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Abstract. The seam hole type carbonate didn't touch type drill in the cave reservoir oil and gas resources is
rich, but due to the large difference of unused reservoir capacity, capacity of main control factors and the
evaluation model is not clear, so the reservoir is difficult to reasonable and effective development, in order to
improve the cave reservoir development effect, find the factors influencing the cave reservoir capacity of the
master,This article through to carry out the cave type carbonate reservoir capacity model test, the cave
reservoir productivity prediction model is set up and analyze the factors affecting capacity, studies have shown
that the wellbore storage coefficient and skin factor of cave type carbonate reservoir had a greater influence

on the vertical well productivity, this paper research content for the cave type of carbonate reservoir reserves

producing has a certain guiding significance.

1 Preface

Carbonate reservoirs are widely distributed in China, with
29.3x10%t of proven petroleum reserves, which are

indispensable for oil and gas exploration and development.

Buried hill fracture-vuggy-type reservoirs are rich in
untapped reserves. However, fracture-vuggy-type
carbonate reservoirs are complex and diverse in their
reservoir space. Fracture-vuggy carbonate reservoirs
cannot be developed reasonably and effectively because
of the strong heterogeneity of assemblage relationship and
seepage field distribution and large difference in reservoir
productivity.

In order to realize stable and high production and effective
development of fracture-vuggy carbonate reservoir, this
paper, based on the basic principle of seepage mechanics,
establishes the productivity prediction model of fracture-
vuggy carbonate reservoir and analyzes the influencing
factors of productivity. The research shows that the
effects of wellbore reservoir coefficient, skin coefficient,
reserve-volume ratio and interflow coefficient on single
well productivity of vertical well in fracture-vuggy
carbonate reservoir are analyzed, and the reliability of
mathematical model established in this paper is verified
by field data. The research results of this paper can
provide support for reasonable and effective reserve
production evaluation technology, and it is of great
significance for stable and high production and enhanced
oil recovery of fracture-vuggy carbonate reservoirs.
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2 Mathematical model of cavernous

seepage through drilling

2.1 Establishment of physical model

Suppose a circular reservoir, outer boundary distance
1,(m), formation thickness #(m);The reservoir presents a
compound distribution of two zones. Zone 1 is a karst
cave directly connected to the wellbore, and Zone 2 is a
fracture-vuggy zone. The radius of hyperosmotic zone is
r1(m).The low permeability zone is ko(10~> um?), and the
porosity is ¢, .The formation fluid is slightly
compressible, and the flow through the formation satisfies
Darcy's law. The viscosity of the fluid is y(mPa s), and
the comprehensive compressibility coefficients of zones 1
and 2 are C, and C,, (MPa').The pressure of each
reservoir and the cave is the original formation pressure
p;(MPa).The wellbore radius is 7;,(m), the production rate
is q(m3/d), and considering the well storage and skin
effects, the wellbore storage coefficient is C(m*/MPa),
and the skin coefficient is S. The influence of gravity and
capillary force is not considered.
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2.3 Establishment of Laplace mathematical
,,,,,, model

bore According to the definition of Laplace transform, the
dimensionless equation is transformed into a Laplace
space expression:

Jorer e S : Diffusion equation:

Karst 1 0 61/_/ _ _ _
cave ’ __[ro—m]+ﬂ(WmD_Wm)ZWSWm (11)

or,,

/’i‘(l//mD_l//fD)-i_(l_w)Sl//mD:O (12)
Initial conditions:

l//jD(rD,s)=O,j=f,m (13)
Figure 1. Physical model of cavernous reservoir. Closed outer boundary conditions:

aW_J‘D =0 (14)

2.2 Establishment of mathematical model or,

Cave area equation:

