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(57) Abstract: A ranging system and method to determine a rela-
tive distance and direction of a target borehole relative to a second
borehole using a ranging tool that can make ranging measurements
while the ranging tool is not rotating. An array of button electrodes
included in the ranging tool can be fired in a sequential fashion so
as to simulate rotation of one or more button electrodes, without
the ranging tool rotating. The array of button electrodes can also
be fired in a sequential fashion so as to simulate rotational and/or
longitudinal movement of the ranging tool..
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REENTRY AND/OR REDRILLING RANGING USING FOCUSED ELECTRODE
VIRTUAL SETS AND SIMULATED ROTATION

TECHNICAL FIELD

The present disclosure generally relates to oilficld equipment and, in particular, to downhole
tools, drilling and related systems and techmiques for ranging target wellbores. More
particularly still, the present disclosure relates to methods and systems for determining the
position, direction, and orientation of a conductive pipe (e.g. a tubing string) relative to

another wellbore being drilled.
BACKGROUND

Hydrocarbons, such as oil and gas, are commonly obtained from subterrancan formations that
may be located onshore or offshore. The development of subterrancan operations and the
processes involved in removing hydrocarbons from a subterrancan formation can be complex.
Typically, subterranean operations involve a number of different operations such as, for
example, drilling a wellbore at a desired well site, treating the wellbore to optimize
production of hydrocarbons, and performing the necessary operations to produce and process

the hydrocarbons from the subterrancan formation.

Ranging tools are used to determine the position, direction, and orientation of a conductive
pipe (for example, a metallic casing) for a variety of applications. In certain instances, such
as in a blowout, it may be necessary to intersect a first well, called a target well, with a
second well, called a relief well. The second well may be drilled for the purpose of
itersecting the target well, for example, to relieve pressure from the blowout well. In certain
instances, such as a crowded oil field, it may be necessary to identify the location of multiple
wells to avoid collision incidents. In certain instances, a ranging tool can be used to drill a
parallel well to an existing well, for example, in steam assist gravity drainage (SAGD) well
structures. In certain instances, a ranging tool can be used to track an underground drilling
path using a current injected metallic pipe over the ground as a reference. Traditional
electrode sources, for example, for a mandrel, can require insulating gap subs in ranging tool
designs to prevent the source and return electrodes from effectively being shorted. It can be
difficult to maintain structural integrity and reliability of the ranging tool due to these
msulating gap subs.

Date regue/date received 2021-10-28
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Additionally, during such ranging operations, as the second well is drilled closer and closer to
the first (i.e. target) well, the sensors used on many ranging tools can produce blurry images
due to the sensors not having directional sensitivity to provide clear imagery of the target

well.

Therefore, it will be readily appreciated that improvements in the arts of determining the

position, direction, and orientation of a target well is continually needed.
SUMMARY

In accordance with a general aspect of the disclosure, there is provided a ranging method for
determining a relative position of a target well to a re-entry well, the method comprising:

positioning a bottom hole assembly (“BHA”) of a drill string within a ranging proximity to
the target well, the BHA comprising eclectrodes and receivers, the eclectrodes being
circumferentially distributed; exciting the electrodes to simulate rotation of the BHA,
including sequentially firing the electrodes for creating a virtual rotation of the electrodes;
obtaining downhole measurements associated with the excitation of the electrodes; and using

the measurements to determine a relative position of the target well to the re-entry well.

In accordance with another general aspect, there is provided a ranging method for
determining a relative position of a target well to a re-entry well, the method comprising:
positioning a bottom hole assembly (“BHA™) of a drill string within a ranging proximity to
the target well, the BHA comprising a first electrode, second eclectrode, and plurality of
magnetic field receivers spaced circumferentially around the drill string; using a firing map,
exciting the first and second electrodes to thereby simulate rotation of the BHA, the firing
map including parameters used during the excitation of the first and second electrodes; using
the receivers, obtaining downhole measurements associated with the excitation of the first
and second electrodes; and using the measurements to determine a relative position of the
target well to the re-entry well, the relative position comprising at least one of a direction,

distance and orientation of the target well relative to the re-entry well.

In accordance with a further general aspect, there is provided a ranging tool for determining a

relative position of a target well to a re-entry well, the tool comprising: a bottom hole

Date regue/date received 2021-10-28
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assembly (“BHA™) coupled to a drill string; a first electrode positioned along the BHA; a
second electrode positioned along the BHA; a plurality of magnetic ficld receivers spaced
circumferentially around the drill string; and an information handling system comprising
mstructions that, when executed by a processor communicably coupled to the first and second
electrodes, causes the information handling system to perform operations comprising: using a
firing map, exciting the first and second electrodes to thereby simulate rotation of the BHA,
the firing map including parameters used during the excitation of the first and second
electrodes; using the reccivers, obtaining downhole measurements associated with the
excitation of the first and second electrodes; and using the measurements to determine a
relative position of the target well to the re-entry well, the relative position comprising at

least one of a direction, distance and orientation of the target well relative to the re-entry well.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present disclosure will be understood more fully from the
detailed description given below and from the accompanying drawings of various
embodiments of the disclosure. In the drawings, like reference numbers may indicate
identical or functionally similar elements. Embodiments are described in detail hereinafter

with reference to the accompanying figures, in which:

FIG. 1 is a diagram illustrating an example ranging system, according to one or more

embodiments of the present disclosure.

FIG. 2 is a diagram illustrating an example information handling system, according to one or

more embodiments of the present disclosure.

FIG. 3A is a diagram illustrating example gradient measurement components in relation to a
target object and the magnetic fields produced by currents on the pipe, according to onc or

more embodiments of the present disclosure.

FIG. 3B is a diagram illustrating example ranging geometry, according to onc or more

embodiments of the present disclosure.

FIG. 4A is a diagram illustrating a cross-sectional view of an example button ranging system
using direct excitation of the button, according to one or more embodiments of the present

disclosure.

2a
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FIG. 48 15 a diagram ilustrating a frond view of an example button ranging system using direct
s po K p] &

excitation of the button, according to one or more embodiments of the present discloswre.

FIG. 4C 15 a diagram lustrating a cross-sectional view of an example button ranging system
using toroidal excitation of the bution, according to one or more embodiments of the present

disclosure:

FIG. 4B s a disgram ilustrating a front view of an example bulton ranging system using

toroidal excilation of the button, according o one or more embodiments of the present

disclosure.

FIG. 3A and FIG. 3B are diagrams illustrating excitation of a button for determining presence

of a target object, according to one or more embodiments of the present discloswrs,

FIG. 615 o representative cross-sectional view of an example botion ranging svstem showing

examnple circamferential spacing of buttons around & ranging tool body, according to ong or

more smbodiments of the prasent disclosure,

FIG. 7 iy a representative cross-sectional view of an example bution ranging system showing
example longitodinal spacing of button electrodes along o ranging tool body, according to one

or more embodiments of the present disclosure,

FIG. 8 iz a represestative side view of an example budton rmging system showing example
fongitudinal and circumferential spacing of buiton electrodes on a ranging ool bedy, accarding
tor one or more embodiments of the present disclosure.

FI(;. 9 is a represenigtive circular timing diagrem for three different firing sequences for g
button slectnde in the example bulion ranging svsteny of either FIGS, 7 andlor &, asconding fo
ong ormorg embodiments of the presant disclosure.

FIG. 10 is o representative diagram of example signals that can be transmitted by the button
glectrode of FIG. ¢, according 16 one of morg embodiments of the presemt disclosorg.

FIG. 11 s a Qowehart of an example method for excitation of buttons for a ranging application,
according i one or more embodiments of the present disclosure,

FIG. 12 is a representative block diagram of a circwnferential array of buttons 130A-D in the

mandrel of the tool, according to certain embodiments of the present disclosure.

Tk
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FIG. 13 is a representative block diagram of a longiudinaliv/axially spaced amay of butions

130A-B in the mandrel of the tool, according (o certain embodiments of the present discloswre.

While embodiments of this disclosure have been depicted and described and ave defined by
refevence to exemplary embodiments of the discloswre. sneh references do not imply &
Hinitation on the discloswre, and no such Umitation s o be inferrad.  The subuect mattesr
disclosed is capable of considerable modification, alieration, and equivalents in fortm and
fomction, as will ccour to those skilled in the pertinent ant and having the benefit of this
disclosura. The depicted and described embodiments of this disclosure are examples only, and

ot exhausiive of the scope of the disclosure.

DETAJLED DESCRIPTION OF THE DISCLOSURE
The disclosure may repeat veference munerals andsor letters in the various examyples or Figures.
This vepetition is for the purpose of simplicity and clarity and does not in itself dictate a
relationship betwesn the vanows embodimenis andior configurations discussed.  Further,
spatiglly relative terms, such as beneath, below, lower, shove, upper, uphole, downhole,
upstream, dowasiream, and the Hke, may be used herein for easa of description to describe one
element or feature’s relationship {0 another slement{s) or feattwe{s) as Hustrated, the apward
direction bemng toward the top of the corresponding figure and the downward divection being
toward the bottom of the comesponding figure, the uphole direction being toward the surface
of the wellbore, the downhole direction being toward the toe of the wellbore, Unless othenwise
stated, the spatially relative terms are infended to encompass different orientations of the
apparatus in use of operation in addition to the orentation depicted in the Figures. For example,
if an apparatus in the Figures is taned over, elemends deseribed as being “below™ or “beneath”™
other elements or features would then be oriented “above™ the other elements or features, Thas,
the exemplary term “below™ can encompass both an orientation of above and below. The
apparatus may be otherwise oriented {rotated 90 degrees or at other orientgtions) and the

spatially relative descriptors used herein may likewise be mierpreted accordingly.

Moreover, even though a Figwe may depict a horizonial weltbore or 8 vertical wellhore, unless
mdicated otherwise, 1t should be understood by those skilled in the art that the apparatus
scvording 1o the present disclosure is egually well suited for use in wellbores having other

orientations chuding vertical wellbores, stanted wellbores, multtlateral wellbores or the like
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Likewise, unless otherwise noted, even though a Figure may depict an offshove operation, #
should be undersiood by those skilled in the art that the method anddor system according to the
present disclosure is equally well suited for use in onshore operations and vice-versa. Further,
uniess otherwise noted, even though 3 Figure may depict 3 cased hole, it should be undersiood
by those skitled i the art that certamn embodiments of the method andfor systems according to

the present disclosure are equally well suited for ase in open hole opevations.

As used herein, the words “comprise.” “have,” “include.™ and all grammatical variations
thereef are each intended to have an open, non-limiting meaning that does not exclude
additional elements, steps, or operations. While compositions and methods are deseribed in
terms of “comprising,” “containing.” or “inchading” various components. steps, Or operations,
the compostitons and methods also can “consist essentially of or “consist of” the various
components, steps, and operations. 1t should also be understood that, as used herem, “Hrst,”
“second,” and “third,” are assigned arbitranily snd are mevely mtended to differentiale between
{we o7 more objects, ete., as the case may be, and does not indicate gny sequence. Furthermore,
i is to be undarstood that the mers use of the word “first™ does pot require that there be any
“seconnd,” and the mere yse of the word “second™ does nut sequire that there be any “{irst™or
“third” ste.

The torms i the clums have thelr plain, ordinary meaning unless otherwise cxplicitly snd
clearly defined by the patentee. Moreover, the indefinite articles “a” or "an.” as nsed i the
claims, are defined herein {0 mean one or more than one of the element that it indroduces. IF
there is any conflict in the usages of @ word or term in this specification and one or more
patent{s) or other documents that nway be incorporated herein by reference, the defimitions that

are consistent with thus specification should be adopted.

For purposes of this discloswre, an information handling system may include any
mstrumentality or aggregate of instrumentalities opersble to compute, classify, process,
fransmi, receive, refrieve, originate, switch, store, display, manifest, detect, record, reproduce,
handle, or utilize any form of information, intelligence, or data for business, scientific, control,
or other purposes.  For example, an information handling system may be a personal compuer,
a network storage devige, or any other suitable device and may vary in size, shape,
performance, functionality, and price. The information handling system may include random
access memory {RAM), one or more processing resources such as a central processing uoll

{CPUy or hardware or soltware control logic, ROM, snd/or other types of nonvolatile memory.

L
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Addhitional components of the information handling system may include one or more disk
drives, one or more network ports for convnunication with external devices as weall as various
mput and output (KO} devices, such as a kevboard, 8 mouse, and a video display. The
fnformation handling system may also include one or more buses operable to transmit
commumucations between the vanious hardware componends. The indormation handling system
nray also inchude one or more interface units capable of transmitting one or more signals to 2

controfler, actuator, or like device.

For the purposes of this disclosure, computer-readable media may include any instrumentality
or aggregation of istnunentalities that mayretain data and/or nstructions fora penod of ims.
Computer-readable media may inclade, for example, without hmyitation, storage media such as
adirect acoess storage device (forexample, ¢ hard disk drive or Boppy disk drive), a sequential
access storage device {for example, a tape disk duive), compact disk, CD-ROM, DVD, RAM,
ROM, electrically erasable progravymable read-only memory (EEPROM), and/or flash
memory; as well g3 communications media such wires, optical ibers, microwaves, radio
waves, and other electromagnetic andfor optical carriers; andfor any combination of the

foregoing.

Hhustrative embodiments of the present disclosure are described in detail herein. Inthe interest
of clarity, not sl features of an actual tnplementation may be described 1 this specification.
It will of course be appreciated that m the development of any such actual embodiment,
pumerous  implemeniation-specific  decisions mwst be made to achieve the specific
implementation goals, which will vary fromw one implementation 1o another. Moreover, 8 will
be appreciated that such a development effort neight be complex and thme-conswmning, but
wontld nevertheless be 3 routine undartaking {or those of ordinary skill in the ant having the

benefit of the present disclosare.

