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Stability analysis of the surrounding rock of underground water-sealed oil
storage caverns based on microseismic monitoring during construction
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Abstract The real-time monitoring and analysis of the microseismic activities of the cave rocks of a large
underground water-sealed oil storage cavern in Jinzhou during the disturbance caused by strong excavation were
performed using the Canadian ESG monitoring system. The potential failure regions of the cave rocks within the
scope of monitoring were identified. The initiation development and agglomeration process of the rock
micro-cracks during excavation were reproduced. The P wave velocity was determined to be 5 200 m/s with the
error of source location less than 8 m within the scope of the sensor array. Micro-cracks of rocks within the scope
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were aggregated into two bands. One was located to the east of water curtain tunnel 6 in between the water curtain
tunnels 1 and 2 and had a low angle with the horizontal plane. The other was located in 2+40-2+60 mileage
between the oil storage grotto 1-North and 1-South and shared the same distribution with the diabase dikes in the
region. The microseismic monitoring system identified the condition of the weak structural surface like dikes. The
strong excavation disturbance of the large section oil storage caverns and the release of large amount of energy led
to the““over damage”~of rock and resulted in a large number of micro-cracks. The research results proved the
feasibility of applying the microseismic monitoring technology in the special rock mass structures like
underground water-sealed oil storage caverns.

Key words rock mechanics water sealed underground oil storage caverns excavation disturbance microseismic
monitoring energy release
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Table 1 Deviation of the locations of knocking under different P-wave velocities(Jul.29.2014)

(a) 3Z—004

& Fl/ms

(b) 3Z—000

(c) Jz—005

(d) 1z—002
5

Fig.5 Waveform curves of manual knocking

1

P (2014.7.29)

4 400 m/s 4 500 m/s 4 600 m/s 4700 m/s 4 800 m/s 4900 m/s 5000 m/s 5100 m/s 5 200m/s
) / / / / / / / / / / / / / / / / /
m m m m m m m m m m m m m m m m m m
1 15 51 36 149 14.3 13.6 13.0 12.4 11.8 11.3 10.9 10.5
2 15 52 09 103 9.5 20.5 8.3 7.7 7.3 7.0 6.9 7.6
3 16 00 30 138 134 13.0 12.7 12.4 12.2 18.1 12.0 11.9
13.4 125 13.6 10.8 10.0 9.3 9.6 7.9 7.5
4 16 06 24 9.4 8.6 8.0 7.3 6.6 6.0 5.4 49 4.4
5 16 08 04 108 10.1 9.3 8.7 8.0 7.4 6.8 6.2 5.6
6 16 50 58 20.9 19.0 17.1 15.0 12.9 11.0 9.0 6.8 5.1
5300 m/s 5400 m/s 5500 m/s 5600 m/s 5 700 m/s 5800 m/s 5900 m/s 6 000 m/s 6 100 m/s
) / / / / / / / / / / / / / / / / /
m m m m m m m m m m m m m m m m m m
1 15 51 36 102 10.1 15.7 14.1 12.9 12.2 12.1 12.0 11.9
2 15 52 09 9.1 9.0 8.9 8.9 8.9 8.9 8.9 8.8 8.8
3 16 00 30 16.1 15.6 15.1 14.8 145 14.4 14.4 14.6 14.6
8.2 8.7 8.1 7.9 8.4 8.2 8.1
4 16 06 24 4.2 4.2 7.9 4.6 4.9 8.3 5.1 5.1 5.2 5.0 5.1
5 16 08 04 5.0 4.4 3.9 35 3.2 3.2 6.3 5.4 5.2
6 16 50 58 4.5 4.3 4.1 3.9 3.8 3.6 35 3.3 3.2




35 7 1359 «
14
_ 13|!\/'\ 7.5m 8m
= 12F
1+ "
lg : l\./.
8r \l\-/-\l/.\-\.\l/.\-_.
44004600 4 800 5 000 5 200 5 400 5 600 5 800 6 000 6 200 ESG
P /(m-s Y SMTI/VFPS
6 P
Fig.6 Relation between the knocking points and microseismic
monitoring errors under different P-wave velocity ( 5)
conditions
( 7) ( 8)
5200 m/s ( 9)
(a) Jz—001
(b) 3z—004
(c) Jz—005
(d) 3z—002
7
Fig.7 Waveform curves of excavation blasting
R TP eE ATy e e e
o 500 1000 1500

