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Abstract. After more than ten years of water injection development, the water cut in the main block of 
oilfield B has increased rapidly and the production has decreased significantly. In view of the rapid rise of 
comprehensive water cut in the current oilfield, it is necessary to carry out the research on the development 
law of oilfield B and the reasonable boundary of various development adjustment indexes, so as to clarify the 
different production stages The development status and development index change law of the oilfield under 
different oil production rates provide an accurate and reliable theoretical basis for the rational development 
and adjustment of the oilfield. This paper provides theoretical basis and effective technical support for the 
adjustment in the middle and later stage of B oilfield development, which is of great significance to the stable 
production and long-term sustainable development of the oilfield. 

1. Study on reasonable limits of oilfield 
development indexes 

1.1 Reasonable ratio of oil-water wells 

The production injection index ratio method is used to 
calculate the reasonable oil-water well number ratio. The 
reasonable oil-water well number ratio mainly depends on 
the ratio of water absorption index and liquid production 
index. 
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In the formula: 
Bo—Crude oil volume factor, m3/m3,1.075 
fw— water cut 
Iw,JL—water absorption index and liquid production 
index respectively ,t/d.MPa 
The water absorption index and liquid production index 
of the oilfield over the years are counted, and the 
relationship between water absorption index, liquid 
production index and water cut is regressed. The water 
absorption index and liquid production index under 
different water cut are calculated by using the regressed 
equation, and then the reasonable oil-water well number 
ratio under different water cut conditions is obtained See 
(Figure 1 , Figure 2and Table 1). 
 

 

Fig. 1. Relationship between water absorption index and water 
content 

 

 

Fig. 2 Relationship between liquid production index and water 
cut 
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Table 1. Ratio of oil-water wells under different water cut 
conditions 

Water 
cut 
(%) 

Water absorption 
index 

(m3/MPa.d) 

Liquid 
production 

index(t/MPa.d) 

Oil water 
well 

number 
ratio 

60 3.166 0.993 1.8 
70 2.697 0.882 1.7 
80 2.034 0.879 1.5 
90 1.176 0.985 1.1 

 
According to the calculation, under the current water cut 
conditions, the reasonable oil-water well number ratio is 
1.7, and the actual oil-water well number ratio of B 
oilfield is 2.33, so the injection production system still 
needs to be further optimized[1-5]. 

1.2Reasonable injection production ratio 

Whether the injection production is balanced can be 
reflected in the change of formation pressure. According 
to the change relationship between injection production 
ratio and formation pressure, a reasonable injection 
production ratio can be determined. 

h
R IPRba

dt

dP
*                 (2) 

In the formula: 
𝑑𝑃

𝑑𝑡
—Formation pressure variation,Mpa ; 

a、b—Regression coefficient of equation. 
Based on the actual data, the linear relationship between 
injection production ratio and total differential pressure 
change can be established, and the reasonable injection 
production ratio limit under different pressure changes 
can be obtained (Table 2). At present, the formation 
pressure of oilfield B is relatively low. According to the 
annual recovery of 0.3MPa, the injection production ratio 
is 1.6, which is basically consistent with the actual 
situation (Fig. 3). 
 

 

Fig. 3 Relationship between injection production ratio and total 
differential pressure 

 

 

 

 

Table 2 Injection production ratio limit under different 
pressure recovery 

Annual 
pressure 

change(MPa) 
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 

Reasonable 
injection 

production 
ratio 

0.9 1.1 1.2 1.3 1.5 1.6 1.8 1.9 

1.3 Reasonable production rate 

Oil production rate has an important impact on oilfield 
development effect, especially for bottom water or 
conglomerate reservoirs, too high oil production rate will 
cause rapid rise of water cut and sudden water flooding. 
Based on the relative permeability curve and water cut 
diversion equation, the relationship between oil 
production rate and water cut and water cut rise rate can 
be established. The expression of underground volume 
moisture content is: 

𝑓 =                       (3) 

 
In the formula: 
𝜇 , 𝜇  oil phase and water phase viscosity 
respectively,mPa.s ; 
𝑘 , 𝑘 Relative permeability of oil phase and water 
phase ; 
According to relevant studies: 

= 𝑎 ∙ 𝑒 ∙                 (4) 

The recovery degree can be expressed as: 

𝑅 =                    (5) 

From the above formulas: 

𝑅 = 𝐴 ∙ ln + 𝐵               (6) 

