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Net pay detection is a crucial stage in reservoir characterization, serving
various purposes such as reserve estimation, reservoir modeling, simulation, and
production planning. Net pay was quantified through the use of petrophysical
cut-offs. However, these cut-offs varied according to core and dynamic
data, introducing uncertainty into the evolution process. This challenge was
particularly pronounced in tight sandstone reservoirs, characterized by low
porosity. In the Linxing gas field of the Ordos Basin, the tight sandstone
reservoirs of the Shigianfeng, upper Shihezi, lower Shihezi, Shanxi, and Taiyuan
formations exhibited ultra-low porosity and permeability, thereby complicating
the determination of net pay cut-offs. This study utilized extensive data
from the Linxing gas field, including core data from 50 wells, gas testing
data from 217 wells, and comprehensive well logging and gas logging data.
An analysis of the study area’s gas-bearing characteristics was presented,
accompanied by a straightforward net pay cut-off evaluation workflow.
The shale volume was evaluated to identify the net sand, while porosity
and permeability evaluations were conducted to identify the net reservoir.
Hydrocarbon saturation analysis was employed to establish net pay. Eight
methods were employed to determine the net pay cut-offs. These include
the particle size analysis for the shale volume cut-off, statistical accumulation
frequency, minimum pore throat radius, mercury injection capillary pressure,
gas production per meter index, and cross-plot analysis methods—based on
fracturing gas test data—for porosity and permeability cut-offs. The bound
water saturation and the relative permeability analysis methods were employed
to determine hydrocarbon saturation cut-offs. Subsequently, formations were
divided into two vertical sections; the upper section (including the fifth layer
of the Shigianfeng and upper Shihezi formations) is the target section in this
study, with net pay cut-offs determined as follows: 20% shale volume, 6%
porosity, 0.15 mD permeability, and 40% gas saturation. The net pay cut-offs
determined in the upper section were validated against actual production
data. This study provides a reliable basis for reserve calculation in the
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Linxing gas field, offering technical support for future development and

