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[Objective] Land subsidence is one of the main geological hazards in coal mine area, which seriously affects the sustainable
development of mining economy and the safety and stability of residents' life. It is necessary to conduct rapid and efficient
monitoring of land subsidence in the mining area. [Methods] Taking Datong coalfield as an example, the 31 scenes Sentinel-1
images acquired from January 2020 to December 2021 were used to monitor the land subsidence based on Small Baseline Subset
InSAR (SBAS—-InSAR) technology. The land subsidence rate and cumulative subsidence results of Datong coalfield were obtained.
Moreover, the reliability of the monitoring results was verified using existing research results, and the spatiotemporal variation
characteristics and evolution laws of subsidence were analyzed. [Results] The results indicate that the land subsidence in the Datong
coalfield is extensively distributed, and its overall distribution of subsidence is basically consistent with the trend of mining
management data. The subsidence is mainly distributed in the west of Nanjiao County of Datong City and the junction of Datong
City, Huairen City and Shanyin County, among which the land subsidence of Tashan mine is the most severe. The subsidence
characteristics of Datong coalfield mainly include the maximum subsidence rate of 168.03 mm/a, the maximum cumulative
subsidence amount of 329.12 mm, and the total subsidence area of 270.95 km?”. Overall, there is a continuous increase in subsidence,
and it takes a significant amount of time to achieve relative stability in surface activities in accordance with this trend. [Conclusions]
This study shows the feasibility of InSAR technology in subsidence monitoring in coal mine area, which can provide a new technical
for mineral resources management work, and the research results can provide scientific basis for subsidence monitoring and warning,

disaster prevention and control, and rational development and utilization of resources in coal mine area.

Key words: Datong coalfield; SBAS—InSAR; subsidence of mining area; land deformation monitoring; spatiotemporal evolution;
environmental geological survey engineering

Highlights: This paper utilizes SBAS—InSAR technology to conduct a long—term monitoring of land subsidence in Datong mining
areas, highlights the spatiotemporal variation characteristics and evolution laws of subsidence in coal mine areas, and confirms the
feasibility of InNSAR technology in mineral resources management work, hoping to promote the subsidence monitoring research and
reasonable management of natural resources.
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Table 1 Vertical baseline parameter of SBAS—-InSAR

dataset
B B EEEL/m | FS REE A /m
1 20200110 81.01 17 20210128 56.44
2 20200203 17.97 18 20210221 10.91
3 20200227 54.95 19 20210317 44.84
4 20200322 -20.27 20 20210410 —43.06
5 20200415 —67.80 21 20210504 49.24
6 20200509 33.78 22 20210528 30.21
7 20200602 46.57 23 20210621 —11.01
8 20200626 —13.75 24 20210715 —43.03
9 20200720 31.49 25 20210808 51.07
10 20200813 —108.54 26 20210901 —50.18
11 20200906 —20.88 27 20210925 —20.89
12 20200930 45.56 28 20211019 31.34
13 20201024 —61.09 29 20211112 —56.42
14 20201117 12.63 30 20211206 12.82
15 20201211 34.42 31 20211230 106.02
16 20210104 0.00
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Fig.2 Spatiotemporal baseline distributions of
SBAS-InSAR
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Sentinel-1A T T 2014 4F 4 A K725, &
DU 2 (] JRy-BF 1 JE T & S A sk W T2, as AT
T R BH ] 25 0, 0 w55 BE 24 693 km, 1 A
B TR A, HREIM 6 d 5 12 d, #3% C WBLA K
LR IA . AL ik S m AT =, AR %
HAEE SM(Strip Map) . T e it IW (Interfero—
metric Wide) | i 5 I £ X EW (Extra—Wide Swath)
P ERLA (Wave) 4 TR AL (17 06, 2015), H
T IW R EW 55 2SR FIAE 7 43 il 4t 8 0L 00 R
( Terrain Observation with Progressive Scans in
azimuth, TOPS), HRUCH £ MM 22 FEAT 34, d i
G B 53 T ASE 1) 73 AR R A R I 2l 5, TR 4 1
ST 1] A T G i B e DL, HA 1%
B2 1 45 BT TR LU LA D 34, B0 5 A5 e 5 i
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P 159 0y S T P A R IO B 2 B0 14 (Single
Look Complex, SLC), & 4k 77 = 34 oy 1 H % ik
(Vertical-Vertical, VV), %5 [H] 53 B4l 5 mx20 m,
e 7 35 K [R) 6 H AY SRTMI $5 48 A5 481 s T2 AR 46,
3R T8 AL FF- M08 () 520 o RIS DXk B
B NGUAR EESHIINIE 3 3R 2 B,

4 HER

41 KEHEBTMESEERS T
T SBAS—InSAR F A K [FIBEH ) 31 5

H1 Sentinel—1 A S AF U T8 (A4 B, K UK [ 14 H
2020 4E 1 H & 2021 4F 12 7 K0} )5 Hb 6 170 e i %
S A (K 4), IEfEFm bR TE, B H AR
TRz, E R RTIRE, B B b & 18
Bz, IR R R TR RE RS K . InSAR
WE 25 R B R, 2020 4 1 H & 2021 4F 12 H K[RE
FE S B P 22 Ak 2 A T MR TR, LR A AR 4, T
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Fig.3 Geographical location in research area
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Table 2 Main parameters of Sentinel-1 images in the study ; N R R
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1 I} [E) S 20200110—20211230 — S, . §
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U AR C-band 56 Fh T T R T SR 7 U 17y S
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= = T, ¢ SR A X
2 / Typical mining area
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Fig.4 Land deformation rate of Datong coalfield from 2020—01 to 202112
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(38 SBT3 s, A B THERED 7 SR 0 A
FA BT A, 2021)

