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(57) Abstract: A system and apparatus for configuring a well logging assembly having an elongate sub with a bore therethrough, a
leading end connection and a trailing end connection, a plurality of sets of recesses in an exterior wall of the sub to receive a plural -
ity of sets of inserts, each having a threaded exterior surface, a plurality of internally threaded retainer rings, and a plurality of well
logging devices securable to the exterior wall of the sub using the retainer rings to threadably engage the inserts received in the re-
cesses. The system enables convenient configuration and reconfiguration of the well logging assembly by enabling convenient secur -
ing of a first well logging instrument to the sub at a variety of spacings from a second well logging instrument to provide a variety of
depths of investigation into a geologic formation penetrated by a drill string containing the well logging assembly.
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WELL LOGGING APPARATUS AND SYSTEM

Statement of Related Application

{0001]  This apphcation depends from and claims priority to US Patent Application No.
i

3849332 filed on March 22, 2013,
BACKGROUND OF THE INVENTION

Field of the Inventon

{0002} The present wvention relates to an apparatus and system for logging wells as
they are drilled into a targeted geologic fommation. More specifically, the present
invention relates to an apparates and a system for configoring a well logging tool with

devices that generate and detect electromagnetic, acoustic, and other physical signals.

Background of the Related Ant

{0003} Well loggmg devices are lowered imto a drilled earthen bore to detect
conditions in a geologic formation penewated by the bore. The detected conditions
generalty indicate the presence andfor absence of certain fluids that reside 1w the pores of
the rock that makes up the geologic formation. Well logging devices include devices that
generate signals aimed at a geologic formation adiacent to the bore and devices that
detect those signals that are reflected by or retwrned from the geologic formation. Some
well logging devices include a first well logging device to induce an electiical cwrrent to
flow within the geologic formation of interest and a second well logging device to
measure the resulting current flow in the formation to determine the electrical resistivity
of matenials residing within the formation. A high resistance to current flow generally
indicates that a non~conductive fhuid, such as oil or gas, resides m the pores of the

formation while a low resistance to current flow generally indicates that a conductive

fluid, such as water, resides m the pores of the formation.

{0004} in some applications, the spacing of a first, signal-geserating well loggmg

device on a well logging tool relative to a second, signal-detecting well device mstrument
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on the well logging tool determiines the depth of investigation: that is, the spacing
between the first and second well logging devices determines the distance into the
formation and from the bore m which the tool is disposed that is being investigated using
the well logping devices. A greater the separation of the first well logging device from
the second well logging device provides a greater distance into the geologic formation
from the tool that is investigated, and a lesser separation of the first well logging device
from the second well logging device provides a lesser distance into the formation from

the tool that 1s mvestigated.

{0005] it 15 advantageous to investigate the properties of the formation at varyimg
distances from the bore m order io better determine and account for changes i the
formation occurring as a result of near-bore exposure to pressurized dnilmg fluids and to
better determine a weighted-average property of the formation based on a plorality of

detected conditions.

BRIEF SUMMARY OF THE INVENTION

{0006} The present invention provides a well logging apparatus and system for
investigating the condition and/or content of a subsurface geologic formation penetrated
by an earthen bore nto which the well logging apparatus and system is introduced. The
well logging apparatus and system: can be configured with a plurality of well loggmg
devices with a first well logging device disposed on the apparatus at a first spacing from a
second well Jogging device. The well logging apparatus and system enables the

-

repositioning of at least one well logging device 1o provide a recenfigured well logging
apparatus with the first well logging device disposed on the reconfigured apparatus at a
second spacing from a second well Jogging device. The ability to reconfigure the
apparatus and to thereby vary the spacing of the well logging devices enables more

thorough investigation of a geologic formation of interest using the apparatus and system.

{00071 One embodiment of the well logging aspparatus and system comprises an
elongate sub having a bore for Huid flow and a plurality of sets of recesses spaced along
the external wall to enable the securing of well logging devices to the sub at varving

SpACIngs.
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{00081 In one embodiment of the apparatus and system of the present invention, well
logging devices securable to the sub include transceivers. A transceiver 15 an device
comprising both a transmitter and a receiver which are combined and share common
circuitry or a single housing. By contrast, a transmitter-receiver is a device comprising

both a transnutier and a receiver which do not share common circuitry.

