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USE OF INDEPENDENT MEASUREMENTS IN MAGNETIC RANGING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.

61/903,205, filed November 12, 2013. The entirety of this provisional patent application is

incorporated by reference herein.

FIELD OF THE INVENTION

[0002] Disclosed embodiments relate generally to drilling and surveying subterranean

boreholes such as for use in oil and natural gas exploration and more particularly to methods

for improving the accuracy of the relative location of two wells via making multiple

independent magnetic ranging measurements between a twin well and a target well in a well

twinning operation.

BACKGROUND FNFORMATION

[0003] Magnetic ranging techniques are commonly utilized in twin well drilling

applications. For example, in steam assisted gravity drainage (SAGD) applications twin

horizontal wells having a predetermined, consistent vertical separation distance, commonly in

the range from about 4 to about 10 meters, are drilled. During production steam is injected

into the upper well to heat the tar sand. The heated heavy oil contained in the tar sand and

condensed steam is then recovered from the lower well. The success of such heavy oil

recovery techniques is often dependent upon successfully drilling precisely positioned twin

wells having a predetermined relative spacing in the horizontal injection/production zone.

Positioning the wells either too close or too far apart may severely limit production, or even

result in no production, from the lower well.

[0004] Several magnetic ranging techniques have been used in SAGD well twinning

operations. In general these techniques involve deploying a magnetic target (source) in one

well and sensing the magnetic field emanating from the target in the other well. The intensity

and direction of the measured field is then used to compute a distance and direction to the

target. SAGD ranging operations have made use of various magnetic sources including active



sources such as an AC solenoid or a DC electromagnet, and passive sources such as

permanently magnetized casing. Active source methodology is designed to implicitly remove

the effects of the earth field while explicit techniques are used for passive ranging methods.

While these techniques have been used with varying degrees of success, there is room for

further improvement.

[0005] For example, when using an AC solenoid, the magnetic field is attenuated by the

casing in the target well. The extent of the attenuation is not generally known with precision

and can be influenced by many factors including the electrical and magnetic properties of the

casing, the casing geometry including the thickness and the slot configuration, and the relative

position of the AC solenoid in the casing. As such the calculated distance to the target is

prone to error.

[0006] When using a DC electromagnet, multiple measurements are made at different

source excitation states. Errors may arise if the magnetic sensors or the electromagnet move

between acquisitions corresponding to different excitation states or if the data acquisition

times are not correctly synchronized with respect to the excitation states. Errors can also

result when using either an AC solenoid or a DC electromagnet from undetected hardware

failure such as current leakage due to worn or damaged insulation.

[0007] When using magnetized casing, the distance between the wells may be in error if the

intensity of the casing magnetization differs from expectation. Moreover, all known ranging

techniques are subject to the risk of errors caused by human failure.

[0008] Therefore a need remains for a method to reduce errors during well twinning

operations and to verify well placement during drilling such that the well trajectory may be

corrected in real time.

SUMMARY

[0009] A method for magnetic ranging includes deploying a drill string having a magnetic

field sensor in a drilling well and a magnetic ranging tool having at least first and second

axially spaced electromagnets in a target well. A first magnetic field measurement is made

when the first and second electromagnets are de-energized. A second magnetic field



measurement is made when the first electromagnet is energized and the second electromagnet

is de-energized. A third magnetic field measurement is made when the first electromagnet is

de-energized and the second electromagnet is energized. The magnetic field measurements

are processed to compute (i) a distance and/or a direction from the drilling well to the target

well and (ii) a quality parameter.

[0010] A method for magnetic ranging and calibrating a premagnetized casing string

includes deploying a drill string having a magnetic field sensor in a drilling well and a

magnetic ranging tool having at least one electromagnet in a target well. The target well

further includes a premagnetized casing string deployed therein. A first magnetic field

measurement is made when the electromagnet is de-energized and a second magnetic field

measurement is made when the electromagnet is energized. The first and second magnetic

field measurements are then processed to compute a calibration factor for the magnetized

casing string.

