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user selectable zoning of a borehole to generate an updated look-up table for
borehole corrections based on averaged calipers for the borehole. One ex-
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stantially unaffected by corkscrew borehole effect, defines a start depth and
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fect, and averages the caliper data for each coil array to generate updated res-
istivity outputs Ro, R, and Ry for further drilling of the borehole.
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CORKSCREW EFFECT REDUCTION ON BOREHOLE INDUCTION
MEASUREMENTS

PRIORITY APPLICATION
{0061] This application claims the benefit of U.S. Provisional Application
Serial No. 62/107,054, filed on January 23, 2015 which application is

incorporated by reference herein in its entirety.

BACKGROUND
{0002] In directional drilling, the angle of the bottom hole assembly (BHA) is
typically fixed on the surface before lowering the BHA down hole. The borehole
drilling operation may then be performed by circulating fluid {(mud) through the
drill pipe which in turn rotates the mud motor and, thus, the drill bit.
{0083] As the drilling process continues, an operation typically referred to as
sliding may occur where the rotating drill bit 1s being pushed with the drill string
while the fixed angle at the motor assembly keeps increasing the angle.
Excessive build up of the angle is controlled by what 1s known as “rotating and
sliding”. The “rotating and sliding” operation constitutes rotating the drill pipe
from a rotary table at the surface while simultanecusly pumping the mud through
the drill pipe to rotate the mud motor. This “rotating and sliding” operation
results in a corkscrew effect such as a “spiral borehole” or “corkscrew borehole”.
The resulting corkscrew effect in the borehole may reduce the accuracy of

downhole measurements.

BRIEF DESCRIPTION OF THE DRAWINGS
{0004} FIG. 1 1sa diagram showing a BHA with a fixed angle at the dnill bit
and rotating drill bit, according to various embodiments.
{0005] FIG. 2 1s a diagram showing a BHA with a fixed angle at the drill bit
and BHA rotating simultaneously with the rotating drill bit, according to various
embodiments.
{0066] FIG. 3 15 a diagram showing a corkscrew borehole oscillating caliper

log profile, according to varicus embodiments.
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{0007] FIG. 4 is a diagram showing a corkscrew borehole profile with
resulting pitch, according to various embodiments.

{0008] FIG. S s a plot showing oscillations of a positive effective conductivity
signal due to corkscrew borehole, according to various embodiments.

{60091 FIG. 615 a plot showing ripples and oscillations in a negative effective
conductivity signal, according to various embodiments.

{0018] FIG. 7 is a diagram showing effect of corkscrew borehole on signal
from array induction tool — good borehole condition, according to various
embodiments.

{0011} FIG. 81sadiagram showing effect of corkscrew borehole on signal
from array induction tool borehole — with corkscrew condition, according to
various embodiments.

{0012} FIGs. 9 and 10 are plots showing effect of corkscrew borehole on array
induction log, according to various embodiments.

[0013] FIGs. 11 and 12 are plots showing raw coil signals from individual
arrays, according to various embodiments.

{00614} FIG. 13 15 a flowchart showing an example method for borehole
corkscrew effect reduction on array induction measurements, according to
varicus embodiments.

{0015] FIG. 1415 a diagram showing array induction data processing,
according to various embodiments.

{0016] FIG. 1515 a diagram showing an example wireline system, according to
various embodiments.

{00617} FIG. 1615 a block diagram of an example system operable to execute

the methods herein, according to various embodiments.

DETAILED DESCRIPTION
{0018] Some of the challenges noted above, as well as others, may be
addressed by using a borehole corkscrew effect reduction on downhole
measurements. By averaging caliper data, defining a zone of the borehole
substantially unaffected by corkscrew borehole effect and a zone affected by the

corkscrew effect, then averaging the caliper data for each tool coil array, updated



WO 2016/118549 PCT/US2016/013993

resistivity logs for difference resolution outputs (e.g., one foot (Rg), two foot
(%), four foot (Ry)) may then be generated for further drilling of the borehole.
{0019] FIG. 11s a diagram showing a BHA 110 with a fixed angle at the drill
bit 103 and rotating drill bit 103, according to various embodiments. The BHA
110 includes the drill pipe 100 coupled to an extension 102 that is coupled to the
drill bit 103. Prior to lowering the BHA 110 into the borehole, the angle between
the drill bit 103/extension 102 and the drill pipe 100 13 set at the surface.