Throughout this disclosure, a reference numeral followed by an alphabetical character refers to
a specific instance of an element and the reference mumeral alone refers to the clement
generically or collectively. Thus, as an example {not shown in the drawings), widget “1a”
refers o an instance of a widget class, which may be referred 1o collectively as widgets 17 and

e

any one of which may be referred o generically as a widget “17. In the figures and the

descripion, Hike nomerals are intended to represent ke elements.

6
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To facilitate & better understanding of the present disclosure, the following examples of ceriain
embodimentis ave given. In no way should the following examples be read to limit, or defling,
the scope of the disclosure. Embodiments of the present disclosure may be applicable to
drifling operations that include but are not limited to target {(such as an adjacent well} following,
{arget intersecting, target locating, well twinnimg such as i SAGD {(steam assist gravity
dramage) well structures, drilling reliel wells for blowout wells, river crossings, construction
nmneling, as well as horizontal, vertical, devinted, mulilateral, u-tube connection, intersection,
bypass {drill around a mid-depth stuck fish and back mio the well below), or otherwise
ponhinear welltbores i any type of sublerranean formation. Embodiments may be applicable
o injection wells, and production wells, including natural resource production wells such as
hydrogen suifide, hyvdrocarbons or genthermal wells: as well as horehole construgtion for river
crossing tenncling and other such numeling borcholes for near surface constraction purposes
or borchole p-tube pipelines used for the tramsportavios of flnds such g hydrocwrbons:
Embodiments described below with respect to one implementation are not intended t© be
fimiing,

The terms “couple” or “couples™ as nsed herein are intended to mean either an indivect or a
direct connection. Thus, if a frst device couples toa second device, thal connection may be
through a direct connection or through an indirect mechanical or electrical comnection via other
devices and connections. Similarly, the term “comumunicatively coupled” as used herein is
intended o e etther & divect oran indirect commmmication connection. Such connection
may be a wired orwireless connection such as, for example, Ethernet or locsl grea network
{LAN}. Such wired and wireless connections are well known 10 those of ordinary skill in the
art and will therefore not be discussed in detail herein. Thus, ifa first device communicatively
conples 1o a second device, that connechion may be through a direct connection, or dwough an

indirect communication connection via other devices and connections,

Giengrally, this disclosure provides a system and method for reentry and/or redeilling ranging
using focused electrode vinual sets and simulated rotapon of the electrode sets. In one
example, an array of button electrodes can be circumferentiolly and longitudinally/axaally
spaced on a mandrel of a downhole tool, with the selective firing of these buttons creating a

virtual rotation of the buttons without the mandrel rotating,

Modery petrolewm diilling and production operations. demand joformation relativg o

parameters and condifions downbole,  Several methods exist for downbole information

-3
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collection, lmcluding logging while drilling ("LWD™} and msasurement-while drilling
MWD In LWD, dats is typically collected duwring the drilling process, thereby avoiding
any heed to remove the drilling assembly to insert a wireline logging tool. LWD consequently
allows the driller 1o muke accurate real-time modifications or comrections 10 optimize
performance while mimgmizing down time. MWD s the lerm for measwing conditions
downhole concerning the movement and location of the drilling assembly while the dnlling
continues. LWD concentrates more on formation paramefer measurement. While distinctions
betwesn MWD and LWD may exist, the terms MWD and EWD often are used interchangeably.
For the purposes of this disclosuse, the term LWD will be nsed with the understanding that this
tenin encompasses both the collection of formation pararneters and the collection of tnformation

relating 1o the movemeant and position of the drilling assembly.

There exist different approaches for obtaining current on the target olyect to perform ranging
operstions and for laking ranging measurements. Ranging tools may be used to determine the
position, onentation and direction of a target object that 1s conductive, for example, the metallic
casing of 3 target object or well, In one gpproach, an glectrade type source is used o induce
current o the target object. Thix curvent-then induees o secondary-magnetic feld which van
be measured by the recetvers on the ranging tool. Based on the strength of the magnetic figld,
location of the target obigct may be deternuned, for example. Allerngtively, gradient of the
nagnetic field radiated by the target object in addition to the magnetic field itself mav also he
megspred. By using a relstionship between the magoetic field and s gradient, 8 ranging

megsurement may be made,

In existing ranging tools that vse direct excitation, electrodes are located directly on the
mandrel which may alter the infegrity or strength of the mandrel. This is an important
considerstion given the amount of stress ou the mandrel during drilling operations, for example,

lopging while drilling operations, I the electrodes are located on an exterior surface of the
mandrel the source and return electrodes would effectively be shorted necessitating the use of
msulating gap subs which way also affect electrical connections producing difficulties in
design and redoced reliability of the vanging ol One or more embodiments of the present
disclosure position electrodes {e.p.. button slectrodes) within an selation layer where the
isolation laver is within a groove or recess of a mandre! or downhole tool. The electrodes may
be excited via direct excitation or loroidal excitation. The iselstion laver ensures that there is

no divect coupling from the electrodes io the mandvrel which may signilicantly reduce the
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currents on the mandrel, These electrodes have partial aximuthal coverage as the butions may
not wrap entively arotond the mandrel. Curvents arve forced to a certain arimuthal direction
allowing for directional messurements, Thus, effective mandrel isolation is accomplished,
comparable (o that of a pap sub, with the benefit that the suwuctural sienpth and integrity and

reliability of the downhole ool are improved.

FIG. 1 is a diagram dlustrating an example drilling and ranging system emwvironment 104,
according 1o aspects of the present disclosure. The environment 100 includes nig 144 at the
surface 105 and positioned above borehola 106 within o subterranean formation 102, Rig 144
may be coupled to a drilling assembly 107, comprising drill string 108 or cotled tubing {not
shown} and bottom hole assembly (BHA} 109, The BHA 109 may comprise a deill bt 113 and
adownbole tool 111, The downhole tool 111 may be any type of dewnhale ool 111 including,
bat not Hmited o, @ MWD, an LWD, ranging tool, sensorg, a galvanic tool, eic. Tn ¢ertam
embodiments, the drilling assembly 107 may be rotated by a top drive mechanism {not shown)
o redate the drill bit 113 and extend the borehole 106, In certain embodiments the BHA may
be squipped with stabilizers (not shown)} to mechanically stabilize the BHA in the borehole in
order {0 avord uninlentionsd sideracking and vibrations.  In certain other embodiments, a
downhole motor {not shown), such a3 a mud motor, may be incloded to rotate the dnll bit 113
and extend the borehole 106 without rotating the drilling assembly 107, In other embodiments,
such as i an ofishove drilling operation, the surface 103 may be sepavated from the rig 144 by

avolume of water.

As used herein, # galvanic tool may comprise sny o0l with electrodes through which carrent
is injectad into a subterranean formation and a voltage response of the formation to the injected
carrent 1§ measured.  As the bit extends the borehole 106 throush the formation 102, the
downbole tool 111 may collect resistivity measurements relating to borebole 106, the borehole
103 and the formation 102. In cerfain emboduments, the orientation and position of the
downhole tool 111 may be wracked using, for exanwple, an azimuthal orientation indicator,
which may include magonetometers, nclinometers, and/or accelerometers, though other sensor
types such as gyroscopes may be used in some embodiments. The downhole tool 111 can also
collect measurements while the drill bit is not rotating. In this configuration, the downhole tool
111 can provide a virteal rotation of the downhole tool 111 by selectively energizing electrodes
o simmilate rolation of the downhole tool 111 Simulating 8 rotation of the elecirodes may

require an array of 2 or more elecirodes positioned on the downhole tool 111,
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Ranging operations may require that a location of a target object, for example, a conductive
targed, be identified. In the embodiment shown, the target object comprises a target well 142
for a second borchole 103, The borehole 103 may comprise g casing 140 confaiming or
composed of an electrically conductive member such as casing, liner or a drill string or any
portion thereof that needs {0 be iniersected, followed, tracked or avorded. In the embodiment
shown, the borchole 103 includes an elecincally conductive casing 140, Identifving the
location of the trget well 142, with respect to the drilling well 141, with conductive casing
1 miay comprise taking various measurements and determining a direction of the target well
{42 and borebole 103 relative to the borehole 106, These measurements may comprise
measurenients of electromagnetic fields in the formation using the buttons 130, Magnetic field

measurements may identify the distance, orientation and direction to the target well 142,

In certain ambodiments, performing ranging measwements may include inducing m
electromagnetic (EM) field within the second borehole 103 In the embodiment shown,
mducing g magnetic Held within the borebole comprises imjecting g formation carrent 134 mio
the formation 102 by excizing 2 source button 1309 and returning at retarn button 130b where
the battons 13 are isolated from the BHA 109 erdownbuie tool 111 by an isolation layer 120,
Part of the indaced formation carrent 134 may be recetved and concentraied at the casing 146
within the target well 142, shown as current 138, and the current 13X on the casing 140 may
mduce a magnetic feld 136 in an azipnshal direction from the direction of the flow of the
electric corrent 138, Formation corrent 13 may be induced within the formation 102 by
energizing the source button 130a of the drilling assembly 147 according fo g control signal
that specifies signal characteristics for the formation current 134, The formation current 134
may comprise, for example, an alternating corrent elecirical signal. The source bution electrode
{300 may be insulated from the BHA 109 and excited divectly, or elecincally connected to ov
a part of the BHA and excited eleciromagnetically with a toroidad winding.,  Part of the induced
formation cureni 134 may be reveived and concentraled ot the casing 140 within the fargst
well 142, showseas current 138, and the corrent 138 on the casing 148 may induce o magnetic
field 136 in an azinuthal direction with respect to the direction of the flow of the electric corrent
138, A magnetic field 136 created by the target object or target well 142 may be proportional

to the currend Howing into the formation.

In particalar, the drilling assembly 17 mcludes grooves or recesses wihich allow for

msiallation of isolation layers 1200 Electrode buttons 130 may be buttons which are installed
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within the isolation lavers 120 and excited directly {direci excitation). While buftons 130 are
shown as being exciied using divect exciiation, in other embodiments, electrode butions 130
may be electrically connected o or a part of the BHA 109 and excited eleciromagnetically with
a toroidal winding {toroidal excitation). The direct excitation may work at lower frequencies
compared to the {orowdal excitation, however toreidal excitation provides higher siructaral
fntegrity as total isolation from the mandrel is not requuired. Isolation layers 120 may aid corrent
1o flow into the formation 102, The isolation lgvers 120 and elecirode buttons 130 may be
installed within any ong or more portions of the downhole tool 111, The isolation layers 120
and electrode butions 130 are nstalled such that no cut that slices the mandrel, downhole tool
111, BHA 109, efe. need be made as the isolation lavers 120 and buttons 130 are instelled
within g groove or recess. In any embodiment, the isolation lavers 124 and butions 130 may
be located at a top portion of the downhole tool 111 andfor a botiom portion of the dowsnhole
tool 111 and/orany location in belween. In other embodiments, the isolation lgyers 120 and
buttons 130 may be locsted within avy downhele oo, mandrel, LWD, MWD, BHA 109, or
any other component or slement of drill string 108 such as, for example, stabilizers. Buitons
130 may compnise a sorce bulton 1363 located af an 1solation laver 120a and 3 retumn bution
130b located at an isolation laver 120b. The isolation lavers 120 electrically isolate the buttons

130 fromethe downhole ool 111,

The source batton 1308 may comprise my antenna and the fonmation cirrent 134 mgy comprise
& timesvgrying electromagnetic feld that is emitted from the source button 1305, The receivers
{1 may comprise but are not Himited to an induction type sensor, 4 Hall Effect magnetometer
sensor, a magnetic gradiometer or a combination or pawr of any of the magnetometers Hsted
above or any other type of sensor or combination of sensors known to one of ordinary skill in
the arl. Likewise, {he receivers 110 may be umaxial, biaxial, or triaxial, and also may be a
fhus-gate, solenoid, or coil tvpe sensor. i cerfain embodiments, an isolation laver 1324 and
corresponding fnstalled button 130 may be positioned at vavious locations along the BHA 109,
or gbove the BHA 109 suchias between the dedll sinng 108 and the BHA 109, The orlentation
of the buttons 130 may be reversed, for example, the source button 130a may be located closer
1o the drilf bit 113 or closer 1o the surfice 103 in relation {0 the return bulton 130b. ltmay be
advantageous to position the buitons 130 as close to the bottom of the borehole 106 as possible.
It may be advantageous to locate the source button 130 and return button 130b gs far apart as

possible or 1o locate the source button 130a and return ngtton 130b within a predefined range.
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Similarly, recaivers 110 may be located at anyv suitable location along or at any component of
drill string 108 Additional source buitons 130a can be positioned at varying distances from
the button 1300, thereby varying the depth of penetration of the injected currents 134 mto the
formation 102, Thers can also be additional retwrn butions 130b o increase the flexibility of
the downhole {ool 1] {o interrogate the formation 102 for target wells. The additional sousce
buttons 103a and return buttons 130b can be grcumferentiatly spaced spart around a body of
the downhole ool 111 as well as tongiidinally/axially spaced apart along the sas of downhole

tool 111, which can form a ciroular grid of butions 130 in the downhole tool 111,

