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Low-permeability oil reservoirs account for more than two-thirds of China’s proven reserves, and most of them are multilayered;
the traditional sweet spots focus on single-layered reservoirs. The sweet spots of low-permeability reservoirs have two meanings: the
geologically superior reservoir and the beneficial development of the reservoir. In this study, a concept of reservoir stratification
coefficient is proposed to evaluate the characteristics of multilayered reservoirs, and three indicators are proposed, namely,
reservoir stratification coeficient, energy storage coefficient, and stratigraphic coeflicient, as the indicators of sweet spots of
multilayered reservoirs. The three indicators are combined into a single indicator using a weighted approach, and the sweet
spots can be identified based on the combined indicator. The Xiliu A area of the North China oilfield was selected for a case
study. According to the structural, sedimentary, and reservoir characteristics of the block, combined with the development and
production conditions, the Sha 3 Member I oil group was selected as the study object of sweet spots of the low-permeability
reservoir. The results show that the reservoir stratification coefficient, energy storage coefficient, and stratigraphic coefficient
proposed in this study are effective indicators for the preferential selection of sweet spots, which can reflect the longitudinal
heterogeneity, energy storage size, and flow capacity of multilayered reservoirs. After a comparative analysis with actual blocks,
it was found that the results obtained using the method are consistent with the actual capacity of the reservoir. The production
capacity is high. The evaluation effect is ideal, and the applicability is good. Thus, this study provides a new technical method
for the evaluation of similar multilayered reservoirs. The findings of this study can help for a better understanding of the
development and production conditions and optimization basis of low-permeability reservoirs.

1. Introduction

Low-permeability multilayered oil reservoirs in China are
characterized by dense lithology, fine pores and throats, poor
physical properties, and the development of natural fractures
and strong heterogeneous structures. In addition, these types
of reservoirs are longitudinally multilayered and thin with
differences in lithology and physical properties among the
small layers, thus making it difficult for a single small layer
to be productive. This leads to the interaction of geological
factors between various strata, reflecting the uneven degree
of utilization both horizontally and vertically [1, 2]. There-
fore, with the increase in oilfield exploration and develop-
ment work, the optimal classification and evaluation of

reservoir sweet spots have received more and more attention.
This is important for improving the development effect and
level of development and achieving scientific management
of oilfields [3, 4].

At present, preferential selection of sweet spots of low-
permeability oil reservoirs has been extensively studied. Dif-
ferent weight parameters have been selected to evaluate the
sweet spots of reservoirs. Some scholars reported that the
main roar radius, starting pressure gradient, and clay content
and type play an important role in the preferred system, and
two parameters, movable fluid saturation and crude oil vis-
cosity, also play an important role; some of them considered
several parameters such as reservoir sedimentary phase, sand
thickness,  physical  characteristics,  orifice  throat
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characteristics, discharge pressure, and thus classified prefer-
ences [5-9]. Other scholars optimized the reservoir sweet
spots by using lithology, porosity, permeability, effective
thickness, median radius, discharge pressure, and sorting
coefficient as evaluation indexes [10]. Although previous
studies obtained some results, there are still some shortcom-
ings, mainly because these sweet spot parameters do not con-
sider the multilayer specificity of hypotonic multioil
reservoirs, making the reservoir sweet spot preferences not
achieve the expected results. Despite the richness of the cur-
rent reservoir sweet spots, the results are different because
each method considers the problem from a different perspec-
tive and has a different approach to solve the problem, plus
the differences in the objects used [11-14]. In particular, no
recognized and valid evaluation indicators were found for
the preference of parameters.

In this study, with respect to the characteristics of low-
permeability and multioil reservoirs of the 3rd member of
the Shahejie Formation I oil group in the Xiliu A (XA) block,
select the best among many evaluation indicators and
methods. Therefore, “effective reservoir thickness, number
of reservoir layers, effective porosity, permeability, and oil
saturation” were preferentially selected as the five categorical
evaluation parameters with reference to reservoir permeabil-
ity. Unlike the previous case where only the evaluation
parameters were considered, based on different combina-
tions of the five key parameters for reservoir evaluation, three
indicators were preferentially selected. The three indicators
were combined into one indicator using a weighting method.
Based on this composite indicator, the sweet spot region was
eventually identified (Figure 1). The innovation of this study
lies in the development and quality evaluation and compari-
son of the benefits of the “sweet spot” of low-permeability
multilayered reservoirs, which provides a reference for the
selection of target areas for economic exploitation.

