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measurements of earth formation. Current from the pads (307a,
307b, 307c, 307d), guard electrodes (331b, 331c¢, 331b’, 331¢’) and
a measure electrode are measured while monitoring the voltage
difference between pairs of monitor electrodes (321a, 321b, 321a’,

321b°). In addition, microelectrodes (309a, 309b) are provided on
the pads for obtaining high resolution resistivity measurements.



CA 02565800 2006-11-09

WO 2005/111664 A3

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, 5G, SK, SL, SM, §Y,
TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA,
ZM, ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ,
NA, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ], TM), European patent (AT,

BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR,
HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations

Published:

with international search report

(88) Date of publication of the international search report:

2 March 2006

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



CA 02565800 2006-11-09
WO 2005/111664 PCT/US2005/015688

USE OF MICRO-RESISTIVITY APPARATUS TO OBTAIN SHALLOW Rxqy
AND DEEP AZIMUTHAL FORMATION RESISTIVITY

Antonio Fabris & Rashid Khokhar

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention is related generally to the field of interpretation of measurements
made by well logging resistivity instruments for the purpose of determining the
properties of earth formations. More specifically, the invention is related to an
apparatus and method for determination of the electrical resistivity of an earth

formation when there is an azimuthal variation in the resistivity.

2. Background of the Art

[0002] A well logging device with electrodes that has been commercially available for
many vears and that is known under the name "Dual Laterolog" is described in U.S.
Patent No. 3,772,589 to Scholberg. That device comprises an array of annular
electrodes used for sending electrical measurement currents into the formations for the
purpose of measuring their resistivity. The measurement currents are focused in an
annular zone having the form of a disk perpendicular to the borehole axis by means of
auxiliary currents emitted by guard electrodes. That device includes measuring deep
resistivity of the earth formations and measuring shallower resistivity of the earth

formations by emitting currents at different frequencies, typically 35 Hz and 280 Hz.

[0003] A drawback of the Scholberg device is that its longitudinal resolution is poor,
being about one meter. In addition, it does not have azimuthal sensitivity. Azimuthal
variations of resistivity can occur in boreholes that are deviated or horizontal. When
this happens, the annular zone scanned by the device around the borehole comprises
different layers of earth formation and gives an average measurement that has little
meaning. In addition, it is well known that by the time wireline logging devices are

run in a borehole, there may be invasion of the earth formations by drilling mud from
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the borehole. This results in an invaded zone in which the resistivity 1s different from
that of the uninvaded earth formations. When there is an azimuthal vanation in the
depth of the invaded zone, there will be azimuthal variations in resistivity. It is
therefore desirable to obtain resistivity measurements in a plurality of azimuthal

5 directions around the borehole.

[0004] British patent GB 928 583 to Threadgold et al. discloses an array ‘of azimuthal
measurement electrodes distributed circumferentially around the periphery of a
logging sonde. A guard electrode which surrounds the measurement electrodes

10 enables an auxiliary current to be emitted for focusing the currents emitted by each of
the measurement electrodes. In such a sonde, measurement current focusing 1s
passive, and this focusing is obtained by emitting the various currents via electrodes
that are short-circuited together. This suffers from the drawback that the focusing is
not particularly effective. In addition, the Threadgold device also has poor

15 longitudinal resolution.

[0005] French patent FR 2 611 920 to Mosnier describes a logging sonde in which
correction means are proposed acting on the potential of the current electrodes 1n
order to improve focusing. The sonde includes monitor electrodes disposed at a

20 certain distance ahead of the current electrodes and circuits that are responsive to the
potentials detected by said monitor electrodes to control the measurement currents. It
is difficult and complicated to make such a sonde, which requires concentric rings of

clectrodes.

25 [0006] US 5,399,971 to Seeman et al. attempts to address the drawbacks with the
Threadgold and Mosnier devices by a modification of the basic laterolog
configuration. A modification of the Seeman device is disclosed in Smits et al., (SPE
paper 30584) and illustrated schematically in Figs. 4a and 4b. The overall electrode
arrangement resembles that of the Dual Laterolog. The electrodes AO, Al and A2 with

30 their symmetric
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counterparts AQ’, A1° and A2’ serve to emit current mnto the formation, while

monitoring electrodes Ml, M2 and A 1* along with MI’, M2’ and Al *’ are used to

‘measure potentials. In addition, the central section of the array incorporates twelve

azimuthal electrodes to add the directional capability. The AO electrode is split into
two sections. AO and AQ’ are located on either side of the azimuthal array with the

two monitoring electrodes A0* and AO*' added at their respective centers.

