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Abstract

The bottom water heavy oil reservoir has high natural energy, and the bottom
water body multiple of the reservoir is 300 times or even higher. The natural
energy of the reservoir can keep the superior condition that the formation
energy does not decrease under the condition of large liquid volume and high
recovery rate. In view of this reservoir condition, we take C oilfield as an ex-
ample to carry out the oilfield development effect under the condition of large
liquid volume and high-speed production, and analyze the influence of
high-speed production and medium low-speed production on recovery rate
of similar heavy oil bottom water-reservoir. The results show that the rising
trend of water cut in oilfield is the same whether high-speed development
with large liquid volume or conventional low-speed development is adopted.
Under the condition of high liquid production, the sweep efficiency of water
flooding is high in the same period of time, which has certain advantages of
enhanced oil recovery. The development mode of early large liquid produc-
tion is explored, which provides certain guidance for the efficient develop-
ment of heavy oil reservoir with bottom water.
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1. Introduction

C oilfield is dominated by thin-layer heavy oil reservoir with strong bottom wa-
ter. The average effective thickness of oil layer is 11 m. The vertical distribution
range of formation crude oil viscosity is 30 MPa:s - 425 MPa-s from deep to
shallow. The reservoir has good physical properties with an average permeability
of 3000md and sufficient energy of bottom water. After more than ten years of

production, the formation pressure has basically remained unchanged. In the
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process of oilfield development, the water cut of oil wells rises rapidly and the
degree of water drive is low. At present, the comprehensive water cut is 96.1%
and the recovery degree is 10.3%. The core of this kind of reservoir development
is how to expand sweep, increase reserves and effectively produce. The common
technology of similar reservoir development is to slow down the oilfield produc-
tion by multiple sidetracking after the high water cut stage. This paper evaluates
the oil recovery rate through the initial high-speed and high-volume develop-
ment, so as to reduce the frequent sidetracking and reduce the development cost
of the oilfield (Liu et al., 2002) (Li & Meng, 1994) (Lu, 2010) (Hou et al., 2006)
(Cao et al.,, 2014) (Nie et al., 2012).

Taking Minghuazhen Formation sand body of C oilfield as the key research
object, this paper studies the influence of liquid production rate on oil recovery.
It mainly includes the following aspects: 1) analyzing the historical production
dynamic characteristics of sand body in upper Ming section of C oilfield; 2)
analyzing the influence of fluid production rate on oil recovery by using mathe-
matical model analysis; 3) comparing the production effect of high and low

speed in actual oilfield.

2. Effect Evaluation of Early Large Liquid Development

2.1.In Large Liquid Production, the Rising Law of Water Content
Is Basically Consistent with That of Conventional Liquid
Production

For edge and bottom water reservoirs, the traditional idea is that the water cut
rise should be controlled by small pressure difference at the initial stage of pro-
duction, to prolong the production time in the low water cut stage as much as
possible. C oilfield has two typical reservoir characteristics: first, the viscosity of
underground crude oil is high, and the viscosity of underground crude oil in
Ming Formation reservoir is 142 - 425 MPa-s; Secondly, the structural amplitude
of sand body is low (10 m - 30 m), the height of oil column is small, the average
is 9 m, the development of internal interlayer is poor, and the energy of edge and
bottom water is sufficient. Based on the above reservoir characteristics, during
the horizontal development of C oilfield, the water cut of oil wells rises rapidly
after putting into production, and the progress of bottom water cone cannot be
restrained. Theoretical calculation and production performance show that the
critical production of horizontal wells in Ming Formation bottom water heavy
oil reservoir of C oilfield is small, which cannot meet the actual production de-
mand, and the actual production of horizontal wells is basically no water free oil
production Period. According to the actual production data of horizontal wells
in the oilfield, the water breakthrough time and the relationship between initial
water cut and production pressure difference of 26 typical horizontal wells in C
oilfield are compared (Figure 1). By contrastive analysis, it’s found that there is
no obvious corresponding relationship among breakthrough time of water cut,

initial water cut, and production pressure difference in horizontal wells of C
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Figure 1. The relationship between the water breakthrough time and production pressure
difference.

oilfield (Xiong et al., 2014) (Chang et al., 2020) (Xin, 2011) (Liu, 2012) (Fan &
Lin, 1994) (Xiao et al., 2009).

