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(54) Well casing detector system and
method

(57) Inamethod and apparatus for
determining the position ofa
steel-cased target well 30 relative to a
bore hole, a long solenoid 16 having a
¢oil 20 wound on a high permeability
core 18 generates a magnetic field
which extends between poles at the
ends of the core and, in the absence of a
target well, has axial symmetry. Close
to one end ofthe core 18 a
magnetometer 32 detects field
components perpendicular to the
solenoid axis. The apparatus is located

in a bore hole, or well that is being
drilled, and its generated magnetic field
is distorted when it approaches a target
well 30.

The field source 16 is mountedina
drill stem 10 which includes a
nonmagnetic driil collar 14, its lower
end being located within the collar 14,
the upper end being magnetically
connected 22 to the drill rods 12 which
are of magnetic material. Thereby the
upper magnetic pole of the solenoid 16
is distributed over a large portion of the
drill stem so that the lower portion is, in
effect, a monopole source.
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SPECIFICATION
Well casing detector system and method

The present invention relates, in general, to a
method and to apparatus for determining the dis-
tance and direction from a bore hole, or well being
drilled, to a target well, and more particularly to
apparatus for generating a source magnetic field
within a bore hole and for measuring distortions in
that field caused by a nearby target well casing.

It is well known that in drilling deep wells for oil
and gas exploration, precise control of the path fol-
lowed by the drill is extremely difficult, so that it is
virtually impossible to know the exact location of the
well at a given depth. For example, a drilling toler-
ance of =1/4 of a degree will allow the bottom of a
10,000 ft well to be positioned anywhere within a
circle 85 ft. in diameter, and numerous factors can
increase this deviation. This is not of particular con-
cern in normal drilling operations, but if an accident
should occur, such as a rupture in the case of the
well which causes the wel to blow out, it may
become necessary to plug the well at or below the
point of rupture to bring it under control. In order to
do this, a relief well must be drilled to intersect the
original well at the desired level, and since such
blow-outs produce extremely hazardous conditions
at the surface in the vicinity of the original well, the
relief well must be started a considerable distance
away and drilled at an incline in order to protect the
personnel and equipment used.

Because the same problems of control of the direc-
tion of drilling are encountered in the relief well as
were encountered in the original well, the location of
the relief well bore cannot be determined with preci-
sion; accordingly, it is extremely difficult to deter-
mine the distance and direction from the relief well
to the blown-out well. A further difficulty is that in
some cases the force of the explosion resulting from
the rupturing of a well casing can do so much dam-
age at the surface that it may be difficult to deter-
mine exactly where the wellhead is, much less
where the well is located at a depth of 10,000 ft. or
more. Because of the danger at the wellhead, the
relief well is started 1/2 mile or more away from the
area of the original wellhead, angled toward the orig-
inal well until it approaches relatively closely, and
then follows the original well to the location where
the wells are to intersect. Thus, the relief weli usually
is very complex, compounding the problem of know-
ing exactly where it is located with respect to the
original well.

In addition to the problems encountered in drilling
wells so that they intersect at specified levels to
relieve the blow-out problems, the inverse problem
is also very important. That s, it is often extremely
important to be able to drill wells so that they do not
intersect each other. This is a particularly difficult
problem which arises most often when multiple
wells are drilled from a single drilling platform in
offshore as well as in urban environments.

For example, in some offshore platforms, as many
as 72 wells are drilled on 6 ft. centers from a single
platform and it is extremely important that there be
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no accidental well intersections when drilling in such
crowded circumstances.

Numerous systems and techniques have been
developed in the prior art for determining not only
the presence of a target well, but for determining
with some degree of accuracy its general direction.
Examples of such prior devices are found in U.S.
Application Serial No. 203,912 of Arthur F. Kuckes,
filed November 4, 1980 and entitled “Method of
determining the Location of a Deep-well Casing by
Magnetic Field Sensing”’, and in the prior art discus-
sed in that application. However, it has now been
found that potentially serious problems are encoun-
tered when routine use of such prior devices is con-
templated for ascertaining the exact distance to adj-
acent wells, for the parameters relied upon in those
prior systems are now found to vary considerably
and to adversely effect the accuracy of measure-
ments made by such systems.

Some prior art systems and methods rely on the
remanent magnetism of the casing in a target well
and use highly sensitive magnetometers to detect
the magnetism and to determine the distance to the
well. Gradiometers are used in conjunction with
such devices to eliminate the effect of the earth’s
magnetic field, which is assumed to be a constant.
Other devices rely on the conductivity of the earth
and of the casing to permit the flow of electric cur-
rents which are used in detecting the location of the
target well.

