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After the oilfield development enters the medium and high water cut stage, the fine three-dimensional description of the single
sand body, the distribution rules of the remaining oil, and its main controlling factors have become the focus of research. The
premise is to understand the original oil and water distribution characteristics and the important influencing factors of the
reservoir. Taking the Yan 93

2 reservoir of Y oil area in Dingbian as an example, combined with the meandering river
sedimentary model, this paper uses dense well pattern logging data to dissect single sand body on the foundation of the core
and logging results. The conclusion shows that, first, Yan 93

2 layer is divided into two stages: Yan 93
2-1 and Yan 93

2-2, which
constitute four single sand body superposition configuration modes, namely, type I, type II, type I & II, and type I/II.
Second, type I & II is mainly developed in the sand body of the main channel. In the west of the main channel sand body,
type I, type II, and type I/II are developed. Only type II is developed in the east of the main channel sand body. Thirdly,
sedimentary microfacies, sand body thickness, sand body configuration, and structural characteristics are the key factors
influencing the oil-water distribution law of the Yan 93

2 reservoir.

1. Introduction

At present, the single sand body is the smallest unit to study
the sedimentary layer. Its main characteristics are that the
sand body is continuous, and mudstone or impermeable
layer is developed on both the upper and lower parts of
the sand body. Although some single sand bodies are con-
nected with adjacent layers due to no interlayer, their inter-
nal fluid still constitutes an independent reservoir [1–10].
The chief geological factors affecting the distribution of
remaining oil include sedimentary microfacies and the con-

figuration relationship of the single sand body, reservoir
lithology, physical properties, and heterogeneous character-
istics. In essence, the subdivided small layer is still the com-
bination of single sand bodies of different sedimentary
origins, and the fine description of the small layer reservoir
could not meet the production demand. Therefore, the
three-dimensional spatial distribution and connectivity of
the single sand body have become the focus of studying
the law of oil-water distribution [11–21]. This study starts
with the division of the single sand body, reunderstands
the internal structure of the sand body, discusses the internal
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configuration of multistage superimposed single sand body
of distributary channel under the control of the meandering
river and its control over oil-water distribution, analyzes its
main control factors, and analyzes the original oil-water dis-
tribution characteristics from the perspective of geological
factors, so as to lay a foundation for the production of old
oil fields.

2. Geological Background

The Y oil area of Dingbian is located in the west of the
Northern Shaanxi slope near the Tianhuan depression
(Figure 1). It has been put into development since August
2007. Three sets of main oil-producing layers have been
developed in the study area, which is a typical multilayer
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Figure 1: Geographic location map of Dingbian Y oil field in Ordos Basin.
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reservoir. Yan 93
2 is one of the main oil-producing layers.

The Yan 93
2 oil layer in this area belongs to meandering

river deposition with good sand body continuity. More than
ten years of development practice show that the oil-water
relationship is controlled by both structure and lithology.
The lithology of Yan 93

2 members is mainly lithic feldspathic
sandstone and feldspathic sandstone (Figure 2). The pore
type is mainly intergranular pore. The clastic components
are mainly quartz, feldspar, eruptive rock, cryptocrystalline
rock, schist, and phyllite (Figure 3(a)). The interstitial mate-
rials are mainly kaolinite, illite, and carbonate (calcite, dolo-
mite, and iron-bearing dolomite) (Figures 4 and 3(b)). The
porosity is 13.5%(Figure 5(a)). The permeability is 18:3 ×
10−3 μm2 (Figure 5(b)).

3. Methods

3.1. Identification of Sedimentary Interface of the Single
Sand Body. Experts divide the strata of different grades
according to the sedimentary interface. Using the logging
data and the theory of continental reservoir hierarchy divi-
sion, the hierarchy subdivision is carried out from the per-
spective of sedimentary genesis. In this study, referring to
the classification system of the fluvial reservoir configuration
interface proposed by Miall and Congjun et al. [22, 23], the
Yan 9 oil formation is divided into four levels (Table 1). This
study focuses on the level 1 and level 2 reservoir configura-
tion units.