{0009} A transceiver may comprise a wire coil encased within a non-conductive
protective material with conductive leads connecting the wire coil 10 3 power source,
such as a battery, andior connecting the wire cotl to an amphfier and a processor. A
transceiver may be operated in a fisst mode as g transmitter by using electrical power
from the power sowee to provide a current flow in the coil. The current flow excites the
catl and produces an electromagnetic field around the coil that can be directed, by
strategic configuration of the well logging nstrument, into 4 geologic formation adjacent
to an earthen bore in which the well lopging apparatus is deploved. Alternately, a
transceiver may be operated i a second maode as a receiver by using the processor to
detect, record andfor condition signals generated by one or more other well logging
devices operated as transmitters and flowing through and conditioned by the adjacent
geologic formation to reach the receiver. It will be understood that the condition of the
signals detected by the transceiver operating in the second mode reflects the nature and
character of the components and matenals of the geologic formation through which the

signals flow from the source transceiver to the detecting transcelver,

0010} In one embodiment of the apparatus and system, well logging devices are
repositionable along the sub to mncrease or decrease the spacing of the well logamg
devices and to increase or decrease the depth of investigation into the geologic formation.
Varying the spacing of the well logging devices and the depth of investigation into the
formation enables a more thorough investigation of the formuation and provides additional
data relating to the nature and character of the geologic formation of interest. The
apparatus and system of the present mvention enable the repositioning, removal,
mstallation and substitution of well logaing devices with mintmal time and offort at the
sarface. More importantly, the apparatus and system of the present mvention enable the
use of well logping devices having a very narrow radial profile to be slidably positioned

along the sub and secured at desired positions.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
j0011} FIG. 1 is an clevation view of an elongate sab with an exterior wall and a
plarality of sets of recesses axially spaced along an axis of the sub.

{0012} FIG. 2 is a perspective view of a threaded exterior surface of an insert
receivable into a recess on the sub.

j0013} FIG. 3 is a perspective view of an interior surface of an insert conforming to
the exterior wall of the sub within a recess.

{0014} FIG. 4 1s a plan view of the sub of FIG. L

{0015} FIG. 5 is the plan view of FIG. 4 after an electromagnetic well logging device

is received onto the sub to a first position.

0016} FIG. 6 is an enlarged view of a portion of the sub of FIG. § with a set of
inserts aligned with a set of recesses of the sub proximal {0 a first end of the well logging
device.

{00171 FIG. 7 i3 a perspective view of a retainer ring having an mternally threaded
portion 1o engage the threaded exterior surface of nserts received in a set of recesses on
the sub.

{0618} FIG. 8 is the view of the portion of the sub of FIG. 6 after the sets of inserts
are recerved into the corresponding sets of recesses and internally threaded retainer rings
are threaded onto the threaded exterior swrfaces of each of the set of inserts.

jO0 19 Fi(z. 9 15 the clevation view of the sub of FIG. 1 after a first well logging
device and a second well loggmg device are secured to the sub to provide a fust spacing
between the first and second well logging devices.

{0020} FiG. 10 15 the elevation view of the sub of FIG. 9 after the second well
logaing device is repositioned and a third well logging device 13 secured on the sub. The
reconfiguration of the well logging apparatus and system of FIG. 9 illostrated in FIG. 10
provides the first spacing (iHustrated in FIG. 9) between the first well logging device and
the third well logging device, and to provide a second spacing between the first well
fogeing device and the second well logging device and also between the second well
loguing device and the third well logging device.

{0021} FiG. 11 s a sectional elevation view of a portion of the sub of FIG. 1

lustrating a passage within the sub to receive electrically conductive wires terminating
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at a first end at 8 well logging device (not shown) proximal to an aperture through which
the passage is accessed.

{0022} FIG. 1215 an enfarged view of a portion of the passage of the sub of FIG. 11

DETAILED DESCRIPTION OF THE INVENTION

{0023} One embodiment of the present invention provides a sub adapted for being
connected wathin a doill string to be used for drilling an earthen bore and for being
configured with one or more signal-generating devices and one or more signal-detecting
devices at a8 known spacing one relative to the other; that is, each signal-generating
device 1s at g known spacing relative to each signal-detecting device that detects g signal
generated by a signal-generating device. A signal-generating device 15 also known as a
transmiter and a signal-detecting device is also known as a receiver. A transceiver is a
device that can be used to both generate a signal to be detected by another device andfor

to detect a signal generated by another device,

{0024} in one embodiment, a first transceiver comprises a generally sleeve-shaped
antennae case having a coil of conductive wire encased in a generally non-conductive
material. In one embodiment, the coil can be in the form of a length of conductive wire
winding aroond within the antennae case, such as in transceivers used i induction or
propagation-type resistivity logging tools or, i another embodiment, the coil can be ina
toroid form wound around a ring of highly permesble magnetic matenal, such as in a
fateral-type tool used for logging while drilling appheations. Alternately, the cosl can be
in the form of a pre-formed printed circott tvpe used for producing field patterns.

