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Abstract. In view of the actual situation of Chaheji oilfield steps into the high water content 

development phase after several times of encryption adjustment. C30 fault block of Chaheji 

oilfield is taken as the research object. Combined logisitic cycle theory with the principle of 

material balance to determine the reasonable injection-production ratio. Firstly, the quantitative 

relationship between the annual oil production quantity and the annual water injection quantity 

of different water content ratio is determined by the logisitic cycle theory. Secondly, the 

relationship between the pressure recovery rate and the difference of underground injection-

production fluid volume is determined by using the material balance principle. Thirdly, the 

relationship of injection-production ratio with water content ratio and pressure recovery rate is 

studied. Finally, this method is applied to determine the reasonable injection-production ratio 

of C30 fault block in current development situation. And the field practice shows that the 

method can guide oilfield development and adjustment better.                 

1.  Preface  

At present, most oilfields domestic and abroad mainly adopt the way of water drive development and 

achieve good beneficial result [1, 2]. Reasonable injection-production ratio is important guarantee of 

keeping oilfield efficient development. Especially the oilfield of high water content stage, keeping the 

reservoir pressure, stabilizing the output, controlling the rising speed of water content ratio are the 

focus work. The determination of reasonable injection-production ratio is the key to achieve the above 

goal. But determining the reasonable injection-production ratio is always a difficult problem of oilfield 

development [3-5]. Some oilfields mainly rely on experience to allocate injection. And the human 

influence factor is larger. Now the method of oilfield injection allocation mainly includes logistic 

cycle model [6], water drive curve method [7] and stage water storage chart method. The logistic cycle 

model is mainly applicable to oilfield with 50% cumulative production capacity of recoverable 

reserves [8], which production is decreasing. The water drive curve method is mainly used in the 

production situation of oilfield in accordance with the water drive curve. The stage water storage chart 

method is suitable for the production situation of obvious water storage rate change law. 

The research object of this article is high water content reservoir, which is in the late development. 

The oilfield reasonable injection-production ratio in condition of certain water content ratio and 

certain production is determined by means of combining logisitic cycle theory with material balance 

principle. The practical application shows that the method is in good practicability and operability. It 

can be used as the theoretical basis for optimizing the development index of oilfield water injection. 
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2.  Logistic cycle model determines the injection-production ratio 

2.1.  Method principle 

The mathematical model of logistic cycle model is: 

 

(1) 

 

In the formula, X is the system; t is the development time or process of the system; D is the 

empirical constant of the life process; A, B are the fitting coefficients. In condition of B < 0, the cycle 

model represents the process from the rise of system to X DXlim
t




. 

2.2.  Formula derivation 

The cumulative water consumption is an important index to evaluate the economic effect of oilfield 

development, and indicating the amount of water injection required to produce 1t crude oil. 

 

(2) 

The cumulative water/oil ratio indicates the amount of water production required to produce 1t 

crude oil. 

 

(3) 

 

With the increasing development time of water flooding oilfield, the cumulative water consumption, 

cumulative water/oil ratio increases and the comprehensive water content rises. When the water 

content ratio is approaching the limit water content ratio, the quantitative relationship of 

comprehensive water content ratio with cumulative water consumption and comprehensive water 

content with cumulative water/oil ratio can be established by the logistic cycle model, and its 

mathematical model is: 

 

(4) 

 

 

(5) 

 

In the formula: fw- block comprehensive water content ratio; fwlim- ultimate water content ratio, 

usually fwlim= 0.98; wi- the amount of block cumulative water injection, 104m3; wp- the amount of block 

cumulative water production, 104m3; Np- the amount of block cumulative oil production, 104t; A1, B1, 

A2, B2 - fitting coefficient. 

The mathematical model of the cumulative water consumption and the cumulative water/oil ratio is 

taken logarithm on both sides, and the equation can be obtained. 

 

(6) 

 

 

(7) 

 

The equation coefficients lnA1, B1, lnA2 and B2 can be obtained by substituting the actual production 

data into the mathematical model. 

Making the above two equations equal: 

 

(8) 
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The definition equation of cumulative water consumption and cumulative water/oil ratio is 

substituted into equation (8), then equation (9) can be obtained. 

