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Abstract Currently, high-yield gas reservoirs have
been discovered by exploring Lower Paleozoic tight
carbonate oil and gas reservoirs in the Changqing
area. These reservoirs, however, are impacted by
subsequent karstification and diagenesis processes,
leading to the formation of complex pore spaces with
varying pore diameters ranging from microns to mil-
limeters. Conventional well curves, with a resolution
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at the decimeter level, can only provide an overview
of the reservoir porosity, making it challenging to
evaluate the pore structure. On the other hand, electri-
cal imaging logging data has a sampling interval of
0.1 inches and a resolution as fine as 5 mm, providing
valuable information for pore structure evaluation in
tight reservoirs. Since formation resistivity is influ-
enced by factors like porosity, mud filtrate resistivity,
and cementation, the cementation index serves as a
reflection of the pore structure. Therefore, by calibrat-
ing the cementation index using data obtained from
experiments at different scales, the pore structure
parameters of tight carbonate reservoirs can be evalu-
ated. This study conducted a comparison between
numerous core experiments at various scales and both
conventional and imaging log data. A method was
proposed for extracting pore size distribution charac-
teristics and calculating the pore size spectrum based
on electrical imaging logging, ultimately leading to
the establishment of a quantitative evaluation model
for the pore structure of tight carbonate reservoirs.
The results demonstrated improved accuracy and con-
sistency in interpretation, as confirmed by well test
data.

Highlights
1. The functional relationship between the cementa-

tion index and pore size is established based on
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experimental analysis data from cores at various
scales.

2. Taking into consideration the contribution of dif-
ferent pore components to permeability, we have
proposed the pore component method for calcu-
lating reservoir permeability.

3. By conducting a comprehensive comparison of
numerous core experiments, conventional log-
ging, imaging logging, and other data, this paper
presents a method for extracting pore size dis-
tribution features and calculating the pore size
spectrum based on electrical imaging logging.

e The coal wall breakage deflection formula is con-
structed.

e Bracket horizontal force has an effect on coal wall
breakage.

e The regression equation between the bracket sup-
port parameter and the index of plasticity zone
occupancy is established.

e Adjusting support parameters can prevent coal
wall rib spalling to a certain extent.

e Increasing support resistance at the working face
is beneficial to the stability control of coal wall.

Keywords Ordos Basin - Tight carbonate reservoir -
Imaging logging - Pores size spectrum - Reservoir
parameter evaluation

1 Introduction

The Ordos Basin is renowned for its extensive
exploration opportunities and abundant oil and gas
resources (Yang et al. 2005; Jingli et al. 2013; Liu
1998). Since the "10th Five-Year Plan", it has been
the primary area for discovering new reserves in
our country. Currently, there has been a significant
breakthrough in the discovery of high-yield gas res-
ervoirs in the Lower Paleozoic tight carbonate rock
of the Changqing Oilfield. However, these oil reser-
voirs exhibit diverse storage space types and complex
development. The pores within these reservoirs con-
sist of micropores, fine pores, mesopores, macropo-
res, and cavities. Intergranular dissolved pores of
various scales, ranging from micrometers to millim-
eters, are commonly observed (Jinhua et al. 2019).
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Traditional well logging data presents challenges in
evaluating the pore structure parameters of tight car-
bonate reservoirs (Chen et al. 2020). In contrast, elec-
trical imaging logging data offers wide coverage, high
resolution, and continuous information (Zhang et al.
2018; Chitale et al. 2004; Chong et al. 2019; Feng
2019; Safinya et al. 1991). Although several methods
have been proposed to interpret electroimaging log
data, they heavily rely on the interpreter’s expertise,
making quantitative evaluation of tight carbonate
reservoirs without core data difficult (Haizhou et al.
2016). To minimize subjective factors and enhance
the accuracy of evaluating reservoir pore struc-
ture parameters, it is crucial to extract characteristic
parameters from electrical imaging logging data for
the quantitative assessment of tight carbonate reser-
voir parameters.