[0025] The first transcetver has a bore that can be received onto § sub that 15 wade up
within a drill stning used to extend an earthen borve.  Electrnically conductive leads
extending from a first end and a second end of the coil are connected to a power source,
sach as a battery, to cause an electrical current to flow through the coil. The current
flowng in the coil generates an electromagnetic Nield that peaetrates an adjacent geologic
formation as the drill siring 15 used to extend the earthen bore into which the sub and

well-logging instroments are deploved.
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{00261 A second transceiver, also having a coll encased within a non~conductive
material and leads connected at the first and second ends of the coil, is disposed on the
sub at a known spacing relative to the first transceiver. The leads of the second
transceiver are connected 1o a device that detects and analyzes signals received at the ¢oil
from the adjacent geologic formation and that originate from the first transceiver. The
detected signals are altered by or conditioned by the components of the formation, and
the detected signals can be used to determine the nature and character of the components
of the formation that caused the alterattion or conditioning of the signals. For example, a
low-conductivity material, such as hydrocarbon gas or oil, stored n the pores of the
geologic formation will affect the signal generated by the first transceiver and detected by
the second transcetver n a first way, while a highly conductive material, such as water or
brine, stored in the pores of the geologic formation will affect the signal generated by the
first transcetver and detected by the second transceiver m another, very distinet way, The
extent o which the signal generated by the first transcetver and detected at the second
transceiver is altered or conditioned is an indicator of the nature and character of the

material stored in the pores of the geologic formation of terest.

{0027} The spacing between the first transceiver used to generate a signal and a
second transceiver used to detect the ahlered or conditioned signal retumned by the
formation provides an indication of the distance, from the tool and into the geologic
formation, to which the altered or conditioned signal pertains. For example, but not by
way of hmitation, a first transcever positioned on the tool at a distance of only 2 feet (61
cem} from the second transceiver will provide a detected signal that indicates the
conditions in the geologic formation ai a first distance from the tool, while a first
transcetver positioned on the tool at a distance of 10 feet {305 cm) from the second
ransceiver will provide a detected signal that indicates the conditions in the geologic
formation at a second distance from the {ool that i3 substantially greater than the first
distance. Varving the spacing between the first transceiver and the second transceiver is
a method that provides a better and more detailed investigation of the components of the
geologic formation both proxunal to the drilled bore m which the tool resides and distal

o the drilled bore.
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0028} The apparatus and system of the present invention provide a convenient
solution 1o the need for varying the spacing of well logging devices of a configured well
logaing tool. The apparatus and system of the present invention enable a sub to be
configured with a variety of spacings between the one or more well logging devices
secured on a sub and used to generate and transmit a signal mto an adjacent geologic
formation of mterest and 1o receive and detect altered or conditioned signals returning
from the geologic formation of tmerest. In one embodiment, the sub used in the method,
apparatus and system of the present invention comprises a bore through the sub and an
exterior wall having a plarality of sets of recesses spaced along the length of the sub for
use in securing well logging devices intermediate adjacent sets of recesses. A plurality of
curved mserts are recetvable mto the recesses of the sub to provide threads 1o engage
internally threaded retainer rings to secure a well logging device 1n a desived postiion on
the sub. The threads of the curved inserts and the corresponding threads on the interior
bore of the retainer rings are directed {e.g., lefi-handed or right-handed) to be tightened
by interaction between the retainer ring and the wall of the earthen bore drilled or
extended using the drill string into which the well logging tool is made up. Using the
method, apparatus and system of the present invention, a well logging assembiy of a drill
string can be convemiently configurable and re-configurable because the well logging
devices (transceivers, transmitters, receivers, ete.} of which the well logging assembly is
comprised can be secured to the sub to provide a well logging assembly having a first
configaration, used to investigate a formation of aterest, and then later easily unsecored
and removed from the first position location and repositioned to a different, second
position on the sub. The well logging devices are then re-secured 1o the sub to provide a

well logging assembly having a second configuration.  The configurations can be

predetermined prior 1o the execution of a drilling phase, for example, based on known or
suspected formation properties, desirable detection range(s). and economic considerations

such as cost.

{09291 FIG. 1 is an elevation view of an clongate sub 16 with an extenor wall 12 and
a plurality of sets of recesses 18 axually spaced along an axis 11 of the sub 10. The sets
of recesses 18 mayv comprise two, three or more recesses 15 angularly distmbuted about

the axis 11 of the sub 18, The embodiment of the sub 18 tv FIG. 1 has a plurality of sets
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of recesses 18 comprising a plurality of pairs of recesses 15, each recess 18 of a set being
180 degrees out of phase about the sub 18 with the other recess 15 of the same pair {or
set). It will be anderstood that, for a system of the present invention having a sub 10 wath
sets of recesses 15 comprising three recesses 15 in each set, gach recess 15 will be 120
degrees out of phase about the sub 18 with each of the remamng two of the recesses 15
of the set, and that for a sub 10 having sets of recesses 18 comprising four recesses 15 in
each set, each recess 18 will be 90 degrees out of phase with two of the remaining three
of the recesses 15 in the set, etc. It will be further understood that other embodiments of
the systein of the present invention may have recesses 15 of a set that are not equi-
angnlarty distributed about the axis 11 of the sub 10, but an equi-angular distribution of
the recesses 18 within a set provides for optimal torqueing and retention of retainer rings

