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Abstract

Elemental gamma spectroscopy logging while drilling is crucial for assessing element
content in unconventional oil and gas reservoirs. Unlike wireline elemental spectroscopy
logging, the high cross section and high-density characteristics of the drill collar can in-
terfere with the detection of formation element content. Using numerical simulation, this
paper develops a drill collar background signal removal method based on a dual detector
gamma energy and time spectra combination. First, the gamma counts ratio in different
time periods from the time spectra of the dual detector and the gamma energy spectra
measured by the near detector are used to characterize the drill collar background. Then,
the energy spectra measured by the far detector are integrated to reconstruct the pure
formation gamma energy spectra. The reconstructed gamma energy spectra demonstrate
that the deviation of low-content element yields can be controlled within 0.5%, indicating
the accuracy of the drill collar background removal method based on dual spectra informa-
tion. A numerical simulation case of elemental logging while drilling in unconventional
reservoirs is constructed, and the drill collar background is removed using the time spectra
and energy spectra information of the dual detector. The calculation of element and mineral
contents shows that the maximum calculation errors can be controlled within 2% and 3.5%,
respectively, with the calculation error for low cross section elements like Mg reduced
to below 0.5%. In conclusion, the proposed drill collar signal removal method based on
the time and energy domains effectively improves the accuracy of formation elemental
content calculation under drilling conditions, providing theoretical guidance and technical
support for elemental content evaluation and mineral analysis in unconventional oil and
gas reservoirs.

Keywords: elemental logging while drilling; drill collar noise signal; numerical simulation

1. Introduction
Exploration of unconventional oil and gas reservoirs relies heavily on drilling high-

angle and horizontal wells, with logging while drilling (LWD) proven to be successful
for measuring azimuthal gamma, neutron-gamma density, and neutron porosity. These
measurements provide crucial nuclear physics parameters for evaluating reservoirs [1–3].
Moreover, the accurate assessment of lithology or even mineralogy in unconventional
reservoirs using LWD technology is a vital area for further investigation. The elements
found in the formation are diverse, but are concentrated in a select few, such as O (49.13%),
Si (26.00%), Al (7.45%), Fe (4.20%), Ca (3.25%), Na (2.40%), K (2.35%), Mg (2.35%), and
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H (1.00%) [4], accounting for over 98% of the total weight of the earth’s crust. Even in
areas with igneous rocks, only a dozen or so common minerals are present among the over
2000 types of minerals discovered in formations. Therefore, the detection of secondary
gamma rays based on the interaction between neutrons and the formation medium to
calculate element and mineral content holds great significance for the accurate lithological
classification of the formation.

Currently, significant advancements have been made in wireline elemental logging
tools, such as the elemental capture spectroscopy logging tool (ECS) [5] and the gamma
elemental mineralogical analysis logging tool (GEM) [6], which utilize an Am-Be neutron
source and a bismuth germanate (BGO) detector. Baker Hughes has introduced the forma-
tion lithology explorer (FleX) elemental logging tool [7], employing a deuterium–tritium
(D-T) pulsed neutron generator and a single BGO detector to determine the content of
elements like C, Fe, Mg, O, Si, S, Al, and Ca. In 2012, Schlumberger unveiled the Litho-
Scanner [8], a new generation elemental logging tool utilizing a D-T pulsed neutron source
and a single lanthanum bromide scintillation (LaBr3) detector, less affected by temperature
changes and boasting higher energy resolution. As elemental logging tools continue to
evolve, the associated data processing techniques are becoming more diverse. Grau et al.
established an experimental framework to obtain elemental standard spectra based on
the influence of detector type and measurement device on the standard spectral shape [9].
Crittin et al. utilized the least-squares method to process ECS capture gamma energy
spectra to obtain relative elemental yields, determining elemental content using the oxide
closure model [10–12]. Liu et al. analyzed the precision of solving element content in
shale oil and gas reservoirs based on spectral data processing [13,14]. MacDonald et al.
utilized inelastic and capture gamma energy spectra to determine element content and
applied it in the identification of complex carbonate lithology [15]. Perez et al. conducted
algorithm research on through-casing elemental logging, and after obtaining the gamma
energy spectra background of casing and cement through experiments, the calculation of
element content beyond the casing was performed [16]. Zhou et al. developed a new method
to calculate element content, achieving automatic compensation for the effects of casing and
cement background on elemental measurements under various borehole conditions [17].

