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Introduction: More than two billion tons of oil reserves have been discovered in
the fractured-cavity type carbonate reservoirs in Tarim Basin, which is a key field
for increasing reserves and production in the future. This type of oil reservoirs is
characterized by extremely high heterogeneity, and waterflood huff-puff oil
displacement is generally used for secondary development of the oil
reservoirs. The conventional methods are dominated by qualitative evaluation,
which are insufficient to predict the oil production increase by waterflood huff-
puff in various karst zones.

Methods: The new method developed in this study involves four aspects,
i.e., establishing a standard well database, optimally selecting the key
development indicators, equivalent classification of reservoir space type, and
optimally selecting the classification and evaluation methods for oil production
increase by waterflood huff-puff. From the perspective of reservoir space type,
the result of waterflood huff-puff oil displacement of multi-cave type reservoir
(large scale) is better than that of relatively isolated cave type reservoir, followed
by the fractured-vuggy type reservoir.

Results and discussion: The new method shows advantages in the following
aspects: 1) The differences in reservoir geological genesis and spatial structure
characteristics in various karst zones are involved; 2) The difference in internal
filling features of the same type of reservoir is integrally determined based on the
changes in production performance; 3) The actual development characteristics
of waterflood huff-puff oil displacement wells in various karst zones are
systematically analyzed, and the criteria for selecting standard wells is
formulated; 4) The violin plot is introduced as the main study tool for
predicting and discriminating oil production increase by waterflood huff-puff
displacement. Therefore, the new method is more capable of predicting the oil
production increase by waterflood huff-puff in various karst zones.
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1 Introduction

Carbonate oil reservoirs are one of the most important fields for
petroleum exploration and development in the world, with proven
reserves accounting for 52% and oil production accounting for 60%
(Yong et al., 2022). The proven oil reserves of the fractured-cavity
type carbonate oil reservoirs in central and western China account
for about 67% of the total volume in China, which is one of the major
fields for increasing oil reserves and production. Since the discovery
of Fuman and Shunbei oil and gas fields in 2014, the development of
ultra-deep the fault-controlled fractured-cavity type oil reservoirs
has moved towards deeper fields. Currently, the burial depth of oil
reservoirs in the main production areas exceeds 6,000 m, and oil
reserves of more than two billion tons have been discovered in the
ultra-deep fields, which is a major exploration and
development field soon.

Compared to clastic rock reservoirs, marine carbonate rock
reservoirs are characterized by extremely high heterogeneity,
and the reservoir space is classified into three types,
i.e., fractured-cavity type, vuggy type, and fractured-vuggy
type. Among them, the reservoir space of carbonate oil
reservoirs in central and western China is dominated by
fractured-cavity type. At present, the proven fractured-cavity
carbonate oil reservoirs are mainly distributed in the Ordovician
Yijianfang Formation and Yingshan Formation in Tarim Basin.
Exploration and development practice shows that the fractured-
cavity type carbonate reservoirs are generally distributed in
buried hill karst zone, the interlayer karst zone, and the fault-
controlled zone. The reservoir types, spatial distribution
characteristics and internal structure features in various karst
zones are different (Zhang et al., 2017; Zheng et al., 2019; DING

et al., 2020; Yang et al., 2020; Yuan, 2020; Lyu et al., 2021), which
directly affect the development results of this type of oil
reservoirs.

By considering the actual geological characteristics of spatially
discrete and discontinuous distribution of the fractured-cavity type
carbonate reservoirs, the development methods such as natural
energy development, pumping development by pumping unit,
and waterflood huff-puff oil displacement have been researched
after years of exploration and development practice. Limited by the
objective conditions such as reservoir genesis and distribution
pattern, there are relatively few oil reservoir units with a large
connection area that flooding well network can be established,
and the secondary oil recovery of this type of oil reservoirs
mainly relies on the development method of waterflood huff-puff
oil displacement. After conducting pilot tests, some scholars have
conducted research on the development mechanism, development
characteristics, well location optimal selection, and development
results of waterflood huff-puff oil displacement (Luo et al., 2007; Luo
et al., 2008; Xingwan, 2008; Yuanshuai et al., 2008; Xiujuan and
Guangqing, 2009; Shuang and Yun, 2010; Cao et al., 2014; Xue et al.,
2016). However, due to the complex reservoir space types and
internal fluid flow regime, the scientific and high-efficiency
quantitative evaluation of recoverable reserves is a key issue after
determining the well location.