2.2. The Energy of Bottom Water Is Sufficient and There Is a
Material Basis for Large-Scale Exploitation

The sand body of Ming Formation in C oilfield has strong bottom water energy.
After the oilfield is put into operation, the formation pressure is basically stable
near the original formation pressure. The dimensionless liquid production index
calculated by the relative permeability curve of different sand bodies in this in-
terval shows that the dimensionless liquid production index is 5 - 20 times of
that in the initial stage when the water content is 50% - 90%. The initial produc-
tion capacity is 100 - 230 m’/d that has the material basis for early large liquid
production (Figure 2).

3. Effect of Recovery Rate on Recovery of Heavy Oil
Reservoir with Low 0il Column and Bottom Water

3.1. Mechanism Study

Based on the physical property characteristics, fluid properties and relative per-
meability curves of upper Ming formation in C oilfield, the mechanism model is
established for research. In the model, the plane mesh number is 87 x 89, the
step size is 10 m, the longitudinal mesh number is 18, the step size is 1m, and the
total mesh number is 139374 (Figure 3 and Figure 4).

The actual model of a sand body in C oilfield is used for research. The results
show that the horizontal grid number is 98 x 57, the step length is 50 m, the ver-
tical grid number is 20, the step size is 0.75 - 1 m, the water body size is 50 times,
the permeability is (2000 - 5000) x 10> um®. The relative permeability curve and
formation crude oil viscosity are the same as the mechanism model.

It can be seen that in the case of fixed liquid production, the cumulative oil
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Figure 2. Dimensionless oil production and liquid production index of Minghuazhen
Formation sand body in C Oilfield.
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Figure 3. Phase permeability curve.
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Figure 4. The change of cumulative oil production when water cut reaches 98%.

production of different liquid production rates of the mechanism model and the
actual model are basically unchanged. The total cumulative oil production of five

wells in the mechanism model is 5.7 x 10* m?, and the recovery factor is 3.5%;
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the total cumulative oil production of 10 wells in the actual model is 19.5 x 10*
m’, and the recovery factor is 3.1%. It can be concluded that for heavy oil reser-
voir with low oil column and bottom water in upper Ming member of C oilfield,
the recovery rate has little effect on its recovery.

In view of this conclusion, it is studied from the mechanism that the recovery
factor is composed of sweep efficiency and movable oil recovery degree. Starting
from the influence of liquid production rate on sweep efficiency and movable oil
recovery degree, the influence of liquid production rate on oil recovery is ana-
lyzed.

1) Influence of liquid production rate on sweep efficiency

According to the statistics, the sweep efficiency changes when the water cut
reaches 98% is shown in Figure 5. The statistical method is as follows: the origi-
nal oil saturation of the model is 0.75. If the oil saturation of the model grid
changes by 0.02, it is considered that the grid is affected by water waves, and the
number of swept grids is counted. Finally, the volume sweep efficiency is ob-
tained by dividing the number of grids swept under different daily liquid pro-
duction and the total number of original oil-bearing grids.

It can be seen from Figure 5 that the sweep efficiency increases with the in-
crease of liquid production rate, which is due to the increase of liquid produc-
tion rate and the increase of production pressure difference. Therefore, the crude
oil in some reservoirs with relatively poor physical properties is started to par-
ticipate in the flow. When the liquid production rate is greater than a certain
value (mechanism model 300 m*/D, actual model 500 m*/D), both of them basi-
cally tend to be fixed value. Due to the increase of liquid production rate, the
rising speed of water is higher than the sweep speed of water drive, which results
in the shortening of the time when the water cut reaches 98% and the well is shut
in.

