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Abstract Controllable D-D neutron sources have a long

service life, low cost, and non-radioactivity. There are

favorable prospects for its application in geophysical well

logging, since traditional chemical radioactive sources used

for well logging pose potential threats to the safety of the

human body and environment. This paper presents an

improved method to measure formation density that

employs a D-D neutron source. In addition, the lithological

effect on the measured density was removed to better

estimate the formation porosity. First, we investigated the

spatial distribution of capture gamma rays through Monte

Carlo simulations as well as the relationship between the

ratio of capture gamma ray counts and formation density to

establish theoretical support for the design of density log-

ging tools and their corresponding data processing meth-

ods. Second, we obtained the far to near detector counts of

captured gamma rays for an optimized tool structure and

then established its correlation with the density and

porosity of three typical formations with pure quartz, cal-

cite, and dolomite minerals. Third, we determined the

values for correcting the densities of sandstone and dolo-

mite with the same porosity using limestone data as the

reference and established the equations for calculating the

correction values, which lays a solid foundation for accu-

rately calculating formation porosity. We observed that the

capture gamma ray counts first increased then decreased

and varied in different formations; this was especially

observed in high-porosity formations. Under the same

lithologic conditions (rock matrix), as the porosity increa-

ses, the peak value of gamma ray counts moves toward the

neutron source. At different detector-source distances, the

ratio of the capture gamma ray counts was well correlated

with the formation density. An equation of the formation

density conversion was established based on the ratio of

capture gamma ray counts at the detector-source distances

of 30 cm and 65 cm, and the calculated values were con-

sistent with the true values. After correction, the formation

density was highly consistent with the true value of the

limestone density, and the mean absolute error was

0.013 g/cm3. The calculated porosity values were very

close to the true values, and the mean relative error was

2.33%, highlighting the accuracy of the proposed method.

These findings provide a new method for developing D-D

neutron source logging tools and their well-log data pro-

cessing methods.
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1 Introduction

Density logging is an effective method for porosity de-

termination and lithology indication. With the develop-

ment of geophysical prospecting for fossil fuels, density

logging theories and methods have become increasingly

necessary in recent years [1, 2]. In particular, the promo-

tion of health safety and environmental awareness has

necessitated the use of different sources in density logging

[3–5]. Some research institutions and scholars both in

China and abroad have conducted research on the

replacement of chemical sources with D-T neutron [6–8]

and X-ray sources [9, 10] in density logging, and progress

has been made in the establishment of density measure-

ment and correction methods [11–13]. D-D neutron sources

are superior to D-T neutron sources; they have the

advantages of a long service life, low cost, and non-ra-

dioactivity [14, 15]. However, the neutron yield of D-D

neutron sources is relatively low, which restricts their

development [16, 17]. In recent years, with the increase in

the neutron yield of D-D sources, their application in well

logging has attracted more attention [18, 19]. D-D-neutron

sources can produce high thermal neutron fluxes by inter-

acting with a formation. They are usually directly used in

neutron porosity logging [20–22], but their application in

density logging is still in the exploration stage. He et al.

analyzed the energy spectra of c-rays generated by the

interaction between a D-D neutron source and a formation

and found that the spectra of the captured c-rays and mixed

field c-rays were well correlated with the formation density

[23]. Zhang Li studied the feasibility of the use of D-D

neutron sources in density logging and factors affecting the

spatial distribution of the induced gamma rays [24, 25].

Some Chinese companies and institutes, such as China

Oilfield Services Limited, carried out studies on density

logging with a controllable D-D neutron source and poin-

ted out that the spatial distribution of the induced c-rays
had a significant impact on the design of logging tools [26].

In the previous studies, the feasibility of density mea-

surement with a controllable D-D neutron source was

verified, but the detailed methods for density calculation

and correction were not given.

Based on previous studies, this study proposes a method

for measuring formation density with a D-D neutron source

and correcting the effects of lithology. The Monte Carlo N

Particle Transport Code (MCNP) was used to study the

characteristics of the spatial distribution of the captured

gamma rays in formations of varying lithology. The code

was also used to analyze the relationship between the ratio

of gamma ray counts and formation density at different

detector-source distances and to establish equations for

calculating formation density. Finally, using the limestone

data as a reference, density correction values under varying

porosity conditions were determined, which laid a solid

foundation for accurate porosity calculations. This study

provides a reference for the development of controllable

D-D neutron source density logging tools and research on

their application.

