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Abstract: Reserves are the basis of oilfield development, and determination of reserves accurately has great
significance for future adjustment of oil fields development. Due to distinct characteristics of offshore oilfield
development, it is difficult to obtain dynamic reserves accurately using conventional methods. To overcome the
limitations of existing methods, in this paper, a new model for calculating dynamic reserves is established through
theoretical derivation with innovative introduction of relative permeability ratio and the quadratic power function of water
saturation based on Buckley-Leveret function and frontal movement equation. The result shows that this approach is
simple to use and with good applicability, and only needs typical oil field dynamic data. The results of the study facilitates
better recalculation of oil field reserves and implementation of oilfield adjustment well. More importantly, it has laid out a
new methodology for increasing oil production and exploration in Bohai oil field and provided theoretical foundation for

subsequent oilfields’ efficient development.
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1. INTRODUCTION

Reserves are the basis of oilfield development, and
previous calculation of dynamic reserves has been
extensively studied [1-7]. At present, the common
methods used including material balance method,
pressure drop method, well-testing data analysis
method and water flooding curve method. However,
these methods are limited in their use. The material
balance method requires more parameters in the
calculation of water-driven state reserves, and it is
difficult to obtain accurate water influx volume. The
pressure drop method requires sufficient flow pressure
data, which is not applicable for oil wells without down
hole pressure monitoring device. Well-testing data
analysis method is very costly, especially for offshore
oil field, well test data usually very limited, so the
applicable scope of this method is limited. The water
flooding curve method is only used in the middle and
high water cut period [8], which error is very large in the
low water-cut stage. Considering the particularity of
offshore oilfield development, based on Leverett
function and frontal movement equation, in this paper,
we creatively introduce relative permeability ratio and
the quadratic power function of water saturation and
combined with the dynamic data of oilfield, a new
model for calculating dynamic reserves is established.
This method only needs relative permeability curve,
water cut and accumulated oil production data, and it is
very simple and with good applicability.
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2. NEW MODEL OF DYNAMIC RESERVE

In the dynamic analysis of oil fields, water cut is an
important parameter, which can be described with the
Buckley—Leverett Function expression [9-10];
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where: f, is the water cut, K is relative permeability
to water, u, is the formation water viscosity, mPa.s;
U, is the formation oil viscosity, mPa.s.

For the convenience of application, the ratio of
relative permeability is often expressed as a function of
water saturation. At the same time, to make the fitting
more accurate and practical, the original expression is
corrected as:
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where: S, is water saturation, percent; a, b, care
regression parameters of the relative permeability
curve, dimensionless.

Formula (3) can be achieved by combining formula
(2) and formula (1):
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Further solution can be obtained:
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where: A=b”>-4ac+4a.ln

Formula (3) derivation can be obtained:

fu (Sy) = (fw — Dfi(2aS, +b) (5)

where f;(S,) is the derivative of water cut to water
saturation, dimensionless.

According to the Buckley-Leverett equation and
frontal movement equation, after water breakthrough,
the tangent of fractional flow function of the wetting
phase [11-12] can be obtained as follows:

fu (S) = 52 6)

where S, is mean water saturation, f.

Formula (7) can be achieved by combining formula
(5) and formula (6)
- 1
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After combining formula (4) and formula (7), and
with the help of big data analysis, the positive solution
is obtained.
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According to the requirements for the calculation of
oil and natural gas reserves, the calculation of reserves
by volume method is as follows:

N, = 1004,h®S,;/By; = 1004, h® (1 — Sy;)/Bo; 9)

Where N, is geological reserves of crude oil , 10*m?®;
A, is oil-bearing area , km2; his effective thickness, m;
¢ is effective porosity, f; S,; is initial oil saturation, f;
B_. is initial oil formation volume factor.

ol
The expression of residual reserves is as follows:

Nor = 100A0h® Sor/Boi = 100th® (1 _g)/Boi (10)

Where: N, is the remaining geological reserves,
10*m?®; s, is residual oil saturation.

The accumulation of oil production of an oil field at a
certain stage can be expressed as:

Np =N, = No» = 100th®50i(§_swi)/30i (11)
Where: N, is accumulative output of oil, 104m3;

The further deformation of the formula (11) can be
obtained:

Ny = Ny - Sy = Sui)/1 = Sy (12)

Formula (13) can be achieved by combining formula (8)
and formula (12);
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In the process of oilfield production, the water cut
and the accumulated oil production data are abundant,
and the formula (13) is represented as a primary
equation:

Y =KX +B (14)
fw-(A+4a-ln%)—2a
Where Y= Ny, X = T ,
Za-fw< A+4a-lnﬁ)
No g= % (b )
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The water cut is replaced by the formula, and the
correlation curve of the accumulative oil production is
drawn. The coefficient is obtained by fitting and
regression, and the geological reserves are further
obtained.

By correcting the relative permeability curve, this
method is more suitable for all stages of oilfield
development, and the oil reserve Ng obtained is more
water driving reserve concept. In the case of
insufficient pressure data, this method is a good
method for obtaining dynamic reserves.