𝐴 = −
( )

             (7) 

𝐵 = −
( )

ln −              (8) 

Take the derivative of time t at both ends of the above 
formula and take DT = 1a to obtain the calculation 
formula of oil production rate : 

𝑣 =
( )

∙ ∙ 𝐹              (9) 

In the formula: 
𝑣  is the production rate, decimal 
𝐹 is annual appreciation,%。 
In order to obtain the relationship curve between 
theoretical oil production rate and water cut of oilfield B, 
first fit and regress the relative permeability curve of the 
block to obtain B = 28.68578, and then obtain the 
relationship curve between oil production rate and water 
cut when the water cut of oilfield B rises in different years. 
It can be seen that when the water cut is the same, the 
higher the annual water cut appreciation, the greater the 
oil production rate; The effect of water cut on oil 
production rate is negative correlation when the water cut 
is less than 50%, and then positive correlation. According 
to the statistics of the actual production data of oilfield B, 
the annual water cut appreciation in 2015 was 4.5, the 
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comprehensive water cut of the block was 66.7%, the 
corresponding theoretical oil production rate was 1.02, 
and the actual oil production rate of the oilfield was 1.04, 
slightly higher than the theoretical value. 
 

 

Fig.4 Relationship between natural logarithm of oil-water 
relative permeability ratio and water saturation  

2 Other indicators 

2.1 Reasonable water injection intensity 

According to the principle of injection production balance, 
considering the reasonable injection production ratio 
when maintaining formation pressure, IPR: 

𝑄 = 𝐼𝑃𝑅 ∗ 𝑄                     (10) 
In the formula: 
Qi is the annual cumulative water injection of the 
block,m3； 
QL the annual liquid production of the block,m3； 
IPRis the reasonable injection production ratio of the 
block。 
According to the definition of water injection intensity, 
there are: 

𝑄 = 365𝛼𝑞 𝐻              (11) 
In the formula: 
𝛼  Is the production hour rate of water injection well, 
decimal; 
𝑞  Is the average water injection intensity of the 
block,m3/d.m ; 
𝐻  is the total thickness of water injection wells in the 
block,m 
Production rate in block VO and annual average moisture 
content 𝑓 When w is certain, the annual liquid output can 
be expressed as: 

𝑄 = N
( )

              (12) 

In the formula: 
N  Is the original geological reserves,t ; 
𝐵  Is the volume factor of crude oil, decimal ; 
𝑉 Is the production rate, decimal; 
ρ  Is the density of crude oil,kg/m3 
According to the above formulas, the water injection 
intensity at a given reasonable oil production rate is: 

𝑞 = 𝐼𝑃𝑅 ∗ N
( )

                (13) 

According to the above research, the reasonable injection 
production ratio of B oilfield is 1.6, the reasonable oil 
production rate is 1.02, and the original geological 
reserves are 1913.8 × 104t, crude oil volume coefficient is 
1.075, crude oil density is 0.868, block water cut is 66.7%, 

the total perforation thickness of water injection well is 
718.1m, and the production rate of water injection well is 
0.733. By substituting the above formula, the reasonable 
water injection intensity is 3.94m3 / D.M. Statistics show 
that the average water injection intensity of oilfield B in 
2015 is 4.38m3 / D.M, slightly higher than the reasonable 
value. The water injection intensity should be 
appropriately reduced according to the reasonable oil 
production rate and reasonable injection production ratio. 

2.2 Reasonable decline rate 

Natural decline rate and comprehensive decline rate are 
important indicators to reflect oilfield development. 
Natural decline refers to the production decline of old 
wells without measures in the previous year; 
Comprehensive decline refers to the production decline 
after the measures of old wells last year.  
Namely: 

 i-1 i xj cs i xj cs
n

i-1 i-1

1
Q Q Q Q Q Q Q

D
Q Q

    
         (14) 

 i-1 i xj i xj
R

i-1 i-1

1
Q Q Q Q Q

D
Q Q

  
              (15) 

In the formula: 
 Dn—Natural decline rate of annual production of 
Oilfield Block,% ; 
DR—Comprehensive decline rate of annual production 
of Oilfield Block,% ; 
Qi-1, Qi Annual oil production in year i-1 and year i 
respectively,104t/a ; 
Qxj—Production of new wells in the I year of the Oilfield 
Block,104t ; 
Qcs—Production measures of old wells in the I year of 
Oilfield Block ,104t; 
In a certain development stage, when the proportion of 
new well production and old well measure oil production 
is basically unchanged every year, the natural decline rate 
and comprehensive decline rate have a linear relationship. 

