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factor based on the average detector count rate and a known indication of gamma radiation emitted by the calibrator.
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CALIBRATION OF A GAMMA LOGGING TOOL

TECHNICAL FIELD
{0601} The disclosure generally relates to the ficld of geologic formation evaluation, and more
particularly to calibration of a gamma logging tool for measuring gamma radiation in a geologic

formation.
BACKGROUND ART

18002} Differont types of rock emit different amounts of gamma radiation. Gamma radiation
logging is a process of using a gamma logging tool to measure the gamma radiation in a geologic
formation to characterize rock type, among other purposes.

{3003} The gamma logging tool s typically calibrated prior to use. A calibrator is placed on or
near the surface of the gamma logging tool. It 1s typically a blanket wrapped entirely around a
circumference of the gamma logging tool forming a sleeve around the gamma logging tool and
conforming to a shape of the ganuna logging tool. The calibrator has radicactive material
gniformly distributed mside which emits gamma radiation. A value representing a standard unit
for gamma ray logging is assigned {o the calibrator. The AP is a unit of radioactivity
standardized by the American Petroloum Institute used for gamma logs and 1s typically the value
assigned to the calibrator. The value assigned s chosen so that tools calibrated with the
calibrator will read the expected API value when logging geologic formations. Farther, the API
value assigned to the calibrator may vary with tool type and size, and it is determined in a
separate procedurc. A detector 1n the gamuna logging tool responds to the gamma radiation
emitied by the calibrator by gencrating one or more electrical pulses indicative of the detected
gamma radiation. The one or more pulses are counted over a period of time to define a detector
count rate. The detector count rate depends on not only an amount of gamma radiation present,
but also an arrangement of the logging tool. For example, detectors of different sizes with
different shielding generate different detector count rates for a same amount of garmma radiation.
To standardize gamma radiation measurements across gamma logging tools, a calibration gain
factor is deternuned for the gammma logging tool based on the AP assigned to the calibrator. The
calibration gain factor adjusts the detector count rate so as to provide a measure ot the gamma
radiation i terms of APL. With the gamma radiation being measured in terms of APL gamma

radiation measurements by different logging tools can be compared. Further, a same APE
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measured by different gamma logging tools means that a same amount of gamma radiation was
measured by the different gamoma logging tools.

{0004} Gamma logging tools have different circumferences. As a result, multiple calibrators
with different circumferences are needed to wrap entirely arcund the gamma logging tools to
calibrate the gamma logging tools with the different circumferences. The multiple calibrators

mcrease equipment cost in the calibration of the ganmma logging tools.

BRIEF DESCRIPTION OF THE DRAWINGS

{8605} Embodiments of the disclosure may be better understood by referencing the

accompanying drawings.
100606} FIG. 1 llustrates a calibration system for a gamma logging tool.

18607} FIG. 2 illustrates various cross-sectional views of the logging tool for different angular

orientations of a calibrator with respect to the gamma logging tool.

10608} FIG. 3 shows a plot of a simulated detector count rate as a function of angular orientation

of the caltbrator with respect to the gamma logging tool.

{8609} FIG. 4 shows another plot of a simulated detector count rate as a function of angular

oricntation with respect to the gamma logging tool.

{6610} FIG. 5 is an example procedure for calibrating the gamma logging tool with the

calibrator.

{6611} FIG. 6 illustrates an example procedure for calibrating the gamma logging tool with the

calibrator, where the gamma logging tool has reference marks separated by 120 degrees.
18612} FIG. 7 visually iHustrates the example procedure of FIG. 6.

{6613} FIG. 8 illustrates an example procedure for calibrating the gamma logging tool with the

calibrator, where the calibrator has reference marks separated by 120 degrees.
16614} FIG. 9 visually illustrates the example procedure of FIG. 8.

{0015] FIG. 10 1s a schematic diagram of apparatus for measuring gamma radiation in a

geologic formation.

]
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{08616} FIG. 11 is another schematic diagram of apparatus for measuring gamma radiation in a

geologic formation.
10617} FIG. 12 is a block diagram of a computer system for calibrating the gamma logging tool.

18618} The drawings are for purpose of illustrating example embodiments, but it is understood
that the inventions arc not imited to the arrangenments and instrumentalitics shown m the

drawings.

DESCRIPTION OF EMBODIMENTS

10619} The description that follows includes example systems, methods, techniques, and
program flows that embody embodiments of the disclosure. However, it is understood that this
disclosure may be practiced without these specific details. For instance, this disclosure refers {o
calibrating gamma logging tools in illustrative examples. Embodiments of this disclosure can be
applied to calibration of logging tools which measure formation propertics other than gamma
radiation. In other mstances, well-known instruction mstances, protocols, structures and

techniques have not been shown n detail in order not to obfuscate the description.
Overview

{0028} Embodiments disclosed hercin are directed to calibrating a gamma logging tool using a
calibrator that does not need to be wrapped entirely around the gamma logging tool. The
calibrator can take the form of a blanket-style calibrator posttioned on the gamma logging tool, a
rod-tike calibrator positioned on the gamma logging tool, among other types of calibrators. By
being not entirely wrapped around the gamma logging tool, there 1s a gap along a body of the

gamma logging tool where the caltbrator does not cover the gamma logging tool.

{8621} The calibrator positioned on the gamma logging tool is at a first angular orientation with
respect to the logging tool. This first angular position may be randomly chosen. Based on the
calibrator positioned on the logging tool at the first angular orientation with respect to the
logging tool, the gamma logging tool may output a signal such as a train of pulses. The train of
pulses 18 mdicative of gamma radiation detected by the detector. A detector count meter counts
the pulses per unit time, 1.2, a detector count rate, which is stored in memory as an indication of

the detocted gamma radiation.
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18622} The logging tocl or calibration tool is then rotated by 120 degrees so that the calibrator is
at a second angular orentation with respect to the logging tool. Based on the calibrator
posttioned on the logging tool at the second angular orientation with respect to the logging tool,
the gamma logging tool may again output a signal such as a train of pulses. A detector count

meter counts the pulses per voit time, 1.2, a detector count rate, which is stored inn memory.

18623} The logging tool or calibration tool is then rotated by another 120 degrees so that the
calibrator is at a third angular orientation with respect to the logging tool which is different than
the first angular orientation. Based on the calibrator positioned on the logging tool at the third
angular orientation with respect to the logging tool, the gamma logeing tool may ocutput a signal
such as a train of pulses. A detector count meter counts the pulses per unit time, Le., a detector

count rate, which is stored in memory.