When predicting the recoverable reserves of this type of oil
reservoirs in a single well, the oil displacement volume by waterflood
huff-puff is a key study point. Currently, the qualitative evaluation
method is dominant for evaluating waterflood huff-puff oil
displacement of the fractured-cavity type oil reservoirs, and the
final evaluation results only provide the quality of waterflood huff-
puff oil displacement measures, rather than the prediction of oil

FIGURE 1
Production performance curve of Well YueM8.
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displacement volume, which is insufficient to meet the demands for
the benefit development of the fractured-cavity type carbonate oil
reservoirs by waterflood huff-puff in single wells in various
karst zones.

Several scholars have conducted systematic evaluation and
research on evaluation methods of oil production increase by
waterflood huff-puff of the fractured-cavity type carbonate oil
reservoirs, as well as the feasibility of waterflood huff-puff
measures. However, there are still certain limits in parameter
value assignment method and application scope, mainly
including in the following three aspects:

(1) At present, it is still in the stage of qualitative evaluation of oil
production increase by waterflood huff-puff of the fractured-
cavity type carbonate oil reservoirs. Previous scholarsmainly used
production dynamic monitoring data for evaluation from the
perspective of reservoir engineering, with the main evaluation
indicators including displacement rate of waterflood oil
displacement and staged oil production increase, indicating an
incomplete evaluation indicator system, so the promotion and

application are limited to some extent (Liu, 2007; Xingwan, 2008;
Ren and Xu, 2012; Jin et al., 2017);

(2) At present, the difference in reservoir genesis in various karst
zones is ignored in the analysis of oil production increase by
waterflood huff-puff of the fractured-cavity type carbonate oil
reservoirs. Exploration and development practices show that
the reservoir genesis varies in various karst zones, and there
are significant differences in reservoir spatial distribution and
internal structure characteristics, leading to distinct
application defects in the evaluation of oil production
increase by waterflood huff-puff in previous studies;

(3) At present, the well samples for evaluating the oil production
increase by waterflood huff-puff of the fractured-cavity type
carbonate oil reservoirs are still in the production stage, and
their actual development results still need to be evaluated,
which are insufficient to effectively guide the prediction of the
development results in unreconstructed wells.

Therefore, by considering the actual geological conditions that
the fractured-cavity type carbonate oil reservoirs in large-scale

FIGURE 2
Production performance curve of Well HA13-5.

TABLE 1 Classification of equivalent reservoir space types based on the production performance after single well waterflood huff-puff oil displacement.

Integral classification Production performance after waterflood oil displacement

Type 1 After waterflood, there is no/low water content in the initial stage, and high-water content in the late stage

Type 2 After waterflood, there is high water content in the initial stage and decreased water content in the late stage

Type 3 No water content before waterflood, but constantly high-water content after waterflood

Type 4 High bottom water content before waterflood, and constantly high-water content after waterflood
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development are mainly distributed in buried hill karst zone, the
interlayer karst zone, and the fault-controlled karst zone, and
combining with the difference in the internal structure
characteristics of the reservoir, a new method is proposed in this

study. The specific steps include the establishment of a standard well
database, optimal selection of the key development indicators,
equivalent classification and evaluation of reservoir space types
based on the development dynamics after waterflood huff-puff oil

FIGURE 3
No/low water content in the initial stage after waterflood, and high-water content in the late stage—rapid differentiation (Type 1).

FIGURE 4
High water content in the initial stage after waterflood and decreased water content in the late stage—moderate differentiation (Type 2).
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displacement, and the analysis of the distribution probability of oil
displacement volume of various types of oil reservoirs by using the
optimally selected violin plot technique, achieving the quantitative
prediction of oil displacement volume by waterflood huff-puff of oil

reservoirs with various equivalent reservoir types in various
karst zones.

