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(54) Title: WINDOW CORE FOR GAMMA RAY DETECTION IN A DOWNHOLE TOOL

(57) Abstract: A downhole tool includes a window cap located in a cover that is positioned be-
tween an electromagnetic radiation detector in the downhole tool and a geological formation into

which a borehole is formed and where the downhole tool is to be positioned. The electromagnet-
ic radiation detector is to detect an electromagnetic radiation from the geological formation. The
downhole tool includes a window core positioned behind the window?7 cap relative to an external
environment of the downhole tool, wherein the window core is positioned between the window
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cap and the electromagnetic radiation detector.
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WINDOW CORE FOR GAMDMA RAY BDETECTION IN A DOWNHOLE TOOL

TECHNICAL FIELD

0001] Ths disclosure generally relates to gamma ray density measurement loggmmg, and, in
P, o o Pant? O

particular, to a window core for gamma ray detection in a downhole tool.
BACKGROUND

{0002} Gamma ray scattering measurements can be used to measure the density of subsurface
formations. Downhole tools can inchide a gamma ray source and at least one gamma ray
detector. Gamma rays from the source can pass nto a subsurface formation surrcunding the
borchole. These ganuna ravs can interact with electrons in the formation material. Some of the
gamma rays eventually scatter back into the tool and can be detected by a gamma ray detector.
The number of detected gamima ravs can depend on the number of electrons in the formation,
and the number of electrons can be proportional to the density of the formation. Counsequently,

the formation density can be determuned from the number of detected gamma rays.

BRIEF DESCRIPTION OF THE DRAWINGS
{0003} Embodiments of the disclosure may be better understood by referencing the

accompanying drawings.

100041 FIG. 115 an isometrc view of a first example downhole tool, according to some

embodiments.

{00051 FIG. 2 15 a cross sectional view of the example downhole tool of FIG. 1, according to

some embodiments.

{0006} FIG. 3 is an isometric view of a second example downhole tool, according to some

embodiments.

{00071 FIG. 4 15 an isometric view of a configuration of a window core that includes a plastic

material fully encapsulated by an elastic material, according to some embodiments.

{0008} FIG. 5 1s an isometric view of a third example of a wimdow core that 1s made of a single

material, according to some embodiments.
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100091 FIG. 6 15 an isometric view of an example of a combined window core and slegve,

according to some embodiments,

{0010} FIG. 7 15 a side view of an example fastener having a waisted shank, according to some

embodiments.

{0011} FIG. 8 is a side view of an example fastener baving a multi-shank reduction, according to

some embodunents.

{0012} FI1G. 9 15 a cross sectional view of a tirst example anti-rotation fastener assembly,

according to some embodiments,

{0013} FIG. 1015 an 1sometric view of the first example anti-rotation fastener assembly of FIG.

9, according to some embodiments.

{0014} FIG. 11 is a normal view of the first example anti-rotation fastener assembly of FIG. 9,

according to some embodiments,

{0015} FIG. 12 15 an exploded view of the first example anti-rotation fastener assembly of FIG.

9, according to some embodiments.

{00161 FIG. 13 is an isometric view of a second example anti-rotation fastencr assembly,

according to some embodiments,

{0017} FIG. 14 is a top view of the second example anti-rotation fastener assembly of FIG. 13,

according to some embodiments.

10018} FIG. 15 is an exploded view of the second example anti-rotation fastener assembly of

FIG. 13, according to somc embodiments.

{0019} FIG. 16 1s a flowchart of operations for performing gamma ray detection using a

downhole tool, according to some embodiments.

{0020} FiG. 17A is a schematic diagram of an cxample drilling system, according to some

embodiments.

{0021} FIG. 17B 15 a schematic diagram of an example wireling system, according to some

embodiments.
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DESCRIPTION OF EMBODIMENTS

10022} The description that follows includes example systoms, methods, techniques, and
program flows that enmtbody cmbodiments of the disclosure. However, it is understood that this
disclosure may be practiced without these specific details. For instance, this disclosure refers to
the use of a gamma ray detector for detection of gamma rays i illustrative examples.
Embodiments of this disclosure can also be used to detect other types of clectromagnetic
radiation. In other instances, well-known instruction instances, protocols, structures, and

technigues have pot been shown in detail in order not to obfusecate the description.

{0023} Nuclear logging tools can be used to measure the interactions between radiation emitted
from such tools and the surrounding formation duning vartous downhole operations. Tools
having gamma ray detectors can be used to measure various formation properties {such as
formation porosity, hithology, eic). Gamma ray detectors are typically mounted 1n a housing
internal to the tool housing. A separate cover can be attached 1o the tool housing to cover the
opening and protect the detector from rough downhele conditions and borehole mmpact. A
window can be cut in the cover in front of the gamma ray detector to allow for the unattenuated
transmission and receipt of formation gamma rays. In order to maintain consistent and accurate
measurement, various contaminants (such as downhole mud, dnilling fluid, cuttings, etc.)

entering the detection window should be avoided.

{0024} Example embodiments include a gamma ray logging tool that is configured to provide a
more gecuratc measurement of gamma rays by reducing interference of the measurement that can
be caused by these various contaminants downhole. For example, in Measurement While
Drilling (MWD} or Logging While Drilling (LWD) applications, the legacy mod-under-the-
blade issue for gamma ray logging tools can be reduced. Multiple factors can contribute to
contaminants being imtroduced into the gamma ray detection window. First, conventional
detection windows are typically composed of a plastic material due to its low density to prevent
the gamma ray blockage. However, this plastic material is soft and thus can be prone to be
damaged under rough dowrhole conditions and borchole tmpact. Second, vnder high pressure
downhole, mud can penetrate mto multiple gaps under the detection window and can enlarge that
gap over time. Further, thermal expansion of these detection windows can occur as a result of the
downhole conditions during operations. These phenomena can change the integrity of detection

window during downhole operations and can deteriorate the measurement accuracy. As a result,
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the tool may require calibration after cach ron. However, these problems with inaccurate
measurenents caused by various contaminants downhole can continue to occur and worsen over

time.