Opverall, this paper can be divided into four sections. First,
the geologic aspects are presented in Section 2. Then, Section 3
describes the optimization of reservoir sweet spot parameters
and indicators. Furthermore, Section 4 describes the optimiza-
tion of the reservoir sweet spot method. Finally, Section 5
describes the application of this method to study a case.

2. Geologic Aspects

2.1. Structural Feature. The structure of the XA block is a
monoclinal fault block, mainly controlled by XA, XA west,
and Gao B (GB) faults. The extension of the XA fault is
8.2km, and the extension of the GB fault is 6.7 km. The stra-
tum in the fault block dips to the southeast, and the dip angle
of the stratum is between 8° and 12°. The depth of the sand
stratum in the Sha 3 Member of the fault block is 2820 m.
The amplitude of closure is 220 m, and the area of closure
is 8.55km” The formation of XA fault tectonics is mainly
caused by the occlusion of a reverse positive fault present in
the northern part of the fault (Figure 2). Owing to its forma-
tion in the upward-dipping direction of the structure, tec-
tonic inheritance is particularly prominent in the upper and
lower strata. In the entire block, there is only one minor sec-
ondary fault that warps the stratigraphic pattern to the north.
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It is inclined in the east, west, and south directions. In sum-
mary, it is considered that the overall structure of the XA
fracture remains relatively intact.

2.2. Lithological Feature. The lithology of the XA block reser-
voir is mainly light gray fine sandstone. Currently, three cor-
ing wells are present on the block: GC, XD, and XE wells.
After the analysis of their core data, it is concluded that the
lithology of the XA block is mainly a clastic felsic fine sand-
stone, with a large proportion of quartz content in the clasts.
Quartz content is 46-56%. Feldspar content is the next, 27-
32%, while the rock chip content is only 14-21%. The main
component of rock chip composition is made of acidic,
medium-basic ejecta rock chips, and the rest is mainly made
of sedimentary rock chips. The degree of particle weathering
is moderate with a predominantly subridge-subround shape,
and the degree of sorting is in a moderate-to-good state,
making the pattern of point-line contact particularly promi-
nent between particles. The block has two main forms of
pores, namely, intersolution pores and intergrain pores, with
pore diameters ranging from 0.01 mm to 0.05 mm. Therefore,
it is considered that the pore development in the XA block
fracture is average.

2.3. Sedimentary Feature. The sedimentary environment of
the Sha 3 Member of the XA block is dominated by a deltaic
plain, forming a transition zone between the front of the
braided river deltaic plain and its front edge. The Sha 3 Mem-
ber of the feed system controls the formation of a reservoir in
this section, the most potential member in the study field. In
particular, the Sha 3 Member I oil group is divided into small
layers of four sand groups. The analysis shows that the oil
reservoirs in the Sha 3 Member of the XA block are mainly
distributed in the phase change area of diversion channels,
where the 2nd and 3rd small layers of the sand body with bet-
ter connectivity are mainly diversion channels with more
development in the plane. Those with overall poor connec-
tivity in the plane are the 1st and 4th minor layers, mostly
developed as diverging interchannel bays (Figure 3).

2.4. Reservoir Characteristics. The XA block has three pay
zones, namely, Sha 1 Member, Sha 2 Member, and Sha 3
Member, with an oil-bearing well length of about 180 m.
Among them, the Sha 3 Member accounts for 66.1% of the
total thickness, and it is the main oil-bearing reservoir sys-
tem. The geological reserve of the Sha 3 Member is 615.58
x 10*t, as obtained by volumetric calculation. The oil satura-
tion is 57.9%, and the effective thickness is 6.2 m, as obtained
using the contour area trade-off method. The physical prop-
erties of the whole reservoir in the XA block are poor, with
effective porosity of 17.7% and permeability of 16.9 x 107> u
m? in the eastern part of the block, a medium-low-porosity
hypotonic oil reservoir. The physical properties of the west-
ern reservoir are significantly inferior to those of the eastern
part of the block, with effective porosity of 14.9% and perme-
ability of 8.7 x 107 um?, a medium-low-porosity ultra-low-
permeability oil reservoir (Table 1). The XA block has been
evaluated; for example, some scholars used single parameters
such as sandstone grain size, reservoir physical properties,
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F1GURE 1: The sketch of the identification sweet spot region process in low-permeability reservoirs.
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FIGURE 2: Structural map of the top surface of the Es; oil formation in the XA block.

and reservoir micropore structure to classify and evaluate the
Shahejie Formation reservoir in the XA block [15]. The reser-
voir in this area was classified into four categories, Class I
(rich), Class II (moderate), Class III (poor), and Class IV

(very poor).