Level 2 sedimentary interface is a mainly argillaceous
barrier, mainly a set of argillaceous barriers including mud-
stone and argillaceous siltstone deposited on the upper part

due to the weakening of hydrodynamic force. Level 1 sedi-
mentary interface usually refers to the argillaceous interlayer,
calcareous interlayer, and physical interlayer. Argillaceous
intercalation is developed in this study area, and calcareous
intercalation and physical intercalation are rare (Figure 6).

The argillaceous intercalation reflects that there is a sed-
imentary discontinuity between sand bodies, which is the
most important and common sign for vertical identification.
The response characteristics of logging curves are high GR,
low AC, and low ILM. Figure 7 shows the logging curve
which shows that the curve at 1844.8m returns obviously,
which is determined as an argillaceous interlayer. According
to this interlayer, the layer can be divided into two single
sand bodies.

3.2. Identification of Configuration Units of Single Sand
Body. The single sand body configuration unit of the Yan
93

2 layer is mainly the sedimentary unit defined by the inter-
face of level 1 and level 2.

First, the Yan 93 layer is subdivided into Yan 93
1 and Yan

93
2 according to the deposition interface of level 2. Accord-

ing to the core observation, logging facies calibration, and
well-connected facies correlation, the Yan 93

2 layer has iden-
tified three sedimentary microfacies: meandering river sub-
facies and main channel, channel flank, and interchannel
bay (Table 2). With the change of hydrodynamic conditions
and paleoclimate, the river channel of Yan 93

2 oil layer
moves and swings frequently, and the river channel sand
bodies are partially cut and superimposed to form relatively
continuous composite river channel sand bodies.

Second, the Yan 93
2 is subdivided into Yan 93

2-1 (phase
I) and Yan 93

2-2 (phase II) layers according to the sedimen-
tary interface of level 1. Due to the development of the argil-
laceous barrier between sedimentary microphases, there is
basically no oil-water exchange between the upper and lower
layers after reservoir formation. Oil-water exchange gener-
ally occurs in the sand body of sedimentary microfacies,
because the argillaceous interlayer can only partially hinder
the oil-gas migration of sand body in sedimentary microfa-
cies. Therefore, sedimentary microfacies are the basic unit
for analyzing the law of oil-water distribution.

3.3. Determination of Channel Boundary of Single Sand
Body. The river channel boundary of the single sand body
is mainly identified by the following four characteristics.

3.3.1. Change of Lithology. Interchannel mudstone is an
obvious sign to identify the boundary of channel sand bodies
at different positions on the plane, especially in the pinch-
out reservoir on the side edge. It is mainly because the
hydrodynamic force of the same period becomes weak, the
sediments are gradually unloaded, and the fine-grained
argillaceous sediments are deposited on the upper part in
the same period. Laterally, there are many single channels
in the same small layer, and fine-grained argillaceous sedi-
ments will be developed in the middle (Figure 8).

3.3.2. Change of Logging Curve Shape. For sand bodies of dif-
ferent sedimentary origins, due to the change of lithology
and particle size, they vertically reflect the combination of
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Figure 2: Rock type diagram of the Yan 93
2 layer.
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different lithology and particle sequences. Therefore, accord-
ing to the difference of logging curve shape, single sand bod-
ies of different periods can be judged (Figure 9).

3.3.3. Variation of the Transverse Thickness of the Sand Body.
The thinning and thickening of the channel sand body gen-
erally indicate the beginning of another phase of the chan-
nel, rather than the continuation of the previous phase of
the channel. The thickness of the sand body from the main
channel (D4420-1, D4420-2) to the channel flank (D 4401-
2 and DZ4438-3) becomes thinner (Figure 10).

3.3.4. Change of Sand Body Height. Affected by the difference
of river diversion or abandonment time, the top position of
sand body deposited on the bank of distributary channel in
different stages changes, which can be used as a boundary
mark (Figure 11).

3.4. Model of Single Sand Body Configuration. According to
the depiction results of the single sand body in the plane

and section in the study area and the research results of
the configuration combination mode of the single sand
body, the vertical and lateral superposition modes of the sin-
gle sand body are anatomized by using the data of single well
points and connected well sections, and then, the configura-
tion mode of the single sand body is established [24–26].