{0025} The challenges noted above can be addressed by the vanious embodiments of a detector
housmg described herein. In some embodiments, a window core is positioned between a window
cap and the detector. The window core can include a first elastic material disposed adjacent to a
back side of the window cap facing the detector. The window core can also include a second
elastic material disposed adjacent to a part of the detector to reccive the gamma rays through the
window cap and that is facing the window. By using these clastic materials with sealing
capability in the arca between the window and the detector, the mgress of contaminants during
downhole operations can be prevented. in some embodiments, the window core can include a
plastic material positioned between the two elastic materials. This plastic matenial can reduce the
thermal expansion of the window core when temperature increases downhole dunng operations.
In some embodiments, the window core can be combined with a sleeve that wraps arcund the
detector. In some embodiments, other sides of the window core can include elastic materials to
further increase its sealing capability. Altemnatively, the window core may not include a plastic
material positioned between the elastic materials. Rather, the window core can be composed of
clastic material. In some implementations, the window cap may be climinated, and the cover

may have a cavity in which the window core may be placed.

{0026] In some embodiments, fasteners can be used to securely couple or connect parts of the
logging tool together. As further described below, the fasteners can be bolts that are configured
to reduce stress concentration on the bolts that can be caused by a bending and/or axial load
during downhole operations. In some cmbodiments, a shank of the bolt may have a smalier
diameter than a diameter of the threads. There may be multiple diameters along the shank. There
may also be a multi-rads fillet between a bolt head and the shank. In some embodiments, anti-
rotation assemblies may be used in conjunction with the fasteners described herein to prevent

loosening of the fasteners due to high vibrations during downhole operations.

Example Downhole Tool

[0027] FIG. 1 18 an isometric view of a first example downhols tool, according to some

embodiments. A downbole tool 100 of Fi(G. 1 can be ncorporated into various downhole

4
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operations. For instance. the downhole tool 100 can be part of a dnll stnng for drilling
operations. An cxample of such a system is depicted 1 FIG. 17A, which is further described
below. The downhole tool 100 can also be part of a wircline system. An example of a wirchne
system s depicted in FIG. 178, which is further deseribed below. The downhole tool 100

includes a detector 108 that 1s housed within a collar 110,

{00281 Example embodiments can include enussion of gamma rays into a surrounding
formation. The gamma rays can be cmitted from the downhole tool 100 itself or from a different
component downhole or at the surtace. The gamma rays can have a high enough encrgy to pass

through the formation and be detected by the detector 108.

{00291 A slecve 116 can be wrapped around the detector 108 to centralize the detector 108 1n the
collar 110, The sleeve 116 can be composed of any type of elastic material (such as rubber}, A
portion of the collar 110 can be cut out for placement of a window for passage of gamma rays
from the subsurface formation for detection by the detector 108, A cover 102 can be positioned
in the cutout of the collar 110, In some embodiments, the cover 102 includes openings or holes
for fasteners. The cover 102 can hold the detector 108 in place by fasteners positioned in these
openings or holes. An example embodiment of the cover 102, the fastencers, and the detector 108

are depicted m FIG. 2 and FIG. 3, which are further described below.

[0030] The cover 102 can be composed of different types of hard and/or high density materials
{such as carbide, diamond coated material, etc.). Such matenals of the cover 102 can attenuate
gamma rays, resulting in inaccurate measurements. The cover 102 may have an opening cut out
of the cover 102 to allow the gamma rays emitted from the detector 108 to travel with less
attenuation. A window cap 104 can be positioned in this opening of the cover 102, The window
cap 104 may be composed of a low-density, high strength matenial to allow gamma ray
transmission with mimimal attenuation while protecting the detector from harsh downhole
conditions. Such materials include, but are not limited to, fitanium or aluminum alloys. In some

implementations, the window cap 104 may be composed of the same matenal as the cover 102,

{00317 In some embodiments, the cover 102 may not have an opening cut out of the cover 162,
Rather, the cover 102 may have a decreased thickness at the location of the window core 121 to
mimimize attenuvation of gamma rays. For example, a cavity may be present on the side of the

cover 102 facing the detector. In such an corbodiment, the window cap 104 i1s not needed.



20

[\
(]

WO 2022/039722 PCT/US2020/046765

100321 A window core 121 can be positioned between the window cap 104 and the detector 168,
In some embodiments, the window core 121 can be positioned between the cover 102 and the
detector 108, where the cover 102 has a cavity on the side of the cover 102 facing the detecior
108 and the window core 121 fits within the cavity. The window core 121 can be a composite
window core having multiple materials. In some implementations, the window core 121 can
include a middie material and at lcast one elastic material. For example, the window core 121
can include a nuddle material 114, an elastic matenial 106, and an elastic matenial 112 In some
implementations, the window core 121 can include the middle material 114 and one elastic
material. For example, the window core 121 can include the middle material 114 and the clastic
material 106, The window core 121 can also include the middle matenial 114 and the elastic
material 112, In some embodiments, the window core 121 may not include elastic materials, as

described further below.

{00331 The middle material 114 may be composed of a low-density material to allow for less
attenuation of the gamma rays. In some implementations, a stiffness of the middle material can
be greater than a stiffness of the clastic material. For example, the middle material 114 may be
composed of polyether ether ketone (PEEK) or plastic. Alternatively, the middle material 114

itself may be an elastic maternial,

{00341 FIG. 2 15 a cross sectional view of the example downhole tool of FIG. 1, according to
some embodiments. As shown in this example, the elastic material 106 is positioned between the
middle matenal 114 and the window cap 104, The clastic material 112 is positioned between the
nuiddle matenial 114 and the detector 108, The elastic matenial 112 and 106 may provide scaling
capability between the window cap 104 and the detector 108, The thickness of the elastic
materials 106 and 112 may be such that when the cover 102 and window cap 104 are nstalled,
there are essentially no gaps between the detector 108 and the middie material 114, and the
middle material 114 and the window cap 104. Fastencrs 218 can be used to fix or attach the
cover 102 to the collar 110 of the downhole tool 100, In some embodiments, the window cap 104
may have flanges 203 that secure the window cap 104 and the window core 121 when the cover

102 is mstalled.