production.
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1 Introduction

Net pay is a crucial parameter for the reservoir estimation of
hydrocarbon resources, which plays a basic role in the evaluation
of the petroleum industry (Worthington, 2010; Masoudi et al., 2014;
Ju et al,, 2017; Yang et al., 2019; Qassamipour et al., 2021). A net
pay refers to a reservoir that can obtain industrial oil flow under
current technological conditions (Duan et al., 2003). In practical
applications, the net pay can fluctuate due to advancements in
production and oil recovery technologies. Consequently, the cut-ofts
for net pay based on physical properties vary over time (Guo, 2004;
Dai et al., 2005; Cui et al., 2007). Early research on net pay cut-offs
has been significant, with Worthington publishing several papers
discussing its importance and applications, along with proposed
methods for its determination (Worthington and Cosentino, 2003;
Worthington, 2005; Worthington, 2010; Worthington and Majid,
2013). These methods primarily involve assessing net sand, net
reservoir, and net pay through rock physical parameters such as
shale volume, porosity/permeability, and hydrocarbon saturation.
Studies have concentrated on determining the cut-offs for porosity
and permeability, leading to numerous proposed methodologies
for determining net pay. For instance, Yang et al. (1990) proposed
statistical accumulation frequency, gas production per meter index
(Yang, 1990; Jiao et al, 2009; Liu et al, 2012, Li et al., 2013;
Duan et al, 2014; Liu et al, 2018; Cheng et al., 2024), and
testing data methods (Ye et al.,, 2020) to determine net pay. The
statistical accumulation frequency method is commonly used in
the United States and the offshore oil fields of China (Chen et al,,
2016; Wang et al,, 2019). Qiu and Chen (1996) proposed the
minimum pore throat radius method to determine net pay (Qiu
and Chen, 1996; Peng et al., 2009; Cao et al., 2013; Fu et al., 2014;
Cai et al, 2015; Ge et al, 2016), while Wang (1999) proposed
the relative permeability method for net pay determination (Wang,
1999; Zhou et al,, 1999; Wang et al., 2010). Subsequently, many
researchers have applied different methods across various regions
to determine net pay. Unlike conventional gas reservoirs, tight
sandstone gas reservoirs exhibit complex pore structures alongside
low porosity and permeability, which complicates the determination
of net pay cut-offs. Numerous methods have been developed for this
purpose. When a considerable amount of single-layer test data for
the cut-offs of net pay is not obtained, it is difficult to accurately
determine the cut-offs. Many parameters extracted from mercury
injection curves have been used to describe the character of reservoir
pore structures; the mercury injection capillary pressure is also
utilized to determine the net pay cut-offs (Liao and Wu, 1997; Hu
and Pang, 2015; Cui et al,, 2016). The particle size analysis method
can determine the shale volume cut-off according to the relationship
of porosity and shale volume (Worthington, 2010). The bound water
saturation analysis method is used to determine the saturation cut-
off (Liu et al., 2014; Lu et al., 2016; Gao, 2019).
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These methods are employed individually or in combination to
establish net pay cut-offs in various blocks. However, the different
data and reservoir characteristics across each block necessitated
varied methodologies. For example, in the southeastern part of
the Ordos Basin, Hu and Pang (2015) utilized statistical methods,
testing, and mercury injection capillary pressure analysis on the 8
member of the Shihezi Formation, thereby yielding results of 5%
porosity, 0.08 mD permeability, and 45% gas saturation. Similarly,
Lu (2020) studied the upper and lower Shihezi formations using the
testing method, and it was observed that the cut-offs were 22% and
21% shale volume, 7% and 6.5% porosity, 0.2 mD permeability, and
60% gas saturation (Lu, 2020). Notably, there are few studies on the
net pay cut-offs in the Linxing gas field within the Ordos Basin,
with most studies employing singular methodologies. Given the
relatively high exploration level in the Linxing gas field, numerous
blocks and layers face the critical task of reserve evaluation and
further development. Thus, the determination of net pay cut-offs
in this block will provide essential insights for future studies on
multiple blocks.

Furthermore, discussions surrounding the cut-offs of shale
volume and gas saturation remain scarce, and there is no
systematic study on the workflow of net pay cut-off determination
across productive layers in the Linxing gas field. Additionally,
with the influx of new data and technological advancements,
net pay cut-offs continue to evolve. Therefore, detailed research
is necessary to avoid the loss of effective reservoirs in this
area. This study employed a combination of eight methods,
namely, statistical accumulation frequency, minimum pore throat
radius, mercury injection capillary pressure, particle size analysis,
bound water saturation analysis, relative permeability analysis,
dynamic data testing based on gas production per meter index,
and cross-plot analysis methods. These methods comprehensively
determined the net pay cut-offs, thereby achieving rational and
enhanced results.

2 Geological settings and reservoir
characteristics

The Linxing gas field is situated in the transitional zone
between the Yishan Slope and the Jinxi fold belt in the Ordos
Basin. It is located west of the Lishi Fault Zone, with similar
structural conditions as the Yishan Slope (Figure 1A). The
regional tectonic background is characterized by a wide and
gentle regional westward-dipping monocline, with a slope of
6 m/km-10 m/km and an inclination angle of <1°. Compared
to the neighboring Sulige and Daniudi gas fields, the geological
characteristics of the Linxing gas field were notably complex.
This complexity was primarily manifested in the presence of
multiple significant gas-bearing layers, including the upper
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FIGURE 1
(A) Tectonic and geographic location of the study area [adapted from Ma et al. (2016)]. (B) Stratigraphic chart of the study area [adapted from
Chen et al. (2018)].