2.5. Development Status. So far, a total of 163 oil and water
wells are present in the XA block: 115 of them are producing
wells, and 48 of them are injection wells with a well network
density of 7.2 wells/km?® By December 2019, 44 injection
wells were open with a daily injection of 975.29m’ and a
cumulative total of 409.03 x 10* m? of water, and 110 oil pro-
duction wells were open with a verified daily production of
1025t of fluid. The daily oil production was 240.2 t. The com-
bined water content was 76.57%. The cumulative oil produc-
tion was 150.12 x 10*t. The recovery rate was 0.57. The
recovery degree was 9.74%, and the nominal recovery rate
was 22.27%.

3. Optimization of Reservoir Sweet Spot
Parameters and Indicators

3.1. Optimal Reservoir Parameters. A principle of selecting
the parameters of reservoir sweet spots was established. The
parameters should be representative, integral, and relatively
independent from one another, and they should be consistent
with the actual geological characteristics to ensure the reliabil-
ity of the data source. Thus, five categorical evaluation param-
eters were used as a reference for reservoir storage and
percolation capability, and the selected parameters are effec-
tive reservoir thickness, number of reservoir layers, effective
porosity, permeability, and oil saturation.

(1) The effective thickness of the reservoir (h) is an impor-
tant parameter for reservoir evaluation and reserve cal-
culation. This is the thickness of that part of the
reservoir with industrial oil production capacity. When
delineating the effective thickness of reservoir layers, it
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TasLE 1: Core analysis data statistics of Es, in the XA fault.

Well area Well name Well interval (m) Horizon Porosity (%) Effective permeability (10’3ym2)
Xiliu 109 3128.70-31454.80 Es, 17.7 16.9
Eastern well area Statistics of porosity and permeability data in the 177 169
eastern well area ’ ’
Xiliu 10-142 3025.95-3042.03 Es, 14.7 6.2
Xiliu 10-117 3095.80-3112.00 Es; 15.9 7.7
Western well area Gao 43 3092.55-3100.38 Es, 14.2 12.2
Statistics of porosity and permeability data in the 14.9 8.7
western well area ’ ’
Statistical average of porosity and permeability data in the XA fault 15.6 10.7
is necessary to combine the lower physical and electri-  the reservoir can produce industrial hydrocarbons. The core,
cal criteria of the effective thickness of reservoir layers.  oil test, and well log data were considered together. The lower
The parameters of the lower limit of the effective thick- limits for the effective thickness physical properties of the
ness should be determined Comprehensively [16] reservoir in the Sha 3 Member I oil group of the XA block

were determined as follows: average effective porosity of
The physical lower limit of the effective thickness of the ~ 15.6% and average air permeability of 10.7 x 10~ ym?. The
reservoir is the minimum porosity and permeability at which ~ lower limit of the reservoir effective thickness electrical
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F1GURE 4: Model of reservoir distribution effects on reserves.

criterion was mainly determined from the logging data.
Among the many logging curves, the deep lateral apparent
resistivity, sensitive lithology density, and acoustic time differ-
ence curves can better identify the oil content of the reservoir.
Those are selected as the parameter curves to study the electri-
cal properties of the effective thickness of the reservoir. The
lower limits of the effective thickness electrical criteria were
confirmed as follows: an oil-bearing sandstone layer compen-
sation density of 2.38 g/cm’, a deep lateral apparent resistivity
of 14Qm, and an acoustic time difference of 250 ys/m.

