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Abstract

In this paper, the deformation monitoring study of time-series InSAR on the dam and dam area of
Xinjiang WLL Plain Reservoir was carried out by using the European Space Agency’s me-
dium-resolution Sentinel-1A free imagery data and the SBAS (Small Baseline Subset) method with
the 23-view imagery between 2014 and 2018 as the data source. The results of the settlement
monitoring of the reservoir dam and the surrounding area of about 5 km were extracted, and the
monitoring results of the reservoir embankment were verified using the second-class level moni-
toring data of the dam, and the median error of the deformation rate was +9.3 mm. The results
showed that: there was an inhomogeneous settlement at the dam; the aquaculture center near the
east dam section produced a settlement funnel, with a maximum settlement rate of the centre of
-20.0. Finally, the spatial and temporal distribution characteristics and causes of the settlement of
the dam and the surrounding areas were analyzed in light of the changes in the water level of the
reservoir, the distribution of the surrounding vegetation and industries, the groundwater pumping,
etc. The results showed that there is an uneven settlement in the dam; one settlement funnel was
generated in the aquaculture center near the east dam section, with a maximum settlement rate of
-20.0 mm/a; and three settlement funnels were generated in the industrial and residential areas
around the reservoir at a distance of about 5 km, with a maximum settlement rate of -76.0 mm/a.
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1. 51§

AR, BEERM PR SAR R MARAE AN LN 5 INSAR BORIIAW 2B A &, INSAR
FAR LA DAHCRS BSR4 i HON F T AR . s poRE . LA VA AR e A I
T[] BE% INSAR HARKI) iZ M, BFFF INSAR £ AR RSN &I, Ferretti 25 AT 2000 4E$2 H
PS (Permanent Scatterers) LAk, DAL= K [P 3R AR R I GE J1[2], BN INSAR F A N FH AN FE A # a
H A0, & F B InNSAR 5954 PS J57%.SBAS J51%:(Small Baseline Subset). StaMPS 7 (Stanford Method
for Persistent Scatterers)& .

AEART K PE R IAE S A NAE FH LSS, 04N Pt G 2 A TR AR [3], AR M 2 K 2 R 2 A PPAN 1Y)
RO E 4], DR BOK PR T AR W 22 2 A8 R I B A, B X ) B e XA AT A1 e I
I H ARG, WA Ry, g LA R 77 sORBEARPPAN 7K BE R I 22 38 AT 15 00, ME S 2 it —
S R A fa . A, RILX R 120 i 3 2 738 th o K2 A is AT AP ARV AE Ui . R, R
I INSAR BORX 7K FESUX HEAT TR AR M, REMS IR IDOR AR AR I I 46 5, JF A7 e S i D 3, BRAIE
TURTASRE . 2011 4, TREZEFIA QPS £ AR (Quasi-PS, QPS)IRR T HIIX [ SEiifE AR 45, IEorbT 1 =ik
RIS AT B (AR e P i 0 R L) 3 X 3 ) T AR R (3] 2012 4F, Voege S5 SBAS 77725 R BT PLARE
TAURAZ W, PRI B IUA SR AR T Ol 2013 4F, SRR AEFI A Sait i PS BERARH] 7KL
MIBTHITE LM UiREE R, I 5KAERE AT L, IMIDEAR LS 4.5 mm; 2017 4F, %3

DOI: 10.12677/gst.2024.122019 151 Mzl


https://doi.org/10.12677/gst.2024.122019
http://creativecommons.org/licenses/by/4.0/

e &

FIFH PS A1 SABS P Fh 75 2206 A 7 5 JBE J JR I A% JR 32 X S R TS AR W, 65 KL, WA . HE/K D258
B DX AT TEAS 20475 2019 4, B 4% MRS R FH ok 1Y PS 53256 ) B /K EEHEAT T AS Wa I, 3&:41F 1 515 InSAR
ST TIER K EE X . ORI, Bl e S /K T St AT A W 0 A 25 [4]

ARCLEE R T B8 WLL /K ZE R R 30 . Hhnks A, DL A i A R & VR B IR R RN R A K
IR BRI, HEH SBAS JFikdiZK FEEMLX HEAT AR WSS I 78 . SBAS J5 1 m] LUK /b S5 B s it
ITEEAE, BE—RHNE S RELEZE ST EREBAF RS W AR IR [5], FxasTFiEiir£
AL DASE ST E e bl Al IR ARAR T g e A ORI A, BodE A B AR IR AR (6] [7],
R ZTE SAR Budm /b, e [8) 2 B AR [8) 18] BE 88 1175 10, bL 458 3d FR [8]