Paleozoic Permian Shigianfeng, upper Shihezi, lower Shihezi,
Shanxi, Taiyuan, and carboniferous Benxi Formations (Figure 1B).
The reservoir lithology exhibited considerable diversity, with
higher contents of detritus and feldspar in the sandstone types.
Six primary types of sandstone have been identified, namely,
detrital feldspar, feldspar, detrital quartz, feldspar detritus, detritus,
and quartz sandstones. The detrital composition was primarily
derived from igneous and metamorphic rocks, with igneous
detritus comprising acidic volcanic rock detritus, while the
metamorphic detritus is primarily quartzite detritus. Various
pore types are present within the reservoir of the Linxing gas
field. Observation and analysis were conducted by casting thin
sections, cathodoluminescence, and scanning electron microscopy,
revealing that late-stage diagenesis was pronounced, resulting in
the near-total disappearance of primary pores. Complete primary
pores were rarely observed; instead, dissolution intergranular
pores and intragranular dissolution pores were more prevalent,
followed by primary residual intergranular pores and cement
dissolution pores, along with a small number of microcracks
(Chen et al., 2018; Liu et al., 2018).

The overall porosity and permeability of the target reservoir
in this area were low, with porosity distribution ranging

Frontiers in Earth Science

03

from 0.3% to 23.5%, averaging 8.2%, and porosity accounting
for nearly 60% from 4.0% to 10.0%. The permeability was
distributed between 0.0l mD and 66 mD, with a proportion
of over 70% below 1mD. Overall, it corresponded to an
ultra-low porosity and permeability-tight sandstone reservoir.
The upper Paleozoic sedimentary environment of the target
layers in this study area has experienced the development
and evolution of the marine tide-flat, barrier, and lagoon
sediments in the Taiyuan Formation, the marine and continental

in the Shanxi Formation, and

transitional delta sediments
then the river delta developed continental clastic sediments
in the inland lake basin in the lower Shihezi, upper Shihezi,
and Shiqgianfeng formations. Sedimentary microfacies exhibit a
significant impact on reservoir properties, with advantageous
microfacies such as braided channels, estuarine bars, tidal
channels, and sand flats exhibiting exceptional physical properties.
Fine sandstone lithology has been identified as an effective
reservoir. Figure 2 illustrates the relationship between porosity
and permeability across different lithologies. In this figure, it
was observed that coarser lithologies correlated with higher
porosity and permeability (Qin et al, 2021; Lv et al, 2024;

Jiao et al., 2024).
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Relationship between porosity, permeability, and lithology.
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3 Data and methods

There is adequate amount of data to support the results in
this area. The testing and production layers in the study area
encompassed 222 distinct layers, with over 50 wells providing
more than 1,000 core sample data points (Table 1). There are also
more than 200 wells with logging data such as gamma ray (GR),
spontaneous potential (SP), caliper (CAL), deep resistivity (LLD),
shallow resistivity (LLS), density (DEN), neutron porosity (CNCF),
and sonic (DT); these logs were incorporated to enable a more
comprehensive assessment of a reservoir by shedding light on
its petrophysical properties (Asharaf et al.,, 2024a; Asharaf et al.,
2024b). This extensive dataset lays a solid foundation for accurately
determining the cut-offs of effective reservoir properties in the area.

The process of determining net pay cut-offs followed a defined
workflow. Initially, the shale volume was determined to identify the
net sand. Subsequently, porosity and permeability were determined
to define the net reservoir, and hydrocarbon saturation was
evaluated to determine the net pay (Figure 3). The cut-offs for each
parameter were determined using different methods.

3.1 Statistical method

The statistical method used was an accumulative frequency
analysis based on core analysis for porosity and permeability. It
applied a limit of approximately 5% of the total accumulated
loss of energy storage and production capacity in low porosity
and permeability sections. An American core analysis company
has applied this method. Core analysis data for porosity and
permeability were employed to create a frequency histogram
showing porosity and permeability distribution. Furthermore, when
the sample density was uniform, the percentage of accumulated
porosity for samples below the cut-off was compared with the
accumulated porosity of all samples, thereby reflecting the energy
storage loss of the reservoir. Similarly, the accumulated permeability
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loss of samples below the permeability cut-offs, compared with
the accumulated permeability, reflected the loss of reservoir
productivity. The percentage of accumulated loss for both porosity
and permeability also offered insights into the reduction in
reservoir thickness (Equations I and 2). Given the specific data
characteristics, the Linxing gas field sets a 5% limit for accumulated
thickness loss, which ensures that both results are accurate and
reliable.