[0011] A method for computing magnetic pole strength for magnetized casing includes

magnetizing a casing string and deploying the magnetized casing string in a target well. An

axial component of a magnetic field internal to the magnetized casing string is measured and

processed to compute the magnetic pole strength of the magnetized casing string.

[0012] This summary is provided to introduce a selection of concepts that are further

described below in the detailed description. This summary is not intended to identify key or

essential features of the claimed subject matter, nor is it intended to be used as an aid in

limiting the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the disclosed subject matter, and advantages

thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

[0014] FIGS. 1A and IB depict prior art arrangements for a well twinning operation.



[0015] FIG. 2 depicts a magnetic ranging tool having first and second electromagnets

(solenoids).

[0016] FIGS. 3A and 3B depict flow charts of related methods of magnetic ranging with

DC magnetic source.

[0017] FIG. 4 depicts a flow chart of a method for calibrating pre-magnetized casing.

[0018] FIG. 5 depicts a flow chart of a method for computing a pole strength of pre-

magnetized casing.

[0019] FIG. 6 depicts a running tool for running casing into a wellbore.

DETAILED DESCRIPTION

[0020] FIG. 1A schematically depicts one example of a well twinning operation such as a

SAGD twinning operation. Common SAGD twinning operations include drilling a horizontal

twin well 20 a substantially fixed distance substantially directly above a horizontal portion of

the target well 30 (e.g., not deviating more than about 1-2 meters up or down or to the left or

right of the lower well). In the depicted embodiment, the lower (target) well 30 is drilled first,

e.g., near the bottom of the oil-bearing formation, using conventional directional drilling and

MWD techniques. However, the disclosed embodiments are not limited in regard to which of

the wells is drilled first. In the method shown on FIG. 1A, a high strength electromagnet 34 is

positioned in the cased target well 30 while drilling the upper (twin) well 20. The

electromagnet 34 may be positioned in the cased target well 30 via, for example, a tractor 32,

coiled tubing (not shown), or on the end of a drill string (not shown). An MWD tool 26

(including a tri-axial magnetic field sensor) deployed in the drill string 24 near drill bit 22

measures the magnitude and direction of the magnetic field. The solenoid may be energized

with direct current (DC) or alternating current (AC). If the excitation is DC, a minimum of

two measurements are required, the measurements corresponding to different excitation

states. The difference between these two measurements is independent of any constant

background magnetic field. The magnetic field measurements are processed to estimate the

separation distance between the two wells and a direction from the target well 30 to the twin



well 20 as described in U.S. Patent 4,710,708 and U.S. Reissue Patent RE36,569 (each of

which is fully incorporated by reference herein).

[0021] FIG. IB schematically depicts another example of a well twinning operation. As in

the example depicted on FIG. 1A, the lower (target) well 30 is drilled first using conventional

directional drilling and MWD techniques. The lower wellbore 30 is then cased using a

plurality of premagnetized tubulars to form a magnetized casing string 35. In the embodiment

shown, drill string 24 includes at least one tri-axial magnetic field measurement sensor 28

deployed in close proximity to the drill bit 22. Sensor 28 is used to measure the magnetic

field about target well 30 as the twin well is drilled. Such measurements of the passive

magnetic field are then utilized to compute the distance and direction to the target well 30 and

to guide continued drilling of the twin well 20 along a predetermined path relative to the

target well 30 (e.g., as described in U.S. Patents 7,617,049, 7,656,161, and 8,026,722, each of

which is fully incorporated by reference herein).

[0022] FIG. 2 depicts a magnetic ranging tool 60 for use in a magnetic ranging operation

such as depicted on FIGS. 1A and IB. Magnetic ranging tool 60 includes first and second

axially spaced solenoids (electromagnets) 64 and 66 deployed in a tool body 62. Each

solenoid 64 and 66 includes a solenoid winding wound about a substantially cylindrical

magnetic core. The solenoids 64 and 66 may be configured to be energized in such a manner

as to distinguish the magnetic field from each solenoid (e.g., the first solenoid 64 may be

energized while the second solenoid 66 is de-energized and visa a versa or the solenoids may

be energized with AC at different frequencies). The solenoids 64 and 66 are aligned with the

tool axis 65 (and are therefore intended to be aligned with the borehole axis when deployed in

a target well) and have an axial separation distance d .