] 5 SRy K [ FE AN [ B 1) B3 %) B3 R 4 A
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H120211230([A] [ 720 d) i ia] 80 R A &, AT A&
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Fig.5 Results of time series land subsidence in Datong coalfield
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Table 3 Statistics of surface subsidence area in Datong

coalfield
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Table 4 Subsidence information statistics of typical mining
area in Datong coalfield

RARRW PP SRRV mR

FE WER e d mma) km® L
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4 Ekign -251.29 -27.52 32.82  10.06%
5 B E —194.23 —20.18 17.50  5.35%
6 DR U L Ly A -190.77 —-22.20 625  1.90%
7 iy —170.06 -23.91 204 0.62%
8 LI o T —154.80 —-22.34 326 0.99%
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10 ERER -113.35 -18.44 416  1.25%
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Fig.6 Time series diagram of characteristic points in typical
mining area
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Fig.7 Results of time series surface subsidence in Tashan coal mine

o B EAN, SR Ui, STk B R AR

R T 48 s K (RS FH b 3R 350 e 23 1) 28 A RRAIE S
HAL LA, DL 2020 4 1 H 10 H i i it (e, 2021
AE 12 7 30 H A #UERTa], B EEFEL Sy 34~ H,
VEHL 4 A HLRUBER™ [X Y 8 e b T R 45 L4 B
A Bf 8] 3 B T 7)), AR 98 0 R 28 1] 43 A7 3 AL e
fE. HE 7 A1, 20204 1 & 6 A, I X i
FAE T UURE I 28 K& B B, JRi DX a8 T A Kt
W, e K BT 115.53 mm, TR T AR 2 N
44.75 km?; 2020 4F 7 F % 2021 4F 4 1, 31057 X
FALFUURE R BT B B, TR DR (21 6 B 5 ) 1]
R, Horb B3R ZE 100~200 mm A 1X.
SIS A &, deok B TUIREE N 231.96 mm, UL
FETRIFRZ) R 54.46 km?; 2021 4E 5 F & 2021 4F 12 A,
P I X RAL TR R 2R BB By, BT
R B AE 200~300 mm F{ X B34 g ok .2, i K&

IR N —329.12 mm, VIR FLZ) A 69.89 km?,
W B[], B L X R DR S LR Y Aok 3
TR S A e T BRI, - XS B T 3 A4
A TR S (LL R B, TR - T AR AR b o
TNEH 2, SRR R e, R - ok 2R
DA 260 mm.,

H I 8 n 1, 2020 4F 1 H = 6 A, #eF1La Al
LA R0 R AL TR S8 & e B B, JR il DX iy
BT UK, Sk BT E R 95.45 mm, LR TR
254 14.61 km?; 2020 4F 7 H % 2021 4F 4 7, %1
L A B A 2 R A IR bk BT B, 2Rt
U EFE 100~200 mm [ XIS MG R 2, ek
TR 215.59 mm, JIREHEFRZ) K 21.52 km?;
2021 4F 5 A & 2021 4F 12 A, #F 114" F1 55 240
MR AL T UT R 2 Bt B B, (R0 R 3 5 A T i
9%, R BT R N 262.74 mm, TTRE TR AR 24 K

http://geochina.cgs.gov.cn H1E LT, 2024, 51(1)


http://geochina.cgs.gov.cn

55185 1 A A ST P InS AR 4 LU A [ JAE T 3t 4 RS Wi e ek 2 s Ak 7 A 179
112°520"E  112°560"E  113°000"E 112°52'0"E  112°56'0"E  113°00'0"E 112°520"E  112°56'0"E  113°00'0"E
- ' 20200626 g ' - '

20200322 N

40°04'0"N
40°04'0"N

20200930 = N

40°04'0"N
1

40°00'0"N
40°00'0"N

& & %
o > >
o+ o>k > |-
e & 3 5 S
Slo12 4km o Slo12 )
[ = = ]
112°52'0"E 112°56'0"E 113°000"E  112°520"E 112°56'0"E 113°00°0"E  112°52'0"E 112°56'0"E ~ 113°00'0"E
20210410 # ' 20210104 =0 ' 20210715 _— '
Z g Z o Z iz
o > > 4 o -
= F S > L
g g g
(=} (=] (=
< <+ <+

40°00'0"N

112°52'0"E 113°00'0"E  112°52'0"E

es!

113°00'0"

20211019 20211230

40°04'0"N
40°04'0"N

z z
o o
=~ >k
& &
2lo12 Slo12

VU E/mm
Subsidence/mm
m—334~-249
m-248~-196
m—195~-157
m—156~—124
=-123~-98
=-97~75
=-74~-53
=-52~-33
m—32~—18
m—]7~—6
m—5~0

= ]~8

=0~24
m25~43

P 8 e~ LB 1 5 SR I i) 1) A2 SR

Fig.8 Results of time series surface subsidence in Yanzishan and Majiliang coal mine
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Fig.9 Results of time series surface subsidence in Jinhuagong coal mine
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