n RD aD b                    (16) 

Where a and b are constants. 
Using the above formula, the natural decline and 
comprehensive decline of B oilfield since 2006 are 
calculated respectively (table 3). Considering that oilfield 
B has been in the stable production stage since the tenth 
five year plan, the water cut rises slowly and the 
development situation is in a good state, therefore, the 
comprehensive decline rate and natural decline rate under 
different water cut conditions are characterized by 
establishing the relationship between comprehensive 
water cut and comprehensive decline rate and the 
relationship between comprehensive decline rate and 
natural decline rate. It can be seen that the water content 
is between 40% - 60%, the comprehensive decline is 19-
27%, and the natural decline is 21-28%; The water content 
is between 60-70%, the comprehensive decline is 14-19%, 
and the natural decline is 16-21%; The water content is 
between 70-80%, the comprehensive decline is 7-14%, 
and the natural decline is 10-16%. 
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Table 3 Natural decline and comprehensive decline of B 
oilfield over the years 

time 
(year) 

20
06 

20
07 

20
08 

20
09 

20
10 

20
11 

20
12 

20
13 

20
14 

20
15 

Natural 
decline 
rate(%) 

30
.2 

24
.0 

29
.6 

24
.9 

17
.9 

20
.0 

19
.5 

26
.6 

19
.6 

18
.2 

Compre
hensive 
decline 

rate 
(%) 

29
.7 

22
.4 

26
.7 

24
.5 

16
.4 

18
.5 

17
.7 

24
.4 

16
.2 

15
.9 

2.3 Water content rise 

Water cut rising rate is the rising value of water cut after 
1% geological reserves are produced. It is an important 
index to evaluate the development effect of oil field. The 
relative permeability curve is used to draw the 
relationship curve between water cut and water cut rise 
under different permeability, which can intuitively reflect 
the water cut change law in different water cut stages. 
From the curve, when the water content is 50%, the water 
content rise rate is the largest; The water content increases 
from 0 to 50%, and the water content increases with the 
increase of water content; The water content increases 
from 50% to 98%, and the water content decreases with 
the increase of water content. Under the same water cut 
conditions, the water cut increases with the increase of 
permeability. Therefore, the values of water content rise 
under different water content conditions are given (Table 
4). The water content is between 40% - 60%, and the 
water content rise rate is 5.4% - 5.6%; The water content 
is between 60% - 70%, and the water content rise rate is 
4.7% - 5.4%; The water content is 70% - 80%, and the 
water content rise rate is 3.6% - 4.7%. At present, the 
water cut of B oilfield is 66.7%, and the water cut increase 
rate is 4.6%, which is relatively reasonable. 
 

Table 4 Variation of water cut rise rate in different water cut 
stages (theoretical) 

classific
ation 

Water content rise under different water content(%) 
10
% 

20
% 

30
% 

40
% 

50
% 

60
% 

70
% 

80
% 

90
% 

98
% 

K=20M
D 

1.
2 

2.
2 

2.
9 

3.
4 

3.
5 

3.
4 

2.
9 

2.
2 

1.
2 

0.
3 

           
K=120

MD 
1.
5 

2.
7 

3.
6 

4.
1 

4.
3 

4.
1 

3.
6 

2.
7 

1.
5 

0.
3 

K=250
MD 

2.
4 

4.
4 

5.
8 

6.
6 

6.
8 

6.
6 

5.
8 

4.
4 

2.
4 

0.
6 

K=500
MD 

2.
6 

4.
6 

6.
1 

7 
7.
3 

7 
6.
1 

4.
6 

2.
6 

0.
6 

normali
zation 

2 
3.
6 

4.
7 

5.
4 

5.
6 

5.
4 

4.
7 

3.
6 

2 
0.
5 

3. Conclusions and recommendations 

Through calculation, the policy limits of 7 important 
development indicators such as reasonable oil-water well 
number ratio, reasonable injection production ratio and 
reasonable flow pressure in B oilfield are obtained, which 
points out the direction for the subsequent optimization of 
water injection well adjustment and pressure system 

adjustment, improving the degree of reservoir production, 
and controlling the rate of production decline and water 
cut rise. 
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