30 (not shown in FIG. 1) that are to be recerved on, and secured to, the sub 19 by mnserts

20 (not shown in FIG, 1) received in the recesses 15,

{0030} The embodiment of the sub 10 in FIG. 1 further comprises a leading end 13
and a tratling end 14, a leading end connection 17 at the leading end 13 and a trailing end
connection 18 at the trailing end 14, The leading end connection 17 and the tratling end
conpection 18 of the sub 14 enable the connection of the sub 18 mio a drill string {not
shown} having, for example, a drilling assembly (not shown), including devices such as a
drif bit, connected to the leading end connection 17 and a rotary-powerad top drive
drilling rig {not shown) connected to the tratling end connection 18, The threads 16 on
the leading end connection 17 and the trathng end connection 18 of the sub 19 arve right-
handed threads. Torque applied to the drill string {(not shown} by the dnlling nig {not
shown)} in the direction of arrow 29 tends to tighten the threaded connection between the
drilling assembly (not shown} and the leading end connection 17 and also to tighten the
threaded connection between the drilling rig {not shewn) and the trailing end connection

18, and all threaded connections therebetween.

{0031 The sets of recesses 15 of the embodiment of the sub 10 lustrated 0 FIG. 1
are equadistant one from the others and have a waiform separation distance 19 between
adjacent sets of recesses 15, It will be understood that other embodiments may comprise
irregularly  or staggered separations between adjacent sets of recesses 15, or a

combination of regular and wregular separations.
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{00321 FIG. 2 is a perspective view of a threaded exterior swrface 22 of 8 curved
insert 20 receivable mto a recess IS {not shown on FIG. 2 ~ see FIG. 1) on the exterior
wall 12 of the sub 10, The mnsert 20 has a thickness 23 (not ncluding the height of the
threads) that generally corresponds to a depth (not shown) of a recess 15 on the sub 10
The exterior surface 22 comprises a plurality of screw threads 28 that extend beyond the
thickness 23 of the msert 20, FIG. 3 is a perspective view of an intenior surface 21 of an
insert 28 conforming to the exterior wall 12 of the sub 10 (not shown in FIG. 3 - see

FIG. 1) and within a recess 15,

{00633} FIG. 4 is a plan view of the sub 10 of FIGs. 1 and 2 ilustrating the positions
of the sets 26 of recesses 13 along the exterior wall 12 of the sub 10 of FIG. 1. FIG. 4
shows a set 26 of recesses 15 which, in the embodment of the sub 16 i FIG. 4,

comprises two recesses IS per set 26.

{0034} FIG. 5 is the plan view of FIG. 4 after a first, sleeve-shaped well logging

device 80, which may be, for example, a transceiver, is slidably received onto the sub 18

to a first position intermediate two adjacent sets 26 of recesses IS to enable the well
logaing device 50 to be secured to the sub 18, The well logping device 30 w the

embodiment of the system Hlustrated in FIG, § 15 generally sleeve-shaped to enable the
well logeing device 50 to be received over either the leading end 13 or the trading end 14
of the sub 10 and 1o slide along the sub 18 to the first position Hustrated in FIG. 8. It
will be understood that there are no radially protruding obstacles along the exterior wall
12 of the sub 18 preventing shiding movement of the well logging device 58 or other
devices along the exterior wall 12 of the sub 10. The well logging device 58 n FIG. §
has a first shoulder 51 proximal a set 26 of recesses 15 and a second shoulder 52 disposed
proximal an adjacent set 26 of recesses 15, It will be understood that other embodiments
of the system of the present invention sy conprise 8 well logging device 58 that may be
tonger, in an axial direction, and that the sets 26 of recesses 15 that straddle the well
logging device 50 may not always be immediately adjacent one to the other, and that such
a well logging device 50 may conceal one or more sets 26 of recesses 15 in the exterior

wall 12 of the sab 16,
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{0035 FIG. 6 is an enlarged view of a portion of the sub 18 of FIG. § with the well
logging device 50 positioned intermediate the immediately adjacent sets 26 of recesses
15, The well logging device 30, the inserts 20 and a refainer ring 30 ave shown in FIG. 6
in cross-section. An insert 20 is shown aligned with each of the four recesses 15 on the
exterior wall 12 of the portion of the sub 10, with two inserts 20 aligned with recesses 18
of the set 26 proximal to the first shoulder 51 of the well loguing device 56 and two
inserts 20 aligned with recesses 15 of the set 26 proximal to the second shoulder 82 of the
well logging device 80, A retainer ring 39 having an internally threaded portion 33 and
an adjacent enlarged bore portion 31 1s recetved onto the portion of the sub 10 proxamal
to the set 26 of recesses IS proximal to the first shoulder 81, The enlarged bore portion

