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In the development of multi-layer co-production heterogeneous reservoirs,
problems such as serious inter-layer heterogeneity and interference always
exist, resulting in an unclear understanding of inter-layer production. A clear
understanding of the interference mechanism and influence of main controlling
factors of multi-layer heterogeneous reservoirs on the production of small
layers is the key to the effective development of the reservoirs. On the basis of
clarifying the main controlling factors affecting the production of multi-layer
heterogeneous reservoirs, this paper developed a multi-pipe parallel
displacement experiment system to carry out indoor heterogeneous
reservoir multi-layer water injection flooding experiments. Combined with
dynamic and static parameters, the experiments simulated and evaluated the
effects of factors such as permeability ratio, water cut, shutting down high
permeability layers, production pressure difference, and change in crude oil
viscosity in high permeability layers. The primary objective of this work is to
reveal the mechanism of small-layer interference under different conditions,
and clarify the influence of main control factors on the production of small-
layer. The results show that the smaller the permeability ratio is, the weaker the
difference in physical properties among layers along the vertical directionis. The
reduction in the difference in seepage resistance decreases the dynamic
interference among layers. The reduction in the water ratio among layers
and shutting down high permeability layers can reduce the interlayer
interference effectively. Increasing production pressure difference effectively
improves the oil displacement efficiency of reservoirs with poor physical
properties. A lower fluidity in the high permeability layers can effectively
improve the oil displacement efficiency of other layers.

KEYWORDS

multi-layer co-production heterogeneous reservoirs, interference mechanism,
multi-pipe parallel displacement experiment system, water injection flooding
experiments, oil displacement efficiency
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1 Introduction

In a heterogeneous reservoir with multiple layers producing
oil, due to the vertical heterogeneity among layers, the interlayer
and intralayer contradictions in the production process cannot
be ignored. The interference phenomenon is serious, which leads
to high production in the high-permeability layer(s), early water
breakthrough time and high oil recovery (Huang et al., 2015; Liu
et al, 2017; Xu et al, 2018; Renan et al, 2019). The low-
permeability layers are inhibited by the high-permeability
layers, leading to low oil production, late water breakthrough,
which ultimately affects the total oil recovery (Cui and Zhao,
2010; Liu et al., 2019).

The research on the influence law of production of small-
layers in multi-layer producing reservoirs mainly focuses on the
interlayer interference mechanism and the establishment of
small-layer production splitting models (Liu et al., 2012; Jiang
etal., 2016; Zhao et al.,, 2016). The known interlayer interference
mechanism is that, the greater the permeability ratio is, the
greater the mutual influence among various flow units is, and
the greater the oil displacement efficiency difference (Xu et al.,
2019; Xu et al,, 2020) is. When the permeability ratio exceeds a
certain limit, production of the low-permeability layers is
extensively reduced (Rahman and Mattar, 2007; Shen et al,
2018). Increasing the production pressure difference can
enhance the production capacity of the low-permeability layer,
and also make the small layer with higher starting pressure be
used, thereby reducing the impact of interlayer interference
(Larsen, 1981; Fetkovich et al., 1990). However, the existing
research on the interlayer interference mechanism considers
limited factors, the change of the minimum permeability and
the water content of different layers are not considered. In terms
of small-layer production splitting models: at present, the small-
layer production splitting models mainly include the KH splitting
model, KHK splitting model, KNK splitting model, and dynamic
splitting model, etc. (Kuppe et al., 2000; Hu et al., 2018; Mi et al.,
2019). However, the existing splitting models mainly focus on the
study of the basic physical properties of the reservoir, do not
consider the impact of dynamic factors on the production law of
the small layer. It is difficult to accurately describe the impact of
dynamic factors such as the different water content of each small
layer on their productions.