This method is developed by fully using the actual data of
standard wells in various karst zones (as defined in 1.1), and the

FIGURE 5
No water content before waterflood, but constantly high-water content after waterflood—slow differentiation (Type 3).

FIGURE 6
High bottom water content before waterflood, but constantly high-water content after waterflood—slow differentiation (Type 4).
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key development indicators related to oil production increase by
waterflood huff-puff in single well more objectively conform to the
actual oilfield situation, showing significant guiding value for the
quantitative evaluation of oil production increase in oil wells that
waterflood huff-puff oil displacement is planned.

2 New prediction method

The waterflood huff-puff oil displacement of the fractured-
cavity type carbonate oil reservoirs is a new and effective way to

improve oil recovery of this type of reservoirs in single well. There
are many factors that affect the development results of single well by
waterflood huff-puff oil displacement, including the location of the
penetrated reservoir, reservoir pattern, internal structure, water
energy, water injection volume, soaking period, and degree of
reservoir connection. In the past, research has been conducted on
the development mechanism, well selection for conducting
waterflood huff-puff measures, and evaluation of development
results (Guo et al., 2008; Kang et al., 2011; Gu et al., 2012; Jin
et al., 2017), but no effective method has been proposed to predict
the oil production increase by waterflood huff-puff oil displacement.

FIGURE 7
Common components of box plot and violin plot.

FIGURE 8
Flow chart of predicting oil displacement volume by waterflood huff-puff.
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In this study, the idea of data analysis is applied to conduct
probability interval analysis of the actual oil displacement volume by
waterflood huff-puff, avoiding the influence of diversified factors. It
delivers main distribution intervals of displacement rate and the
proportion of oil displacement volume by waterflood huff-puff of
various equivalent reservoir types in various karst zones, aiming to
provide scientific basis for the subsequent prediction of single well oil
displacement volume by waterflood huff-puff. This technical method is a
comprehensive research method, mainly covering four aspects, i.e., the
establishment of a standard well database, the optimal selection of key
development indicators, the equivalent classification and evaluation of
reservoir space type, and the optimal selection of classification and
evaluationmethods for oil displacement volume bywaterflood huff-puff.

2.1 Method of establishing a standard
well database

By focusing on the main study purpose of predicting the oil
displacement volume by waterflood huff-puff, oil wells that have
been conducted waterflood huff-puff oil displacement measures but
with high water content and low oil output (production rate less than
0.5 t/d), intermittent production, and long-term shut-in are selected as
standard wells. The development performance curves of typical wells are
shown in Figures 1, 2. For example, after multiple rounds of waterflood
huff-puff oil displacement inWell Yueman 8 (Figure 1), it is currently in
a state of long-term high-water content and low oil production;Well Ha

13–5 (Figure 2) is currently in a long-term shut-in state after multiple
rounds of waterflood huff-puff oil displacement measures. All wells that
show similar production performance are selected and summarized into
a standard well database.

2.2 Optimal selection of key development
indicators

Due to the strong heterogeneity of this type of reservoirs, the oil
displacement volume by waterflood huff-puff of single well is also
affected by various factors such as oil reservoir management and
engineering. To facilitate promotion and correlation, the key
development indicators need to meet the basic principles of
dimension lessness, clear physical significance, and operability for
evaluating the oil production increase and analyzing the
development results of waterflood huff-puff oil displacement.

Based on the above principles, two key development indicators
are selected, namely, the displacement rate (t/m3) and the
proportion of waterflood oil displacement volume (%), with the
calculation method as follows:

a � b
c

d � e

f
p100

Where, a is displacement rate, t/m3;

FIGURE 9
Distribution of wells in the standard well database.

Frontiers in Energy Research frontiersin.org07

Peng et al. 10.3389/fenrg.2024.1339489

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1339489


b is waterflood oil production increase, t;
c is water injection volume, m3;
d is proportion of oil displacement volume by waterflood

huff-puff, %;
e is oil production increase by waterflood huff-puff, t;
f is cumulative oil production, t.

