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This paper provides a method for evaluating the status of old oilfield development. This method mainly uses the abundant coring
well data of the oilfield to obtain the cumulative distribution curve of the displacement efficiency after the displacement efficiency of
the statistical wells in the study area in a similar period is ordered from small to large. Based on the cumulative distribution curve of
displacement efficiency, combinedwith the reservoir ineffective circulation limit, the cumulativewater absorption ratio of reservoirs
and other data are used to study the reservoir producing degree, calculate the degree of oil recovery, evaluate the proportion of the
remainingmovable oil after water flooding, calculate the reservoir ineffective circulation thickness and ineffective circulation water
volume, and so on.

1. Introduction

At present, most of China’s oilfields have entered the stage
of high water-cut development, in which the remaining oil
in the reservoir is scattered, resulting in increasing diffi-
culty of further potential tapping [1, 2]. Therefore, effective
estimation of the reservoir producing status plays a vital
role in the accurate evaluation of oilfield development effect.
There are many methods for evaluating the reservoir pro-
ducing status [3]. Based on the specialty, they are divided
into geological and seismic methods: reservoir engineering
[4], well test [5], numerical simulation methods, indoor
experimental techniques, and so on. These methods have
their own advantages and disadvantages. Practice shows that
sealing coring well data can be used to give an intuitive,
accurate, and quantitative description of the remaining oil
distribution. Therefore, the rational use of existing coring
well data and the statistical analysis of the oil displacement
efficiency distribution can provide an effective means for
thoroughly dissecting the reservoir producing status and the
oil displacement status [6], which is of great significance for

the quick and accurate evaluation of oilfield development
status and the improvement of oil recovery.

2. Evaluation Method Is Put Forward

Due to various development factors and geological factors,
the distribution of remaining oil in the later stage of oilfield
development presents a strong heterogeneity. According to
the statistical results of the oil displacement efficiency of
1953 samples from 715 formations of 24 coring wells in an
oilfield in a short period of time, the cumulative distri-
bution curve of reservoir oil displacement efficiency is S-
shaped. The logarithmic function, semilogarithmic function,
and hyperbolic tangent function are used to fit the curve.
It is found that degree of fitting between the cumulative
probability distribution curve of the displacement efficiency
and the hyperbolic tangent function is better [7]. Therefore,
the hyperbolic tangent function is used to fit the cumulative
probability distribution curve of displacement efficiency. As
shown in Figure 1, curve A shows the cumulative distribution
curve of the displacement efficiency at the time of taking out
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Figure 1: Schematic diagram of the cumulative distribution curve
of displacement efficiency.

the core of the well, while curve B shows the cumulative prob-
ability distribution curve of the displacement efficiency under
the residual oil saturation. The mathematical expressions of
the curves A and B are, respectively,

𝑓 (𝐸𝑑) = 𝐶11 + 𝑒−𝐴1𝐸𝑑+𝐵1 + 𝐷1, (1)

𝑔 (𝐸𝑑) = 𝐶21 + 𝑒−𝐴2𝐸𝑑+𝐵2 + 𝐷2, (2)

where 𝑓(𝐸𝑑) is the mathematical formula of the hyperbolic
tangent function for the cumulative distribution curve of
the displacement efficiency at the time of taking out the
core of the well, in which the value range is 0-1; Ed is the
displacement efficiency at the time of taking out the core of
thewell, in which the value range is 0-1;𝐴1,𝐵1,𝐶1, and𝐷1 are
parameters obtained by fitting; 𝑔(𝐸𝑑𝑧) is the mathematical
formula of the hyperbolic tangent function for the cumulative
probability distribution curve of the displacement efficiency
under the residual oil saturation, in which the value range is
0-1; 𝐸𝑑𝑧 is the displacement efficiency under the residual oil
saturation, in which the value range is 0-1;𝐴2, 𝐵2,𝐶2, and𝐷2
are parameters obtained by fitting.