Conventional well logs are capable of assessing
the porosity of carbonate reservoirs; however, they
can only provide an overall view of the reservoir’s
porosity. When it comes to tight carbonate salt reser-
voirs with pore sizes mainly in the millimeter range,
the resolution of conventional well logging curves is
inadequate for evaluating the pore structure of such
reservoirs. On the other hand, electrical imaging
logging offers unique advantages compared to tradi-
tional logging methods. It provides high-resolution,
360-degree images around the well, enabling visu-
alization of lithology and physical properties of the
surrounding formations through environmentally
corrected color changes. Typically, electrical imag-
ing logging is utilized in geological research, struc-
tural analysis, and deposition (Jianping et al. 2011;
Wu et al. 2013). While numerous researchers and
experts have examined the application of electrical
imaging logging data in reservoir evaluation (Khosh-
bakht et al. 2012; Xu et al. 2021), there is a dearth
of research on utilizing this data to calculate reservoir
pore structure and permeability parameters.

The study discovered that even when carbonate res-
ervoir cores in the study area exhibit similar porosity,
there are substantial differences in permeability. This
implies that permeability is not solely determined by
porosity, but is also influenced by factors such as pore
type, pore size distribution, and connectivity. Electric
imaging logging data has a sampling interval of 0.1
inches and a resolution of up to 5 mm. It can charac-
terize pore information in the formation at the micron
to millimeter scale. Following calibration with core
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Fig. 1 Comparison of elec-
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Fig. 2 Porosity distribution map

experimental data, factors impacting permeability
can be directly analyzed. Furthermore, a quantitative
identification of the spatial distribution and internal
geometric structure of carbonate reservoir pores holds
immense significance for well logging evaluation.
The aspiration is that calculating reservoir pore struc-
ture and permeability parameters through electrical
imaging data can significantly address the limitations
associated with logging evaluation of tight carbonate
IeServoirs.

- S NN N e me———

3 8 8

2
g

Frequency(%)

5

I I
0 I I |

Sanshanzi Zhangxa Xuzhuang Maozhuang Mantou
Formation Formation Formation Formation Formation
Permeability distribution(mD)
=0.001-0.1 =0.1-05 =05-1 110 =>10

Fig. 3 Permeability distribution map

2 Reservoir characteristics

The lithology of Cambrian carbonate reservoir in
Ordos Basin is dominated by micrite and silty dolo-
mite, while the karst residual hill type gas reservoir
is widely developed in the reservoir. Calcite and
argillaceous filling degree is high, and the lithology
is dense. Therefore, it is difficult to directly display
the degree of pores development by electrical imag-
ing. Taking well Mi x as an example (Fig. 1) with the
logging depth of 2062.1 m, the core analysis shows
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that the lithology is silty dolomite, the porosity is 2%,
the permeability is 0.023 md, while the development
degree of secondary porosity is low. Electrical imag-
ing shows that the resistivity is high and the degree of
pores development is very low. Thus, it is difficult to
analyze the porosity and permeability parameters of
the reservoir from the electrical imaging map.

Percentage/%

Pore Types

m Intraparticle pores m Interparticle pores u Intercrystalline pores

u Dissclution pores m Paste mold hole u Oolitic mold pores

m Microcracks

Fig. 4 Distribution of pores types

Fig. 5 Thin sections of
pore types

According to the analysis of 768 blocks of Cam-
brian reservoir samples, the statistical porosity
ranges from 0.03% to 14.15% (Fig. 2). During the
Maozhuang formation, the main distribution range of
porosity is 0% ~ 1%, while the Maozhuang formation
distribution range is 1% ~2% and the average porosity
of the reservoir is 0.97%. We considered 735 perme-
ability analysis samples, ranging from 0.002 to 33.5
md (Fig. 3). The main permeability distribution range
is 0.001 ~0.1 md and the average permeability of the
reservoir is 0.47 md. Furthermore, the samples with
porosity < 1%, account for 62.59%; the samples with
permeability <0.1 md account for 80.71%; while the
samples with permeability > 10 md is observed. The
reservoir physical property is generally very poor, and
the permeability does not increase with the increase
in porosity. The overall performance is "low porosity-
low permeability" pores type seepage characteristics
and "low porosity-medium high permeability" frac-
ture type seepage characteristics locally.

