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Abstract: At the present stage, with the rapid social and economic development, people's demand for oil
resources continues to rise. Based on this situation, oil prices continue to rise. At the same time, the
management of old oil fields is difficult. In this regard, combined with the example of S oilfield, this paper
analyzes the factors affecting the production of S water drive oilfield, and puts forward the adjustment strategy

of the production plan, hoping to provide reference for related units.

Keywords: Water drive oilfield; Development effect.

1. Introduction

Petroleum gas resources are important resources to ensure
the stable development of society and have key economic
strategic value to a certain extent. When developing oil
fields, water flooding mode is generally adopted. The
final production effect is very obvious, and sufficient
technology and production tools can be obtained.
However, there are still some problems in water flooding
mining activities, so it is of great significance to actively
carry out relevant influencing factors, and at the same
time, scientific strategies are of great significance to
improve the oilfield exploitation effect [1].

2. Development status of S oilfield

The oil area of S oilfield has been proved to be 23.1K nf,

and the geological reserves have been proved to be
700.00*104t. The exploration and development began in
20008. In September 2020, 73 Wells were opened in S
oilfield, with 206.62m?*d of liquid production and
135.64m? of oil production. There were 16 Wells, with
23.05m%/d of water injection per well and an injection-
production ratio of about 1.35. At present, the total oil
production volume reaches 22.59*64m’, with 34.5%
water cut.

3. Analysis of influencing factors of S
water drive oilfield production

3.1 The law of diminishing

At present, Arps model is widely used in China, which is
a typical mathematical model in the study of yield decline
law, mainly covering hyperbolic decline, harmonic
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decline and exponential decline models, as shown in the
following formula:
n
- (3) (1)

Q; Dj

Where, Q represents the oil production at t time in the
diminishing process, unit 104m3/a, 104m*/mon, m?*/d.
Represents instantaneous decline rate, unita-1, cmon-1,
d-1. Q; Represents the oil production at the early stage of
decline period, unit 104m3/a, 104m*/mon, m3/d. D;
Represents the initial decline rate after the onset of decline,
unit a-1, cmon-1, d-1. N Exponent of decline. The
dynamic production information is analyzed, and the
monthly output of the oilfield is obtained according to the
method of decline law. See the table below.

Table 1 Monthly oil production of S oilfield

. 2008 2013 | 2016 | 2018 | 2020
Time | Top [ 2010000 70 L | s | L
Oil 5, | 2900 | 5900 | 4100 | 4000
produc 0 1200m?/ m’/m | m¥m | m¥m | m¥m
. mon
tion on on on on

By means of analysis, the decline type of S oilfield
belongs to hyperbolic decline type, Where n is 0.65,
And the initial decline rate of S oilfield is 23.74%, as
shown in the following formula:

_ Qi
Q= (1+0.048t)1538 @)
The output data can be predicted with the help of the

above equation.

3.2 The recoverable reserves are calculated by
decreasing curve

Based on the dynamic analysis information of S oilfield,

the production decline calculation formula is obtained.

With the help of the above formula, the recoverable
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reserves are calculated as 56.24*104m 3, and then the
recoverable reserves of S oilfield are 48.83*%104m 3, and
the recovery factor of S oilfield is 22.47%.

3.3 Factors affecting yield change

(1) Reservoir heterogeneity. The reservoir of S oilfield
has strong heterogeneity, and the longitudinal
permeability range reaches 104.56. On the plane, the sand
body is unconnected, which makes the water injection
ineffective and the effective rate is low.

(2) Formation pressure. The formation energy of S oilfield
declines rapidly and its distribution is not balanced. The
original formation pressure of S oilfield is 17.89.
However, due to the lack of water injection in the later
production, more attention is paid to natural energy in the
production activities, resulting in the rapid decrease of
formation pressure and serious contradiction between
injection-production layers in the reservoir [2].

(3) Injection-production pattern. In some areas, there is no
scientific injection and production well pattern, and
mining is carried out without water injection, which
makes the formation energy deficit more serious. Some
mining Wells are located in the lithological pinch-out
zone and the edge of sand body, and the effect cannot be
fully guaranteed after water injection.