{0624} The detector count rate agsociated with each angelar orientation 1s combined. For
example, the detector count rates may be averaged together. The combined count rate will
remain the same regardless of an imitial angular orientation of the calibrator with respect to the
logging tool if the detector count rates are determined for angular orientations 120 degrees apart.
The combined count rate also remains the same for calibrators of different widths and different
circumferences of the logging tool. In this regard, different sized calibrators are not needed to

determine the combined count rate for gamma logging tools which are different sizes.

{8025} The calibrator has a known or assigned API or other measure of gamma radiation. Based
on the combined count rate and the known or assigned API or other measure of gamma radiation,
a calibration gain factor for the logging tool is determined. This calibration gam factor is used o
determine an amount of ganuma mdiation detected by the logging tool when placed in a borehol

of a geclogie formaton. The detector cound rate detecied by the logging ool when placed in a

< v fe=re

borghole of a geologic formation is adjusted by the calibration gain factor to accurately

= &

determing a reeasure of garma radiation m teros of AP or other measure of gamma radiation,

10626} The description that follows includes example systems, apparatuses, and methods that
embody aspects of the disclosure. However, 1t is understood that this disclosure may be
practiced without these specific details. In other instances, well-known structures and technigues

have not been shown in detail 1n order not to obfuscate the description.

Example Hlustrations
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18627} FIG. 1 illustrates a calibration system 100 for a gamma logging tool 102 {also referred to
herein interchangeably as logging tool). The calibration systerm 100 includes the gamma logging

tool 102, calibrator 104, and computer system 106.

{0028} The gamma logging tool 102 may take the form of a tool body with circumference shown
by arrow 108. The tool body may be a cylinder, but can take other shapes as well. The gamma
logging tool 102 may have a detector 110 positioned within the tool body or on a surface for
measuring gamma radiation. The detector 110 may take many forms. For example, the detector
110 may be a scinfillation detector which includes a crystal 112 that responds to the gamma
radiation by emitting photons of light and a photomultiplier 114 detects the photons and
generates one or more electronic pulses indicative of the response of the crystal 112 to the
gamma radiation. As another example, the detector 110 may take the form of a gas filled
detector or solid-state detector that also generates one or more electronic pulses indicative of the
detected gamma radiation. In this example, the detector 110 may not have the crystal 112 and
photomultiplier 114, but have some other structure for generating one or more electronic pulses
mdicative of the ganmma radiation. The logging tool 102 may also have a filter 116. The filter
116 passes those one or more pulses which have an amplitude which excceds a given threshold
level. Those pulses that are below the given threshold may be associated with noise and not

detected garama radiation.

18629} The calibrator 104 may be made of a material with a length shown by arrow 126, width
shown by arrow 118, and thickness shown by arrow 120 with radicactive material distributed
mside and/or outside the matenial to facilitate calibration of the gamma logging tool 102, In one
or more example, the radicactive material may be uniformly distributed in the calibrator 104
The material mav be flexible such that it can conform around a body of the gamma logging tool
102 such as an epoxy blanket. The epoxy blanket mav be doped with Monazite sand having
radicactive thorium which emits gamma radiation of a known American Petroleum {API} units
or other measure of gamma radiation. Alternatively, the material may be inflexible and instead
be molded to conform around a body of the garama logging tool 102, fu one cxample, the width
of the calibrator may be less than a circumference of the tool body such that when it 1s positioned
on the tool body, the ends 122 of the calibrator 104 do not touch and there is a gap 124 along the
tool body when the calibrator 104 is not positioned on the tool body. In another example not
shown, the width of the calibrator 104 may equal a circumference of the tool body such that
when 1t 1s positioned on the tool body, ends 122 of the calibrator 104 substantially touch each
other. The length of the calibrator 104 may vary, and in one or more examples, be at least twice

5
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alength of the crystal 112, Twice a length allows for some leeway in positioning the calibrator
104 around the tool body while still spanning the length of the crystal 112, The calibrator 104
may have a thickness such as 0.2 inches thick to aliow for flexability of the calibrator 104 around

gamma logging tools with different circumferences.

N

{0039} Based on the calibrator 104 posttioned on the logging tool 102, the detector 110 may
output a signal which is provided to the computer system 106, For example, the signal may be a
traim of the pulses. The computer system 106 may be located in the logging tool 102 or remote
to the logging tool 102, The signal may be communicated to the computer system 106 viaa

wired or wireless connection 150,

13 0631} The computer system 106 may have a detection count meter 128, memory 130, combiner
132, and calibration gain factor system 134. The detection count meter 128 may count the pulses
per unit time, 1.¢., a detector count rate, in the pulse train. The memory 130 may store respective
detector count rates when the calibrator 104 is positioned on the logging tool 102 at different
angular orientations €1, O, & (as discussed in farther detail below) each separated by 120

15 degrees. For example, the memory 130 may store respective detector count rates for the
different angular orientations. The computer svstem 106 may also bave a combiner 132 which
combines the respective detector count rates. For example, the combiner 132 ouiputs an average
detector count rate which is independent of an nitial angular orientation of the calibrator 104
with respect to the gamma logging tool 102, A calibration gain factor system 134 may determine

20 a calibration gain factor for the gamma logging tool 102 based on the combined respective
detector count rates and the known AP of the calibrator 104 or other measure of gamma
radiation. The calibration gain factor is used to adjust the indication of the detected gamma
radiation detector provided by the gamma logging tool 102 so as to provide a measure of the

camma radiation 1 terms of APT or other measure of gamma radiation. With the gamma

o
[

radiation being measured in terms of API or the other measure of gamma radiation, gamma
radiation measurements by different logging tools can be compared. For example, a same API
measured by differont gamma logging tools means that a same amount of gamma radiation was

measured by the different gamma logging tools.

18632} The calibraion may be performed at a surface of a geologic formation. Then, the
30 calibrator 104 may be removed from the gamma logging tool 102 and then the gamma logging
tool 102 lowered iato a borchole of the geologic formation. For example, the logging tool 102

may be lowered into a geologic formation via a conveyance such as a wirehing including but not
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hmited to a wireling shickline, coiled tubing, piping, downhole tractor, or a combination thereof,
ot logging while drilling (LW} apparatus. The detector count rate associated with the gamma

logging tool 102 1s determined and the calibration gain factor 1s used to adjust the detector count
rate 50 as to measure gamma radiation associated with the geologic formation n terms of APl or

other measure of gamma radiation.