{00351 FIG. 3 15 an isometnic view of a second example downhole tool, according to some
embodiments. A downhole tool 300 includes a detector 308, The detector 308 may be a gamma
ray detector. The gamma rays can be emitted from the downhole tosl 300 itself or from a

different component downhole or at the surface. The ganuna rays can have a high enough energy
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to pass through the formation, a window cap 304, and a window core 321, and be detected by the

detector 308,

{0036} The window core 321 may be positioned between the window cap 304 and the detector
308. An clastic material 306 may be positioned between a nuddle material 314 and the window
cap 304, An clastic matenial 307 may be positioned between the middle material 314 and the
detector 308. Fasteners 318 can be used to secure the window cap 304 to the cover 302. The
downhole tool 100 depicted in FIGS. 1-2 and the downhole tool 300 both mclude a detector, a
window core, a window cap, and fasteners. However, the fasteners 218 of downhole tool 100
secure the cover 102 to the collar 110, and the flanges 203 secure the window corg 121 and the
window cap 104 in place. In contrast, the fasteners 318 of the downhole tool 300 secure the
window cap 304 to the cover 302 to secure the window core 321 and the window cap 304 in
place. Additionally, the fasteners 318 are mserted perpendicular to the fasteners 218, However, it
should be noted that the fasteners 318 may be inserted at other angles, so long as the fasteners

318 secure the window cap 304 to the cover 302,

{00371 FIG. 4 15 an isometric view of a second example of a window core that includes a plastic
material fully encapsulated by an elastic matenal, according to some embodiments. FIG. 4
depicts a window core 421 that is a composiie of multiple materials. In this example, with
reference to FIG. 1, the window core 421 has a middle material 414 that is encapsulated by an
clastic material 407 to increase the sealing capability between the detector 108 and the window
cap 104 by creating a scal between the cover 102 and surfaces of the nuddie matenal 414, In
some embodiments, with reference to FIG. 1, the window core 421 may be positioned in a cavity
in the cover 102, While described as a plastic material, the middie material 414 can be composed
of other matenials baving a stiffness that is greater than a stitfness ot the elastic matenial 407, For
example, the middle material 414 can be composed of PEEK. Thus, the window core 121
depicted in FIGS. 1-2 and the window core 421 both mnclude a middle material. However, while
the window core 121 inclades an ¢lastic material on a front side and a back side of the middle
material 114, the window core 421 includes an elastic material on all sides of the middle matenial

414,

{0038] FIG. 3 15 an isometnic view of a third example of a window core that is made of a single
material, according to some embodiments. FIG. 5 depicts a window core 521 that 1s composed of
a single material 507, With reference to FIG. 1, the window core 521 may be positioned between

the window cap 104 and the detector 108, In some embodiments, the material 507 may be an
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elastic material. In such embodiments, the window core 521 may create a seal between the cover
102 and the detector 108, Alternatively, the matenial 507 may be a plastic material or PEEK. In
downhole tools lacking a window cap, the window core 321 may be positioned n a cavity in the
cover 102, Thus, cach of the window core 121, the window core 421, and the window core 321
can be positioned between the detector 108 and the window cap 104, In countrast to the window
core 121 of FIGS. 1-2 and the window core 421 of FIG. 4, which are composite cores, the

window core 521 18 composed of a single matenal.

{0039} FIG. 6 15 an isometric view of an example of a combined window core and sieeve,
according to some embodiments. A combined element 600 includes a window core 621 and a
steeve 607 With reference to FIG. 1, the window core 621 and the slegve 607 may be used in
place of the window core 121 and the sleeve 116, respectively. The sleeve 607 may be used to
centralize the detector 108 in the collar 110, The sleeve 607 may have a window core 621 on the
sleeve 607 positioned between the sleeve 607 and the window cap 104, In some embodiments,
the window core 621 may be positioned between the sleeve 607 and the cover 102, A middle
material 614 is encapsulated by the sleeve 607, In some implementations, the middle material
614 may be a low-density material that mintmally attenoates gamma rays (such as a plastic),
while the sleeve 607 1s composed of an elastic material. In other implerentiations, the sleeve 607
and the middle material 614 mav be composed of a same material. For example, both the sleeve
607 and the middie material 614 can be composed of an elastic material. In another example,

both the sleeve 607 and the middle material 614 can be composed of a plastic,

[0040] In previous tools, plastic detection windows m the collar allowed for the transmission of
gamma rays with nunimal attenuation. However, those soft, low-density plastic windows are
prone to damage under harsh downhole conditions, including high temperature and high
pressure. Increased downhole temperatures result in thermal expansion of the plastic detection
windows. At extremely high temperatures increased thermal expansion can cause increased
stress in the material, compromising the integrity of the detection window. Further, the high-
pressure downhole forces mud and other drilling fluids through gaps between detection windows
and the tool housing. Over continued use, the gaps between the detection window and the tool
housing merease m size. The result is an even greater ingress of fluid into the downhole tool and
damage to the detection window. The compromised integurty of the detection window and the
presence of fluid within the tool decreases the accuracy of measurements, as gamma rays are

mereasingly attenuated, and the tool must be recalibrated for cach use. In addition to the
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decreased measurement accuracy, the fool must be replaced or maintained over time dug to

damage to the detection window and the tool housing.

Example Fasteners

{0041} The climination of gaps between the detector and the downhole environment reduces the
likelihood of mud or other drilling fluids penctrating through gaps between the window cap 104,
the window core 121 and the detector 108 or between the cover 102 and the detector 108
However, there is still risk for fluid ingress m the case of fastener failure. Fasteners may fail due
to excessive axial loading that occurs as a result of high dogleg and high dnlling torque
experienced during operations downhole. Fasteners may also fail duc to excessive bending
loading that occurs when the shape of the downhole tool deforms as a result of harsh downhole

conditions.

{0042} Example fasteners for a downhole tool are now described with reference to FIGS. 7 and
8. One or more of the fasteners depicted i FIGS. 7 and 8 can be an example of the fasteners 218
of FIz. 2 or fasteners 318 of FIG. 3. The example fastencrs are described in reference to the
example downhole tool for garama ray detection described above. However, these example

fasteners can be used for other downhole tools or other applications/systems.