4. S oilfield development
adjustment strategy

plan

4.1 Forecast the effect of production plan
development at present stage
In order to make effective adjustment in the later stage, it
is necessary to reasonably predict the current
development plan, and then provide reasonable
adjustment strategy for the next plan. Using the numerical
simulation method to predict the development plan, the
development dynamic design is as follows: The
simulation time is until 2026, according to the annual
water volume, the injection amount is fixed, the end value
of injection pressure is within 35Mpa, and the
development dynamic of S oilfield is predicted. By 2026,
according to the current development plan, the water
content of S oilfield is about 75%, the oil output is 42m?/d,
and the recovery degree is expected to be 22%.
In addition, through the study of oil saturation distribution
map of S oilfield, it can be found that water injection in
some areas of S oilfield cannot be swept, and is distributed
in disconnected sand body areas. Meanwhile, in areas
with poor physical properties, remaining oil is widely
distributed in L2 reservoir, which is an area with
ineffective water injection or imperfect perforation, which
is a favorable area for tapping potential [3].
From the perspective of stratified pressure distribution,
the reservoir pressure distribution has significant
heterogeneity, which reflects that the existing water
injection methods and well pattern water flooding control
range is small. The 12 low-pressure block covers the
following parts:
G41-19 east-west low pressure zone; (2) The north-south
low pressure from H29-11 to G4326. H33-15 and G42

injection Wells are mainly distributed in high-pressure
areas, mainly because of the difference in injection-
production ratio among different well groups. See below.

Fig. 1 The distribution of 12 layer oil saturation under the
condition of 75% comprehensive water cut of existing well
pattern S oilfield

With the help of numerical simulation method, the
recovery rate of the current production plan of S oilfield
is only 22%, which reflects the shortcomings of the
production plan.

4.2 Optimization of injection well pattern by
filling holes
In view of the lack of perfection of injection-production
and the interlayer contradiction of injection-production
well pattern in S oilfield, the stratification information of
reservoir strata was studied in depth. According to the
existing injection-production scheme and perforation, the
well layers with good filling potential were fully
optimized, and the effect was predicted by numerical
simulation method.
Due to the effective improvement of the production fluid
level of the filling well, the fluid increase of the filling
well is 1.5m?*/d, and the oil increase of S oilfield is
23.6m*/d, the development effect is predicted by using the
numerical simulation method, and the optimization
scheme of the filling hole is formulated scientifically
based on this. The simulation time is until 2026, and the
comprehensive water cut of S oilfield in this period is
about 75%. The recovery degree is 23%, 1% higher than
the existing recovery degree.
When the comprehensive water cut is about 75%, the hole
filling strategy can effectively improve the flooding range.
Filling hole injection well pattern in the eastern part of
Long L2 layer can effectively control the area with high
oil saturation. See below.
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Fig. 2 Distribution of 12 layer oil saturation under the condition
that the comprehensive water cut of S oilfield is 75% under the
prediction of filling hole strategy
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4.3 Predict the effectiveness of well measures
As for the Wells in S oilfield that have been put into
development, the production time of 50% Wells is about
one year, so the liquid production capacity has decreased.
The current production level is only 40% of the initial
level. In addition, some Wells cannot be injected with
water. The main reasons are as follows :(1) the injection
water has the phenomenon of large orifice protruding or
pointing. (2) The lack of sufficient formation energy
affects the liquid supply capacity. (3) The water cut
increases rapidly, affecting the yield [4].

With the help of numerical simulation method, it is
predicted that by 2026, the recovery degree of S oilfield
will increase by 1.3%, and the liquid production capacity
of single well will increase to Sm3/d. In order to fully
improve the recovery factor of S oilfield and adjust the
recovery strategy, the main method is to optimize the
reservoir by filling holes, and effectively improve the
recovery degree of S oilfield with different adjustment
strategies by means of fracturing and other reservoir
reconstruction methods. By 2026, the S field is expected
to increase ultimate recovery by 2.3% through a
combination of retrofit and hole filling.

4.4 Prediction of effect of crystal injection and
pore pressure production strategy

(1)Well test results in S field. In 2020, two Wells and four

oil Wells will be tested for pressure recovery, as shown in

the table below.