It has been found, however, that the remanent
magnetism in target casings is highly variable since
the casings take on magnetization by induction in
the earth’s magnetic field, and because of the
diverse nature of the magnetizing factors and the
histories of the materials which are used in the cas-
ings. Such variations in the remanent magnetism
make it extremely difficult to ascertain with any
accuracy the exact distance from a magnetic field
sensor to the target well. It has also been found that
the variations in the earth’s conductivity, the effect of
a concrete sheath on the target well, and other simi-
lar factors also make accurate measurements dif-
ficult, and accordingly the results obtained by such
prior systems cannot be relied upon with any degree
of safety.

A further problem lies in the fact that many of the
sensing devices proposed in the prior art require
removal of the drill string from the weli being drilled
before the logging equipment can be lowered into
position for measurement. This is a time consuming
and expensive task, and in the case of a runaway
well, allows the serious consequences of such an
accident to continue unabated for an excessive
amount of time.

The present invention is directed to a detection
apparatus and method which relies upon the fact
that the magnetic permeability of a target well cas-
ing is high with respect to the surrounding earth, and
will therefore concentrate magnetic fields which
have a dominant component parallel to the axis of
the casing. This concentration produces a distortion
in the usual symmetry of the magnetic field, and this
distortion can be accurately measured to determine
the exact direction and distance from the well being
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drilled to the target well. Thus, it is an object of the
present invention to overcome the difficulties
encountered in the prior art by providing a magnetic
field source which can be distorted by the casing in a
target well, and which distortion can be measured
accurately by highly sensitive fluxgate magnetomet-
ers, thereby permitting accurate determination of
the direction and distance to the target well.

Briefly, the present invention is directed to a detec-
tor system comprising a long solenoid coil wound
on a high permeability core and excited by a periodi-
cally reversing current. The solenoid generates a
source magnetic field which has axial symmetry and
is characterized by having a magnetic pole at each
end of the core. Directly adjacent to the end of the
core is a fluxgate magnetometer having an axis
coaxial with the axis of the core so that the fluxgate
is essentially insensitive to the axial magnetic field
generated by the source, but is sensitive to the
magnetic field vector components perpendicular to
that axis. This detector system is located in a well
bore, and when the well bore approaches a target
well having a casing, the magnetic field lines pro-
duced by the solenoid are distorted. The vector
components of this distortion is measured by the
magnetometer to produce output signals propor-
tional to the detector field. These outputsignals may
then be analyzed to determine the exact distance
and direction to the target well. The signals pro-
duced by the magnetometer in this configuration
depend upon the secondary field generated by the
target well and the concentration of this secondary
field by the solenoid core, so it is important to have
the magnetometer close to the end of the solenoid
core.

Although the detection range of the present device
is lower than that of the device described in the
aforesaid application Serial No. 203,912, it is capable
of giving a better absolute determination of distance
when the two wells are close together. This is due to
the fact that the signal strength generated by the
magnetometer depends only upon the distance,
dimensions and permeability of the target well cas-
ing, and since the dimension and permeability are
well known, and the characteristics of the solenoid
source and of the receiver are well known, the dis-
tance to the target well is easily obtained.

In accordance with a preferred embodiment of the
invention, the solenoid magnetic field source is
incorporated in the drill string of the well being dril-
led, thereby permitting measurements to be made
without requiring withdrawal of the tool bit from the
well bore or the use of a wire line to lower the
measuring instruments into the hole, while permit-
ting measurements to be made intermittently or con-
tinuously during drilling. This is particularly impor-
tant when a relief well is very close to a blown-out
well which is to be intercepted, or in the avoidance of
other wells in the course of drilling from an offshore
platform. Continuous measurement is accomplished
by providing in the drill stem one or more non-
magnetic drill collars, preferably located near the
drilf bit. Inside the nonmagnetic drill collar is the sol-
enoid source, with the upper end of the solenoid
source being connected in a magnetic circuit with
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the magnetic portion of the drill stem. This causes
the upper magnetc pole of the solenoid to be distri-
buted over, for ex.:.mple, 20 or more feet of the drill
stem. The lower end of the solenoid source, and thus
the lower magnetic pole, is situated within the non-
magnetic drill collar to provide the effect of a single
pole solenoid. The fluxgate magnetometer is located
within this same drill collar near the lower end of the
solenoid core. In this system, the electric power for
the solenoid and for the magnetometers may be
derived either from batteries or from a down-hole
generator, and the information derived from the
magnetometers may be returned to the surface by
any suitable means, for example, by digital encoding
of pressure pulses on the drill mud.

