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Microseismic location algorithm for gently inclined strata and
its numerical verification
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Abstract: The velocity model is significant for precisely locating the earthquake source in inclined strata. This study analyzed the
propagation path and propagation regularity of stress waves in inclined strata, according to the fast ray-tracing technique between two
points in horizontal layered media. Microseismic location algorithm was developed for inclined strata using grid searching method,
which was also compared with traditional location methods based on single velocity model. The particle flow theory was
exploratively used to establish the stratum numerical model. Subsequently, the validity of the proposed algorithm was verified by
simulating the stress wave propagation through the interaction of particles. Results show that the traditional location algorithm, based
on simplified elastic wave propagation at a constant velocity, is imprecise for inclined strata, indicating that the single velocity model
cannot satisfy the locating demand for complex media., On the basis of the inclined layered velocity model and a modified
computational method for stress wave propagation path, the seismic sources can be located much more accurately. Meanwhile, the
location deviation was found to be proportional to the dip angle and stratum number. In addition, the location precision can be also
increased by reducing the grid size in the grid searching method, suggesting that reasonable sizes and searching strategies can
facilitate the application of grid searching method in practical engineering. The microseismic location method and the proposed
verification process can provide important theoretical and technical support for further studies on the positioning and monitoring
technology in the complex strata.
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Fig.1 Horizontally layered stratigraphic model
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Table 1 Coordinates of monitoring points
M A5 X /m Y /m Z/m
A 0 0 0
B 100 0 0
c 100 100 0
D 0 100 0
E 0 0 100
F 100 0 100
G 100 100 100
H 0 100 100
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Table 2 Coordinates of sources

IR X /m Y /m Z/m
| 50 50 10
J 90 10 10
K 70 40 20
L 60 80 40
M 50 60 45
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Fig.12 Particle flow model of stratum (the first to forth
layers are illustrated from top to bottom, the monitoring
points are represented by the balls located in 8 corners)
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Table 3 The main meso-parameters of inclined
stratum model
ORI 1) A1 B TTORL L) ) [ P
ORI EAT ORI B k, /(101 N/m) k, /(101 N/m)
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E R B B B B B E

2 3000 22 42 62 82 22 42 62 82
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HhZ P I H (mis) 2 P IS (mis)

B2 1863+58 $3)Z 3133+73

B2 2591+67 ¥4 3607+85
5.4 BIFEN

WA GRE S 008 P . S WLARRIIK
55, LSRR AN, SR LIk A AR 2 57
W P ARk e, HL 5 TR0, ST P
BEAT BIRHE 5450, 3% 5 D9 & I I s 4 B A2
ERcEEN N

K5 FHENRRBARIREER A
Table 5 Arrival times of various monitoring
points from sources

FILI )/ s
| J K L M
A 0.028 0 0.0370 0.026 0 0.0347 0.0303
B 0.023 7 0.006 9 0.0179 0.0309 0.0327
C 0.023 2 0.0391 0.021 4 0.018 7 0.024 5
D 0.027 4 0.054 2 0.0320 0.021 6 0.0231
E 0.0396 0.050 6 0.040 5 0.044 8 0.036 9
F 0.0451 0.0391 0.0388 0.0470 0.0418
G 0.044 8 0.0550 0.0423 0.0321 0.036 4
H 0.0393 0.054 4 0.043 4 0.0331 0.0319
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Table 6 The location errors of the source in
different velocity models
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42 38 16 15.60 46 50 14 5.66
80 2 6 13.41 94 14 6 6.90
78 56 28 19.60 66 38 22 4.90
68 90 48 15.10 58 82 62 3.46
38 46 42 18.68 48 62 42 4.12
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location accuracy
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Fig.20 The MSI event recording of the perforation
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