2 Theoretical background

During D-D source density logging, the pulsed neutron

generator (nuclear reaction formula: dþ 2H ! 3Hþ n)

generates 2.45 MeV fast neutrons, which react with the

nuclides in the formation. The c-rays generated during

these reactions are used as the induced c-ray source to

measure the density of the formation. It has been verified

that the induced c-rays are mainly capture c-rays. Unlike
the point source c-rays used in traditional density logging,

capture c-rays are not single energy rays, and their spatial

positions are not fixed. The photons of these spatially

distributed capture c-rays form the c-ray source for density

logging. Capture c-rays are attenuated after they are gen-

erated. The c-ray flux measured by the detectors can be

calculated as follows [27, 28]:

/c ¼
1

2

X

a

r
þ1

�1
r

þ1

0

/t
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2 þ z2

p� � e �lqb
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2þ 1�zð Þ2

p� �

4p r2 þ 1� zð Þ2
h i rdrdz;

ð1Þ

where /t is the neutron flux, l is the c-ray mass attenuation

coefficient, and qb is the bulk density of the formation.

Equation (1) indicates that the responses of capture c-
rays detected by the detectors are related to the macro-

scopic capture cross section of the formation, the distri-

bution of thermal neutrons, and formation density.

Therefore, the ratio of capture gamma ray counts measured

by gamma-ray detectors may vary even in formations with

the same density. This is mainly because the capture

gamma ray counts are affected by both the macroscopic

capture cross section of the formation and the spatial dis-

tribution of thermal neutrons. Figure 1 shows the distri-

bution of capture gamma ray fluxes in three formations

(sandstone, limestone, and dolomite) with the same density

(q ¼ 2:65 g=cm3). The intensity of the capture gamma ray

flux is highlighted in colors (high values in red, and low

values in blue).

As shown in Fig. 1, in the three formations with the

same density, the gamma rays are spatially distributed in

different patterns in the zones around the neutron source. In

particular, the capture gamma ray flux varies significantly

near the detector that was far from the neutron source,

demonstrated by the different distributions and ranges of
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colors in the blue area, as shown in the right panels of

Fig. 1. The capture gamma ray flux was the lowest in the

dolomite formation and the highest in the sandstone for-

mation. When a gamma ray count measured by a single

detector is used to determine the formation density, the

density measurements have significant errors.

To eliminate the effects of other factors on the density

measurement, the ratio of capture c-ray counts measured by

two detectors (near and far detectors) was used to measure

the formation density. The relationship between the ratio of

capture c-ray counts measured by the near and far detec-

tors, expressed as R, and the formation density can be

obtained using Eq. (1):

R ¼
/c1

/c2
¼ F /t1; qbð Þ

F /t2; qbð Þ ; ð2Þ

where c1 and c2 are the distances from the near and far

detectors to the neutron source, respectively, and /t1 and

/t2 denote the neutron flux measured by the near and far

defectors, respectively. R is mainly related to the formation

density, but it is also affected by the spatial distribution of

neutrons. This study mainly investigates the calculation of

the density using the ratio of gamma-ray counts measured

by the two detectors.

In nuclear logging, the Monte Carlo method is a com-

monly used method for studying the reaction process and

spatial distribution of particles. MCNP is a general Monte

Carlo particle transport code that can be used for the

transport of various particles, such as neutrons, photons,

and electrons [29, 30]. In this study, this method was used

to study the characteristics of the spatial distribution of

capture gamma rays under various formation conditions.

We built a pure theoretical model (not considering well-

bore and logging instruments) as shown in Fig. 2, which is

a sphere and is divided into a number of concentric spheres

with a radius difference of 5 cm. The initial radius (de-

tector-source distance) is r = 5 cm, and the radius of the

outermost sphere is r = 120 cm. The neutron source is

located at point O, the center of the sphere. Neutrons are

directly emitted in the formation. The gamma ray fluxes

through the spherical surfaces are recorded. The neutron

yield of the D-D neutron generator is 1 9107 n/s, and the

intensity of neutron source is 2.45 MeV.

Three typical formations, namely sandstone, limestone,

and dolomite, were used for the simulation. The rock

matrices of these formations were SiO2, CaCO3, and

CaMg(CO3)2, respectively. The pore fluid, porosity, and

porosity variation steps 2% were H2O, 0–40%, and 2%.

Detailed parameters are listed in Table 1.