[0023] The distance and direction between the twin well and target well may be computed

independent of the measured magnetic field intensity. U.S. Patent 8,063,641 (which is

incorporated by reference herein in its entirety) discloses a method by which the direction of

the measured magnetic field induced by a first solenoid, the direction of the measured

magnetic field induced by a second solenoid, and the axial distance between the first and



second solenoids may be used to compute the distance and direction between a twin well and

a target well without relying on magnetic field strengths.

[0024] FIG. 3A depicts a flow chart of a possible sequence of measurements demonstrating

one method 100 of magnetic ranging using magnetic ranging tool 60. Method 100 includes

making a first magnetic field measurement when both solenoids 64 and 66 are de-energized

(off) at 102. A second magnetic field measurement is made at 104 when the first solenoid 64

is energized (on) and the second solenoid 66 is de-energized. A third magnetic field

measurement is made at 106 when the first solenoid 64 is de-energized and the second

solenoid 66 is energized. The magnetic field measurements are processed at 108 to compute a

distance and/or a direction to the target well and a quality parameter. Alternatively an AC

source may be used, in which case the need for a de-energized solenoid measurement is

eliminated. Applicants note that numbering of the steps has been added for the purpose of

annotating that a magnetic field measurement corresponds to a set of conditions to which the

first and second solenoid are subjected and such numbering is not intended to suggest the

order in which such magnetic field measurements must be taken. Indeed, such magnetic field

measurements may be taken in any order.

[0025] FIG. 3B depicts a flow chart of another possible sequence of measurements

demonstrating a second method 120 of magnetic ranging using magnetic ranging tool 60. A

first magnetic field measurement is made at 124 when the first solenoid 64 is energized with a

first polarity (e.g., positive) and the second solenoid 66 is de-energized. A second magnetic

field measurement is made at 126 when the first solenoid 64 is energized with a second

polarity (e.g., negative) and the second solenoid 66 is de-energized. A third magnetic field

measurement is made at 128 when the first solenoid 64 is de-energized and the second

solenoid 66 is energized with a first polarity (e.g., positive). A fourth magnetic field

measurement is made at 130 when the first solenoid 64 is de-energized and the second

solenoid 66 is energized with a second polarity (e.g., negative). Method 120 may include

another, fifth, magnetic field measurement when both solenoids 64 and 66 are de-energized

(off) at 122. The magnetic field measurements are processed at 132 to compute a distance

and/or a direction to the target well and a quality parameter. Applicants note that numbering

of the steps has been added for the purpose of annotating that a magnetic field measurement



corresponds to a set of conditions to which the first and second solenoid are subjected and

such numbering is not intended to suggest the order in which such magnetic field

measurements must be taken. Indeed, such magnetic field measurements may be taken in any

order.

[0026] Methods 100 and 120 permit the distance and direction from the twin well to the

target well to be computed by at least three independent ranging measurements. For example,

the intensity and direction of the measured magnetic field when the first solenoid is energized

and the second solenoid is de-energized may be processed to provide a first estimate of the

distance and direction to the target well. The intensity and direction of the measured

magnetic field when the second solenoid is energized and the first solenoid is de-energized

may be processed to provide a second independent estimate of the distance and direction to

the target well. In addition, the method of U .S. Patent 8,063,641 provides a third independent

estimate of the distance and direction to the target well. Since the magnetic sources are

independent (two distinct solenoids), they therefore provide a quality check on errors which

may be present in only one of the sources, such as source placement under a casing coupling

or insulation failure causing a partial short-circuit the solenoid. 1

[0027] All the independent measurements described above have an associated level of

uncertainty. These uncertainties may be estimated, for example, from the noise levels of the

various magnetic field measurements as well as from other systematic factors associated with

each of the measurements. When multiple methods are utilized (as described above), the

discrepancies between computed distances and directions may be compared with the estimates

of the corresponding uncertainties. Such comparisons may be used to further compute a joint

quality parameter, a single maximum-likelihood distance and direction, and/or an estimate of

an improved uncertainty associated with the maximum-likelihood distance and direction.

