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Abstract

The large gradient and large-scale land subsidence caused by oil exploitation will not only destroy
the production facilities of oil wells, but also affect the surrounding environment and people's
lives. In this paper, the subsidence of some oil production plants in Panjin of Liaohe Plain is moni-
tored by StaMPS technology, using 21 L-band ALOS/PALSAR data from 2007 to 2010 and 22 C-band
Sentinel-1B data from 2016 to 2018. The results show that: 1) There are two distinct subsidence
funnels in the whole research area from 2007 to 2010, which correspond to Shuguang Oil Produc-
tion Plant and Huanxiling Oil Production Plant respectively. The subsidence area of Shuguang Oil
Production Plant is about 28 km2, and the maximum subsidence rate is -243.0 mm/year. The sub-
sidence area of Huanxiling Oil Production Plant is about 19 km?, and the maximum subsidence
rate is -76.9 mm/year. The subsidence funnel of Shuguang Oil Production Plant directly affects the
safety of some section of S308 Expressway in Liaoning Province. 2) From 2016 to 2018, the maxi-
mum subsidence rate of Shuguang Oil Production Plant is -162.6 mm/year, and the maximum
subsidence rate of Huanxiling Oil Production Plant is -85.0 mm/year. The S308 Expressway in
Liaoning Province is still in the subsidence funnel of Shuguang Oil Production Plant. 3) This paper
proves that for areas with large gradient subsidence and more vegetation coverage, StaMPS tech-
nology has stable and reliable subsidence monitoring ability. In addition, compared with C-band
SAR data, L-band SAR data has stronger anti-jamming and detection ability.
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1. 5|8

AR 5| EE B T T R R S 1B AR R, AR A IR R AR AT AN 5 B, {H 2 B o I 1] FR 5
TERERIGR, AR5 BB DT, XA SRR M 1 A = it 45 I Ras 1
BRIk, R H 2 5o ma vl o SR T i 2 4, B AT AR TS A =22 4x[1] [2] [3]. AT
I/ 1 T B 25 e S B NATT A 5 T ) A, %oy FE P SR DX 3 A S R P T 3 o - 0

G R TR IS A, a/kKHEN &, GPS &, HAMRSMINERE, ENETL A BEAAT
AR, H S RV () b i e PRedh AT e, R ZEREDRE M ANTI. W0, W HAr, & Rdlis
T IE T3 & F AR (Interferometric Synthetic Aperture Radar, InSAR) DA 4= RAEf . & RIE. S0 R, Bk
B mRR S NS TSRS, e i S T R R I TAE 4], E LR D-InSAR Hi AR 5%
W2 RAH . KAREIR . M S5 R BIREMA[S] [6], ANBEXSHLEIIIREBEATA RN, T 5 InSAR R
SEMR 7L D-InSAR HEAR[IX SeEk i, @ i ik R B (] B A B OR R AR E 1 7K A PE B 4 (Permanent
Scatter, PS)Y{E AWM i, $REUATSERIRAR G R[S5]. £ RTE By E R N TS, BF InSAR HARERA
T ] EEAL LA
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0, [ P b T B B 5 [ 8] BRI b, AR SR 21 5% L BT ALOS/PALSAR 4l Al 22 5% C B Sentinel-1B
¥, @R T InSAR HAR ] StaMPS H5 AN 3L ] £ 5 b X R0 20 Kt ) EAT MR 0, SREC T
2007 4F 1 A% 2010 4£ 9 A A1 2016 4F 12 H A 2018 4F 12 H PANET B HU TR MR 25 5, Hfxd i e il
G5 RHEAT X LE A4, DA A0 I SR 5 P DR P2 DAY L T T P AR — oo 8 M 7 v, [RJ I DAl
MU T A Vi) 55 b X P A I B T R, D9 S A 22 & 7 YA iR 2%

2. PRI F iR

VA A XA T3 748 B T BB VG, MUK LT~ R (Y e p iy, B R T AL T AR 1T R 4 X
B, XEGEEANRE 121.49°~122.05°, J62E 40.93°~41.32°, Wil 1 Fios. BEAEFE XA 530 JF
fd, WE TN, FAREEEEAM. 78 AN EE AR S308 F1 S102 8 FH A, A H B 1%
BT ST XA ELAE 1 3ZVRT I FE e KR | ——IBOGSRA ) [9], ANREES AL L N 9 TIT X B0 R
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Figure 1. Study area
B 1. ARXESEE