Generally speaking, the research on the production influence
law of small layers in a multi-layer production reservoir is not
comprehensive. This article focuses on the development of a
multi-layer production reservoir. For the problem of unclear
understanding of the production law, through the development
of a multi-tube displacement system, an indoor multi-layer water
injection displacement experiment was carried out. The
experiment simulated and evaluated the impacts of different
factors on interlayer production, such as permeability ratios,
different water cuts, shutting down high permeability layers, and
changing production pressure and viscosity, etc. The experiment
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is designed to reveal the interference mechanism of the small
layer under different conditions and clarify the law of influence of
main control factors on the production of the small layer. The
research results show that the degree of dynamic interference
among layers decreases as the decreasing permeability ratio
decreases, and increases as the increasing water cut. Shutting
down the high-permeability layer, increasing the production
pressure difference, and increasing the oil viscosity of the
high-permeability layer can reduce vertical production
differences and inter-layer interference. The research results
can provide a more comprehensive understanding of
mechanisms for the effective development of multi-layer

heterogeneous reservoirs.

2 Multi-tube parallel displacement
experiment

Aiming at solving the problems of strong inter-layer
heterogeneity, serious interference, and unclear understanding
in the development of heterogeneous reservoirs, we carried out
multi-layer water flooding experiments to simulate and evaluate
the impact factors on the inter-layer production, such as
permeability ratio, water content, shutting down high-
permeability layers, changing production pressure differences
and fluid viscosity. The experiment was carried out to reveal the
of different

conditions, and clarify the law of influence of main control

mechanism small-layer interference under

factors on the production of small-layer.

2.1 Experimental equipment and
procedures

The multi-pipe parallel displacement experiment equipment
included a high temperature and high-pressure displacement
device, which was mainly composed of a set of parallel sand
filling pipes, a displacement pump, a constant temperature
device, and an intermediate container. The main technical
indicators included a temperature range of 20-200°C, and a
pressure range of 0.1-50 MPa. The experimental process is
shown in Figure 1. The specific experimental process steps are
described as follows:

@ Sand filling. According to the experimental requirements,
select quartz sand of different meshes and fill the sand-
filled tube for use.

@ Cleaning. Clean the filled sand pipe to remove impurities.

® Drying. Use nitrogen to dry the cleaned sand-filled pipe for
later use.

@ Vacuuming. Use a vacuum pump to vacuum the blow-
dried sand-packed pipe to saturate the fluid in the
next step.
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Experimental flow chart.

TABLE 1 Basic parameter table of the sand filling pipe.

Sand 1 2 3
filling

pipe

number

The inside diameter of (mm) 30.9 30.9 30.9
Length (cm) 34.9 34.8 34.8
Sand filling mesh (mesh) 600 500 450
Porosity (%) 295 30.1 324
Permeability (mD) 48 98 146

® Saturating water and measuring porosity. Saturate the
evacuated sand pipe with water, record the volume,
pressure, rate of flow and other data, and calculate the
porosity and permeability of the sand pipe.

® Saturating oil. Use oil to displace water and inject oil into
the sand-packed pipe to establish oil saturation.

@ Waterflooding. Displacing the sand-packing pipe with
water.

Layer measurement. Simulate the production situation of
different layers and split the production.

2.2 Experimental materials

To ensure the comparability in the experimental research, the
experiment used 200-600 mesh quartz sand to fill eight sand-
filling pipes, and then tested them in sequence. The basic
parameters of each sand-filling pipe are shown in Table 1. In
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4 5 6 7 8
30.9 30.8 30.9 30.9 30.8
34.8 35.0 349 349 349
325 450 325 206 206
332 343 38.3 40.2 42.8
265 726 845 1,196 2,412

the experiment, the crude oil used 2# white oil (viscosity 2 mPa-s,
density 800 kg/m?), 54 white oil (viscosity 5mPa-s, density
820 kg/m?), 10# white oil (viscosity 10 mPa-s, density kg/m?);
the injected water is pure water with a density of 1,000 kg/m”.
After each experiment, the sand-filled tube was cleaned, and the
procedures were repeated for the next experiment.

2.3 Experimental plan

In general, a parallel displacement experiment was designed
to analyze the inter-layer interference phenomenon and reveal
the interference mechanism. In the multi-pipe parallel flooding
experiment, four sand-packed pipes were selected each time in
different combinations. The permeability gradually decreased
from the first layer to the fourth layer. The experiment
separately considered the influence of factors such as
permeability ratio, different water-bearing stages, production

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.990554

Deng et al. 10.3389/feart.2022.990554

TABLE 2 Summary of the design of the multi-layer water experiments.