[0007] The devices disclosed in Seeman and in Smits are still susceptible to errors due
to poor azimuthal focusing. One reason is that there is an offset between the
azimuthal array of electrodes and the borehole wall. In the presence of a conducting
mud (water based mud), focusing in the azimuthal direction becomes problematic.

This results in a reduced azimuthal resolution of the resistivity measurements.

[0008] In addition to azimuthal resistivity measurements, there are many prior art
devices that make so called “microresistivity” measurements. Such a device using
arrays of electrodes on pads is disclosed in US Patent 6,348,796 to Evans et al.,
having the same assignee as the present invention. Disclosed in Evans <796 are
button electrodes on a pad that makes contact with the formation or is in close
proximity to the formation. Microresistivity measurements when made with an
array of electrodes can provide high resolution resistivity images of the borehole

wall.

[0009] Besides the laterolog type devices described above, a pad mounted azimuthal
resistivity device has been discussed in U.S. Patent 6,025,722 to Evans et al. The

Evans’722 device uses electrodes mounted on pads. Bucking or focusing currents are

provided from the body of the tool. Additional focusing may also be provided by use
of additional circuitry for providing focusing from the body of the tool. The Evans
722 device does not provide a capability of providing different depths of

investigation.
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[0009] It would be desirable to have a method and apparatus for making azimuthal

resistivity measurements of earth formations with a logging tool that addressed the
problems discussed above. Such a method and apparatus should preferable be able to
provide high resolution resistivity measurements. The present invention satisfies this

5 need.

SUMMARY OF THE INVENTION
[0010] The present invention is an apparatus and method for making measurements

of a parameter of mterest of an earth formation. An elongated support member

10 supports a central electrode on said elongated support member. Two pairs of monitor
electrodes are provided on the support member and disposed on opposite sides of the
central electrode. The elongated support member also includes a first guard electrode
an extendable member mechanically coupled to said elongated member by an
extension device, the extendable member on the same side of the central electrode as

15 the first guard electrode. The extendable member includes an electrically conducting
pad at the same electrical potential as an adjacent portion of the support member. An
additional pair of guard electrodes may be on the support member. The additional
pair of guard electrodes are on a side of the central electrode opposite to the first guard
electrode and the electrically conducting pad. Optionally, several extendable

20 members, each having its own conducting pad, may be provided. Optionally, one or
more microelectrodes may be positioned on each of the conducting pads for obtaining

microresistivity measurements of the earth formation.

[0011] The present invention includes a method of determining azimuthal resistivity
25 of earth formations. One or more pad mounted sensors are arranged in a laterolog
configuration. By measuring the currents in the various guard electrodes, the pad and
a central electrode while monitoring the voltage difference between at least one pair of
monitor electrodes, shallow and deep resistivity measurements may be obtained. In
addition, a microelectrode on a pad may be used for a high resolution resistivity

30 measurement.
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[0011a] Accordingly, in one aspect there i1s provided an apparatus for making
measurements of a parameter of interest of an earth formation comprising:

an elongated body;

a first guard electrode on the body;

a central electrode on the body;

two pairs of monitor electrodes on the body, one of the two pairs of
monitor electrodes on a first side of the central electrode, and a second of the two
pairs of monitor electrodes on a second side opposite the first side of the central
electrode; and

a second guard electrode including at least one electrically conducting
pad mechanically coupled to an adjacent portion of the elongated body by at least
one extension device, the at least one electrically conducting pad at substantially
the same electrical potential as the adjacent portion of the elongated body, and

wherein the second guard electrode is on the same side of the central electrode as

the first guard electrode.

f0011b] According to another aspect there is provided a method of making
measurements of a parameter of interest of an earth formation comprising:

conveying a logging tool including a body into a borehole in said earth
formation;

emitting a first current from a first guard electrode on the body;

emitting a measure current into the earth formation using a central
electrode on the body;

monitoring voltages of a first pair of monitor electrodes on the body, the
first pair of monitor electrodes on a first side of the central electrode;

monitoring voltages of a second pair of monitor electrodes on the body,

the second pair of monitor electrodes on a second side of the central electrode;

emitting a second current from at least one electrically conducting pad
mechanically coupled to the body by an extension device, the at least one
electrically conducting pad and the adjacent portion of the body forming part of a

second guard electrode; and

controlling emission of currents from the first guard electrode and the at

least one electrically conducting pad in response to the monitored voltages.