I Al Ams
(a) 3z—003



* 1360 « 2016

- | | | | ' | ! |
_75_03| FUVPVRPUN PR T v v g
0 500 1000 1500
i {f/ms

(b) 1Z—000

(c) Jz—005

* oo (LTI T rmyyypneee

W 8] fms
(d) Jz—004

8
Fig.8 Waveform curves of pneumatic drilling

(a) 3Z—003

(b) Jz—004

(c) 3z—005

(d) 3z—002
9
Fig.9 Waveform curves of rock micro-cracks around storage caverns



35 7 * 1361

( 1) 1 1
4 (240°= 859
4.1 4.2
2014 7 28 12 3
2014 8 26 492 (
( ) 361 123 )
8
1 2 [24]
1 1 2 1 2+66
6(2+63 ) (
30m 12(a) (b)) 2014 8 9 1
1 1 2+40 2+60 2+17 1 3+39
( 10(a)) 2 1 2+45 2+55
1 2+40 2+60 2+70 3+10
( 10(b)) ( 12(c)) 1 2+45
2+55 5m® << 7t 13)

Uy o 0872
N g
0.0674

361

[ = v W |0 50 100 m
T
——— = v

(@) (b)
10 (2014.7.28 2014.8.26)
Fig.10 The spatial distribution of microseismic events for underground water-sealed oil storage caverns(Jul.28 to Aug.26.2014)

0 1m 1 445 0 1m 1 2+80
1 1 1
Fig.11 Diabase dikes in the 1-north and 1-south area of the storage cavern



* 1362« 2016

N
. L,E 0.872 0.792 ! I_.E 0

0.0674 1787
22

pzd

e

1+40 1+80 2+20 2+60 3+00 3+40 3+80 4+20
(a) 2014.7.28 7.29 (b) 2014.7.28 7.29

=z

N 0.872 0.792 I
UI_.E 0.0674 1787
112

& )

1+40 1+80 2+20 2+60 3+00 3+40 3+80 4+20

(c) 2014.7.28 8.9 (d) 2014.7.28 8.9
N 0.872 0.792
UI_.E 0.0674 1787
279

e

2 °

.

1+40 1+80 2+20 2460 3+00 3+40 3+80 4+20
(e) 2014.7.28 8.22 (f) 2014.7.28 8.22

12 2+45 2+55
Fig.12 The spatial-temporal distribution of microseismicity and the evolution of microseismic energy density during the excavation
of water sealed underground storage cavern of 2+45-2+55 mileage of south side wall

13 1 2+45
Fig.13 The failure of south side wall of water sealed underground storage cavern at 2+45 mileage



35

* 1363 «

@)

4m

()

3)

[

¢  12(d)
1452
( 10(&) 12(e))
2+45 2+55

[2

3]

4

24 m
[5]

P 5200 m/s
11m

6]

7

(8]

[
24 h

(References)

[9]. 35( ) 251—256.(WANG
Zhanggiong YAN E’chuan LU Gongda et al. Statistical analysis of
in-situ stress field for underground water-sealed storage cavern in
Chinese mainland[J]. Rock and Soil Mechanics 35(Supp.) 251—
256.(in Chinese))
SUNJP ZHAO ZY . Effects of anisotropic permeability of fractured
rock masses on underground oil storage caverns[J]. Tunnelling and
Underground Space Technology 2010 25(5) 629—637.
LISC WANG ZC PINGY et al Discrete element analysis of
hydro-mechanical behavior of a pilot underground crude oil storage
facility in granite in China[J]. Tunnelling and Underground Space
Technology 2014 40(2) 75—84.
GNIRKPF FOSSUM AF. On the formulation of stability and design
criteria for compressed air energy storage in hard rock caverns[C]/
The 14th Intersociety Energy Conversion Engineering Conference.

Boston [s.n] 1979 429—440.