In certain ilustrative embodiments, 3 hole in the isolation layvers 126 and the downbule tool
111, or any other pant of the BHA 109 or dniling assembly 107, may be uiilized to permit a
wire (not shown}y to couple 1o the source bulions 1301 fo excite {for example, direct the
formation curvent 134} the source buttons 130z, In any embodiment, the source button 130a
may be located on the order of 10200 feet from the return button 130b or at any range greater,

lesser or m between,

I certain  embodiments, performing rangimg measuraments may mclude inducing an
glectromagnetic (EM) field within the second borehole 103 based, at least in part, on a
formation current 134 injected into the formation 102, In the embodiment shown, inducing an
clectromagnetic ficld within the borchale 103 comprises injecting a formation cwrent 134 by
exciting a source button 130a to induce current 1o flow into the formation and relurn af veturn
button 130h. The source of the excitation may be a voltage or 8 current. Butions 130 may be
components of the downhole tool 1Y, BHA 109, or any other dowanhole component.
Formation current 134 may be induced within the formation 102 by energizing the soprce
utton 136a of the drilling assembly 167 according to a control signal that specifies signal
characteristics for the formation current 134, The formation cumrent 134 may comprise, for
exgmple, an allernating curvent elecincal signal,  Part of the formation current 134 may be
received and concentrated at the casing 140 within the conductive tarpet {larget well 142},
shown as current 138, snd the curvent 138 on the casing 140 may indace a magnetic Beld 136
i an azimuthal direction with respect to the divection of the fow of the electric current 138,
A magnetic field 136 oreated by the conductive target or casing 140 may be proportional to the
carrent flowing inlo the formation 102; strength of this magnetic field 136 decreases as the

radial distance from the conductive target or casing 140 inoreases.
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v certain embodiments, a system control unit 104 may be positioned at the surface 103 as
depicled tn FIG. 1 and may be communicably or communicatively coupled to downhole
clements including, but not limited {o, deilling assembly 107, telemetry system 118, downbole
fool 111, and BHA 109, In other embodiments, 3 svstem control unit 104 may be positioned
below the surface 105 (ot shown} and way compumicate data o another system control anit
104 or any other system capable of recetving data from the system control unit 104, For
example, the control unit 104 may be comununicably coupled o the downhole tool 111,
electrodes 130, drill bit 113, or any other component through a telemetry systemn 118, The
telemeiry system 118 may be incorporated inte the BHA 109 or any other downhole component
of drilling assembly 107 and mav comprise 8 mod pulse type telemetry system that transmits
mionnation between the surface svstem control unit 104 and downhole elements via pressure
pulses o drilling mad. Although the sysiem control umit 104 is positionsd at the sarface 105
m FlG. 1, ceriain processing, memory, and control clements way be positioned within the
dritling assembly 107 Additionally, various other communication schemes may be used to
ransml  communications  tofrom  the system conwrol unit 104, mmclading  wireline

configurations and wireless configurations,

In certain embodiments, the system control unit 104 may comprise an nformation handling
system with at least one processor and a memory device communicably coupled 1o the
processor that contains a set of instructions that when executed cause the processor io perform
cortain actions.  Tn gny erbodiment, the mformation handling system may include a nop-
fansitory computer readable medium thal stores one or more nstructions where the one or
more instructions when executed cause the processor o perform cerfain acions, As used
herein, an information bandling syslem nwmy include any instrumentality or aggregate of
mstromentalities operable to compute, classify, process, transmai, receive, retrieve, originate,
switch, stove, display, manifest, detect, record, reprovluce, handle, or uiilizg any form of
fformation, nuelligence, or data for business, scientific, vontrol, or other purposes.  For
examiple, an information handling system may be a compuler temunal, & pebwork storage
device, or sy other sultable device and may vary in size, shape, performance, functionality,
and price. The mformation handling svstent may include random access memory (RAM), one
oF move processing resources such as a central processing wait (UPU} or hardware or software
control logic, read only memory {ROM), andior other types of nonvolatile memore. Additional

components of the iformation handling systam may ichade one or more disk drives, one or
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more network ports for communication with external devices as well as various input and
cadpat {170} devices, such as a keyboard, a mouse, and a video display. The infwmation
handling system may slse include one or more buses operable © ransmil conununications

between the various hardware components.

The formation current 134 may be injecied into the formation 102 by sxehiation of the source
button 130a. In cerdain embodiments, the systes control unit 104 may excite the source button
13¢a by sending a command downhole to the downhole tool 111 or a controller associated with
the downhole tool 111, The command{s) may cause the downhole ool 111 o excite the source
tton 1302, In other ewbodiments, the source buiton 130z is excited by a downhole sowee
focated at or associated with the downhode tool 11, In one or more embodirents the source

of exgitation may be located downbiole or af the surface 105,

In ceram embodiments, the signal characteristics of the formation cuvent 134 may be based
at least tn part on at least one downhole chavacteristic within the borehole 106 and formation
102, including & noise level within the formation 102, a frequency transfer function of the
source button 130a, the return button 130b, and the formation 102; and a frequency response
of the target ohject. The noise level within the formation 102 may be measured downhole using
electromagnetic or acoustic vecetvers coupled to the drilling assembly, for example. The
frequency transfor funciion and the frogquency response of the target borchole 103 way he
deternuned based on various mathematical models or may be extrapolated from previous
ranging wigasarements:  In cevtain smbodimends, the anticipated signal characteristic of the
formation current 134 can be determined prior to operation by using preexisting formation 102
surveys and evaluations from previous drlling jobs. In cerfmin embodiments, the anticipated
signal characteristic of the formation current 134 can be determined by simudating the signal
response using physics-based models. In certain emabodiments, the system control unit 104 may
further send conwnands to any one or more of receivers 110 o canse any one or wore of the
veceivers 110 to measure the induced magnetic fHeld 136 on the second borehede 103, These
receivers 110 can be circumferentially spaced at equal-distances sround the downhele tool 111
It is preferred 1o have a set of receivers 110 proximate the daill bit 113, However, it can also
b beneficial to have anather set of receivers 110 positioned above the downhole tool 111 away
from the drill bit 113, The relative positioning of the two separate receiver 11 sets relative to
the conductive casing 140 of the target well can provide additional information for steering the

drill string 198 relative to the conductive casing 140, Likethe source button 1 3a, the recebvers
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110 may be coupled to 3 downhole controller, and the conumands from the sysiem control unit
114 may control, {or example, when the measurements are taken. In certain embodiments, the
systent comtrol wmit 14 may determine and set a saropling rate of the mduced magnetic Geld
136, as will be described below, Additionally, measurements taken by the one or more
recetvers 114 may be trassmitied to the system control unil 104 via the telemetry system 118
The control unit 104 may delermine 8 distance, orentation and direction o the conduciive
target (for example, target well 142 or casing 140 of borehole 103} in the embodiment shown,
based at least in part on the measurement of the induced magnetic feld 136, For exaniple; the
syatem control unit 104 may use geometne algorithms to determune the distance, orientation
and direction of the second borehole 103 relative to the borehole 106, Geometrie algorithms
vefer to any algorithm used to describe compuistional geomeiry used fo solve various geomeiric
problems such as distance and divection between 1wo or more points, as would be readily

understood by those ordinarily skilled 1o the art having the beuelit of thix discloswe.

FIG, 2 159 diggram tlestepting g exanple mbormation handhag svsiem 200, according o
aspects of the present disclosure, The system control wnit 104 may take a form similar to the
information handling system 200, A processor or central processing unit {CPUY 201 of the
mbformation handling system 200 is commumicatively coupled fo a memory controtler hob or
north bridge 202, The processor 201 may include, for example 2 microprocessor,
microcontroller, digital signal processor (DSP), appheation specific integrated ciroust (ASICY,
ar any other digital or amslop circwiiry configured o mterpret and/or execide program
instructions andfor process data. Processor 201 may he configured o interpret andier execute
prograny instryctions or other data rettisved and stored iIn any memory such as mensory 2003 or
hard drive 207, Program insiractions ov other dafa may constitute portions of a software or
apphcation for carrying out one or more methods deseribed herein. Memory 203 monay inclade
read-only memory {ROM), random access memory (RAM), solid state memory, or disk-based
memory. Each memory module may include any systemy, device or apparatas configured to
relgin program instructions andfor dats for g pentod of time {(for example, computersreadable
non-transitory media).  For exanple; instructions Fom g software or application may be

refrieved and stored in memaory 203 for execution by processor 201,

Muodifications, additions, or omissions may be made to FIG. 2 without departing from the scope
of the present disclosure. For example, FIG. 2 shows a particular configuration of components

of information handhing svstem 200, However, any suilable configurations of components may

13
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be wsed. For sxample, components of mformation handling svstem 200 may be implemented
either as physical or logical components. Furthermore, in some smbodiments, fimctionality
assoclated with commponents of information hendling svsiem 200 wmay be implemented n
special purpose gircyits or compenents. [n other embodiments, fanctionglity associated with
components of mformation handhing system 200 may be implemented in configurable general
purpose cirowit or compoenents, For example, components of information handhing system 200

may be implemented by configured computer program instructions.

Memory controller hub 202 mav include & memary comiroller for dirgcting information o or
from various system memory componenis within the information handling system 200, such
as memory 203, storage element 206, and bard drive 207, The memory controller bub 202 may
be coupled 0 wemory 203 and p graphics provessing unit 204, Memory controller hub 202
may 3iso be coupled to an 1O controller hub or south bridge 205, 140 hub 203 is coupled w0
stovage elements of the wformation handling systera 200, including & storage element 206,
which mgy comprise a flash ROM that includes a basie mputioutput system {(BIOS) of the
computer system, TO hub 2093 is also coupled to the hard drive 207 of the information handling
system 200, TO hub 20% may also be coupled 1o 2 Super 10 chip 208, which ts itself couprled

torseveral of the VO ports of the computer system, inchading kevboard 209 and mouse 210,

In certain embodiments, detenmining the distance and direction of the second borchole 103
relative to the first borghele 166 may be accomypdished using the magnetic fields received by
ay ong or more of the receivers 110, In cerlain embodiments, the distance and direction
detenmination may be achieved utilizing the relstionship in Equation (1} between the pipe

current and the recetved nragnetic fields.

Equationd 1} I

where & s the magnetic field vector, 7 is the current on the pipe 140, 15 the shortest distance
between the return electrode 130h and the casing 140; and @¢1is g vector that is perpendicular
to both the s-axis of the receiver 110 and the shortest vector that connects the casing 146 10
the return elecirode 130b. Although Equation (1) assumes constant casing carrent along the

casing, 1t can be extended {o any current distribotion by using the appropriate maodel,

e certatn eibodinends, the disiance and divection of the second borehole 105 relative fo the

first borebole 106 may be determined wsing Eqguations {2 and {3), respectively.
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Equation {2}

g Qli&fiﬂkl {33 @ = gnglel XL ¥ h it

[T 3

where - is the vector inner-product operation, and X and ¥ are unit vectors orthogonal to a
syiunetry axis of the tood 111, In certain instances, however, Equation (2} may be unreliable

if a direct or accurate measurement of 715 not possible.

When a direct or accurate measurement of /15 difficult or impossible, magnetic field gradient
megsuremeant may be utilized for the direction and distance determinations. Spatial change in
the magnetic field may be measured in a divection that bas a substantial component in the radial

(r-axis} direction as i Equation (4).

o I -
) PN @
Equation (4) o e

where & 15 the partial derivative. With this gradient measurement available n addition to an
absolute nieasurement, the distance to the second borehole 103 may be calculated asing

Equation {3).

-~

i

7
g

&)

Equation {3)
In certam embodiments, the gradiend Held m Equation (8} mav be realized in practics by
wilizing finite difference of two magnetic field dipole measurements as shown below in

FEguation {6);

H,
. Ax YT e Ax ;
H}' {a+ 2 R H:ﬁie\- 2 B3
Eguation (&) Ax

where He and the gradient messurement components gre ilusirated m the 4-dipole
configuration of FIG. 3A in relation o 3 farget casing 140 and the magnetic figlds produced by
currents on the casing 140,

Dhrectionality of the buttons 130 proposed in the present disclosure may increase the accuracy

of the dowahole tool, for example, the accuracy of a ranging tool. The ranging gemmetry
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according fo aspects of the present disclosure iz illusirated in FIG. 3B, Although no retum
electrode 130 is shown, it may be assumed ihat the bution 130 i3 & sowrce buiton 130a or a
buatton 130 excited via torotdsl exciiation, FIG. 3B illusirates a ranging tool as the downhole
toot 111 (FIG, 1) mounted on a LWD drilling assembly 107 (FIG. 1). A reference point on the
{farget object {for example, casing 140 15 at a distance D away from o reference point on the
drifling assembly 107, which is #Hlustrated in FIG. 38 as the tp of the deill bt 103, The
inclination of the target object and the axinwuth of the target object with respect to the downhole
tool 111 are shown as 8§ and 4y, respectivelv. The divection of & umt vector paralis! to the axis
of the target object at the reference point is iHlustrated as o in FIG. 3B, A ranging ool should
deternune all fowr parameters 1o correctly identify the ranging parameters, for example,
direction, distance and orientation of a iarget object. An inversion algorithny mayv be used o
aid in determining these ranging parameters. Other paramedters may also require inversion, for
example, Ry gnd diameter dbh, while the formation 102 1= assomed o be bomogenecous with
a vesistivity of RE These parameters may be determined with the assistance of other tools, such
as a caliper sensor for dbl, a mud sensor for Rm and a resistivity fool that operates i tandem

with the ranging tool baving an Rf

Directional information may be ased in detecting the presence of a target object. When the
target object is far awnay, the wansmitied field patterns of the buttons 130 behave in a more
nondirectional manner. Thus, it may not be possible to detect the presence of a target object
by just looking at the varigtion of the recerved signal (the signal recetved after exciting the
buttons 130) with grimuth, However, there may sill be some sensitivity to direction whigh

may aid the detection of the presence of the tarzet object emrlier than a traditional design.

A forward model, for example, a ranging model, of a dowshole tool 111, borehole 106 and
environment may be used to predict the measured signal (for example, magnetic field 136} at

receivers 110 assuming no target object (or a target object st infinite distance). The modeled

signal {or predicted signal) may be denoied as ¥ . The actoal measured signal, S, is

subtracted from the modeled signal ¥ | For example, the magnitude of the measured sigoal

.

