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Normal pressure formation mechanism of Longmaxi shale gas in Pengshui
and its adjacent areas

YUAN Yusong', FANG Zhixiong’, HE Xipeng’, LI Shuangjian', PENG Yongmin', LONG shengxiang'

(1.Sinopec Petroleum Exploration and Production Research Institute, Beijing 100083, China;
2.Sinopec East China Oil and Gas Company, Nanjing, Jiangsu 210011, China)

Abstract: The shale gas reservoirs in Longmaxi formation in Pengshui and its adjacent areas were overpressured in geological
history, but nowadays they transformed into normal pressure. Through the simulation of formation pressure evolution in the uplifting
process, it is revealed that Longmaxi shale was fractured under excessive pressure in this process, resulting in shale gas loss and
therefore overpressure release. By overburden pressure permeability test, it is found that when the normal stress on the mudstone
fracture surface of Longmaxi formation is more than 15 MPa, that is to say, when the buried depth is more than 1 000 m, the cracks
will be closed, but the degree of fracture closure is affected by overconsolidation ratio (OCR) of shale. For the mudstone or shale
under the brittle zones, OCR is relatively small, the closure degree of fracture is relatively high, the overpressure may not be
completely released, and a certain degree of overpressure is still maintain. But for those above the brittle zones, the lager the OCR,
the worse the fracture closure degree, and it is apt to cause the overpressure released completely, finally transit to normal pressure
state. There is a significant correlation between OCR and the pressure coefficient of the formation fluid, that is, the higher the OCR
ratio, the more normal the pressure will tend to be.
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Fig. I Fluid pressure evolution history of Longmaxi
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Table 1 OCR and formation pressure values for
Longmaxi shale of representative exploration wells in
Pengshui and its adjacent areas

B4 kKl

H4 i OCR EHE EhRE R12%E
M G : ’
Hm SR ST B
PY1 2153 6243 2.70 0.96 1.05 0.09
HYl 2162 6461 3.00 1.01 0.99 0.02
PY3 3021 6216 2.10 1.05 1.21 0.16
DY1 2050 5045 2.50 1.15 1.10 0.05
LY1 2832 5831 2.10 1.20 1.21 0.01
SY1 3467 5462 1.57 1.30 1.43 0.13
NY1 4405 5700 1.29 1.40 1.59 0.19
JY1 2409 5708 2.20 1.45 1.18 0.27
JS1 4 985 6904 1.40 1.67 1.52 0.15
DY2 4359 6354 1.27 1.78 1.61 0.17
1.81 ®
[ ]

K 1.6 N

- .. [

Q 1.4F [ ] ..

& ¢ .

g 20 .

S T S

w 1o} ¢ e

1 1 1 1 1 1
0.8 1.2 1.6 2 2.4 2.8 3.2
g

3 R TEA OCR S5 Z MR RECCR
Fig. 3 Relation between OCR and fluid pressure coefficient

in Silurian Longmaxi Formation
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Table 3 Comparison of permeability before and after

artificial cracks in shale

LA mKEAE 20 ~ 25 MPa, MR I BTt 22
IV it B A 24 o 1 288 DR 3 AR S L, T LA hy A B R

[aE} 2 441 yH = A N Y NEAR
; R R HE /””ocrg/ ?Mfﬁ%/ BER  BER Je BV TR KREUE 15 ~ 25 MPa, P2 {RIK - I
= cm cm mFa-s 3 . N N ~ . s oo
107 107m’ JRZUEAE 15 ~ 25 MPa AR M A, Bt R BER
Je-1 3.933 2487 12 0.01778  0.002 769 19.503
. 411000 ~ 1600 m 2N 2R, FE
Je-2 3.239 2.490 12 0.01778  0.003 701 33.433 ﬁjﬂ ° ﬁKAﬁ % ‘@E{)ﬁ“‘{' > Jﬁgﬂz
J-3 3284 2502 12 001778 0003466  18.176 R 2 B B9 IE R TR E) 15 ~ 25 MPa, W2 T B
Je-4 2.544 2493 12 0.01778 0.003687  23.588 AR FIAE S84 LY Ak 3] 15 ~ 25 MPa, HJ:
x4 RUENGERESERMBEETUHE
Table 4 Variation of artificial fracture permeability of shale with confining pressures
-1 -2 -3 -4
FE/MPa  BiEF/107 um? [l H/MPa BIER/107 pm’ FlE/MPa  Bi5E%/107 um® FE/MPa  BiER/107 um?
1.00 19.503 000 1.0 33.433 00 1.0 18.176 000 1.0 23.588 000
3.20 9.889 109 9.05 5.639 825 54 7.249 812 10.1 12.915 430
5.15 4.742 773 11.5 3.237 930 8.35 2.961 592 12.2 9.766 560
7.15 3.837 527 14.0 1.447 781 11.2 1.574 693 15.2 6.350 846
10.25 2.090 685 19.9 0.443 591 15.2 0.785 671 20.6 2.338 490
15.40 0.832 936 25.2 0.220 236 20.1 0.395 021 25.5 1.168 620
24.98 0.248 925 29.9 0.130 036 25.2 0.238 413 30.4 0.646 946
34.70 0.093 078 394 0.056 493 29.9 0.153 105 38.9 0.263 671
44.00 0.042 680 49.8 0.026 599 394 0.068 022 50.0 0.108 952
59.50 0.016 512 58.0 0.016 027 50.2 0.032 018 60.0 0.056 485
59.6 0.021 513
60 60
50 50
£ 40 £ 40
z z
= 30 R 30
E 20 £ 20
& &F
10 10
1 el 1 1 ¢ |
0 5 10 15 20 0 10 20 30 40
BIEFR/107 pm’ BEZ/10° pm’
a. eii-1 b H-2
60 6
50 50
& £ 4
g 40 g 40
> ~
R 30 R 30
2 e
E 20 T 20
= &
10 10
1 1 1 1 1 1 1
0 4 8 12 16 20 0 5 10 15 20 25
BIEZR/10° pm’ BIEZR/10° um’
c. -3 d. B4
K4 JeTUE NG RLERE BBl

Fig. 4 Permeability changes of artificial cracks in Silurian shale under overburden stress
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formation in Pengshui area
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