Although ring core fluxgate magnetometers are
known, their very high sensitivity to transverse fields
makes them particularly suited for the present appli-
cation. A ring core having its axis coinciding with the
axis of the solenoid is insensitive to the axial field
generated by that solenoid, since the perturbations
induced in the ring core by the source field are sym-
metric. Accordingly, the ring core is not susceptible
to generating spurious signals caused by the prim-
ary source field.

In the preferred form of the invention, the current
in the source field solenoid is reversed once every
few seconds, although a higher frequency which is
compatible with the finite skin depth of the target
well, and of the design characteristics of the source
solenoid and the magnetometer would be advan-
tageous. The use of phase sensitive detector circuits
connected to the magnetometer make possible a
simple device with high reliability.

The invention will now be described further, by
way of example, with reference to the accompanying
drawings, in which:—

Fig. 1 is a diagrammatic illustration of a well cas-
ing detector system including a magnetic field
generator and a fluxgate magnetometer mounted
within a drili string having a nonmagnetic collar por-
tion, in accordance with the present invention;

Fig. 2 is an enlarged diagrammatic illustration of
the magnetometer of Fig. 1;

Fig. 3 is a diagrammatic illustration of a pair of
two-core magnetometers spaced apart to provide a
gradiometer; and

Fig. 4 iilustrates a two-core gradiometer arrange-
ment.

Turning now to a more detailed consideration of
the present invention, there is illustrated in Fig. 1 a
conventional drill stem 10 assembled from the usual
high strength tubular drill rods 12. Near the bottom
of the drill stem, near to the drill bit, one or more
nonmagnetic tubular drill collars 14 are connected in
the drill stem, the drill collars being secured to the
steel drill rods 12 in known manner to form a non-
magnetic portion of the drill stem 10. The non-
magnetic collars may be constructed from, for
example, gammalloy or other conventional materi-
als. Mounted within the tubular drill collar 14 is a
solenoid 16 consisting of a long, slender core ele-
ment 18 of a high permeability magnetic material
such as mu-metal, around which is wound a long
coil of wire 20. The solenoid may, for example, con-
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sist of a core rod 6 ft, long and 3/8 inch diameter
carrying two layers of #18 insulated wire wound on
the center 4 feet of the core. When energized from a
suitable source of reversible current, the solenoid 16
produces a source alternating magnetic field which
is characterized by a pole at each end ofthe core 18,

The upper end of the solenoid core 18 extends
upwardly into the hollow interior of the tubular drill
rod 12 which is connected to the upper end of the
nonmagnetic collar 14, and the solenoid is secured
in longitudinal alignment with the drill stem and col-
lar by any suitable means such as upper and lower
clamps 22 and 24, respectively. The clamps may be
secured to the inner wall surfaces of drill rod 12 and
collar 14 to hold the solenoid securely in place dur-
ing drill operations. Preferably, the solenoid is coax-
ial with the drill stem and thus with collar portion 14.
It will be understood that clamps 22 and 24 are
merely illustrative, and that any suitable means may
be provided for securing the solenoid in place.

By extending the upper end of solenoid 16 into the
drill rod portion 12, the solenoid’s upper end is con-
nected in a magnetic circuit with the drill rod 12 so
that the upper magnetic pole of the solenoid is dis-
tributed over 20 or more feet of the drill stem 10. This
magnetic coupling is diagrammatically illustrated by
the spaced magnetic field lines 26, which extend
radially from the drill rod 12, and which, in the
absence of any magnetic material in the vicinity, will
have axial symmetry with respect to the drill stem.

The lower end of the solenoid is located within the
nonmagnetic collar 14 so that the solenoid actsas a
momopole field source, thus producing a magnetic
field having the magnetic field lines generally illus-
trated at 28. Again, in the absence of magnetic mat-
erial in the vicinity of the drill stem 10, this field has
axial symmetry.