{0020] A pitch of the corkscrew effect (see FIG. 4) depends upon the length
“B”. In an embodiment, B may be 4 feet. Gther embodiments may vary this
length for different measure while drilling (MWD} operations. In the
embodiment of FIG. 1, only the drill bit 103 15 shown to be rotating in response
to the rotation of the mud motor.

{0021} FIG. 21s a diagram showing the BHA 110 with a fixed angle at the
drill bit 103 and BHA 110 rotating simultaneously with the rotating drilf bit 103,
according to various embodiments. The simultanecous rotation of the drill pipe
100 {(e.g., by the rotary table on surface) with the drill bit (e.g,, rotated by mud
motor) as the BHA 110 drills through the geological formation may result in the
corkscrew effect in the borehole. The corkscrew effect may occur only in certain
zones of the borehole and not all through the well.

{0022] FIG. 3 is a diagram showing a corkscrew borehole oscillating caliper
profile, according to various embodiments. This diagram shows the caliper
oscitlations 301-303 that occur from the corkscrew effect in the borehole. As
known in the art, caliper data provides a representation of the measured diameter
of a borehole along its depth. Caliper logs may be measured mechanically or
sonically. The figure also shows the averaged caliper data 311-313 as will be
discussed subsequently.

{0023] FIG. 415 a diagram showing a corkscrew borehole profile with
resulting pitch, according to various embodiments. As discussed previously, this
pitch is set by the length “B” on the BHA 110. For example, if “B” is four feet,
the resulting corkscrew effect pitch would be four feet as well.

{0624] An induction tool used to performing downhole measurements may

include a bucking coil whose function is to reduce the directly coupled signal in
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the receiver coils caused by proximity and orientation on the tool with the
transmitter. The bucking coil is wound with a different polarity than the other
recetver coils to produce such an effect.

{0025} The negative conductivity signal from the bucking coil changes in
magnitude due to the fluctuating borehole size due to the corkscrew effect. The
change in magnitude of the signal is a result of the changes in the amount of
conductive borehole fluid around the tool. This changing magnitude of the
bucking cotl signal {e.g , negative signal) sets up an a cyclic pattern of highs and
fows in an effective conductivity signal.

i0026] FIG. S is a plot showing oscillations of a positive effective conductivity
signal due to corkscrew borehole, according to various embodiments. There are
several cases where the effective conductivity signal is positive but it is
oscillating due to corkscrew effect in the borehole, as illustrated in FIG. 5. FIG.
6 is a plot showing ripples and oscillations in a negative effective conductivity
signal, according to various embodiments.

{0027] Induction data measured by the induction tool undergoes skin effect
correction and borehole correction. The skin effect correction may be defined as
the penetration of a conductor by an electromagnetic (EM) wave. The E-field
decays as it travels into the medium. The induced current density is proportional
to the E-field and directed perpendicularly to the wave motion. The induced
currents lead to Ohmic losses. The skin effect depth is the characteristic
exponential decay length of the electric field.

{0028] The borehole correction may be defined as the amount by which a log
measurement 15 adjusted in order to remove the contribution of the borehole.
Although most log measurements are designed to pick up a minimum of signal
from the borehole, some contribution usually remains. This contribution may be
removed in the log data by replacing the borehole with a resistivity equal to that
of the formation.

{6029} The data from particular coils of the induction tool may be used for the
borehole corrections. If oscillations are present on raw signals from the
particular coil arrays, these oscillations will ultimately manitest themselves in

the final output as well.
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{0030] The extent to which the corkscrew effect will be evident in the final
output is also dependent upon the two foot resolution resistivity log data (/) of
the formations. This may be an indication of: the amount of conductivity signal
present in longer arrays before that signal experienced borehole correction, the
resistivity of the mud (Ku), the borehole size, and the pitch of the corkscrew
effect in the borehole.