3.4.1. Vertical Superposition Model of Multistage Sand Bodies

(1) Isolated Type of One-Stage Sand Body. Only the upper or
lower single sand body is deposited, which is separated by an
argillaceous interlayer, and there is no connection vertically,
i.e., type I (Yan 93

2-1) and type II (Yan 93
2-2), as shown in

Figures 12(a) and 12(b). It is mainly caused by the migration
and swing of the channel, and the sedimentary center
changes.

(2) Vertical Shear Superposition Type of Two-Stage Sand
Body. The shear superimposed pattern refers to that when
the hydrodynamic force of the river increases, the cutting
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capacity of the river channel becomes stronger, showing a
part of the incomplete sedimentary rhythm. The formation
conditions of this type of superposition style are generally
shallow water bodies and strong ponding power. The com-
posite sand body with different thicknesses can be super-
imposed after the formation of different sedimentary
cycles, type I & II, as shown in Figure 12(c).

(3) Vertical Separation Type of Two-Stage Sand Body. Vertical
separation type means that the river hydrodynamic force is
weak. After the deposition of the single sand body in the earlier
time, the sand body in the later time does not cut the formed
single sand body, and an obvious argillaceous interlayer was
developed between them, and SP and GR logging curves show
obvious returns, type I/II, as shown in Figure 12(d).
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3.4.2. Lateral Stacking Mode of Multistage Sand Body. The
lateral stacking mode of Yan 93

2 layers is mainly divided into
lateral splicing and lateral separation. Lateral splicing mode
means the connection of two-channel sand bodies in the
same period. They can be identified according to the height
difference and the shape of the logging curve. This kind of
composite sand body has good connectivity in general. Lat-
eral separation mode refers to the sand body mode in which
the two-channel sand bodies are separated by argillaceous

and other impermeable barriers and are not connected with
each other.

4. Results and Discussions

4.1. Plane Distribution Characteristics of Sand Body
Configuration. Based on the identification of the single sand
body sedimentary interface, basic unit division, channel
boundary identification, and vertical and lateral superposition
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Figure 5: The frequency of (a) porosity and (b) permeability of the Yan 93
2 layer.

Table 1: Configuration classification of meandering river facies reservoir in the study area.

Stratum level Interface level Sand body composition unit Sedimentary unit

Y 9 Level 4 — —

Y 91, Y 92, Y 93 Level 3 — Sedimentary facies

Y 93
1, Y 93

2 Level 2 Composite sand body of the main channel The complex of single microphase

Y 93
2-1, Y 93

2-2 Level 1 Single sand body of main channel, river flank, and interchannel bay Single microfacies
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2 layer (D4422).
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pattern identification of configuration, the vertical division
and characteristics of the distribution can be analyzed.

According to the previous analysis, there are four types
of configurations in the Yan 93

2 layer. The distribution fea-
tures of sand body configuration have obvious regularity
(Figure 13). First, the sand body configuration developed

in the center of the main river channel is the two-stage sand
body vertical shear superposition type (type I & II), which is
in the shape of a thick layer superposition, with no return of
SP curve and small return of GR curve, which reflects the
strong hydrodynamic force and is the main place for oil
and gas enrichment.
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Figure 7: Schematic diagram of argillaceous interlayer in the Yan 93
2 layer (D4421-2).

Table 2: Classification of sedimentary microfacies and its logging response of the Yan 93
2 layer.

Sedimentary subfacies Sedimentary microfacies Response characteristics of logging curve

Meandering river

Main channel Medium and high amplitude box shape and a toothed box shape

River flank Low amplitude anomaly of microgeneration

Interchannel bay Mudstone baseline
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Second, the edge of type I & II sand body configuration is
a two-stage sand body separation type (type I/II), which
belongs to the river flank microfacies and has a small devel-
opment scale. The main channel has a large thickness and a
wide range. The sand body thickness on the side of the chan-
nel changes rapidly and pinches out quickly, reflecting the

large sedimentary slope angle. The mudstone interlayer
developed between the two sets of sand bodies has an obvious
return of SP and GR curves. Third, at the edge of the two-
stage cutting and stacking type and separation type, only a
one-stage single sand body configuration is developed, i.e.,
type I or type II, and the sandstone thickness is small.
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Figure 12: Configuration mode of single sand body superposition in Yan 93
2.
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4.2. Analysis of Principal Controlling Factors of Oil-Water
Distribution. According to the secondary interpretation con-
clusion of the oil layer and the initial production data, the
original oil saturation distribution map of Yan 93

2-1 and

Yan 93
2-2 is drawn, and sand body configuration and sand-

stone thickness, the key factors of oil-water distribution
law, are analyzed to provide a basis for the prediction of
residual oil distribution law [27–31].