ARICKH 2007 4F 1 H & 2010 4F 9 H 1 21 5t L B PALSAR JHAUEHE AT 2016 4F 12 H % 2018 4F
12 A1 22 5t C B Sentinel-1B FEAUECE XTI 7 XIREATUTRE IR I, o BAASHNE | s, B4E5
PRI (8] NG A PIE R B B DU 24 PALSAR s 1) 77 (8] 43 #1 % 4 range: 4.680 m,
azimuth: 3.147 m; Sentinel-1B ¥4/ i) 25171 43 ¥ % 4 range: 2.330 m, azimuth: 13.951 m. PALSAR i
(7 S & 1 R RAE AT, B IMANZIN 722.63 km®, Sentinel-1B $¥i (0 st K 1 a4t
RELRHERT /R, 5 HARZ)N 1688.77 km’,

Table 1. Parameter of PALSAR and Sentinel-1B
% 1. PALSAR #0 Sentinel-1B #BES#%

o PALSAR #4554 Sentinel-1B $(#i 5%t
s I [F] N5t () F/% T EL 34 (m) i [R] NHA(E) THEE EEIELL(m)
1 20070131 38.731 Ir 842.0103 20161211 33.949 %3 -30.1768
2 20070618 38.731 Ir 1735.4543 20170422 33.949 %3 —65.3026
3 20070803 38.731 Ir 2292.3843 20170528 33.949 %3 ~179.4560
4 20070918 38.731 Ir 2168.4398 20170621 33.949 %3 -113.2071
5 20071103 38.731 Ir 2757.9250 20170715 33.949 %3 -126.8935
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6 20071219 38.731 F 2757.7868 20170808 33.949 f& —55.7120
7 20080203 38.731 F 3483.0234 20170901 33.949 f& —118.0942
8 20080320 38.731 Tt 3602.0740 20171007 33.949 f& —63.0613
9 20080505 38.731 Tt 4181.0303 20171112 33.949 3 —105.7818
10 20080620 38.731 Tt 1616.7901 20171218 33.949 3 0.0000

11 20081221 38.731 Tt —645.7517 20180123 33.949 3 —135.6968
12 20090205 38.731 Tt 0.0000 20180228 33.949 [ —47.4770
13 20090508 38.731 Tt 600.2612 20180324 33.949 3 —235.2671
14 20090808 38.731 Tt 600.9683 20180417 33.949 F& —153.7997
15 20090923 38.731 Ft 1217.2601 20180523 33.949 F& —105.9400
16 20091224 38.731 F 1849.0472 20180616 33.949 F& —140.3758
17 20100208 38.731 F 2419.3582 20180722 33.949 3 —104.0658
18 20100326 38.731 Ft 2869.2765 20180827 33.949 [ —153.2138
19 20100511 38.731 Ft 2855.5024 20180920 33.949 f& —110.9361
20 20100626 38.731 F 2893.1894 20181014 33.949 [ —72.5348
21 20100926 38.731 F 3800.3139 20181107 33.949 f& —58.0203
22 20181201 33.949 [ —89.5900

ARSEIG R I DEM Dy H AR5 85 i 25 0F 70T AU U ER WL AIE 53 HR 0o AT I AWSD30 724, Has

B #E%E N 30 m, SAEREEN 5 m. AWSD30 7& H il LA 3R SV B i) B s B @
R —[10].
3. InSAR ¥#E4bIE

H AT P InSAR ATAFARA 20, HA StaMPS HARAK AR AT AL R, Ge s S BRI B
e, Bz AR R I T IS AL R MR 2 (A G M B PS A, XHE M 5 R m M X, AR RIS ik
H—EHE PS R[11] [12]. FERARDET X B 1) H M5 2 HA KEREEDTRAAAE, AR
StaMPS A K AT TR .

A N + 1 sglg, GBI RRNER N A L ERR, J5RHAL AR R % E 1R
(PRS2 6] o K BT A FCAELT 18 0 i 5 R R, FRAH RN ST, X E Tt it
TSI, B3 NANZESTWE L5 x AN ZESTWEY, 38 i NMRITZ ST AN RRA:

Ap’ = A%@f*ix A T A FAQ,, A, (D
XDF, Ap RIS x MESTWETE i MR ED TEMAL, Ag,, [ FRBEMAL, Ag,, "
INFFRREAMNL, Ag,, [ FRKSIEIRMNL, Ag,, ERPUEREMLL, Ae,,, " TGS

JE I PR 25 ZE AR AR E RPN PS Ik f, S AT IX LS PS I s AT R AR, B BR AP AEA
T2 B AR A2 08 BUZ BIR0IE PS RUE IR I PS RURHIEM ST, TR N PS £i.