However, for elemental logging while drilling, Gjerdingen et al. conducted research on
the effects of different drilling speeds, tool shapes, and borehole environments on element
content calculation, showing that the measured element spectra contain a significant
amount of drill collar signal, which is adverse to the acquisition of element content [18].
Schlumberger introduced the multifunctional logging while drilling tools Ecoscope and
NeoScope [19,20], which have the capability of elemental logging while drilling, but further
advancements in elemental logging while drilling functionality have not been made. To
overcome this fundamental limitation and enable true formation elemental characterization
during drilling, this study pioneers a novel spectral processing methodology. Our core
innovation lies in the development of a dedicated algorithm designed to explicitly identify,
isolate, and eliminate the drill collar signal component from the raw gamma energy spectra.
This targeted signal separation is paramount for retrieving the uncontaminated formation
signature, thereby facilitating the first robust and quantitative determination of element
content directly under real-time drilling conditions.

2. Methodology
According to the neutron diffusion theory [21,22], fast neutrons interact with the nuclei

of the formation elements and lose energy by inelastic scattering and elastic scattering until
they are slowed down into thermal neutrons. Then, thermal neutrons are diffused and
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captured by the nuclei of the formation elements. The flux of thermal neutrons satisfies the
following equation:

Dt∇2ϕt − Σtϕt + Σ f ϕ f = 0 (1)

where Dt is the thermal neutron diffusion coefficient and Σt is the thermal neutron capture
cross section. The solution to the thermal neutron flux equation is as follows:

ϕt(r) =
1

4πDtr
L2

t
L2

e − L2
t

(
e−r/Le − e−r/Lt

)
(2)

Lt = 1/
√

Dt/Σt (3)

Since the moderation length of fast neutrons (Le) is approximately twice the diffusion
length of thermal neutrons (Lt), when the spacing is large, the following can be approximated:

e−r/Lt /e−r/Le = e−r/2Lt → 0 (4)

Ignoring the exponential term of the diffusion length, if each thermal neutron capture
in the formation produces an average number of gamma rays it and the capture cross
section is Σt, the flux of secondary capture gamma rays produced recorded by the detector
shell with thickness dr is as follows:

dI = itΣtS04πr2ϕt(r)dr =
itS0r

L2
e − L2

t
e−r/Le dr (5)

Considering the attenuation of gamma rays, the number of gamma rays produced at
position r and received by the detector at spacing R is calculated as follows:

ϕt(R) =

∫ R
0 dI(r)
4πR2 =

[∫ R

0

itS0

L2
e − L2

t
re−r/Le e−ρµ(E)(R−r)dr

]
/
(

4πR2
)

(6)

The indefinite integral of the numerator is as follows:

∫ itS0

L2
e − L2

t
re−r/Le e−ρµ(E)(R−r)dr =

itS0

L2
e − L2

t

r(ρµ(E)− 1/Le)− 1

(ρµ(E)− 1/Le)
2 er(ρµ(E)−1/Le)−ρµ(E)R (7)

Let M = ρµ(E)− 1/Le; then, we can obtain the flux of gamma-ray capture at spacing
R in the dual medium of the drill collar and formation as follows:

ϕt(R) =

[
it2S0

(L2
e2−L2

t2)M2
2

(
(RM2 − 1)eRM2−ρ2µ2(E)R − (hM2 − 1)ehM2−ρ2µ2(E)R

)
+ it1S0
(L2

e1−L2
t1)M2

1

(
(hM1 − 1)ehM1−ρ1µ1(E)R + e−ρ1µ1(E)R

)]
/
(
4πR2) (8)

The theoretical distribution of secondary gamma-ray fields under the drill collar and
formation dual medium conditions indicates that the distribution of secondary gamma rays
in the drilling environment depends on the parameters of the drill collar and formation,
such as the total scattering cross section, density, mass attenuation coefficient, moderation
length, and diffusion length. Compared to the wireline measurement environment, the high
cross section, density, and mass attenuation coefficient of Fe elements in the drill collar lead
to a significant contribution of secondary gamma ray information. Thus, the elimination of
the strong background signal from the drill collar in elemental logging while drilling is a
challenge in the detection and processing of formation elemental gamma energy spectra.