Considering the relationship between effective thickness
(H) and reservoir abundance as determined in reservoir
reserve calculations, when the two are not that different from
each other, the style of reservoir distribution will be different,
and the cumulative oil production will vary considerably
from well to well. The effective reservoir is presented under-
ground as a three-dimensional geological body with a certain
aspect ratio and width-to-thickness ratio [17, 18]. If the
thickness of a single layer is larger, the continuity and con-
nectivity between the reservoirs may be better, and the corre-
sponding extensional scale of the reservoir, represented as a
high-quality reservoir in the plane, may be larger. If the
thickness of a certain thin sand body is k, then a thin sand
body volume (7rr,r,h) exists that is one-eighth the volume
of a thick sand body (87r,r,h) (Figure 4). If we drilled two
wells, one well (well A) with one thick formation and the
other well (well B) with two thin formations (Figure 4), and
the effective thickness of each well is cumulatively 2 h, then
the extension of the reservoir controlled by well B is one-
fourth of that by well A. Therefore, reservoirs with monosand
bodies greater than 4 m in the block are designated as thick
sand bodies, while effective monosand bodies less than 4m
are prevalent in about 80% of the block. This makes the aver-
age thickness of a thick sand body (5.58 m) 2.27 times thicker
than the average thickness of a thin sand body (2.46 m).
Then, a case exists where the thickness is cumulatively the
same, and the extension area of a thick sand body on the
plane is about 5.2 times that of a thin sand body [19].

(2) The number of reservoir layers (1) refers to the num-
ber of oil sand layers in a formation. In this study, the
completeness and reliability of information are used
as the first consideration in determining the number
of effective thickness layers of the reservoir, but for
those sections with the core effective thickness, the

core effective thickness is preferred. There is also a
case where the core effective thickness of the interval
does not exist, and the logging effective thickness is
used as a choice. However, in the actual selection of
the number of effective thickness layers of the reser-
voir, phase transitions occur in the plane, resulting
in unconnected oil sand layers within the same layer.
Therefore, the number of reservoir oil sand layers
encountered in a single well drilling is used in this
study to represent them

@3

~

Effective porosity (¢) is generally obtained by testing
the core in the laboratory using the standard reser-
voir physical property. Effective porosity is usually
defined as the volume of connected pores in the rock
as a percentage of the total volume of the rock. This is
considered an important indicator for the evaluation
of oil and gas reservoirs. In general, the relationship
between porosity ¢ and acoustic time difference At
is considered linear; there is some variation in poros-
ity from reservoir to reservoir, also contributing to
the heterogeneity between the layers to some extent

(4) Oil saturation (S,) is an important parameter used to
calculate the geological reserve of an oil reservoir. It
not only characterizes the oil content of the reservoir
but also reflects the oil grade of the reservoir under
different lithology and physical properties. It is gen-
erally accepted that the higher the oil-bearing grade,
the better the physical properties, and the coarser
the lithological grains

(5

~

Permeability (k) is generally considered to be its abil-
ity to allow fluids to pass through a reservoir at a
given differential pressure. It is considered to be one
of the parameters with the most comprehensive
nature in terms of reservoir physical property. It is
not only used as an important parameter when eval-
uating reservoir properties but also, to some extent,
used as an important parameter for evaluating pro-
duction capacity. Hence, when the permeability con-
trast between reservoirs is strong, it also indicates
interlayer heterogeneity between the reservoirs, and
if it exceeds three times, it may cause interlayer inter-
ference between the reservoirs

3.2. Optimization of Reservoir Sweet Spot Indicators. Unlike
the previous evaluation parameters only, based on different
combinations of the five key parameters of reservoir evalua-
tion that were selected preferably, three sweet spot evaluation
indicators for low-permeability multioil reservoirs, reservoir
stratification coeflicient, energy storage coefficient, and strat-
igraphic coeflicient, are proposed. It avoids the inability of a
single factor within the same reservoir to characterize the res-
ervoir’s oil storage capacity and can effectively guide
production.