The calculation model shown in Fig. 2 was used to

record the gamma-ray fluxes through the spherical surfaces

under various formation conditions (as listed in Table 1).

The gamma-ray counts at different detector-source dis-

tances were obtained. The results are shown in Fig. 3.

Figure shows that as the detector-source distance

increases, the gamma ray count increases then decreases,

but its distribution range is affected by porosity. For pure

minerals with a porosity of zero, the capture gamma rays

had a wide spatial distribution range. As the porosity

increased, the spatial distribution range narrowed, and the

peak value of the gamma ray count moved toward the

neutron source. When the porosity was 40%, the peak

value was closest to the neutron source. The main reason

Fig. 1 (Color online) Distributions of capture gamma ray flux in

three formations (sandstone, limestone and dolomite) with the same

density

O r
Source

Formation 

Spherical Surface

Fig. 2 (Color online) Calculation model
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for this is that water is used as the pore fluid for the

numerical simulation. A high porosity indicates a high

hydrogen content. The neutrons slowed down quickly.

Because there are more thermal neutrons in the zone close

to the neutron source, the gamma ray count resulting from

thermal neutron capture is high. It should be noted that

thermal neutron counts, such as carbon, silicon, and mag-

nesium, are also affected by other elements in the forma-

tion. In low-porosity formations, the effects of these

elements are not negligible. In pure rock masses, the neu-

trons slow down over a long time. Hence, when neutrons

slow down to become thermal neutrons, they will be far

away from the neutron source. Therefore, the peak value of

the capture gamma ray count will also be far away from the

neutron source. The pattern of the spatial distribution of the

capture gamma rays varies in different formations. This is

closely related to the elements in the rock matrices of

different formations.

3 Relationship between the ratio of capture
gamma ray counts and formation density

The gamma ray counts measured in different formations

at different detector-source distances were analyzed to

obtain the optimal ratio of the gamma ray counts measured

by the near and far detectors for calculating the density. As

shown in Fig. 3, the peak values of the captured c-ray
counts in different formations were mainly distributed

within the range of 20–80 cm. The locations of the peak

values represent the main distribution zones of the capture

gamma. The relationship between the ratio of the capture

gamma ray counts and formation density was analyzed by

fitting at different detector-source distances. The results

listed in Table 2 show that for formations with the same

lithology, the ratio of capture gamma ray counts was highly

correlated with the formation density, and the average

correlation coefficient was 0.99.

The above analysis shows that in the main gamma

capture spatial distribution area between 20 and 80 cm, the

gamma count ratio under different source distance combi-

nations had a good correlation with the formation density,

especially when the near-source distance was 25–35 cm

and the far-source distance was 50–70 cm. In addition, the

size of the actual instrument must be also considered,

Table 1 Parameter information

of three typical lithologic strata
Sandstone (SiO2) Limestone (CaCO3) Dolomite (CaMg(CO3)2)

Pore fluid H2O Pore fluid H2O Pore fluid H2O

Porosity (%) Density (g/cm3) Porosity (%) Density (g/cm3) Porosity (%) Density (g/cm3)

0 2.65 0 2.71 0 2.87

2 2.617 2 2.6758 2 2.8326

4 2.584 4 2.6416 4 2.7952

6 2.551 6 2.6074 6 2.7578

8 2.518 8 2.5732 8 2.7204

10 2.485 10 2.539 10 2.683

12 2.452 12 2.5048 12 2.6456

14 2.419 14 2.4706 14 2.6082

16 2.386 16 2.4364 16 2.5708

18 2.353 18 2.4022 18 2.5334

20 2.32 20 2.368 20 2.496

22 2.287 22 2.3338 22 2.4586

24 2.254 24 2.2996 24 2.4212

26 2.221 26 2.2654 26 2.3838

28 2.188 28 2.2312 28 2.3464

30 2.155 30 2.197 30 2.309

32 2.122 32 2.1628 32 2.2716

34 2.089 34 2.1286 34 2.2342

36 2.056 36 2.0944 36 2.1968

38 2.023 38 2.0602 38 2.1594

40 1.99 40 2.026 40 2.122
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including the detector size and thickness of the shield, and

the distances of the near and far sources were selected as

30 cm and 65 cm after comparison. Based on the structural

design of the logging instrument, a structural model was

developed. The model is shown in Fig. 4. The detailed

parameters of the model are summarized below. The

wellbore had a diameter of 20 cm and was filled with fresh

water. The neutron yield of the D-D neutron source was

2 9 107n/s, and the pulse width was 40 ls. Two NaI-type

gamma-ray detectors were used. The near and far gamma

ray detector were 30 and 60 cm away from the D-D neu-

tron source, respectively. The lengths of the near and far

detectors were 5 and 10 cm, respectively. Shields were

placed between the neutron source and detectors and

between the near detector and far detector. These shields

were made of tungsten, iron, and nickel materials with a

density of 17.78 g/cm3.