{0031] FIG. 7is a diagram showing effect of corkscrew borehole on signal
from array induction tool — good borehole condition, according to various
embodiments. This plot shows the signal 702 from the main receiver cotl, the
signal 701 from the bucking coil, and the resulting effective receiver signal 703
resulting from the combination of the other two signals 701, 702.

{0032] FIG. 8isadiagram showing effect of corkscrew borehole on signal
from array induction tool borehole — with corkscrew effect, according to various
embodiments. This plot shows the signal 802 from the main receiver cotl, the
signal 801 from the bucking coil, and the resulting effective receiver signal 803
resulting from the combination of the other two signals 701, 702.

{60033} Comparing the signals from the plot of FIG. 7 to the plot of FIG. 8, it
can be seen that while the main receiver coil signals 702, 802 are substantially
similar, the bucking coil signal 801 in the borehole with the corkscrew effect is
larger. Thus, the effective recetver signal 803 of the borehole with the corkscrew
effect is smaller when compared to the effective signal 803 of the borehole
without the corkscrew effect.

{0034] FIG. 91s a plot showing effect of corkscrew borehole on array
induction log, according to various embodiments. FIG. 10 1s a plot showing
etfect of corkscrew borehole on array induction log, according to various
embodiments. The effect on the log may be apparent on the resistivity data from
the array induction tool as shown in areas 900 and 1000. The intensity of the
corkscrew effect may depend upon the diameter of the hole, mud salinity, pitch
of the corkscrew, and formation resistivity.

{0035] The corkscrew borehole effect is normally more visible on 67, 10” and
177 coil arrays, as shown in FIGs. 11 and 12, FIGs. 11 and 12 are plots showing

raw coil signals from individual arrays, according to various embodiments.
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{0036] Analyzing the extent of the corkscrew effect is a first part in reducing
the corkscrew effect on the log data. As shown in FIGs. 11 and 12, the plots are
from the same well within 200 feet of each other. As one can seg, the plot of
FIG. 11 shows a more severe situation than the plot of FIG. 12. Thus, the
corkscrew effect may vary within the same well. According to aspects of the
present invention, a scheme has been determined to reduce the effect of the
corkscrew effect in a borehole on resistivity data from an array induction tool.
{0037} FIG. 13 is a flowchart showing an example method for borehole
corkscrew effect reduction on array induction measurements, according to
various embodiments. In block 1301, downhole measurements are performed.
These measurements may include geological formation resistivities (e.g,,
horizontal, vertical) as measured by a multi-array induction sensor tool. The
measurements may also include measurement of the caliper data as performed by
a mechanical or sonic tool.

{0038] Inblock 1303, an unaffected zone is defined in the borehole that is
unaffected by the corkscrew effect. This may be determined by analysis of the
caliper data.

{003%9] Inblock 1305, a referenced look-up table is generated that comprises
the mud resistivity (R..), the measured caliper data, conductivity (o), skin effect
correction, borehole correction. In an embodiment, this reference table may be
generated for each array of the sensor tool.

{0040] Inblock 1307, an affected zone is defined in the borehole that is
affected by the corkscrew effect. The caliper data may be used to define both the
start depth and the stop depth of the zone. Thus, blocks 1301-1307 define the
atfected and unaffected zones of the borehole. In an embodiment, this may be
accomplished by using raw coil signals from deeper arrays such as 50” and 80”
raw coil signal conductivity ©.

{0041] In block 1309, the caliper data is averaged over the affected zone
between the start and stop depths of the borehole. This averaging can then be
used as corrected or updated borehole caliper data.