—_— [91. 2002 30(3)
33—36.(CHEN Qi SHEN Naigi LIAN Jianfa et al. Stability analysis
on surrounding rock mass of underground storage for LPG —take a
real project in Shandong province as an example[J]. Coal Geology and
Exploration 2002 30(3) 33—36.(in Chinese))

TEZUKA M SEOKA T. Latest technology of underground rock
cavern excavation in Japan[J]. Tunnelling and Underground Space
Technology 2003 18(2/3) 127—144.
LPG

[ 1D]. 2004.(LIAN
Jianfa. Study on rock mass integrity parameters and surrounding rock
stability evaluation of Jinzhou underground water seal LPG storage
cavern[Ph. D. Thesis][D]. Beijing China University of Geosciences
2004.(in Chinese))
PARKJJ JEONS CHUNG Y S. Design of pyongtaek LPG storage
terminal underneath Lake Namyang a case study[J]. Tunnelling and
Underground Space Technology 2005 20(5) 463—478.

[3].

2005 26(11) 1705—1 710.(WANG Zhiyin LI Yunpeng

GUO Shutai et al. Viscoelastic stability analysis of underground

petroleum storage caverns[J]. Rock and Soil Mechanics 2005 26(11)



* 1364

2016

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1705—1 710.(in Chinese))

[ 1B]

Comprehensive application of fractal theory to the engineering of

2006.(XU Fang.

water-sealed oil tank in Qingdao[M. S. Thesis][D]. Beijing China

University of Geosciences 2006.(in Chinese))

[ 1B

Evaluation on quality and analysis on stability of adjacent rock mass

2007.(CHEN Xiang.

of the water-sealed underground storage oil tank in Huangdao[Ph. D.

Thesis][D]. Beijing  China University of Geosciences 2007.(in Chinese))

[. 2009 33(3) 132—
137.(WANG Yi WANG Zhiyin XU Jie et al. 3D fluid-mechanical
coupling stability analysis of underground petroleum storage caverns[J].
Journal of China University of Petroleum Natural Science 2009
33(3) 132—137.(in Chinese))

[M]. 1993
70—73.(TANG Chun’an. Catastrophe in rock failure process[M]. Beijing
China Coal Industry Publishing House 1993  70—73.(in Chinese))
KAISER P K MCCREATH D R TANNANT D D. Canadian
rockburst support handbook[R]. [S. 1] Geomechanics Research
Center  1996.

MATH TANGCA TANGL X etal. Rockburst characteristics and
microseismic monitoring of deep-buried tunnels for Jinping 11 hydropower
station[J]. Tunnelling and Underground Space Technology 2015
49(6) 345—368.

FENGGL FENGXT CHENBR etal. Sectional velocity model
for microseismic source location in tunnels[J]. Tunnelling and Underground
Space Technology 2015 45(1) 73—83.

LUCP LIUGJ LIUY etal Microseismic multi-parameter
characteristics of rockburst hazard induced by hard roof fall and high
stress concentration[J]. International Journal of Rock Mechanics and
Mining Sciences 2015 76(6) 18—32.

[9]. 2014 31(2) 167—
174.(JIANG Fuxing YIN Yongming ZHU Quanjie et al. Relationship
between support and surrounding rock of fully mechanized caving face
in thick coal seam of kilometer deep mine based on microseismic

monitoring technology[J]. Journal of Mining and Safety Engineering

2014 31(2) 167—174.(in Chinese))

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[31. 2006 3(10) 41—44.(TANG Lizhong PANG
Changliang YANG Chengxiang et al. Establishment and application
of microseismicity monitoring system in Dongguashan copper mine[J].

Metal Mine 2006 3(10) 41—44.(in Chinese))

[91. 2005 24(12) 2 048—2 053.

(L1 Shulin  YIN Xiangang ZHENG Wenda et al. Research of
multi-channel microseismic monitoring system and its application to
Fankou lead-zinc mine[J]. Chinese Journal of Rock Mechanics and
Engineering 2005 24(12) 2 048—2 053.(in Chinese))
TBM

[. 2011 30(2) 275—283.
(CHEN Bingrui FENG Xiating ZENG Xionghui et al. Real-time
microseismic monitoring and its characteristic analysis during TBM
Chinese Journal of Rock

tunneling in deep-buried tunnel[J].