When the solenoid 16 is mounted in a drill stem for
use, and an alternating power source is applied
across the coil 20, the solenoid produces a symmet-
rical magnetic field. However, as the drill approaches
the casing 30 of the adjacent well which is to be
intersected or is to be avoided, depending upon the
purpose of the well being drilled, the magnetic mat-
erial of the casing 30 will distort the symmetry of the
magnetic field 28 produced by the solenoid. This is
due to the fact that well casings are constructed of a
high permeability metal which provides a good
return path for the magnetic field produced by sol-
enoid 16, and thus serves to concentrate that field in
the radial direction from the solenoid to the casing,
thereby disrupting the symmetry of the magnetic
field.

The magnetic field produced by the solenoid 16,
and particularly the distortion in the field caused by
the target weli casing, is measured by means of a
ring-type fluxgate magnetometer 32 located near the
lower end of solenoid 16 and axially aligned there-
with. The magnetometer, which is of conventional
construction, is diagrammatically illustrated in Fig. 2,
to which reference is now made. As illustrated, the
magnetometer includes a ring core 34 on which is
wound a toroidal excitation winding 36 to which is
connected an alternating drive current from a source
38. Preferably, the drive current is generated by
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means of a power source located in the drili string
near the well casing detector system. This source
may, for example, be battery pack driving a suitable
oscillator to produce the required alternating current
for the drive coil 36, may be a turbine driven by the
drilling mud, or may be any other suitable source.

The alternating current may operate, for example,
at 16kHz and serves to drive the ring core 34, which
has a square hysteresis loop, to saturation in each
direction. Surrounding the core 34 and its winding
36 is a first field detecting winding 40 which, for pur-
poses of clarity, is shown as a single turn, having its
axis perpendicular to the axis of the core, but which
normally wili have a large number of turns, as is
known in the art. This winding to measure magnetic
field vectors in a direction parallel to its axis. a sec-
ond field detecting winding 42 is also wound around
the core 34 and its excitation winding 36, and this
winding is also shown as a single turn for purposes
of clarity. The axis of winding 42 lies in the same
plane as the axis of coil 40, but at right angles
thereto, and windings 40 and 42 thus cooperate to
measure the magnetic field strength inthe xand y
directions.

Ring core magnetometers of the geometry illus-
trated in Fig. 2 have a very high sensitivity to trans-
verse magnetic fields, i.e. fields in the x and y direc-
tions, and accordingly the output signals from coils
40 and 42 provide an accurate and sensitive meas-
urement of the amplitude of the vector components
of the field 28. When the axis of the ring core 34
coincides with the axis of the solenoid 16, the mag-
netometer is highly insensitive to the axial fields
generated by the solenoid.

The current source for the drive coil 36 and the
sensing electronics for receiving the output signals
from coils 40 and 42 are located in a control box 44
mounted within drill stem 10, the control box being
connected to the magnetometer by way of a suitable
cable 46. The power supply for the solenoid winding
20 is also located in control box 44 and is connected
thereto by suitable leads. The control box may
incorporate a battery power supply or may be con-
nected to an exterior power source such as a turbine
generator driven by the drilling mud used in con-
junction with the drill string 10. The magnetic fietd
vector information derived from the magnetometer
windings 40 and 42 may be returned to the surface
by a suitable cable 48, or by means of digital encod-
ing of pressure pulses of the drilling mud as it circu-
lates, in known manner.

Although the single core magnetometer of Fig. 2
located at the lower end of the solenoid is satisfac-
tory, it may be desired to utilize two such mag-
netometers, one at each end of the solenoid, or the
unit may be inverted, to provide a monopole source
at the top of the solenoid. Ancther alternative is the
provision of the magnetometer having two cores,
one carrying the x axis sensing winding 40 and the
other carrying the y axis sensing winding 42. Furth-
ermore, it may be desired to provide spaced pairs of
cores in the manner illustrated in Fig. 3 to provide a
gradiometer arrangement which compensates for
the earth’s magnetic field or other ambient fields and
which also measures changing field strength asthe
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drill stem 10 advances. [n this case, the solenoid 16 is
mounted above first and second spaced pairs of
magnetometers 50 and 52, the first pair including x
and y magnetic field vector cores 54 and 56 located
near the lower end of solenoid 16 and the second
pair including x and y vector cores 58 and 60 located
at a considerable distance below the first pair 50. The
distance between the pairs is selected in accordance
with the sensitivity of the magnetometers and the
strength of the magnetic field gradient to be meas-
ured, and the outputs of these cores provide a
measure of the change in field strength over that
distance.