4a



10

15

20

25

30

CA 02565800 2012-03-20

BRIEF DESCRIPTION OF THE FIGURES
[0012] The application 1s best understood with reference to the following drawings
wherein like numbers in different figures refer to like components and wherein:
FIG. 1 (Prior art) is a diagram 1llustrating a wireline logging tool 1n a borehole;
FIG. 2 is a stylized schematic diagram of an assumed earth model formation
penetrated by a vertical borehole and showing various formation medium related
parameters;
FIG. 3 depicts a deviated borehole corresponding to FIG. 2 giving rise to azimuthal
variations of resistivity
FI1Gs. 4a and 4b (prior art) illustrates the arrangement of electrodes in a preferred
embodiment of the present invention;
FIG. 5 1s a schematic illustration of the apparatus of the present invention;

FIG. 6a is a schematic cross section of the illustration of FIG 5; and

FIG. 6b shows details of the pad of FIGS. 5 and 6a.
DETAILED DESCRIPTION OF THE INVENTION

[0013] Referring now to Fig. 1, an exemplary prior art differential array resistivity
instrument 10 will be described. Such an instrument has been described in US Patent
6,060,885 to Tabarovsky et al. having the same assignees as the present mvention.
The instrument 10 is shown disposed 1n a borehole‘ 14 penetrating an earth formation
16 and supported by a wire cable 18. The cable 18 is supported and guided by a
sheave wheel 20 suspended from a well structure 22 in place on the earth’s surface
24 over the wellbore 14. The cable 18 is stored on a cable drum 26 which is
controlled at the surface to lower and raise the differential array instrument 12 within
the wellbore 14 at a predetermined logging speed. Commands for controlling the
operation of the instrument 12 and the data collected by the instrument are
transmitted electrically through the cable 18 and via interconnecting cable 30 to

an electronics package 28 located at the surface.
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Alternatively, a downhole processor (not shown) may be used for doing some or all of

the processing downhole.

[0014] The mstrument 10 has an elongated mandrel or body 12, a single source
electrode 32 located near the upper end of the instrument housing, and several groups
of 1dentical measuring electrodes 34, 34' and 34" uniformly distributed along the axis
of the tool mandrel, which allow for performing a number of measurements at each

logging depth.

[0015] Referring next to Fig. 2, a borehole 211 is shown with a plurality of layers in
an earth formation depicted by 201a, 201b, 201c .... 201n. Each of the layers 1s
characterized by a corresponding resistivity Ry, Rig, Rys. .... In addition, there is an
invaded zone around the borehole that is characterized by resistivities Ryo1, Rxoz, Ryos,
... resulting from invasion of the earth formation by mud from the borehole. In the
view of Fig. 2, the invaded zones are characterized by lengths Loz, Lxo2, Lixos, -«
However, for the case of a deviated borehole 211" shown in Fig. 3, the apparent
resistivity as seen by a resistivity sensor having a given depth of investi gation will
show azimuthal variations even 1f the depth of the invaded zone is unchanged. This
azimuthal variation is due to the fact that currents, focused radially away from the
borehole.pass through different amounts of zones of different resistivity as the
azimuth changes. In addition, there is also the possibility that the depth of the invaded

zone may also change.

[0018] As discussed in Smits, Laterologs focus the survey current emitted from the
AQ electrode into the formation by means of a feedback loop that adjusts the bucking
or survey current to maintain the monitoring electrodes Ml and, M2 at an
equipotential. In theory this requires infinite amplifier gain but in practice this gain
must be limited to guarantee stability. As a result, the monitoring electrodes are not
exactly at equipotential and an error is introduced into the measurement. Although
this error is small in the Dual Laterolog, it can become significant when electrode

spacing is decreased to enhance tool resolution. The configuration of the Swmits design
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has been discussed above and is not repeated here. However, for the present

invention, we will adopt the terminology of Smits.