{00431 FIG. 7 15 a side view of an example fastener having a waisted shank, according to some
embodiments. A bolt 718 of FIG. 7 can include a bolt head 720, a shank 726, and threads 732, In
some embodiments, the shank 726 can have a diameter that is smaller than a minor diameter of
the threads 732, The shank 726 can bave an end coupled to the bolt head 720. This end can
include a multi-radit fillet that mcludes two radu, 722 and 724. The first radivs 722 may be

smaller than the second radius 724.

{00441 In some embodiments, the bolt 718 can tnclude an O-ning groove 730 to allow for the
installation of an O-ring 1o imncrease sealing capability. The bolt 718 can also include a thread
relief groove 728. For example, if the boit 718 includes the U-ring groove 730, the bolt 718 can
also melude a thread relief groove 730 to allow for case of manufacturing. The diameter of the
thread rehief groove 730 may be smaller than the minor diameter of the threads 732, The

diameter of the shank 726 may be smaller than a diameter of the thread relief groove 730.
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10045} Conventional bolts included stiff shanks capable of bearing high axial loads. In contrast,
the example embodiment of the bolt 718 of FIG. 7 can include a bolt with a waisted shank and
multi-radi fillet to reduce the stress concentration at the threads under bending loads. A bolt with
a shank diameter that 1s less than the thread minor diameter can deform more vader increased

bending loads, reducing the stress concentration at the thread root.

{00461 FIG. 8 15 a side view of an example fastener having a mudti-shank reduction, according to
some embodiments. A bolt 818 of FIG. 8 can include a bolt head 820, a shank 826, and threads
832. In some embodiments, the bolt 818 has a longer shank than the bolt 718 of FIG. 7. The
shank 826 of the bolt 818 may have two shank diameters, 823 and 827, The shank diameter 823
can be greater than the shank diameter 827. The shank diameter 823 may also be smaller than the
minor diameter of the threads 832. There may be a dual-radii fillet, with radu 822 and 824,
between the bolt head 820 and the largest diameter shank 823, In example embodiments, dual-
radil fillets may be used at each fillet location. For example, a dual-radsi fillet can be used

between the two shank diameters (the shank diameter 823 and the shank diameter 827).

{0047} In some embodiments, the bolt 818 can include an O-ring groove 828 o allow for the
installation of an O-ring to increase sealing capability. The bolt 818 can also inchude a thread
relief groove 830, For example, ifthe bolt 818 includes the O-nng groove 828, the bolt 818 can
also inclade the thread relief groove 830 to allow for ease of manufacturing. The diameter of the
thread relief groove 830 may be smaller than the minor diameter of the threads 832, The shank

diameter 827 may be smaller than the diameter of the thread relief groove 830.

{0048} A shank (as depicted 1in F1G. 8} having multiple shank diameters or reductions can create
a more uniform stress concentration distribution across the entire length of the bolt shank under
loading. Additionally, a molti-rads fillet between the bolt head and the waisted shank can allow

for even further reduction of stress concentrations under both axial and bending loads.

Example Anti-Rotation Fastener Assembhies

{0049] Fasteners with a reduced shank diameter and dual-radu fillet between different diameter
segments can reduce high stress concentrations that can lead to premature failare. However,
there are additional concerns regarding the use of threaded fasteners in conditions downhole.

High vibrations produced during downhole operations can loosen threaded fasteners over time.

10
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Conventional anti-rotation fastener assemblies can be too large for use in compact applications
or incompatible with low stretch bolts that need to maintain pretension during downhole
operations. For example, self-locking washers with wedge angles add height to the fastener
assembly. Additionally, the material used in self-locking washers with wedge angles need to be
harder than the materials of the two components to be mated. Self-locking washers with wedge
angles are not viable for use in downhole tools because the materials of the tools may be of a
higher strength than the material of the washers. Other anti-rotation fastener assemblies can also
compromise the strength of the bolt and pretension of the bolt. For example, a Castle nut and
cotter pin assembly involves cutting tnto the bolt. This mayv compromise the pretension of the

bolt and decrease the clamp force.

{0050} Some embodiments can be configured to reduce rotation of the fastener during use. Two
example anti-rotation fastener assemblics are now described. FIGS. 9-12 depict a first example
anti-rotation fastencr assembly. FIGS. 13415 depict a second example anti-rotation fastener
assermbly. One or both of these example anti-rotation fastener assemblies can be used in
conjunction with any of the example fasteners descnbed above. Also, these example anti-rotation
fastencr assemblies are described in reference to the example downhole tool for gamma ray
detection described above. However, these example anti-rotation fastener assemblies can be

used for other downhole tools or other applications/systems.

10051} FIGS. 9-12 depict a first example anti-rotation fastener assembly, according io some
cmbodiments. FIGS. 9-12 depict different views of an anti~rotation fastencr asscrobly 900 used
with a bolt 918 1o secure a cover 902, In some embodiments, the anti-rotation fastener assembly

900 may be used with a bolt 918 to secure a window cap 304 to a cover 302, as seen in FIG. 3.

{00521 FIG. 9 15 a cross sectional view of a first example anti-rotation fastener assembly,
according to some embodiments. The bolt 918 includes a bolt head 920. The assembly 900
meludes a crown 938 and a pin or spherical ball (hereinafier “pin™) 934. The cover 902 may have

an opening {¢.£., a counter-bore} 921 in which the bolt 918 is positioned when installed.

{00531 FIG. 10 is an isometrnic view of the first example anti-rotation fastener assembly of FIG.
9, according to some embodiments. The assembly 900 can also mclade a retaining ring 940. The

retaining ring 940 may be used to hold the pin 934 in position.

{0054} FIG. 11 s a normal view of the first example anti-rotation fastener assembly of FIG. 9,

according to some embodiments. The crown 938 mayv have an internal profile comphmentary to

11
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the profile of the bolt head 920 and a substantially circular external profile having a notch 944.
The opening 921 may have a groove 936 such that when the bolt 918 is placed in the opening

921 and the crown 938 is placed over the bolt head 920, the pin 934 may fit m the groove 936,
The groove 936 in the opening 921 may vary m size to accommodate different sized pins 934.