31 of the retainer ring 30 is within a sleeve portion 34 of the retamer ring 30,

{0036} FiG. 7 is a perspective view of the retainer ring 38 of FIG. & illustrating the
bore 36 of the retainer ring 30 sized to receive the sub 10 (not shown -- see FIG. 6), the
wternally threaded portion 33 having a plosality of threads 32 and the sleeve portion 34

having an enlarged bore portion 31,

08374 FHG. 8 is the view of the portion of the sub 1 of FIG. 7 after the mserts 20 are
recetved into the aligned recesses 15 and after the internally threaded portion 33 of the
retainer ring 30 is threaded onto the adjacent inserts 20 to dispose the enlarged bore
portion 31 within the sleeve portion 34 of the retainer nng 36 into engagement with the
first shoulder 51 of the well logging device 50. A second retainer ring 30 15 sinularly
introduced onto the sub 18 and simifarly engaged with the second shoulder 52 of the well
logaing device 38, The retamer rings 3@ together secure the first shoulder 51 and the
second shoulder 52 of the well logging device 38 to secure the well logging device 50 m
the first position illustrated 18 FIG. 7 and tntermediate the adiacent sets 26 of recesses 18

on the sub 10,

{00381 FIG. 9 15 the view of the sub 18 of FIG. 1 after a first well logging device S0a
and a second well logging device 38b are secured on the sub 18 in the manner ilustrated
i FiGs. 1-8 to provide a first spacing 53 between the first well logging device 50a and
the second well logging device S8b. The first spacing 33 illustrated by the separation of

the first well lopging device 50a and a second well logging device 50b results m a

ey
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capacity 1o investigate a geologic formation at a corvesponding first depth or distance
from the axis 11 (not shown in FIG. 9 ~- see FIG. 1) of the sub 10, it will be understood
that the first depth or distance from the axis 11 and into the formation of the investigation
performed using well logging devices Sfia and S0b at a given spacing 53 is not
necessarily equal to the spacing 83, but s greatly nfluenced by the well spacing 53.
Other factors that mav affect the actual depth or distance from the axis 11 and into the
formation may include, for example, the size, conductivity and the number of windings

within the coil {(not shown} m the well logging devices 58a and SUb, the nature and

character of the components of the formation (not shown), and the current level deltvered

10 the cail.

§’0039’j FHG. 10 1s the elevation view of the sub 10 of FIG. 9 after the second well
logaing device 50b is repositioned and a third well logaing device S0¢ is secured on the
sub 10 The reconfigured well fogging assemibly and system of FIG. 9 illustrated in FIG.
10 provides a first spacing 83 (illustrated 1 FIG. 9) between the first well logging device
50a and the third well logging device 80¢, and provides a second spacing 54 between the
first well loguing device S0a and the second well logging device 38b and also between
the second well logging device 50b and the third well logging device 58c.  The
combination of the first spacing 33 berween the first well logging device $0a and the
third well logging device S0¢, and the second spacing 54 between the first well loggiong
device 58a and the second well logging device 38b and alse between the second well
logging device 50b and the third well logging device 50¢, provides for a more thorough
range of investigation depth and distance mio a geologic formation swrrounding an
earthen bore drilled using a drill string including the sub 10 as dressed with well logging

devices 80a, 58b and 50¢ as Husteated m FIG. 10

0040} In one embodiment of the apparatus and system of the present invention, the
recesses 18 in the exterior wall 11 of the sub 18 are shaped 1o recetve an insert 20 in a
first orientation to position the threaded exterior 22 of the insert 20 (see FIGs. 2 and 3) to
provide right-handed threads 25 to engage a retainer ring 30 received over the leading
end conpection 16 at the leading end 13 of the sub 10 or in a second orientation, 180
degrees out of phase with the first orientation, to provide right-handed threads for

engagement by a retamer ring 30 recetved over the tratling end connection 16 at the
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tratling end 18 of the sub 10 {see FIG. 1) It will be understood that the shape of the
recesses 18 in the exterior wall 12 of the sub 10 and the corresponding shape of the
mserts 20 can provide for reversal of the thread direction 1o enable the securing of well
fogging devices S0 intermediate any two sets 26 of recesses 15 on the sub 10 because any
set 26 of recesses 15 can be used, by selection of the thread onentation, to secure a first

end or a second end of a well logging device 58,

£
B

j0041} In one embodiment of the apparatos and systent of the present mnvention, a
well loggimg device 50 securable to the sub 16 18 of a length along the axis 11 of the sob
10 generally corresponding to the distance along the axis 11 of the sub 18 from a set 26

of recesses 18 to an adiacent sel 26 of recesses 18, as illustrated 1n FIGs. 9 and 10, o