Experiment Permeability ~ Minimum Initial Shutting Production Viscosity Remarks
number ratio permeability water down layers pressure (mPa-s)
(mD) content difference
(MPa)
1 5.5 48 0 — 1 2 Different permeability
ratio
2 15 48 0 — 1 2 Different permeability
ratio
3 25 48 0 — 1 2 Different permeability
ratio
4 50 48 0 — 1 2 Different permeability
ratio
5 8 146 0 — 1 2 Different permeability
ratio
6 5.5 48 40%, 30%, — 1 2 Low water cut stage
20%, 10%
7 5.5 48 60%, 50%, — 1 2 Medium and low
40%, 30% water cut stage
8 5.5 48 80%, 70%, — 1 2 Medium and high
60%, 50% water cut stage
9 5.5 48 95%, 90%, — 1 2 High water cut stage
85%, 80%
10 5.5 48 90%, 60%, — 1 2 Different water-
40%, 20% bearing stages
11 5.5 48 0 1 1 2 Shutting down 1 layer
12 5.5 48 0 1,2 1 2 Shutting down 2 layers
13 55 48 0 1,2,3 1 2 Shutting down 3 layers
14 5.5 48 0 — 2 2 Different pressure
difference
15 5.5 48 0 — 3 2 Different pressure
difference
16 55 48 0 — 4 2 Different pressure
difference
17 5.5 48 0 — 5 2 Different pressure
difference
18 5.5 48 0 — 1 5 The viscosity of the
high permeability
layer is 5 mPas
19 5.5 48 0 — 1 10 The viscosity of the
high permeability
layer is 10 mPa-s
pressure difference, shutting down layers and crude oil viscosity o= Qi 1)
on the interlayer production. The design of experiments was >Qi

divided into five categories and 19 groups of experiments

Table 2).
(Table:2) 2.4.2 Cumulative oil production ratio

The ratio between the displacement amount of each sublayer
to the total displacement amount of all production layers, which

2.4 Evaluation parameters
can be shown as:

2.4.1 Production splitting coefficient _ Vi
fi =100 x — (2)
The ratio of the production of each layer to the sum of the YV,
total production of each layer, which can be shown as: i=1
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TABLE 3 Test combination schemes for different permeability ratios of sand filling pipe.

Scheme Permeability ratio Layer 1
(mD)

1 55 265

2 8 1,196

3 15 726

4 25 1,196

5 50 2412

Where a—Production splitting coefficient, dimensionless;
Q—The production of the i-th layer, m* XQ—The total
production of all layers, m®. V,,—The amount of oil displaced
by the i-th layer, cm’; fi—Portion of cumulative oil production in
i-th layer, %; n—Total floors.

3 Results and discussion
3.1 The influence of permeability ratio

3.1.1 Experimental plan

According to the actual loading situation of a single sand-
filling pipe, and the designing requirements of the overall
experimental plans, pipes with permeability from 48 mD to
2,412 mD were selected, and five groups of test plans with
permeability ratios of 5.5, 8, 15, 25, and 50 were designed
(Table 3). In these tests, the formation pressure was 14 MPa.
The formation temperature was 90°C, and the experimental
pressure difference was 1 MPa. When the water production
rate at the outlet end of the low permeability layer reached
98%, the experiment stopped.

3.1.2 Experimental results and analysis
3.1.2.1 The impact of permeability ratio on the
production of small layers when the minimum value of
permeability is the same

The minimum permeability is 48 mD, and the permeability
ratio is 5.5, 8, 15, 25, 50 respectively. The experiment results show
that:

@® From the perspective of fluid production, the fluid

production of the high-permeability layer is absolutely
the
contribution to fluid production (Table 4; Figure 2).
When 5.5, the high-
permeability layer accounts for more than 48% of the

dominant, reflecting high-permeability layer’s

the permeability ratio is
liquid production, and the low-permeability layer
accounts for less than 7%. As the permeability ratio
increases, the proportion of liquid production in the
high-permeability layer increases, and the proportion
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Layer 2 Layer 3 Layer 4
(mD) (mD) (mD)
146 98 48

845 265 146

265 98 48

845 265 48

1,196 265 48

of liquid production in the low-permeability layer
gradually decreases. When the permeability ratio is 50,
the proportion of liquid production in the high-
permeability layer exceeds 74.32%, and the proportion
of liquid production in the low-permeability layer
is 1.15%.