18633} FIG. 2 illustrates various cross-sectional views 250 of the logging tool 102 for different
angular orientations 81, 82, O3 of the calibrator 104 with respect to the logging tool 102, Each
arrangement 200, 202, 204 shows heavy metal shiclding 210 which partially shields the detector
110, resulting in the logging tool 102 being sensitive to gamma radiation which substantially
mmpinges unshiclded portions of the detector 110, In other examples, the logging tool 102 may
not have the heavy metal shielding 210, resulting in the logging tool 102 being sensitive to

camma radiation which impinges the detector 110 from any angle.

{0034} A width of the calibrator 104 may be less than or equal to a circumference of the logging
tool 102, An angular orientation of the calibrator 104 with respect to the logging tool 102 may
be indicated by 8y, The angular orientation Gw may be an angle shown by the arrow 218
between a vector passing from the center of the tool through a scribe line 214 marked on the
surface of the tool and a vector passing from the center of the tool through one end 216 of the
calibrator 104. For example, the calibrator 104 may be orentated at angular orientation €1 with
respect to the logging tool 102 shown in arrangement 260, As another example, the calibrator
104 may be oriented at an angular orientation @2 with respect to the logging tool 102 shown
arrangement 202, As vet another example, the cahibrator 104 may be oniented at an angular

orientation O3 with respect to the logging tool 102 shown i arrangement 204

18635} The angular orientation may be defined m other ways as well. For example, the angular
origntation may be based on a position on the calibrator 104 other than the end 216 of the
calibrator 104 or a vector other than one from the center of the tool to the scribe line 214 (e, a
vector which points in a direction opposite the vector from the center of the tool to the seribe line

214). Other vartations are also possible.

18036} The detector count rate may differ depending on the angular orientation. The detector
count rate as a function of angular orientation may be simulated, for example, using a Monte

Carlo N-particie simulation based on a logging tool and calibrator configuration.

~3
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18637} FIG. 3 shows a plot 300 of a simulated detector count rate on axis 302 as a function of
angular orientation on axis 304 for a calibrator wrapped entirely around the logging tool. The
calibrator 1s positioned at different angular orientations, ¢.g., everv 30 degrees, with respect to
the logging tool and the detector count rate in terms of detector counts per second {(cps)
simulated for cach angular orientation with respect to the logging tool. The detector count rate
varigs based on the angular orientation, ¢.g., because the radicactive matenal is not uniformly

distributed inside the calibrator, The

cctor. Equation 1 is

{0639} ¥IG. 4 shows another plot 400 of simulated detector count rate on axis 402 as a function

of angular onentation with respect 1o the gamma logging tool onaxas 444 The plot 400 may be

1006490} As shown below, Equation 1 mdicates that the average detector count rate will remain the
same regardicss of an inttial angular orientation of the calibrator with respect to the calibrator if
the detector count rate is determined for angular onientations 120 degrees apart. The average
detector count rate also remains the same for calibrators of different widths, distributions of

radicactive material, and different circumferences of the logging tool.

{0641} Consider three detoctor count rate that are detected with the calibrator positioned at three
different angular onientations spaced 1207 apart. Assume that the first angular orientation
corresponds to #=0°. The second and third angular orientations are 6=120° and &=240°. The

average of the three detector count rate, CRaowe, 18 given by

CR,, == CR(~8,)+ CR{120~86,) + CR(240~6,} | (2)

ave ?l
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100642} Using Equation{1}, Equation (2} can be written as

1| a, +a,cos{~8,) +a,cos (-0, +a, +a,cos(120 - 8,} +a,cos (120 - 6,

PCT/US2019/027549

(;Rave = -.-:: - 2. €3)
3| +a, +a,cos(240 - 6} +a, cos7 (240 - 6)
{0643} The a: terms in Equation (3) can be consohidated to yield
1 | 3a, +a, [cos(~8,) +cos(120 - 6, } + cos(240 - !90)}
CRpe =71 T2 2 | 4
- 3i+a, [ cos (~8,) +cos (120~ 8,) +cos’ (240 - ,) |
{0644} which can be written as
CR = é—(Bao +a, S, +2,8, ) (5)
[0045] where
S, = cos(—~6)) +cos{120 — &} + cos{ 240 - 6, } (6)
S, =cos’(~6,) +cos (120~ 8,) +cos’ (240 - G,y . (N
{0046} Using the trigonometne relations
cos{ar + ) =cosa - cos f—sina -sin (%)
cos120 =05 {9}
cos240 =-0.5 (1)
siniZ(‘m# (10
sm 240 = —ﬁ . (12}
2
18047} Eguation (6} becomes
S, =00s(~0,) + cos(120) cos( -G, } + s 120} sind G, ) + cos{ 240} cos(-—4, ) -+ 510 240} sin( -G )
, ‘ (3 43) 13
=cos(—6)(1-0.5-0.3) +sin(~6}) 3‘-?7-—3;’- =0 (13)
[N
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{00438} Using the trigonometne relations

1~
el £ 1oy )
cos’ @ = E-p Foos(26) 1, (14)
05480 = ¢cosl20 = -0.5 (1%}
i
sind80 =sini20 = \/_;3 (16}

10049} and Equations (8){12}, Equation (7) becomes

S, = %{_’1 +c0s{—28,}+ 1+ cos{240 - 26,) + 1+ cos (480 - 26} |

[ 1+ cos{~28,)+1+cos{240) cos(~268,)~ sin (240} sin (~26, ) an
) Bl R cos{480)cos{~28,) - sin {480 }sin {-26, )
- / V7
L 34 cos{~20, {1~ 0.5-035)+sin{-26,) ﬁ _\_@ '
2 ’ 2 2
106590] Incorporating Equations (13) and (17} mto Equation (5) yvields
CR = %(3% +1.3a, ) =a,+90.50, . {(18)

{8651} Equation {18} shows that the average detector count rate 1s independent of 8o, which
means that it 1s independent of the initial angular orientation of the calibrator with respect to the
logging tool. This shows that the sum of deiector count rate from three measurements separated
by 120 degree in the calibrator calibration will be the same no matier where the starting angular
orientation 1s. Thus, the mitial placement of the calibrator can be at any angular orientation,

which greatly simplifics the logistics of the calibration and improves accuracy.