another embodiment of the apparatus and system of the present invention, a well loguing
device 50 securable 1o the sub 10 is of a length along the axis 11 of the sub 18
corresponding to an nfeger multiple of the distance along the axis 11 of the sub 10 from
a set 26 of recesses 15 to an adjacent set 26 of recesses 15 plas the integer multiple less
one of the length of a recess 1% For example, but not by way of limitation, a well
logping device 58 that 1s equal to two times the distangce frony & recess 1§ to an adjacent
recess 18 plus one times the length of a recess 18 can be secuwred on the sob 180 to
surround and cover a set 26 of recesses 15 on the sub 10 with a first end 31 proximal 10 a
set 26 of recesses 15 to the left of the swrounded and covered set 26 of recesses 18 and
with a second end 82 proximal to 2 set 26 of recesses 15 to the right of the surrounded
and covered set 26 of recesses 15 so that a first retainer ring 30 disposed on inserts 30
received in the set 26 of recesses 15 to the left of the surrounded and coverad sef 26 of
recesses 13 can be torgued onto the threaded mserts 28 to secure the first end 81 of the
well logging device 8O and a second retainer ring 30 received 1o the set 26 of recesses I8
to the right of the swrrounded and covered set 26 of recesses 15 can be torqued onto the

threaded mserts 20 to secwre the second end 82 of the well logging device 50,

{0042} it will be understood that the recesses 18 and the mserts 20 may be of varying
lengths, in a direction along the axis 11 of the sub 160, and of varving angular spans, in an
angular direction about the axis 11 of the sob 180 For example, but not by way of
hmitation, an embodiment of a sub 10 having an external diameter of 12 inches may

inchide recesses 15 within the exterior wall 12 of the sub 10 having a length, along the
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axis 11 of the sub 10, of four inches and an arc span of 20 degrees, about the axis 11 of
the sub 10, In an embodiment of the sub 10 baving two recesses 15 per set 26 of recesses
18, the circumference of the sub 10 within a plane perpendicudar to the axis 11 and
mtersecting the set 26 of recesses 15 would include an arc span occupied by recesses 15
of 2 recesses per set x (20 degrees per recess + 3603 x 314 x 12 inches = 4.19 mches

of the total sub 10 circumference of 37.7 inches. It will be understood that increasing the
arc span of the recesses 138 and inserts 28 will increase, for a given sub 10 diameter, the
overall Linear length of threads engaged by the vetainer rings 36 that engage the threaded
extertor 18 of the recesses 18, It will be further understood that mcreasing the number of
inserts 20 per set 26 of inserts 20 will also increase the overall linear length of threads
engaged by the retainer rings 30 that engage the threaded exterior 18 of the recesses 15,
{0043} FIG. 11 is a sectional elevation view of a portion of the sub 18 of FIG. 1
ilustrating a passage S8 within the sub 16 to receive and protect electrically conductive
wires {(not shown) terminating at a first end at a well logging device (not shown) received
onto the sub 10 proximal fo an aperture 89 through which the passapge 58 is accessed.
The passage S8 is within a wall 57 of the sub 10, and the aperture 39 is positioned
proximal to a recess 18 on the sub 10 for securing a well logging device 80 {(not shown).
It will be understood that electrically conductive wires (not shown} terminating at a first
end at a well logging device 58 {not shown) may be received through the aperture 89 and
the passage 38 and comnected to g batiery (not shown) or processor (not shown)
connected to the sub 10

{0044} FIG. 12 is an enlarged view of g portion of the passage 58 of the sub 10 of
FIG. 11 wath a threaded plug 85 posttioned above the apertare 89 in the wall 87 of the
sub 10, The plug 55 may be used to close the aperture 89 when it is not m use. For
example, if @ well logging device 50 {(not shown) 18 not secured to the sub 19 at the recess
15 {not shown -~ see FIG. 11) adjacent to the aperture 89, the plug 58 may be threadably

engaged with the aperture 59 to close the aperture 59 and the passage 58.

{00451 it will be understood that the dimensions of an embodiment of an exemplary
sub 18 stated herein are for purposes of iflustration and discussion enly, and should not
be considered as hmiting of the scope of the present invention. A sub 10 used in an

apparatus and system of the present invention may be 30 feet or more m length se
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provide a very wide range of obtainable spacings between well logging instruments 86,
Additional spacing, when needed, can be achieved through the deployment of two
modular sub-systerns, each 30 feet long, spaced apart one from the other using one or

mMOore spacers.

