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A comprehensive evaluation model for microseismic source location reliability
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Abstract: Microseismic source location is mainly affected by source location methods microseismic network velocity
model and arrival times therefore a single index*may not get a comprehensive evaluation of the source location re—
sults. This paper presented a comprehensive evaluation model which contains event residual index sensitivity index
and hit sequence index to evaluate the microseismic source location reliability. First the improved L1 norm statistical
standard for source location was used to calculate the event residual. According to the ranges of the event residuals the
event residual index and its rating standard were determined which can estimate the source location accuracy. Second
the stability of a solution was analyzed by the sensitivity index which was defined as the distance between a located
source and its associated position by assuming different velocities. Third based on the matching degree of the observed
hit sequence and the calculated hit sequence together with the microseismic network and the number of microseismic
sensors the hit sequence index was put forward. It can reflect not only the location accuracy but also the solution sta—
bility. Finally the comprehensive evaluation model was built up by considering the above three evaluation indexes. In
the end the comprehensive evaluation model was checked by the field test. The results show that this model can evalu-
ate the source location accuracy and stability comprehensively and effectively. The result of assessment can be used as
a practical basis for the source location reliability of microseismic monitoring systems.

Key words: microseismic; source location reliability; comprehensive evaluation model; event residual index; sensitivity

index; hit sequence index
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Table 1 Microseismic event residual index rating standard fo
E 2
(a>0) /s K Table 2 Microseismic event sensitivity index rating standard
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Table 4 Hit sequence indexrank standard
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Fig. 1 Comprehensive evaluation model for
source location reliability
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Table 6 Comprehensive evaluation index rating system
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Fig. 2 Microseismic network layout and the

blasting events location
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Table 7 Microseismic sensor coordinates and observed arrival times
/m /ms
x y z 1 6 11 1 15
T, 4 088.2 3 548.6 61.6 192.5 212.5 194.5
T, 4 661.4 3370.0 66. 4 166. 4 140. 4 186.5
T 4413. 1 3057.4 -2.2 70.2 60. 4 62.2
T, 4.451.3 2 716.6 -87.5 60. 1 28.1 28.1
Ts 4137.6 2 964. 1 -44.0 72.2 60. 1 64.2
Ty 4798.0 2904.0 -52.4 138.3 100. 3 102.3
T, 4 280.9 2 834.0 -83.9 0 0 0
Ty 4569. 8 2 183.0 -199.3 192. 6 160. 4 204.5
Ty 4501.0 2442.5 -147.5 130.3 106. 3 112.3
T, 4717.6 4791.2 137.0 310. 8 298.7 282.7
T 4.970.4 3 086.4 -1.2 184.5 154. 4 156. 4
Ts 4580.0 2 696. 8 -100.0 96. 2 60. 1 70.2
T 5181.3 2942.3 -21.2 234.6 204.5 204.5
3.2 10%
3 9,
2 8 8
8 3
Table 8 Source location results and event residual analysis 10,
/ 10 3
m
x y z /m /ms o' R 1
1 2
1 4253.4 2858.9 -48.0 52.9 23.4 10
2 4345.3 2836.3 -61.6 15.1 27.3 10 6 2 1 2
3 4280.9 28340 -839 742 336 10 5 G;3 7
9
Table 9 Relocation results and sensitivity index point
/m
Dy /m
x ¥ z B S
| 4253.4 2 858.9 -48.0 4 ) )
4270.8 2854.8 -97.3 ‘ B
) 4345.3 2 836.3 -61.6 346 ) |
4372.0 2 849.3 -79.3 ’ N
3 4 280.9 2 834.0 -83.9 443 ) )
4312.4 2 838.7 -53.2 ’ N
10
Table 10 Observed hit sequence and calculated hit sequence
T, T, Ty T, Ts Ts T; Ty Tio T, Ty Ty Tis
| 10 8 3 2 4 7 1 11 6 13 9 5 12
9 8 4 3 2 7 1 11 6 13 14 5 12
) 12 8 3 2 5 6 1 10 7 13 4 11
11 8 3 2 4 7 1 10 6 13 5 12
; 10 9 3 2 4 6 1 12 7 13 8 5 11
11 8 4 3 2 7 1 9 6 13 10 5 12
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Table 11 Hit sequence index point
" °
1 P 1359 2 (2) '
2 G 13>9 3
3 R 13>9 0 ;
5 5
3 3
I, =6+(-2) +2 = (3)
,=6+(-1) +3 =8
; =5+(-2) +0 = o
1
B
12 A 1 Hardy R. Acoustic /emission/microseismic activity: Volume 1 M .
. 3 C Lisse Netherlands: A: A. Balkema Publishers 2003.
2 Ge Maochen Efficient mine microseismic monitoring J . Interna—
X tional Journal of Goal Geology 2005 64( 8) :44 -56.
o 3 3 . s
1977 20(4) :312 -322.
7 Chen Yong. Application of acoustic emission techniques to rock me—
chanics research J . Acta Geophysica Sinica 1977 20(4) :312 -
322.
4 Obert L. The microseismic method: discovery and early history A .
Proc. 1st Conference of Acoustic Emission/Microseismic Activity in
Geological Structures and Materials C . Clausthal-Zellerfeld: Trans.
° Tech. Publications 1975: 11 - 12.
8 3 23.4 5  Cook N G W. The application of seismic techniques to problems in
27.3 33. 6 ms rock mechanics ] . International Journal of Rock Mechanics and
1 . Mining Sciences & Geomechanics Abstracts 1964 1(2): 169 —
179.
2 3 ! 2 6  Mendecki A J. Seismic monitoring in mines M . London: Chapman
3 o 3 and Hall Press 1997.
52.9 15.1 74.2m 2 7
1 3 R J. 2006 49(5) : 1511 —1516.
Jiang Fuxing Yang Shuhua Cheng Yunhai et al. A study on micro—
seismic monitoring of rock burst in coal mine J . Chinese Journal of
Geophysics 2006 49(5) : 1511 -1516.
8  Hirata A Kameoka Y Hirano T. Safety management based on detec—
° tion of possible rock bursts by AE monitoring during tunnel excava—
tion J . Rock. Mech. Rock. Eng. 2007 40( 6) : 563 —576.
4 9 . ]