From the perspective of cumulative oil production, the
cumulative oil production of the high-permeability layer
has an absolute advantage (Table 4; Figure 3). When the
permeability ratio is 5.5, the cumulative oil production of
the high-permeability layer accounts for more than 42%,
and the cumulative oil production of the low permeable
layer accounts for less than 11%. With the increase of the
permeability ratio, the cumulative oil production of the
high-permeability layer also gradually increases, and the
percentage of fluid production in the low-permeability
layer also gradually decreases. When the permeability ratio
is 50, the cumulative oil production of the high-
permeability layer accounts for over 80.93%, and the
cumulative oil production of the low-permeability layer
accounts for 2.47%.

The main reason is that the greater the permeability ratio in
multi-layer production is, the greater the mutual influence
among the flow in each layer is, and the higher the seepage
resistance of the low-permeability layer is, and the lower the oil
production. When the permeability ratio is small, the difference
of physical properties among vertical layers in the flow resistance
is reduced, and the difference in seepage resistance is reduced.
The degree of utilization is more uniform, and the degree of
dynamic interference among layers is reduced.

3.1.2.2 The influence of different minimum permeability
on the production of small layers

The minimum permeability is 48 mD and 146 mD (Table 3),
and the permeability of the other three layers keeps the same
(Schemes 2, 4). The experiment results show that increasing the
minimum permeability means the permeability ratio difference
between the high-permeability layer and the low-permeability
layer is reduced, which leads to the reduction of interlayer
interference. When the minimum permeability changes from
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TABLE 4 Summary of the liquid production splitting coefficient and the cumulative oil production proportion of different permeability ratio.

Scheme Permeability ratio Liquid production splitting coefficient, % Proportion of cumulative oil production, %
Layer 1 Layer 2 Layer 3 Layer 4 Layer 1 Layer 2 Layer 3 Layer 4
1 55 48.48 33.26 12.13 6.12 42.80 29.56 17.10 10.54
2 8 54.34 29.01 11.63 5.02 49.38 2851 14.04 8.07
3 15 6141 25.00 9.94 3.65 55.72 25.83 11.89 6.56
4 25 67.33 22.50 7.92 225 67.3 20.18 8.78 3.74
5 50 74.32 18.66 5.87 115 80.93 12.06 4.54 247
0.9
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s 08
°§ # Sub-low permeability layer Low permeability layer
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o0 0.6
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&=
= 05
=)
]
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a2 02
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S" 0.1
=
0
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Different permeability levels
FIGURE 2

Comparison chart of splitting coefficients of produced liquid with different permeability ratios.

48 mD to 146 mD, and the difference in liquid production ratio
between the high-permeability layer and the low-permeability
layer changes from 65.08% to 49.32%, with a decrease of 15.76%;
the cumulative oil production ratio difference dropped from
63.56% to 41.31%, with a decrease of 22.25%.

3.2 The influence of different water
content

3.2.1 Experimental test plan

The permeability ratio of 5.5 with relatively small
interference is selected as the basis of the experimental
scheme. The experiments consider the low water cut stage, the
medium and low water cut stage, the medium-high water cut
stage, the high water cut stage and the mixed water cut stage. The
five groups of different water content combination schemes are
shown in Table 5. In these tests, the formation pressure is
designed to be 14 MPa, the formation temperature is designed
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to be 90°C, the experimental pressure difference is 1 MPa. When
the water production rate at the outlet end of the low
permeability layer reaches 98%, the experiment stops.