[0028] In one embodiment, two independent measurements of distance D1 and D2 have

corresponding uncertainties described by variances σ and σ| . A maximum-likelihood

distance DM L may be estimated, for example as follows:

DM L Equation 1



[0029] A corresponding joint variance L may be estimated, for example as follows:

Equation 2

[0030] Moreover, differences between two or more calculated ranging distances may be

used as a quality check. For example, if one or more of the differences exceeds a

predetermined threshold such as two or three standard deviations, it may be concluded that the

accuracy of at least one of the measurements is compromised. A numerical estimate of

confidence in the result may be derived using a statistical test of significance, such as a two-

sample t-test. If the results fail to meet the required confidence, corrective action may be

taken immediately, before the well is placed incorrectly.

[0031] The following example of a positional uncertainty computation is based on an

approximation by a dipole with moment m under the assumption that the two wells are

parallel. Radial and axial components Br and Bz of the measured magnetic field may be

expressed, for example, as follows:

3mrz
Equation 3

(r 2 +z 2 )2 5

Equation 4
(r 2 +z 2 )2 5

[0032] When Br and Bz are measured during a ranging operation, the position vector (r, z)

may be found by inverting Equations 3 and 4 . It may also be noted that in practice the

problem is three-dimensional, and that a third magnetometer measurement is obtained by

which the circumferential direction to the source (tool face to target) may be ascertained.

[0033] Sensitivity to position or source strength may be found by differentiating the dipole

equations given in Equations 3 and 4, for example, as follows:

SBr _ 3mz(z2- r2
Equation 5

Sr (r 2 + z 2 ) 3 5

Equation 6



SBr _ 3rz
Equation 7

Sm (r2 +z2)2 5

SBZ _ 3mr(4z 2 - r2)
Equation 8

Sr (r 2 +z2)3 5

SBZ _ 3mz(2z 2 -3r 2)
~s ~

( 2 + 2)3.5
Equation 9

SBZ _ (r2 -2z 2)
Equation 10

Sm (r2 +z 2)2 5

[0034] By assuming small errors and using linearized equations:

SBr SBr SBr ,
= — + e — + e — Equation 11

+ e7 ation 12
Sr Sz

+ Equ
Sm

where eBr and eBz represent the errors in the B and Bz measurements. The position errors er

and ez may also be expressed, for example, as follows:

SB r SB SB SBZ SBz SBr- e B -
_ Sz Sz e m Sm ' Sz Sm Sz )

SB r SBZ SBr SB Z
Equation 13

Sz Sr Sr Sz

Equation 14

[0035] The sensitivities of the calculated radial distance er to various measurement errors,

may be expressed, for example, as follows:

SBZ
e ( r ) Sz

SB r SB SBr SB Equation 15
eBr

Sz Sr Sr Sz

SBr
r (. z Sz

SBr SB Z SBr SB Z
Equation 16

Bz
Sz Sr Sr Sz

SBr SBZ SBz SBr
e {m) Sm Sz Sm Sz

~ SBr SB SBr SB Equation 17
Sz Sr Sr Sz



[0036] Equations 15-17 provide a means by which the measurement errors eBr and eBz and

a source strength error (or a source strength modelling error) em may be transformed into

corresponding position errors er and ez . The position errors may be used to compute a

covariance matrix for each independent error source with the overall uncertainty being

expressed in terms of the sum of these covariance matrices.

[0037] When ranging by using the directions of fields (U.S. Patent 8,063,641) received

from two transmitters, the response may be estimate in terms of tangents of the flux angles,

for example using dipole approximations as follows:

_ Z _ r 2 -2z 2

t i = — = Equation 18

2 r 2 - 2z
Equation 19

r 2
3rz 2

where z and z2 represent the axial positions of the magnetic field sensor with respect to the

first and second solenoids.