Mechanics and Engineering 2011 30(2) 275—283.(in Chinese))
[J1. 2014 33( 1) 3375—3383.(LI
Biao DAI Feng XU Nuwen et al. Microseisic monitoring system and
its engineering applications of deep-duried underground powerhouse[J].
2014

Chinese Journal of Rock Mechanics and Engineering

33(Supp.1) 3375—3 383.(in Chinese))

[R].
2010.(China Petroleum Pipeline Engineering Corporation. Geotechnical
investigation report of Jinzhou underground water sealed oil storage
caverns[R]. Beijing China Petroleum Pipeline Engineering Corporation
2010.(in Chinese))
TANG C A WANG J M ZHANG J J. Preliminary engineering
application of microseismic monitoring technique to rockburst
prediction in tunneling of Jinping Il project[J]. Journal of Rock

Mechanics and Geotechnical Engineering 2010 2(3) 193—208.

[9]. 2013

32(6) 1239—1247.(MAKe TANG Chun’an LI Lianchong etal.
Reinforcement effects of anti-shear gallery of Dagangshan right bank
slope based on microseismic monitoring and numerical simulations[J].
Chinese Journal of Rock Mechanics and Engineering 2013  32(6)
1239—1 247.(in Chinese))

XUN L

M| 2003 25(1) 23—25.(JIANG Fuxing

XUN L YANG Shuhua. Study on microseismic monitoring for spatial



35 7 * 1365
structure of overlying strata and mining pressurefield in longwall Chinese))
face[J]. Chinese Journal of Geotechnical Engineering 2003 25(1) [31] L1
23—25.(in Chinese)) [J1. 2014 39(12) 2431—2 438.(LI Nan
[27] WANG Enyuan SUN Zhenyu et al. Simplex microseismic source
[ 2007 26(7) 1365—1371. location method based on L1 norm statistical standard[J]. Journal of
(GAO Mingshi DOU Linming ZHANG Nong et al. Experiment China Coal Society 2014 39(12) 2 431—2 438.(in Chinese))
study on earthquake tremor for transmitting law of rockburst in [32]
geomaterials[J]. Chinese Journal of Rock Mechanics and Engineering [ 2011 30(10)
2007 26(7) 1365—1 371.(in Chinese)) 2 057—2 067.(DONG Longjun LI Xibing TANG Lizhong et al.
[28] [ Mathematical functions and parameters for microseismic source
2007 26(5) 1 002—1 011.(PAN Yishan location without pre-measuring speed[J]. Chinese Journal of Rock
ZHAO Yangfeng GUAN Fuhai et al. Study on rockburst monitoring Mechanics and Engineering 2011 30(10) 2 057—2 067.(in Chinese))
and orientation system and its application[J]. Chinese Journal of Rock [33]
Mechanics and Engineering 2007 26(5) 1 002—1 011.(in Chinese)) [ 1[D1. 2012.(WANG lJian.
[29] GIBOWICZ SJ KILKO A. An introduction to mining seismology[M]. Research on the source location accuracy and optimal geophone array
San Diego California Academic Press Inc. 1994 84—385. designs for the oil well microseismic fracture monitoring[M. S.
[30] — Thesis][D]. Changchun  Jilin University 2012.(in Chinese))
[J1. 2013 34(8) 2 195—2 203.(LU [34] CETE A. Seismic source location in the ruhr district[C]// Proceedings

Jinguo JIANG Yaodong ZHAO Yixin et al. Study of microseismic
positioning based on steady simulated annealing-simplex hybrid

algorithm[J]. Rock and Soil Mechanics 2013 34(8) 2 195—2 203.(in

v‘{}\“‘ﬂ\“‘ﬂ\“‘ﬂ\“‘ﬂ\“‘ﬂ\“‘ﬂ\“‘ﬂ\“‘@
: :
: 3
: 3
3

ke

i S N N S T S S

(1) NPR /
0]
®)
4)
®)
(6)
U]
®)

NMR

of the First Conference on Acoustic Emission/Microseismic Activity in
Geologic. Clausthal Germany Trans Tech Publications 1977 231—

242.