 

(9) 

 

The equation (9) is differentiated and then the equation of the water content and the water/oil ratio 

is substituted into the differential equation (9). 

 

(10) 

 

In the formula, Qi is the annual water injection amount of the block, 104m3; Qo is the annual oil 

production amount of the block, 104t; Qw is the annual water production amount of the block, 104m3. 

According to the actual production dynamic data of the oilfield and the variable requirements of 

formula (6) and (7), the linear fitting of ln(0.98/fw-1) with Hcum and ln(0.98/fw-1) with WORcum is 

performed respectively, then the coefficients are substituted into the formula (10). Formula (10) is 

quantitative relationship between annual oil production and annual water injection in different water 

content development stages of oilfield. It can be used to predict and evaluate water injection of 

different periods. 

For a specific reservoir, the quantitative relationship between the annual water injection and the 

annual oil production in different water content stage can be established by using the formula (10) 

through the numerical fitting of actual development data. The reservoir reasonable water injection of 

quota oil quantity in different water content period can be obtained. Evaluation and analysis can be 

carried out to predict the reasonable water injection in the future. 

The injection-production ratio in the process of oilfield development is changing regularly. 

According to the method of determining the reasonable water injection quantity, the reasonable 

injection-production ratio of different water content can be predicted. And the formula is as follows: 

 

(11) 

 

The reservoir reasonable injection-production ratio of different water content ratio can be obtained 

by formula (11). 

3.  Material balance equation determines the injection-production ratio 

3.1.  Method principle 

In condition of artificial water flooding development, based on the reservoir material balance equation, 

the following equations can be obtained: 

        

(12) 

 

In the formula, N- geological reserves of the block, 104t; Np- block cumulative oil production, 104t; 

pi- original formation pressure, Mpa; p- current formation pressure, Mpa;ρo- ground degassing crude 

oil density, dimensionless; Ct- reservoir comprehensive compression coefficient, dimensionless; Boi- 

original crude oil volume coefficient, dimensionless; Bo- current volume coefficient of crude oil, 

dimensionless; Bw- formation water volume coefficient, dimensionless; Wi- block cumulative water 

injection, 104m3; Wp- block cumulative water production, 104m3. 

3.2.  Formula derivation 

The volume coefficient of the formation crude oil can be regarded as a constant in the allowable range 

of formation pressure variation, namely Bo is approximately with Boi. The equation (13) is derived 

from equation (12) after the derivative of time. 
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(13) 

 

It is known that dNp/dt=Qo, dWi/dt=Qi, dWp/dt=Qw, therefore: 

 

(14) 

 

The annual pressure recovery rate is solved by formula (14): 

 

(15) 

 

(16) 

 

In the formula, k - constant related to geologic reserves, rock and subsurface fluid property; ΔQlf – 

the difference of subsurface annual injection and production fluid volume, 104t/a. 

Considering the influence of oilfield inefficient water injection and other factors, the relation of 

subsurface annual injection and production fluid quantity difference and annual pressure recovery rate 

is as follows: 

(17) 

 

According to the definition of injection-production ratio:  

 

(18) 

 

The injection-production ratio of different pressure recovery rate can be obtained by substituting 

the formula (18) into the formula (17), and the formula is: 

 

(19) 

 

The reservoir reasonable injection-production ratio of different pressure recovery rate can be 

obtained by formula (19). 

4.  Determination of C30 fault block reasonable injection-production ratio 

4.1.  The general situation of C30 fault block  

The chaheji oilfield is a lithologic-tectonic reservoir based on shallow-water delta facies deposition. In 

1982, the natural energy development was adopted to exploit chaheji oilfield. And in 1984, the water 

injection development was carried out by adopting triangle well network with 300m well distance. 

After years of well network encryption and comprehensive adjustment of injection-production, the 

C30 fault block has entered late stage oilfield development of high water content, the comprehensive 

water content ratio is 90%, and the degree of reserve recovery is 21.2%. At present, the annual 

injection-production ratio is 0.98 and the cumulative injection-production ratio is 0.95. The regional 

production volume is greater than the injection volume. There is irreconcilable contradiction between 

the increasing daily fluid volume by supplemental formation energy and the rising water content ratio. 

