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Abstract. High-saturated reservoir is characterized by high saturation pressure and high gas-oil ratio. The
effects of water flooding are easily influenced by the formation pressure and GOR, especially at the late
stage. This article presents the relationship between the reasonable pressure maintenance level and GOR as
well as water cut based on the actual characteristics of high-saturated reservoir. Then, the reservoir
numerical simulation method is used to analyse the influence of pressure recovery rate and water cut rise
under different injection-production ratios and injection-production methods. Research results show that the
pressure maintenance level of high-saturated reservoir is larger than normal reservoirs. Bigger injection-

production ratio results in not only faster pressure recovery rate but also higher water cut. Cyclic injection
and production method under the maximum injection rate and liquid extraction amount can enhance oil
recovery rate and control water cut rise at the same time, which plays a significant role in improving the

development effect of water-flooding in high-saturated reservoirs at the late stage.

1 Introduction

Because of high-saturated reservoir with high saturation
pressure and small formation-saturation pressure
difference, the effects of water flooding are easily
influenced by the formation pressure maintenance level.
At the late period of development, the formation
pressure is always below saturation pressure, the
underground fluid degases severely, which will lead to
declination of liquid and oil production index, substantial
change of fluid viscosity. So it is very important to
maintain reasonable formation pressure level, and find
out suitable injection and production method to improve
the development effect of water-flooding in high-
saturated reservoirs at the late stage.

At presents, a number of related researches about
reasonable timing of water injection, reasonable
injection-production ratio and oil production rate were
carried out, and these researches are mainly aimed at the
initial stage of development by preventing the formation
pressure from falling below the saturation pressure [1-4].
At the late stage, available studies mainly focus on
enhancing oil recovery by gas injection [5-8], and it is
lack of studies related to improving development effect
of water injection, which is the most benefit and
practical way. This article presents the relationship
between the reasonable pressure maintenance level and
GOR as well as water cut based on the actual
characteristics of high-saturated reservoir. Then,
reservoir numerical simulation method is used to analyse
the influence of pressure recovery rate and water cut rise
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at different injection-production ratio and injection-
production method.

2 Reasonable pressure maintenance
level

Reasonable pressure maintenance level needs to consider
three factors: pump port pressure, liquid column pressure
and production pressure difference. The influence of gas
production should be considered when determining the
reasonable pressure maintenance level for high-saturated
reservoirs. If the gas-oil ratio at the inlet of the oil well
pump exceeds the range allowed by the working
characteristics of the pump, the fullness of the pump will
decrease, and even air lock will occur. Therefore, the
minimum pump port pressure under different gas-oil
ratios and water cut should be determined to ensure that
the pump is reasonably full and in good working
condition. The relationship between pump port pressure
and fullness, gas-oil ratio, and water cut is as follows.
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Figure 1. The relationship between pump fullness and pump
port pressure under different gas-oil ratios (fw=80%).
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Figure 2. The relationship between pump fullness and pump
port pressure under different water cut (GOR=50).

As can be seen from the figure that when the water
cut is constant, the higher the gas-oil ratio, the higher the
pump port pressure when the same pump efficiency is
required. Therefore, when the liquid column pressure
and the production pressure difference are constant,
high-saturation reservoirs need to maintain a higher
formation pressure level after degassing compared with
other non-degassed reservoirs. When the gas-oil ratio is
constant, the relationship between water cut and pump
port pressure is just the opposite. Therefore, the pump

port pressure should be maintained in a reasonable range
to ensure higher pump fullness under a specific water cut
and gas-oil ratio.

Taking the W reservoir as an example, the original
formation pressure is 33MPa, the liquid column pressure
is 10.9MPa, and the production pressure difference is
6MPa. If the pump efficiency reaches more than 70%,
the pump port pressure cannot be lower than 5.5MPa,
when the water cut reaches 86.7% and the gas-oil ratio is
116. So the reasonable pressure cannot be below
22.4MPa, that is, the pressure maintenance level is not
less than 67.9%.

3 Reasonable injection-production ratio

In order to achieve a reasonable level of pressure
maintenance, this paper carried out a study on a
reasonable injection-production ratio. The reservoir
numerical simulation method is used to analyse the
influence of pressure recovery rate and water cut rise
under different injection-production ratios. The total
number of grid is 75%50%6=22500, and the E100 model
is used in eclipse, the mechanism model for high-
saturated reservoirs by water-flooding is shown in Figure
3, and the initial conditions of this model is shown in
table 1.

Figure 3. Mechanism model for high-saturated reservoirs by
water-flooding.

Table 1. Reservoir parameters under initial conditions.

Reservoir Reservgr Formation Saturation GOR Original ol in place
. Permeability pressure pressure 3 4
Porosity (mD) (MPa) (MPa) (m3/t) (10%)
0.23 35 30 24 164 72

Table 2. Situation at the later stage of development simulated by the mechanism model.

Liquid Oil Production Cumulative liquid Cumulative oil ~ Current formation GOR Composite
Production rate rate production production pressure (m¥/t) water cut
(td) (td) (10*) (10*) (MPa) o (%)
100 124 36.0 15.7 12.3 760 86.3

There are 10 oil wells and 2 water wells in this
mechanism model. The oil well is produced in a fixed
liquid rate, and the production at the later stage of
development is shown in Table 2.

The research of this article is carried out on the basis
of the later stage of development. Six different injection
production ratio schemes were designed to predict the
production situation in the next ten years. The specific
content of the schemes is shown in Table 3.
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Table 3. The specific content of the six injection-production ratio schemes.