{0046} The term “well logging device,” as that term is used herein, clodes, but s
not lunited to, a wansnitter, a recetver, a transceiver, an antenna, or an electrode, and s
not Hmited to electromagnetic messurement. A well logping device can also be a
fransducer for acoustic measorement or detector or nuclear sowrce for naclear
measurements, A wansceiver 18 a well logging device that can function as either a
receiver or a transmitter, depending on the mode of operation.  Embodiments of the sub
10 may further comprise apertures and/or channels within the sub 10 to accommodate
electrically conductive wire to, for example, provide a current 1o @ transceiver or other
well logping device or electronic component within a well logging device. A condactive
wire may be used to carry an electrone signal from a well logging device to another well
logging device or to 8 processor, relay, data storage device, amplifier, ete. In some
embodiments, apertures throngh the wall of the sub 10 may be threaded to accommodate

closure of the aperture {while not in use} using a threaded plug.

{0047} The terminology used heremn is for the purpose of describing particular
embodiments only and is not intended 1o be limiting of the invention. As used herein, the
singular forms "7, "an” and “the” are intended 1o include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms
“comprises” andor “comprising,” when used m this specification, specity the presence of
stated features, integers, steps, operations, clements, components andfor groups, but do
not preciude the presence or addition of one or more other features, integers, steps,
operations, elements, components, andfor groups thereof  The terms “preferably,”

R

“preferred,’

B

prefer;

A Ee

" optionatly,” “may,” and similar terms are used to indicate that an
item, condition or step being referred to 8 an optional {(not required) feanwe of the

mvention.

{0048} The corresponding structures, materials, acts, and equivalents of all means or

steps plus function elements in the claims below are mtended to nclude any structure,
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material, or act for performing the function in combmation with other claimed elements
as specifically claimed. The description of the present invention has been presented for
purposes of ilustration and descrption, but it not mtended to be exhaustive or hmtted to
the invention in the form disclosed. Many modifications and variations will be apparemt
to those of ordinary skill in the art withownt departing from the scope and spirit of the
invention.  The embodiment was chosen and described in order to best explain the
principles of the invention and the practical application, and to enable others of ordinary
skill in the art to understand the invention for various embodiments with various

modifications as are saited to the particular use contemplated.
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CLAIMS

What is claimed is;

1. A svstem, comprising:

an elongate sub with a first end connection, a second end connection, a bore, an
exterior wall and a plurality of sets of recesses m the exterior wall and spaced along an
axis of the sub, each recess of a set angularly distnibuted about the axis relative to one or
more remaining recesses of the set;

a plurality of curved wserts receivable into the recesses and baving an intenior
surface, generally confornung to the exterior of the sub within a recess, and a threaded
exterior surface;

a plurality of well logging devices each having a first end, 3 second end and a
hore to receive the sub; and

a plurality of retainer rings cach having a bore with internal threads to threadably
engage the threaded exterior surfaces of a set of mnserts received into a set of recesses;

wherein a first set of mserts are recetvable ito g first set of recesses of the sub o
threadably engage the bore of a first retainer ring to secure a first end of & first well
logging device received on the sub at a first position;

wherein a second set of inserts are recetvable mto a second set of recesses of the
sub to threadably engage the bore of a second retainer ring to secure the second end of
the first well logping device;

wherein a third set of inserts are receivable into a third set of recesses of the sub
i threadably engage the bore of a third relainer ring o secure the first end of a second

well logging device;
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wherein a fourth set of inserts are receivable into a fourth set of recesses of the
sub to threadably engage the bore of ¢ fourth retainer ring to secure the second end of the
second well logging device at a first spacing along the sub from the first well logging
device; and

wherein at Jeast a fifth set of the recesses of the sub remains available for
repositicning of the second well logging device o provide a second spacing between the

second well logging device and the first well logging device that 1s different than the first

spacing.

2. The system of claim 1, wherein the first well logging device and the second well

logeing device coraprise a first transcetver and a second tragsceiver.

3 The system of claim 1, wherein the first well logging device and the second well
loging device comprise at least one of a wanscelver, a fransmitter, a receiver, and an

electrode.

4. The system of claim 1, further comprising a passage within the sub (o receive
electrically conductive wires connected t one or more well loggimg mstruments secured

{0 the exterior wall of the sub.

5. The system of claim 4, further comprising an electrical power sowrce to provide

electrical current 1o at least one of the first and second well logging devices.
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6. The systemn of claim 5, further comprising a compartment within the sub to
receive the electrical power source.
7. The system of claim 3, wherein the electrical power source comprises at least one
of a battery and a fuel cell.
8. The svstem of clatm S, further comprising a processor to recetve signals from at

least one of the first and second well logging devices.

Q. The system of claim 8, further comprising 8 compartment within the sub to

receive the processor,

10, The system of claim I, wherein a fifth set of inserts are recewvable into the fifth
set of recesses to threadably engage the bore of a fifth retainer ning to secure a fiwst end of
a third well logging device on the sub at a third position that is at a spacing from the well

logging device secured at the first position.