Q¢, = ‘/)iHi / 2¢iHi> (1)

Q. =K.H, | ZK,H, )

where Qg; is the energy storage of the core sample (%); Q; is the
production capacity of the ith core sample (%); ¢, is the porosity of
the ith core sample (%); K; is the permeability of the ith core sample
(mD); and H; is the length of the ith core sample (m).

3.2 Minimum pore throat radius method

The macroscopic porosity and permeability characteristics of
rocks reflect their microscopic pore structure and pore size. The
pores and channels within rocks serve as the channels for oil and
gas storage and flow. Whether oil and gas can be extracted from
rocks under a specific pressure difference depends on the thickness
of these channels, specifically the channel radius (Jiao et al., 2009).
The minimum pore throat radius for oil and gas represents the
smallest pore channel capable of storing oil and gas, thereby
facilitating their flow. This method begins with an experiment on
the microscopic pore characteristics of rocks and utilizes mercury
injection data to establish the relationship between pore throat
radius and porosity. Given the minimum pore throat radius of the
reservoir, the corresponding porosity was established as a cut-off
point, from which the cut-off permeability was obtained according
to the porosity—permeability relationship. Yang and Zou’s team
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Workflow for determining net pay cut-offs.

FIGURE 3

researched data from the Sichuan Basin and the Sulige block of
the Ordos Basin and found that the lower limit of the diameter of
tight sandstone gas storage space is approximately 50 nm (radius
of 0.025 pm) (Yang et al., 2015). The research area in this article is
adjacent to the Sulige block of the Ordos Basin. According to the
research, the minimum pore throat radius for tight sandstone gas
reservoirs of the Linxing area is 0.025 pum.

3.3 Mercury injection capillary pressure
method

Mercury injection testing has long been crucial for studying
reservoir pore structures. The mercury injection capillary pressure
curve provides insight into the size and distribution of pore
throats within rock samples. Furthermore, through the analysis
of capillary pressure curve morphology, numerous qualitative and
quantitative characteristic parameters were obtained, including
the saturation median pressure. This parameter reflects the
properties of the reservoir. Furthermore, a relationship between
capillary pressure and porosity was established utilizing mercury
injection capillary pressure analysis data. Generally, the point
of maximum change in capillary pressure, or the maximum
inflection point on the curve, indicates the cut-oft for effective
reservoir porosity (Cui et al., 2016).

3.4 Bound water analysis method

Water saturation is a crucial logging parameter in calculating
conventional oil and gas reserves, thereby playing a crucial role in
assessing reservoir effectiveness. Therefore, determining the cut-
off of water saturation is essential for defining effective thickness.
Furthermore, upon utilizing high-pressure semi-permeable
partition capillary pressure data, a relationship was established
between the bound water saturation of gas reservoirs and porosity
from the core analysis. Given the cut-off porosity value, the cut-
off of water saturation was assessed. This study established the
relationship between bound water saturation in the gas reservoir
and core analysis in the study area.
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3.5 Particle size analysis method

The shale volume is a key parameter for reservoir logging
evaluation, which is the basis for accurately determining physical
property parameters. Therefore, petrophysicists often use the cut-
off of shale volume as an indicator for determining net pay.
Currently, core particle size analysis can accurately calculate
the shale volume. This method employs particle size analysis
data to establish the relationship between the study areas shale
volume (including clay and fine sand) and porosity derived from
core analysis.

3.6 Relative permeability analysis method

For a given water saturation level, gas and water have a
corresponding relative permeability. Notably, when the relative
permeability of water dominates, the reservoir rock primarily
produces water under mining conditions. Therefore, the lower
inflection point on the gas relative permeability curve serves
as a benchmark for determining the cut-off of reservoir
rock. This inflection point presents a sudden change in the
relative permeability of gas. The water saturation corresponding
to this point indicates whether the reservoir rock has oil
production potential. The lower inflection point of the gas
relative permeability curve is often near the intersection of
the gas and water relative permeability curves. Thus, the water
saturation corresponding to the intersection point of their
relative permeability was established as the cut-off for effective
reservoirs (Wang, 1999).