18652} FIG. 5 1s an example procedure S00 for calibrating a logging tool with the calibrator in
accordance with the described arrangements. At 502, the calibrator @y be positioned oo the
fogomg tool at an angular onientation with respect 1o the loggimg ool In obne or more examples,
there may be gap between ends of the calibrator posttioned on the logging tool, AU 304, a first
detector count rate mav be determined based on the logging tool and stored mmemory, At 3096,
the logeing tool or the calibrator may be rotated by 120 degrees. At SU¥, a second detector count

rate may be determined and stored mmenory. A 310, the logging too! or the calibrator,

whichover was rotated at step 306, may be further sotated by another 120 degrees 1n g same

10
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§

direction as in step 506, Av 512, a thaed detector count rate may be detemined and stored o
momary. At 514, the three detector count rates reay be combme d., ¢z, averaged, 1o deternune
an average detoctor count rate. The average detector count rafe 18 independent of the minal
angular orientation at step 502, as shown by equation I3, At 5§16, a calibration gare facior may
be computed for the logging toel. The calibration gain facior may be a ratio of the average

e & >

detector coumnt rate and APL of the calibrator:
Calibration Gain Factor = Calibrator AP/ Average Detector Count Rate

[0053] This calibration gatn factor may be nultiphied to a detector count rate deteotad by the

fog

zing tool when placed i a borehole of a geologic formation to accurately determme a

measure of gamma radiation w terms of AP
Formation Gamma Radiation (API) = Calibration Gain Factor x Average Detector Count Rate

10654} The gamma radiation associated with the calibrator may be known in units other than
APL. In this case, the calibration gam factor may be determined in terms of the other units and

the Formation Gamma Radiation measured in terms of the other uniis.

{80535} FIGs. 6 and 7 illustrate a calibration based on placement of one or more reference marks
on the calibrator and logging tool to facilitate posttioning of the calibrator at the different angular
orieitations.  Specifically, FIG. 6 dlustrates an example procedure 600 for calibrating a logging
tool with the calibrator, where the logging tool has reference marks separated by 120 degrees

along a circumference of the logging ool FIG. 7 visually llustrates the example procedure 600.

{88536} Referning to FIG. 6, at 602, reference niarks at 1287 wmcrements 13 placed along the

:‘—3
s

circumtorence of the loggig ool The reference marks are shown as marks 700, 702, and T
slong a circuntference of the logging tool 706 o FIG 7. At 604, a reference mark may be
positionad on the calibrator af a posiion along the width of the calibrator which in some
examples is mndmsiiy chosen. This reference mark 13 shown as reference mark 708 on the
calibrator 710 1 FIG. 7. At 606, the calibrator may be posttioned on the logging tool with the
reference mark aligned with g firet meark onothe loggimg tool. For example, reforence mark 708 15
abigned with reforenge mark 700 in arvangement 712 of FIGL 7. At 808, g fivst detoctor coumt rate
may be determaned based on the detector in the logging tool and stored in memory. At 616, the

fogging tool may be rotated about a tool axis votid the reference mark on the calibrator aligns

with the second mark on the logging tool. For example, the refercnce mark 708 aligns with the

11
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second rark 702 in arrangement 714 of FEG. 7. At 612, a second detector count rate may be

detormined and stored m memory. At 614, the logging tool may be rotated about the tool axis

2

N

uniil the reference mark on the logging tool ahigns with the third mark on the calibrator, For

example, the reference mark 708 aligns with the third mark 704 in arvangoment 716 of FIG. T

,.

At 616, a third detector cownd rate may be deternuned and stored 1o the memory, AL 618, the
three detector cownd rates may be averaged 1o deternung an average detoctor count rate. At 620,

a cabibration gain factor may be computed.

{8637} FIGs. 8 and 9 illustraie another calibration based on placement of one or more reference
marks on the calibrator and/or logging tool to facilitate positioning of the calibrator with respect
to the logging tool at the different angular oricntations. FiG. 8 illustrates an example procedure
800 for calibrating a logging tool with the calibrator, where the calibrator has refercnce marks

separated by 120 degrees along a width of the calibrator. FIG. 9 visnally illustrates the example

procedure 800,

{0838} Referring to FIG. §, at 802, reference marks for three posttions along a width of the
calibrator {5 placed on the calibrator such that they are 1207 apart whon the calibrator is
positioned on the logging tool. The three locations are shown ag reforence marks 9040, 802, and
804 m FIG. 9 along the calibrator 906, Aty 804, a reforence mark on the logging tool may be
placed at a position on a circumference of the fogging tool which i some exanmples 1s randomly
chosen. This referconce mark is shown as reference mark 908 oo the logeing tool 910 m FIGF. 8,

A 806, the calibrator reay be positioned on the logg oforence mark on the

& nple, reference mark 9038
is aligned with reference mark 904 1o arrangeoment 912 of FIGL 6. At \‘W a first defector count

rate may be determined based on the detector invthe logemg ool AL 8190, the loggmg ool may

«ﬂ

be votated untid a second reference mark on the calibrator sligns with the reforcnce mark onthe

logemg tool, For example, reforence mark 908 1 aligned with reference mark 902 in

arrangement 914 of FIG. 9 At 812, a second detecior coumt rate may be deternuned. At 314,

the tool may be rotated about the tool axis untd g third ref

with the reference mark on the logging tool. For example, reference mark %08 15 aligned with
reference mark 900 w arrangement 916 of FIG. 9. At 816, a third detector count rate may be
deterouned. At 318, the three detector cowrd rates may be averaged to deteroiinge an average

detector count 1 At 824, a calibration gamn factor may be computed.
S X
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18659} FIG. 5-9 describes rotation of the logging tool to change an orientation the calibrator with
respect to the logging tool. In other examples, the calibrator and/or both the logging tool and
calibrator may be rotated to change the orientation of the calibrator with respect to the logging
tool. The logeing tool and cabibrator may be both rotated to achieve desired onentations of the
calibrator with respect 1o the logging tool described above. Additionally, the rotation may be
performed manually by engineering personnel or via a motor coupled to one or more of the

logging tool or calibrator which performs the rotation.

{3069} By positioning the calibrator at intervals of 120 degrees around the logging tool, the
average detector count rate 1s independent of the mitial angle at which the calibrator is oriented
on the logging tool. This results in an accurate determination of count rate which can be used to
calibrate the logging tool for measurement of gamma radiation when the logging tool is
positioned in a borchole of a geologic formation. Further, a same calibrator may be used 1o
calibrate logging tools of different circumferences. A fewer number of calibrators of different
types are needed to calibrate logging tools of different circumferences, reducing costs of

calibration.