Case name Casel Case2 Case3 Case4 Case5 Case6

injection-production ratio 0.9 1.0 1.1 1.2 1.3 1.4

The injection-production ratios of 0.9-1.5 are
analysed respectively. The simulation results in figure 4-
6 show that when the injection-production ratio is low,
the pressure recovery speed is slow, and it takes a long
time to recover to a reasonable level, and the gas-oil
ratio will gradually increase, which will reduce the pump
efficiency. When the injection-production ratio is too
large, the pressure recovery speed changes fast (recovery
in a short time), and the gas-oil ratio will gradually
decrease, which improves the pump efficiency, but the
larger water injection volume causes the water cut rise
faster.
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Figure 4. The influence of pressure recovery rate and water cut
rise rate under different injection-production ratios.
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Figure 5. Gas-oil ratio change law under different injection-
production ratios.
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Figure 6. The influence of oil recovery and water cut under
different injection-production ratios.

As the injection-production ratio increases, the
degree of oil recovery first increases and then decreases.
When the injection-production ratio is 1.2, the
cumulative oil production is higher and the production

effect is the best. This is because when the injection-
production ratio is relatively small, the pressure cannot
be restored and continues to drop, resulting in a decline
in the liquid production capacity of the oil well and a
decrease in cumulative oil production. When the
injection-production ratio is relatively large, the liquid
volume is stable, but due to the large water injection
volume, the water cut rises faster, and the cumulative oil
production obtained under the same production system is
reduced. Therefore, a reasonable injection-production
ratio can not only quickly restore formation pressure, but
also better control the rise of water content.

4 Reasonable injection and production
method

In the late stage of high water-cut development, simply
increasing the injection-production ratio cannot achieve
the purpose of improving the development effect,
especially in the formations with strong heterogeneity,
the seepage velocity of the area with good injection
water permeability is faster, and a large amount of
residual oil in the low permeability area cannot be
affected. Cyclic injection and production is the most
economical and effective way to improve the effect of
water-flooding development [9-11]. It creates unstable
pressure states in the formation by periodically changing
the amount of water injection and liquid production.
During the pressure increase stage, the high-permeability
section has higher pressure than the low-permeability
section, and the oil and water flow from the high-
permeability section to the low-permeability section; in
the pressure reduction stage, the high-permeability
section has lower pressure than the low-permeability
section, and at the same time due to the capillary force
and elastic force, which can drive the residual oil in the
low permeability layer that cannot be displaced under the
stable water injection state. Based on this principle, the
paper carried out numerical simulation tests of different
injection-production methods, including: cyclic water
injection and cyclic injection-production methods.

4.1. Introduction of injection and production
methods

There are several commonly used water injection
methods: conventional water injection, cyclic water
injection, and cyclic injection-production. In cyclic water
injection method (figure7) , the water injection volume
of the water well is adjusted periodically, and the oil
well is produced with fixed liquid. However, in cyclic
injection-production method ( figure8 ) , the water
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injection volume of the water well and the liquid production rate are both adjusted regularly.
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Figure 7. Schematic diagram of cyclic water injection.
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Figure 8. Schematic diagram of cyclic injection-production.

in a cycle is different. The adjustment range of water

In order to study the adaptability of different water injection volume is the largest in case 7, and the
injection methods, four schemes are designed in the adjustment range of water injection volume is the
article under the condition of the same water injection smallest in case 9. CaselO is the periodic injection-
volume in the cycle. The specific content of the scheme production adjustment method which liquid rate is
is shown in Table 4. Case 7~9 is cyclic water injection, adjusted periodically on the basis of case7.

and the adjustment range of the water injection volume

Table 4. The specific content of the different water injection adjustment schemes.

Injection rate Liquid rate Injection rate Liquid rate Total
Case name in first 30 days in first 30 days in followed 30 days in followed 30 days injection amount
(m’/d) (m’/d) (m/d) (m’/d) (10*m?)
Case? 0 100 240 100 43.2
Case8 48 100 192 100 43.2
Case9 96 100 144 100 43.2
Casel0 0 200 240 0 43.2

. . L It can be seen from the figure 9 that the cyclic
4.2 Com_parlson of different injection and adjustment of water injection can improve the recovery
production methods factor compared with conventional water injection
methods under the same water injection conditions.
However, the degree of improvement is different. The
greater the adjustment range of water injection, the
higher the degree of recovery at the end of the decade
and the slight decrease in water cut. Further, when the
water injection adjustment and the water injection cycle
are the same, the adjustment of the oil well liquid rate
can also affect the development effect. Case 10 increase

The numerical simulation calculation results are shown

in the figure9.
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Figure 9. Oil recovery and water cut under different water low permeability zone. However, the water injection rate

injection method of a reservoir does not increase indefinitely, so cyclic
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adjustment of the water injection rate and liquid rate
within the allowable maximum water injection rate and
maximum extraction volume can achieve the purpose of
improving the development effect.

5 Conclusions

(1) In the late stage of water injection development for
high-saturated reservoirs, affected by the gas-oil ratio,
the formation pressure maintenance level must be higher
to maintain the same pump efficiency as conventional
reservoirs.

(2) When the injection-production ratio is low, the
pressure recovery speed is slow, which is not conducive
to the stable production of the reservoir. When the
injection-production ratio is too large, the water cut rises
quickly and the water injection utilization rate is low.
Therefore, there is a reasonable interval for the injection-
production ratio.

(3) Under the constraints of the maximum liquid
extraction volume and the maximum water injection
volume, cyclic and large adjustments to the water
injection volume and liquid production volume can
improve the water flooding development effect. The
effect of cyclic injection-production is better than cyclic
water injection, which plays a significant role in
improving the development effect of water-flooding in
high-saturated reservoirs at the late stage.
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