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Abstract. Stress sensitivity is common in tight sandstone gas reservoirs. For
gas reservoirs developed with natural energy, We should fully consider the
impact of stress sensitivity on production capacity. There are two defects in the
stress sensitivity obtained by core testing First, the pore structure has changed
greatly when the core is taken out of the reservoir, Second, due to the limitations
of core size and testing methods, The stress sensitivity of core test can not truly
reflect the stress sensitivity of reservoir. According to the relationship between
binomial productivity equation coefficient and reservoir permeability, We can
calculate the reservoir stress sensitivity by using the test data of field produc-
tivity, This calculation method is more in line with the actual production situ-
ation. According to the production test results of nearly one hundred gas wells in
Sulige tight sandstone gas reservoir, Revealing the change of reservoir perme-
ability with formation pressure. The results show that the Sulige tight sandstone
gas reservoirs is moderately stress-sensitive.
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1 Introduction

The Sulige gas field is a typical representative of tight sandstone gas reservoirs. The
permeability of the reservoir ranges from 0.01 — 0.1 x 107> pm® Whether the
reservoir has stress sensitivity during the development process has not been accurately
determined.

At present, there are many researches on the stress sensitivity of the reservoir at
home and abroad, but most of them are evaluated based on the core test data in the
laboratory. This evaluation method has certain limitations. On the one hand, the core is
taken from the reservoir to the surface. Due to changes in overburden pressure and pore
pressure, the pore structure has changed greatly [1-3]; on the other hand, the test results
accuracy is closely related to the quality of the coring and the test method, and for
heterogeneous reservoirs, because the size of the core is usually small, the test results
have certain limitations [4-10] and cannot meet the requirements of on-site production.
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In this paper, the reservoir within the discharge range of the gas well is compared to
a core, and the production process of the gas well is compared to an experiment. By
establishing the relationship between the coefficient of the binomial productivity
equation and the reservoir permeability, and using the test results of the productivity
test at different production stages of the Sulige gas field, Revealing the change law of
reservoir permeability with formation pressure, which effectively solved the disad-
vantages of core testing and evaluation of reservoir stress sensitivity, and quantitatively
evaluates the stress sensitivity characteristics of the Sulige tight sandstone gas
reservoirs.

2 Relationship Between Productivity Equation Coefficient
and Reservoir Permeability

For gas wells that do not produce water, the binomial productivity equation under
steady flow can usually be expressed as:
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Formula: g,—daily gas production under standard conditions, m>/d; k—effective
permeability of gas layer, 107> pm?; Ue—gas viscosity under average pressure
(pe + pwf) /2, mPa « s; T—gas layer temperature, K; h—gas layer effective thickness,
m; r,,—gas well radius, m; r,—supply radius, m; y,—relative density of natural gas;
p—formation pressure, MPa; p, ,—the bottom hole flowing pressure, MPa.

At the initial stage of gas well production, the original formation pressure is pg, and
the binomial productivity equation can be expressed as:

Y (po) — ¥ (puro) = Aogseo + Bodiuy 4)

During gas well production, the formation pressure drops to p; and the binomial
productivity equation can be expressed as:

Y(p1) = ¥ (pur1) = Aigser +Bigo (5)

If no transformation measures have been taken during the production of the gas well,
the parameters of T, h,r.,ry,7,,s in the equation coefficients can be considered to
remain unchanged. We can get:
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Using Eqgs. 6 and 7, According to the productivity equation coefficients of gas wells in
different periods, we can obtain the variation law of reservoir permeability under
different formation pressures, but considering the physical significance of the pro-
ductivity equation coefficients B, which is to evaluate the pressure change caused by
the high-speed gas seepage near the gas well, so when evaluating reservoir stress
sensitivity, we should be used A for analysis.

3 Calculation of Gas Well Productivity Equation

Well Su-A is a production well in the Sulige gas field, puting into production in
January 2014. The Production horizon is the 8th Member of Permian Xiashihezi
Formation, the thickness of the reservoir is 12.3 m. At the initial stage of gas well
production, in order to obtain the gas well productivity equation, There carried out a
modified isochronous well test work, The test data is shown in Table 1.

Table 1. Well of Su-A modified isochronous well test data sheet (the first time)

Stage qse(10* m?) | py | puiMPa) | ¥(Po) — P(Pui)/g
Work System 1 5 28.5|27.6 0.48
Work System 2 10 26.1 0.65
Work System 3 15 24 0.81
Work System 4 20 21.1 0.98
Stable production stage | 15 20.5 1.41

According to the test results, We plot the gas production q and the quasi-pressure
difference ¥ (PO) — ¥ (Pwf)/q in a rectangular coordinate system (Fig. 1), and
determine the gas well productivity equation (Eq. 8):

l//(pO) - lp(pwfo) = O'QICISCO +O-O3CI§CO (8)
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Fig. 1. Analysis diagram of the binomial productivity equation of which Su-well A modified
isochronous well test (the first time)

In March 2015, the cumulative gas production of the well reached 9.4 million cubic
meters, and the formation pressure dropped to 18.1 MPa. In order to further evaluate
the current gas production capacity of the gas well, there carried out the second revised
isochronous well test. The test data is shown in Table 2.