(1) The reservoir stratification factor (h/H = n) is the
ratio of the effective sand thickness coefficient (h/H)
of a well-drilled reservoir to encounter a reservoir



within a reservoir to the number of layers (1) of oil
sands within that reservoir drilled to encounter that
reservoir. The greater the reservoir stratification coef-
ficient, the greater the reservoir thickness, and the
better the sand body connectivity may be. This indi-
cates a better continuity of the plane, and the corre-
sponding quality sand body extension in the plane
will be larger. In contrast, the smaller the reservoir
stratification coeflicient, the stronger the heterogene-
ity of the reservoir plane, and the unconnectivity of
the sand body occurs between wells in the same layer
section. This is generally considered a higher degree
of superposition of the sand body in the reservoir,
usually multilayered, multilateral, or isolated

(2) The storage coefficient (¢p * h * S,) is the multiplica-
tion of the average porosity of a reservoir (¢) with the
effective thickness of the reservoir (k) and oil satura-
tion (S,) of the section. The energy storage coeflicient
reflects the amount of oil that can be stored in the res-
ervoir of the section [20]. The larger the energy stor-
age coeflicient, the more oil can be stored. Besides, in
the study of middle- and low-permeability sandstone
reservoirs, the size of the energy storage coeflicient
can be used to evaluate the quality of middle- and
low-permeability sandstone reservoirs. The larger
the energy storage coeflicient, the better the reservoir

(3) The stratigraphic coefficient (k * h) is the product of
reservoir permeability (k) and reservoir thickness (k).
This has a strong correlation with reservoir physical
parameters. The relationship between stratigraphic
coeflicients and production capacity can be analyzed
to some extent from the reservoir percolation capacity
[21, 22]. When the stratigraphic coeflicient is larger,
the reservoir material is better, and the percolation
capacity is also stronger. Therefore, it is believed that
the production capacity is affected to some extent,
and the reason is related to the stratigraphic coeffi-
cient, a reservoir material parameter

4. Preferred Method for Selection of Reservoir
Sweet Spots

The reservoir classification is conducted using the weighting
analysis method. This concentrates all the relevant informa-
tion about the original variables of the study object and then
determines the weights of different factors and the corre-
sponding evaluation criteria. Some scholars have been using
this method to evaluate the reservoir in the study area
Zhongqui 58, mainly applied to the carbonaceous volcanic
reservoir, and established evaluation criteria in the study area
[23, 24]. The reservoir sweet spots were evaluated as follows.
The parameters of evaluation indicators were first defined,
and then the evaluation indicators were standardized by
assigning a certain weighting factor to each of the established
evaluation indicators. On this basis, the following two aspects
were carried out: one is the calculation for the reservoir com-
prehensive evaluation coeflicient; the other is the classifica-
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tion for the reservoir type. Finally, the evaluation results of
reservoir sweet spot classification can be successfully applied
in the target area.

The set of factors established can be recorded as follows:

U= {uy thyyr sty ) (1)

where u,, u,, -+, u,, are evaluation factors.

In this study, according to the principle of sweet spot
preferences, a comprehensive set of evaluation indexes, rela-
tively clear and widely available, was set as follows based on
the actual study area: reservoir stratification coefficient,
energy storage coefficient, and stratigraphic coefficient. The
set of factors established accordingly is recorded as follows:

lJ:{}/”¢m&VKm}. 2)

>
X 1

A comment set is considered an evaluation level criterion
and also feedback to the sample set to be evaluated through
its resulting descriptions and judgments. A rating set can
not only be a set of qualitative descriptions such as Class I,
Class II, and Class III but also be considered a set of quanti-
tative values such as 0.2, 0.4, and 0.6. Usually, the evaluation
ratings are divided into 2-6, which can be labeled as follows:

V={vivpv s (3)

where v, v,, -+, v, are rating levels.

Based on the general habit of reservoir classification,
combined with the development and index characteristics
of the reservoir in the Sha 3 Member I oil group of the XA
block in the study area, the comments were classified into
three levels, and a set of comments was created as follows:

V= {L I 1II}. (4)

The weight set refers to the interrelationship between the
evaluation factors; i.e., the importance of each parameter has
a certain degree of influence on the overall characteristics of
the reservoir. According to past experience and studies, many
methods are available to determine the weight. However, in
general, the methods can be divided into two categories:
one is the subjective assignment method, and the other is
the objective assignment method. Commonly used methods
include hierarchical analysis, principal component analysis,
entropy weighting, and feature vector methods. Among
them, the entropy weighting method first takes the entropy
information as the primary basis and then determines the
weight score according to the difference of indicators [23,
25]. It is relatively objective, which to some extent makes it
possible to avoid the uncertainty of judgment caused by
human factors.

The final set of weights established can be denoted as fol-
lows:

A={ayan-a,), (5)

where ay, a,, -, a,, are weights.
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TasBLE 2: Classification criteria for reservoir “ sweet spot” indicators.