2 AXRFA*®

SBAS it & s A S RO A BT A AT BN R T G, AR JE R TR AR R 1 f N B
L5 & FE 4 R (SVD) 7 VRSB T B Ar i AR B 2 Je LA (] 2 41 [ 7] AR ER T,

RIS G5 — X AL TR RT to, t, ===, tyHEFIRI N + 10E SAR 8218, B —IlEA8E N £
A%, IR AR SAR AR BCHERXIEE E . N+ 1108 SAR AR R M IBZMESTHE. T MWHE
ta Fl tg (tg > ta) B ZISREL A 26 j 8 254 T-45 B, T L 1) AR bRy x FITEE 8 m Ak b oA r MG R TS AL T LS A

59, (X, ) =¢5 (X, 1)= (x,1)
4 _
zf[d (tB,x,r)—d(tA,x,r)]+A¢tgpo(x,r) (1)
+A¢/ips (tB A X, r)"’ A¢njois,e (X, r)

A je(L M) A NHBEERBK: d(tg,xr) Fld(ty,xr) A ts Fl ta B ZIAEXEF d (G, x,r) =0 f7E IS
MLTT R RBIEAR R Ag), (%, 1) WESTHEPERRIIEACL: Adleg (t,ty, X, 1) AR TEBAAL;
Adhie (X, 1) NERTHE .

FEAR FE R TIEIR MR BRAR ARG AR A AR AL I RTEE T, 7T LUK (1) 4L A

4
3, (x1) =5 (1) =, (1) = —~[d (tg. %) =0 (14, 1) @
3 (2) AL ZR 7 AN SR 8] 2 8] (1)1~ $57 A A7 3 58 AT s (1] ) e L«
_$ 4
v _—tj . (3)
IR E AR AT LS A
tg,]
k D (e —tey v = 5¢; 4)
=tp, j+1
R Bd A . MR [R] [a) B8 _E AR 2, 5 R RE I 20N -
By = 8¢ (5)

B A—/ M x N A, v A—Nx 1R, 8¢ A—A M x 1M, BT SBSA HZES T
KSR 2 oG 0kms, Kk, B BS 40T, KT RES A (SVD) T IS 2R B B SCHAEFE,
PSR 2 v (KN E U, a8 AN 1) B 3 i AR 20 1] DAAS 31 & AN 1) B TR AR &
3. MERERAMARBEER

HTEE WLL 7K % 2 T 1Ak 1L A6 7 A Vg /R b B (K P AT IR B, R AP EOK B, ik
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495 m, “PIPLPEES 2% /A7, FEIEI Mo A R DAKEE . RN, BEKPE 5 km YR ZE A oA A kX
I BIX o 7K b KB PR 52500, BF4F 10 H AR AIFIRIE S, WRAF 4 H Vi AL, AP B R & 251.59 mm,
EFR R R 1543.84 mm, “PHIEIIE A% 0.163, B TUEEIARN . WLL KETHANY) 23.8 km?, JEJFE%E 2.8
2. m®, G DU FHUEA TR E B VLT, 8K Q)BIKE; KHEEMRR R T3 E om0 5+
W, FKHE 28 m, AR, PE. B RUANEIE:, PUANIIELE K 18 km.,
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Figure 1. Schematic diagram of the location of the study 168 area
B 1. HRXEMEREE

AWFFEEEL T 2014 4F 10 F§~2018 4E 9 H 23 ] Sentinel-1A 5u144E, 2 7 &H4F 11 H R4 3 H
BB, HARR B 1N H 1, DL 2016 4F 8 H 10 HEE NG G, WERLSHINE 1.
I K R BRI R = (ESA) AR RS & BB X, DSM i I H AR 52 55 L2 B 78 FF R AU G e 4 116 1)
AW3D30 ##i, 20 #% 0 30 m, mfEkE A 5m. & 1 B 7 AR X IR TEE , KB DSM i,
OO SEE R, A N AHE 7T X S

Table 1. Interferometer image pairs spatiotemporal baseline table

® 1 TG ERLR

=E I 1] HE 22 (d) [ B FE L (m) H 19 I ] 22 25 (d) afE AL (m)
2014-10-20 660 91 2017-05-01 264 -22
2015-05-12 456 36 2017-05-25 288 70
2015-07-23 384 -84 2017-06-30 324 -12
2015-08-16 360 -25 2017-08-17 372 —47
2015-09-09 336 -25 2017-09-10 396 13
2015-10-03 312 —55 2017-10-28 444 —63
2016-05-30 72 -19 2018-04-02 600 75
2016-07-17 24 40 2018-05-08 636 9
2016-08-10 0 0 2018-06-01 660 53
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2016-09-03 24 124 2018-07-07 696 29
2016-10-21 72 =17 2018-09-05 756 —68
2017-04-07 240 —44

4. FigAbiE

A SRR T B AL FR A ENVI5.3 1) INSAR 4 4 F B H SARScape #E1T SBAS J7 %At
M, HARRFRME 2 Fis.