[0038] In this configuration, the dipole equations may be inverted explicitly, for example,

as follows:

Equation 20

¾ Equation 2 1

where dz is the known spacing between the solenoids (i.e., z2 —ζ ) . In this example, the

radial position uncertainty may be found via differentiation, for example, as follows:

Equation 22

e (t2 ) _ 3r 2 l-sign(m.Br 2 t2 Equation 23t 4dz
+-



Equation 24

[0039] FIG. 4 depicts a flow chart of a method 150 for magnetic ranging and calibrating a

magnetized casing string such as depicted on FIG. IB. While the magnetic intensity of the

casing string may be measured at the surface, there is generally no verification of the intensity

after the casing is deployed in the target well. Method 150 is intended to verify the magnetic

intensity and/or provide a calibration factor for the magnetic intensity of the casing string. At

152 a magnetic ranging tool including at least one electromagnet (e.g., ranging tool 60

depicted on FIG. 2) is deployed in a target wellbore having a pre-magnetized casing string. A

first magnetic field measurement is made at 154 when the electromagnet(s) in the ranging tool

are de-energized (off). This is used in to estimate the target location using a passive ranging

with magnetized casing methodology. One or more active ranging field measurements are

made at 156 using the methodologies described above. The active and passive ranging

distances are compared and are then processed at 158 to compute a calibration factor for the

passive ranging method. The calibration factor may include, for example, a correction factor

for the magnetic pole strength of the magnetized casing such that the calibrated pole strength

yields the same distance and direction as that obtained using the electromagnetic.

[0040] It will be understood that method 150 may be performed at multiple locations in the

target well so as to obtain multiple correction factors. After obtaining a calibration factor (or

factors) the remainder of the twin well may be drilled ranging only to the premagnetized

casing. Moreover, if similar calibration factors are obtained for several wells in a given

project (e.g., on a given pad) it may be possible to omit the verification/calibration procedure

on subsequent wells.

[0041] FIG. 5 depicts a flow chart of a method 180 for calibrating a magnetized casing

string for use in subsequent magnetic ranging operations. The casing string may be

magnetized at 182, for example, as described in U.S. Patent 7,538,650, which is incorporated

by reference in its entirety herein. The external magnetic field is characterized along with at

least one axial magnetic field measurement internal to the magnetized casing. The casing

string may be deployed in the target well (or a portion of the target well) at 184. After

deployment in the target well, at least one magnetic field measurement is made internal to the



magnetized casing string at 186. The magnetic field measurement may include multiple

magnetic field measurements made at multiple axial positions in the magnetized casing string.

An axial component of the internal magnetic field at 182 and 186 is processed at 188 to

compute a calibrated magnetic pole strength of the magnetized casing. The computed

magnetic pole strength may then be used in subsequent magnetic ranging measurements to

compute at least a distance between a twin well and the magnetized target well.

[0042] FIG. 6 depicts a running tool 200 (such as the Schlumberger Long Reach Running

Tool) configured for running wellbore casing into a previously drilled wellbore. The running

tool may be fitted with an extension tube 210 including an axial magnetometer 215. Running

tool 200 may be used to run magnetized casing into a target wellbore using conventional

means and to measure the axial component of the magnetic field internal to the magnetized

casing, for example, when drawing the running tool back out of the target well. Such

measurements may be made with minimum disturbance to rig activities. The running tool 200

may be configured to record the axial component of the magnetic field with time while

drawing the tool back out of the target well. The recorded times may then be converted to

depths and the magnetic field versus depth profile may be used to compute one or more

magnetic pole strengths of the magnetized casing string. The use of running tool 200 and

method 180 obviates the need to access the twin and target wells simultaneously. Moreover,

no wireline tools are required.

[0043] With reference again to FIGS 2, 3A, and 3B, it will be understood that the described

ranging measurements are not limited to the use of multiple solenoid transmitters and a single

magnetometer receiver to provide independent estimates of distance and direction.