3.7 Gas production per meter index
method

The gas production per meter index method, also known
as the testing method, is based on actual gas production data,
core porosity, and permeability analysis data. The cut-off values
for effective reservoirs were determined by plotting a graph that
relates porosity, permeability, and the gas production per meter
index. Studies have shown that the porosity or permeability value
corresponding to a gas production per meter index of 0 m*/d-m
represents the cut-off value for porosity or permeability in an
effective reservoir.

3.8 Cross-plot analysis method

The cross-plot analysis method combines gas testing and
production data with parameters derived from logging to create
a cross-plot of porosity, permeability, and saturation for both dry
layer (non-effective) and production layers (effective). The effective
values for porosity and permeability are often determined based on
the boundary between the dry and production layers (Worthington,
2005). Upon utilizing testing production data and logging
interpretation results from the Linxing gas field, cross-plots were
developed for each layer’s porosity against shale volume and water
saturation against porosity.
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4 Results
4.1 Evaluation of the study area

Core analysis methods employed in this study include
accumulated frequency statistics, minimum pore throat radius
analysis, mercury injection capillary pressure, particle size analysis,
bound water analysis, and relative permeability analysis. Testing
analysis methods were employed to investigate the cut-off values
of petrophysical parameters, such as the gas production per meter
index method and cross-plot analysis.

4.1.1 Evaluation result of the statistical method

Given the accumulated frequency statistics, when the
porosity of the upper section reached 5.0%, the accumulated
energy storage decreased by 1.58%, and the thickness
was reduced by 4.02%. Therefore, the cut-off value for
porosity was established at 5.0% (Figure 4A). Additionally,
when permeability was 0.08 mD,
capacity decreased by 0.02%, with a thickness loss of 2.93%.
Therefore, the cut-off value for permeability was established
at 0.08 mD (Figure 4B).

cumulative  production

4.1.2 Evaluation result of the minimum pore
throat radius method

Upon utilizing mercury injection analysis data, the relationship
between the median pore throat radius of sandstone in the study
area and the porosity determined from rock core analysis was
established for each layer. The cut-off of porosity corresponding
to the median pore throat radius of 0.025pum in the upper
section was established at 5.0% (Figure 5A). Additionally, the
cut-off permeability corresponded to the porosity-permeability
relationship analyzed in the rock core, which was established
at 0.03 mD (Figure 5B).

4.1.3 Evaluation result of the mercury injection
capillary pressure method

According to the mercury injection testing method, a
cross-plot was created to illustrate the relationship between
(Pc50)
porosity for each layer. In the upper section, the porosity

the median capillary pressure and core analysis
at the maximum turning point of capillary pressure was
6.0%, which served as the cut-off (Figure 6A). Additionally,
according to the core analysis of the porosity—permeability
cut-off  for

relationship, the corresponding permeability

was 0.06 mD (Figure 5B).

4.1.4 Evaluation result of the bound water
analysis method

Given the bound water analysis method, the relationship
reservoir-bound water saturation and

between gas core

analysis porosity was established. According to statistical
methods, the porosity of sandstone in the upper section was
established at 5.0%, corresponding to a water saturation of
61%. Additionally, the mercury injection capillary pressure
method indicated that the porosity of the sandstone in
the upper section was 6.0%, which correlated with a water

saturation of 55% (Figure 6B).
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4.1.5 Evaluation result of the particle size analysis
method

The cut-off for the shale volume was calculated based on the
known porosity. As shown in Figure 7, using the accumulated
frequency statistical method and the minimum pore throat
radius method, the cut-off for porosity in the upper section
was established at 5.0%, which corresponded to a shale volume
of 23%. Subsequently, using the mercury injection capillary
pressure method, the cut-off porosity for sandstone in the upper
section was established at 6.0%, thereby corresponding to a shale
volume of 20%.