In addition, the gamma rays released by the inelastic scattering of fast neutrons with
iron (Fe) elements are generally low in energy, with most falling below 1 MeV. As a result,
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the background of inelastic gamma rays from the drill collar is not significant, and only the
capture gamma ray spectrum is studied.

3. Numerical Simulation
3.1. Monte Carlo Method and Simulation Model

The FLUktuierende KAskade (a German term, FLUKA) is a general-purpose Monte
Carlo particle transport tool [23], which can be used for neutron, photon, electron or
coupled neutron/photon/electron transport, with wide applications in such scientific
fields as particle transport, radiation protection and radiometry, radiation shielding design
optimization, and detector design and analysis. In this study, the FLUKA code simulation
is used to study the characteristics of the gamma energy spectrum and the method of
eliminating drill collar noise signal. The formation model with an elemental logging while
drilling tool is established as shown in Figure 1.

 
Figure 1. The model of the formation and instrument.

The model is detailed as follows:
Formation parameters: Under the formation conditions of 1400 mm in both height

and diameter, the borehole is filled with fresh water (200 mm diameter). Quartz, calcite,
kaolinite, iron oxide, titanium oxide, etc., are present as formation minerals, and the formation
porosity changes from 0% to 20%. Brine with different salinity is used as pore fluid. The drill
collar is 170 mm in diameter, and the logging instrument is slotted on one side.

Instrument parameters: The elemental spectroscopy logging tool adopts the deuterium–
tritium (D-T) neutron source with 14 MeV as the controllable source; the neutron source
and the detector are separated by the tungsten nickel iron alloy shields. The near detector
is shielded from formation orientation to ensure that it can measure as many drill collar
signals as possible. The instrument housing is 4 mm thick, made with 17-4PH steel, and the
outside diameter is 70 mm. Lanthanum bromide (LaBr3) is selected as the detector crystal
for the dual detector, and the spacing is 300 mm and 540 mm, respectively. The crystal size
of the near detector is 12.7 mm in diameter and 60 mm in length and that of the far detector
is 25.4 mm in diameter and 16 mm in length; the cross section of the detectors are 127 mm2

and 507 mm2, respectively.
Based on the above numerical calculation model, the formation medium is set as

shown in Table 1 to analyze the measured gamma energy spectrum information.
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Table 1. Relative volume of minerals under different formation conditions.

Model Number 1 2 3 4 5 6

Mineral and
relative volume

fraction (%)

Quartz 100 0 0 80 70 50
Dolomite 0 100 0 0 0 0

Calcite 0 0 100 0 0 20
Kaolinite 0 0 0 20 0 0

Montmorillonite 0 0 0 0 30 0
Orthoclase 0 0 0 0 0 23
Iron oxide 0 0 0 0 0 5

Titanium oxide 0 0 0 0 0 2

3.2. Energy and Time Spectrum Characteristic Analysis
3.2.1. Capture Spectrum Recorded by Far Detector

Taking Model 6 as an example, Figure 2 depicts the capture gamma energy spectrum
of the far detector. The spectrum shows that a significant portion of the measured energy
spectrum is attributed to drill collar background (the latter is referred to as background)
signals. This is particularly evident in the high-energy section. The presence of a high
concentration of Fe in the drill collar, along with the high cross section characteristic of
Fe, causes the measurement spectrum to closely resemble the background spectrum. As a
result, accurately extracting the pure formation spectrum from the measurement spectrum
becomes a challenging task.

Figure 2. Far detector’s capture gamma energy spectrum of Model 6.

The background spectra of six groups of formation models are compared, and the
characteristics of background spectra under different formation conditions are studied. The
Fe peak is used as the standard to normalize different background spectra. Figure 3 shows
the comparison of background spectra before and after the normalization of each model.

The comparison of background spectra in different models reveals that the change in
formation medium is responsible for the variation in gamma ray counts. However, after
normalization, it becomes evident that the characteristics of the background spectrum
remain unaffected by the change in formation medium, with the background spectra
of different models largely overlapping. Therefore, in conjunction with near detector
measurements, accurately characterizing the background spectrum signal is crucial for
effectively extracting pure formation signals.
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Figure 3. Comparison of capture background spectrum in drill collar area of far detector.
(Left): Background signal comparison. (Right): Normalized background signal.