Independent distance and direction measurements may also be obtained using multiple axially

spaced magnetometer receivers in combination with a magnetic ranging tool having a single

solenoid transmitter. Likewise, independent distance and direction measurements may also be

obtained using a combination including multiple solenoid transmitters and multiple

magnetometer receivers. The analysis provided above is substantially independent of whether

multiple solenoids and/or multiple axially spaced magnetometers are utilized. Hence, the

disclosed embodiments are not limited in this regard.



[0044] Although the use of independent measurements in magnetic ranging certain

advantages thereof have been described in detail, it should be understood that various

changes, substitutions and alternations can be made herein without departing from the spirit

and scope of the disclosure as defined by the appended claims.



CLAIMS

What is claimed is:

1. A method for magnetic ranging comprising:

(a) deploying a drill string in a drilling well, the drill string including at least one

magnetic field sensor;

(b) deploying a magnetic ranging tool in a target well, the magnetic ranging tool

including first and second axially spaced electromagnets;

(c) making a first magnetic field measurement with the magnetic field sensor

when the first and second electromagnets are de-energized;

(d) making a second magnetic field measurement with the magnetic field sensor

when the first electromagnet is energized and the second electromagnet is de-energized;

(e) making a third magnetic field measurement with the magnetic field sensor

when the first electromagnet is de-energized and the second electromagnet is energized; and

(f) processing the first, second, and third magnetic field measurements to compute

(i) a distance and/or a direction from the drilling well to the target well and (ii) a quality

parameter.

2 . The method of claim 1, wherein processing the second magnetic field

measurement comprises calculating a first estimate of the distance and/or direction from the

drilling well to the target well.

3 . The method of claim 2, wherein processing the third magnetic field

measurement comprises calculating a second estimate of the distance and/or direction from

the drilling well to the target well.

4 . The method of claim 1 further comprising:

estimating an uncertainty for each magnetic field measurement.

5 . The method of claim 4, further comprising:

comparing each of the computed distances and/or directions to determine

discrepancies between computed distances and directions;



comparing the determined discrepancies with the estimates of corresponding

uncertainties.

6 . The method of claim 5 further comprising:

computing at least one item from the list consisting of: a joint quality parameter, a

single maximum-likelihood distance and direction, and an estimate of an improved

uncertainty associated with the maximum-likelihood distance and direction.

7 . A method for magnetic ranging and calibrating a premagnetized casing string

comprises:

(a) deploying a drill string in a drilling well, the drill string including at least one

magnetic field sensor;

(b) deploying a magnetic ranging tool in a target well, the magnetic ranging tool

having at least one electromagnet, the target well being cased with a premagnetized casing

string;

(c) making a first magnetic field measurement with the magnetic field sensor

when the electromagnet is de-energized.

(d) making a second magnetic field measurement with the magnetic field sensor

when the electromagnet is energized; and

(e) processing the first and second magnetic field measurements to compute a

calibration factor for the magnetized casing string.

8. The method of claim 7, wherein the calibration factor computed includes a

correction factor for a magnetic pole strength of the magnetized casing.

9 . The method of claim 7 further comprising repeating (c), (d), and (e) to obtain a

plurality of calibration factors for the magnetic casing string.

10. A method for calibrating a magnetized casing string comprising:

(a) magnetizing a casing string;

(b) deploying the magnetized casing in a target well;

(c) measuring an axial component of a magnetic field internal to the magnetized

casing string as deployed in (b); and



(d) processing the axial component of the magnetic field measured in (c) to

compute a magnetic pole strength of the magnetized casing string.

11. A method for magnetic ranging comprising:

(a) deploying a drill string in a drilling well, the drill string including at least one

magnetic field sensor;

(b) deploying a magnetic ranging tool in a target well, the magnetic ranging tool

including first and second axially spaced electromagnets;

(c) making a first magnetic field measurement with the magnetic field sensor

when the first electromagnet is energized with a first polarity and the second electromagnet is

de-energized;

(d) making a second magnetic field measurement with the magnetic field sensor

when the first electromagnet is energized with a second polarity and the second electromagnet

is de-energized;

(e) making a third magnetic field measurement with the magnetic field sensor

when the first electromagnet is de-energized and the second electromagnet is energized with a

first polarity;

(f) making a fourth magnetic field measurement with the magnetic field sensor

when the first electromagnet is de-energized and the second electromagnet is energized with a

second polarity; and

(g) processing the first, second, third, and fourth magnetic field measurements to

compute (i) a distance and/or a direction from the drilling well to the target well and (ii) a

quality parameter.

