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Abstract ; Generally the irreducible water saturation of low permeability gas reservoir is quite high which leads to the

permeability stress sensibility and threshold pressure gradient. Under the assumption that permeability varies with exper—

imental law of the pseudo pressure drop, according to concepts of perturbable ellipses and equivalent developing regula—

tions, the calculation method of stable production of hydraulically fractured gas well in low permeability reservoirs is in—

vestigated with threshold pressure. And productivity curve is drawn and analyzed. The result shows that, permeability

modulus and threshold pressure have effect on production of fractured gas well. The higher the permeability modulus and

the threshold pressure, the lower the production is. Therefore, the impact of stress sensitive and threshold pressure must

be considered when analyzing the productivity of vertical fracture well in low permeability gas reservoir.
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1 Introduction

Generally the irreducible water saturation of low
permeability gas reservoir is quite high which leads to
the permeability stress sensibility and threshold pres—
sure gradient. Most of the tight gas reservoirs are frac—
tured before productionm. Therefore the investigation
of productivity index of vertically fractured well is
meaningful. There are a lot of studies on productivity
index of vertically fractured well. Jiang Xuetingm and
Wang Yonglim adopted conformal transformation to
calculate the productivity index of vertically fractured
well for oil and gas reservoir. But they did not take
permeability stress sensibility and threshold pressure
gradient into account. Li Shengm and Yin Hongjunm
respectively made use of elliptic flow model and biline—
ar flow model to study the productivity index with
threshold pressure gradient. Yang Zhengmingm wrote
that the flow type of certain part of gas is radial flow,
whereas other part is linear flow. He built the compu-—
tation method based on his model. But the model did
not consider stress sensibility and the threshold pres—
sure gradient. Beyond those, many scholars also re—
sear({zhed] the productivity index of vertically fractured
well """

ously take the stress sensibility and the threshold pres—

. But all of those studies failed to simultane—

sure gradient into consideration. Therefore, a new

model of productivity index of vertical fractured well
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with stress sensibility and threshold pressure gradient is
established based on perturbable ellipse and the equiv—

alent developmental rectangular.

2 Derivation of the productivity model

When vertically fractured well is working, plane
2-D elliptic seepage will be induced. That is to say,
conjugated isobaric ellipse family and hyperbola family
whose focuses are the fracture endpoints have been
formed. The relationship between rectangular coordi-
nates and elliptical coordinates is shown in Fig. 1.

A
y

Fig.1 Relationship between rectangular coordinates
and elliptical coordinates

X =a cos M y = bsin m (1)
a =x.ch & b=xish & (2)
Where,a and b are long axis and short axis of ellipse

individually ; %, is the half length of fracture; ch and sh
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are hyperbolic cosine and hyperbolic sine individually.

Besides .

2 2

=1 (3)
a b
xZ 9/2
- =1 4
(xscos ”r])z (s sin ”r])z 4)

We could describe isobaric ellipse family by using the
developmental rectangle family based on the concept of
perturbable ellipse.

296{
= RshE (5

For the low permeability gas reservoir, generalized

x = xich £ }_fz%f:b sin m dm

Darcy formula could be expressed as

J
v= Ko /1} (6)
Pl dy
From Darcy law,we know mass flow velocity is
K[ ap ,1} p.. Q.
a L S 7
PPl ay 4xcheh (7)

Where,K is zone permeability, mD;p, is gas viscosity,
mPa ¢ s;l is threshold pressure gradient, MPa/m;h is
effective thickness of strata, m; Q is gas-well produc—
tion, m’/d; p is gas density, kg/ms; subseript sc is
standard condition. Besides,
d_dpdE_dp T 1
d}; T dé d&' T dE 2x ch &

(8)

Therefore ,
dp T 1 2 Pse Q

(9)

"7 dE 24, ch & ~ 4xiheh &
Where,
_ M pM
P=Rr7 P TR 2. (10)
Where, M is the molecular weight of gas; R =8 314
m’/(s + K) is the universal constant of gas; T is the

formation temperature; K and Z are the coefficients of
gas compressibility; p is the reservoir pressure.
Therefore ,
pM 5{ dp ™ 1 _,1} _pM O
RTZ p U dE 2x; ch & RT..Z.. 4x:hch &
(11)

nx T e
e ZL d€ 2x; ch & T T.7Z. 4xhch ¢
(12)

{L@i 1 _)pJ_pﬂ.T Q..

wZ d& 2x; ch & [TWA T.Z. 4xhch &
(13)

Pseudo-pressure function and pseudo-threshold pres—

sure gradient are defined as

= A = P 2

m j MZd " (14)
dm ®™ 1 T Q.

TN IS S
dg 2x; ch E " T Z.. 4xihch & ( )
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The stress sensitivity of permeability is considered, and
the permeability should Satlsfy following formula.
K=Ke't" " (16)
K; is the initial permeability of stratum, mD;a
mPa- S/MPaz; m;is the ini—

tial pseudo—pressure function.

Where,

is permeability modulus,

Therefore ,
af m-m, ;f-T se
Ko™ '){dm“ L AJ:P Qe
d€ 2x; ch & T.Z. 4xhch &
(17)
ool ™ ){ dm 2 2x;ch &) p.T Q..
dé "oT T 7.2 TKh

(18)

It will be easier to read if we write

_peT 0. a2
TT.Z.2TKh wg =B (19)
Therefore, Eq. (18) becomes
o)) dm _
dE Bch & =4 (20)

m)
, therefore

— Bach £H = oA (21)

Moreover, we define function H =e"
dH
dg

Obviously, Eq. (21 ) belongs to the following
type.