{0661} FIG. 10 is a schematic diagram of an apparatus 1000 for measuring gamama radiation in a
geologic formation based on the calibration process described with respect to FIG. 1-9. The
apparatus 1000 shows logging tool 102 on a wirghine 1050, Ag illustrated, a borehole 1052 may
extend through the geclogic formation 1002, It should be noted that while FIG. 10 generally
depicts a land-based drilling system, those skilled in the art will readily recognize that the
principles described herem are equally applicable to subsea drilling operations that emplov

floating or sea-based platforms and nigs, without departing from the scope of the disclosure,

18062} As iHustrated, hoist 1004 may be used to run the logging tool 102 (without the calibrator)
into borehole 1052, Hoist 1004 may be disposed on a recovery vehicle 1006, Hoist 1004 may
be used, for example, to raise and lower wircline 1050 in borchole 1052, While hoist 1004 1s
shown on recovery vehicle 1006, 1t should be understood that wireline 1050 may alternatively be
disposed from a hoist 1004 that 15 installed at the sorface 1008 nstead of being located on
recovery vehicle 1006, Logging tool 102 may be suspended n borehole 1652 on wirchne 1050.
Other convevance types may be used for conveving loggig tool 102 into borchole 1032,
mehuding coiled tobing, wired drill pipe, slickline, and downhole tractor, for example. Logging
tool 102 may comprise a tool body, which may be clongated as shown on FIG. 10, Tool body

may be any suitable material, including without imitation titanium, stainless stecl, alloys,
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plastic, combinations thereof, and the like. Logging tool 102 may further include a detector (not

shown} which responds to gamma radiation.

{0063] Measurement svstem 1032 may include a processing unit 1036, a monitor 10338, an input
device 1040 (c.g., keyboard, mouse, et .}, and/or machine-readable media 1042 {(e.g., optical
disks, magnetic disks) that can store code for measuring the gamma radiation i the geologic
formation 1002, While depicted as a computer, some examples can be any tvpe of device or
apparatus to perform operations described herein. To facilitate this measurement,
cornmumication link 1034 (which may be wired or wireless, for example} may transmit response
data from the detector between the logging tool 102 and the measurement system 1032 at surface
1008. The processing unit 1036 may apply the calibration gain factor to the response data from
the detector to measure the ganwna radiation in the geologic formation. This processing may
occur at the surface 1008 in real-time. Alternatively, the response data mayv be stored i the
logging tool and processed at surface 1008 or another location after withdrawal of logging tool
102 from borchole 1052, Sull alternatively, the processing may be performed downhole inthe

geologic formation 1002 by the logging tool 102,

10664} FIG. 11 is ancther schematic diagram of an apparatus 1100 for measuring gamma
radiation 1n a geologic formation based on the calibration process descrnibed with respect to FIG.
1-9. The apparatas 1100 includes a logging tool 102 disposed on a dnill string 1102 of a depicted
apparatus 1100. As ilhistrated. a borchole 1150 may extend through geologic formation 1104
While borchole 1150 1s shown exiending generally vertically into the geological formation 1104,
the principles described herein are also applicable to borcholes that extend at an angle through
the geological formation 1104, such as horizontal and slanted boreholes. For example. although
FI1G. 11 shows a vertical or low inclination angle well, high mclination angle or horizontal
placement of the well and equipment is also possible. It should further be noted that while FIG.
11 generally depicts a land-based operation, those skilled in the art will readily recognize that the
principles described heremn are equally applicable to subsea operations that employ floating or

sea-based platforms and nigs, without departing from the scope of the disclosure.

18065] The apparatus 1100 further includes a drilling platform 1106 that sapports a derrick 1108
having a traveling block 1110 for raising and lowermg drili string 1102, Dnll string 1102 may
melude, but is not limited to, drill pipe and coiled tubing, as generally known to those skilled m
the art. A kelly 1112 may support drill string 1102 as it may be lowered through a rotary table

1114, A drill bit 1120 may be aftached to the distal end of drill string 1102 and may be driven
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cither by a downhole motor and/or via rotation of drill string 1102 from the surface 1118.
Without limitation, drill bit 1120 may include, roller cone bits, PDC bits, natural diamond bits,
any hole openers, reamers, coring bits, and the like. As dnll bit 1120 rotates, it may create and
extend a borchole 1150 that penetrates various subterranean formations such as 1104, A pump
1122 may circelate dalling fhud through a feed pipe 1124 to kelly 1112, downhole through
mterior of dall string 1102, through onfices 1n drill bit 1120, back to surface 1118 via annulus

1121 surrounding drll strmg 1102, and into a retention pit 1126,

[0066] Dnll bit 1120 may be just one piece of a downhole assembly that may include the

logging tool 102, Logging tool 102 may be made of any suitable material, including without
frmitation titaniom, stainless steel, alloys, plastic, combinations thereof, and the ike. Logging
tool 102 may further include one or more detectors (two or which are shown as 1130, 1131
separated by collar 1128) which respond to gamma radiation. Any suitable technique may be
used for transnntting response data from the detector 1130 and/or detector 1131 10 a
measurement systerm 1132 residing on the surface 1118, As ilhustrated, a commumication fink
1134 may be provided that transmits the response data from the logging tool 102 to the
measurement system 1132 at the swrface 1118, Commumication link 1134 may implement one or
more of varicus koown telemetry techniques such as mud-pulse, acoustic, ¢lectromagnetic, etc.
Alternatively, the response data may be stored in the logging tool and processed at surface 1118
or another location after withdrawal of logging tool 102 from borehole 1150. Measurement
system 1132 may include a processing unit 1136, a monitor 1138, an input device 1140 (e.g.,
kevboard, mouse, etc.), and/or maching readable media 1142 (¢ g, optical disks, magnetic disks)
that can store cade for measuring the gamma radiation in the geologic formation 1104, While
depicted as a computer, some examples can be anv type of device or apparatus to perform
operations described heremn. The processing umit 1136 may apply the calibration gam factor to
the data from the detector to measure the gamma radiation 1o the geologic formation. This
processing may occur at the surface 1118 i real-time. Alternatively, the processing may be

performed downhole in the geologic formation 1104 by the logging tool 102.

{8867} FIG. 12 15 a block diagram of the computer system 106 in more detail. The computer
system 106 includes a processor 1202 (possibly including multiple processors, multiple cores,
multiple nodes, and/or implementing multi-threading, etc.} and memory 1204, The memory
1204 may be system memory {e.g., one or more of cache, SRAM, DRAM, zero capacitor RAM,
Twin Transisior RAM, ¢cDRAM, EDO RAM, DDR RAM, EEPROM, NRAM, RRAM, SONOS,
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PRAM, etc ) or any one or more other possible realizations of non-transitory machine-readable

media/mediunt.