2) Effect of Fluid Production Rate on Recovery Degree of Movable Oil

The changes of movable oil recovery degree when water cut reaches 98% un-
der different daily liquid production are shown in Figure 6. The statistical me-
thod is as follows: the original oil saturation of the model is known to be 0.75, so
the residual oil saturation SOR in swept volume after water flooding can be read

out from the model to calculate the recovery degree of movable oil.
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Figure 5. The sweep efficiency.
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Figure 6. The recovery percent.

The recovery percent of movable oil decreases with the increase of liquid
production rate. When the liquid production rate is greater than a certain value
(mechanism model 300 m’/D, actual model 500 m*/D), both of them basically
tend to fixed value. With the increase of liquid production rate, the sweep vo-
lume is increased. However, when the water cut reaches 98%, the grid oil satura-
tion does not reach the strong water flooding state, resulting in a high average
residual oil saturation in the swept area, so the movable oil recovery degree de-
creases. When the liquid production rate is greater than a certain value, the
sweep efficiency remains unchanged, leading to the same displacement efficien-
cy.

It can be seen from the attached Figure 7 that the recovery factors of different
recovery rates are basically the same, because the sweep efficiency and the re-
covery degree of movable oil are affected by the fluid production rate on the
contrary. When the liquid production rate is greater than a certain value (me-
chanism model 300 m’/D, actual model 500 m*/D), they tend to be fixed values.

3.2. Comparison of Actual Production Effect

Both Ming oil formation in west area of D oilfield and upper Ming oil formation
of C oilfield are bottom water heavy oil reservoirs. Their reservoir physical
properties are similar, with average porosity of 0.3 and average permeability of
3000 md. Among them, crude oil viscosity of Ming oil formation in D oilfield is
260 mPa-s, and that of upper Ming sandstone formation in C oilfield is 350 - 425
mPa-s. seven horizontal wells put into operation after 2005 are selected from
these two oil formations The average oil column height of sand body is 15 m and
13 m respectively. The low liquid production mode of 50 - 200 m*/D is adopted
in D oilfield, and 400 - 1200 m*/D high liquid production mode is adopted in C
oilfield. The low water cut period of the former lasted for 10 months, while that
of the latter lasted only 3 months, indicating that low liquid production can
prolong the production time of low water cut.

By comparing the cumulative oil production ratio at different water cut stages,
it can be seen that most of the crude oil is recovered from the high water cut
stage (FW > 90%) regardless of low or high liquid production, and the propor-
tions are 60% and 70% respectively.

Figure 8 shows the relationship curve between water cut and recovery degree
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Figure 7. The recovery factors of different recovery rates.
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Figure 8. The relationship curve between water cut and recovery degree.

of oil formation under high and low liquid production development modes of C
and D oilfields. It can be seen that in low liquid production of D oilfield, the re-
covery degree in low water cut period is only 1.6%, while in Caofeidian high liq-
uid production, bottom water breakthrough is fast, and there is basically no low
water cut stage. However, no matter high liquid production or low liquid pro-
duction, once the bottom water breakthrough occurs, the water cut will rise ra-
pidly, and the later stage will increase the two curves tend to intersect, and the
recovery degree of the two mining modes is basically the same. The final recov-
ery factor of the two models is predicted by Tong’s chart method.

4. Conclusion

Based on the production law of heavy oil bottom water-reservoir, this paper
summarizes the development effects of different development strategies in the
early stage of oilfield development. The research results show that the oil fields
with sufficient natural energy have the reservoir conditions of early high-speed
and large liquid production. At the same time, the recovery efficiency of reser-
voir development has little difference under different working systems of liquid

production rate. Therefore, for heavy oil reservoirs with rigid bottom water, high
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speed development mode can be adopted to recover oilfield investment quickly

and improve economic benefits of oilfield development.
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