3.2.2 Experimental results and analysis

The experimental results show that the fluid production of
the high permeability layer always has an absolute advantage
(Table 5; Figure 4), which is mainly indicated in the following
aspects:

@ The difference between high and low permeability layers
increases with the increase of water content. As the water
content increases, the liquid production ratio of the high
permeability layer increases from 56.92% in the low water
cut stage to 75.54% in the high water cut stage. The low
permeability layer is the opposite. It shows that the change
in water content has aggravated the level difference among
layers. The greater the difference in water content among
layers is, the greater the difference in liquid production
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FIGURE 3

Comparison of the proportion of cumulative oil production in each layer with different permeability ratios.

TABLE 5 Different water content test combination scheme and result table.

Scheme Permeability ratio Initial water content % Water-cut stage Liquid production splitting coefficient
Layer 1 Layer 2 Layer 3 Layer 4 Layer 1 Layer 2 Layer 3 Layer 4

1 55 40 30 20 10 Low 56.92 2433 12,5 625

2 55 60 50 40 30 Sub-low 60.21 22.89 1111 5.79

3 55 80 70 60 50 Sub-high 68.18 18.22 9.12 448

4 55 95 90 85 80 High 75.54 14.06 7.25 3.15

5 55 90 60 40 20 Mix 86.52 8.61 3.42 145

splitting coefficient is. The main reason is that the seepage
resistance of the high-permeability layer is small. The
water the

resistance decreases early, which leads to an increase in

injection breaks through and seepage
liquid production and an increase in water content, and
causes an increase in the water content difference of each
layer in the longitudinal direction.

® In the mixed water-bearing stage, the fluid production of
the high-permeability layer reaches the maximum value of
86.52%, mainly because the mixed water-bearing and
high-water-bearing layer is a high-permeability layer,
which leads to higher liquid production in the high-
permeability layer. Therefore, reducing the difference in
water content of each vertical layer is an important factor
to effectively reduce the interference for the layers with
more serious interference.
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3.3 The effect of shutting down high
permeability layer

3.3.1 Experimental test plan

The permeability ratio of 5.5 with relatively small
interference was selected as the basis of the experimental
plan to simulate the impact of closing the high permeability
layer on the overall development of the reservoir. The
experiments compared the effects of shutting down 1 layer,
shutting down 1 and 2 layers, shutting down 1, 2, and 3 layers
(Table 6). The layers were shutting down when the water
content reaches 90. In these tests, the formation pressure
was 14 MPa, the formation temperature was 90°C, the
experimental pressure difference was 1 MPa. When the water
production rate at the outlet end of the low permeability layer
reached 98%, the experiment stopped.
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Comparison of liquid production splitting in different water cut layers.
TABLE 6 Combination scheme of layer change test for sand-filled pipe clamps.
Scheme Shutting down Layer 1 Layer 2 Layer 3 Layer 4
layers (mD) (mD) (mD) (mD)
1 None 265 146 98 48
2 Shutting down 1 layer Shutting 146 98 48
3 Shutting down 2 layers Shutting Shutting 98 48
4 Shutting down 3 layers Shutting Shutting Shutting 48
3.3.2 Experimental results and analysis
The experiments were carried out by closing one, two and i
three high permeability layers respectively. The experimental .
g 09 Layerl  ~®—Layer2 —®-—Layer3 —@—Layer4
results show that: 5
£ 08
g
@ From the perspective of liquid production, after closing the za o
high permeability layer, the production splitting coefficient R
. s . o 2 s
in the low permeability layer has increased significantly g
(Figures 5-7), and the permeability ratio has also decreased g 0
from 5.5 to 3, 2, and 1. After shutting down the high § 03
-
permeability layer, the difference in permeability among S ow
the layers is substantially reduced, thereby reducing the ERY
interference among the layers. As the permeability ratio = op . —
decreases, the difference in physical properties among 100 200 300 400 500
. . . Time(min)
vertical layers decreases, the difference in seepage
resistance decreases, the degree of production becomes FIGURE 5

more uniform, and the dynamic interference among layers
decreases. Therefore, for the production layer with more
serious interference, closing the high permeability layer to
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Liquid production splitting coefficient of each layer when one

layer is shutting down.
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Liquid production splitting coefficient of each layer when two
layers are shutting down.
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FIGURE 7
Liquid production splitting coefficient of each layer when
three layers is shutting down.

reduce the permeability ratio can effectively reduce the
interference. It can be seen that closing the high
permeability layer is an effective method to reduce

interlayer interference.