Using the model shown in Fig. 4, the ratios of gamma

ray counts measured by the near and far detectors in

sandstone, limestone, and dolomite formations with

varying porosity (the parameters of these formations are

listed in Table 1) were obtained, and the relationship

between the ratio of gamma ray counts and formation

density was analyzed, as shown in Fig. 5.

The equations for calculating the density of these three

formations were found to be

Sandstone : yd ¼ �0:0016x2c � 0:1197xc þ 2:697;R2

¼ 0:9976; ð3Þ

Limestone yd ¼ �0:0075x2c � 0:0637xc þ 2:7371;R2

¼ 0:9947; ð4Þ

Dolomite : yd ¼ �0:006x2c � 0:0662xc þ 2:9146; R2

¼ 0:9952; ð5Þ

where xc is the capture gamma count ratio between the near

and far detectors, and yd is the formation density.

From Fig. 5 and Eqs. 3–5, it can be seen that in the three

formations, the relationship between the ratio of gamma

ray counts and formation density follows functions. As the

ratio of gamma ray counts increased, the formation density

Fig. 3 (Color online) Distribution of capture gamma rays in three different lithologic strata with different source distances: a. Sandstone
formation, b. Limestone formation, c Dolomite formation
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decreased, and the ratio of gamma-ray counts was affected

by the formation porosity. Furthermore, the gamma ray

counts measured by the near and far detectors were high for

greater porosity. This is because the hydrogen content of

the formation increases with increasing porosity, which

slows neutrons quicker, increasing the thermal neutron flux

close to the near detector and number of gamma rays from

thermal neutron capture. On the other hand, the gamma ray

count measured by the far detector decreased with greater

porosity accordingly. Therefore, the ratio of gamma ray

counts measured by the near and far detectors increases. In

the three formations, the ratio of gamma ray counts has a

Table 2 Correlation coefficient of the counting ratio and formation density under 42 different source distance combinations

Various of detector spacing Sandstone Limestone Dolomite Various of detector spacing Sandstone Limestone Dolomite

20/50 0.9993 0.9989 0.9991 35/65 0.9969 0.9905 0.9927

20/55 0.9990 0.9986 0.9988 35/50 0.9983 0.9949 0.9955

20/60 0.9980 0.9976 0.9979 35/55 0.9983 0.9946 0.9951

20/65 0.9967 0.9963 0.9968 35/60 0.9978 0.9929 0.9938

20/70 0.9959 0.9957 0.9962 35/70 0.9962 0.9893 0.9905

20/75 0.9942 0.9940 0.9945 35/75 0.9949 0.9848 0.9872

20/80 0.9924 0.9922 0.9926 35/80 0.9931 0.9796 0.9823

25/50 0.9994 0.9988 0.9990 40/50 0.9973 0.9923 0.9935

25/55 0.9992 0.9985 0.9987 40/55 0.9974 0.9921 0.9930

25/60 0.9984 0.9975 0.9978 40/60 0.9970 0.990 0.9916

25/65 0.9972 0.9962 0.9966 40/65 0.9960 0.9871 0.9893

25/70 0.9965 0.9955 0.9959 40/70 0.9953 0.9856 0.9876

25/75 0.9950 0.9935 0.9942 40/75 0.9939 0.98 0.9836

25/80 0.9932 0.9914 0.9919 40/80 0.9920 0.9734 0.9775

30/50 0.9992 0.9977 0.9980 45/50 0.9934 0.9832 0.9874

30/55 0.9991 0.9974 0.9976 45/55 0.9943 0.9835 0.9868

30/60 0.9986 0.9962 0.9966 45/60 0.9941 0.9807 0.9850

30/65 0.9976 0.9945 0.9952 45/65 0.9931 0.9766 0.9818

30/70 0.9970 0.9936 0.9943 45/70 0.9923 0.9742 0.9794

30/75 0.9957 0.9908 0.9919 45/75 0.9906 0.9658 0.9737

30/80 0.994 0.9875 0.9887 45/80 0.9883 0.9555 0.9646

z

Near detector

Far detector

Source

Formation

Borehole

Logging tool

Fig. 4 (Color online)

Schematic diagram of

instrument model
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good fit with the formation density, but the effects of

lithology are significant. To obtain accurate information on

the formation density through density logging, the effects

of lithology must be corrected.

