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Abstract: The relative permeability curve of oil and water has a very important role in the development of oil
and gas fields. It can be used to analyze the law of oil production, calculate the oil production and flow ratio,
and determine the saturation distribution of oil and water in reservoir and the location of oil and water
contact surface. Based on the samples of 19-1 and 8-3 blocks in Wenchang Oilfield, the seepage curves of oil
- water two - phase were calculated and the characteristics of the seepage curves under different flow rates
were obtained.
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1. INTRODUCTION

Relative permeability curve data is an important part of oilfield basic research, especially the reservoir
engineering (calculation and development indicators, dynamic analysis, etc.) and reservoir numerical
simulation engineering calculation work is very important parameters. However, when the oil field to
extract measures, the flow rate increases, the water content also increases, this situation and the actual
seepage does not meet the law. In order to explain the actual situation of this field, the relationship
between velocity and infiltration is studied. Leverett first proposed that during the laboratory
experiment, the measured seepage curve is related to the velocity [1]. In this paper, by analyzing the
seepage and flooding efficiency under different flow rates, the experimental data are combined with
the actual situation, and the seepage characteristics under different flow rates are obtained, which is of
great significance to the reservoir engineering follow-up work.

2. TEST THE EXPERIMENTAL DEVICE AND PRINCIPLE

It is of great significance to study the oil infiltration under different flow conditions. In this paper, the
study of the reservoirs in the 19-1 and 8-3 blocks of Wenchang Qilfield is studied. The experimental
study is carried out to study the dynamic relative permeability experiment. Figure 2 shows the internal
design of the cabinet.

Figurel. Relative permeability test box internal design diagram
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The experimental scheme for determining the relative permeability was established. The experimental
procedure was as follows:

(1) The model vacuum, into the saturated formation of water;

(2) The model into the incubator, emptying the valve and pipeline, and connected to the process, in 20
°Cconstant temperature conditions, for 10 hours;

(3) Into the saturated crude oil, record the output side of the water production;

(4) After aging for 24 hours, the container filled with experimental water was evacuated for 15
minutes;

(5) The formation of water into the model, the use of unsteady constant pressure method for the
experiment;

(6) record the output side of the oil production and water production data, the experiment to the export
side of the water content of more than 99.95% or cumulative water injection when the end of 500PV;

(7) To draw the relative permeability curve;
(8) Change the displacement speed, repeat the above process.

The experiment uses three core samples of Wenchang 19-1N-1, and two samples of Wenchang 8-3-2
wells. The experimental fluid was 19-1N-1 well, oil viscosity: 1.41 mPa - s, 19-1N-1 well, water
viscosity: 1.01 mPa - s, 8-3-2 well, oil viscosity: 2.2 mPa- s, 8 -3-2 well, water viscosity: 0.69 mPa- s.

3. TEST RESULTS
According to similar criteria, as follows:
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The scale ratio: 2000; velocity scale: 4000000, get the actual production data and indoor experiment
conversion, as shown in Table 1, the actual production data and indoor experiment, as shown in Table
1, The actual flow rate and model flow rate conversion, as shown in Table 2.

Tablel. Conversion between indoor and actual production

Production targets Reservoir value Physical simulation values
Length 300m 15cm
Crude oil viscosity 0.914 mPa:s 0.914 mPa:s
Water viscosity 0.5 mPa-s 0.5 mPa-s
Oil density 0.7158 g/cm’ 0.7158 g/cm’
Water density 1 g/cm’ 1 g/cm’
Porosity 21.1% 21.1%
Permeability 865.5mD 865.5mD
Water injection strength 100-3000m°/d 0.017ml/min-0.52ml/min

8-3A oil field A1H well in March 1, 2013 to extract the liquid, before the maximum flow rate of about
0.6 m / day (converted to the core experiment flow rate of 0.2ml / min), the maximum flow rate after
extraction is about 2.5 m / day (0.85 ml / min).

19-1B oil field B1 wells in October 9, 2009 to extract measures, the maximum flow rate before
extraction of about 1.8 m /Day (converted to the core experiment flow rate of 0.85ml / min), the
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maximum flow rate after extraction of about 5.7 m/ day (1.93ml / min).

The maximum flow rate of the B4H wells in the 8-3B field was about 1.8 m / day (the flow rate was
0.61 ml / min). 4.2 m/ day (1.43ml / min) as shown in Figure 2,3.
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Figure2. 8-3A oil field ALH wells before the flow chart

623400 623600 623800 624000 624200 624400 624600 624800 625000

24

2

14

1
0 100 200 300 400 500m g
O — —

113107

Figure3. 8-3A oil field A1H wells after the flow chart

19-1A oil field May 1, 2015 to extract the measures before the maximum flow rate of about 4.6 m /
day (converted to the core experiment flow rate of 1.56ml / min), the maximum flow rate of about 8.8
m / Day (2.98ml / min).

Table2. Actual flow rate and model flow rate conversion

Test speed Actual flow rate Model flow rate
1 800m*/d 0.14ml/min
2 1200m°/d 0.21ml/min
3 1600m°/d 0.28ml/min
4 2000m*/d 0.35ml/min
5 3000m*/d 0.52ml/min

Considering the similarity criterion and numerical simulation method, considering the operability of
the experiment, five flow rates (ml/ min) were determined: 0.125,0.25,0.5,1,2. The relative
permeability curves of five flow rates under different flow rates were measured by experiments.