S may be subtracted from the magnitude of the modeled signal ¥ | In one or more

embodinments, the magaitude of tne or more signals associated with the excitstion of one or

more buttons 130 is compared to the modeled signal ¥ | The norm of the error is compared
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with a thyeshold that is based on the downhole fool 111 and the environmental parameters, If
a difference ix hrger than the threshold @ may be concluded that a target object is present.
When a larget object is present, inversion may be used to determine the direction, distance and
ortentation of the target object with respect to the drilling well 141, As used herein “inversion™
refers to a process of selecting values for anknown parmmeters in a simwdation in order to
produce an output that closely approximates measurements provided by actuad sensors andfor
measurement estintations based on additional simulators andfor previously collected data. In
one or more smbodiments, a dnlling paramneter 1s adjusted based, at least in part, on the
determinption of whether g target object 1s present. Inversion also uses a forward model of the
downhole tood 111 for this purpose and tries to find the downhole tool 111, envirommnent and
the target object properties that would minimize a cost function. The cost fmction may include
the ervor (for example, in the Fuclidean nomn sense} between the measured signal and the signal
that 15 predicied by the forward model for a specific set of properties as well.  However,
additions! regularization terms may be added to the cost unction 1o ncrease 1S acawacy or o

make it behave more smoothly,

Drirectional information may also be used o help nverston. I particuidar, disectional
mformation may be used o constrain the aximnthal position (Y of the target object: This may
be done by comparing the signal levels of different buttons 130 and by creating g regularization
fonction R where a weight w; is assigned that is proportional to the magnitade of the received
signal corresponding to each button 1300 The value of the regudanzation function K is reduced
if inverted 4 is closer o the divection of g button 1 () with a higher signal, where the tolal

number of butions is assumed to be N as illustrated by Equation (7).

Equation {7) R = YN, wiie ~ dbi}

This regularization term may then be added to the cost function of the inversion. If the target
obiect is pol close to the dowshole tool 11, buttons 130 may not have a large arinathal
sensiivity. A regulacization function R would have hittle effect on the inversion when the target
object is far away as the signal level and the signal variation between signals due to different
buttons 130 would be Jow. [tmay be desirable not (o use the constraint on divection in inversion
i such cases. In one or more embodiments, a drilling pavameter is adjusted based, ot least

part, on the cost value.
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I ong embodiment, an assessinent of the presence of the farget object may be made based on
the level of the measured signals. 1f a target object is deeimed 1o be not present based, at laast
@ part, oft One or more criteria, measurements may continge, 1 a target object 1s present based,
at least in part, on one or more ¢riteria, distimce of the fargel may be estimated. 1 the target
object ia not close enough, directional information may not be used fo extimate the distance to
the tarpet object. When the target object s close enough, a regalarization term may be added
1o the inversion. When g target object is not close by, butions 130 do not have g larpe azimuthal
sensitivity. As the target obyject gets closer, field pattern of the buttons 130 become more
directionnl and coupling with the conductive casing 140 (the target object) becomes more

mmportaut than the formation current 134, especially for buttons facing the target obiect.

Further, power consumption may be a big concern for a downheole tool such as downhole ool
111, There is a limit on the amount of power that can be transmitied via a power cable which
may then be shared with any number of (ools of the dnlling assembly 107, In some operations,
power may be obtained from a battery downbole. Power transpitied in all azimuthal directions
while the target ohject 1s in a particuly azimuthal divection is a wasie of power resources.
Instead, directional excilation nwy-be implemented where s higher power may be transmiited
tor-the buttonds) 130 that are facing the target object which creates a higher signal originating
from the target object at the recetvers 116, Directional excitation of the buttons 130 eliminates

wnnecessary soise coming from the buttons 138 not facing the target object.

Selection of the buttons 130 1o excite may be based, st least in part, on the velume of sensitivity
of sach bution 130, The volume of sensitivity may be stored in a memory in one of more
formats such as a table, an array, an index, a database, a flat file, or any other format or storage
known to one of ordinary skill in the arf. The volame of sensitivity may be dependent on
formation 102 and mud properties and may be based, at least im part, on the ranging parameters
associated with the target object obtained from an inversion at g previous logging pomt. A
button{s} 130 that is determined ¢ be sensitive 1o the target object based, at least in part, on the
vohine of sensiiivity, may be selected and only the button 130 or buttons 130 selected may be
excited. Power to the selected button(s) 130 may be increased correspondingly based on how
many buttons 130 are excited. in one or more embodiments, a non-gzimuthal operation of the
downhole tool 111 1% mainiained when a determined distance 10 the target object is larger than
a sensitivity threshold where the threshold may be based, at least 1 pant, on a volume of

sensiiviy associated with at least one button 130, In other embodiments, a button 134 may
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only be excited when the button 130 has an associated volume of sensiiivity greater than a

sensitivity threshold.

FIG. 4A, FIG. 4B, FIG. 4C and FIG. 4D are diagrans illasirating an example buatton excitation
systent 400g, 400h, 400¢ and 400d, respectively, according to one or more embodiments of the
present disclosure. FIGS, 4A and 4C are cross-sectional views while FIGS. 4B and 4C are
front views. FIGS. 44 and 4B are example button ranging systems asing direct excitation of
the button according to ong or move aspects of the present disclosure. FIGE. 4C and 4D wre
axample buiton ranging systems using toroidal excitation of the button according to one or
more aspecty-of the present disclosare. Generally, mandrels or-downhole tools 111 are yuade
of metals which can withstand torgue From bwisting and rofational forces as well as forces due

to the weight of the drilling assembly 107 fiself

As slustrated in FIGS, 3A and 3B, multiple target objects (for example, 510 snd 5320) may be
within a proximity to a downhole tool 111 In one or more embodimenis, nudiiple targst
objects 310 and 520 (for example, multiple casings 140 associated with multiple target wells
142) may be within a ranging proximity o the downhole teol 111, For example, i crowded
drilling fields or in SAGD tvpe applications, maltiple target objects may be in close proximity
to each other. Directional excitation of buttons 130 may be vitlized o distinguish the nugtiple
target objects. For a swltiple target objoct environment, 8 downhole tool 111 with muliple
buttons located at different axial locations may provide the required angular resolution fo

determine ong oF Move ranging parmaeters for the maltiple targst objects,

As Husteated in FIG. 54, inone ilastrative embodbment, 8 button 540 is located at first location
o the downhole ool 11T and a button 536 is located at second location o the downhole ool
111 A target obiect 520 may be located at @ distance B frony the buiton 340 and 5 tarpet.objeet
510 may be located at a distance A from button 530, When the button 544 is excited in this
example, the target object 520 will have a current with the greatest amplitude. As iHlusivated
i FIG. 5B, in another embodiment, a button 330 may be excited. The target object 510 will
have a current with a greater amplitude than the tfarget object 529, The receivers 110 will
receive different signals and these different signals may be used to determine the position of
the multiple target objects. Forexample, the receivers may receive a stronger signal from target
ohbject S10 from exciiation of button 530 than from {arged object 320 from excilation of button
540, The presence of multiple target objects may be incorporated in the forward model of an

mversion, The directional sensitivity of each button 130 will astomatically canse (he inversion
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o perform better for a multiple tavget object ewvironment. Approximate angular postiion may
also be used to consirain the angular positions of the tarpet objects or may be used without any
mversion, The inversion may then relim one or more tanging pargmcters associgted with each

of the target objects.

With references back to FIGS. 4A-4D, although slight variations mav exist betwesn different
ranging iools that utilize direct exciation, generally such operate in a similar manmer. An
clectrode is excited with a cumrent or voltage source which causes the current to be emitted
from a source electrods (for example, source button 130a) into the formation 102 through the
mad. In geneval, and especially for lpgging-while-diiliing tools, the diill siving 108 or the
mandrel of the downbole tool 111 {ov ranging teol) 1w preferred to be metallic. A metallic
downhole tool 111 increases the structural strength of the drll siving 108, enables it 1o better
resist the considerable stress caused by the weight of the drill string 108 and s torque and
reduces mwechanical fattares. However, a metallic structure is electrically bighly conductive.
Since electrical curvemt prefers to How m the path of least resisfance, the metallic structure igelf
as opposad to the formation 102 provides 8 more atirgctive path to 3 ssturn button Y30h. Thas,
current enmited into the fopmation M2 {s reduced by the amount of curent that is emuitted
throngh the metathc structure. To prevent current from fowing through the metallic stracture
and fo force current into the formation 102, insulating gap subs mayv be inserted in downhole
ol 111, Although these gap subs prevent current fow along the metallic structure {for
example, along BHA 1% or downhole toel 111 carrent may short to downhole ool 111
through the mud around the gap sub. Though sowme current is lost, a significant portion of the

current may flow to the formation 102 compared o 3 configuration without the gap sub.

However, & insert a gap sab, it is necessary to physically separate the downhole ool 111 inlo
multiple pieces and add an insulating material between these separated preces. The resulting
ranging tool or system has & wegker structural strength than a single mece tool without gap
subs and may be more prons (o mechanical fatlures. Also, in peneral, a variety of cables (for
example, cables for telemetry and power transfer) run tnside the ool and wust pass through
each gop sub. Accommodaiing the passage of these cables through each gap suh may present
a destan challenge as these cables must be fitted mside the gap sub. A higher incidence of
failures of the tool or system may arise due o fathyre of the cables or interconnects that are on
or around the gap subs. Dufficulties may also be experienced, for example, tn the production

of a feasible deep ranging tool due to reduced perfonnance or reliability issues,

Y
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A ranging tool sccording present disclosure that includes a buiton excitation system of any of
400a, 400b, 400c and 400d as iflustraied In FIG. 44, FIG. 4B, FIG. 4C, and FIG. 4D,
respectively, 13 well adapted 0 aliain the ends and agdvantages of a more reliable, more
structuratly stable and sasier to manufacture ranging tool or downhole tool 111 and system.
Directional excitation of the buttons 130 or toroidal excitation of a hutten 130 may allow the
orientation of 4 tavget object to be determined more accurately in ranging measuwements. In
one or more embodiments, once 4 target object is detected, only those buttons 130 facing the
iarget object may be excited. Such directional excitation may optimize the power consumption
of the downhole tool 111, Directional excitation may also aid in the detection of multiple tavget
objects and to aid in distinguishing the multiple target objects. One or more embodintents may

be uitlized in LWD, MWD and wireline applications,

FIG. 44, FIG. 4B, FIG, 4C and FIG. 4D each inclade butions 130, isolation lavers 120 and
downhole tool 111, Isolation laver 120 comprises an jnsulabon installed within a groove or
recess of the dowohole ool 11 with the button 130 installed within the tsolation Inyer 120
such that the button 130 has no elecirival consact to the downhole tool 111 In one or more
embodiments, the isolation lavers 120 and the butions 136 are installed sach that the top
surfaces of the wsolation layers 120 and the buttons 130do not exceed the outer surface of the
downhole tool 111, in other embodiments, the top surface of one or more of the isolation lavers
120 and the buttons 130 may exceed the owter surface of the downhole tool 111 but such a
design may experience greater wear and damage. In other embodiments, the BHA is equipped
with one or more stabilizers and the dsolation layvers 120 and the bulton electrodes 130 are
installed in the stabilizer blades. In FIGS. 4A and 48, the buttons 130 include & source button
1302 and a retarn button 130b. As elecirodes are essentially electric wonopolss, elecirodes
need to have 8 retomn where the fields emanating from the source should be terminated. The
source and return buttons i FIGS. 4A and 4B are buttons 138 located within an isolation lavers
120 which are toesther Iocated within a groove or recess of the mandrel or the downhele iool
111 Isolation layers 1380 elecirically isolate the ndtons 130 and the metallic mandvel or
dowsnhole tool 111, The isolation lavers 120 may completely fill the grooves or recesses or
only a portion thereofl

In certain embodiments the number of source buttons 1303 and the number of return buttons
1300 are not the same. Tsolation layers 120 prowvide effective isolation, comparable to that of

a gap sub, fo prevent direct coupling from buttons 130 to the downhole tonl 111 As a result
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the amount of current fowing through the mandrel or dowsnhole tool 111 is reduced while the
amount of current reaching the largei object is increased. The designs illustrated i FIG. 44,
FIG. 48, FIG. 4C and FIG. 4D way improve the stractural strength or infegrity and reliability

of a direct excitation system 400 by eliminating the need for gap subs.

In FIGS. 4C and 4D, buttons 130 comprise buttons that are excited using toroidal excitation.
The buttons 130 excited using toroidal excitation are in essence slecinic dipoles and may not
require a return, but a return can be beneficial when using toroidal excitation. Isolation layers
126 may be present around the autire button 130 excited using toroidal excitation or enly the
cables carrying current but tofal isolation from the downhole ool 111 15 not necessary. The
gain of the button 130 excited wsing fovordal excitation 15 proportional 1o the square of the
frequency. Thus, the huttons 130 excited using torotdal excitstion have very low gains ot low
frequencies which require operation of the buttons 130 exciied using toroidal excitation at
higher frequencies for the buttons 130 excited using torpidal excitation to be effective.
Consideration of the gitenuation of the electromagnetic fields i the formation 102 with the
incrpase in frequency is required i designing o button 130 excited using toroidal sxcitation
configuration. In certain embodiments, 8 previows formation survey andfor evaloation or pre-
job mathematical physics model of formmtion 102 could be wsed to determine the
electromagnetic field attenuation effects anticipated in formation 102 and these anticipated
effects can be atilized when designing a button 130 {o be excited using a toreidal excitation

configaration.

The isolation lavers 120 mayv hove insulating properties that prevent comtact between the
downhole tool 111 and the buttons 130, The msulation provided by the isolation laver 120
prevents current from fowing through downhole tool 111 when the source adtton 130z or the
buiton 130 excited using toroidal excitation 1s excited resulting i more current fowing nio
the formation 102, The isolation layer 120 may be of any thickness as required by the specific
criteria for a given envirenment 1 or 2 given downhole 100l 111, Each isolation layer 120
and button 130 may inchude an opening (for example, a hole or aperture) {not shown) to permit
any cables to be fed from the downhole tool 111 through the isolation layer 120 o the button
13, For example, a source cable may be fod o the source button 130a or the button 130
excited using toroidal excitation from the downhole tool 111 through the isolation layer 120
v the opening 8o 8s 1o excite the source button 1300 or the button 130 exciled using toroidal

exciiation. The opening may be only as big as necessary o allow for the cabling, While one
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of ordinary skill in the art will recognize that the snxaller the opeming the greater the structural
miegrity of the downhole toal 111, the present disclosure contemplates any size opening as
necessary for any embodiment. The buttons 130 may be installed within or affixed in anv

manner known to one of ordinary skill in the art, or any combination thereofl

As illustrated in FIGS, 44 through 4D, multiple buitons 130 may be placed along the same
axial location. In other embodiments, multiple buttons 130 may be placed at different axial
focations. in other embodiments, only one button 139 may be installed. The placement of the
buitons 130 may depend on the goals of each distinet operation. The sowrce buiton 1302 and
the return button 130b are placed &t a distance sufficient to allow currents to fow into the
formation 102 (for example, formation carrent 134}, I one or more embodiments, the souwce

button 130 and the return button 130b are placed at least two feet apart.