Table 2 Analysis of well test results of S oilfield in 2020

The
well The well Wells

type
H29- | H30- | H30- H29- | G42-
No. 14 11 16 | BB s 21

Botto
m
hole
flowi
ng
press
urc
Interp
retive
forma | 21.20 | 24.06 | 17.68 | 12.27 | 2522 | 30.42
tion | IMPa | 9MPa | IMPa | IMPa | 8MPa | SMPa
press
urc
Produ
ction
and
water
inject | 12.92 | 17.43 | 15.88 | 9.632 | 2.566 | 5.736
ion | OMPa | 9MPa | OMPa | MPa | MPa | MPa
press
ure
differ
ence
It can be seen from the above table that the formation
pressure presents an uneven distribution state, which is
not significantly different from the numerical simulation.
In this case, there is a significant difference in production

8.281 | 6.630 | 1.801 | 2.639 | 27.79 | 36.16
MPa MPa MPa MPa | 4MPa | 1MPa

pressure. The maximum and minimum production
pressure difference are 17.44mpa and 1.4mpa respectively.
H29-15 interprets the formation pressure as 25.23mpa,
and compared with H30-16 and H29-14, the extrapolated
formation pressure difference is within the range of 4-
7.5mpa, reflecting that the pressure wave and radius of
injection-production Wells are not connected, and the
difference increases with the increasing distance [5].

Determine flow pressure reasonably. (1) Pump mouth

pressure and reasonable pump efficiency are:
1

N=—on
{ﬁT;;*Bt}X(l—fWHM (3)

Among them, a is the dissolution coefficient of natural
gas, unit m*/Mpa. Fw is integrated water cut, For the
decimal. B, is the pump pressure, unit Mpa. Fy, is
gasoline than, unit m*t. B; Is based on the pump
pressure crude oil volume coefficient. N Represents pump
efficiency.
(@ The minimum relationship between pump inlet
pressure and flow pressure is:

Pup = By + 222 X [py x (1 = fw) + p, X fw] X F, (4)
Among them, H,, is the depth of the pump, unitm. F; is
the average correction coefficient of liquid density. p, is
the average crude oil density above the pump pressure and
below the moving liquid surface, g/cm?®. H,, is the depth
in the middle of the reservoir, unit m. P, is the
minimum reasonable flow pressure, unit Mpa.
Moisture content and minimum flow pressure are
generally solved according to the relationship between
minimum flow pressure and pump pressure. By the above
formula, To obtain P, fis 5.1Mpa, Close to the mean
bottom hole pressure of some production Wells in well
test statistics(4.78MPa).
(3) Determine a reasonable differential pressure. After the
reasonable bottom hole flow pressure and formation
pressure are determined, the reasonable value of
production pressure difference can be calculated:

AP = P; — Py 5)

The reasonable bottom hole flow pressure is 5.1Mpa, So
the reasonable production differential pressure is 12Mpa.

5. Conclusion

To sum up, in order to fully ensure the stable development
of petroleum enterprises and provide enough oil resources
for daily life and production, relevant departments should
pay attention to downhole workover work to improve the
production effect of oil fields. As for the exploitation
effect of S oilfield, this paper analyzes the factors
influencing the exploitation with the help of Arps model.
In view of the insufficiency of reservoir heterogeneity and
formation pressure, the final recovery factor can be
increased by 2.3% through measures of reconstruction
and hole filling, effectively improving the exploitation
effect.



E3S Web of Conferences 352, 01063 (2022)
ESAT 2022

https://doi.org/10.1051/e3sconf/202235201063

References

1.

LI Bingyi, Chen Li, LI Jinling, et al. Identification of
influencing factors for water flooding evaluation of
high water-cut oilfield based on DEMATEL: A case
study of Xingxi Oilfield [J]. Mathematics Practice
and Cognition, 2015(05):12-12.

Song Zengqiang, Song Chunhong, Tian Zhongchao.
Development characteristics and influencing factors
of xing4 ~ 6 area polymer flooding 8 # injection
station in subsequent water flooding stage [C]/ The
sixth Annual Youth Academic Conference of
Chinese Petroleum Society, 2009.

Liu Yigang, Meng Xianghai, ZHANG Yunbao, et al.
Numerical simulation of separate injection and
production effect and its influencing factors in
offshore oilfields: A case study of SZ36-1 oilfield in
Bohai Sea [J]. Petroleum Geology and Engineering,
2020, 34(04):7-7.

An Guirong, XU Jiafeng, ZHOU Wensheng, et al.
Strategy and Method of improving water flooding
effect in complex fluvial heavy oil field [C]/
Development Technology Forum of China National
Offshore Oil Corporation. China National Offshore
Oil Corporation, 2012.

Meng Xianghai, XIA Huan, LI Yanyue, et al.
Research on application effect and influencing
factors of intelligent injection and extraction
technology [J]. Contemporary Chemical Industry,
2022, 51(01):1-4.