The pores types in 272 samples of 24 wells in the
study area were analyzed statistically. Based on the
analysis, we discovered that the pores of the reser-
voir in the Mawu subsection were intergranular pores,
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dissolution pores, and micro fractures. Dissolution
pores were the main reservoir space, accounting for
73.14% of the total pores gap (Fig. 4). The reservoir
space types were mainly intergranular pores type res-
ervoirs (Fig. 5). This is because the pores diameter
of the intergranular pores is generally in the micron
level. It is difficult to directly judge the current pores
diameter distribution range from the electrical imag-
ing image. Therefore, this paper uses the bottom con-
ductivity data of the electrical imaging logging to
study the evaluation method of reservoir parameters.

3 Samples and methods

Tight carbonate reservoir is characterized by low
degree of pores development, high degree of fill-
ing, various types of reservoir space, and complex
pores structure (Rashid et al. 2015; Mahesar et al.
2020). For the porous reservoir, pores size distribu-
tion parameters and pores size spectrum calculation
are done according to the electrical imaging bottom
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Fig. 6 Relationship between mean resistivity and porosity

layer conductivity data matrix, to carry out quantita-
tive calculation of reservoir parameters.

(1) Porosity calculation method

Conventional porosity calculation methods involve
volumetric rock models and core calibration meth-
ods. The volume rock physics model aggregates the
volumes of different rock components based on their
physical property differences, ensuring that the total
volume of the rock equals the sum of the volumes of
each component. By establishing a logging response
equation, porosity can be determined. The core calibra-
tion method, on the other hand, uses core calibration
to establish the correlation between porosity and well
logging curves, leading to the development of a poros-
ity interpretation model. However, in the study area, the
diversity of lithology makes the response value of the
rock skeleton variable, rendering the former method
unsuitable. Hence, in this study, a formation poros-
ity calculation model was established by analyzing the
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correlation between conventional well logging curves
and porosity (Fig. 6).

The correlation between well logging curves and
core porosity is analyzed using cross plots (Fig. 6), and
a model for explaining the porosity parameter is estab-
lished through multiple regression. The multivariate fit-
ting formula 1 is as follows:

¢ =0.213*AC — 9.312*DEN + 0.231*CNL

1
+ 6.876*RLLS™*1%0 4 11 R? = 0.7932 M

where ¢ represents the porosity interpreted from the
well log, %; AC is a well logging curve represents the
time it takes for sound waves to propagate within a
unit distance in the formation, us/ft; DEN is a well
logging curve characterizes the electron density index
of the formation, g/cm®; CNL is a well logging curve
measures the ratio of thermal neutron count rates to
characterize the hydrogen content of the formation,%;
RLLS is a well logging curve focuses the power sup-
ply current radially towards the wellbore and meas-
ures the resistivity of the formation.Q.m;

(2) Pores diameter calculation method.

Electrical imaging resistivity is determined by
factors such as porosity, mud filtrate resistivity, and
the degree of formation cementation. The degree of
cementation is quantitatively characterized by the
cementation index, which to some extent reflects the
pore type, specifically the pore size.

By referring to Archie’s empirical formula and
the formation factor expression (2), an Eq. (3) can
be derived that relates the cementation index to
porosity, the resistivity of the formation in the shal-
low direction, and the resistivity of the mud filtrate.
This equation can be generalized as the calculation
Eq. (4) for the cementation index at each sampling
point on the electrical imaging resistivity curve. In
this equation, the resistivity of the electrical imag-
ing logging represents the shallow lateral resistiv-
ity after scaling. Ultimately, the equation enables
the calculation of the cementation index of the res-
ervoir based on the electrical imaging resistivity
curves.