In certain embodiments, the isolation layers 124 have the same thickness throughout the axial
length of the sofation layers 126 while in other embodiments, the isolation lavers 120 have a
varving thickness throughont the axial length of the isolation lavers 120, In any embodiment,
the 1solation fayers 120 and buttons 130 may be placed at any location along the downhole (ool
{11, Incertain embodiments, a plurality of source buttons 130a and a pharality of return buttons
130b are located at any position along the dowunbole tool 11110 certain embodiments, the
source button 1308 s located above the return bution 130b while in other embodiments, the
retarn button 1306 is located above the source button 130a. While FIGS. 4A through 4D depict
buttons 130 and izolation lavers 120 baing the same size, in certain ambodiments, butions 130
and isolation lavers 120 may vary sach that source bution 130a may have a different dimension
than return button 130b, In certain embodiments, one or more batton(s) 130 may be located at
the swrface 105, For example, one of the return buttons 130b or the source butions 130a may

be localed & the sirface 105 of the formaiion.

The downhole tool 111 in the previous embodiments shown in FIGS. 1-5B are generally
configured to provide ranging measurements as the downhole tool 111 is rotated, which can
mclude incremental rotation,  The rotation of the downhole tool 111 can provide a sweep of
the surrounding formation 102 for ranging to the target well{s) by rotating the downhole tool
111 (or more specifically, the dnll bt 113} with the doill stnng W8, The one or more
embodiments discussed with regard o FIGS. 6-11 are generally related 1o collectmy ranging

and formation resistivity measurements while the downhole tool 111 s not rotating. However,



L2

h

CA 03076082 2020-03-16

WO 2019/094272 PCT/US2018/058843

it should be undersiood the one or more embodiments related {o FIGS. 6-11 can also function

to-collect ranging data while the downhole toel 111 is rotating,

Referring to FIG. 6, in one embodiment, an arvay of four batton electrodes 130 1s shown, with
each hutton 130 positioned in a respective quadrant QA, OB, QC, QD and circumferentially
spaced apant af equal-distances from each viher sround @ mandrel 40 of the downhole tool 111,
Eacly botton can be assigned a guadrant identifier toassociate it with its respective quadrant. It
should be voderstood that more or fewer buttons 130 can be used, as well as varied spacing
hetween each button 130A-D. However, it is preferred that the buttons be equally spaced
arcund- the mandrel.  This configuration fn FIG. 6 con be referred to as & ring of butlon
electrodes. 130A-D.  Multiple rings of bution electrodes 130A-D can be included in the
downhole tool 111, The button electrodes 130A-D can be directional slectrodes that emi
current into the formation in a focused direction which provides increased azinwuthal signal
power compared to non-directional electrodes that have a wider range of curvent emissions but
decreased azimuthal signal power. The ring arcangement of the battons 130A-D can be used
to simulate a rolating button without the downhole tool 111 being rotated. I the button 1304
wegquadrant QA 13 energized (e tned ON) with the buttons in the other guadrants turned
with the buttons in the other quadrants turned OFF during time period T2, then the button 1300
m gquadrant QC is energived {Le. lumed ON) with the battons n the other quadrants tumed
OFF doring time period T3, then the button 130D i quadrant QD i euergized (e, tamed ON}
with the butions in the other guadiants tamed OFF during time period T4, and then repeat the
cycle, the reselt can be referred o as a virtual rotation. In this example, the vinual rolation
veouild be similar to a single bwtion 130 as I progresses around the muandrel 40, The selective
tarning OFF and ON of bottons 130A-D in the bution ring can sivulate the rotation of one or

more buttons, without the dowshole tool 111 rolating.

Referring to FIG. 7, in one embodiment, multiple button rings are provided in the downhols
tool 111, with only two battons visible in each ring, Forexample, s Grstbutton ring cannclude
bottons 1301 and 1304, 2 second baiton ring can inclade buttons 130g and 130b, a third buiton
ring can include buttons 130h and 134c¢, a fourth bution ring can include buttons 130 and 1304,
and a fiflh button rng can include buttons 130k and 130e. If each ring included fowr buttons,
as shown i FIGL 6, then there would be two butions in each ving not shows m FIG. 7. Tn thus

exgmple, the first and Gfth rings can be desigrated as buttons withea negative potential, with
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the other rings {the 279, 3%, and 4 rings) being selectively energized as positive potential rings.
Tt should be undersiond that the negative and positive designations for the rings can be
swapped. It s desired that at least one ring 15 8 postiive potential ring {1.e. contaning positive
potential buttons 130} with at least one other ring being a negative potential ring (1.6, containing
negative potential buttons 1349). The opposing elecirodes 134 are used to Inject current inlo the
formation 102, The negative potential and positive potential connections can be selectable.
Therafore, to create a current in the formation 102, at least one negative potential button and at
feast one positive potential butlon is selected by comecting these butons to thelr respeciive

potential sources.

FiG. 7 shows a represenistive cross-sectional view of the downhole tool 1L with a funciional
diagram ol switching cirowitry for selectively energiving snd decenergizing the bution
electrodes 130g-k. In this example, switches $Ua-k can be used to selectively connect and
disconnect the bution electrodes 130a-k to the posiiive potential {Voltage V) and the negative
potential (e, ground GND)Y. Note also in other embodiments, ¥ may be an AC source. The
formation currents 13 and 14 are created by closing switches 30a, 30¢, and 50, The switch $0¢
connegts the batton [3c 1o the voltage V, while the'switches 50a and 50e connect the bultons
1300 and 130 to ground GND, respectively. Since the material 120 msulates the buttons 130g-
k from the mandrel 40, the current injected from the button 130c¢ can travel through the
formation 102 to the buttons 130s, 130 via the current paths I3 and 14, [f only the current path
I3 was desired, then the switch 30e can be opened and all the corrent frony the button 13e
would travel through the current path 13, Deeper and shallower penetration depths of the
formation currants (2.2, 13, 14) can be provided by controlling the switches 3a-k. f'a deeper
penetration of the formation 112 was desired, then a button pair (one negative bution and one
positive buiton) can be selected that is spaced further apart from each other. For example,
switches 50b and 50e can be closed, with all others open, thereby selecting butlon 130b as the
positive ngion and baiton 130¢ as the negative butlon. Sice these buitons 130b, 130e are
spaced further apart (Gssuring an injection cureent of the same smplitude), a current fom the
button 130b, through the formation, and fo the button 130 would tend o extend further into
the formation than the current paths I3 or 14, ¥f shallower penetration of the formation 102 was
desired, then a bulton pair can be selected that is spaced closertogether. For example, switches
50b and S0a can be closed, with all others open, thereby selecting button 130b as the positive

button and button | 30a as the negative button. Since these buttons 130h, 130a are spaced clossr
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together (assuming an injection curvend of the same amplilude), a current fron the button 130,
through the formation, and 1o the bulton 130 would tend to not extend as far into the formation
as the curvent paths I3 or {4. I should be understood that the bution configuration shown in
FIG. 7 and the current injected into the formation 102 can also be used for resistivity

measurements of the formation 102

If the downhole tool 111 is not rotating, then a virtnal rotation of tool 111 can be performed by
using these various configurations of the arvay of buttons in the tool 111 of FIG. 7 by matching
the switch configuration for gach quadrant duning sequential time periods. Each quadrant can
Ire seereas being shmilarto the right-tand side of the lutions and switches wr the cross-seciionsl
view of FIG. 7. o time period T1, for example, the swiiches is gquadrant QA can be configured
asin FIG 7. In time period T2, the switches in quadrant QB can be configured similarly, with
the switches in quadrant QA being OPEN. Time periad T3 would then configure the switches
in guadrant QC and tme period T4 would configure the switches in guadrant QC. As above,
regarding FIG. 6, this sequence can continue to perform virtual rotation of the ranging

measurement tool 111

FIG. B shows a representative-side view of ay exanmple of the downhole toot 111, which4s
similar to the tool 111 of FIG. 7, with 5 button rings axially separated along tool 111, The wp
and hottom rings being selectable negative potential rings with the middle three rings being
selectable positive potential rings. In this example, the middie three electrode rings have their
respective mdividual electrodes installed in siratght stabthizer blades 802, The isolation lavers
120 are not shown. In one or more ersbodiments, the isolation lavers 120 and the buttons {30
of the three middle electrode rings are installed such that the top surfaces of the isolation layers
120 and the buttons 130 do not exceed the outer surface of the stabilizer blades 302, In other
embodimenis, the top swriace of one or more of the fsolstion layers 120 and the buttons 130
may exceed the outer surface of the stabilizer blades 802, The stabilizer blades 802 extend ont
radially from the drilling tool 111 at a same height matching the height of the stabilizer blades
R01. In other embodiments, the height of stabilteer blades 802 15 larger or shorier than the
height of stabilizer blades 801, In other embodiments, the middle three electrode rings
individual electrodes are installed in one of spiral, integral, or welded stabilizer blades. o other
embodiments, the electrode rings individual electrodes are not fnstalled in stabilizer blades as

shown in Figure 4B. Alibough i FIG. 8 downhole tool 1 consiat of § electrode vings, its
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understond that the downhole tool 111 can have more than 3 electrode rings or less than S
slectrode rings.

As in FIG. 7, cach button can be individually selected. Formation curvents 13 and 14 can be
created by energiving button 1 3¢ and injecting current irto the formation that sphits into paths
13 and i to reach buttons 130x and 1308, The top and boltom rings can include various tvpes
of grounding matedal that can be selectively coupled 1o a negative potential. Iv should 'be
understood the top and bottom rings could be installed in stabilizer blades or remain flosh with
the outer surface of the mandrel. Degper pengiration can be provided by selecting a button pair
(L30T, 1034) to lngect current IS into the formation 102, or a batton pair (130g, 103k} to inject
current 16 into the fonmation 102, Shallower penetration can be provided by selecting a bution
pair (1304, 103k to inject curvent I8 into the formation 102, or o button pair (130, 103D 10
mject current [Y tto the formation 112, Many other variations of button pairs can be selecied,
as well as having more rings of buttons added to the array. It should be wnderstood that changes
in the depth of penetration of the formation currents can also be caused by varving the intensity

of the injected current and increasing the duration of the current injection.

FIG. B abo mehudes two tings of receivers THE(e g magnetormeterst which ooty beused to
sense the secondary magnetic fields nduced in the formation 102 by the fovmation currents
that internet with the target conductive tubing siting. It is preforred tha these rings of regeivers
110 mclude multiple receivers 110 (2.8 6 receivers) that are equally spaced circumferentially

arcund the tool 11 (or BHA, ete.).

During the virtual rotation of the downhole tool 111, the buttons ave selectively energized or
“fired” using sequencing parameters. For example, the buttons may be selectively fired for a
e period which will be referred 10 85 a firing duration. The firing duration is the amouns of
time the particelar ution electrode 130 13 enevgized before being de-snergized. Tnereasing the
firing duration can increase the depth of penetration of the injected current into the formation
102, Reducing the fining duration can decrease the depth of penetration of the injecied current
o the formation 1092, Additionally, higher frequencies of injected current can decrease the
depth of penetration, while lower frequencies of injected current can increase the depth of
penetration. Therefore, when planming the destred depth of penctration of the downhole tool
111 at desired location in the formation 102, o firisg map can be generated o establish such
sequencing parameters that will be used duning a ranging operation.  The sequencing

parameters of the firing map cav include, for example, the intensity ofthe injected current when
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the button is energized, the firing duration of each button, the frequency of the injected current
when the buiton is energived, and which pair of buttons are selected during the virtual rofation

of the downhole tool 111

The generation of the firing map can be part of & preswell plan or presranging plan before
drifling operations start. In one sxample, a repostiory van be prapopulated with a plurality of
fring maps based on the anticipated formation 102 environment. The anticipared formation
102 enviromment can be determined nsing preexisting fonnation dats fromn previous surveys
and previous formation evaluations of fommation 142, The finng map parameters can be
generated nsing preexisting well data or be based on mathematical models that anticipate the
formation environment at certain drilling positions within formation 1020 Alternatively, a
combination of previous well data and mathematical models can be vsed to generate the firing
maps and prepopuiate the repository priorto commencing the drilling operation. The repository
of firing maps can be updated in real-time during the dilling operation. Since the drilling tool
111 electrode ring configuration 130 serves the dual purpose of making formation resistivity
megsurements, new firmg maps can be peoersted i real-time based on realtime ranging

opergtions and real-time formation 102 resistivity measurements.

FIG. 9 shows an example of a finng map for a single bulton in the downhole tool 111 For
purposes of discussion, this example firing map can be a firing map for the hutton 130A in
FIG. 6. The other buttons 1308-D can have independent {firing maps that can be related fo the
firing map ot bution 130A. These firing maps can be the same ag or different from the example
fiving map for button 130A showt in FIG. 6. Please note that the ring configuration ol the
fiving map s useful for demonsivating the cvclical nature of the firing sequence of the button
1304 as it is participating in the virtual rotation of the dowshole tool 111, bul these circles are
not comelated o a posibion of the bution 130A in the button ring in FYG. 6. These iiming rings

(A, B, C) indicate the periods of time the bution 130A is energized and not energized.