{0042] Blocks 1311 and 1313 build temperature corrected look-up tables using

the reference look-up table. In block 1311, a new, temperature corrected lookup



WO 2016/118549 PCT/US2016/013993

table is generated. In an embodiment, this table is generated for each array and
comprises K, averaged caliper data, ¢ {e.g., from 297, 507 and 807 coils), skin
effect correction, borehole correction , and the apparent conductivity (7,,,) for
67, 107, and 177 arrays from the reference look up table. In block 1313, the
apparent conductivities for the coil arrays {e.g., 67, 107, 177} are determined.
These conductivities are unaffected conductivities from the corkscrew effect.
{0043] A re-logging step may then be accomplished to update the previously
measured resistivities based on the averaged caliper data. In block 1315, the
temperature compensated look-up table comprising the apparent conductivities
{e.g., based on the averaged caliper data), R, averaged caliper data, skin effect
correction, and borehole correction, is used to update Ko, Ry, Rroutputs by a re-
log process.

{0044] FIG. 14 is a diagram showing array induction data processing,
according to various embodiments. The method for borehole corkscrew effect
reduction of FIG. 13 may be incorporated into this workflow.

{0045} Conventional schemes were based upon simple filtering the data . This
new scheme is based upon multi-array induction theory, user selectable zoning
of the borehole, and use of existing algorithm to build a new library for borehole
corrections using averaged caliper data.

{0046] A time to reach a predetermined depth 1400 in a borehole, using an
input logging speed 1401. Calibration values for caliper data are determined in
response to the average caliper data 1403, Pre-processing 1402 may also be
performed on the calibration values.

{0047} Temperature coefficients are determined 1405 in order to perform
temperature correction 1406 of the measured data. Depth alignment 1407 of the
tool may also be performed.

{0048} Skin effect correction 1409 may be performed on the data using skin
effect parameters 1408, A library of borehole corrected (BHC) data 1410 may be
input to borehole correction 1411, software focusing 1412, and radial inversion
1413 processes. All of the above processes may store data in various databases

1420-1423.
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10049 FIG. 15 1s a diagram showing an example wireline system, according to
various embodiments. In this case, a drilling platform 1586 1s equipped with a
derrick 1588 that supports a hoist 1590.

{6050} Dnlling oil and gas wells is commonly carried out using a string of drill
pipes connected together so as to form a drilistring that is lowered through a
rotary table 1510 into a wellbore or borehole 1512, Here it is assumed that the
drilistring has been temporarily removed from the borehole 1512 to allow a
wireline logging tool 1520, such as a probe or sonde, to be lowered by wireline
or logging cable 1574 (e.g, slickiine cable) into the borehole 1512, Typically,
the wireline logging tool 1520 is lowered to the bottom of the region of interest
and subsequently pulied upward at a substantially constant speed. The wireline
logging tool 1520 may include a multi-array induction sensor tool for
performing measurements discussed herein.

{0051] During the upward trip, at a series of depths, various instruments may
be used to perform measurements on the subsurface geological formations 1514
adjacent to the borehole 1512 (and the tool body 1520). The wireline data may
be communicated to a surface logging facility 1592 for processing, analysis,
and/or storage. The logging facility 1592 may be provided with electronic
equipment, such as a controller 1554, for various types of signal processing.
{0052] FIG. 1615 a block diagram of an example system 1600 operable to
implement the activities of multiple methods, according to various examples of
the disclosure. The system 1600 may include a tool housing 1606 having the
downhole tool {e.g., multi-array induction sensor tool} 1601 disposed therein.
The systern 1600 may be implemented as shown in FIG. 15 with reference to the
workstation 1592 and controller 1554.

{0053] The system 1600 may include a controller 1620, a memory 1630, and a
communications unit 1635. The memory 1630 may be structured to include a
database. The controller 1620, the memory 1630, and the communications unit
1635 may be arranged to operate as control circuitry to control operation of the
downhole tool 1601 and execute any methods disclosed herein in order to
perform downhole measurements and reduce the borehole corkscrew effect in

the measurements.
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{0054] The communications unit 1635 may include communications capability
for communicating from downhole to the surface or from the surface to
downhole. Such communications capability can include a telemetry system such
as mud pulse telemetry. In another example, the communications unit 1635 may
use combinations of wired communication technologies and wireless
technologies.