As illustrated in Fig. 4, field gradient measure-
ments may be made by means of spaced ring core
magnetometers 62 and 64 axially located below sol-
enoid 16, generally in the manner of Fig. 3; however,
in this arrangement each of the ring cores carries
both x and y axis windings in the manner of Fig. 2.

In use, the weli casing detector system of the pres-
entinvention is mounted with a drill string 10 and
the drill is operated in the normal manner to drill a
bore hold. This bore hole may either be a relief well
intended to intersect an adjoining well casing 30 or
may be a new well which is to avoid all existing wells
in the area. In either event, the drill is advanced in
the normal way, and each time that drilling is haited
for example, to allow attachment of a new length of
drill pipe, the solenoid 16 is activated and measure-
ments are made of the field 28 produced by the
monopole field source at the lower end of the sol-
enoid. In normal use, such measurements would be
made about every 30 feet of drilling depth. An impor-
tant advantage of this method is that such meas-
urements may be made without requiring with-
drawal of the tool bit so that the drilling process is
not interrupted. The field vector measurements
obtained by the magnetometer are sent to the sur-
face, where they are analyzed through conventional
vector analysis techniques to determine the direc-
tion and amplitude of the detected field, as distorted
by the target well casing. The distorted field provides
an accurate indication of the exact location of the
casing, thus providing a more accurate measure-
ment than was previously available.

Although the detection range for the present sys-
tem is much less than that of many other systems,
and is comparable to many systems at a range of
about 20 ft. the present system is capable of giving a
better absolute determination of distance when the
borehole and the target well are closer together than
about 20 ft. The invention is particularly useful in
providing a warning of a close approach to the target
well 30 in that it produces a relatively shart threshold
as the nearby well is being approached, for when the
distance to the target well is more than 1/2 the length
of the solenoid source 16, the signal strength from
the magnetometer falls off rapidly.

The magnetometer output is proportional to the
amplitude and direction of the magnetic field at the
location of the magnetometer, and thisinturn is
affected by the distortion created by the nearby
target well 30. The strength of the field in the radial
direction from the drill string 10 to the target casing
30 depends only upon the distance dimensions, and
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permeability of the target well, and does not rely
upon the remanept magnetism of that target. Furth-
ermore, the distance and the dimensions of the cas-
ing have the primary effect on the field 28 while the
permeability has much less effect, and since the
dimensions are well established, the distance may
be determined from the magnetometer output with a
great deal of accuracy, within the range of the unit.

Although the invention has been described in
terms of a preferred embodiment, it will be apparent
to those of skill in the art that various changes can be
made without departing from the true spirit and
scope thereof. For example, in the detector system
as illustrated the solenoid and magnetometer pref-
erably are mounted within a drill system to effec-
tively lengthen the solenoid core. However, in some
situations it may be desirable to operate the solenoid
and magnetometer in a “stand alone’’ configuration
or in a housing other than a drill stem. In one prefer-
red alternative, the solenoid and magnetometer may
be secured in a suitable housing, such as a typical
instrument Sonde at the end of a wireline, which
may be lowered into a bore hole after the drill stem
has been withdrawn. The Sonde must have a non-
magnetic portion for operation of the magnetome-
ter, but when used in this manner, the solenoid and
magnetometer operate in essentially the same man-
ner as when mounted in a drill stem. However, this
arrangement does not have the advantage of the
effective lengthening of the solenoid by the magne-
tic material of the driil stem and the resultant
momopole effect described above. Typically, the
Sonde is moved a predetermined distance in the
well bore between measurements of the magnetic
field distortions produced by the target well casing,
and the measurements are used to plot the direction
of an distance to the target well casing.

Although reference is made in the specification to
mounting the solenoid and magnetometer within a
nonmagnetic collar in the drill stem, an alternative to
the described structure is the provision of a non-
magnetic drill stem section.

CLAIMS

1. A method for detecting the direction of and
distance to a target well having a casing from a bore
hole being drilled, comprising mounting within a
housing for the bore hole a vertically oriented, coax-
ial, elongated solenoid having a core and a winding
on the core, mounting a magnetometer within the
housing immediately adjacent one end of the sol-
enoid, providing a non-magnetic collar in the hous-
ing, the non-magnetic collar surrounding the one
end of the solenoid and surrounding the mag-
netometer, magnetically coupling the other end of
the solenoid to the housing, advancing the housing
in the bore hole, energising the solenoid by means
of a periodically varying current to produce a source
magnetic field surrounding the bore hole, the
magnetic field being symmetrical with the common
axis of the solenoid and the bore hole in the absence
of a nearby target well and energising the man-
etometer to detect distortions in the source magnetic
field, the direction and amplitude of the distortions
providing an exact measure of the direction and dis-
tance of the target well casing.