3.2.2. Capture Spectrum Recorded by Near Detector

Upon analyzing the energy spectrum of the far detector, it becomes evident that
studying the characteristics of the gamma energy spectrum measured by near detectors
is also essential. The capture gamma energy spectrum characteristics of different models
simulated by the near detector are examined. Figure 4 illustrates the comparison of the
capture gamma energy spectra of the near detector under the conditions of six groups of
formation models.

Figure 4. Gamma energy spectra of near detector.

Based on the capture spectrum and pure formation spectrum measured by the near
detector under different formation conditions, it is evident that the formation conditions
have minimal impact on the spectrum measured by the near detector. Furthermore, the
formation signal in the energy spectrum is approximately an order of magnitude lower
than the measured gamma ray counts. Furthermore, comparing the measured spectrum
with the background spectrum of the drill collar of Model 6 as depicted in Figure 5, it is
evident that the measured spectrum of the near detector closely aligns with the background
spectrum of the drill collar. This suggests that the spectrum obtained from the near detector
primarily comprises background signals originating from the drill collar.
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Figure 5. Measured energy spectrum and background energy spectrum of drill collar.

3.2.3. Gamma Time Spectrum of Dual Detector

The attenuation rate of gamma ray counts in the gamma time spectrum is linked to the
thermal neutrons’ capturing ability in the surrounding medium. As a result, the gamma
time spectrum can provide some insight into the physical properties of the drill collar
and the formation. Using the numerical calculation models, the gamma time spectra of
each model are simulated. By comparing the attenuation characteristics of the gamma
time spectra from the near and far detectors, we can discern the varying degrees to which
the gamma time spectra reflect the properties of the drill collar and formation. Figure 6
illustrates the normalized gamma time spectra of the near and far detectors for the six sets
of models.

Figure 6. Gamma time spectrum of dual detector. (Left): Near detector; (Right): Far detector.

The near detector primarily reflects the drill collar information, with gamma-ray
attenuation mainly affected by the drill collar. In contrast, the far detector’s gamma-ray
attenuation is influenced by both the formation and the drill collar, with the formation’s
impact increasing over time. This difference in attenuation speed under various formation
conditions effectively reflects formation parameters.

The disparity in the reflection degree of the gamma energy spectrum and the time
spectrum to the drill collar and formation medium indicates that the near detector’s
bispectral information mainly reflects the drill collar, while the far detector’s information
is influenced by both the drill collar and the formation. Therefore, utilizing dual detector
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bispectral information is crucial for reconstructing and extracting pure formation gamma
energy spectra and accurately calculating formation element content, establishing a method
to eliminate the strong background signal from the drill collar.

3.3. Extraction Method of Pure Formation Gamma Spectrum

The gamma ray counts of different energy channels measured by the near detector are
compared with the background spectrum of the drill collar of the far detector, and a “ratio
spectrum” was constructed to observe the counts relationships of each energy channel in
the ratio spectrum of 1–9 MeV under different formation conditions, as shown in Figure 7.
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Figure 7. Spectral signal composed of the count ratio of each energy channel. (Left): before normal-
ization. (Right): After normalization.

Under different formation conditions, the ratio spectrum exhibits precisely the oppo-
site distribution characteristics compared to the background spectrum. For instance, at the
7.65 MeV characteristic peak of Fe, the ratio spectrum displays a notable dip. This occurs
because both near and far detectors strongly respond to the background signal of the drill
collar, resulting in a decrease in the count ratio at the high-count characteristic peak in the
background spectrum. Furthermore, the amplitude of the ratio spectrum varies under differ-
ent formation conditions, but normalization aligns the ratio spectrum completely. Therefore,
it is essential to identify a parameter to determine the amplitude of the ratio spectrum.

Since only the formation medium varies in the six models, the difference in the ratio
spectrum amplitude is attributed to the change in the formation medium. While the
gamma rays from the far detector can reflect the alteration in formation parameters, the
gamma ray counts of the near detector are employed for calibration due to the influence
of neutron yield, logging speed, and other factors. The gamma ray counts of both the
near and far detectors are used to reflect the ratio spectrum amplitude. To capture the
formation properties as accurately as possible, the gamma ray counts information from the
time region representing the formation medium properties is selected. The time spectra of
the six formation models are depicted in Figure 8.

The attenuation rate of the gamma time spectrum remains consistent within the range
of 25 to 100 µs, primarily reflecting the drill collar medium. However, from 100 to 200 µs,
the attenuation of gamma ray counts varies significantly. Therefore, the gamma ray counts
in the 120 to 190 µs period are selected from the far detector and compared with the gamma
ray counts of the near detector to reflect the amplitude of the ratio spectrum under different
formation conditions.