{0055] The system 1600 may also include a bus 1637 that provides electrical
conductivity among the components of the system 1600. The bus 1637 can
include an address bus, a data bus, and a control bus, each independently
configured or in an integrated format. The bus 1637 may be realized using a
number of different communication mediurs that allows for the distribution of
components of the system 1600. The bus 1637 may include a network. Use of
the bus 1637 may be regulated by the controlier 1620

{0056] The system 1600 may include display unit(s) 1660 as a distributed
component on the surface of a wellbore, which may be used with instructions
stored in the memory 1630 to implement a user interface to monitor the
operation of the tool 1606 or components distributed within the system 1600,
{0057} These implementations can include a machine-readable storage device
having machine-executable instructions, such as a computer-readable storage
device having computer-executable instructions. Further, a computer-readable
storage device may be a physical device that stores data represented by a
physical structure within the device. Such a physical device is a non-transitory
device. Examples of machine-readable storage devices can include, but are not
limited to, read only memory (ROM), random access memory (RAM), a
magnetic disk storage device, an optical storage device, a flash memory, and
other electronic, magnetic, and/or optical memory devices.

{0058] Many embodiments may be realized. Several examples will now be
described.

{005%9] Example 1 18 a method for reducing borehole corkscrew effect on array
induction tool measurements, the method comprising: defininga zonein a
borehole unaffected by the corkscrew effect and a zone in the borehole affected

by the corkscrew effect; averaging caliper data of the borehole for the zone in
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the borehole affected by the corkscrew effect; and updating previously measured
formation resistivities based on the average caliper data.

{0060] In Example 2, the subject matter of Example 1 can further include
wherein updating the previously measured formation resistivities comprises
updating the previously measured formation resistivities based on the average
caliper data, apparent conductivity, skin effect correction, and borehole
correction.

{0061] In Example 3, the subject matter of Examples 1-2 can further include
wherein the updating the previously measured resistivities tfurther comprises
generating a table comprising the average caliper data, the apparent conductivity,
the skin effect correction, and the borehole correction for each array of a
multiple array tool.

{0062} In Example 4, the subject matter of Examples 1-3 can further include
wherein defining the zone in the borehole affected by the corkscrew effect
comprises defining a start depth and an end depth of a portion of the borehole
atfected by the corkscrew effect.

{0063} In Example 5, the subject matter of Examples 1-4 can further include
measuring the caliper data of the borehole using a mechanical or sonic tool to
log borehole diameter readings of the borehole.

{6064} In Example 6, the subject matter of Examples 1-5 can further include
generating a reference table of mud resistivity, caliper data, conductivity, skin
effect correction, and borehole correction for the zone in the borehole unaffected
by the corkscrew effect.

{0065] In Example 7, the subject matter of Examples 1-6 can fusther include
wherein generating the reference table comprises generating the reference tabie
for each array of a multiple array tool as a reference table for the zone in the
borehole unaffected by the corkscrew effect.

{0066] In Example 8, the subject matter of Examples 1-7 can further include
determining a time to reach a predetermined depth in a borehole and a logging
speed; determining caltbration values for caliper data in response to the average
caliper data; determining temperature coefficients; determine skin etffect

parameters; generating a calibration application based on the calibration values

19



WO 2016/118549 PCT/US2016/013993

and temperature correction based on the temperature coefficients; performing a
depth alignment; determining a skin effect correction based on the skin effect
parameters; and performing a borehole drilling correction in a geological
formation based on the skin effect correction, the temperature coefficients, the
depth alignment, and the calibration values.

{0067] In Example 9, the subject matter of Examples 1-8 can further include,
prior to determining the calibration values for caliper data, determining raw cotl
signals from tool arrays deeper in the borehole.