The dimensionless definitions of dimensionless pressure,

dimensionless time, channelling coefficient, fracture-cave — — 5(/_/ D
to matrix storage capacity ratio and fracture-cave storage Y ‘RD _Vle =SR, Py Ry (15)
capacity ratio were made: - d
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3 3.6k ¢ General solution:
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l=a k,r, o= ¢f ¢ 3) External boundary conditions:
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0, = r s, =rlr, @) or
2(¢fo + ¢VCV) Substitution:
The dimensionless equations are as follows: —\/; Ak, ( rDe\/; ) + BI, (rDe\/; )\/; =0 (19)
0 0
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Ip The general solution is as follows:
Initial conditions: —
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The outer boundary conditions of the banding: Substitute into the cave equation: R
o 0 aBkO(rDV\/;)+BIO(rDV\/;)—(wwD+ Ll j:
o ® u (22)
D
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There are:
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Substitute into the karst cave equation:

" ouy ., =
244, " Voo = (27) 0.6 |-
R, {_a\/;w Ky () + Y tRo2 oy (rw\/;)} s 0.4
b b u
0.2
Solution: ; : ‘ .
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v, (28)
”{b 2420 @+ aRyyuk; (r or \/;) = Ry, (’ DV\/’;)} Figure 4. Effect of skin coefficient on productivity of vugge-
. . fracture carbonate reservoir (Cartesian coordinates)

Cave type capacity response model:

— 27[kf h (p.-p,) 29 Fig. 3 is the skin factor of hole-seam type carbonate
1 Bu Yo Pi— Py (29) reservoir capacity log-log influence diagram, Fig. 4 is the

skin factor of hole-seam type carbonate reservoir capacity
cartesian coordinate effect diagram, skin factor of hole-

3 Mathematical model of cavernous seam type mainly embodies the influence of carbonate
o reservoir production at the beginning of the row in phases,
seepage through drilling the skin factor, the greater the production decline rate is

It can be seen from the seepage pattern diagram of vuggy !ower, Th§ lar.ger the value Qf dimensionles's yield curve
carbonate reservoir that the seepage pattern of this type of is, .the? derivative curve of middle and late yield basically
well can be divided into three categories: karst cave radial coincides. ,
flow, fracture linear flow and boundary quasi-steady flow. Fig. 5 are seam wellbore §torage cgefﬁment for ‘Fhe hole -
type carbonate reservoir capacity log-log influence
L T E " T T r diagram, Fig. 6 seam wellbore storage coefficient for the
== |, 7~ hole - type carbonate reservoir capacity cartesian
£ =2 coordinate effect diagram, wellbore storage coefficient of
E ] - Z ol i seam hole - type of carbonate reservoir production effect
= A is mainly embodied in the stage of high rank of the former,
£ 10y ’,,,-‘/ T wellbore storage coefficient, the faster the yield decline
8 ] : | rate is, the larger the dimensionless yield curve value is,
= i and the middle and late production curves basically
0 . ' ' 4 . coincide with each other without obvious influence.
v Y e, o
10%
Figure 2. The seepage model of cavern-fracture carbonate = g'i%i?: &Eﬁ;‘;ﬁ 1;

reservoir. 10 | —— Qu(Cpm10) A= Q1 ]

—Qp (S5=0.1) =M= Q,, (5=0.1)
—— Qp, (5=0.5) == Q' (5=0.5)
—Qp (5= 1) == Q' (S= 1)

Figure 5. Influence of wellbore reservoir coefficient on
productivity of cave-fracture carbonate reservoir (log-log
Ty coordinates)

Figure 3. Relation diagram of influence of skin coefficient on
productivity of cave-fracture carbonate reservoir (log-log
coordinates)
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Figure 6. Relation diagram of influence of wellbore reservoir
coefficient on productivity of cave-fracture carbonate reservoir
(Cartesian coordinates)

4 Conclusion

This paper to carry out the buried hill type seam hole
carbonate reservoir geological model based on simplified,
starting from the basic principle of seepage flow
mechanics, establish buried seam hole type carbonate
reservoir productivity prediction model and analyze the
factors affecting capacity, through Z6 block of single well
productivity verification on the spot of this paper to
establish the mathematical model of reliability is higher.

The results of influence factor analysis show that the
larger the storage capacity ratio is, the greater the
dimensionless yield curve value is. The higher the
interflow coefficient, the greater the dimensionless
production curve value. The larger the wellbore reservoir
coefficient is, the faster the production decline rate is. The
larger the skin factor, the higher the dimensionless yield.
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