3. CALCULATION EXAMPLE

Bozhong a oilfield is mainly controlled by tectonics
and faults and is a layered structural reservoir. It is
mainly divided into five well zones at the plane, and
different well zones have different fluid interfaces and
reservoir depths. Block 4 is a main well area in the oil
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Figure 1: Seismic facies distribution diagram of thell oil group of Lower Dongying Formation.

field. The oil layers are mainly concentrated in thelloil
group of Lower Dongying Formation and IIloil group of
Dongying Formation in the longitudinal direction. The
average porosity is 24.2% and the average
permeability is 1806.7mD, which belongs to high
porosity and permeability reservoir. The well area is
developed by using irregular well pattern. Currently,
there are 2 injection wells and 3 production wells with

calculation method cannot be used, so the new method
was used to recalculate the dynamic reserve.

Fitting was made (Figure 2) based on relative
permeability data (Table 1), and a = 11.77, b = -32.084,
¢ = 12.567 were obtained, then A = 57598 is
calculated.

composite water cut of 38.5% and oil recovery of ® y=11.77x2-32.08x + 12.56

28.8%. According to dynamic data analysis, there is a RZ = 0.998

conflict between the static and dynamic feature. Due to 24

the deep buried depth, formation distribution is unclear, <

especially for Il oil group of Lower Dongying Formation; g

the seismic faciesin plane varies greatly. Although the ~ 0 . . . .

distribution of formation is relatively stable, it is difficult S 0. 00 0. 20 0. 40 0.80 1,00

to identify through seismic data (Figure 1). Therefore, it

is very important to recalculate the dynamic reserve 4 sw, f

through dynamic analysis, however, due to the lack of . i

pressure data conventional dynamic reserve Figure 2: Phase-curve fitting curve.

Table 1: Relative Permeability Data
Sw krw kro kro/krw LN(kro/krw)
0.23 0.00 1.00 - -
0.27 0.01 0.85 106.5 4.7
0.31 0.02 0.70 46.5 3.8
0.35 0.03 0.46 16.0 238
0.40 0.05 0.27 5.4 1.7
0.44 0.08 0.16 20 0.7
0.48 0.12 0.10 0.8 0.2
0.52 0.17 0.06 0.4 -1.0
0.57 0.23 0.04 0.2 1.7
0.61 0.31 0.02 0.1 2.6
0.65 0.41 0.00 - -
1.00 1.00 0.00 - -
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Figure 3: dynamic reserve fitting curve.

Substituting the obtained parameters into Eq. (13)
and combining with the dynamic data, a relationship
curve between water cut and oil recovery is established
(Figure 3). By linear regression, K = 423.36 is
substituted into the irreducible water saturation and the
dynamic reserve result is 3.259 million square meters,
which increase nearly 1 million square meters
compared with the previous understanding.

4. EXAMPLE APPLICATION

Combined with the latest geological reserves, oil-
water contact and oil bottom encountered by
development wells, the formations are better
characterized. It is considered that it is possible to
lower oil-water contact for drilled oil-bearing layers.
Using numerical simulation technology (Table 2), the
sensitivity of oil-water interface lower depth was
analyzed. The result shows that oil-water interface

Table 2: Sensitivity Analysis

lower 10 m for layer 1, oil-water interface lower 30 m
for layer 2, oil-water interface lower 25 m for layer 3 is
reasonable. By applying the result in latest geological
model, we reached out very good fitting.

According to the latest understanding of geological
and reservoirs characteristics, combining with the
remaining oil distribution in well area and reserve scale,
three adjustment wells were deployed to further
improve injection and production well pattern and
increase producing reserves. In November 2017, three
adjustment wells were completed, one of the injection
wells interpreted oil-water interface which completely
consistent with the understanding before drilling, so the
accuracy of the method was further confirmed by
adjustment well's implementation.

CONCLUSION

(1) In the process of dynamic reserve calculation,
the quadratic power function of relative
permeability ratio and water saturation is
introduced for the first time, and a new model of
dynamic reserve calculation is established
through correlation derivation.

(2) The new method is especially suitable for fields
with inadequate or even missing pressure data.
The method is simple and practical.

(3) From the application effect, the reserves
calculated by the method are accurate, reliable

Reserves Average Water Cut Actual Fitting
Program Program Description of Model Water Cut Error
10'm’ % % %
1 E3d2I 1I-2 push down 30m 302.92 52.5 38.5 36.4
|
2 Ed, lI-Tpush 306.7 50.3 385 30.6
down3.3m
|
3 E.d_ -2 push down 30m Ed, Il-1push 310.79 47.8 38.5 24.2
32 down 6.6m
|
4 Ed, II-1push 315.19 44.1 385 14.5
down 10m
|
5 E,d, 1I-3 push 318.5 425 38.5 10.4
down 8.3m
| | |
6 E,d, II-2 push down 30m , E_d, II-1 E,d, II-3 push 39213 406 38.5 55
push down 10m down 16.6m
|
7 |53d2 II-3 push 325.99 38.8 38.5 0.8
down 25m
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and effectively which can guide the deployment
and implementation of the well adjustment wells,
and the follow-up has a good promotion effect in
the Bohai oil field.
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