4.1.6 Evaluation result of the relative permeability
analysis method
Given the gas-water permeability curves of the Linxing

gas field, the water saturation corresponding to the
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intersection of the upper section’s gas-water permeability
curves was between 52% and 56%. Therefore, the cut-off
of water saturation for the upper section reservoirs was
established at 56% (Figure 8).

4.1.7 Evaluation result of the gas production per
meter index method

Given the testing production data from the Linxing gas field
and core analyses of porosity and permeability, a relationship graph
was established between the gas production per meter index and
core analyses of porosity and permeability (Figure 9). In the upper
section, when the reservoir porosity was 26.0% (Figure 9A) and
permeability was 20.15 mD (Figure 9B), the gas production index
per meter was tested to be >0 m3/d-m. Therefore, the cut-off of
porosity was determined to be 26.0%, and the cut-off of permeability
was determined to be 0.15 mD.
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4.1.8 Evaluation result of the cross-plot analysis
method

According to the cross-plot analysis method, using production
data and logging interpretation results from Linxing gas field testing,
porosity-shale volume and water saturation—porosity cross-plots
were established for the upper section (Figure 10). In the upper
section, the shale volume cut-off of the tested gas and gas-bearing
layers was 20%. The porosity cut-off of the tested gas layer, gas-
bearing water layer, and dry layer was 6.0%. The water saturation
cut-off of the tested gas and gas-bearing water layers was 60%.
Therefore, the shale volume was determined to be <20%, the cut-off
of the effective reservoir was defined as porosity >6.0%, and water
saturation was determined to be <60%.

Given the data and regional reservoir characteristics, various
core analysis methods were employed to study the cut-offs of
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Gas—water relative permeability curves of the upper section in the
Linxing gas field (different colors represent different points, the solid
line represents gas relative permeability, and the dashed line
represents water relative permeability).

petrophysical parameters. These methods include accumulated
frequency statistics, the minimum pore throat radius method,
mercury injection capillary pressure, particle size analysis, bound
water analysis, and relative permeability analysis. The testing
analysis methods used to determine the cut-offs include the gas
production per meter index method and cross-plot analysis. The
results from these various methods were integrated to establish a
scientifically robust cut-off (Table 2).

As aresult, multiple methods were utilized to determine the cut-
offs of effective reservoirs across different layers. Generally, cut-offs
determined using the testing method were relatively conservative,
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while those derived from core analysis tended to be more optimistic.
Despite the cut-offs being primarily according to test data, the cut-off
determined using the core method strongly supported these results.

4.2 New recognition of this area using new
cut-offs

The cut-offs obtained from this study have been verified
using test data (Figure 11). In the LX-A well, specifically in the
1514.8-1519.2 m section, the thickness reached 4.4 m, with an
average core permeability of 0.068 mD and an average calculated
permeability of 0.086 mD. The average core porosity was 5.96%,
while the average calculated porosity was 5.70%, thereby meeting
the cut-off standard for the Linxing gas field gas reservoir. After
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fracturing and gas testing, a production rate of 12,100 cubic
meters/day was achieved, further validating the cut-offs’ accuracy
for porosity and permeability in the Linxing gas field. At the 2000
m-2010 m section of the LX-B well, the thickness reached 10 m,
the average calculated permeability was 0.09 mD, and the average
calculated porosity was 5.30%, thereby meeting the cut-off standard
of the Linxing gas field gas reservoir (Figure 12). The fracturing and
gas testing resulted in a production rate of 8,300 cubic meters/day,
thereby verifying the accuracy of the cut-offs for porosity and
permeability.

Notably, test data were dynamic, indicating that an effective
reservoir’s cut-off evolved as new data were acquired. Previous
studies have shown cut-offs of 7% porosity for the upper Shihezi
Formation and 0.2 mD permeability, which are significantly higher
than the cut-offs obtained in this study. Furthermore, using this set
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of data for logging interpretation, the upper layer was identified as a
dry layer. However, actual production has been recorded in the well.
Therefore, reserve estimates, according to the previous cut-offs, were
notably lower. Consequently, the cut-off for this block has been re-
evaluated, which resulted in a substantial increase in the estimated
reserves, thereby offering accurate support for future development
and production efforts in this area.