Reservoir classification

Reservoir stratification factor Energy storage coeflicient

Stratigraphic coefficient

(h/H = n) (phS,/m) (kh/mD-m)
Class I >0.63 >1.16 >181
Class II 0.51 <h/H * n<0.62 0.75 < phS, < 1.15 86 < kh <180
Class IIT <0.50 <0.74 <85

TaBLE 3: Comprehensive classification evaluation criteria.

Reservoir stratification factor

Energy storage coefficient

Stratigraphic coefficient

Class I Class IT Class IIT
Class I Class I Class I Class II Class I
Class 1T Class I Class IT Class IIT Class II
Class IIT Class 1T Class III Class IIT Class IIT

In this study, the entropy weighting method is preferred
in determining the weight scores of different evaluation indi-
cators. Generally, if more information is available, the greater
the variation of established indicators, and the greater the
importance of indicators in the comprehensive evaluation.
Thus, the sample data obtained from 134 wells in the study
area were substituted into Equations (A.1)-(A.3) (see the
appendix) to establish the weight scores among the indicators
of the factor set.

Establish weight sets for

A=1{0.20,0.45,0.35}. (6)

The score ranking of all reservoir sweet spots was tar-
geted for evaluation considering the attributes and relative
importance of each “sweet spot” indicator. The risk to the
development of low-permeability multiple reservoirs lies in
the uncertainty as to the weight of indicators of reservoir
sweet spots. To some extent, this reflects the failure rate of
upcoming projects or studies. The overall score for the sweet
spots of the ith reservoir can be evaluated considering the
weighting factor as follows:

h
P;=< x:n> *a;+ (¢ *h;xS,) *a,+ (K=*h;) *a;. (7)

5. Application and Discussion

5.1. Division of Oil Groups. The main destination level of the
XA block is the Sha 3 Member. According to the stratigraphic
comparison, Es; can be divided into two oil groups: Es; I and
Es, II. In the four small layers of the sand group in the Es; I
oil group, the 1st small layer is relatively developed in the axis
of the block, and the sand body is thinned from east to west
until the tip is extinguished. The 2nd and 3rd small layers
are the main production layer of the block with good connec-
tivity and relatively good reservoir material, and the average
effective thickness is 10 m. The 1st and 4th small layers are
relatively poorly developed, and the average effective thick-
ness of the 4th small layer is 6 m.

5.2. Evaluation of Reservoir Sweet Spot Classification. The res-
ervoir in the Shahejie Formation in the XA block belongs to
the medium-low-porosity and low-extra-low-permeability
reservoirs. In this reservoir evaluation classification, three
key evaluation indicators were selected to help in the evalua-
tion of reservoirs: “reservoir stratification coefficient,”
“energy storage coefficient,” and “stratigraphic coefficient.”
The single-factor classification criteria for Class I, Class II,
and Class III reservoirs were established for each of the three
indices based on the actual conditions of the XA block reser-
voir and production (Table 2).

To perform a comprehensive evaluation of reservoir
sweet spots, three evaluation indicators were integrated. In
the evaluation, it is necessary to provide a comprehensive res-
ervoir evaluation classification based on the weights of three
coefficients. However, considering the practicality of the
field, the integration method as shown in Table 3 was used.
Using this method, Class I, Class II, and Class III reservoirs
can be easily and quickly identified.

Based on the above criteria, the sweet spots of Class I,
Class II, and Class III reservoirs were identified in the XA
block. The physical properties of reservoirs in different layers
and areas show obvious differences. Most of the sweet spots
with better physical properties are located in the Class I and
Class II reservoir areas, while the Class III reservoir area is
the distribution area of sweet spots of low-abundance
reservoirs.

5.3. Analysis of the Evaluation Effect of Reservoir
Classification. By applying the above reservoir sweet spot
comprehensive evaluation classification results, combined
with the completed drilling and test wells, test production,
and production dynamics of the XA block, the effective thick-
ness reservoir delineation zones of Class I, Class II, and Class
III in the Sha 3 Member I oil group of the block are given. The
effective thickness of Class I, Class II, and Class III reserves in
the Sha 3 Member I oil group of the block is given, and the
production dynamics are superimposed on the map
(Figure 5).