[0019] As noted above, it is difficult to maintain azimuthal focusing of the currents
5 from the elements of the azimuthal electrodes due to the standoff from the borehole
wall. Consequently, the measurements made by the individual electrodes may not be

limited to the azimuthal sector defined by the electrodes. This can result in poorer

resolution as well as overlap between measurements made by adjacent electrodes.

10 [0020] This problem is addressed in the present invention by the hardware
configuration shown in Fig. 5. Shown therein is a borehole wall 301 with a tool
having an elongated body therein. The central electrode 333 on the body corresponds
to the electrode commonly called the A0 electrode in the Laterolog configuration.
There is a pair of monitor electrodes 321a and 321b on one side of the A0 electrode,

15 and a corresponding pair of monitor electrodes 321a' and 321b' on the other side of
the A0 electrodes. These correspond to the M, My, My' and My’ electrodes.
Similarly, the electrodes 331¢ and 331¢' correspond to the guard electrodes Al and
A1', while 331b and 331b' correspond to the guard electrodes A1* and A1*'
electrodes in the Smits configuration. The electrodes 331a correspond to the guard

20 electrode A2. An important point of novelty of the present invention over the
arrangement in Smits A2' electrode is that the corresp onding element 331a' comprises
a portion on the housing of the logging tool as well as a plurality of pads 307a, 307b

coupled to the housing by means of extension devices 305a, 303b.

235 [0021] Turning now to Kig. 6, a cross sectional view of the apparatus from Fig. S 1s
shown. Depicted in Fig. 6 are four pads 307a, 307b, 307¢ and 307d along with
corresponding extension devices 305a, 305b, 305¢ and 305dextending radially away
from the mandrel 303. The use of four pads is not intended to be a limitation on the
present invention. The number and size of pads 1s based upon several factors

30 including the range of borehole sizes in which the tool would be used, and the desired

resolution. Clearly, the number and size must be such that in the fully retracted

7
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posttion, the pads do not overlap. In the fully extended position in a large borehole,

there would be gaps in coverage for a wireline tool. With small gaps, it is possible to

fill 1 the missing information by interpolation.

[0022] Any one of several arrangements could be used for operating the extension
device. Specifically, the extension device could be hydraulically operated, spring

operated or electrically operated. Such devices are known in the art and are not

discussed further here.

[0023] Turning now to Fig. 6b, details of one of the pads is shown. The pad 307
comprises a metallic body 308 capable of making contact with the borehole wall.
Fach of the pads 307a ... 307b has independent circuitry (not shown) for measuring
the current flow from the pad. In addition, each pad is also provided with a plurality
of electrodes 309a, 309b that are electrically insulated from the body 308 by
msulators 311a, 311b. For purposes of simplifying the illustration, only two such
electrodes are shown, though more could be used. The operation of the tool is

discussed next.

[0024] In one aspect of the invention, the current through the electrodes 309a, 309b is
measured mndividually. When this is done, the device acts like a microresistivity
device. In this respect, the operation of the tool is similar to that of the tool described
in the Evans 796 patent, the difference being that in Evans >796, the number of
electrodes on a single pad is greater than in the present invention. The reason for the
difference is that the Evans ‘796 device is primarily directed towards obtaining a
resistivity image of the formation with high resolution. Having a sufficient number of
electrodes to obtain a high resolution image would detract from the other use of the
present invention, which is to function like an azimuthal laterolog. The electrodes
309a and 309b (and their counterparts on the other pads) in the present invention
provide the ability to measure shallow resistivity (e.g, Rx0) identify bed boundaries in
the earth formation, and to some extent, determine dip of beds, but the azimuthal

separation 1s too large to provide an accurate resistivity image.
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[0025] In another aspect of the invention, the device of Fig. 5 acts like a focused
resistivity device (laterolog). In this mode, the voltage between the electrodes 321a

and 321b are maintained to be substantially equal, and the current from the electrode

5 333 is indicative of the formation resistivity.

[0026] In yet another aspect of the invention, the device of Fig. 5 acts as a focused
azimuthal resistivity device. In this mode, the voltage between the electrodes 321a’
and 321b' is maintained to be substantially equal. The current from a particular one

10 of the pads, such as 307a, is then indicative of the resistivity corresponding to the

azimuth of the pad 307a.