11, The systen of elatmy 10, wherein a sixth set of inserts are recetvable into a sixth
set of recesses to threadably engage a sixth retainer ring to secure a second end of the

third well fogging device.

12, The system of claim 1, wherein each of the plurality of inserts is receivable in 2

first orientation within g recess 1o provide night-handed threads to threadably engage an
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internally-threaded portion of a retainer ring introduced onto the sub over a first end
conmection at a first end of the suby;

wherein gach of the plurahity of nserts 1s recervable in a second ovientation within
the recess to provide right-handed threads to threadably engage an mternally-threaded
portion of a refainer nng introduced onto the sub over a second end connection at a
second end of the sub; and

wheremn the second orientation i which an msert 1s recetvable within a recess s
180 degrees out of phase with the first orfentation i which an ingert 1s receivable within

the recess.

13, The system of clam 4, forther comprising an aperture in the extenior wall of the
sub providing access to the passage;
wheremn the electrically conductive wires received in the passage terminate at a

first end at a well logging mstrument secured to the sub proximal to the aperture.

4. The well logging system of claim 1, further comprising:

a fifth set of recesses 1o receive nsevts 10 engage a retainer rng to secure the first
end of the second transcetver at a third position that is at 8 second spacing from the first
position; and

a sixth set of recesses to receive inserts to engage a retainer ring to secure the

second end of the second transceiver.
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15, The well logging system of claim 1, fusther comprising:
a fifth set of recesses to receive inserts to engage a retainer ring to secure the first
end of a third transceiver at a third position that is at the first spacing from the closest of

the first position and the second position,

16, A wethod of using a well logging tool, comprising:

providing a sub having a first end, g second end, and a plurality of sets of recesses
in an exterior wall of the sub;

receiving a bore of a first well logging device onto the sab;

securing the first well Jogging device intermediate a first set and a second set of
FRCESSeS;

recetving & bore of a second well logging device onto the suby

amg device intermediate a third set and a fourth set of

di >

securing the second well log
recesses to provide a first spacing between the first well logging device and the second
wetl logging devics:

making up the sub with the well logging devices secared in the first spacing into a
drill string;

running the doll string into an earthen bore;

wvestigating a genlogic formation of interest using the well logging devices
spaced apart on the sub at the first spacing;

retrieving the sub with the well {ogging devices from the earthen bove;

releasing the second well lopging device from the position intermediate the third

and fourth sets of recesses;
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repositioning the second well logging device on the sub;

securing the second well logging device intermediate a fifth set of recesses and at
least one of a sixth set of recesses, the third set of recesses and the fourth set of recesses
to provide a second spacing between the first well logging device and the second well
logamg device that is different than the first spacing;

making up the sub with the well logging devices secured in the second spacing
mto a drll stnng;

ronmng the doll string into an earthen bore; and

wivestigating a geologic formation of interest using the well logging devices

spaced apart on the sub at the second spacing.

17 The method of claim 16 wherein securing the second well logging device
intermediate a §ifth set of recesses and at least one of a sixth set of recesses, the third set
of recesses and the fourth set of recesses 1o provide a second spacing between the first
well loggimg device and the second well logging device that is different from the first
spacing comprises:

securing the second well logging device mtermediate a fifth set of recesses and a
sixth set of recesses to provide a second spacing between the first well logging device
and a second well logging device that is different from the hirst spacing; and

wherein the fifth and sixth sets of recesses are disposed mtermediate the first and
second sets of recesses together proximal the first end of the sub and the third and fourth

sets of recesses together proximal the second end of the sub.
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13 A method of using a well logging tool, comprising:

providing a sab having a first end, 8 second end, and a plurality of sets of recesses
in an exterior wall of the sub;

receiving a bore of a first well logging device onto the saly

securing the first well logging device miermediate a first set and a second set of
TRCEsSes;

receiving & bore of a second well logging device onto the sub;

securing the second well logging device intermediate a third set and a fourth set of
recesses to provide a first spacing between the first well logging device and the second
well logging device:

making up the sub with the well logging devices secared in the first spacing into a
drill siring;

ranning the doill string into an earthen bore;

mvestigating a peolowic formation of interest using the well logging devices
spaced apart on the sub at the first spacing;

retrieving the sub with the well logging devices from the earthen bore;

releasing the second well logping device from the position intermediate the third
and fourth sets of recesses;

repositioning the second well logging device on the sub;

securing the second well logging device intermediate a {ifth set of recesses and at
least one of a sinth set of recesses, the third set of vecesses and the fourth sef of recesses

to provide a second spacing between the first well fogging device and the second well

logging device that is different than the first spacing;
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making up the sub with the well logging devices secured in the second spacing
mto a drill string;
running the deill string into an carthen bore; and

mvestigating a geologic formation of interest using the well logging devices

Pt

spaced apart on the sub at the second spacing.
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