2.3 Equivalent classification and evaluation
of reservoir space types

For this type of reservoirs, there is relatively clear understanding of
the macroscopic reservoir space type (Chen, 2004; Sun et al., 2015; Zhao
et al., 2015; LIU et al., 2020; Zhang et al., 2021; Cheng et al., 2022;
Xuqiang et al., 2023), while that within the well controlling range mainly
relies on the geophysical techniques. However, due to objective factors
such as desert coverage and poor seismic data quality in the study area,
there are multiple interpretation results of the fractured-cavity type
reservoirs (Chen, 2004; Guohui et al., 2015; Sun et al., 2015; Zhao et al.,
2015; LIU et al., 2020; Zhang et al., 2021; Cheng et al., 2022; Yong et al.,
2022; Xuqiang et al., 2023). Therefore, the actual production
performance data are used to classify the reservoirs in the single well
controlled range into three equivalent types, i.e., multi cave type, isolated
cave type, and fracture-vuggy type, to understand the macroscopic
reservoir distribution pattern. Furthermore, each type of reservoirs is
further classified into four sub-types based on the production
performance of oil wells during waterflood oil displacement period,
as shown in Table 1 and Figures 3–6.

1) Multi cave type: It refers to a large-scale fractured-cavity type
reservoirs connected by multiple caves and fractures, slow
decline, or steady production of a single well, with a certain
period of production plateau, and cumulative oil production
equivalent in the well-controlled range of greater than 30,000 t
after multiple rounds of waterflood huff-puff oil displacement;

2) Isolated cave type: It refers to small and medium-sized
reservoirs, with relatively isolated internal reservoir space,
rapid decline and almost no production plateau of a single
well, and the cumulative oil production equivalent in the well-
controlled range of 10,000–30,000 t after multiple rounds of
waterflood huff-puff oil displacement;

3) Fractured-vuggy type: It refers to the small-scale reservoirs,
with fractures, vugs, or a combination of fractures-vugs
developed, relatively small internal reservoir space, basic no
production of a single well, high yield but abrupt decline, slow
oil-water differentiation after waterflood, high water content
after well opening, insufficient formation energy, and the
cumulative oil production equivalent in the well-controlled
range of 0–10,000 t.

2.4 Optimal selection of classification and
evaluation methods for oil displacement
volume by waterflood huff-puff

In this study, the violin plot, histogram, box plot, and radar chart
are compared and analyzed to provide a more intuitive expression of

FIGURE 10
Violin plot of displacement rate of waterflood oil displacement of various reservoir types in the fault-controlled zone.
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statistical laws. Each graphic has its specific advantages in expression
method. For oil development indicators with more data points, box
plot and violin plot enable to express the distribution probability
more directly in a certain data interval.

There are five key points in Figure 7, including the median (a
white point on the violin plot), quartile range (black bar in the center
of the violin plot), lower/higher adjacent values (black bar chart,
defined as the first quartile-1.5 IQR and the third quartile + 1.5 IQR,
respectively). These values can be used for identifying outlier
detection technique, that is, values outside these “fences” are
regarded as outliers; Finally, it is worth noting that if the quartile
of the data remains unchanged, the box chart will be unchanged.
When the data is modified, the distribution pattern significantly
changes but the quartiles remain unchanged.

Compared with previous technical methods, the new method
proposed is this study has advantages in four aspects:

1) The differences in reservoir geological genesis and
structure characteristics of reservoir space among various
karst zones are considered. 2) Based on the changes in
production performance, the difference in internal filling

features of the same type of reservoirs is integrally
determined. 3) The actual development characteristics of
waterflood huff-puff oil displacement wells in various karst
zones are systematically analyzed, and the criteria for selecting
standard wells is formulated, so the predicted oil production
increase in new wells by waterflood huff-puff oil displacement is
more in line with field development practices. 4) The violin plot
enables to reflect the proportion of oil displacement volume more
intuitively and truly by waterflood huff-puff of various types of
reservoirs with different internal spatial structures. Therefore,
the new method can better predict the oil production increase by
waterflood huff-puff in various karst zones.