TS B PS ARSI S [AIAAEIG R ZE, TR PS AUAEAL; XTSEHTE I PS s AT B 25 =4
FRYE: AT TR ZE AL AE T DRI 23 8] B IE 22 5, MR ZEARAL AT o S8, 0 B 5 bR i
ZERARL, B JE PR BUEAZ AN

i T StaMPS f# 5 (1) 45 B AL ZE 7] (Line of Sight, LOS)I/EAE 45 &, 1fj PALSAR ##E Al Sentinel-1B
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B R LT AMANM A EAR, N TGS HEZ%, 72 LOS A H | FE A . LOS [
AR IR B A AR (KR e nT LLE L R (2)SE . Hor Ad,, $BIJ2 LOS [MJEAS, @4RIM & TR REHIR A
S, Ad, BN

Ad

Ad, =—lo 2
" cosé @

4. WNEGRE 5k

XTT 21 5t PALSAR 248, iEHL 2009 4F 2 H 5 HIRBMAGE AL T4, AR 20 =14
SHECHE, HES T, T 22 5 Sentinel-1B 5415, %HL 2017 42 12 H 18 HIRBUIFAAGAE 2
HFAR, AN 21 RRAR S HAE, FZES TR PR 2 R 2R 1038 1 s

BT W AR R K I StaMPS BEE[13], % L % B (1) PALSAR 5 2E47 40 #2145 21 2007 47 1 H %2010
9 AMPTEE R, W 2 Fion AT XK, SR T 105174 4> PS s, W3 N 145 55/km?,
B 1 /DB 4 ME A 7 i DX 3B DR] SR AR T T A s D R, Ry DX S35 5 23 A AT el oo BN 5 X3
SR SR E TR S, eI T fE RS RN e F R BT, AR X IOE B Ryl . Hod f5 KPS i
MU R A w ™, JUMTEREROR, UIRRIERALZIN 28 km®, HAUIFFERIER] 7-243.0 mm/4F; PUle
TR PRUT (TR I S ARXT 2R, TRV BEARNT /N, PRI N 19 km®,  H KUTFESH R 29 8-76.9 mm/
. BERHAE RN, WANREVIRFRSFEEZR A RASTERITEG 4 5% NG Rl | IR &
SRy ), PSSR A 20 tH2d 80 SEARC AT LRI E, HETCAA 40 ZEMIFRIIE[14] [15]. BN
A B S308 MR TR S X IR I, 7 A TR A A BRI 2 A IS B R T BRI A
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Figure 2. Subsidence rate map from January 2007 to September 2010
2.2007 ££ 1 B~2010 £ 9 AR RE

N TR R R A RAREIER SR M TR R, K 2007 45 1 H 2010 4 9 A BIUTRER
6] 7 4 45 SR 20 ok, anls] 3 B, AR BN B 1) 200 B (1 i B 45 SR S5 A0 T 258 H (2009 422 A S
H). ME3AIEH, FERARNZ12009 42 H 5 EHIPFERER 0; 2007 4 1 7 31 H A 2008 4 12 H 21
H AR IR 45 S35 0 IEE, BEEH 2007 55 1 H 31 HE 2008 4 12 A 21 H—HEERAEDTIFE; 2009 4 5
H 8 H#E 2010 £ 9 H 26 HIPTREE R ATUE, [FIFEBH] 2009 45 H 8 HZ 2010 49 H 26 H—HE
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Figure 3. Map of time series subsidence from January 2007 to September 2010
3.2007 £ 1 A~2010 4 9 ARS8 51

FET StaMPS # i, XJ C 3 BtH Sentinel-1B £# 2F47 AL BEAF 21 2016 4F 12 H 22 2018 4F 12 H BT
HOREER, Wi 4 Fron. BAWFRIXEL, T 82819 AN PS s, MEMIEEEE N 49 fA/km®, WEIN RN,
KA TIGI R, KR A 7 26 DX I M A, O PR 1 Bt 8 A A B 38 A2 10 1 M ko
AN FCIX S5k Y AT SR A7 AE T A 2 38 TR S TSR R R il | R B0 SR ) B SRl I RE
DR MARIR L, B KU R A-162.6 mm/F; KSR 1T IR ARXT B A, S KU1 E R 2
N-85.0 mmv/AF . U PR BE R VTR A BT, S A TR AN, BRI HAT &g
JEIATER BB, B =g b, IR A, F R = AN R TR Rk [15] [16]. AN &
A S308 MR T-HE R | AT IR SH Y B A, M T R I A i — BB 2 s Ra
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Figure 4. Subsidence rate map from December 2016 to December 2018
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FEAKT T AE 4 7 75 P55 A oy ELAEAE OB B0 o DX 35 e s 0 e 7 2 mT S R A AR 8 19 o

XF 2007 4 1 H & 2010 4 9 HPTRERG R — S04, RISE W HER, JiREspEE R, (|
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Figure 5. Comparison of time series subsidence
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DRIE, A DGR TR 2O T3 PR AN KA R <3 DAy BE B AN DG, A AR SR ER S 1 i, DA P B 1
TR 25 R T A TR A S RO B AN AT Al B

5. &t
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1) 2007 £ 1 H % 2010 4 9 H, BN XIAFAE N UUBEIR =, X PN DRI 222 B T
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