F=2==-0 0

@ Springer

log10(aR,,;) — log10(RLLS)
m= -

10g10(6) ®

loglO(aRmf) — log10(R;)
i = l0g10(¢)

“

where F is stratigraphic factors, dimensionless; R is
the Formation resistivity, .m; R, is the Formation
resistivity, £.m; a is the cementation index, Generally
the value is 1, dimensionless; ¢ is formation poros-
ity, %; m is cementation index, dimensionless; Rmf is
the mud filtrate resistivity, Q.m; RLLS is the shallow
lateral resistivity, Q.m;m; is Calculated cementation
index for each electroimaging sampling point, dimen-
sionless; R; is the Resistivity value at each electrical
imaging sampling point, Q.m.i represents an index
assigned to the sampling point of the electrical imag-
ing well, ranging from 1 to 360.

The calculation steps of mud resistivity R,,, are
as follows:

(1) Calculate the mud resistivity at 18 degrees Cel-
sius by Eq. (5):

R,5 =R, % (1+0.023 % (T, - 18)), ()

where R, ¢ is the resistivity of the mud at 18 °C,
Q.m; R, is the resistivity of surface mud, Q.m; T, is
the ground temperature, °C.

(2) The mud resistivity under formation temperature
is calculated by Egs. (6 ~7):

T, = G x Deep/100, ©)
— Rm18 7
" 140023 % (T, - 18) ™

where T is the formation temperature, °C; G is the
isothermal gradient; Deep is the depth of the well, m;
R, is the resistivity of mud, Q.m;

(3) Calculation of the mud filtrate resistivity by Eq. (8)

R, .= CXR",

mf m (8)

(4) The coefficient C in Eq. (9) is calculated by mud
density using the equation
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Table 1 Statistical comparison of core experimental data and well logging calculation of m

Well Depth (m) Physical m Pores diameter Cast thin slices Mercury injection
POR PERM by Cal pm Average pores diameter Average pores diameter
%) (107pm?) pm pm

M128 2063.6 2 0.023 2.5 34 / 34

M128 2066.75 5.7 9.29 3.34 1.5 / 1.5

J18 3383.35 11.6 0.398 2.59 5.96 / 5.96

J18 3383.6 11.8 6.83 3.14 4.81 / 4.81

T85 3240.58 19.4 5.16 2.02 50.58 / /

T105 3680.88 9.3 170 1.86 281.62 / /

T105 3681.2 7.2 15.7 1.78 90.72 / 90.72

L108 3966.85 53 0.631 1.9 140 140 /

S474 35354 8.7 4.26 2.09 9.21 / 9.21

S474 3535.8 7.7 1.43 1.79 48.07 / 48.07

L108 3967 5.8 4.54 1.64 345.98 345.98 /

T105 3681.4 6.9 8.65 1.82 399.7 399.7 /

J9 3612.92 6.3 3.83 1.89 160 160 /

L108 3847 9.5 0.142 1.43 280 280 /

L108 3814.22 11.1 3.78 2.29 85 / 85

S474 3536.4 4.3 0.051 1.6 400 400 /

L35 37139 13.6 6.39 1.83 2150 2150 /

L35 3714.1 8.2 8.05 1.8 800 800 /

T85 32429 13.1 8 1.45 1000 1000 /

T85 3243.1 14.7 2.79 1.54 240 240 /

T85 3248 13.7 43 1.58 40 / 40

T85 3250.5 6.1 0.078 1.97 20 / 20

C =0.769 x DEan —3.086 X DEN,, + 3.437, 9) 10000 S —

L R? = 0.6397
where DEN,, is the mud density measured on the E 1000 e
ground, g/cm’. 5 R LY
Based on our geological understanding of the pore % 100 \;\\ =

structure in the tight carbonate reservoir of the Ordos T . v Ml

Basin, combined with the characteristic observation 5 10 h " \\\

scales of the mercury intrusion experiment and cast = N \\\ °

thin section experiment, different experimental data : \‘\,

scales were selected for different pore size ranges. 1 15 2 25 3 35

The mercury intrusion experiment primarily reflects
pore sizes below 100 microns. Hence, the pore size
distribution statistics from the mercury injection
experiment were utilized to calculate the average
pore radius scale for pores with diameters below 100
microns.