5 Comparative analysis of cut-offs in
various fields of the Ordos Basin and
nearby basins

Given the abovementioned methods, the upper section net pay
cut-offs of the Linxing area were as follows: shale volume was
20%, porosity was 6%, permeability was 0.15 mD, and hydrocarbon
saturation was 40%. These values varied based on core and
production data. The Ordos Basin is one of the most productive
and petroliferous creation basins with the highest annual output in
China (Anees et al., 2022a; Anees et al., 2022b). Compared with
other fields of the Ordos Basin, the net pay cut-offs in the Linxing
area represent average values (Table 2). The Sulige gas field, located
adjacent to the Linxing gas field, exhibited lower cut-offs than
those of Linxing: porosity was 3.0% and permeability was 0.04 mD
(Yang et al,, 2014). The net pay cut-offs of the Longdong area of
the northern Ordos Basin were as follows: porosity was 4.1% and
permeability was 0.36 mD (Ye et al., 2020). The cut-offs for the
Xifeng oil field of the southern Ordos Basin were 7.0% porosity
and 0.1 mD permeability (Hou et al., 2003). Moreover, the cut-offs
for other oil fields were as follows: the porosity and permeability
of the Yanchang Formation were 5.7% and 0.0276 mD, respectively
(Fu et al., 2014); the porosity and permeability of the Huaqing area
were 8.0% and 0.08 mD, respectively (Liu et al., 2010); the porosity
and permeability of the Laoshan area were 8.0% and 0.22 mD,
respectively (Gao et al., 2012); the porosity and permeability of the
Maling area were 6.4% and 0.0491 mD, respectively (Wang et al.,
2020); the porosity of the Hangjingi area was 5%-10% (Ashraf et al.,
20225 Anees et al., 2022c¢); and the porosity and permeability of the
Shenmu gas field were 5.8% and 0.15 mD, respectively (Fu et al,
2018). The cut-offs for the Linxing gas field potentially decreased
with enhanced engineering technology.

Some scholars have suggested that tight sand exhibits 5%-10%
porosity values (Asharaf et al, 2024a; Asharaf et al, 2024b).
Compared with nearby fields, the porosity and permeability of
the Sichuan Basin were 3.9% and 0.1 mD (Wei et al., 2005) and
5.85% and 0.037 mD, respectively (Li et al., 2014); the porosity
and permeability of the Songliao Basin were 5.0% and 0.03 mD,
respectively (Xie, 2017); the porosity and permeability of the Junggar
Basin were 16% and 2.5 mD, respectively (Lu et al., 2022); and
the porosity and permeability of the Bohai Bay Basin were 12%
and 1.5 mD, respectively (Geng et al., 1999) (Table 3). China’s tight
sandstone oil and gas is widely distributed in Ordos, Sichuan,
Songliao, Bohai Bay, and Junggar basins, with the Ordos and Sichuan
basins being the most abundant. Due to the poor fluidity of oil, the
cut-offs of oil reservoirs are higher than those of gas reservoirs, such
as Songliao, Junggar, Bohai Bay oil fields, and Huaging, Laoshan,
Maling, and Xifeng oil fields in the Ordos Basin. Therefore, their cut-
off values are significantly higher than those of gas fields. The cut-offs
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Logging interpretation results for well LX-A.

of gas reservoirs in Ordos and Sichuan are relatively lower, and the
difference between them is slight. The main reason for the difference
is the geological and sedimentary environmental differences. For
example, the Sichuan Basin is mainly composed of subaqueous
distributary channels and river mouth bar sedimentary microfacies.
In contrast, the Ordos Basin is mainly composed of river delta
facies and semi-deep lake or deep lake facies sedimentation. In the
lake facies sedimentary environment, the pore throats are tiny, the
structure is complex, and the cut-offs are low.