[0027] In yet another aspect of the invention, the device of Fig. S acts like a focused
resistivity device with different depths of investigation. This may be done in an

15 azimuthal mode. The different depths of investigation are obtained by suitable

processing.

[0028] The method for obtaining different depths of investigation makes use of the
principle of superposition. A description of this is found in the Smits reference and is

20 reproduced here. The Smits device (and one embodiment of the present invention)
uses a different approach through computation of the focused survey current by
superposition of two independent unfocused measurements. By a suitable
combination of the measurements, the monitoring voltage is canceled, thus satisfying
the focusing condition. The approach has thé added flexibility of being able to

235 provide different focusing conditions with the same hardware. The method makes use

of the principle of superposition from electromagnetic theory.

[0029] With the tool configuration of Fig. S, when currents are measured from a
single selected pad, the resistivity that is obtained corresponds to the azimuthal sector
30 defined by the selected pad. When shallow and deep resistivity measurements are

made from a plurality of pads, apparent shallow and deep resistivities are obtained by
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azimuthal sector. From these measurements, it is possible, using known methods of

inversion, to determine the resistivity parameters for the model denoted by Fig. 3.
U.S. Patent 6,060,866 to Tabarovsky discloses a method for determining the
distribution of resistivity of earth formations surrounding a wellbore. For an isotropic

5 model, it 1s also possible to determine a relative dip angle and a strike direction.

[0030] The device disclosed in the Evans 722 patent has some superficial similarities
to the apparatus of the present invention. Differences are pointed out here. First, the
Evans™T22 patent discloses electrodes similar the portion A0, M1', M2', Al', A1*",

10 and A2 of the invention, but the objective is different: in Evans ‘722, the current in A2
1s maintained perpendicular to the instrument while in the present invention the AQ
current 1s maintained perpendicular to the instrument. In addition, the Evans 722
does not teach making of measurements at different depths of investigation. Another
difference between the method of the Evans 722 patent and the present invention is

15 that in the former, the measure current from only the center electrode A0 is used,
whereas in the latter, currents from both the center electrode and the guard electrode

are used.

[0031] In the present invention, for making shallow readings, frequencies of the order

20 of 300 Hz are used while for the deep readings, frequencies of around 30 Hz are used.
The microresistivity measurements are made with frequencies typically in the range
o1 500 Hz to 50 kHz. The microresistivity measurements are particularly useful in
obtaining shallow resistivity of the formation and high resolution estimates of bed
boundaries.

25
[0032] In order to determine the orientation of the extendable members and pads,
suitable orientation sensors such as magnetometers (not shown) may be provided on
the body of the instrument. The magnetometers provide measurements of the tool
relative to magnetic north. When combined using known methods with survey

30 information of the borehole inclination and azimuth, these magnetometer

measurements provide an indication of the toolface orientation of the logging tool

10
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within the borehole.

[0033] While the foregoing disclosure is directed to the preferred embodiments of the
invention, various modifications will be apparent to those skilled in the art. It1s
intended that all variations within the scope of the appended claims be embraced

by the foregoing disclosure.

11
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What is claimed is:

I. An apparatus for making measurements of a parameter of interest of an
earth formation comprising:

an elongated body;

a first guard electrode on the body;

a central electrode on the body;

two pairs of monitor electrodes on the body, one of the two pairs of
monitor electrodes on a first side of the central electrode, and a second of the two
pairs of monitor electrodes on a second side opposite the first side of the central

electrode; and

a second guard electrode including at least one electrically conducting
pad mechanically coupled to an adjacent portion of the elongated body by at least
one extension device, the at least one electrically conducting pad at substantially
the same electrical potential as the adjacent portion of the elongated body, and
wherein the second guard electrode 1s on the same side of the central electrode as

the first guard electrode.

2. The apparatus of claim 1 further comprising an additional pair of guard
electrodes on said elongated body, said additional pair of guard electrodes

disposed on a side of said central electrode opposite to said first and second guard

electrodes.

3. The apparatus of claim 1 wherein the at least one extension device further

comprises a plurality of extension devices each having an associated electrically

conducting pad.