The pin 934 may be a hard or ductiic material.

{00551 FIG. 12 is an exploded view of the first example anti-rotation fastener assembly of FiG,
9, according to some embodiments. The diameter of the pin 934 may be selected to minimize
gaps between the pin 934 and the crown 938, If the pin 934 1s a hard material, a range of
acceptable diameters for the pin 934 may be determined asimg the dimensions of the profile of
the groove 936, a pitch of the bolt 918, a stretch of the bolt 918, and/or the desired preload on the
bolt 918, The selected diameter for the pin 934 may be the largest diameter of the range of
diameters that can fit in the groove 936. The pin 934 is placed in the space between the notch
944 {depicted 1n FIG. 11) of the crown 938 and the groove 936 after the bolt 918 s torqued to a
desired load and the crown 938 is placed over the bolt head 920. In some embodiments, the pin
934 may be made of a ductile matenial. Afier inserting the pin 934 in the groove 936, the pin 934
may be plastically deformed to fill the space between the noteh of the crown 938 and the groove
936. A hammer and rod may be used to plastically deform the pin 934, A retaining ring 940 mayv

also be used to prevent the pin 934 from dislodging.

100561 FIGS. 13-15 depict a second example anti-rotation fastener assembly, according to some
cmbodiments. FIGS. 13-13 depict different views of an anti-rotation fastencr assermbly 1300
used with a bolt 1318 1o secure a cover 1302 In some emboduments, the anti-rotation fastener
assembly 1300 may be used with a bolt 1318 to secure a window cap 304 to a cover 302, as seen

i FIG. 3.

100571 FiG. 13 is an isometric view of a second example anti-rotation fastener assembly,
according to some embodiments. The bolt 1318 includes a bolt head 1320. The asscmbly 1300
meludes a crown 1338 and a set screw 1330, The cover 1302 may have an opening {¢.g., 3
counter-bore} 1321 in which the bolt 1318 1is positioned when mstalled. The crown 1338 may
have an mtemnal profile complimentary to the profile of the bolt head 1320 and an external

profile with a wedge 1346.

[0058] FiG. 14 is a top view of the second example anti-rotation fastener assembly of F1G. 13,
according to some embodiments. A side of the crown 1338 facing the side of the opening 1321
may have a threaded hole to accommodate a set screw 1350 in the wedge 1346. The set screw
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1350 may be inserted into the crown 1338 to minimize gaps between the wedge 1346 of the

crown 1338 and the opening 1321 in the cover 1302,

{0039} FIG. 15 is an exploded view of the second example anti-rotation fastener assembly of
F1G. 13, according to some embodumnents. The assembly 1300 can also include a retaining ring
1340 (depicted i FIG. 13). The retaining ring 1340 may also be used to prevent the crown 1338

and the set screw 1350 from dislodging.

{0060} The anti-rotation fastener assemblies in accordance with example embodiments do not
imcrease the footprint of the fastener assembly because the crowns fit over the bolt heads and are
scated below the surface of the cover of the detector bousing. Further, example embodiments do

not compromise the pretension or stretch of the bolt during assembly.

Example Operations

10061} FiG. 16 i3 a flowchart of operations for performing gamma ray detection using a
downhaole tool, according to some embodiments. Operations of a flowchart 1600 can be
performed in many different downhole apphications or systems. For example, operations of the
flowchart 1600 can be performed in a dnlling operation as depicted in FIG. 17A or a wireline
operation as depicted in FIG. 178, which are further described below. Operations of the
flowchart 1600 start at block 1602.

{0062} At block 1602, a downhole tool is disposed into a borehole within a subsurface
formation. The downhole tool may be a gamma ray detector. The downhole tool may be part of a
drill string or wirgline system. For example, the downhole tool can be disposed as part of a

bottom hole assembly of a drill string during dritling operations.

100631 At block 1604, gamma rays are emitted into the subsurface formation surrounding the
borchole in which the detector s disposed. For example, the gamma ray detector can emit the

gamma ravs. The gamma ravs can be emutied to mteract with the surrounding formation.

{0064} At block 1606, the ganuna ray detector receives gamuma rays returning from the
formation through a window in a cover of the downhole tool. As described above, the window in
the cover of the downhole tool can include a window cap and a window core. The window core

may be positioned behind the window cap relative to an external environment of the downhole
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tool. The window core may be positioned between the window cap and the detector. Asg
described above, the window core may be composed of one or more clastic materials. A first
elastic material may be disposed on a back side of the window cap. A second elastic material
may be disposed on a part of the gamma ray detector facing the window cap. The first and
second ¢lastic materials may be the same elastic material. In other embodiments, the first and
second elastic materials may be different elastic materials. The gamma rays from the formation
retwrn fo the detector through the window cap and window core. The low density matenial of the
window cap and the elastic materials of the window core allow the gamma rays to pass through

with muumal attenuation.

{0065} At block 1608, the gamma ray detector detects gamma rays from the subsurface
formation. As described above, the gamma ray detector detects the gamma rays through the

window cap and window core (having the elastic material}.

{0066} At block 1610, a downhole parameter of the formation 1s determined based at least in part
off the detected gamma rays. This determination may be made downhole and/or at the surface.
Examples of a downhole parameter can include formation porosity, lithology, peomeability,

density, eic.

100671 At block 1612, a downhole operation is performed based on the determined downhole
parameter. For example, if the downhole tool is part of a drill string, the dnlling operation can be
modified based on the determined downhole parameter. For example, the drnlling operation to be

modified can include rotational speed of the drill bit, drilling direction, weight on bit, ¢ic.

[006&] The flowcharts are provided to aid in understanding the illustrations and are not to be
used to limit scope of the claims. The flowcharts depict example operations that can vary within
the scope of the claims. Additional operations may be performed; fewer operations may be
performed; the operations may be performed in parallel; and the operations may be performed in
a different order. For example, the operations depicted in blocks 1406 and 1408 can be

performed in parallel or concurrently.