{8068} The computer system 106 may also include a persistent data storage 1206, The persistent
data storage 1206 can be a hard disk drive, such as a magnetic storage device which stores one or
more detector count rates detected for different orientations of the calibrator with respect to the

logging tool.

108669} The computer system 106 also includes a bus 1208 (o.g., PCL ISA, PCl-Express} and a
network interface 1210 in communication with a logging tool. The computer svstem 106 may
also have detector count rate meter 1212 for determiming a detector count rate associated with a
detector of the logging tool, a combiner in the form of an averaging system 1214 for determining
an average of detector count rates at the different angular orientations of the calibrator with
respect to the logging tool, and a calibration gain factor system 1216 for determining a

calibration gain factor associated with the logging tool.

{0079} In one or more examples, the computer system 106 may further comprise a user interface
1218, The user interface 1218 may mclude a display such as a computer screen or other visual
device to show one or more of detector count rates, calibration gain factors, and gamma radiation
measurements to engineering personnel. The user interface 1218 mav also wnclude an toput

device such as a mouse, kevboard.

{8671} The computer system 106 may implement any one of the previously described svstems
partially (or entirely} in hardware and/or software (¢.g., computer code, computer instructions,
program instructions, program code) stored on a non-transifory machine readable
medium/media. In some instances, the software 1s executed by the processor 1202, Further,
realizations can mnclude fower or additional components not iHustrated 10 Figure 12 {g.g., video
cards, audio cards, additional network interfaces, peripheral devices, ctc.). The processor 1202
and the memory 1204 are coupled to the bus 1208, Although iltustrated as being coupled to the

bus 1208, the memory 1204 can be coupled to the processor 1202.

106672} The detector described above provides a pulse train where an amount of detected gamma

radiation 1s characterized in terms of the detector count rate.  Signals other than the pulse train
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and/or measures other than a detector count rate may be used to characterize the amount of
gamma radiation detected by the detector. When the amount of garama radiation is not
charactenized in terms of the detector count rate and pulse train, principles described above
mclading measurement of the gamma radiation at thrce angular rotations of the calibrator with
respect to the logging tool to determine the calibration gain factor continue to apply. Reference
to the pulse train and detector count rate described above is simply replaced with the alternative

mdications of gamma radiation.

{8673} Further, one or more examples describe the calibrator as a blanket which can be wrapped
partially or entirely arcund the logging tool. The calibrator may take other forms including a
narrow sirip of radicactive material still taking the form of a blanket and/or a radioactive rod
which spans at least a given length of the logging tool. The radicactive rod may have different
cross sections inchuding a circular or rectangular cross section. The calibrator may take vet other

forms as well.

108674} The flowcharts are provided to aid in understanding the dlustrations and are not to be
used to luntt scope of the claims. The flowcharts depict example operations that can vary within
the scope of the claims. Additional operations may be performed; tewer operations may be
performed; the operations may be performed in parallel; and the operations may be performed
a different order. For example, the operations depicted in blocks 562-516, 602-620, 802-820 can
be performed in parallel or concurrently. It will be understood that each block of the flowchart
tHustrations and/or block diagrams, and combinations of blocks in the flowchart iHlustrations
and/or block diagrams, can be implemented by program code. The program code may be
provided fo a processor of a general purpose computer, special purpose computer, or other

programmable machine or apparatus.

[0675] As will be appreciated, aspects of the disclosure may be embodied as a svstem, method or
program code/mstructions stored in one or more machine-readable media. Accordingly, aspects
may take the form of hardware, software (including firmware, resident software, micro-code,
gtc.), or a combination of software and hardware aspects that may all generally be referred to

2% ¢

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

progranwner preferences, programming language, administrator prefercnces, ote.
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{8676} Any combmation of one or more maching readable medium{s) may be utilized. The
machine readable medium may be a machine readable signal medium or a machine readable
storage medium. A machine readable storage medium may be, for example, but not linuted to, a
system, apparatus, or device, that emplovs any one of or combination of electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor technology 1o store program code. More
specific examples (a non-cxhaustive list) of the machine readable storage medium would include
the following: a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory {ROM), an erasable programmable read-only memory {(EPROM or Flash
memory), a portable compact disc read-only memory (CB-ROM), an optical storage device, a
magnetic storage device, or anv suttable combination of the forcgoing. In the context of this
document, a maching readable storage medium may be any tangible medium that can contain, or
store a program for use by or in connection with an nstruction execution system, apparatus, or

device. A machine readable storage medium 1s not a machine readable signal medium.

{8677} A machine readable signal medium may include a propagated data signal with machine
rcadable program code embodicd therein, for example, in baseband or as part of a carrier wave.
Such a propagated signal may take any of a vanety of forms, imcluding, but not hmited to,
slectronis, electro-magnetic, optical, or any suitable combination thereof. A machine readable
signal medium may be any maching readable medium that is not a machine readable storage
medium and that can commumicate, propagate, or transport a program for use by or in connection

with an instruction exgcution system, apparatus, or device.

{0078} Program code embodied on a machine readable medium may be transmitted using any
appropriate mediwm, including but not himited to wireless, wireline, optical fiber cable, RF ¢tc.,

o1 any suitable combination of the foregoing,

18679} Computer program code for carrving out operations for aspects of the disclosure may be
written i anv combination of one or more programming languages, including an object oniented
programming language such as the Java® programming language, C++ or the hike; a dynamic
programming language such as Pvthon; a scripting language such as Perl programoung language
or PowerShell script language; and conventional procedural programming languages, such as the
"C" programming language or similar programoming languages. The program code may execute
entirely on a stand-alone machine, may execcute in a distributed manmner across muktiple
machines, and may execute on one machine while providing results and or accepting input on

ancther machine.
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{0088} The program code/instractions may also be stored in a machine readable medivm that can
direct a machine fo function in a particular manner, such that the instructions stored in the
machine readable medium produce an article of manufacture including instructions which

mmplement the function/act specified tn the flowchart and/or block diagram block or blocks.

{6681} While the aspects of the disclosure are descnibed with reference to various
mplementations and exploitations, it will be understood that these aspects are illustrative and
that the scope of the claims is not imited to them. In general, techniques for calibration of
gamma logging tools as described herein may be mmplemented with facilities consistent with any
hardware svstem or hardware systems. Many variations, modifications, additions, and

unprovements aic possible.