*

L



GB 2100442 A 5

10

15

20

25

30

35

40

45

50

55

60

65

2. A well casing detector system for detecting the
direction of and distance to a target well having a
casing, comprising a housing, an elongated solenoid
comprising a high permeability core and coil sur-
rounding a major part of the length thereof, means
for securing the solenoid within and generally paral-
lel to the axis of the housing, a magnetometer
mounted adjacent one end of the solenoid, means
for energising the solenoid coil to produce a source
magnetic field axially symmetrical with respect to
the axis of the solenoid and means for energising the
magnetometer to detect distortions in the magnetic
field due to a target well casing, the magnetometer
producing an output proportional to the vector com-
ponents of the distorted field whereby the direction
and distance of the target well casing from the detec-
tor system is measured.

3. A well casing detector system as claimed in
claim 2, in which the end of the solenoid is mounted
within a non-magpnetic portion of the housing and
the other end of the solenoid is adapted to be mag-
netically coupled to the housing for distribution of
one of the magnetic poles of the solenoid and effec-
tive lengthening thereof.

4. A well casing detector system as claimed in
claim 2 or 3, in which the magnetometer includes a
ring core coaxial with the solenoid core.

5. A well casing detector system as claimed in
claim 2, 3 or4, in which gradiometer means are
arranged adjacent to the solenoid.

6. A well casing detector system as claimed in
claim 2, 3 or4 or 5, in which the solenoid core is of
mu-metal and the solenoid coil extends along about
two-thirds the length of the solenoid core.

7. Awell casing detector system as claimed in
any of claims 2 to 6, in which the solenoid coil is
energised by means of periodically varying current.

8. A well casing detector system as claimed in
claim 4, in which the ring core is insensitive to axial
magnetic fields.

9. A well casing detector system as claimed in
any preceding claim, in which the housing is a drill
stem.

10. A well casing detector system as claimed in
any of claims 2 to 8, in which the housing is an
instrument Sonde.

11. A well casing detector system as claimed in
claim 9, in which the drill stem has a first portion
consisting of a plurality of drill rods of magnetic
material and a second portion consisting of at least
one non-magnetic drill collar portion interposed in
the drill stem, an elongated solenoid comprising a
high permeability core and a coil surrounding a
major part of the length thereof, means for securing
the solenoid within the drill stem with at least a part
ofthe solenoid being located within the non-
magnetic drill collar portion and at least a part of the
solenoid being located within the drill rod portion,
whereby one end of the solenoid is magnetically
coupled to the drill stem, the solenoid being secured
in longitudinal alignment with the drill stem, a mag-
netometer mounted within the non-magnetic collar
portion in coaxial alignment with the solenoid and
adjacent one end thereof, means for energising the
solenoid coil to produce a source magnetic field axi-

70

75

80

85

0

95

100

ally symmetrical with respect to the axis of the sol-
enoid and extending out of the non-magnetic coiiar
portion and means for energising the magnetometer
to detect distortions in the symmetry of the source
magnetic field due to a target well casing, the mag-
netometer producing an output proportional to the
vector components of the distorted field whereby
the direction and distance of the target well casing
from the detector system is measured.

12. A well casing detector system as claimed in
claim 11, in which the solenoid core is a rod approx-
imately six feet long and 3/8 inch in diameter, the
solenoid coil being wound around the middle four
feet thereof.

13. A well casing detector as claimed in claim 11
or 12, in which the means for energising the solenoid
core comprise a periodically varying source of cur-
rent.

14. A well casing detector system as claimed in
claim 11, 12 or 13, in which magnetometer is a ring
core fluxgate magnetometer the ring core being
coaxial with the solenoid.

15. A method for detecting the direction of and
as claimed in claim 1, in which the housing is a drill
stem.

16. A method as claimed in claim 1, in which the
step of moving the housing comprises intermittently
advancing the housing through the bore hole and
periodically detecting distortions in the source
magnetic field.

17. A method for detecting the direction of and
distance to a target well substantially as herein
described.

18. Awell casing detector system constructed
and arranged to operate substantially as herein
described with reference to and as illustrated in the
accompanying drawings.
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