100691 Ag will be appreciated, aspects of the disclosure may be embodied as a system, method or
program code/instructions stored in one or more machine-recadable media. Accordingly, aspects
may take the form of hardware, software (including fitmware, resident sottware, micro-code,
ete.}, or a combination of software and hardware aspects that may all generally be referred to

herein as a “circuit,” “module” or “system.” The functionality presented as mdividual
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modules/units in the example illustrations can be organized differently in accordance with any
one of platform {operating system and/or hardware), application ecosystem, interfaces,

programmer preferences, programming language, administrator preferences, ete.

{0070} While the aspects of the disclosure are described with reference to various
mplementations and exploitations, it will be understood that these aspects are illustrative and
that the scope of the clamms is not limited to them. In general, techniques for gamma ray
detection as described herein may be implemented with facilities consistent with any hardware
system or hardware systems. Manyv variations, modifications, additions, and improvements are

possible.

{0071} Plural instances may be provided tor components, operations, or structures described
herein as a single instance. Fmally, boundaries between various components, operations and
data stores are somewhat arbitrary, and particular operations are illustrated in the context of
spectfic tlustrative configurations. Other allocations of fimctionality are envisioned and may
fall within the scope of the disclosure. In general, structures and fumctionality presented as
separate components in the example configurations may be implemented as a combined structure
or component. Similarly, structures and functionality presented as a single component may be
mplemented as separate components. These and other varations, modifications, additions, and

mmprovements may fall within the scope of the disclosure.

Exambple Svstems

{0072} FIG. 17A is an example drilling system, according to some embodiments. A drilling
platform 1702 supports a derrick 1704 having a traveling block 1706 for raising and lowerning a
drill string 1708. A top drive 1710 supports and rotates the dnill string 1708 as the string is
lowered through a well head 1712, The drill string's rotation {and/or a dowshole motor} drives a
dnili bit 1714 to extend the borchole through subsurface carth formations 1721, Mud
recirculation equipment 1716 draws dritling fluid from a retention pit 1724 and pumps it through
a feed pipe 1718 to top drive 1710, through the interior of drill string 1808 1o the dnill bit 1814,
through orifices in drill hit, through the annulus around drill string 1708 to a blowout prevender
at the surface, and through a discharge pipe mnto the pit 1724, The dnlling fluid transports

cuttings from the borehole into the pit 1724 and aids in maintaiming the borehole mtegrity.
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10073} One or more logging tocls 1726 are integrated into a bottom hole agsembly 1780 near the
bit 1714, Suitable logging tools include formation fluid sampling tools, acoustic logging tools,
electromagnetic resistivity tools, and nuclear magnetic resonance fools, among others. For
example, the logging tools 1726 can include the downhole tool with a gamma ray detector, the
fasteners, and/or the anti-rotation fastener asscmblies, as described herein. Logging while drilling
tools usually take the form of a duill collar, 1.¢., a thick-walled tubular that provides weight and
rigidity to aid the dnlling process. As the bit extends the borehole through the formations, the
logging tool(s) collect measurements of formation characteristics. (ther tools and sensors can
also be mcluded 1o the bottom hole assembly 1780 to gather measurements of various drilling
parameters such as position, orientation, weight-on-bit, borehole diameter, ete. Control/telemetry
module 1728 collects data from the various botiom hole assembly instruments (including
position and onentation information) and siores them in internal memory. Selected portions of
the data can be communicated to surface receivers 1730 by, ¢.g., mud pulse telemetry. Other
logging-while drilling telemetry methods also exist and could be emploved. For example,
clectromagnetic telemetry or through-wall acoustic telemetry can be emploved with an optional
repeater 1732 to extend the telemetry range. As another example, the drill string 1708 could be
formed from wired dnll pipe that enables waveforms or images to be transmitied to the surface in
real time o enable quality control and processing to optimize the logging resolution. Most
telemetry systems also enable commands to be communicated from the surface to the control and

telemetry module to configure the operation of the tools.

100741 FiG. 17B depicts an example wireline system, according to some embodiments. At
various times during the drilling process, the dridi string 1708 may be removed from the borehole
for wireling logging operations. Once the dnill string has been removed, logging operations can
be conducted. A logging tool 1734 can be suspended by a cable 1742 The cable 1742 may or
may not have conductors for transporting power to the tool and telemetry from the tool to the
surface. The logging tool 1734 may have pads 1736 and/or centralizing springs to maintam the
tool near the axis of the borehole as the logging tool 1734 is pulled uphole. The logging tool
1734 can mchude the downhole tool with a gamma ray detector, the fasteners, and/or the anti-
rotation fastener assemblics, as described hercin. A logging facility 1744 collects measurements
from the logging tool 1734 and mcludes a computer system for processing and storing the

measurements gathered by the logging tool 1734,
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Example Embodiments

[0075] Embodiment 1: A downhole tool comprising a window cap located 10 a cover that is
positioned between an electromagnetic radiation detector 1n the downhole tool and a geological
formation into which a borehole 1s formed and where the downhole tool is to be positioned, the
clectromagnetic radiation detector to detect an electromagnetic radiation from the geological
formation, and a window core positioned behind the window cap relative to an external

environment of the downhole tool, wherein the window core is positioned between the window

cap and the electromagnetic radiation detector.

{0076} Embodiment 2: The downhole tool of Embodiment 1, wherein the window core
comprises a first elastic material disposed on a back side of the window cap facing the
clectromagnetic radiation detector and a second elastic material disposed on a part of the
electromagnetic radiation detector to receive the clectromagnetic radiation and positioned to face

the window cap.

{0077} Embodiment 3; The downhole tool of Embodiment 2, wherein the window core
comprises a middle matenial positioned between the first elastic matenal and the second elastic
material, wherein the middle matenial is composed of a material having a stiffness that 1s greater

than a stiffness of the first elastic material and a stiffness of the second elastic material.

{0078} HEmbodiment 4; The downbole tool of Embodiment 1, wherein the window core
comprises a muddle material and an ¢lastic material enclosing the middle material, wherein the
middie material is composed of a matenial having a stiffness that 1s greater than a stiffness of the

elastic material.