® From the perspective of cumulative oil production, after
shutting down the high-permeability layer, the cumulative
oil production ratio of the minimum permeability layer
increases from 10.54% to 25.25% (Figures 8-10). The
crude oil in the low-permeability layer has been
effectively produced, and the degree of production has
been significantly improved. Therefore, by shutting down
the high permeability layer, the oil displacement efficiency
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FIGURE 8
The cumulative oil production of each layer when layer 1 is
shutting down.
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FIGURE 9
The cumulative oil production of each layer when layer 2 is
shutting down.

of the reservoir with poor physical properties can be
effectively improved.

3.4 The influence of different pressure
differences

3.4.1 Experimental test plan

The permeability ratio of 5.5 with relatively small
interference was selected as the basis of the experimental
program, and five sets of tests with different pressure
differences of 1, 2, 3, 4, and 5 MPa were designed. In these
tests, the formation pressure was designed to be 14 MPa, the
formation temperature was designed to be 90°C, the experimental
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FIGURE 10
The cumulative oil production of each layer when layer 3 is
shutting down.

pressure difference was 1 MPa. When the water production rate
at the outlet end of the low permeability layer reached 98%, the
experiment stopped.

3.4.2 Experimental results and analysis
The experimental results (Table 7) showed:

@® From the perspective of liquid production, as the
production pressure difference increased from 1 to
5 MPa, the production splitting coefficient in the high
permeability layer gradually decreases from 48.48% to
38.61% (Figure 11). And production splitting coefficient
in the low permeability layer gradually increases, from
6.13% to 12.18%. It can be concluded that when the
physical properties of each layer do not change, as the
production pressure difference increases, the low-
permeability layer in the vertical direction is used, and
the difference in the degree of production among layers is
reduced, showing that the dynamic interference among
layers decreases with the increase in the production
pressure difference. Therefore, for the production layer

10.3389/feart.2022.990554

with more serious inter-layer interference, increasing the
production pressure difference can effectively reduce the
interference degree.

@ From the perspective of cumulative oil production, as the
production pressure difference increased from 1 to 5 MPa,
and the proportion of cumulative oil production from
high-permeability layers gradually decreased (Figure 12)
from 42.8% to 37.25%, and the proportion of cumulative
oil production from low-permeability layers gradually
increased from 10.54% to 15.78%. It shows that
increasing the production pressure difference enables
the effective development of crude oil in the low-
permeability layer, and the degree of production is
significantly improved. By increasing the pressure
difference, the oil displacement efficiency of reservoirs
with poor physical properties can be effectively improved.

3.5 The influence of crude oil viscosity

3.5.1 Experimental test plan

Different viscosities were used to carry out comparative
displacement experiments to simulate the interference
mechanism of different crude oil viscosities. The permeability
ratio of 5.5 with relatively small interference was selected as the
basis of the experimental plan. The crude oil viscosity of the high
permeability layer was designed to be 2, 5, and 10 mPa-s
respectively. In these tests, the formation pressure was
designed to be 14 MPa, the formation temperature was
designed to be 90°C, the experimental pressure difference was
1 MPa. When the water production rate at the outlet end of the
low permeability layer reached 98%, the experiment stopped.

3.5.2 Experimental results and analysis

Experiments were carried out with different crude oil
viscosities in the highly permeable layer, and the experimental
results (Table 8) showed that:

@ From the perspective of fluid production, when the
viscosity of crude oil in the high permeability layer

TABLE 7 Different pressure difference test liquid production splitting coefficient and accumulative oil production ratio table.

Scheme  Production pressure difference  Liquid production splitting
(MPa) coefficient, %
Layer 1  Layer 2
1 1 48.48 3327
2 2 45.85 31.62
3 3 4331 30.76
4 4 40.88 29.81
5 5 38.61 29.29

Frontiers in Earth Science

Proportion of cumulative oil
production %

Layer 3 Layer 4 Layer1 Layer2 Layer 3 Layer 4
12.13 6.13 4238 29.56 17.1 10.54
14.32 821 4125 28.46 18.03 1226
16.46 9.47 39.51 27.24 19.48 1377
18.62 10.69 38.42 26.35 20.7 1453
19.92 1218 37.25 26.02 20.95 1578
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Comparison of splitting coefficients of liquid production in each layer with different pressure differences.
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FIGURE 12
Comparison of the proportion of cumulative oil production in each layer with different pressure differences.