There are 51 wells in the XA block testing oil in the Sha 3
Member oil formation. Among them, 24 wells are
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F1GURE 5: Overlapping map of the effective thickness and production dynamics of the Es, I oil group in the XA fault block.

conventional wells with an average daily oil production of
0.9t/d and average daily water production of 1.5m>/d; 43
wells are fracture testing oil with an average daily oil produc-
tion of 8.4 t/d and average daily water production of 8.8 m*/d.
Seven of the wells showed low production with an average
daily oil production of 1.5t/d and average daily water pro-
duction of 12.6m’/d; most of the wells are located in the
Class III area of the target block with an initial average daily
production of 8.2t/d, a current average daily production of
1.6t/d, and an average cumulative production of 283.7t.
The average daily oil production of the 34 wells in Class I
of the main part of the block is 10.2t/d. Only three of the
12 wells in the producing Sha 3 Member have good produc-
tion condition, concentrated in the Class I area near the main
part of the old block with an initial average daily oil produc-
tion of 15.6t/d. At present, the average daily production is
9.2t/d, and the average cumulative production is 8830t.
The remaining nine wells are located in the Class II area in
a section of the district with an initial average daily produc-
tion of 4.2t/d, a current average daily production of 1.8t/d,
and an average cumulative production of 990t. The results
show that the evaluation criteria are closely related to devel-
opment and production and reflect certain actual production
characteristics.

In summary, most of the good physical properties and
production dynamics are sweet spots of Class I and Class II
reservoirs, while the sweet spots of Class III reservoirs are
low-abundance reservoir distribution areas. It is important
to note that the low-abundance reservoir sweet spot zone
does not represent a reservoir, which is still considered to
exist within the sand distribution, although the reservoir
has relatively poor physical properties.

6. Summary and Conclusions

This work studies the classification and evaluation methods of
geological sweets for low-permeability multilayered reservoirs.
Considering the characteristics of low-permeability oil reser-
voirs, three evaluation indicators are proposed, and hence,
the evaluation indicators were standardized by assigning a cer-
tain weighting factor to each of the established evaluation indi-
cators to calculate the comprehensive evaluation coefficient of
the reservoir. Finally, the evaluation results of reservoir sweet
spot classification can be successfully applied in the target area.
The main conclusions are summarized as follows:

(i) The reservoir stratification coeflicient, energy stor-
age coefficient, and stratigraphic coeflicient are pro-
posed to describe sweet spots. Based on different
combinations of preferred evaluation parameters,
incorporate a weighting analysis to provide quanti-
tative criteria. The reservoir stratification coeflicient
characterizes the scale of extension, continuity, and
connectivity of reservoirs in the plane, proposed on
the basis of the lower limit of the effective thickness
of the reservoir. The division of the effective thick-
ness of the reservoir and the number of layers is
especially considered in this study

(ii) A case study of the Sha 3 Member I oil group in the
XA block considered the reservoirs and production.
Most of the XA block are sweet spots of Class I and
Class II reservoirs, while Class III reservoirs are
low-abundance reservoir distribution areas. There-
fore, this study has certain guidance and reference
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significance for the classification and evaluation of
similar low-permeability multioil reservoirs

(iii) The advantage of this work is that based on the dif-
ferent combinations of five key reservoir evaluation
parameters that have been selected, a classification
method for reservoir evaluation has been established
through principal factor analysis and weighting
analysis. The area for improvement is the lack of
consideration of engineering factors such as pressure
and fluid properties

Appendix

The formula for the entropy weighting method can be
expressed as follows:

p, - Xki i=1.2. o n:k=1.2. .- K
ki = =R s 1=1,2, yN; K=1, 2, > I\ (Al)
ko1 Xk
1 K
—__Kg Py In Py), (A2)
1-E,
a=—— "' (A.3)
" YL(-E)

where k is the number of evaluation sample objects; X, is the
sample data for indicator i of kth evaluation object; Py, is the
proportion of data obtained from the kth evaluation sample
for indicator #; E; is the information entropy of indicator i,
dimensionless; a; is the weight of indicator 7, dimensionless.

Nomenclature

h:  Effective thickness of the reservoir
H: Thickness of the reservoir

n:  Number of reservoir layers

¢: Effective porosity

S,: Oil saturation

k:  Permeability.
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