Table 2. Well of Su-A modified isochronous well test data sheet (the second time)

Stage 410" m?) [ po | purMPa) | P (Po)—¥(Puoiq
Work System 1 4 204195 0.54
Work System 2 6 18.8 0.62
Work System 3 8 18.1 0.70
Work System 4 10 17.1 0.78
Stable production stage | 8 16.7 1.55

According to the second test data, the gas well productivity equation is determined
as (Fig. 2):

W(p) = Y (pupt) = 12301 +0.0403, ®)

The evaluation results of the productivity equation show that both the coefficients A
and B change. According to Eq. (6), when the formation pressure decreases from the



A New Method for Stress Sensitivity Evaluation 627

20 ¢
g Ls y=0.04x+1.23
=10
B
|
& 05
B
y=0.04x + 0.38
00 1 1 1 1 1 J

0 2 4 6 8 10 12
Qe (10*'m?/d)

Fig. 2. Analysis diagram of the binomial productivity equation of which Su-well A modified
isochronous well test (the second time)

original formation pressure to 20.3 MPa, the ratio between the reservoir permeability at
this time and the permeability under original formation pressure is 0.74.
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4 Evaluation of Reservoir Stress Sensitivity

According to the above productivity evaluation method, based on the productivity test
results over the years, it is preferable to select 89 gas wells with similar physical
properties and no water production, find the productivity equation, and We can cal-
culate the ratio of reservoir permeability at a certain point in the production process to
the permeability at the original formation pressure (Table 3).

According to the above productivity evaluation results of 89 wells, we can drawn
the curve of permeability ratio and formation pressure. The results show that the
permeability of tight sandstone reservoirs in Sulige gas field decreases as the formation
pressure decreases, and in the early stage of formation pressure decrease, the decrease
of permeability is larger, and in the later stage, the decrease of permeability is smaller.
When the formation pressure decreases from the original formation pressure
(28.5 MPa) to 25 MPa, the reservoir permeability decreases by 15% compared with the
initial period. For every 1 MPa decrease in formation pressure, the reservoir perme-
ability decreases by 4.3%; when the formation pressure decreases from 25 MPa to
10 MPa, The reservoir permeability is 22% lower than the initial value when the
formation pressure is 25 MPa, and every time the formation pressure decreases by
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Table 3. Gas well productivity equation and permeability change data table of Sulige gas field

Serial | Well | Initial production A certain stage of production | Change in
number | name | Original Capacity Formation Capacity permeability
formation Equation pressure Equation (K1/K0)
pressure (MPa) Coefficient A (MPa) Coefficient A
1 Sul | 285 0.83 21.7 0.64 0.77
well
2 Su2 |285 0.78 18.9 0.57 0.73
well
3 Su3 | 285 0.94 17.8 0.65 0.69
well
88 Su 28.5 0.77 15.1 0.52 0.68
88
well
89 Su 28.5 0.85 13.4 0.53 0.62
89
well

1 MPa, the reservoir permeability decreases by 1.5%; mathematical fitting shows that
there is a good cubic polynomial function relationship between the reservoir perme-
ability ratio and formation pressure (Fig. 3).
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Fig. 3. Normalized curve of change permeability ratio with formation pressure

The change in reservoir permeability is mainly due to the change in the effective
stress of the rock caused by the drop in formation pressure, which ultimately leads to a
change in the pore structure of the rock. By plotting the relationship between the
permeability ratio and the effective stress of the rock, it is found that there is a good
cubic polynomial function relationship between the reservoir permeability ratio and the
formation pressure.
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Fig. 4. Normalized curve of change permeability ratio with the effective stress of the rock

The stress sensitivity index of permeability is defined as the rate of permeability
loss when the formation pressure drops by 10 MPa, i.e.

s, =k (1)
ko

Formula: SI,—stress sensitivity index, f; kp—permeability under original formation

pressure, 107> um?; k,—permeability when formation pressure drops by 10 MPa,

1073 pm>.

The greater the stress sensitivity index, the stronger the rock’s stress sensitivity.
The evaluation criteria of stress sensitivity are: when SI, <0.1, the stress sensitivity is
weak; when SI, > 0.3, the stress sensitivity is strong; when SI, is 0.1-0.3, the stress
sensitivity is medium [11].

From Fig. 4, we can see that when the formation pressure is lower than the original
formation pressure by 10 MPa, the ratio of the reservoir permeability at this time to the
reservoir permeability at the original formation pressure is 0.71, and the permeability
loss rate is 0.29. It is moderately stress sensitive.

5 Conclusions

(1) The binomial productivity equation coefficients under different formation pressures
of gas wells can be used to quantitatively evaluate the reservoir stress sensitivity. This
method can effectively overcome the shortcomings of core testing.

(2) the permeability of tight sandstone reservoirs in Sulige gas field decreases as the
formation pressure decreases, and in the early stage of formation pressure decrease, the
decrease of permeability is larger, and in the later stage, the decrease of permeability is
smaller.
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(3) Taking the Sulige gas field as an example, it is confirmed that the tight sandstone
gas reservoir has stress-sensitive characteristics. When the formation pressure is lower
than the original formation pressure by 10 MPa, the reservoir permeability loss rate is
0.29, which is moderately stress sensitive, but very close to strong stress sensitivity.
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