4 Method for correcting the effects of lithology

Formation density data are frequently used in geophys-

ical prospecting to obtain porosity. However, it is very

difficult to precisely transform the density data to the

porosity because the density is strongly affected by mineral

composition. The inaccuracies of matrix density will have

a significant impact on the calculated porosity. To deter-

mine the porosity of formations accurately, it is usually

necessary to convert the density logs to values relative to a

certain standard lithology in order to eliminate the impact

of inappropriately selected matrix parameters on the cal-

culation results.

First, the densities of sandstone, limestone, and dolomite

formations with varying porosities were calculated using

the equations for calculating the formation density. Second,

the values for correcting the effects of lithology on the

densities of the three formations for varying porosities

were calculated. The results are shown in Table 3.

From Table 3, it can be seen that for formations with

varying porosity, different values should be used to correct

the effects of lithology on density. The calculated density

of the sandstone formation was slightly higher than the true

value, and that of the dolomite formation was slightly

lower than the true value. Therefore, the value for cor-

recting the effects of lithology in the sandstone formation is

negative, and that for correcting the effects of lithology in

the dolomite formation is positive. The relationship

between the porosity values of these three formations and

the corresponding correction values was analyzed, as

shown in Fig. 6. The fit equations are as follows:

Sandstone : Dyd
¼ �6:8665x3p þ 4:0612x2p � 0:6846xp

þ 0:0782; R2

¼ 0:9733; ð6Þ

Limestone : Dyd
¼ �10:431x3p þ 5:9817x2p � 0:8797xp

þ 0:0235 R2

¼ 0:9802; ð7Þ

Dolomite : Dyd
¼ �10:838x3p þ 6:2223x2p � 0:7575xp

� 0:1354;R2

¼ 0:9859; ð8Þ

where xp is the porosity, andDyd is the density correction

value.

From Fig. 6, it can be seen that for the three formations,

the value of the density correction is well correlated with

the porosity. The density correction value of the limestone

formation was the smallest, which is a result of statistical

errors. The density correction value of the dolomite for-

mation was large. When the porosity was lower than 40%,

this value was equal to or smaller than 0.16 g/cm3. The

density correction value of the sandstone formation was

moderate. As the porosity increased, this value decreased,

and when the porosity was 40%, it was 0.0122 g/cm3.

Using the density correction values of the three formations,

the formation porosity can be accurately calculated to

quantitively determine the formation parameters.

To validate the accuracy of the density measurements

and corrections of the lithology effect on porosity, the

densities and porosities of sandstone, limestone, and

dolomite formations (the pore fluid is water) with porosi-

ties of 3%, 5%, 13%, 15%, 23%, 25%, 33%, and 35% were

calculated using the Monte Carlo numerical simulation and

the model shown in Fig. 4. The calculated values were

compared with theoretical values. The results are shown in

Figs. 7 and 8, respectively.

Figure 7 shows that almost all the density values cal-

culated with the density calculation equations fall on the

45� line, and these calculated values are highly consistent

with the true values, which verifies the accuracy of the

equations. Lithology has a significant impact on the cal-

culated density values, and the density measurement errors

affect the porosity calculation.

Figure 8 shows the comparison of the porosity values of

the sandstone and dolomite formations calculated before

and after the effects of lithology were corrected. In Fig. 8,

the porosity values of the sandstone and dolomite

Fig. 5 (Color online) Relationship between the capture gamma ray

count ratio and formation density for the source distance combination

of 30/65 cm
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formations calculated before correction are distributed on

both sides of the 45� line, and the data points of the

dolomite formation are farther from this line. After cor-

rections are made, the calculated values of porosity are

highly consistent with the true values and most fall on the

45� line. Figure 9 shows the relative errors of the calcu-

lated porosity values of the sandstone and dolomite for-

mations. In Fig. 9, when porosity is less than 5%, the

Table 3 Three lithologic and stratigraphic density corrections

Porosity

(%)

Sandstone Limestone Dolomite

True

density (g/

cm3)

Calculated

density (g/cm3)

Deviation True

density (g/

cm3)

Calculated

density (g/cm3)

Deviation True

density (g/

cm3)