N I SAR §21% s 2 i 1 A DSM ##f
B AT AL
v v
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| |
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Figure 2. Data processing flowchart

E 2. ;&?Eifguu.*il

Xt 23 g AL E 214 (Single Look Complex, SLC)#E . TAEJHEAT SBAS Jrikit &, T W5t X kg
T RAEAE, BB R RME )y 781 K 23 (L LR I ¥ B oI SRR 1) 45%, A 22 IR 1E N
FHBRS 5 TGN AR, LA p 253 Xf, R AFEEy 207 m, f/hAA1EEL 0y 4 m; i%H 2016
8 H 10 HBIE NHEIAAZHATRCHE, (5 BYAMERS 2 BB S5 F1 DSM 0 o #ixs 2 7T LA 21 1/8 15
% : SBAS J5VAAEF M bR FH B BB i 2 ML AR EE (7 7 1) AN EE B ) AL AR LE 1:5)F1 S B BEVE Y Goldstein 3E
WeOTiEs ANTRREART REURE BN 0.35; TEMESERICAG, 72N LA B RAT- 15 G00 (1 AH 1k I A
R, 0T DT PEAR, ARS8 LS B ZE I TR AT IBR AL BE, DAt TEAR 45 P AR K R 22
ENTEORS MR AN B 25 P — D BR TR N 3ok 43 b T 428 1) SRtk AT 22 T QDL SRV BR vl B A RN AR 7, 6 TR
HUE MO RE AT A I, M ) s SUE PRSP 3E . A . RIS P AR X . TE XA
FUIX SR T ARG GUAR AR TR N, i 428 1) s B RORG FE B o B A TR AR 5 NG B, AR SCHb T 2 )
RBBEBCR A B sk B 7k, B N TIRE G NBORIRZE, s AT RIS 25848, TR
3ANBIE RIS E 1) PS s b T4 H £1[9], BAASHNA 2. B — BBk TH2 X PUIE K 10 = 25 °F
BT EAT 38 IR RO, OKER S 7 MRIRG FE, a8 RSB A a8 R Al SRS, X
LT HAT 8, BETE R 7 X AR 8] 7 471
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Table 2. Ground control point parameters table

2. HWHIEH RSRER
HE PRI 5 22 F 4 T REEEH JEAS & (mm/a)
33 10.9-43.7 0.9958~0.9990 0~+0.03
5. MBI

MDA FARER, SRAS TR T X VR TR IA LA U7 1Al R R AR S FIAR T T 2014 4 10 H 20 H 2 — %
AR . S T BRUFRF T X 38 SBAS J7iE AR WL IRE I, K B I LR 7 I (14 47 AR T3 2R F (1] 7 471 46 B
Bl BT ], ) [F BRI /KB THRAL A K Al 34 > A5 7K W I A B AR (2014~2018) i3 AT
UOAE, HoaE Bande 3 Fras, HHiRZEN+9.3 mm. JKUENEIN AT B AR WL 4.

K 3 i THIX A 5 km e A VEHIKEASE R, Bk FoRE, SO EAEA STk, s
i@\%m*mﬁﬁﬁ%ﬁﬁﬁgszm¢&m%%ﬁﬁoMEHlﬁfsAﬁﬁEﬁ+,ﬁ%ﬁﬂm
IERTEAR X 2 &K R K= FREE L, B KU R 2 (I B A 4R U7 A1) 18 $1-20.0 mm/a, H R 4 MEAEX g
SR ATAERE BRI 5 km Ze A E B ) T XA RIX, JEARIX 3 AdE—TokIX, HIBEAZmmim K, I
BERKEY R, 1%iR-FHOuT g2 2145-76.0 mm/a.
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Figure 3. Diagram of deformation rate in the dam area
3. MEXFTREE