Additional formation conditions are incorporated into the existing six sets of models,
resulting in a total of 14 sets of models to encompass a broader range of formation con-
ditions. The added formation conditions are shown in Table 2. The relationship between
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the gamma–time spectrum counts ratio and the average count of the ratio spectrum from
1 to 9 MeV is established. The relationship between the gamma–time spectrum counts ratio
and the ratio spectrum average count is illustrated in Figure 9.
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Figure 8. Far detector gamma–time spectrum.

Table 2. Relative volume of minerals of added formation conditions.

Model Number 7 8 9 10 11 12 13 14

Mineral and
relative
Volume

fraction (%)

Quartz 70 0 50 0 38 73 22 45
Dolomite 10 60 35 88 0 0 48 15

Calcite 0 0 10 0 15 12 0 9
Kaolinite 0 13 0 0 0 0 0 15

Montmorillonite 0 0 0 10 0 0 0 12
Orthoclase 17 25 0 0 45 12 30 0
Iron oxide 3 0 4 2 0 2 0 3
Titanium

oxide 0 2 1 0 2 1 0 1

 
Figure 9. The relationship of the counts ratio and the ratio spectrum average count.

It is evident that the gamma time spectrum counts ratio and the ratio spectrum average
count from 1 to 9 MeV exhibit a quadratic function relationship, with a high correlation
coefficient of 0.986. This suggests that a method can be developed to effectively remove the
background signal of drill collars in the LWD environment.

SPf or = SPf − SPN/( f (R) → SPB) (9)
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where SPf or is the captured gamma energy spectra of formation elements, and SPN and SPF

are the captured gamma energy spectra measured by the near and far detectors. f (R) → SPB

is the ratio spectrum obtained by combining the gamma–time spectrum count ratio.

3.4. Verification of Calculation Accuracy of Element Yield

The numerical calculation model is established. The relative volumes of each mineral
in the formation medium are sandstone (40%), limestone (20%), kaolinite (10%), montmo-
rillonite (27%), and iron oxide (3%). The capture gamma energy spectra and time spectra
measured by near and far detectors are obtained by simulation. The pure formation gamma
energy spectra are obtained by the method proposed in this paper and compared with the
ideal pure formation gamma energy spectra obtained by simulation. In addition, the pure
formation gamma energy spectrum obtained after processing and the ideal gamma energy
spectrum are analyzed, respectively, and the difference in element yield is compared to
comprehensively judge the validity of the reconstructed pure formation gamma energy
spectrum method. Figure 10 shows the comparison between the reconstructed pure forma-
tion gamma energy spectrum after eliminating the drill collar background and the ideal
formation gamma spectrum.
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Figure 10. Comparison of reconstructed and simulated formation energy spectrum.

The numerical calculation model has been established, and the relative volumes of each
mineral in the formation medium are sandstone (40%), limestone (20%), kaolinite (10%),
montmorillonite (27%), and iron oxide (3%). By simulation, gamma energy spectrum and
time spectra are recorded by near and far detectors. The proposed method in this paper has
enabled the extraction of pure formation gamma spectrum, which is then compared with
the ideal pure formation gamma energy spectrum obtained by simulation. Furthermore, the
processed and ideal pure formation gamma energy spectrum are analyzed separately, with
a comparison of the differences in element yield to assess the validity of the reconstructed
pure formation gamma energy spectrum method. Figure 10 illustrates the comparison
between the reconstructed pure formation gamma energy spectrum after eliminating the
drill collar background and the ideal formation gamma spectrum. Table 3 shows the yield
and error analysis of each element obtained by energy spectrum analysis.

The reconstructed pure formation gamma energy spectrum shows a strong correla-
tion with the ideal formation gamma spectrum, with most energy peaks aligning closely,
albeit with some minor discrepancies. These differences may be attributed to the limited
formation information captured by the near detector, impacting the exact correspondence
between the reconstructed and ideal formation gamma energy spectra. In addition, it is
evident that the errors in the element yield are quite low. Notably, although Na displays a
relatively higher error margin, this is expected given its low content—the small absolute
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error resulted in amplified relative errors. Importantly, the absolute quantification of Na
content remains accurate, confirming the method’s reliability for trace element detection.
Overall, the reconstruction of the pure formation gamma energy spectrum effectively
captures weak formation signals.