3 Technical process

The general idea of the new method for predicting oil
displacement volume by waterflood huff-puff includes six key steps:

Step 1: Establish a standard well database for analyzing the oil
displacement volume by waterflood huff-puff;

FIGURE 11
Violin plot of the proportion of waterflood oil displacement volume of various reservoir types in the fault-controlled zone.
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Step 2: Classify the equivalent reservoir space types within the
well-controlled range based on the single well production
performance;

Step 3: Systematically analyze the characteristics of waterflood
huff-puff oil displacement of standard wells and further determine
the type of internal spatial structure of the reservoir;

Step 4: Calculate the key evaluation indicators of each
standard well;

Step 5: Integrally classify and prepare violin plots for key
evaluation indicators;

Step 6: Based on the violin plot, perform statistics on the main
distribution intervals of oil displacement volume by waterflood huff-
puff of various types of reservoirs, and finally provide a reference
proportion of oil displacement volume by waterflood huff-puff given
the specific conditions. The technical flowchart is shown in Figure 8.

4 Results and discussion

In this study, more than 800 wells targeting at the Ordovician
fractured-cavity type carbonate oil reservoirs in the northern Tarim
Basin are systematically analyzed. Based on the technical process,
the standard well database is established by using data of 127 wells,
which are mainly located in the interlayer karst zone and the fault-
controlled zone but few in the buried hill karst zone (excluded in this
study) (Figure 9). The obtained oil displacement volume by
waterflood huff-puff based on this standard well database will
support to predict oil production increase for oil wells in the
same area that have not yet conducted waterflood huff-puff oil
displacement or are in the early stage of waterflood huff-puff oil
displacement.

In this study, the oil displacement volume by waterflood huff-
puff is predicted at two levels:

The first level is to conduct analysis and evaluation of the oil
displacement results by waterflood huff-puff of various types of
reservoirs in various zones, including the interlayer karst zone and
the fault-controlled zone; The second level is to conduct a detailed
classification for reservoir types in various karst zones based on the
development dynamics after waterflood huff-puff oil displacement
(Table 1), finely predict the oil displacement volume of each type of
reservoirs controlled by well, and calculate the main
distribution interval.

Based on the standard well database, a macroscopic analysis is
conducted for various types of reservoirs (i.e., multi cave type,
isolated cave type, and fractured-vuggy type) in single wells in
various karst zones, obtaining the overall oil displacement results
by waterflood huff-puff as follows: Multi cave type reservoirs (large-
scale)>relatively isolated cave type reservoirs>fractured-vuggy type
reservoirs, and relatively high cumulative oil production of multi
cave type reservoirs in a few wells, with waterflood oil displacement
volume accounting for more than 60%.

4.1 The fault-controlled zone

The analysis of various equivalent reservoir types in the fault-
controlled zone is conducted, and the violin plot is used to analyze
the main distribution intervals of the displacement rate and the
proportion of oil displacement volume by waterflood huff-puff, with
study results shown in Figure 10 and 11. And part of the data as
shown in Table2.

The key nodes and pattern of the violin plot are summarized and
analyzed (Table 3), which indicate that the larger the fluctuation

TABLE 2 Single well data of displacement rate and proportion of oil
displacement volume by waterflood huff-puff of various types of reservoirs
in the fault-controlled zone.

Reservoir types Well name a d

multi cave type p11 0.45 63.25

multi cave type p12 0.49 73.10

multi cave type p13 0.27 40.13

multi cave type p14 0.29 68.63

multi cave type p15 0.65 88.57

multi cave type / / /

isolated cave type P21 0.22 42

isolated cave type P22 0.33 66

isolated cave type P23 0.24 81

isolated cave type P24 0.28 76

isolated cave type P25 0.98 36

isolated cave type / / /

fractured-vuggy type P31 0.01 4

fractured-vuggy type P32 0.01 13

fractured-vuggy type P33 0.36 46

fractured-vuggy type P34 0.56 44

fractured-vuggy type P35 0 0

fractured-vuggy type / / /

TABLE 3 Summary of displacement rate and proportion of oil displacement volume by waterflood huff-puff of various types of reservoirs within the well-
controlled range in the fault-controlled zone.