{0079} Embodiment 5: The downhole tool of Embodiment 1, wherein the window core is

composed of an ¢lastic material.

{00801 Embodiment 6. The downhole tool of Embodiment 1, wherein the window core
comprises a middle matenial and an elastic material enclosing the middle matenal and wrapping
around the electromaguetic radiation detector, wherein the middic matenial is composed of a

material having a stiffness that is greater than a stiffness of the clastic matenal.

{0081} Embodiment 7: The downhole tool of any one of Embodiments 3, 4, or 6, wherein the

middie material is composed of a plastic maternial,
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100821 Embodiment 8; The downhole tool of any one of Embodiments 1-7, wherein an external
face of the window core 15 adjacent to a back side of the window cap, the back side being
opposite of an external face of the window cap, wherein the window core has a first side and a
second side that 15 opposite the first side, the first side and the second side of the window core
being adjacent to the external face to the extemal face, and wherein the window cap has a firgt
flange covering the first side of the window core and a second flange cover the second side of the

window core.

{0083} Hmbodiment 9: The downhole tool of any one of Embodiments 1-8, wheremn the

electromagnetic radiation comprises gamma rays.

{0084} Embodiment 10: The downhole tool of any one of Embodiments -9, wherein a thickness

of the window cap is less than a thickness of the cover.

{0085} Embodiment 11: A well bore system comprising a drill string, comprising a drill bit to
drill a borchole and a bottom hole assembly positioned above the dnll bit, the bottom hole
assembly having a downhole tool, wherein the downhole tool comprises an electromagnetic
radiation detector to detect electromagnetic radiation from a geological formation mto which the
borehole 1s formed where the downhole tool is to be positioned, a cover positioned between the
electromagnetic radiation detector and the geological formation, wherein a window i3 positioned
n the cover, a window cap, a window core positioned behind the window cap relative to an
external environment of the downhole tool, wherein the window core is positioned between the

window cap and the electromagnetic detector.

{00861 Embodiment 12: The well bore system of Embodiment 11, wherein the window core
comprises a first elastic maternial disposed on a back side of the window cap facing the
electromagnetic radiation detector and a second clastic material disposed on a part of the
electromagnetic radiation detector to receive the clectromagnetic radiation through the window

and positioned to face the window cap.

{00871 Embodiment 13: The well bore system of Embodiment 12, wherein the window core
further comprises a middle material positioned between the first elastic material and the second
elastic material, wherein the middic matenal 1s composed of a material having a stitfhess that is

greater than a stitfness of the first elastic matenal and a stiffness of the second clastic matenial.
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{00RE] Embodiment 14: The well bore systerm of Embodiment 11, wherein the window core
comprises a middle material and an ¢lastic matenial enclosing the middle material, wherein the
middie materal is composed of a material having a stiffness that is greater than a stiffoess of the

elastic material.

{0089} Embodiment 15: The well bore system of Embodiment 11, wherein the window core is

composed of an elastic maternial.

{0090} Embodiment 16: The well bore system of Embodiment 11, wherein the window core
comprises a middle material and an elastic material enclosing the middle material and wrapping
around the clectromagnetic radiation detector; wherein the middle material is composed of a

material having a stitfness that is greater than a stiffness of the elastic matenial.

{0091} Embodiment 17: The well bore system of any one of Embodiments 11-16, wherein a

thickness of the window cap 1s less than a thickness of the cover.

{0092} Embodiment 18: A method compnising disposing a downhole tool mto a borchole created
in a subsurface formation, emitting gamma rays into the subsurface formation, receiving the
gamma rays from the subsurface formation by a gamama ray detector through a window tna
cover of the downhole tool, wherein the window includes a window cap and a window core
behind the window cap relative to an external environment ot the downhole tool, wherein the
window core is posttioned between the window cap and the gamma ray detector, and detecting,

by the gamma ray detector, the ganuna rays from the subsurface formation.

100931 Embodiment 19 The method of Embodiment 18, wherein the window core comprises a
first elastic matenal disposed on a back side of the window cap facing the gamma ray detector
and a second elastic material disposed on a part of the gamma ray detector o receive the gamma
rays through the window and positioned to face the window cap, and wherein the window core
comprises a middle material positioned between the first clastic material and the second elastic
material, wherein the middle maternial is composed of a material having a stiffness that 1s greater

than a stiffness of the first elastic material and a stiffness of the second elastic material.

{0094} Embodiment 20: The method of Embodiments 18 or 19, further comprising determining a
downhole parameter based on the detected gamma rays and performing a downhole operation

based on the determined downhole parameter.
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100951 Embodiment 21: The downhaole tool of any one of Embodiments 1-10, further comprising
at least one fastener to be positioned in the cover to sccure the clectromagnetic radiation detector
in position in the downhole tool, wherein the at least one fastener compnises a head, a threaded

gection, and a shank to connect the head to the threaded section, wherein a diameter of the shank

is less than a diameter of the threaded section.

{00961 Embodiment 22: The downhole tool of Embodiment 21, wherem the shank comprises an

end connected to the head, wherein the end comprises multi fillet radu.

{0097} Embodiment 23: The downhole tool of Embodiments 20 or 21, further comprising a
crown to be positioned to encircle and to engage with the head, wherein the crown includes an
outer portion having a cut-out, and a lock clement to be inserted from a top of a cut-out groove of

the opening of the cover and into the cut-out of the outer portion of the crown.

{0098} Embodiment 24: The downhole tool of Embodiment 23 wherein the lock element

comprises at least one of a pin and a ball.

{00991 Embodiment 25: The downhole tool of Embodiments 23 or 24, wherein the cud-out

groove of the opening of the cover is wider than the cut-out of the outer portion of the crown.

{0100} Embodiment 26: The downhole tool of any one of Embodiments 23-25, wherein the lock

clement is comaposed of a deformable material.

10101} Embodiment 27: The downhaole tool of Embodiments 21 or 22, further comprising a
crown to be positioned to encircle and to engage with the head, wherein the crown includes an
outer portion having a cut-out, wheremn a side the crown that is nonparallel with a longitudinal
axis of the opening includes a hole, and a lock element to be inserted into the hole in the side of

the crown.