On the other hand, the cast thin section observa-
tion scale operates at the micrometer to millimeter
level. The pore size scale derived from the cast thin

m/dimensionless
Fig. 7 Relationship between m and pores diameter
section data is set at 100 microns. For pores falling
within this range, the statistical table provided in the

article helps calculate the cementation index and pore
diameter. The porosity grade permeability displayed
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in the table is based on core experimental data
(Table 1), while the pore radius is a comprehensive
value derived from experimental data and reservoir
knowledge. If the pore diameter exceeds 100 microns,
the experimental data from the cast thin section will
be utilized. Conversely, for pore diameters less than
100 microns, the experimental data from the mercury
intrusion will be employed.

Based on the data provided in the table, a statis-
tical analysis was conducted to examine the rela-
tionship between the cementation index calculated
from well logging and the pore size data obtained
from core experiments. A cross-plot diagram was
generated as shown in Fig. 7. The resulting analysis
revealed a consistent negative correlation between the
cementation index and pore size. In other words, as
the cementation index increases, the size of the for-
mation pores decreases.

By further analyzing the correlation depicted in the
cross-plot diagram, a pore size interpretation model
was established by Eq. (10) for the reservoir within
the Ma5 Member in the eastern paleo-uplift:

D, = 43446¢7315"m R? = (.6397, (10)

where Dp is the pores diameter, pm; m; is Calculated
cementation index, dimensionless.

The aforementioned relationship was extended to
encompass the calculation of electrical imaging data,
with the revised formula expressed as Eq. (11):

Dl = 43446¢~> 157" R? = 0.6397, (b

where D;', is the pores diameter for each electroimag-
ing sampling point, pm; m; is Calculated cementa-
tion index for each electroimaging sampling point,
dimensionless.

Table 2 Statistical table

. Intervals/Tum Index Range name Pores diameter range/um  Pores subclass  Pores type
of pores diameter and
carbonate reservoir space 107~ 10° 1 R, 0.1~0.16 Micro pores  Pores
2 R, 0.16~0.25
3 R, 0.25~0.4
4 R, 0.4~0.63
5 R; 0.63~1
10°~10! 6 R 1~1.58
7 R, 1.58~2.51
8 Ry 2.51~3.98
9 Ry 3.98~6.31
10 Ry 6.31~10
10'~10? 11 R, 10~15.85 Small pores
12 Ry, 15.85~25.12
13 R3 25.12~39.81
14 Ry 39.81~63.1
15 Ris 63.1~100
10*~10° 16 Ry 100~ 158.49 Medium pores
17 Ry, 158.49~251.19
18 Rig 251.19~398.11
19 Ry 398.11~500
20 Ry 500~ 1000 Coarse pores Hole
103~10* 21 R, 1000~ 1584.89
22 Ry, 1584.89 ~2000
23 Ry3 2000~3981.07 Hole
24 Ry 3981.07~6309.57
25 Rys 6309.57~ 10,000

@ Springer
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Input: D!, the pores diameter for each electroimaging sampling point; Rj, the pores diameter range , j=1,2,...,25.
Output:D;, Interval-fixed pore diameter statistics, j=1,2,...,25; ¢y, Pore categories corresponding to different subcategories

of pores, k=1,2,...,5.

if D}, € R;:

if Dy € Ry~ Rqo:
P =¢tl

if Dy € Ry1~ Rys:
P2 =t

if Dy € Ry~ Ryo:
Pz =03t

lszll € Rzo"" R22:

10 ¢y = Pgtl

11if D} € Ry3~ Rys:

12 ¢s = pst1

13D; =D;/ ¢

14 ¢ =i/ ¢

Final;

Return Dj , ¢y

O 00 9N Li A W N —

Fig. 8 Flowchart for calculating pore spectrum and pore component

(3) Calculation method of pores diameter spectrum.

