1, dans loquel les
caract~ristiques calculses et mesur6es sont les 30     composantes qui sont
respectivement perpendiculaires a i'axe central du champ magnetique
th~orique et du champ rtiagnetique mesur6. 4. Procede selon la
revendication 1, dans lequel la composante axiale ainsi que les deux
composantes radiales des champs magnetiques qui sont-perpendiculaires I'une
& I'autre sont calcul6es et mesurees, 35     et dans loquel les
caracteristiques calculdes et mesurees sont respectivement l'amplitude du
champ magnetique total th~orique et du champ magnetlque total mesur6. 5.
Proc~d4 selon la revendicatlon 1. dans lequel les caract6ristiques
calculdes et mesur6es sont respectivement les gradients axiaux du champ
magn6tique th6orique et du champ magn6ftque mesur4 40     ou de l'une de
ses composantes. AnsprUche 46  1. Verfahren zum Bestimmen des Abstandes
zwischen einem ersten Loch (2), das ferromagnetische Telie enth&lt, und
einem zweiten Loch (1) mit einer zentralen Achse, wobel das Verfahren
vorsieht eine - Messung elner charakteristischen GrWie des magnetIschen
Feldes in der Umgebung der genann- ten ferromagnetischen Teile und zwar In
unterschiedlichen Tilefen des genannten zwelten Loches, gakennzelchnet
durch: 50       - Umwandeln des Mefergebnlsses In sin Signal und Auftragen
der Amplitude der Frequenzkompo- nenten des Signals Oiber deren
Wellenzahlen in ehnem ersten Diagramm,wobei die Wellenzahlen logarithmisch
dargestellt sind; - Berechnen elner zur genannten gemessenen
charakteristischen Grofle korrespondierenden cha- rakteristischen GrWie
elnes theoretischen Magnetfeldes ur elnen einzigen Monopol odor Dipol 65
an einem ausgewghiten Abstand do von der zentralen Achas des genannten
zwelten Loches; - Auftragen der Amplitude der Freguenzkomponenten der
genannten berechneten charakteristi- 



schen Wr1le Oiber der zugehorfgen Wellenzahl In elnem zweiten Diagramm,
wobei die Wellenzahl auf einem logarithmischen Malistab dargestelit ist,
und Bestimmen einer Spitzen-Wellenzah! k, Im    EP 0 247 672 B1 berechneten
Amplituden-Wellenzahl-Spektrum irn genannten zwelten Diagramm; - Oberlagern
der genannten ersten und zweiten Diagramme und Auffinden einer Anpassung,
welchi elne Spitzen-Wellenzahl k, Im genannten ersten Dlagramm bestimmt und
- Bestimmen der Dlstanz dm zwischen den Lochern gemdfl der Gleichung 5 10
2. Verfahren nach Anspruch 1  wobel die genannten berechneten und
gemessenen charakterlstischen Gr6Oen die Komponenten des genannten
theoretischen bzw. des gemessenen Magneffeldes parallel t5     zur
genannten zentralen Achse sind. 3  Verfahren nach Anspruch 1, wobel die
genannten berechneten und gemessenen charakterlstischen Gr8flen die
Komponenten des genannten theoretischen bzw. des gemessenen Magnetfeldes
senkrecht zur genannten zentralen Achae sind. 20 4. Verfahren nach Anspruch
1, wobei die axialen und zwel aufelnander senkrecht stehende radiale
Komponenten der genannten Magnetfelder berechnet und gemessen werden und
wobel die genannten berechneten und gemessenen charakterlstischen Gronen
die Gr6oe des gesamten theoretischen bzw. gemessenen Magnetfeldes sind. 25
5. Verfahren nach Anspruch 1, wobel die genannten berechneten und
gemessenen charakteristischen Gr8i~en die axialen Gradlenten des
theoretischen bzw. gemessenen Magneffeldes oder elner ihrer Komponenten
sind. 30 35 40 4S 50 55    