2009 5(1):122 -128.
Li Shulin. Discussion on microseismic monitoring technology and its
application to underground project J . Chinese Journal of Under—
° L1 ground Space and Engineering 2009 5( 1) : 122 —128.
10



1946

2013 38

11

12

17

J. 2011 30(5) :893 —900.
Xu Nuwen Tang Chun’ an Zhou Zhong et al. Identification method
of potential failure regions of rock slop using microseismic monito—
ring technique J . Chinese Journal of Rock Mechanics and Engi-
neering 2011 30( 5) : 893 -900.
Ge Maochen. Analysis of source location algorithms: Part I. Over—
view and non-terative methods J . Journal of Acoustic Emission
2003 21:14 -28.
Ge Maochen. Analysis of source location algorithms: Part II. Ttera—
tive methods J . Journal of Acoustic Emission 2003 21:29 -51.
. J .
2002 17(1):147 —155.
Tian Yue Chen Xiaofei. Review of seismic location study J . Pro—

gress in Geophysics 2002 17( 1) : 147 —155.

I 2008 28(4):740 -
749.
Chen Bingrui Feng Xiating Li Shulin et al. Microseismic sources
location with hierarchical strategy based on particle swarm optimiza—
tion J . Chinese Journal of Rock Mechanics and Engineering
2009 28(4) :740 -749.

Matlab
J. 2006 31(2):154 -158.

Li Huiyi Jiang Fuxing Yang Shuhua. Research and application of
Microseismic monitoring location of strata fracturing based on Mat—

lab J . Journal of China Coal Society 2006 31(2): 154 —158.

J. 2011 30
(10) :2057 -2067.
Dong Longjun Li Xibing Tang Lizhong et al. Mathematical func—
tions and parameters for microseismic source location without pre=
measuring speed ] . Chinese Journal of Rock Mechanics and Engi—
neering 2011 30( 10) : 2057 -2067.
Kijko A. An algorithm for the optimum distribution“of a regional
seismic networkd J . Pure and Applied.Geophysics 1977 115
(4) 999 -1009.

18

19

20

21

22

23

24

25

Kijko A. An algorithm for the optimum distribution of a regional
seismic network-I: an analysis of the accuracy of location of local
earthquakes depending on the number of seismic stations J . Pure

and Applied Geophysics 1977 115(4) : 1011 - 1021.

J. 2012 31(1):8 -17.
Gong Siyuan Dou Linming Ma Xiaoping et al. Optimization algo—
rithm of network configuration for improving location accuracy of
microseism in coal mine J . Chinese Journal of Rock Mechanics

and Engineering 2012 32(1):7 -17.

J. 2006 25( 10) :2036 —2042.
Tang Lizhong Yang Chengxiang Pan Changliang. Optimization of
microseismic monitoring network for large-scale deep well mining
J . Chinese Journal of Rock Mechanics and Engineering 2006 25
(10) :2036 —2042.

J. 2010 35( 12) :2045 —2048.
Jia Baoxin Li Guozhen. The research and application for spatial
distribution of mines séismic monitoring stations J . Journal of
China Coal Society~2010.35( 12) : 2045 —2048.
Oonincx P J. A wavelet method for detection S-wave in seismic data

J . Computational Geoscience 1999(3) : 111 - 134.

J . 2013 38(3) :397 —403.
Zhu Quanjie Jiang Fuxing Wang Cunwen et al. Automated micro—
seismic event arrival picking and multichannel recognition and loca—

tion J . Journal of China Coal Society 2013 38( 3) :397 —403.

] 2010 35( 12) :2059 -2063.
Wang Jingiang Jiang Fuxing Lii Wensheng et al. Microseismic
wave propagation velocity in situ experiment and calculation J .
Journal of China Coal Society 2010 35( 12) : 2059 -2063.
Ge Maochen. Source location error analysis and optimization meth—

ods J . Journal of Rock Mechanics and Geotechnical Engineering

2012 4(1):1-10.