2.1. Selection of Curve Fitting Method. The parameters in
the function are obtained by the least squares curve fit-
ting [8]. Since the observed value 𝑦𝑖 fluctuates around the
desired value 𝑓(𝐸𝑑𝑖, 𝐴, 𝐵, 𝐶,𝐷), its distribution is normal
distribution, and when (𝐴, 𝐵, 𝐶,𝐷) is represented by 𝐸, the
probability density of 𝑦𝑖 is

𝑝 (𝑦𝑖) = 1√2𝜋𝜎𝑖 ex{−
[𝑦𝑖 − 𝑓 (𝑑𝑖, 𝐸)]22𝜎2𝑖 } . (3)

Considering that the measurements are independent of
each other, the likelihood function of the observed values𝑦1, 𝑦2, . . . , 𝑦𝑁 is
𝐿
= 1
(√2𝜋)𝑁 𝜎1𝜎2 . . . 𝜎𝑁 𝑒𝑥{−

12
𝑁∑
𝑖=1

[𝑦𝑖 − 𝑓 (𝑑𝑖, 𝐸)]2𝜎2𝑖 } . (4)

Assume the likelihood function 𝐿 be the largest to
estimate the parameter 𝐶, which should be

𝑁∑
𝑖=1

[𝑦𝑖 − 𝑓 (𝐸𝑑𝑖, 𝐸)]2𝜎2𝑖 . (5)

Take the minimum, that is, the least squares criterion. To
obtain 𝐸, it is necessary to make
𝑁∑
𝑖=1

1𝜎2𝑖 [𝑦𝑖 − 𝑓 (𝐸𝑑𝑖, 𝐴, 𝐵, 𝐶,𝐷)]
𝜕𝑓 (𝐸𝑑𝑖, 𝐸)𝜕𝐸𝑗 = 0,

𝑗 = 1, 2, 3, 4.
(6)

Solve the equation set to obtain 𝐴, 𝐵, 𝐶,𝐷, and then we
obtain the equation 𝑓(𝐸𝑑𝑖, 𝐴, 𝐵, 𝐶,𝐷) of the curve.
2.2. Verification of the Accuracy of the Fitting Method.
According to the statistics, it is found that the probability dis-
tribution of displacement efficiency follows the normal dis-
tribution𝑁(𝜇, 𝜎2), where 𝜇 is the mean of the normal distri-
bution and 𝜎 is the standard deviation of the normal distribu-
tion.Therefore, the cumulative probability distribution of the
displacement efficiency is

𝑓 (𝐸𝑑) = ∫𝐸𝑑
0

1√2𝜋𝑒−(𝑥−𝜇)
2/2𝜎2𝑑𝐸𝑑. (7)

Based on the simultaneous equations consisting of cumu-
lative probability distribution function of the displacement
efficiency and the cumulative probability distribution func-
tion obtained by fitting, 𝐸𝑑1 and 𝐸𝑑2 are substituted into the
equation to obtain the equations of 𝜇 and 𝜎:

∫𝐸𝑑1
0

1√2𝜋𝑒−(𝑥−𝜇)
2/2𝜎2𝑑𝐸𝑑 = 𝐶1 + 𝑒−𝐴𝐸𝑑1+𝐵 + 𝐷,

∫𝐸𝑑2
0

1√2𝜋𝜎𝑒−(𝑥−𝜇)
2/2𝜎2𝑑𝐸 = 𝐶1 + 𝑒−𝐴𝐸𝑑2+𝐵 + 𝐷.

(8)

𝜇 and 𝜎 obtained by the method used in this paper can
be obtained through inverse computation according to (7),
which are compared with the 𝜇 and 𝜎 in the actual data to
determine the accuracy of the selected fitting method.

3. Evaluation Index Calculation

Based on the cumulative probability distribution curve of
displacement efficiency, the development indexes such as
the reservoir producing degree, the degree of recovery, the
proportion of the remainingmovable oil after water flooding,
the ineffective circulation thickness, and the ineffective circu-
lation water volume are evaluated. The calculation method is
as follows.

3.1. Producing Degree. When the oil displacement efficiency𝐸𝑑 = 0, the ratio of nonproducing reserves of the reservoirℎ𝜇 is
ℎ𝜇𝐸𝑑=0 = 𝑓 (0) = 𝐶11 + 𝑒𝐵1 + 𝐷1. (9)
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Producing degree of reservoir𝑀,

𝑀 = 1 − 𝐶11 + 𝑒𝐵1 − 𝐷1, (10)

where ℎ𝜇 is the proportion of nonproducing reserves of the
reservoir and𝑀 is the producing degree of reservoir.