International Journal of Petroleum and Petrochemical Engineering (1JPPE) Page | 89




Evaluation Method of Enhanced Fluid Effect on offshore Oilfield

0.7
~o— krw(0.125ml/min)
®— kro(0.125ml/min)
0.6
krw(0.25ml/min)
kro(0.25ml/min) |

—&— krw(0.5ml/min)
—e— kro(0.5ml/min)
0.4 - —e— krw(1ml/min)

—o— kro(1ml/min)

Permeability (f)

0.3 - —e— krw(2ml/min)

—o— kro(2ml/min)

Relative
<]
i

0.1

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Water Saturation (f)

Figure4. 19-1N-1A-1-7 core percolation curve (permeability: 485md)
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Figure5. Relationship between core flow rate and oil displacement efficiency of 19-1N-1A-1-7 (permeability:
485md)

It can be seen from Figure 4 that the oil-water relative permeability curves of the core of 19-1N-1A-1-
7 show the following characteristics: the range of the two-phase permeable area is wide; the saturated
water saturation is low, the original oil saturation is low; The relative decrease rate of the relative
permeability decreases slowly and the relative permeability of the water phase is lower, showing a
concave type. At the flow rate of 0.5ml / min, the maximum oil displacement efficiency.
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Figure6. 19-1N-1A-1-8 core percolation curve (permeability: 1255md)
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Figure7. Relationship between core flow rate and displacement efficiency of 19-1N-1A-1-8 (permeability:
1255md)

It can be seen from Figure 6, 19-1N-1A-1-8 core oil and water relative permeability curve shows the
following characteristics: two-phase permeable area is wide; irreducible water saturation, the original
oil saturation is low; The relative permeability of the relative decline rate; water phase relative
permeability of the final value is low, showing a concave type. Similarly, at a flow rate of 0.5 ml /
min, the oil displacement efficiency is greatest.
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Figure8. 19-1N-1A-1-9 core percolation curve (permeability: 2681 md)
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Figure9. Relationship between core flow rate and displacement efficiency of 19-1N-1A-1-9 (Permeability:
2681md)
It can be seen from Figure 8, 19-1N-1A-1-9 core oil and water relative permeability curve shows the

following characteristics: two-phase permeable area is wide; irreducible water saturation, the original
oil saturation is low; Phase relative permeability decreased slightly faster; the relative permeability of
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water phase is lower, showing a concave type. At the flow rate of about 0.7ml / min, the oil
displacement efficiency is greatest.
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Figurel0. 8-3-2-1 core percolation curve (permeability: 962md)
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Figurell. 8-3-2-1 core flow rate and displacement efficiency (permeability 962md)

It can be seen from Figure 10, 8-3-2-1 core oil and water relative permeability curve shows the
following characteristics: two-phase permeable area narrow; irreducible water saturation, the original
oil saturation is low; The rate of decline in permeability is faster; the relative permeability of water
phase is lower, showing a concave type. At a flow rate of about 0.5 ml / min, the oil displacement
efficiency is greatest.
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Figurel2. 8-3-2-2 core percolation curve (permeability 1566md)
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Figurel3. 8-3-2-2 core flow rate and displacement efficiency (permeability 1566md)

It can be seen from Fig. 12 that the relative permeability curves of oil and water in the core of 8-3-2-2
show the following characteristics: the range of the two-phase permeation zone is narrow; the
irreducible water saturation is high, the original oil saturation is low; The rate of decline of
permeability is faster; the relative value of relative permeability of water phase is lower, the part of
which is concave and partly convex. At a flow rate of about 1 ml / min, the oil displacement efficiency
is greatest.

For the development of oilfield, the relationship between water content and recovery degree is an
important means to evaluate the development effect and predict the recovery rate. The relative
permeability curve is based on the important seepage foundation of its theoretical relationship [2].

According to the Bernoulli sub-flow equation [3], crude oil viscosity 0.914 mPa ¢ s, water viscosity
0.5 mPa ¢ s, ignoring the capillary pressure and neutral influence, according to the diversion equation
can be obtained from the water content and the degree of recovery curve.

When the extraction measures, the flow rate increases, moisture content also changes, then need to
consider the relative permeability changes. Taking the A1H well in the 8-3A well as an example, the
relationship between the actual water content and the degree of recovery is shown in Figl2.The
results of the seepage test are basically consistent with the actual oil field.
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Figurel2. 8-3A-A1H water content and the degree of recovery curve
4. RESULTS ANALYSIS

According to the experimental data can be obtained under different flow conditions, the permeability
curve has the following characteristics:

(1) When the permeability is constant, the higher the flow rate, the higher the relative permeability of
the water phase, the lower the relative permeability of the oil phase. However, after a certain limit, the
relative permeability of the water phase decreases and the relative permeability of the oil phase
decreases.
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(2) when the permeability is constant, the greater the flow rate, the higher the efficiency of oil
displacement, but more than a certain limit, the oil discharge efficiency. When the flow rate is
constant, the peak of the corresponding displacement efficiency is basically the same.

(3) According to the characteristics of different flow rate seepage curves, the reservoir seepage curve
of Wenchang Oilfield is affected by the influence of capillary force and the influence of viscosity. In
the flow rate is less than 1ml / min (the actual situation: 3m / day) range, the infiltration curve is
mainly affected by the capillary force; in the flow rate is greater than 1ml / min, the infiltration curve
is mainly affected by the viscosity of the impact.

(4) In the later stage of high water content, the relative permeability of water phase increases rapidly
with the increase of water saturation, and the relative permeability of oil phase decreases rapidly.
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