Yt a0y =h(x) (22)
dx
And the solution of Eq. (22) is
“ple) pl o)
= hlg)d — 2
v(o = [ Tl de s o (23)
Where ,
p = eJ'ﬂ](x)rl.x (24)
Therefore, the %olution of Eq. (21) is

—uBI —uBl &,

H = j “aBsh zaAdx + wa —o(B hE (25)
fw e

—aBsh & —aBsh x —aBsh £
He - aAj e M dx 4 Hye S5 (26)
fu
Which
, ,
P P
H. = e(x<mwrmi) _ e(upfi@lpj@dp)
Where, p,is the bottom hole pressure and p; is the ini—
tial reservoir pressure.
Substituting A and B into the Eq. (26), obtain
2ak e Pse T se “2ak Mok
He mT = o mw dx +
T.Z. 2T Kh'e
“2ad 3
wae msh &y ( 27 )
Therefore,, production formula is obtained.
20l 7}.5 p T 20k 71
He 7 = “dx +
27'c K h'e
20k e
H. e 2t (28)



T.Z..

0. = [Hiefzalm;i\h “_y lefzulm%h &)
. v T
2 T Kh 1
a o pad, M (29)
f e " dw
”

Where, H. is the pressure function at external bounda—
ry; H,; is the pressure function of sand face pressure.
Considering unit conversion, the final production

formula is

xf xf
7T Kh T 7 H P-mlmfﬁh £, _H le-zu/lm?\h £,
se = £ o
a A LR S R
p J’ e mT (lx
£w
(30)

Eq. (30) is the production formula of vertically frac—
tured well of low permeability gas reservoir.

Generally, for elliptic flow we have & =0. And
&. is solved as the following. From the relationship be—
tween rectangular coordinates and elliptical coordi—

nates, we could obtain
)

2 2
L=l (31)
a b
Substituting @ and b into Eq. (31) individually,

x LY

[ xcch «EJ * [ xsh EJ

&, satisfies Eq. (32) certainly, therefore,
2 2

c=1 (32)

x %
+ =1 33
[weh &7 [wsh &) o
When &. is big,
£, £,
ch ’Ee :%z%eée (34)
of et ]
Sh ’Ee :/T‘x?eép (35)
Obviously ,
) )
X > + 1}” =1 (36)
Xt 6);P xl?eép}
2 21 2
x +y —xlze (37)
2r.
,‘; =1In (38)
X

3 Model verification

For a certain vertical fractured gas well, the half
length of the facture is 106.7 m, the effective permea—
bility is 0.75 x 10 B umz , the reservoir temperature is
364.87 K, the well spacing is 1 200 m, the initial
pressure is 27.41 MPa, the net pay is 7.7 m, absolute
open flow potential of well testing is 11. 8 x 10'm’/d
and the calculated absolute open flow potential is
11.12 x10"'m’ /d. Fig. 2 shows good correspondence of

different productivity index.
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Fig.2 Contrast between well test absolute open
flow potential and calculated productivity index( PT)

4 Affecting factors analysis

Three series of productivity curves of vertical frac—
ture gas well by using the new model are plotted in
Fig.3 to Fig. 5. The net thickness of the reservoir is
10. 0 mj the initial effective permeability is 0. 65 x
10_3Mm2. The temperature of the reservoir is 379 K;
the supply radius is 500 m. The half lengths of the
fracture of Fig.2 and Fig. 3 are 150 m. The permeabil—-
ity multipliers exponent a for Fig. 3 and Fig. 5 are re—
spectively 0. 5 x 10 “mPa+ s/MPa’ and 0.6 x 10"
mPa « s/MPa’. The threshold pressure gradient of
Fig. 4 and Fig .5 are 10 MPa’/(mPa- s).

Some conclusions can be learned from Fig. 3 to
Fig. 5, threshold pressure gradient, permeability mod—
ulus as well as fractured length affect the productivity
index. As the quasi threshold pressure gradient and the
permeability modulus become larger, the productivity
index becomes lower. The productivity index grows as
the length of the fracture grows. So, it is a must to
consider the threshold pressure gradient as well as die—

lectric strain when proceeding in production proration.
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Fig.3 Impact on productivity index of quasi
threshold pressure gradient

5 Conclusions

1) Under the assumption that permeability varies

with experimental law of the pseudo pressure drop, ac—
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Fig.4 Impact on productivity index of
permeability modulus

P_/MPa

Fig.5 Impact on productivity index of
fracture half length

cording to concepts of perturbable ellipses and equiva—
lent developing regulations, the calculation method of
stable production of hydraulically fractured gas well in
low permeability reservoirs is investigated with thresh—
old pressure.

2) Threshold pressure gradient, permeability mod—
ulus as well as fractured length affect the productivity
index.

3) As the quasi threshold pressure gradient and
the permeability modulus become larger, the productiv—
ity index becomes lower.

4) The productivity index grows as the length of

Author

the fracture grows.

5) The impact of stress sensitive and threshold
pressure must be considered when analyzing the pro—
ductivity of vertical fracture well in low permeability

gas Teservoir.
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