{8682} Plural instances may be provided for components, operations or structures described
herein as a single instance. Finally, boundaries between various components, operations and
data stores are somewhat arbitrary, and particular operations are illustrated in the context of
specific llustrative configurations. Other allocations of functionality are envisioned and may
fall within the scope of the disclosure. In general, structures and functionality presented as
separate components in the cxample configurations may be implemented as a combined structure
or component. Simtlarly, structures and functionahity presented as a single component may be
mnplemented as separate components. These and other variations, modifications, additions, and

improvements may fall within the scope of the disclosuare.

10083} As used hergin, the term “or” is inclusive unless otherwise explicitly noted. Thus, the
phrase “at least one of A, B, or C7 is satisficd by any element from the set {A, B, C} orany

combination thercof, including multiples of any clement.

Example Embodiments

{0084 Example embodiments include the following:

10685} Embodiment 11 A method comprising: positioning a calibrator on a logging tool at an
angular orientation with respect to the logging tool, wherein the calibrator has a radioactive
soarce of gamma radiation; receiving a first indication of gamma radiation detected by a detector
in the logging tool; rotating one or more of the calibrator and logging tool by a first number of
degrees: recetving a second indication of gamma radiation detected by the detector in the logging
tool; rotating one or more of the calibrator and logging tool by second number of degrees;
receiving a third indication of gamma radiation detected by the detector in the logging tool;
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combining the first, second, and third ndications of gamma radiation; deternuning a calibration
gain factor based on the combined indications of gamma radiation and a known amount of
gamma radiation emitted by the calibrator; and adjusting a fourth indication of gamma radiation

detected by the detector based on the calibration gain factor.

18086} Embodiment 2: The method of Embodiment 1, wherein adjusting, by the calibration gain
factor, the fourth mdication of gamma radiation comprises positioning the logging tool ina
geologic formation; determining, by the logging tool, the fourth indication of gamma radiation
based on the detector in the logging tool detecting gamma radiation; and wherein the adjusted
fourth indication of gamma radiation indicates an amount of gamma radiation in the geologic

formation.

{8087} Embodiment 3: The method of Embodiment 1 or 2, wherein determining the mndications
of gamma radiation comprise detecting one or more pulses associated with the detector of the

logging tool over a period of time.

{0688} Embodiment 4: The method of any of Embodiment 1-3, wherein a length of the calibrator

is at least twice a size of a detector 1n the logging tool.

{8689} Embodiment 3: The method of any of Embodiment 1-4, wherein the calibrator is an

epoxy blanket doped with Monazite sand contatming thorium.

{60690} Embodiment 6; The method of any of Embodiment 1-5, wherein the blanket has a width
less than a circumference of the logging tool and the calibrator conforms to a curvature of the

logging tool with a gap between ends of the calibrator along a circumference of the logging tool.

{8691} Embodiment 7: The method of any of Embodiment 1-6, wherein the indications of

gamma radiation are a count of pulses output by the detector as a function of time.

18092} Embodiment & The method of anv of Embodiment 1-7, wherein rotating one or more of
the cahibrator and logging tool by the first number of degrees comprises rotating based on
alignment of one or more reference marks separated by 120 degrecs on the calibrator or logging

tool.
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{0093} Embodiment 9: A system comprising’ a logging tool comprising a detector for detecting
gamma radiation; a calibrator comprnising a radicactive source of ganuma radiation, wherein the
calibrator is positioned on the logging tool at an angular orientation with respect to the logging
tool; and a device to: determine a first indication of gamma radiation based on the detector in the
logging tool detecting gamma radiation; determine a second indication of gamma radiation based
on the detector in the logging tool detecting gamma radiation, wherein one or mare of the
calibrator and logging ool is rotated by a first number degrees; determine a third indication of
gamma radhation based on the detector m the logging tool detecting gamma radiation, wherein
the one or more of the calibrator and logging tool is rotated by a second number of degrees;
cornbine the first, second, and third indications of gamma radiation; determine a calibration gain
factor based on the combined indications of gamma radiation and a known indication of gamma
radiation emitted by the calibrator; and adjost a fourth mdication of gamma radiation associated

with the detector based on the calibration gain factor.

{0094} Embodiment 10: The system of Embodiment 9, wherein the device to adjust the fourth
mdication of gamma radiation comprises the device to position the logging tool 1n a geologic
formation; determine, by the logging tool, the fourth indication of gamma radiation based on the
detector in the logging tool; and wherein the adjusted fourth indication of gamma radiation

mdicates an amount of gamma radiation in the geologic formation.

[80695] Embodiment 11 The syvstem of Embodiment 9 or 10, wherein the device to determine
the indications of gamma radiation comprises the device to detect one or more pulses associated

with the logzing tool over a period of time.

{0096} Embodiment 12: The system of any of Embodiment 9-11, wherein a length of the

calibrator is at least twice a size of a detector i the logging tool.

{8097} Embodiment 13: The system of any of Embodiment 9-12, wherein the calibrator is an

epoxy blanket doped with Monazite sand containing thoriom.
{8098] Embodiment 14: The system of any of Embodiment 9-13, wherein the blanket has a

width less than a circumference of the logging tool and conforms to a curvature of the logging

tool with a gap between ends of the calibrator along a circumference of the logging tool.
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{8099} Embodiment 15: The svstem of any of Embodiment 9-14, wherein the indications of

gamma radiation are a count of pulses output by the detector as a function of time.

{0108} Embodiment 16: The svstem of any of Embodiment 9-15, wherein onc or more of the
calibrator and logging ool has one or more reference marks separated by 120 degrees on the

calibrator or logging tool.

{101} Embodiment 17: A non-transitory machine-readable media comprismg computer
mstrnictions execotable by a processor to! determine a first indication of ganwma radiation based
on a detector 1n a logging ool detecting gamma radiation emitted from a calibrator positioned on
the logging tool at an angular orientation with respect to the logging tool; wherein the calibrator
comprises a radioactive source of gamma radiation; determine a second indication of gamma
radiation based on the detector in the logging tool detecting gamma radiation, wherein the one or
more of the calibrator and logging tool is rotated by a first number of degrees; determine a third
indication of gamma radiation based on the detector in the logging tool detecting gamma
radiation, wherein the ong or more of the calibrator and logging tool 1s rotated by a second
number of degrees; combine the first, second, and third indications of garama radiation;
determine a calibration gam factor based on the combined indications of gamma radiation and a
known mdication of gamma radiation emitted by the calibrator; and adjust a fourth mdication of

gamma radhation associated with the detector based on the calibration gain factor,

10102} Embodiment 18: The non-transitory machine-readable media of Embodiment 17, wherein
the calibrator has a width less than a circumference of the logging tool and the calibrator
contorms to a curvature of the logging tool with a gap between ends of the calibrator along a

circumnference of the logging tool.