W KINI A EI TR — 25 4307, Wi 5 o, 2K EE KA AN 3550, I 7K 3 30 T35 e A 3o
RIR T H KB R A A, P EASH A 57 7] 9—23.0 mm A1-12.5 mm; Al B AR d AR ] 2 5 T
PEILBCRI RN, Bk T2 BRI B KRS 7582 m 40, 5 i G X S el O 7K, 51
NIRRT Ko N T HE— 20 B4R TR BRI BT B B (A1 AR L, 7E LB AN PG 3B T B R X
BEPEA KNI 5 2215, 7216 S5 [RINBL. RO E 1) SBAS &5 Rttt Lbadr, s 6 M 7 fos,
SBAS J7iE T A W I s OB [R] P AR A A 5K R RE— 8, EAH B A 2. KA FAERAE 4
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TG EROKE 10 AR S5, S2KEERRE RN BUOREm, Ml A 8L 4 A2 10 A UEE IR
Ko 11 AZERE 3 AUTREZHI/NCHES . TP 20K IR L) AR X 520, 2016
A 2017 FPIFERRA, T 2018 FUIFEBITIAL L. HKEEKLIR, KEIZAT KA A S & 25
DU, SMOREREIBE RN A, (HA SBAS MEIMA KA, Wl 3 fir, AL HFHERAhUh
oK, FEIUBOR AL B R ROR, I ER AL T R R AR R R KA 11-18.0 mm/a.

Figure 4. Distribution map of leveling monitoring points in the dam area
4. PR KA = 537 E

Table 3. Comparison between dam level and SBAS monitoring results
3. AMGES SBAS MLE Rttt &

A5 JK#E(mm/a) SBAS (mm/a)  Z{H(mm) ne K#E(mm/a)  SBAS (mm/a)  ZA{E(mm)
X113 -4.0 -8.1 +4.1 Z119 -38.1 -33.9 -4.2
X112 -5.9 -8.3 +2.4 Z1115 -33.9 -334 -0.5
X111 -8.5 -11.8 +3.3 2245 -31.2 —26.8 —4.4
23115 -14.3 -20.2 +5.8 Z149 -17.5 -21.1 +3.6
Z3113 -17.9 —26.2 +8.3 2244 -14.4 —23.3 +8.8
Z317 —24.7 34.3 +9.6 Z146 -21.8 -29.1 +7.3
Z315 —25.8 —37.2 +11.4 D132 -3.3 -12.0 +8.7
Z311 -23.7 —35.7 +12.0 2217 —-25.3 -41.9 +16.6
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Figure 5. Comparison of annual settlement rate of longitudinal sections of upstream and downstream slopes of the dam
B 5. RYUWAKIE T 7K T S P EF AR ER S B [
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Figure 6. Time series diagram of Z215 level and SBAS settlement
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Figure 7. Time series diagram of Z216 level and SBAS settlement
7. Wi 7216 FKAES SBAS bR E] 5 [E
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XX S 10 S X gk — 2D BEAT TR AR G T, BRES VLB R 1 km (7K™ FR5E O X PR X, 774
0 DR PR 2 R p T O R KO PR E, T UGB H 2016 EVIREINIE, JeiHE I TR OKETRR, H
2018 FILAAH AL . ZLTALIX . & RX AR AR BA R K BETF R, BRI 5 km /2
AVEREI 4 N, TRARREMEAIARBRIEAZX 3 AL —TAkIX, AT KERTEREITE, T
SRR R A AR AR, BRI BT AN Tl

6. &it

AR BRI R Ja &5 93 5 5% Sentinel-1A A 28 5850, R SBAS J7 ik #aE WLL ~FJ5UK PE
WX AT T AR MR R T, R K3 = S5 K i M 25 SR AT T % Ll A FURS B B0 UE . R SBAS il
SERA IR RI, X HUX A0 XSG AT T AR b 4538 1) HUAARTE SBAS Wil 45 5 5% ¥
TR R A RIS, R IRTRRAEEAT SBAS W HE 2 S KUE RN, A BT R
TR RSCA ;s 2) H1IX R R TR X 35 SBAS Wil i 4k F Feh e /K 51 it s R FEAE “UR3E” 1
IR, KYUE L I RTEAR HR fme K22 R 3R 2 —, SBAS e I M 25 F B A Ml
RN 10 XI5 T A B B . ARG Wk — P BIIE 1 BB 51 InNSAR 772375 7K FE 3 X AR il 1)
AT FEPERIST A, AR PPN K B ORI 2 A A7 B AR At 1 T S I ORAIE .
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