The operation of the firing map relsted to the example timing ring A will be discussed fivst und
then the operation of the other timing rings (B, C) will be discussed in relation to the timing
g A, According to the timing ring A, the buiton 130A 15 energieed at Tl=n for a
predeternvned finng duration, current injection freguency, and cwrrent byection amplitade (or
intensity). For example, referring to FIG. 19, the button 1304 can outpul 8 current signal 60

3

for a firing duration Tw that has a freguency of "™ Hz and an amplitude “v.” This curvent

stgna} 60 can be myected into the formation as formation currents 13 and 14 shown i FIG. 7,
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or sinuilar currents I5-18 in FIG. 8. At time Ti=2n, the button 130A can again output a cusrent
stanal. 60 for a fving duration T {which.can be & different duration than al Ti=n). However,
the current signal st time T1=2p can have different frequencies and amplitudes, such as signals
62 and 64 shown in FIG, 10,

Before the button 130A fires again at time T1=2n, each of tha buttons 1308-D would have
preferably fired once, with each of the firings being done at equal time intervals from each
other. For example, after bution 130A fires at time Ti=n, button 130B may fire at s time that
is Ti=ntn/d, then button 1300 may fire af a time that s Ti=w 2074, and then buiton 130D may
fire at 8 tmethat s Ti=ne3ndd, before bution 103A fres again & tme that s Ti=2n
Therefore, during the dme period between Tl=n and Ti=2n, the other battons 130B-D can be
fired at regulac intervals, This fiving sequence can contimue as the firing map in FIG. 9 shows.
However, the firving maps for the buttons 130B-D are not shown in FIG. 9. The bulion ring
containing the butions 130A-D can simulate a single bution rotating arovmd in the second (or
refief} well by sequentially firing the buitons 130A-D in the button ring shown in FIG. 6. The
button ring contaming the buttons 130A-D can simulats 2 buttons rotating sround i the second
well by sequentiglly fiing buttons 13080 fogether and botions 130B.D logether. An
alternative would be to sequentially fire buttons 130A.B together and 130C.D together {o
sumudate 2 buttons rotating in the second well. It will be appreciated that each electrode ring
can contain more than 4 buttons and can simulate more than 2 buttons rotating around in the
second well. For example, each electrode ring can covtain 6 batons evenly space about the
cireurnference of ihe tool and can simulate 3 butions rotating around in the second well. It will

be apprecigied that the pumber of bottons fiveach ring seed vot e an even inteper:

The tuming rings B and C of the firing map iw FIG. 9 can be used (o simulate rotations at higher
RPMs by firing the buttons 1304-D st faster rates. Referring to tinmng ring B, the button H03A
can be fived at time T2=m, with the other three butions 130B-D being fired at regular ttervals
prior (o button 130A being fired again at time T2=2m. This same process can be used to fire
the button 130A according 1o the vming ring €. These tinung rings can be used ndividually
for controlling the finng of the bution 130A. However, a benefit of the current disclosure is
that a button ring, like the one shown iy FIG. & can be used to simultaneously simulate the
rotation of several bultons a different RPMs. Since each timing ring &, B, C is associaled with
a bulton rotation {1.e. RPM of the downhole tool 111), {hen following the finmg map of all three

rings stmulipneously can sintulate a bution rotating at three different RPMs wherg each timing
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ring can have its own firing duration Ty, frequency (Hz) and smplitude. To accomphish this,

at tmes T2=m, T3=2k, T3=3k, T2=2m, and T3=4dk before firing at T1=2n and starting the
sequential firing again for the next quadrant of the firlag map. With the other three buttons
130B-[¥ also fiving in similar sequences, but slightly offset from the button 130A Sring map,
three buttons traveling at three different RPMs can be simulated by the current bution ring of
FIG. 6 and the finng map of FIG. 9. R should be understood that the selective and sequential
firing of the buttons proaduce a time-varying slectromagnetic field whers the fime-varving

slectromagnetic field characieristics can be altered by the fiving map parameters.

Moreover, in cerlain aliemative emvbodiments, i the tool 15 rotating and the target well has been
tocated, the information handling system may execute o firing map to {ive the buttons such that
they simulate & backward rotation and thus keep the signal transmitted relatively fixed in space.
For example, in such an embodiment, the speed af which the electrodes are fiving would be
correlated 1o the speed at which the tool is rolaung such that the 1otal signal transmitied would
appear tixed in place. Such embodiments would be useful in keeping a lock on an ohject once
it has been detected. In this embodiment, an ortentation senwor as described herein {e.g., an
aximuthal ortentation indicgtor) nay be continually monttored st g sufficient rate by the
information handhng svstem to allow # to shift the phases of the electrodes so as to keep the

beam on the target, even as the position of the dritling too! changes with respect to the target.

The information handling system 200 in FIG. 2 can be used to control the execution of the
firing maps for all buttons 1o the downdiole tool 111, as well as controlling the selection of
positive and negative potential buttons in the button array, and processing the sensor daa
collected by the receivers 11 Through this control of the variables in the ranging sysiem, a
very versatile ranging operation can be implemented, even when the downhole tool 111 iz pat

rotating.

It should also be understood that the downhole ool 111 of the current disclosure ¢an also be
used while the downhole tool 111 i3 being rotated, such as when the daill bit is extending the
second well, With {arget wells at a substantial distanee, the rotating downhele tool 111 can
more easily distinguish g divection of the target well i reference fo the second well baing
drilled by the drill bit 113, However, as the second well approaches the target well, noise can
be experienced with rotaling ranging tools and non-directional electrodes. Therefore, it can be

beneficial to employ the ranging system with the virtual rotating butions when the second well
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(e.g. borehole 106 in FIG. 1) approaches the target well {e.g. borehole 103 in FIG. 1), whether
the second well is going to intersect the targel well, merely run parallel to the target well, or
avoid the target welll As the second well approaches the target well, the drill bit 113 can
periodivally stop rotating to allow the downhole tool 111 to 1ake ranging measurements using
the virtual rotation of the butions as descoribed above. It should be undersinpod, I certain
embodiments, the downhiole fool 111 of the current disclosure can perform the disclosed
ranging technigues while the drill bt 113 {and thus the tool 111 is rotating. However, to make
hatier and oleargy ranging measuwrentents whan the second well i3 in close proxinuty (e.g., 104
or less) to the target well, stopping physical rofation of the tool 111 and the dnll bit 113, and
making ranging measurements with the virtual rotation of the buttons in the downhole tool 111
reduces the noise in the imagery andéor measurements taken. Thereforg, the reduced noise

measgremenis can ald in better imerpretation of the collected ranging data.

PIG. 11 s a Tlow chart of an exgrople method 1100 for ranging operations. The methad 1100
can nclude one or more of the operstions 1102-1162 shown in FIG. 1, as well g5 additiong!
operations not shown, This is but one example of 3 method that can viilize the downhole tool
111 of the current disclosure in ranging operations. The method 1100 can begin al operation
1102 which can be used to iitlinlive the equdpment and begin preparstion for & ranging
operation. Pre~well planning data can be determined and imtegrated into a downbole tool 111
operational database at operation 1104, This pre-well planning dats can include the firing maps
for each bullon electrode 130 and the switching algorithms for selecting the positive and
negative poiential butions 130, a5 well as other tool 111 sefup. Note, in certain embodiments,
the firing maps may include the swiiching algorithms,  The preswell planning data also
establishes a desired signal threshold that can be compared with real-time formation resistivity
and ranging measurements doring the ranging operstion. Operation 1106 can assign virtual
electrode firing maps based on the preplanned well data, and any preplanned well paths of the
second {or veligh) well 141, Operation 1108 can start the doilling of the borehole 106 of the
second well 141 onti stopped ot operation 11HYL In operation 1112, the quadrant electrode 130
firing profiles can be selected, and the electrodes can be selectively energized in opsration
114, o operation 1116, amplitade and phase resistivity measurements can be collected using
the infected current 134 into the formation 102 and the resistivity measuremsents taken by the

dowihole toel 111,
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In operation 1118, magnetic field data can be collected by the receivers 110 in response to the
wjected current 134 from the energized buitens 130 In operstion 1120, a magnetic fald
gradient can be calculated based on the magnetic field data collected  operation 1118, In
operation 1122, a signal threshold can be calculated and compared to a desired signat threshold
{0 see if the desived threshold bas been met. I not, the firing map profiles assigned to the
electrodes 130 can be adjusted in operation 1124, If the threshold has been met, then the
sinrdated rotation quadrant fiving profile can be implemented 1n operation 1126, In operation
1128, selected clecirodes can be energized, snd azmuthal resistivity messuraments and
azimuthal magnetic field measurements can be performed fn operations 1130 and 1132, Tn
operation 1134, & magnetic field gradient can again be calculated based on the magnetic field
measuremenis collected in operation 1132, In operation 1136, o signal threshold can again he
caleulated and compared to a desired signad threshold 1o see if the desired threshold has been
met. I not, the fiving map profiles sssigned {o the electrodes 130 can be adjusted i operation.
1138, 1 the theeshold has been mel, then 3 resistivity, magaenc field, and target maps can

be generatad In operation 114,

In operation 1142, a distance and direction of the target borehole 103 of the target well 142
refative io the borehole 103 of the second well 141 can be caleplated. A target lock of the
relative distance and location of the target borehole 103 can be acquired in operation 1144
The relative distance and location of the targed borehole 103 can be compared to the expected
tocation of the borelole 103 aud any condetions o the well-planning database con be made-at
operation 1146, depending upon the actual location {and direction) of the target borehole 103,
in-operation 1148, the quadrant firing scheroes can be-adjusted to maintain the target lock on
the borehole 103, Here, maintaining the farget lock may consist of adjusting fiving map
parameters and priovitizing quadrants in the axinnsthal direction of the target during subsequent
firings.

In operation 1130, the drilling and sanging parameters of the borehole 106 of the second well
14} can be adjusted.  In operation 1152, drilling of the borehele 106 can resume while
maintaining the target lock with the target borehole 103, When the dnll string s rotating, a
target lock is maintained by determining the ortentation and position of the downhole tool 111
with respect to the target in real-thme, and what quadrants should be prioritized based on the
tast known locked target position with respeet to the drilling tool 111 onentation. Here, the

ortentation and position of the locked target with respect o the drilling tool 111 may be tracked
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using, for example, a combination of known formation 102 characteristics oldtained via
resistivily measuremenis andior computationally using an aztnudhal orfentation mdicator,
which may include magnetometers, mclinometets, and/or accelerometers, though other sensor
types such as gyroscopes may be used in some embodiments. In operation 1154, whan the
relative distance to the target borehole 103 is fess than a predetermined distance of "X |, then
driiling of the borehole 106 can be stopped. In operation 1156, the stmulated rotation quadrant
firing profile can again be implemented. In operation 1158, a local axinuuthal profile can be
acquired. In operation 1160, firing parmueters of the bultons can be adjustad to enhance a
ranging profile. In operation 1162, 313 resistivity, magnetic Held, and target maps can again

be generated based on the new data measurements.

FIG. 12 is a representative block diagram of a circumferential array of buttons 130A-D) in the
mandrel 40 of the tool 111 that can be conirolled by one or more processors {e.g. CPU 54}
The CPU 54 can receive a clock 33 and wse the clock 535 to provide synchronization for the
selective comtrol of exciting the buttons 130A-D, The CPU 54 can commumicate to the VA
converter 33a to excite the button 130A via the amphifier 82z and the filter circuitry Sla. In
thix example, the button 1304 1s controlled to output & sine wave signal S6a. By similardy
conunenicsting to the rematning buttons 130B-D, through respective converters 83bed,
amplifiers 52b-d, and filter circuntries 5th-d, the CPU 54 can control the buttons 130B-D 1o
onipast respective signals 56b-d, which can be sine wave signals 56b-d that are phase-shifted
from the signal 562, By outpuiting signals S6a-d that are phase-shifled from eseh other {in this
example each signal 56a-d is shilled spproximately %0 degrees from the signsl of s
aeighboring buttory). This can be used, as well as other conirol schemes, 1o cause the excilation
of the buitons 130A-D to simulaie a viripal rotation of the tool 111, without the tool 111
actually rodating.  OF course, the tool 111 can also be physically rotated during this virtual

rotation.

Sine waves 36a=d can be synihesized by the CPU 34 and output to the I¥A converters 33a-d.
The frequency of the sine wave S6a-d can comespond 1o the frequency of the virtual rotation.
The sine waves 56a-d can be generated at a frequency stgnificantly above the frequency of the
virtual rotation (2.2 at least an order of magnitude higher}. Thus, four separate dat streams
cast be generated of digital representations of discrete sine waves Sta-d. Each data stream can
be connectedto a VA converter which produces an analog signal corresponding 1o the digital

data woput streant. Each analog signal can be fed o anapoplifier $2a-d. Optionally. the cutpuy
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of each amplifier 32a-d can be low-pass fillered via circnitry Sla-d, vespentively, as shown in
FIGS. 12, 13, These filfers 51a-d can be placed st the ovipuis of the DVA converters S2a-d.
The product R*C of the circuitry S1a-d can determine 3 time constant, the inverse of which can
determiine approximately where the bigh frequency roll-off of the filters occurs, This can be
selected such that the discrete steps in the output of the digital to analog converter are
nunimized while the lower frequency sine wave passes through the filter with minimal
distortion. The design of R-C filters is well known to those skilled n the art and will not be
discussed in further detail in this disclosure. The optionally filtered output of sach amplifier
52a~d can drive an electrode with reference o ground or a toroid with both cwtputs of the filter

connected to opposite ends of the toroid.