Reservoir type Main distribution interval of displacement rate
(t/m3)

Proportion of waterflood oil displacement
volume (%)

25% quantile Median 75% quantile 25% quantile Median 75% quantile

Multi cave type 0.13 0.27 0.52 15.09 48.43 73.89

Isolated cave type 0.22 0.31 0.42 38.11 57.71 70.75

Fractured-vuggy type 0.01 0.08 0.4 1.07 6.59 44.09
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FIGURE 12
The performance plot of HD24-1C.

FIGURE 13
Violin plot of displacement rate of waterflood oil displacement of various reservoir types in the interlayer karst zone.
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amplitude of various quantiles in the violin plot, the more
concentrated the data points are. The results show that the
displacement rate of waterflood oil displacement in the fault-

controlled zone is 0.13 t/m3 (25% quantile) of multi cave type
reservoirs, 0.31 t/m3 (median) of isolated cave type reservoirs,
and 0.01 t/m3 (25% quantile) of the fractured-vuggy type
reservoirs, respectively; The proportion of waterflood oil
displacement volume is 73.89% (75% percentile) of multi cave
type reservoirs, 70.75% (75% percentile) of isolated cave type
reservoirs, and 1.07% (25% percentile) of the fractured-vuggy
type reservoirs.

Take HD24-1C for example, that it doesn’t been used in the
analysis. The performance of the well is shown in Figure 12. And the
cumulative oil production during flow period is 3841t, by analyzing
the production performance curve, this well belongs to an isolated
cave type. According to the analysis results in Table 3 the proportion
of waterflood oil displacement volume is 70.75%, so the predict
waterflood oil production increase is 9290.6t and the cumulative oil
production is 13,131.6t. And the actual cumulative oil production of
the well is 12,921.4t. The error is only 1.6%, indicating that the
method is in good agreement with the on-site production situation.

4.2 Interlayer karst zone

The analysis of various equivalent reservoir types in the interlayer
karst zone is conducted, and the violin plot is used to analyze the main
distribution intervals of the displacement rate and the proportion of
oil displacement volume by waterflood huff-puff, with study results
shown in Figure 13 and 14. And part of the data as shown in Table 4.

The key nodes and the pattern of the violin plot are
summarized and analyzed (Table 5), which indicate that the
larger the fluctuation amplitude of various quantiles in the violin

FIGURE 14
Violin plot of the proportion of waterflood oil displacement volume of various reservoir types in the interlayer karst zone.

TABLE 4 Single well data of displacement rate and proportion of oil
displacement volume by waterflood huff-puff of various types of reservoirs
in the interlayer karst zone.

Reservoir types Well name a d

multi cave type P41 0.37 94

multi cave type P42 0.08 9

multi cave type P43 0.11 5

multi cave type / / /

isolated cave type P51 0.39 37

isolated cave type P52 0.65 3

isolated cave type P53 0.65 59

isolated cave type P54 0.37 29

isolated cave type P55 0 0

isolated cave type / / /

fractured-vuggy type P61 0.11 86

fractured-vuggy type P62 0 0

fractured-vuggy type P63 0.25 48

fractured-vuggy type P64 0 0

fractured-vuggy type P65 0.08 40

fractured-vuggy type / / /
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plot, the more concentrated the data points are. The results show
that in the interlayer karst zone, the displacement rate of
waterflood oil displacement is 0.50 t/m3 (75% quantile) of
multi cave type reservoirs, 0.32 t/m3 (75% quantile) of
isolated cave type reservoirs, and 0.01 t/m3 (25% quantile) of
the fractured-vuggy type reservoirs, respectively; The
proportion of waterflood oil displacement volume is 88.47%
(75% percentile) of multi cave type reservoirs, 1.78% (25%
percentile) of isolated cave type reservoirs, and 4.78% (25%
percentile) of the fractured-vuggy type reservoirs.