Figure 13: Plane distribution of sand body configuration of the Yan 93
2 layer.
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4.2.1. Sedimentary Microfacies Control the Oil-Water
Distribution. The Yan 93

2 belongs to meandering river sub-
facies, and the sedimentary microfacies are mainly river
channels, river flanks, and interchannel bays.

The sand body in the main channel has a large thickness,
high initial yield, and low water content; The sand body on
the side of the river has a thin thickness, poor physical prop-
erties, high shale content, low initial production, high water
content, and low oil saturation. Sedimentary microfacies
affect the original oil-water distribution (Figure 14).

4.2.2. Sand Body Configuration Affects Oil-Water
Distribution. The most developed sand body configuration
of Yan 93

2 is type I & II (18 wells), followed by type II (8
wells), type I/II (2 wells), and type I (1 well).

The sand body configuration from good to poor in aver-
age initial oil production is type I & II, type I, type II, and
type I/II. The sand body configurations with initial water
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Figure 16: Comparison of sand thickness of different sand body
configurations.
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content from low to high are type I & II, type II, type I, and
type I/II (Figure 15).

The original oil-water distribution laws of different types
of sand body configurations are obviously different. The pro-

duction characteristics of type I & II sand body configuration
are as follows: firstly, the initial production is relatively
higher and the water cut is lower. Most oil wells are basically
pure oil layers. Secondly, the production characteristics of

Figure 17: Superposition diagram of oil saturation and structure of Yan 93
2-1.
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type II sand body configuration are that the water saturation
increases obviously, the initial liquid production is high, and
the oil production is low.

In conclusion, sandstone thickness and sand body con-
figuration are one of the key control factors affecting oil-
water distribution (Figure 16).

4.2.3. Structure Affects Oil-Water Distribution. The Yan 93
2

oil layer has relatively good physical properties. Affected by
the structure, the oil-water differentiation is obvious. In par-
ticular, pure oil layers are developed in areas with a good
matching between sandstone thickness and high structure,
and the initial water cut is less than 10% (Figures 17 and 18).

Figure 18: Superposition diagram of oil saturation and structure of Yan 93
2-2.
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It can be seen from the plane distribution of sand body
shape and oil saturation distribution that the sand body
thickness at the overlapping position of the two phases of
sand bodies is large, and the initial production is pure oil.
For the oil layer with only one-stage single sand body devel-
oped, and because the structural position of the Yan 93

2-1

layer is relatively higher than that of the Yan 93
2-2 layer,

the initial water content of the Yan 93
2-2 layer is higher than

that of the Yan 93
2-1 layer.

5. Conclusions

(1) The Yan 93
2 layer of Y oil area in Dingbian is a

meandering river deposit, which is a structural litho-
logic oil reservoir. The lithology is lithic arkose and
arkose, and the interstitial materials are mainly kao-
linite, illite, and carbonate

(2) The level 2 sedimentary interface of the Yan 93
2 oil

layer is mainly an argillaceous interlayer, and the
level 1 sedimentary interface is an argillaceous inter-
layer. The configuration units of the single sand body
are Yan 93

2-1 (phase I) and Yan 93
2-2 (phase II). The

vertical configuration modes include the isolated
type of one-stage sand body, vertical separation type
of two-stage sand body, and vertical shear superposi-
tion type of two-stage sand body

(3) The distribution of the Yan 93
2 reservoir configura-

tion on the plane has obvious regularity. The princi-
pal factors of oil-water distribution include
sedimentary microfacies, sand body thickness, sand-
stone configuration, and structural characteristics
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