3.2. Degree of Recovery. Proportion of crude oil in the
reservoir is as follows:

𝑁𝑅 = ∫𝐸𝑑max

0
𝑓 (𝐸𝑑) 𝑑𝐸𝑑 + (1 − 𝐸𝑑max)

= ∫𝐸𝑑max

0
( 𝐶11 + 𝑒−𝐴1𝐸𝑑+𝐵1 + 𝐷1)𝑑𝐸𝑑

+ (1 − 𝐸𝑑max)
= 𝐶1𝐴1 ln

𝑒𝐴1𝐸𝑑max+𝑒
𝐵1

1 + 𝑒𝐵1 + [1 − (1 − 𝐷1) 𝐸𝑑max] .

(11)

Degree of reservoir recovery 𝑅 is as follows:

𝑅 = 1 − 𝑁𝑅 = (1 − 𝐷1) 𝐸𝑑max − 𝐶1𝐴1 ln
𝑒𝐴1𝐸𝑑max+𝑒

𝐵1

1 + 𝑒𝐵1 , (12)

where𝑁𝑅 is the proportion of crude oil in the reservoir, R is
the degree of reservoir recovery, and 𝐸𝑑max is the maximum
displacement efficiency corresponding to the cumulative
distribution curve of the displacement efficiency at the time
of taking out the core of the well.

3.3. Proportion of Remaining Movable Oil. The proportion of
residual oil in the reservoir𝑁𝑂𝑅 is

𝑁𝑂𝑅 = ∫𝐸𝑑𝑧max

𝐸𝑑𝑧min

( 𝐶21 + 𝑒−𝐴2𝐸𝑑+𝐵2 + 𝐷2)𝑑𝐸𝑑
+ (1 − 𝐸𝑑max)

= 𝐶2𝐴2 ln
𝑒𝐴2𝐸𝑑𝑧max−𝐵2 + 1𝑒𝐴2𝐸𝑑𝑧min−𝐵2 + 1 + 𝐷2

∗ (𝐸𝑑𝑧max − 𝐸𝑑𝑧min) + (1 − 𝐸𝑑max) .

(13)

The proportion of remaining movable oil𝑁𝑅𝑃 is
𝑁𝑅𝑃 = 𝐸𝑑𝑧max − 𝐸𝑑max

+ ∫𝐸𝑑max

0
( 𝐶11 + 𝑒−𝐴1𝐸𝑑+𝐵1 + 𝐷1)𝑑𝐸𝑑

− ∫𝐸𝑑𝑧max

𝐸𝑑𝑧min

( 𝐶21 + 𝑒−𝐴2𝐸𝑑+𝐵2 + 𝐷2)𝑑𝐸𝑑
= (1 − 𝐷2) 𝐸𝑑𝑧max − (1 − 𝐷1) 𝐸𝑑max

+ 𝐷2𝐸𝑑𝑧min + 𝐶1𝐴1 ln
𝑒𝐴1𝐸𝑑max+𝑒

𝐵1

1 + 𝑒𝐵1
− 𝐶2𝐴2 ln

𝑒𝐴2𝐸𝑑𝑧max−𝐵2 + 1𝑒𝐴2𝐸𝑑𝑧min−𝐵2 + 1 ,

(14)

where 𝐸𝑑𝑧max is the maximum displacement efficiency cor-
responding to the cumulative probability distribution curve
of the displacement efficiency under residual oil saturation;𝐸𝑑𝑧min is the minimum displacement efficiency correspond-
ing to the cumulative probability distribution curve of the
displacement efficiency under residual oil saturation;𝑁𝑂𝑅 is
the proportion of residual oil in the reservoir;𝑁𝑅𝑃 is the pro-
portion of the remainingmovable oil;𝑁𝑅 is the proportion of
crude oil in the reservoir.