Described in more detail, the electrodes 130A-D can each be exciled by a sine wave of the
same gmphitude and frequency, bigt of a different phase relative to each other as dictated by a
firing profile. The sine wave 56b synthesized to drive electrode {or toreid) 1308 can be
advanced by 90 degrees with respect to the sine wave 563 synthesized to drive electrode (or
torord} 130A. Similarly, the sine wave 36¢ syathesizad to drive elecirode (or toroid) 1300 can
be advanced by 00 degrees with respect to the sine wave 36h synthesteed to drive electrode (oy
torvoid) 130B and the sine wave S6d ywnthestred to dowve electrode {or torord) 1300 can he
advanced by 90 degrees with respect to the sing wave 56¢ that is synthesized to drive electrode
{or toroid) 1300 This can result in a net rotation of the response pattern around the slectrodes

130A-D

According to oug ormore embodiments, and stimilar 1o the discussion of virhual rotativn of
glectrades in reference o FIG. 7, when the signal driving electrode 130A in FIG. 12 is zevo,
the signal driving electrode 1308 can be arther al a maximum of a minimam of the sine wave
and hkewise, when the signal duving electrode 130B in FIG. 12 15 zevo, the signal doving
electrode 130GA can be either af 2 maxinwm or a mintmum of the sine wave. Thus, when
electrode 1304 is driven at @5 maximum, electrodes 1308 and 130D are not driven, while
electrodes 130A and 1300 are 180 degrees out of phase with each other and esvact as a dipole
source. Similarly, when electrode 1304 is vero, electrode 130C s zero and electrodes 1308
and 130D can be driven 130 dogrees out of phase with sach other and can act as a dipole sowcs,
At intermediale values of the amplitude of the signal driving electrode 1304, the system can
act-as a pair of orthogoual dipeles: when the drive at electrode 1304 has advanced 45 degrees

from a poiyt where the sipnal o elegivode 130435 null, then amplitudes of the signals driving
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F30A and 1308 will be the same, and the system can act like a dipole transmitter at 45 degress
with respect to 8 line joming slectrodes 130A and 130, Therafore, the system shown in FIG.

12 can set up a rolating dipole field.

The signal genevated by this rotating field can be received by any nomber of types of antennas
as Tor example button elecwodes, coils or magnetometers. In addition, it should be noted that
the receivers 11 can be sampled synchronously.  One way of sampling the receivers
synchwonously can be to synchronize the sample rate with the frequency of the signal driving
the transmutiers. This would be beneficial, e g 1f the receivers were artanged as a series of
buttons cireudarty aranged arcmd the body of the ranging tool a3 are the electrodes 130A-D
in FIG. 12, Noie that if the signals are received as data sets of findle duration, then assuming
that a reference signal is avatlable from one of the transmitiers, the response pattern of the
receivers can also be rofated synthetically just a3 {he iransmiiter signals were rotated
synthetically.

The excitation signals are not be restricted (o sine waves. Two or more signals can be
rransmitted simultaneously and these signals could be wransnuitied from each electrode with the
phase of sach component shifted by the angular displacement of each electiode from one
alectrode, selected as the reference electrode.  As an example, sinte a square wave 1§ &
superposition of harmonics of a sine wave st a fimdamental frequency, syathetic switching can
be carried oul by exciting an electrode dentified as a reference elecirode with a square wave
and then exciting the other electrodes with a square wave displaced by the fraction of a cyele
that corresponds o the fraction of 360 degrees that cach of the other electrodes is from the

reference electrade.

When simultaneously using multiple sinusoidal excitations, it {5 not necessary that the muluple
frequencies be in harmonic relation with one another. The phase of each sinusoidal component
can be shifted according to the relation of the driven électrode velative to the reference
eiectrode. More complex waveforns, such 85 e.p. sawtooth and traperoidal waveforms can be
used mstead of the sing wave signals, but appropriate timing adjustments wmay need © be made

1o each of the complex waveforms.

FIG. 13 is a represenintive block disgram of a longundinsllviaxially spaced airay of buttons
130A-B in the mandrel 40 of the tool 111 that can be conirolled by one or muore processors

{e.g. CPU 54). The (PU 54 can receive a clock 55 and use the clock 535 o provide
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syaclwonization for the selective control of exciting the buttons 130A-B. The CPU 34 can
copununicate to the DYA converter 53a to excile the button 130A via the amplifier 52a and the
filter circuitry $la. In this example, the button 130A is controlled (0 output a sine wave sigoal
S6a. By similarly communicating to the other bution 1308, through respective converter 33b,
amphifier S2h, and flter cirewitry $ib, the CPU 34 can control the button 1308 (o output
respective signals 56b, which can be sine wave signal 56b that s phase~shifted from the signal
S6a by outputting signals S6a-b that are phase-shified from each other (in this example each
signal 56a-b is shifted approximately 90 degrees from sach other). Thas can be used, as well
as other control schemes, to cause the excitation of the buttons 130A-B (and possibly more
buttons) 1o simulate a virtual longitudinal movement of the tool 111, withount the tool 111
acinglly moving longitudinally.  Of course, the tool 111 can also be physically moved

fongitudinally during this virtuel longitudinal movement.

Acgording o ove ormore embodiments, and similar o the discussion of switching scheme of
electrodes i reference to FIG. 7, the switching scheme can also be applied 1o elenivodes
distributed along the axis of the ranging tood body, as ilusirated in FIG, 13, A section of the
mandrel 40 of a ranging tool 111 is shown in FIG. 13 with two electrodes 130A and 1308, In
this case, electrodes 1304 and 1308 may be driven out of phase with eachrother iy order to
affect a sweeping angle of highest sensitivity of the combined response pattern of both
electrodes along the axis of the ranging tool 111, By modudating a phase difference between
electrodes 130 inoan avray, i I8 possible to cause the effective rotation andfor longitudingd

movement {0 have a hnear rate of movement,

It should also be noted that the phase differences between the signals used o drive electrodes
tustrated in FIG. 12 can also be modalated 30 as io control the time the swept response pattern

spends at a parbicalar response angle.

It should be Rarther noted that rotational effects abont the tool body as descrnbed with reference
to FIG. 12 can be combined with rotational effects as described with reference to FIG, 13 10
produce complex sweeping patierns for the response of the system.  For example, a sweep
patiern canche desigoed where the effective priveiple response axis follows a belix or avotaling

hack-and-forth pattern glong the axis of the rangmg tool.

It should be further noted that continuous rotation and sweeping methods as taught with

reference to FIGS. 12 and 13 can be combined with the switching patterns as described with
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reference to FIG. 7. Thus, the continuous rofation andfor sweeping could be hmited to certain
time indervals or quadrants of the tool 111, This can be used o advantage when the response
mdicates that & metallic object 15 within the senstive distance of the ranging tool 1171
Combining switching and continuous rotation andfor sweeping, the location of the metallic
object can be identified more quickly than can be done with a continuous rotation andfor sweep

of the whole volume within the sense range of the ranging tool 111

Therefore, as can be seen from this disclosure, virtual rotations andfor virtua! longitudingl
movemends can be simulated while the tool 111 remains stationary in the wellbore, If various
munbers of buttons are used in these configurations, the phase-shift of the signad suipat from
adiacent buttons can be adjusted to scoovamodate for the more or fewer buttons in the arvay of
butions 1n the ciraunferential andfor longitadinal direction. Tt should be understond that the
signals S6a-d can be varipus waveforms other than sing waves {Such as squire waves, saw-
tooth waves, modulated waves, simultaneous use of switching signals and continuous signals,

pulse trains, decaying).

Inn one or more embodiments; a method for downhole ranging within a formation comprises
exciting a-first button of ¢ 1wol by o Brat source, wherein the tool ts coupled to a duilf string,
wheretn the first button is recessed within the wol such thal a top surface of the first button
does not exceed an outer surface of the tool, and whereint a first isolation layer electrically
isolates the first button from the tool, receiving a first downhole measurement associated with
the excilation of the first bution, exciling a second button of the ool by a second source,
wherein the second button s recessed within the ool such that a top surface of the second
button does not exceed the ouwter surface of the tool, and wherein a second isolation laver
alectrically isolates the second tastion from the tool, receiving a sscond downhole measuwemant
assoclated with the excitation of the second bution, detormining at least one of a direchion,
distance, and orientation 1o g target based, at least in part, on the first downhole measurement
and the second downhole measurement and adjusting a drilling parameter based, at least in
part, on the determined at least one of the divection, the distance, and the orfentation o the
farget.

In one or more embodiments, the method for downhole ranging within g formation Ruther
comprises adjusting a retation angle of the first butlon, exciting the first bution &t the rotation
angle, receiving a third downhole measurement associated with the excitation of the first button

at the rotation angle and adjusting the drilbing parameter based, at least in part, on the third
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dowanhole measurement. In one or imore embodiments, an azimuthal axis of the second bution
aligne with an arimuthal axis of the Sest bution. In one cr more embodiments, the first bution
and the second button are recessed 1w & groove of the tool. Tn one or more enmtbodiments, the
method for downhole ranging within a formation further comprises comparing at least one of
& first signal maegnitede associated with the first bolton and a second signal magnitude
associated with the second button to a predicted signal magnitude to obtain a first value,
wherein the predicied signal magnitude 15 based. at least in pant, on a ranging model,
determining a presence of the target based, al least i part, on the first value excesding a
threshold and adjusting the drilling pargmeter based, at least in part, on the determining the

presence of the target.

In one or more embodiments, the method for downhole ranging within a formation further
comprises defermining a first weight associated with the first signal magnitede and a second
weight associated with the second signal magnitude, determining a regularization value from a
regularization function based, al least in part, on the first weight and the second weipht,
determining a cost value from a cost function based, at lesstin patt, oo the regularization value
and adjusting the drifling parameter based, at least in part, on the cost value. In one or more
embodiments, the predicted signal magnitude is based, at least in part, on no target being
present. In one or more embodiments, the method for downbole ranging within a formation
forther comprises mamniaining 3 non-azimuthal operation of the tool when a determined
distance 1o a target 18 Jarger thay o threshold. i ove or more embodisments, the threshold'is
hased, ot lenst inpart. on a volune of sensiivity associated with a1 least one of the Hrsi bulton
and the second button. In one or more embodiments, the Hirst button iz only excited when the
first button has an associated first batton sensitivily that is greater than 3 sens#ivity threshold,
wherein the second button is ondy excited when the second button has an associated second
button sensitiviiy greater than the sensitivity threshold, and wherein the sensitivity threshold is
based, at least in part, on an inversion performed for a previous logging point. In one or more
embodiments, al Teast one of the 8rst bition and the second balton comprise o elecirode. I
one or more embodiments, at least one of the first botton and the second button comprise a

toroidal windmg.

In oue or more ewhodiments, a wellbore deilling system for drilling in 3 subsorfuce earth
formation comprises a ranging tool coupled to a dull sinng, s fust button recessed within the

ranging tool such that a top surfhce of the first button does not exceed an outer surface of the
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ranging tool, a first isolation fayer that elecirically isolates the first buiton from the ranging
tool, a second bulton recessed within the ranging ool such that a top surface of the second
button does not exceed an outer surface of the ranging tool, 3 second isolation laver that
electrically isolates the second bution from the ranging tool and an information handling system
communicably coupled to the ranging tool, the mformation handling system comprizes a
processor and menory device coupled to the processor, the memory device containing a set of
instruction that, when executed by the processor, cause the processor (o excite the first button
of the ranging tool by a first source, receive 3 first downhole measurement associated with the
excitation of the first botton, excite a second button of the ranging tool by a second source,
recetve g second measurement associated with the excitation of the second buttom, determine
at lenst one of a direction, distance, and oriemtation to a target based, at least in part, on the first
downhole measurement and the second downhole measurement and adjest a drilling parameter
based, at least in part, on the determined af least one of the divection, the distance, and the

prientation to the target.

Inn ome or move embodiments, the set of instractions forther cause the processor (o adjust a
rotation angle of the first button, excite the first bulton at the rotation angle; receive a third
downhole measurement assoctated with the excitation of the frst batton at the rotgtion angle,
and adjust the drilling parameter based, at least in part, on the third downhole measurement.
In one or more embodimenis, an azimuthal axis of the second button aligns with an azimuthal
axis of the first button. 1h one of more embodiments; the first batton and the second butdon ave
recessed in g groove.of the tool, In one or more embodiments, the sei ol instructions further
cause the processor to compare at least one of o first signal magnitude associated with the first
button and @ second signal magmitnde associated with the second button o a predicted signal
magunitude 1o oblain a first value, wherein the predicted signal magnitade is based, at least in
part, on a ranging model, determuine a presence of the target based, at least in part, on the first
vatue exceeding a threshold and adjust the drilling pavameter based, at least i port, on the

deterimining the presence of the target.

In one ot more ersbodiments, the set of mstructions further cause the processor to determine a
first weight associated with the first signal magnitude and 1 second weight associated with the
second signal magnitude, determine @ regularization value from a regslarization function
based, at least in part, on the first weight and the second weight, determine a cost valoe from s

cost fmetion based, gt least in part, on the regularization value and adinst the drilling pavametex
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based, at feast in part, on the cost value. In one or more ambodiments, the predicled signal
magniiude is based, at least in part, on no targe! being present. In one or more embodiments,
the set of mstructions furthet canse the processor o mamtain a non-aziauthal operation of the
tonl when a determined distance to a target is larger than a tlweshold. In one or more
embodiments, the threshold is based, at least in part, on 8 volume of sensitivity associated with
at ieast one of the first button and the second button.  In one or more embodiments, the first
button is only excited when the first button hias an associated fivst button sensitivity that is
greater than a sensitivity threshold, wherein the second button is ondy excited when the second
budton has an associated second button sensitivity greater than the sensitivity thresheld, and
wheremn the sensitivity threshold is based, at least in part, on an inversion performed v a
previous logging poind, In one or more smbodiments, at least one of the first button and the
second betton comprise an electrode. In one or more embodiments, at least one of the first

button and the second button comprise a toroidal winding,

In one or more embodiments, 3 non-ttansitoty computer readable medinm storing 3 progism
that, when execwted, vauses a processor fo excite a Hrst button of a ool by a first sourcs,
wheren the tool s coupled to a dall string, wherein the fiest batton is recessed within the fool
such that 8 top surface of the first buttor does not exceed an outer surfhce of the oo, and
wheremn a first isolation laver elecirically isolates the first bution from the tool, receive a fivst
downhole measurement associated with the excitation of the first button, excite a second button
of the tool by a second sowrce, whereln the second button’is recessed within the toal such that
a top surface of the second bution does not excead the outer surface of the ioel, and whergin a
second isolation layer electrically isolates the second bution from the {ool, receive a second
dowahale measurement associated with the excilation of the second button, deternuine at least
one of a direction, distance, and orientation 1o a target based, at least in pant, on the first
downhole measurement and the second downhole measwrement and adjust a drilling parameter
based, at least in part, on the determined at least one of the divection; the distance, and the

orientialion o the tareet,

bee

In one or more embodiments, the program, when executed, canses the processor to adjust a
rotation angle of the first button, excite the first button at the rotation angle, receive a third
dowshole measurenent associated with the excrlation of the lirst batton at the rotation angle,
and adinst the dulling parameler based, at least i part, on the third downhole measurement.