From the Eq. (10), 360 pores diameters can be cal-
culated for each depth point to obtain the pores diam-
eter matrix data of the whole well section. However,
we prefer to study the difference between pores size
distribution instead of the pores data matrix. There-
fore, the pores data is divided into five intervals:
107 ~10% 10°~10'. 10'~10%. 10*~10°. and
10°~10* Further, each interval is divided into five
intervals, resulting to 25 intervals, which are divided
to count 360 pores diameter data. See Table 2 for the
specific division rules of the interval.

To compare the pores diameter distribution
between different depths, divide the above statis-
tics by the sum to get the pores diameter distribu-
tion component of each interval. The pores size
spectrum is the distribution range of pores diam-
eter and the pores component of each pores size
range. Based on the pores size spectrum, the com-
ponent porosity of five types of pores are obtained
by counting the porosity of micro-pores, fine pores,
medium pores, coarse pores, and pores diameter
interval. These five types of pores are classified
according to the pores diameter in the industry
standard of cast thin section identification.

If the pores size distribution component is multi-
plied by pores, the sum of each interval is porosity
(decimal), and the value of each interval is poros-
ity component. The flowchart for calculating pore
diameter and pore component is outlined as follows
(Fig. 8):

(4) Calculation of permeability by pores composi-
tion method.

Tight carbonate reservoirs in Ordos Basin can
increase pores diameter and throat width. The

1000.00
y = 1.1769e02561
R2 = 0.667
100.00 .
-
A s--7
£ 1000 ° — -
- - 0 Y e
> e
« I
1.00
0.10
0 2 4 6 8 10 12 14

$1(%)

Fig. 9 Relationship between porosity and permeability of
coarse pores and hole rock sample
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Fig. 10 Relationship between porosity and permeability of
medium pores and small pores

permeability contribution rate of different pores com-
ponents is unique. The hole contribution rate is high,
whereas the micropores contribution rate is low. The
larger the pores size, the greater the permeability con-
tribution. Therefore, the relationship between poros-
ity and permeability of different pores components
can be established, and the reservoir permeability can
be calculated by linear combination (Fig. 9).

Further, the vuggy reservoir is developed in Mawu
on the east side of paleo uplift. The rock samples of
vuggy reservoir are selected to analyze the poros-
ity and permeability, while the porosity perme-
ability relationship of vuggy reservoir is established
as the relationship of coarse porosity & hole and
permeability.

The relationship between permeability and poros-
ity of coarse pores & hole is as follows:

K, = 1.1769¢*%1%1 R* = 0.667, (12)

where, ¢, is the porosity of coarse pores and hole, %;
K, is the permeability partly contributed by the coarse
pores and hole, mD.

Furthermore, intergranular porosity reservoir
is developed in Mawu reservoir in the east of paleo
uplift. Rock samples of intergranular porosity and
intergranular solution porosity reservoir are selected
to analyze porosity, permeability, and establishes
porosity permeability relationship, which is regarded
as porosity permeability relationship of medium
pores and small pores, as shown in Fig. 10.

The relationship between the permeability and
medium pores and small pores is as follows:

@ Springer

K, = 0.0049¢°%194¢2 R? = 0.4509, (13)

where, ¢, is the porosity of medium pores and small
pores, %; K, is the permeability, partly contributed by
the medium pores and small pores, mD.

The contribution of micropores porosity to perme-
ability is below 0.05 mD, which is low. So, the contri-
bution of micropores porosity to permeability is not
considered.

Therefore, the formula for the component porosity
and the permeability is

K = 0.005¢3708¢2 4 1.1769¢>-01¢1 (14)

where K is the reservoir permeability, mD.