The analysis of production performance data shows that the
displacement rate and the proportion of waterflood oil
displacement volume of the equivalent isolated cave type
reservoirs are better than those of multi cave type reservoirs
in the fault-controlled zone, which is mainly caused by the
“plate-like” distribution feature, limited lateral distribution
range, and poor vertical and lateral connection of this type of
reservoirs. The fractured-cavity type reservoirs in the fault-
controlled zone are more dispersed and poorly connected,
and the internal reservoir space is dominated by inter-breccia
pores. Therefore, the degree of oil-water differentiation after
waterflood is lower than that in the interlayer karst zone; The
reservoirs in the interlayer karst zone are generally developed
along the bedding, showing relatively good lateral continuity,
and the reservoir space is relatively large after long-period
dissolution by atmospheric fresh water. Therefore, the
waterflood huff-puff oil displacement results are better given
the same conditions; Due to the more dispersed and limited
reservoir space, the displacement rate and proportion of oil
displacement volume by waterflood huff-puff are relatively low
of the fractured-vuggy type reservoirs in various karst zones.

5 Conclusion

In this study, a systematic study is conducted on the prediction
method of single well oil displacement volume by waterflood huff-
puff of the fractured-cavity type carbonate oil reservoirs. To ensure
that the study results are consistent with the field practice, the
fractured-cavity type carbonate reservoirs are classified into various
zones based on the genesis, and comparative analysis is conducted
on reservoirs between the interlayer karst zone and the fault-
controlled zone, with the main conclusions as follows:

(1) Based on the basic idea of data analysis, a standard well
database is established for predicting the oil displacement

volume by waterflood huff-puff of the fractured-cavity type
oil reservoirs. On this basis, two key indicators are selected,
namely, the displacement rate and the proportion of oil
displacement volume by waterflood huff-puff, laying a
good foundation for the promotion and application of the
study results in areas with same the type of reservoirs;

(2) By considering the multi-solution of geophysical data in
predicting the spatial structure characteristics of this type of
reservoirs, and fully applying the production performance data
and the change characteristics in the early stage of waterflood,
as well as the production and water content changes in the
waterflood huff-puff oil displacement stage, the more detailed
classification and evaluation of the equivalent reservoirs in the
well-controlled range are conducted, which is more targeted for
predicting the oil displacement volume by waterflood huff-puff
in other oil wells in the future;

(3) For reservoir types controlled by many sample wells (more
than 10 wells), the violin plot is used for analyzing the
probability distribution intervals of key development
indicators, which enables to reflect the main distribution
intervals of the proportion of oil displacement volume and
displacement rate more intuitively by waterflood huff-puff of
various types of reservoirs, and the predicted results have
more guiding significance;

(4) By taking the fractured-cavity type carbonate oil reservoirs in
the Ordovician Yijianfang Formation in the northern Tarim
Basin in western China as an example, the oil displacement
volume by waterflood huff-puff in the fault-controlled zone
and the interlayer karst zone is analyzed in detail. Due to the
influence of reservoir distribution pattern and genesis,
waterflood huff-puff oil displacement is more applicable
for oil development in the interlayer karst zone. From the
perspective of reservoir types, the development results by
waterflood huff-puff oil displacement are better of the large-
scale fractured-cavity type reservoirs (dominated by cavity
type reservoirs) with relatively closed and weak water energy.

In summary, the method is studied specifically aiming at
predicting the single well oil displacement volume by
waterflood huff-puff of the fractured-cavity type carbonate oil
reservoirs with high reservoir heterogeneity. In the process of
predicting the oil production increase by waterflood huff-puff
in single wells, various production dynamic and static data are
fully used, a standard well database is established, and
development evaluation indicators are optimally selected for key
issues. The research results enable to better predict the oil

TABLE 5 Summary of displacement rate and proportion of oil displacement volume by waterflood huff-puff of various types of reservoirs in the well-
controlled range in the interlayer karst zone.

Reservoir type Main distribution interval of displacement rate
(t/m3)

Proportion of waterflood oil displacement
volume (%)

25% quantile Median 75% quantile 25% quantile Median 75% quantile

Multi cave type 0.1 0.37 0.50 7.33 81.67 88.47

Isolated cave type 0.12 0.18 0.32 1.78 8.6 60.29

Fractured-vuggy type 0.01 0.05 0.11 4.78 31.71 44.58
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displacement volume by waterflood huff-puff of oil reservoirs in
various karst zones, with various reservoir types and internal
structure characteristics, and better support the fine
development of the fractured-cavity type carbonate oil reservoirs.
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