4.2.  Logistic cycle model method 

Based on the actual development data of C30 fault block, the historical regression is fitted according 

to the formula (6) and (7), and the coefficients lnA1=2.5955, B1=1.476, lnA2=1.1047 and B2=1.9853 are 

obtained. 

 






















dt

dW

dt

dW

B

B

dt

dp
NC

dN pi

oi

w
t

P Oρ

dt

 wi
oi

w
to QQ

B

B

dt

dp
NCQ 








 Oρ


















 ww

oio
wi

toi

BQ
BQ

BQ
CNB

dp

O

O

ρ

ρ

dt

lfΔQ
dt

k
dp



bk
dp

 lfΔQ
dt

ww
oio

wi
IP

BQ
BQ

BQ
R





Oρ

ikQ

b
dt

dp
RIP






1

1



5

1234567890 ‘’“”

2018 2nd International Workshop on Renewable Energy and Development (IWRED 2018) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 153 (2018) 032048  doi :10.1088/1755-1315/153/3/032048

 

 

 

 

 

 

          
Figure 1. Cumulative water consumption regression    Figure 2.Cumulative water-oil ratio regression 

 

According to the parameters obtained by historical fitting, the relationship between annual water 

injection quantity and annual oil production quantity of the oilfield in different water content stages 

can be established as follows: 

(20) 

 

In condition of current water content ratio and annual oil production quantity, the reasonable 

annual water injection quantity is 53.24x104m3, but the actual annual water injection is 50.65x104m3. It 

is considered that, the annual water injection quantity of C30 fault block is low in the present situation, 

which can’t meet the annual oil production quantity of present water content ratio. And the annual 

water injection quantity of the oilfield should be appropriately improved. 

According to the formula (11), the reasonable annual injection-production ratio is 1.04. But the 

actual annual injection-production ratio is 0.98, which is slightly smaller than the reasonable injection-

production. Therefore, in order to ensure the annual oil production quantity of present water content 

ratio, the injection-production ratio should be raised appropriately. 

4.3.  Material balance equation method 

Based on the actual development data of C30 fault block, the historical regression is fitted according 

to the formula (17). Then the relationship between underground injection and production fluid volume 

difference and the annual pressure recovery rate is obtained by formula (21). 

 (21) 

 

According to formula (21), the value of k is 0.0166 and the value of b is 0.0472. By substituting the 

values of k and b into formula (19), the injection-production ratio of different pressure recovery rates 

can be calculated under the current production condition. 

It is shown from table 1 that the injection-production ratio of the reservoir to maintain the current 

pressure level is 1.05. The current annual production quantity is guaranteed under the injection-

production ratio of 1.05. And when the injection-production ratio is 1.05, the water content ratio is not 

increasing rapidly due to the high injection-production ratio. The reasonable injection-production ratio 

of logistic cycle model method is 1.04, the difference is slightly comparing with 1.05. Therefore, it is 

considered that the reasonable injection-production ratio of the reservoir in current development 

condition is 1.04. 
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0 53.24 1.05 

0.2 65.51 1.30 

0.5 83.66 1.66 

1 113.9 2.26 

5.  Conclusion 

(1)According to the logistic cycle model, the relationship of reasonable water injection quantity, 

reasonable injection-production ratio with water content ratio is established. The reasonable water 

injection quantity and injection-production ratio of current development situation are forecasted and 

the water flooding development status is analysed and evaluated. 

(2) The predictive relation of reasonable water injection quantity and reasonable injection-

production ratio with water content ratio is established by taking chaheji oilfield as an example. 

Compared with the actual production data, the water injection quantity and injection-production ratio 

of C30 fault block are low. Therefore, it is necessary to improve the water injection quantity and 

injection-production ratio in current development situation. 

(3) Combining the principle of material balance with logisitic cycle theory, the reasonable 

injection-production ratio is determined in condition of certain water content ratio and certain oil 

production, which can effectively guide the development and adjustment of high water content period 

reservoir water flooding. 
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