The cumulative frequency statistical method relies heavily
on comprehensive core data for support. However, it has a
notable disadvantage: the selection of loss boundaries depends on
experience, leading to potential discrepancies among evaluators. The
minimum pore throat radius method and the mercury injection
capillary pressure method establish a relationship with porosity
but require extensive experimental data for enhanced accuracy.
The minimum pore throat radius method necessitates determining
the minimum pore throat radius, which relies on empirical data
from the research area. In contrast, the mercury injection capillary
pressure method requires identifying the maximum turning point,
often resulting in significant manual interference. The particle size
analysis method establishes a relationship between shale volume
and porosity, thereby determining the cut-off for shale volume
according to known porosity cut-offs. Generally, the gas-water
permeability method considers water saturation at the intersection
point of the gas and water relative permeability curves as the
upper cut-off for reservoir water saturation. However, this approach
may overlook some oil and water layers, thereby reducing net pay.
The intersection and the gas recovery index per meter methods
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utilize actual production data to identify cut-offs, offering significant
guidance for actual production. However, the disadvantage is that
their determined physical properties often exceed actual values, and
both methods require substantial well-production data, which limits
their application in early-stage exploration research.

6 Conclusion

This study developed a workflow for determining net pay cut-
offs, with the following key findings:

1. There are various methods for evaluating net pay cut-offs,
each with distinct advantages and limitations. The method
selection was based on the specific data available for the
research area. A combination of multiple methods proved a
more objective assessment of net pay cut-offs, with net pay
cut-offs determined as follows: 20% shale volume, 6% porosity,
0.15 mD permeability, and 40% gas saturation.

. This study utilized extensive core, logging, and testing data
to apply eight methods for re-evaluating net pay cut-offs in
the research area. Furthermore, considering various factors,
the cut-offs of shale volume, porosity, permeability, and gas
saturation were determined. These results were validated
using test data, which were lower than the existing porosity
and permeability cut-offs. The lower cut-offs significantly
enhanced the calculated reserves, laying the foundation for
efficient development and production in subsequent stages.

. In comparison with previous research, it was observed
that the cut-offs for each block and layer varied due to
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Logging interpretation results for well LX-B.

TABLE 3 Cut-offs in different areas of the Ordos Basin and the nearby basins.

Basin/oil field Porosity Permeability Literature
Longdong area of the northern Ordos Basin 4.1% 0.36 mD Ye et al. (2020)
Sulige gas field of the northeastern Ordos Basin 3.0% 0.04 mD Yang et al. (2014)
Xifeng oil field of the southern Ordos Basin 7.0% 0.1 mD Hou et al. (2003)
Yanchang oil group of the southern Ordos Basin 5.7% 0.0276 mD Fu et al. (2014)
Huagqing area of the middle south Ordos Basin 8.0% 0.08 mD Liu et al. (2010)
Laoshan area of the northern Ordos Basin 8.0% 0.22 mD Gao etal. (2012)
Maling area of the southwestern Ordos Basin 6.4% 0.0491 mD Wang et al. (2020)
Hangjingi area of the northern Ordos Basin 5%-10% - Ashraf et al. (2022)
Shenmu gas field of the northeastern Ordos Basin 5.8% 0.15mD Fuetal. (2018)
Linxing gas field of the northeastern Ordos Basin 6.0% 0.15mD
Sichuan Basin 3.9% 0.1 mD Wei et al. (2005)
Sichuan Basin 5.9% 0.037 mD Lietal. (2014)
Songliao Basin 5.0% 0.03 mD Xie (2017)
Pucheng oil field of the Bohai Bay Basin 12.0% 1.5mD Geng et al. (1999)
Junggar Basin 16.0% 2.5mD Lu etal. (2022)

The bold text is the research area’s data.
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the strong heterogeneity of tight sandstone gas reservoirs.
Furthermore, these cut-offs evolved. Therefore, studying
effective reservoirs is an ongoing process, necessitating
continual updates to improve the accuracy of calculated
effective thickness, thereby enhancing the precision of later
development and production efforts.
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