Calculated

density (g/cm3)

Deviation

0 2.65 2.70 � 0.05 2.71 2.69 0.02 2.87 2.69 0.18

2 2.62 2.69 � 0.07 2.68 2.67 0.01 2.83 2.65 0.18

4 2.58 2.67 � 0.09 2.64 2.64 0.00 2.80 2.62 0.18

6 2.55 2.65 � 0.10 2.61 2.62 -0.01 2.76 2.59 0.17

8 2.52 2.64 � 0.12 2.57 2.58 -0.01 2.72 2.55 0.17

10 2.49 2.62 � 0.14 2.53 2.56 -0.03 2.68 2.51 0.17

12 2.45 2.59 � 0.14 2.50 2.52 -0.01 2.65 2.47 0.17

14 2.42 2.57 � 0.15 2.47 2.48 -0.01 2.61 2.43 0.18

16 2.39 2.54 � 0.15 2.44 2.44 0.00 2.57 2.38 0.19

18 2.35 2.51 � 0.16 2.40 2.40 0.00 2.53 2.33 0.20

20 2.32 2.49 � 0.17 2.37 2.37 -0.01 2.50 2.28 0.21

22 2.29 2.45 � 0.16 2.33 2.31 0.02 2.46 2.23 0.23

24 2.25 2.41 � 0.16 2.30 2.28 0.02 2.42 2.19 0.24

26 2.22 2.38 � 0.16 2.27 2.24 0.03 2.38 2.14 0.25

28 2.19 2.35 � 0.16 2.23 2.20 0.03 2.35 2.09 0.25

30 2.16 2.32 � 0.17 2.20 2.19 0.01 2.31 2.05 0.25

32 2.12 2.28 � 0.16 2.16 2.14 0.02 2.27 2.02 0.25

34 2.09 2.26 � 0.17 2.13 2.12 0.01 2.23 1.99 0.25

36 2.06 2.23 � 0.17 2.09 2.10 0.00 2.20 1.97 0.23

38 2.02 2.21 � 0.19 2.06 2.09 -0.03 2.16 1.95 0.21

40 1.99 2.20 � 0.21 2.03 2.09 -0.06 2.12 1.93 0.19

Fig. 6 (Color online) Density

corrections for sandstone,

limestone, and dolomite for

different porosity
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relative errors are significant but smaller than 5%. Only the

relative error of the calculated porosity of sandstone

reaches 30%, which is related to the cumulative error in the

density measurement. When porosity is higher than 5%, the

relative errors in the calculated porosity values smaller than

4%, indicating that the correction method is effective. The

formation porosity parameters obtained during density

measurements with a D-D neutron source indicate that the

effects of lithology are not negligible, and they are greater

in low-porosity formations. Therefore, the effects of

lithology must be corrected to obtain accurate formation

parameters.

5 Conclusion

In density measurements with a D-D neutron source,

lithology has a significant impact on the spatial distribution

of capture gamma rays. In formations with the same

lithology, the spatial distribution of capture gamma rays

follows certain rules. In formations with varying litholo-

gies, the spatial distribution of capture gamma rays varies

significantly. Through an analysis using a neutron source-

formation model, it was found that when porosity is within

the range of 0–40%, the capture gamma rays in the three

typical formations are mainly distributed within the range

of 20–80 cm away from the neutron source.

The ratio of gamma ray counts measured by two

gamma-ray detectors can be used to determine the forma-

tion density. The ratio of capture gamma ray counts was

highly correlated with the formation density, and the cor-

relation coefficient was 0.99. However, the density mea-

surement was affected by the lithology. For formations

with varying lithologies, different equations were used to

calculate the density.

Fig. 7 (Color online) The relationship between the calculated and

true density values is obtained using the density fitting formula

Fig. 8 (Color online) Comparison of the calculated and true porosity values before and after correction: (a) Sandstone, (b) Dolomite

Fig. 9 (Color online) Relative error of the calculated porosity before

and after correction
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The accuracy of the equations for calculating the for-

mation density and correcting the effects of lithology on

porosity was verified using the simulation data. The mean

error of the density values obtained from the density cal-

culation equations was smaller than 0.015 g/cm3, which

satisfies the density measurement requirements. After the

effects of lithology were corrected, the mean relative errors

of the calculated formation porosity were smaller than 4%.

This shows that the proposed correction method can

effectively reduce the effects of lithology on the porosity

calculation and improve the accuracy of the formation

parameters.
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