{0068} Example 10 is a non-transitory computer readable medium that stores
instructions for execution by processing circuitry to perform operations for
borehole corkscrew effect reduction on tool measurements in a borehole, the
operations: measure caliper data of the borehole; define an unaffected zone of
the borehole substantially unaftected by borehole corkscrew effect; define an
affected zone of the borehole atfected by the borehole corkscrew effect; average
the caliper data corresponding to the affected zone; and update previously
measured resistivities based on at least one of the average caliper data, apparent
conductivity, skin effect correction, or borehole correction.

{0069} In Example 11, the subject matter of Example 10 can further include
wherein updated previously measured resistivities comprise one foot vertical
resolution resistivities (Ro), two foot vertical resolution resistivities (R}, and
four foot vertical resolution resistivities (&7}

{0076} In Example 12, the subject matter of Examples 10-11 can further
include generate a table having temperature corrected mud resistivity (R},
average caliper data, updated apparent conductivities (Gapp) for each of a
plurality of coil arrays based on the average caliper data, skin effect correction,
and borehole correction for the plurality of coil arrays.

{0071] In Example 13, the subject matter of Examples 10-12 can further
include determine the updated apparent conductivities for the plurality of coil
arrays comprising 6 inch, 10 inch and 17 inch coil arrays.

{0072] In Example 14, the subject matter of Examples 10-13 can further

include execute a re-log process with the updated apparent conductivities for the

11



WO 2016/118549 PCT/US2016/013993

plurality of coil arrays; and determine the updated Ro, R, and Rrresistivities
based on the table.

{0073] Example 15 is a system comprising: a wireline tool having a sensor
tool; and control circuitry, the circuitry configured to reduce a borehole
corkscrew effect on array induction measurements in a borehole, the circuitry
configured to define a zone in the borehole unaffected by the corkscrew effect
and a zone in the borehole affected by the corkscrew effect, average caliper data
of the borehole for the zone in the borehole affected by the corkscrew effect, and
update previously measured formation resistivities based on the average caliper
data.

{6074} In Example 16, the subject matter of Example 15 can further include
wherein the updated resolution outputs comprise different vertical resolutions.
{6075} In Example 17, the subject matter of Examples 15-16 can further
include wherein the circuitry is further configured to generate a reference look-
up table for mud resistivity, caliper, o for each coil array of the sensor tool, skin
effect, and borehole correction.

{0076] In Example 18, the subject matter of Examples 15-17 can further
include wherein the circuitry is further configured to generate a temperature
corrected look-up table based on the reference look-up table and temperature
coefficients.

{00771 In Example 19, the subject matter of Examples 15-18 can further
include wherein the circuitry is further configured to generate the temperature
corrected look-up table for each array of the sensor tool.

{0678] In Example 20, the subject matter of Examples 15-19 can further
include wherein the circuitry is further configured to control the further drilling
of the borehole based on a re-log process with newly obtained capp, apparent
conductivities for a plurality of array coils based on the average caliper data and
the updated resolution outputs.

{0679] In the foregoing Detailed Description, it can be seen that various
features are grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not to be interpreted as

reflecting an intention that the claimed embodiments require more features than
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are expressly recited in each claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate

embodiment.
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Claims

What is claimed is:

L. A method for reducing borehole corkscrew effect on array induction tool
measurements, the method comprising:
defining a zone in a borehole unaffected by the corkscrew effect and a
zone in the borehole affected by the corkscrew effect,
averaging caliper data of the borehole for the zone in the borehole
atfected by the corkscrew effect; and
updating previously measured formation resistivities based on the

average caliper data.

I

The method of claim 1, wherein updating the previously measured
formation resistivities comprises updating the previously measured
formation resistivities based on the average caliper data, apparent

conductivity, skin effect correction, and borehole correction.

(8]

The method of claim 2, wherein the updating the previously measured
resistivities further comprises generating a table comprising the average
caliper data, the apparent conductivity, the skin effect correction, and the

borehole correction for each array of a multiple array tool.

4. The method of claim 1, wherein defining the zone in the borehole
attfected by the corkscrew effect comprises defining a start depth and an

end depth of a portion of the borehole affected by the corkscrew effect.