3.4. Ineffective Circulation Thickness. The water cut and
flooding efficiency data of the reservoir are obtained by using
the single-layer oil test data of the reservoir and then statis-
tical regression of the water cut and displacement efficiency
is carried out to obtain the relation curve between the water
cut and the water saturation.The displacement efficiency cor-
responds to the relation curve between the water saturation.
With the water cut of 98% as the limit, the critical water
saturation of the ineffective circulation layer is determined
by the relation curve between water cut and water saturation;
then the relation curve between the displacement efficiency
and the water saturation is used to find the oil displacement
efficiency corresponding to the oil saturation and determine
the critical oil displacement efficiency limit 𝐸𝑑𝑤. With the
critical oil displacement efficiency of ineffective circulation as
the limit, the reservoir thickness exceeding the displacement
efficiency value enters the ineffective circulation state.

3.5. Ineffective Circulation Water Volume. The proportion
of the water absorption per unit of thickness in the total
water injection of the well in the study area is ranked
from small to large. The percentage of the thickness of
different water absorption ratios in the total thickness is
calculated, which is called the thickness frequency in the
thickness of water absorption ratio, and then the cumulative
water absorption ratio distribution map corresponding to
the reservoir thickness is obtained. According to the current
ineffective circulation thickness ratio ℎ𝑤1, which has been
determined, the corresponding water absorption ratio (i.e.,
the current ineffective circulation water volume 𝑞𝑤) can be
calculated.

4. Example Calculation

Taking the coring well data of a block in Lasaxing Oilfield
of Daqing as an example, the cumulative probability distri-
bution curve of the displacement efficiency at the time of
taking out the core of the well and the cumulative probability
distribution curve of the displacement efficiency under the
residual oil saturation are obtained (Figure 2).

The cumulative distribution curve of the displacement
efficiency at the time of taking out the core of the well and the
cumulative probability distribution curve of the displacement
efficiency under the residual oil saturation are fitted by
using the method of this paper to obtain the hyperbolic
tangent function for the cumulative distribution curve of the
displacement efficiency at the time of taking out the core of
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Figure 2: Cumulative distribution curve of displacement efficiency.

the well and the cumulative probability distribution curve of
the displacement efficiency under the residual oil saturation:

𝑓 (𝐸𝑑) = 0.70011 + 𝑒−12.62∗𝐸𝑑+5.413 + 0.2951. (15)

Calculated values are as follows:

Mean: 𝜇 = 0.6138; standard deviation 𝜎 = 0.1256.
Measured values are as follows:

Mean: 𝜇 = 0.6; standard deviation 𝜎 = 0.175.
Mean error: 2.3%; standard deviation error: 2.8%

𝑔 (𝐸𝑑) = 1.0131 + 𝑒−16.96∗𝐸𝑑+9.981 + 0.000612. (16)

The parameters obtained by the method used in this
paper are as follows: the reservoir producing degree is 71.59%,
the degree of recovery is 35.13%, and the proportion of the
remaining movable oil after water flooding is 22.82%, respec-
tively. Based on the relation curve between the water cut and
thewater saturation (Figure 3) and the relation curve between
water saturation and oil displacement efficiency (Figure 4),
the current ineffective circulation thickness ratio ℎ𝑤1 and the
final ineffective circulation thickness ratio can be determined,
which is 5% and 21%, respectively. Based on the cumulative
water absorption ratio distributionmap (Figure 5), we can see
that the proportion of the current ineffective circulationwater
volume is about 12%, which is basically the same as value
obtained from the numerical simulation method. Therefore,
the method has good applicability and practicability.

5. Conclusion

After the analysis of the actual core data, the cumulative
probability distribution curve of the displacement efficiency
is obtained, and the hyperbolic tangent formula for the cumu-
lative distribution curve of the oil displacement efficiency is
fitted by the least squares curve fitting method. Based on the
cumulative distribution curve of oil displacement efficiency,
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Mathematical Problems in Engineering 5

the reservoir development indexes such as the reservoir
producing degree, the degree of recovery, the potential of the
remaining movable oil, the ineffective circulation thickness,
and the ineffective circulation water volume are calculated.
Through the application of thismethod in the actual block,we
can see that the method has good accuracy and practicability.
In summary, with full use of existing coring well data and
the statistical analysis of the oil displacement efficiency
distribution, the evaluationmethod can be used as a powerful
tool for deep dissection of the reservoir producing status and
the oil displacement status, which is of great significance for
the quick and accurate evaluation of oilfield development
status and the improvement of oil recovery.
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