12. The method of claim 11, further comprising:

making a fifth magnetic field measurement with the magnetic field sensor when the

first electromagnet is de-energized and the second electromagnet is de-energized.

13. The method of claim 11, further comprising:

estimating an uncertainty for each magnetic field measurement.

14. The method of claim 13, further comprising:



comparing each of the computed distances and/or directions to determine

discrepancies between computed distances and directions;

comparing the determined discrepancies with the estimates of corresponding

uncertainties.

15. The method of claim 14 further comprising:

computing at least one item from the list consisting of: a joint quality parameter, a

single maximum-likelihood distance and direction, and an estimate of an improved

uncertainty associated with the maximum-likelihood distance and direction.











A. CLASSIFICATION OF SUBJECT MATTER

G01R 33/02(2006.01)i

According to International Patent Classification (IPC) o r to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed b y classification symbols)

G01R 33/02; E21B 25/16; G01V 3/26; G01V 3/08; G01V 3/38

Documentation searched other than minimum documentation t o the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: wellbore, magnetic ranging, solenoid, de-energized

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

US 2012-0194195 Al (WISLER et a l . ) 02 August 2012 1-3 , 11-12
See abstract , paragraphs [0016]-[0074] and f igure 1 .

4-10 , 13-15

US 2009-0308657 Al (CLARK et a l . ) 17 December 2009 1-15
See abstract , paragraphs [0048]-[0067] and f igures 2B-4 .

US 2013-0173164 Al (ZHANG) 04 July 2013 1-15
See abstract , paragraphs [0029]-[0041] and f igures 2-6 .

US 2011-0133741 Al (CLARK) 09 June 2011 1-15
See abstract , paragraphs [0023]-[0025] and f igure 1 .

US 5485089 A (KUCKES) 16 January 1996 1-15
See abstract , columns 8-10 and f igures 2-5 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date o f the actual completion of the international search Date o f mailing of the international search report

26 February 2015 (26.02.2015) 27 February 2015 (27.02.2015)

Name and mailing address o f the ISA/KR Authorized officer ..,* ..
k International Application Division

Korean Intellectual Property Office
K KANG, Sung Chul -

189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
« \ ;

Republic of Korea

Facsimile No. ++82 4 2 472 3473 Telephone No. +82-42-481-8405 »

Form PCT/ISA/210 (second sheet) (January 2015)



Information on patent family members PCT/US2014/065128

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2012-0194195 Al 02/08/2012 CA 2734375 Al 28/07/2012
CA 2734375 C 03/12/2013
CA 2815877 Al 28/07/2012
US 2014-345947 Al 27/11/2014

US 2009-0308657 Al 17/12/2009 AU 2009-257916 Al 17/12/2009
AU 2009-257916 B2 13/11/2014
CA 2727616 Al 17/12/2009
US 8063641 B2 22/11/2011
WO 2009-151835 Al 17/12/2009

US 2013-0173164 Al 04/07/2013 CA 2862256 Al 04/07/2013
WO 2013-101587 Al 04/07/2013

US 2011-0133741 Al 09/06/2011 AU 2009-271480 Al 21/01/2010
CA 2729203 Al 21/01/2010
US 8749242 B2 10/06/2014
WO 2010-008634 Al 21/01/2010

US 5485089 A 16/01/1996 CA 2147610 Al 26/05/1994
CA 2147610 C 04/01/2000
EP 0669007 Al 05/04/2000
EP 0669007 Bl 26/07/2000
US RE036569 E 15/02/2000
wo 94-11762 Al 26/05/1994

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