U

The method of claim 1, further comprising measuring the caliper data of
the borehole using a mechanical or sonic tool to log borehole diameter

readings of the borehole.

14
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6.

The method of claim 1, further comprising generating a reference table of
mud resistivity, caliper data, conductivity, skin effect correction, and
borehole correction for the zone in the borehole unaffected by the

corkscrew effect.

The method of claim 6, wherein generating the reference table comprises
generating the reference table for each array of a muitiple array tool as a
reference table for the zone in the borehole unaffected by the corkscrew

effect.

The method of claim 1 and further comprising:

determining a time to reach a predetermined depth in a borehole and a
logging speed;

determining calibration values for caliper data in response to the average
caliper data;

determining temperature coefficients;

determine skin effect parameters;

generating a calibration application based on the calibration values and

temperature correction based on the temperature coefficients;

determining a skin effect correction based on the skin effect parameters;
and

performing a borehole drilling correction in a geological formation based
on the skin effect correction, the temperature coefficients, the

depth alignment, and the calibration values.
The method of claim 8, further comprising, prior to determining the

calibration values for caliper data, determining raw coil signals from tool

arrays deeper in the borehole.

i5
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10.

It

12.

13.

A non-transitory computer readable medium that stores instructions for

execution by processing circuitry to perform operations for borehole

corkscrew effect reduction on tool measurements in a borehole, the

operations:

measure caliper data of the borehole;

define an unatfected zone of the borehole substantially unaffected by
borehole corkscrew effect;

define an affected zone of the borehole affected by the borehole
corkscrew effect;

average the caliper data corresponding to the affected zone; and

update previously measured resistivities based on at least one of the
average caliper data, apparent conductivity, skin effect correction,

or borehole correction.

The non-transitory computer readable medium of claim 10, wherein
updated previously measured resistivities comprise one foot vertical
resolution resistivities (Ko}, two foot vertical resolution resistivities (&),

and four foot vertical resolution resistivities (Ry).

The non-transitory computer readable medium of claim 10, the

operations further:

generate a table having temperature corrected mud resistivity (£},
average caliper data, updated apparent conductivities (Gupp) for
each of a plurality of coil arrays based on the average caliper data,
skin effect correction, and borehole correction for the plurality of

coil arrays.

The non-transitory computer readable medium of claim 12, the
operations further:
determine the updated apparent conductivities for the plurality of coil

arrays comprising 6 inch, 10 inch and 17 inch coil arrays.

16
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14.

16.

18.

19.

The non-transitory computer readable medium of claim 12, the

operations further:

execute a re-log process with the updated apparent conductivities for the
plurality of coil arrays; and

determine the updated Ko, Ry, and Kyresistivities based on the table.

A system comprising;

a wireline tool having a sensor tool; and

control circuitry, the circuitry configured to reduce a borehole corkscrew
effect on array induction measurements in a borehole, the
circuitry configured to define a zone in the borehole unaffected
by the corkscrew effect and a zone in the borehole affected by the
corkscrew effect, average caliper data of the borehole for the zone
in the borehole aftected by the corkscrew effect, and update
previously measured formation resistivities based on the average

caliper data.

The system of claim 15, wherein the updated resolution outputs comprise

different vertical resolutions.

The system of claim 15, wherein the circuitry is further configured to
generate a reference look-up table for mud resistivity, caliper, ¢ for each

coil array of the sensor tool, skin effect, and borehole correction.

The system of claim 15, wherein the circuitry s further configured to
generate a temperature corrected fook-up table based on the reference

look-up table and temperature coefficients.

The system of claim 18, wherein the circuitry is further configured to
generate the temperature corrected lock-up table for each array of the

sensor tool.
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20.

The system of claim 15, wherein the circuitry is further configured to
control the further drilling of the borehole based on a re-log process with
newly obtained Gapp, apparent conductivities for a plurality of array coils

based on the average caliper data and the updated resolution cutputs.

18
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