Table 3. Element yield calculation results and error analysis.

Element Type Simulation/% Reconstruction/% Absolute Error/% Relative Error/%

Si 22.70 23.49 0.79 3.48
Ca 16.10 17.19 1.09 6.76
Fe 49.61 47.50 2.11 4.25
Al 7.53 7.01 0.52 6.94
Na 4.13 4.61 0.47 11.45

4. A Simulation Example
The unconventional reservoir formation model is established using the numerical

simulation method. To accurately reflect the geological characteristics of unconven-
tional reservoirs, the simulation example incorporates a complex mineral composition,
including quartz (SiO2), calcite (CaCO3), chlorite ((Mg,Fe)3Si4O10(OH)2), montmorillonite
((Na,Ca)0.33(Al,Mg)2[Si4O10](OH)2·nH2O), orthoclase (K[AlSi3O8]), iron oxide (Fe2O3),
pyrite (FeS2), titanium oxide (TiO2), and others. The simulated formation is characterized
as a low-porosity tight reservoir, with porosity ranging from 5% to 15%. The pore fluid
in each example is fresh water. Table 4 presents the mineral composition, porosity, and
salinity parameters for the simulation.

Table 4. Model parameters.

Model 1 2 3 4 5 6 7 8

Mineral
volume

fraction/%

Quartz 42 49 20 40 19 29 52 22
Calcite 20 0 46 20 27 15 12 18

Chlorite 10 0 15 9 9 0 0 25
Montmorillonite 0 30 0 13 16 9 12 0

Orthoclase 13 10 0 10 10 45 10 13
Iron oxide 2 3 4 1 3 0 2 3

Pyrite 2 0 2 0 1 0 0 4
Titanium oxide 1 0 1 2 2 2 1 0

Porosity/% 10 8 12 5 13 0 11 15

The numerical calculation model is simulated based on the specified parameters, with
the total formation thickness set at 64 m. The simulation involves the process of measuring
the gamma energy spectrum and the time spectrum as the drilling collar and instrument
slide along the wall from top to bottom using the dual detector. The pure formation
gamma energy spectrum is then analyzed by subtracting the drill collar background, and
the formation element content and mineral content are obtained through data processing
methods. Figure 11 illustrates the processing results, with the first track representing the
depth range of 200 to 264 m, divided into 8 m layers. The second to fourth tracks display
the formation density, porosity, mineral profile, and formation element content as set in the
model. By processing the energy spectrum and time spectrum, the calculated formation
mineral content and element content are shown in the fifth and sixth tracks. A comparison
between the set values and the calculated values of the formation element and mineral
content is presented, with the absolute errors shown in the seventh track.

The calculation error of element content in each layer is observed to be less than 0.5%,
as shown in the results. The relatively low content of elements such as Cl and Mg in the
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formation contributes to the small calculation error. Overall, the average error of element
content is low. Furthermore, the average calculation error of mineral content, as calculated
by element content, is less than 1.5%. This indicates that the proposed method is effective
in ensuring the accuracy of element and mineral content measurement while drilling.

 
Figure 11. Example of formation water salinity calculation.

5. Conclusions
This paper addresses the challenge of low precision in calculating element content

during elemental logging while drilling, caused by the strong background signal from the
drilling collar. The proposed method combines the gamma energy and time spectrum of the
dual detector to remove the background signal. Through numerical simulation, it is found
that the near detector reflects only the drilling collar’s information, while the far detector
reflects both the drilling collar and the formation. The ratio of gamma ray counts between
the near detector’s measured spectrum and the far detector’s drilling collar background
spectrum is utilized as the “ratio spectrum”. The pure formation gamma energy spectrum is
extracted by using the response relationship of the gamma–time spectrum counts ratio and
the ratio spectrum amplitude, combined with the gamma energy spectrum measured by
the far detector. This method effectively controls the deviation of low-content element yield
within 0.5%. A logging example of complex lithology formations with elemental logging
while drilling is used to demonstrate the proposed method. The results indicate that the
average calculation errors of element content and mineral content can be controlled within
0.5% and 1.5%, respectively, showcasing high precision in element measurement. This
method forms the basis for the high-precision calculation of element content during logging
while drilling, providing crucial technical support for the exploration and development of
unconventional reservoirs.
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