TABLE 8 Different pressure difference test liquid production splitting coefficient and accumulative oil production percentage table.

Crude oil viscosity Liquid production splitting coefficient % Proportion of cumulative oil production %
of high permeability
layer mPa-s

Layer 1 Layer 2 Layer 3 Layer 4 Layer 1 Layer 2 Layer 3 Layer 4

2 48.48 33.27 12.13 6.13 4238 29.56 17.1 10.54

5 34.57 46.3 13.36 5.76 321 29.72 20.52 17.65

10 19.88 68.98 7.41 373 26.28 3151 22.89 1932
increases from 2 mPa-s to 10 mPa-s, the proportion of proportion of fluid production in the high permeability,
fluid produced from the sub- high permeability layer rises low permeability, and sub-low permeability layers
faster and has an absolute advantage, and the proportion gradually decreased, the proportion of fluid production
of fluid production increases from 33.27% to 68.98%. The in the high permeability layer decreased from 48.48% to
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19.88%, and the proportion of fluid production in the low
permeability and sub-low permeability layers decreases
from 18.3% to 11.14%. The main reason is that the
viscosity of the high permeability layer increases, and
the sub-high permeability layer will be the main channel
for liquid flow.

® From the perspective of cumulative oil production, as the
viscosity of crude oil in the high-permeability layer gradually
increases, the proportion of cumulative oil produced from
the high-permeability layer gradually decreases from 42.8%
to 26.28%, while the proportion of cumulative oil produced
from other layers all rise. The percentage of cumulative oil
production in the second-highest permeable layer increased
from 29.56% to 31.51%, the proportion of the second-lowest
permeability layer increased from 17.1% to 22.89%, and the
lowest permeability layer increased from 10.54% to 19.32%.
The main reason is that after the oil viscosity of the high-
permeability layer increases, the fluidity decreases, the
seepage resistance increases, and the production degree of
the relatively low-permeability layer increases, which

the of the

permeability layer. The mobility of the permeable layer

promotes effective  development low-
can effectively improve the oil displacement efficiency of

other reservoirs.

4 Conclusion and understanding

Due to the strong inter-layer heterogeneity and serious
interference in the development of multi-layer production
reservoirs, the interlayer production law is unclear. By
carrying out an indoor multi-tube parallel displacement
experiment, the influence of different permeability ratios,
water content, shutting down layers, different production
pressure, and viscosity on the interlayer production was
simulated and evaluated. This research is to reveal the

mechanism of small-layer interference under different
conditions and provide a basis for the effective development
of multi-layer production reservoirs. The following

understandings have been obtained during the study:

@® When the permeability difference is from 5 to 50, the
cumulative oil production of high permeability layer
increases from 42% to 80.93%.

® During multi-layer production, the crude oil displaced by
water injection mainly comes from the high-permeability
layer. The high-permeability layer has a higher water

utilization which makes a

the
permeability layer makes a small contribution to the

injection rate, large

contribution  to overall recovery. The low
overall recovery.
® The degree of dynamic interference among layers decreases

as the permeability difference decreases. It increases as the
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water cut increases. Shutting down the production layer,

increasing the production pressure difference, and
increasing the oil viscosity of the high-permeability layer
can reduce the longitudinal production difference and
alleviate vertical conflicts and reduce inter-layer interference.
@ According to the results of the production interference
mechanism and the law of the small layers of multi-layer
production reservoirs, it is suggested that the small layers
with similar reservoir physical properties should be firstly
combined and developed. Controlling the difference
among layers in water content, and shutting down the
high water-bearing layers can better reduce the
contradictions among the layers. At the same time, for
multi-layer producing reservoirs with large differences in
physical properties, the production pressure difference can
be increased because the utilization degree of low-

permeability layers is low.
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