In one or morve embodiments, an azimuthal axis of the second bufton aligns with an azimuthal
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axis of the first button. In one or more embodiments, the first button and the second button are
recessed e grovve 'of the tool. Tn one or more embodiments, the program, when execaied,
causes the processor to compare al least one ol a first signal magnitude associated with the first
button and a second signal magaitude associated with the second button to a predicted signal
mragnitude to obtain a first value, wherein the predicted signal magnitude is based, at feast in
part, on a ranging moded, determine a presence of the target based, at least in part, on the first
value exceeding a threshold and adjust the drilling parameter based, at least i part, on the

determining the pressnce of the target.

In one or more emboadiments, the program, when executed, canses the processor e determine
a first weight associated with the frst signgl magnitude and a second weight gssociated with
the second sigoal magntiude, determine a regularization value from a regularization fimction
based, at least inpart, on the Hrst weight and the second weight, determine g cost value from g
cost function based, at least in part, on the regulanization value and adjust the drilling parameter
based, at least in part, on the cost value. In one or more embodiments, the predicted signal
magnitude is based, at least i part, an no targsd being present. Inone or nuwe embaodiments,
the program, when executed, causes the processor to maintain a novn-azimuthal operation of the
ool when a determined distance 1o a target iz larger than a threshold.  In owe or more
embodiments, the threshold is based, at least in part, on a volume of sensitivity associated with
at least one of the first bution and the second button. In one or more embodiments, wherein
the [rst bulton is only exciied when the first bulton Bas an associated fisst hatton sensitivity
that is greater than a sensiitvily threshold, wherein the second button is only excited when the
sacond button has an associated second hution sensitivity greater than the sensitivity threshold,
and wherein the seusitivity threshold is based, at least in part, on an Inversion performed fora
previous logeing point. Tn one or more embodiments, at least one of the first button and the
seconid button comyprise an electrode. In one or more embodiments, at least one of the first

button and the secomd button comprise a toroldal winding.

Embodiments and methods of the present disclosure desorvbed heres further relate to any one

or more of the {ollowing paragraphs:

1. A ranging tool for deternuning a relative posthon of a target wall o g re-eniry well, the
o0l comprising a botlom hole gssembly ("BHA™) coupled o o drill stving; a first electrode
positioned along the BHA; a second electrode positioned along the BHAL a plurality of

magnetic feld receivers spaced circumferentially svound the drill string) and an information
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handling svstem comprising mstructions that, when executed by a processor communicably
coupled to the first and second elecirodes, causes the mformation bandhing sysiem to perform
operations cormprising: positioning the BHA negr a target well; using a Bring map, exciling the
first and second electrades to thereby sinwlate rotation of the BHA, the firing map including
parameters used during the excitation of the first and second electrodes; using the receivers,
obtaining downhole measurements associated with the excitation of the first and second
electrodes; and using the measurements to determine a relative position of the target well 1o the
re-eptry wall, the relative position coumprising af least one ofa divection, distance or origntation

of the target well relative {o the re-entry well,

2. The ranging tood as defined by peragraph 1, wherein the first and second electrodes are
tocated on a same axial plane snd equally spaced apart om one another around a

circumference of the BHA, thercby forming an elecirode ring.

k3 The rangmg ool as defined in paragraphs 1 or 2, further comprising a plurality of

electrode rings axially separated along an s of the BHA.

4, The ranging tool as defined in any of paragraphs 1 0 3, wherein the electrode ning
comprises at least four electrodes chrcumberentially spaced apart ot equs! distances from each

ather around the BHA, each electrode being assigned a guadrant wdentifier,

5. The ranging tool as defined In any of pavagraphs 1 to 8, wherein: the information
handling system excites the first and second electrodes while the BHA is not rotating; or the
mitnmation handling system exgites the first and second electrodes while the BHA is rolating.
&, The ranging ool as defined in any of paragraphs 1 {0 6, wherein the first and second
electrodes oblain formation resistivity roeasuyrsments.

7. The ranging ool a5 defined in any of paragraphs 1 to 7, wherein the firing map sequence
parameters comprise af least one of a current myjection amplitude, firing duration, finng
frequency, or curvent wnjection frequency.

8. The ranging tool as defined in any of paragraphbs 1 to 7, wherein the firing map sequence
parameters are prepopulated based on preplanned well data.

Q. The rangmg tool ay defived in any of paragiapls 1 1o 8, wherg the first and second

electrodes are installed i stabilizer blades coupled 1o the BHAL
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16, Theranging o0l as defined in any of paragraphs 1 ©0 9, wherein the firing mep contains

one of ore Wming ings.

if.  The ranging tool as defined in any of paragraphs 1 to 10, wherein the downhole
mgasurements are absolute magnetic fgld measurements or gradiemt magnetic fleld

5 mgasurements.

[ 364 A ranging method for determining 3 velative posttion of a target well to a re-entry well,
the method comprising: positioning a bottom hole assembly ("BHA™) of & dnill stzing near a
target well, the BHA comprising a furst electrode, second electrode, and plurality of magnetic
field recetvers spaced circuunferentially around the drill siring; using a firing map, exciting the
Hy o first and second electrodes to thereby sinmudpte rotation of the BHA, the firing map inclading
parameters used during the excitation of the frst and second electrodes; using the receivers,
obtaining dowsnhole measurements associated with the excitation of the first and second
electrodes; and using the measorements to determine a relalive position of the target well {o the
re-entry well, the relative position comprising at least one of a divection, distance or orientation

15 of the targel well relative 1o the re-entry well,

13, The ranging method as defined by paragraph 12, further conywising exciting the first

and seeond electrodes while the dinll string s not rotsiing,

f4.  The ranging method a5 defined in paragraphs 12 or 13, fisther compnising: oblaining
an absolute magnetic field measurement or a gradient magnetic Held measurement using the

20 electrodes; or obtaining formation resistivily measwrements using the electrodes.

5. The rangmg method as defined in any of paragraphs 13 {0 14, further comprising: Hring
the first and second electrodes sequentially to simulate the rotation; or fiving axially separated
electrode rings to sipvplate virtug! axigl movement of the dall string, the electrode vings being
axiaily separated along an axis of the dall string.

25 16, The rangmg method as defined W any of pavagraphs 12 to 15, further comprises
selecting a firiag map tinvng rog o adjust 8 firing frequency and firing dwration for the first
and second elecirodes to adjust a simulated dnill string revolutions per minute.

17. The ranging method as defined in any of paragraphs 12 to 16, further comprising

updating the Qiring map to reab-time during the ve-entry operation.
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18, A ranging method for determining a relative position of a target well {0 a re-entry well,
the method comprising: positioning a bottom hole assembly (“BHA™} of a drill siving near the
target well, the BHA comprising electrodes and receivers; exciting the elecirodes to simulate
rotation of the BHA; obtaining downhole measurements associated with the excitation of the
electrodes; and using the measarements to delermine a relative posttion of the arget well {0 the

re-entry well

19, The ranging method as defined in claim 19, wherein g fiving map i used 1o control
excitation of the electrodes, the Hring map having parameiers associated with at least ong ofa
firing frequency, carrent injection amplinde, Hring duration, current injection {requency, ov

firing timing of the electrodes.

20, Theranging method as-defined in claims I8 or 19, whereln: the eledirodes are located
on a same axigl plane and egually spaced apart from one another around a circumference of the
BHA, thereby forming an electrode ring; and the method Hurther comprises firing electrode
rings axially separated along an axis of the BHA to thereby simulate virtual axial movement of

the BHA.

Furthermore, the Hlusirative methods described herein mayv be implemented by a system
comprising processmg cucutivy that can lnclude a non-ransitory computer readable mediam
comprising instructions which, when executed by at least one processor of the provessing

circuitry, causes the processor 1o perform any of the methods described hergin,

Although various embodiments have been shown and described, the disclosure is not limited
1o such embodiments and will be understood to include all modifications and variations as
would be apparent to one skilled i the writt For example; the methods and embodiments
described hersin may be used i g vaniety of ranging apphications other than re-entry operations.
Therefore, # should be understood that the disclosure s not intended t0 be limited to the
particular forms disclosed; rather, the intention 15 to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the disclosure as defined by the appended

claims.

46



CLAIMS
WHAT IS CLAIMED IS:

1. A ranging tool for determining a relative position of a target well to a re-entry well,
the tool comprising:
a bottom hole assembly (“BHA”) coupled to a drill string;
a first electrode positioned along the BHA;
a second electrode positioned along the BHA;
a plurality of magnetic field receivers spaced circumferentially around the drill string;
and
an information handling system comprising instructions that, when executed by a
processor communicably coupled to the first and second electrodes, causes the information
handling system to perform operations comprising:
using a firing map, exciting the first and second electrodes to thereby simulate
rotation of the BHA, the firing map including parameters used during the excitation of the
first and second electrodes;
using the receivers, obtaining downhole measurements associated with the
excitation of the first and second electrodes; and
using the measurements to determine a relative position of the target well to
the re-entry well, the relative position comprising at least one of a direction, distance and

orientation of the target well relative to the re-entry well.

2. The ranging tool as defined by claim 1, wherein the first and second electrodes are
located on a same axial plane and equally spaced apart from one another around a

circumference of the BHA, thereby forming an electrode ring.

3. The ranging tool as defined by claim 2, further comprising a plurality of electrode

rings axially separated along an axis of the BHA.
4. The ranging tool as defined by claim 2, wherein the electrode ring comprises at least

four electrodes circumferentially spaced apart at equal distances from each other around the

BHA, each electrode being assigned a quadrant identifier.
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5. The ranging tool as defined in claim 1, wherein the information handling system

excites the first and second electrodes while the BHA is stationary.

6. The ranging tool as defined in claim 1, wherein the information handling system

excites the first and second electrodes while the BHA is rotating.

7. The ranging tool as defined by claim 1, wherein the first and second electrodes obtain

formation resistivity measurements.

8. The ranging tool as defined by claim 1, wherein the firing map sequence parameters
comprise at least one of a current injection amplitude, firing duration, firing frequency, and

current injection frequency.

9. The ranging tool as defined by claim 8, wherein the firing map sequence parameters

are prepopulated based on preplanned well data.

10.  The ranging tool as defined by claim 1, where the first and second electrodes are

installed in stabilizer blades coupled to the BHA.

11.  The ranging tool as defined by claim 1, wherein the firing map contains one or more

timing rings.

12.  The ranging tool as defined by claim 1, wherein the downhole measurements are

absolute magnetic ficld measurements or gradient magnetic ficld measurements.

13. A ranging method for determining a relative position of a target well to a re-entry
well, the method comprising:

positioning a bottom hole assembly (“BHA”) of a drill string within a ranging
proximity to the target well, the BHA comprising a first electrode, second electrode, and
plurality of magnetic field receivers spaced circumferentially around the drill string;

using a firing map, exciting the first and second electrodes to thereby simulate
rotation of the BHA, the firing map including parameters used during the excitation of the
first and second electrodes;

using the receivers, obtaining downhole measurements associated with the excitation
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of the first and second electrodes; and
using the measurements to determine a relative position of the target well to the re-
entry well, the relative position comprising at least one of a direction, distance and orientation

of the target well relative to the re-entry well.

14.  The ranging method as defined by claim 13, further comprising exciting the first and

second electrodes while the drill string is stationary.

15. The ranging method as defined by claim 13, further comprising:
obtaining an absolute magnetic field measurement or a gradient magnetic field

measurement using the electrodes.

16. The ranging method as defined by claim 13, further comprising:

firing the first and second electrodes sequentially to simulate the rotation.

17.  The ranging method as defined by claim 13, further comprises selecting a firing map
timing ring to adjust a firing frequency and firing duration for the first and second electrodes

to adjust a simulated drill string revolutions per minute.

18.  The ranging method as defined by claim 13, further comprising updating the firing

map in real-time during the re-entry operation.

19. A ranging method for determining a relative position of a target well to a re-entry
well, the method comprising:

positioning a bottom hole assembly (“BHA”) of a drill string within a ranging
proximity to the target well, the BHA comprising electrodes and receivers, the electrodes
being circumferentially distributed,;

exciting the electrodes to simulate rotation of the BHA, including sequentially firing
the electrodes for creating a virtual rotation of the electrodes;

obtaining downhole measurements associated with the excitation of the electrodes;
and

using the measurements to determine a relative position of the target well to the re-

entry well.
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20.  The ranging method as defined in claim 19, wherein a firing map is used to control
excitation of the electrodes, the firing map having parameters associated with at least one of a
firing frequency, current injection amplitude, firing duration, current injection frequency, and

firing timing of the electrodes.

21. The ranging method as defined in claim 19, wherein:

the electrodes are located on a same axial plane and equally spaced apart from one
another around a circumference of the BHA, thereby forming an electrode ring; and

the method further comprises firing electrode rings axially separated along an axis of

the BHA to thereby simulate virtual axial movement of the BHA.

22.  The ranging method as defined by claim 13, further comprising: obtaining formation

resistivity measurements using the electrodes.
23.  The ranging method as defined by claim 13, further comprising: firing axially

separated electrode rings to simulate virtual axial movement of the drill string, the electrode

rings being axially separated along an axis of the drill string.
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