{3103} Embodiment 19 The non-transitory machme-readable media of Embodiment 17 or 18,

wherein the calibrator is an epoxy blanket doped with Monazite sand containing thoriom.
{0104} Embodiment 20: The non-transttory machine-readable media of any of Embodument 17-

19, wherein one or more of the calibrator and logging tool has one or more reference marks

separated by 120 degrees on the calibrator or logging tool.
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WHAT IS CLAIMED IS:
1. A method comprising:
posttioning a calibrator on a logging tool at an angular ovientation with respect to the
logging tool, wherein the calibrator has a radioactive source of gamma radiation;
receiving a first indication of gamima radiation detected by a detector in the logging tool;
5 rotating one or mote of the calibrator and logging tool by a first number of degrees;
receiving a second indication of gamma radiation detected by the detector in the logging
tool;
rotating one or more of the calibrator and logging tool by second number of degrees;
receiving a third mdication of gamma radiation detected by the detector in the logging
16 tool;
combining the first, second, and third indications of ganyma radiation;
determining a calibration gain factor based on the combined indications of gamma
radiation and a known amount of gamima radiation emitted by the calibrator; and

adjusting a fourth mdication of gamma radiation detected by the detector based on the

[
(v

calibration gain factor.

2. The method of claim 1, wherein adjusting, by the calibration gain factor, the fourth
mndication of gamma radiation compnges positioning the logging tool in a geologic
formation; determining, by the logging tool, the fourth indication of gamma radiation based
on the detector in the logging tool detecting gamma radiation; and wherein the adjusted

20 fourth indication of gamma radiation indicates an amount of garmama radiation in the geologic

formation.

3. The method of claim 1, whercin determining the mndications of gamma radiation

comprise detecting one or more pulses associated with the detector of the logging tool over a

period of time.

25 4. The method of claim |, whercin a length of the calibrator is at least twice a size of a

detector in the logging tool.

5. The method of claim |, wherein the calibrator is an epoxy blanket doped with Monazite

sand containing thorium.
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6. The method of claim 3, wherein the blanket has a width less than a circumference of the
logging tool and the calibrator conforms to a curvature of the logging tool with a gap

between ends of the calibrator along a circumference of the logging tool,

7. The method of claim |, wherein the indications of gamma radiation are a count of pulses

cutput by the detector as a function of time.

8. The method of claim 1, wherein rotating one or more of the calibrator and logging tocl by
the first number of degrees comprises rotating based on alignment of one or more reference

marks separated by 120 degrees on the calibrator or jogging tool.

9. A system comprising:
a logging tool comprising a detector for detecting gamma radiation;
a calibrator comprising a radioactive source of ganmma radiation,
wherein the calibrator is positioned on the logging tool at an angular onentation with
respect to the logging tool; and
a device to:
determine a first indication of gamma radiation based on the detector in
the logging tool detecting gamma radiation;
determine a second indication of gamma radiation based on the detector in
the logging tool detecting gamma radiation, wherein one or more of the calibrator
and logging tool is rotated by a first number of degrees;
determine a third mdication of gamma radiation based on the detector in
the logging tool detecting gamma radiation, wherein the one or more of the
calibrator and logging tool is rotated by a second number of degrees;
combine the first, second, and third indications of gamma radiation;
determine a calibration gain factor based on the combined indications of
gamma radiation and a known indication of gamma radiation emitted by the
calibrator; and
adjust a fourth mdication of gamma radiation associated with the detector

based on the calibration gain factor.

10. The system of claim 9, wherein the device to adjust the fourth indication of gamma

radiation comprises the device to position the fogging tool in a geologic formation;
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determine, by the logging tool, the fourth indication of gamma radiation based on the
detector in the logging tool; and wherein the adjusted fourth indication of garama radiation

mndicates an amount of gamma radiation i the geologic formation.

11, The system of claim 9, wherein the device to determine the indications of gamma
radiation comprises the device to detect one or more pulses associated with the logging tool

over a period of time.

12. The systern of claim 9, wherein a length of the calibrator s at least twicc a size of a

detector in the logging tool.

13. The system of claim 9, wherein the calibrator 1s an epoxy blanket doped with Monazite

sand containing thorium.

14. The system of claim 13, wherein the blanket has a width less than a circumference of the
logging tool and conforms to a curvature of the logging tool with a gap between ends of the

calibrator along a circumterence of the logging tool.

15. The system of claim 9, wherein the immdications of gamma radiation are a count of pulses

cuiput by the detector as a function of time.

16. The system of claim 9, wherein one or more of the calibrator and logging tool has one or

more reference marks separated by 120 degrees on the calibrator or logging tool.

17. A non-transitory machine-readable media compnising computer instructions executable
by a processor to:

determine a first mdication of gamma radiation based on a detector in a logging tool
detecting gamma radiation emitted from a calibrator positioned on the logging tool at an
angular orientation with respect to the logging tool, wherein the calibrator comprises a
radioactive source of gamma radiation;

determine a second mdication of gamma radiation based on the detector in the logging
tool detecting gamma radiation, wherein the one or more of the calibrator and logging tool is

rotated by a first number of degrees;
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determine a third indication of gamma radiation based on the detector in the logging tool
detecting gamma radiation, wherein the one or more of the calibrator and logging tool is
rotated by a second number of degrees;

comtbing the first, second, and third indications of gamma radiation;

determine a calibration gain factor based on the combined indications of gamma radiation
and a known indication of gamma radiation emitted by the calibrator; and

adjust a fourth mdication of gamma radiation associated with the detector based on the

calibration gain factor.

18. The non-transttory machine-readable media of claim 17, wherein the calibrator has a
width less than a circumference of the logging tool and the calibrator conforms o a curvature
of the logging tool with a gap between ends of the calibrator along a circumference of the

logging tool.

19. The non-transttory machine-readable media of claim 17, wherein the calibrator is an

epoxy blanket doped with Monazite sand containing thorium.

20. The non-transitory machine-readable media of claim 17, wherein one or more of the
calibrator and logging tool has one or more reference marks separated by 120 degrees on the

pe?

calibrator or logging tool.
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