4 Results and discussions
4.1 Analysis of calculation results

According to the calculation results, the porosity
development degree of dolomite vuggy reservoir in
Ordos Basin is relatively good. Thus, Ma five mem-
ber of JIN x well is taken as the error analysis layer.
The porosity is mainly distributed in 2% ~4%, with an
average of 3.51%. The comparison between the poros-
ity calculated using the average resistivity of electrical

Fig. 11 Porosity error analysis chart
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Fig. 12 Permeability error analysis

imaging and that of core analysis, is shown in Fig. 11.
It can be seen from the cross plot that the two are basi-
cally consistent, and most of the porosities are within
one porosity error. From the error distribution, the
porosity error of 90% sample points is less than 1%,
and the average porosity error is 0.905 p.u (Fig. 12).

4.2 Application examples

To further verify the effectiveness of the evaluation of
the parameters of dense carbonate reservoir based on
the borehole spectrum of electrical imaging logging,
this paper makes a comprehensive analysis of the Ma
five formation section of JIN X well in the research
area. The comprehensive analysis chart of the cal-
culation results of reservoir parameters (Fig. 13) is
divided into seven. The first is the original static elec-
trical imaging diagram. The second is the static map
of the whole borehole coverage of electric imaging
made by Schlumberger techlog software, while the
third is the uranium degasification gamma curve. The
fourth is the weighted average of pores size calculated
using pores size spectrum and pores distribution. The
fifth is the porosity component calculated using pores
size spectrum. The sixth is the comparison channel
between the porosity calculated using the model and
the porosity of core analysis, and the seventh is the
comparison channel of model calculation permeabil-
ity and permeability of core analysis.

From the electrical imaging pictures, it can be seen
that the lithology of this section is dense, without
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obvious holes, and there may be high angle microf-
ractures at the depth of 3663.5~3664.5 m. The de
uranium gamma curve shows that the shale content
in this section is less. The aperture spectrum has a
logarithmic trace, where the scales at both ends are
0.1um and 10,000 um, respectively. The height of
the aperture spectrum indicates the frequency of the
aperture curve, and the blue curve is the weighted
average of the aperture. Figure 13 shows that the
aperture is mainly distributed between 10 and 1000
um, though some aperture distribution is greater than
1000 um at some depths. According to the porosity
component trace, the main types of pores in this sec-
tion are meso-pores and micro-pores, with a small
number of coarse-pores and macro-pores; The poros-
ity calculated by the model is higher than that of the
core analysis. The possible reason is that the isolated
pores are not considered in the core analysis, but on
the whole, the porosity calculated using the model is
basically the same as that of the core analysis. The
core analysis permeability of 3661.8 ~3662.9 m sec-
tion is lower than that calculated using the model, but
the core analysis permeability of 3663.9~3664.7 m
section is higher than that calculated using the model,
which may be that the effect of microfracture on per-
meability is not considered in the model.

5 Conclusions

For carbonate rock reservoirs, particularly those with
complex and dense pore structures, the permeability
of the reservoir not only affects the effectiveness of
fracture construction, but also impacts reservoir pro-
ductivity. Accurate evaluation of penetration param-
eters is therefore crucial for well interpretation. In
this article, the author demonstrates that the proposed
method effectively evaluates pore structure param-
eters in dense carbonate reservoirs. The main innova-
tion of this method lies in establishing a calculation
approach for pore spectrum and different pore types
based on the resistivity curve from electrical imaging.

The process begins with the scale of mercury pres-
sure compression experiments at the nano-micron
level, which establishes the relationship between tun-
ing index well measurements and apertures below
100 microns. Through casting slices at the micron
to millimeter scale, the relationship between the
cementation index and pore diameter of 100 pm is

@ Springer

determined. This forms the basis for calculating pore
diameter, which then allows for statistical analysis
and distribution profiling.

The established pore structure parameters and
diffusion calculation model yielded relative errors
within 90% when compared to experimental data
from rock cores. This meets the criteria of standard
interpretation. The proposed method in this article
solely considers the correlation among simple param-
eters, without incorporating additional conditions.
Readers can further explore other non-linear mapping
relationships between pore structure and reservoir
penetration, as well as study the distribution of reser-
voir fluids in conjunction with nuclear magnetic test
wells. Improved accuracy in explaining unconven-
tional reservoirs with acidic rocks will provide robust
support for oil and gas exploration and production.
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