10102} Embodiment 28: The downhaole tool of Embodiment 27, wherein the hole 1n the side of

the crown is a threaded hole and the lock clement comprises a screw.

{0103} Use of the phrase “any one of” preceding a list with the conpunction “and” should not be
treated as an exclusive list and should not be construed as a hist of categories with one ttem from
cach category, unless specifically stated otherwise. A clause that recites “at least one of A, B,

and C” can be infringed with only one of the listed items, multiple of the listed items, and one or

more of the iteras in the List and another item not listed.
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WHAT IS CLAIMED 1S:

I A downhole tool comprising:

a window cap located in a cover that is positioned between an electromagnetic radiation
detector in the downhole tool and a geological formation into which a borehole is
formed and where the downhole tool is to be positioned, the electromagnetic
radiation detector to detect an clectromagnetic radiation from the geological
formation; and

a window core positioned behind the window cap relative to an external environment of
the downhole tool, wherein the window core 18 positioned between the window

cap and the electromagnetic radiation detector.

2. The downhole tool of claim 1, wherein the window core comprises:
a first elastic material disposed on a back side of the window cap facing the
electromagnetic radiation detector; and
a sccond clastic material disposed on a part of the clectromagnetic radiation
detector to receive the electromagnetic radiation and positioned 1o face the

window cap.

[

The downhole tool of claim 2, wherein the window core further comprises:

a middle matenal positioned between the first clastic material and the second elastic
matertal, whergin the middle material is composed of a material having a stiffness
that 1s greater than a stiffness of the first clastic material and a stiffness of the

second elastic matenal.

4 The downhole tool of claim 3, wherein the middle material is composed of a material
having a density less than a density of the first clastic material and a density of the second elastic

material.

(v ]

The downhole tool of claim 1, wheren the window core comprises:

a middle material; and

an clastic material enclosing the middle material, wherein the middle material is
composed of a material having a stiffiness that is greater than a stiffiness of the

clastic material.
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6. The downhole tool of claim 1, wherein the window core is composed of an elastic
material,
7. The downhole tool of claim 1, wheren the window core comprises:

a middle material; and
an elastic material enclosing the middle material and wrapping around the
clectromagnetic radiation detector, wherein the middle material i1s composed of a

material having a stiffness that is greater than a stiffiness of the clastic material.

g The downhole tool of claim 1, wherein a thickness of the window cap is less than a

thickness of the cover.

g, The downhole tool of clawm 1,
wherein an external face of the window core 15 adjacent to a back side of the window cap,
the back side being opposite of an external face of the window cap,
wherein the window core has a first side and a second side that is opposite the first side,
the first side and the second side ot the window core being adjacent to the
external face, and
wherein the window cap has a first flange covering the first side of the window core and

a second flange covering the second side of the window core.

18, The downhole tool of claim 1, wherein the electromagnetic radiation comprises gamma
ays.
11, A well bore system comprising:

a drill string comprising,
a dnll bit to dall a borchole; and
a bottom hole assembly positioned above the drill bit, the bottom hole assembly
having a downhole tool, wherein the downhole ool comprises,
an clectromagnetic radiation detector to detect electromagnetic
radiation from a geological formation nto which the
borehole is formed where the downhole tool 18 to be

positionad;

22



WO 2022/039722 PCT/US2020/046765

a cover positioned between the ¢lectromagnetic radiation detector
and the geological formation, wherein a window is
positioned in the cover;

a window cap,; and

a window core positioned behind the window cap relative to an
external environment of the downhole tool, wherein the
window core 1§ positioned between the window cap and the

electromagnetic radiation detector.

12, The well bore system of claim 11, wherein the window core comprises,
a first clastic material disposed on a back side of the window cap facing the
clectromagnetic radiation detector; and
a second elastic material disposed on a part of the electromagnetic radiation detector to
recetve the electromagnetic radiation through the window and posifioned to face

the window cap.

13, The well bore system of claim 12, wherein the window core further comprises:
a middle matenal positioned between the first elastic matenal and the second elastic
matertal, wherein the middle material is composed of a material having a stiffness
that 1s greater than a stiffness of the first clastic material and a stiffness of the

second elastic matenal.

14, The well bore svstem of claim 11, wherein the window core comprises:
a middle matenial; and
an elastic matenial enclosing the middle matenal, wherein the middie material is
composed of a matenal having a stiffness that is greater than a stiffness of the

elastic matenal.

15, The well bore system of claim 11, wherein the window core is composed of an clastic
material.
16,  The well bore system of claim 11, wherein the window core comprises:

a middle material; and
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an elastic material enclosing the middic material and wrapping around the
clectromagnetic radiation detector, wherein the middie matenal s comaposed of a

material having a stiffness that is greater than a stifthess of the elastic material.

17.  The well bore system of claim 11, wherein a thickness of the window cap is less than a

thickness of the cover.

I8. A method comprising:

disposing a downhole tool into a borchole created in a subsurface formation;

emitting gamuma rays into the subsurface formation;

recetving the gamma rays from the subsarface formation by a ganmma ray detector
through a window in a cover of the downhole tool, wherein the window inchudes a
window cap and a window core behind the window cap relative to an external
environment ot the downhole tool, wherein the window core 1s positioned
between the window cap and the gamma ray detector; and

detecting, by the gamma ray detector, the gamma rays from the subsurface formation.

19. The method of claim 18,

wherein the window core comprising a first ¢lastic matenial disposed on a back side of
the window cap facing the ganuma ray detector and a sccond clastic material

disposed on a part of the gamma ray detector to receive the gamma ravs through
the window and positioned to face the window cap; and

wherein the window core comprises a middle maierial positioned between the first elastic
material and the sccond elastic matenal, wherein the middie material is composed
of a material having a stiffhess that is greater than a stiffness of the first clastic

material and a stiffness of the second elastic material.
20. The method of claim 13, further comprising;

determining a downhole parameter based on the detected gamma ravs; and

performing a dowahole operation based on the determined dowshole parameter.
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