4. The apparatus of claim 3 wherein the plurality of electrically conducting

pads are disposed circumferentially about the elongated body.

5. The apparatus of claim 1 wherein the at least one extension device further

comprises at least one microelectrode in an interior location of and electrically

insulated from the conducting pad.
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0. The apparatus of claim 5 wherein said at least one microelectrode

comprises a plurality of microelectrodes.

7. The apparatus of claim 1, 2, 5 or 6 further comprising a processor which
determines from voltages of the monitor electrodes, a measurement of current
from the central electrode, and measurement of currents from the first guard

electrode and the conducting pad, a parameter of interest of the earth formation.

8. The apparatus of claim 7 wherein said parameter of interest is at least one

of:
a resistivity of a layer of said earth formation; and

a resistivity of an invaded zone of said earth formation.

9. The apparatus of claim 1 wherein said at least one extension device is one

of (1) hydraulically operated, (i1) spring operated, and (iii) electrically operated.

10. The apparatus of any one of claims 1 to 9 further comprising an
orientation sensor which obtains a measurement indicative of a toolface angle of

the elongated body within a borehole.

11. The apparatus of any one of claims 1 to 4 wherein said central electrode

conveys an electrical current into said earth formation at a frequency of about 30

Hz to 35 Hz.

12. The apparatus of claim 5 wherein said at least one microelectrode

conveys an electrical current into said earth formation at a frequency of about 500

Hz to 50 kHz.

13. A method of making measurements of a parameter of interest of an earth

formation comprising:

conveying a logging tool including a body into a borehole in said earth
formation;
emitting a first current from a first guard electrode on the body;

emitting a measure current into the earth formation using a central

electrode on the body;
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monitoring voltages of a first pair of monitor electrodes on the body, the
first pair of monitor electrodes on a first side of the central electrode;

monitoring voltages of a second pair of monitor electrodes on the body,
the second pair of monitor electrodes on a second side of the central electrode;

emitting a second current from at least one electrically conducting pad
mechanically coupled to the body by an extension device, the at least one
electrically conducting pad and the adjacent portion of the body forming part of a
second guard electrode; and

controlling emission of currents from the first guard electrode and the at

least one electrically conducting pad in response to the monitored voltages.

14. The method of claim 13 further comprising using an additional pair of
guard electrodes on the body for emitting focusing currents into said earth
formation, the additional pair of guard electrodes disposed on a side of the central

electrode opposite to the first guard electrode.

15. The method of claim 13 further comprising using an additional pair of
guard e¢lectrodes on the body for emitting focusing currents into said earth
formation, the additional pair of guard electrodes disposed on the same side of the

central electrode as the first guard electrode.

16. The method of any one of claims 13 to 15 further comprising maintaining

at least one of said pairs of monitor electrodes at substantially the same potential.

17. The method of any one of claims 13 to 16 wherein said at least one

electrically conducting pad comprises at least four electrically conducting pads.

18. The method of claim 17 turther comprising disposing said at least four

electrically conducting pads circumferentially about said body.

19. The method of any one of claims 13 to 16 further comprising using at

least one microelectrode on said extension device in an interior location of and
electrically insulated from said conducting pad for obtaining a microresistivity

measurement of said earth formation.
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20. The method of claim 19 further comprising using a plurality of

microelectrodes.

21. The method of any one of claims 13 to 16 further comprising determining
from voltages of said monitor electrodes, a measurement of current from the
central electrode, and measurement of currents from said first guard electrode and

said conducting pad, a parameter of interest of said earth formation.

22. The method of claim 21 wherein said parameter of interest is at least one
of:

a resistivity of a layer of said earth formation;

a resistivity of an invaded zone of said earth formation; and

a thickness of a layer of said earth formation.

23. The method of any one of claims 13 to 22 further comprising using an
orientation sensor for obtaining a measurement indicative of a toolface

orientation of the body within said borehole.

24, The method of claim 23 wherein said orientation sensor comprises a
magnetometer.
25. The method of any one of claims 13 to 18 further comprising using said

central electrode for conveying an electrical current into said earth formation at a

frequency of about 30 Hz to 35 Hz.

26. The method of claim 19 further comprising operating said at least one

microelectrode at a frequency of about 500 Hz to 50 kHz.
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