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ABSTRACT

Landslides, as one of the most destructive natural phenomena,
Received: 08 February 2025 pose a serious threat to engineering and environmental structures. The Siah Bisheh Pumped
Reviewed: 31 March 2025 Storage Dam, the first concrete-faced pumped storage dam in Iran, is at risk of geological
Revised: 04 May 2025 displacements due to its geographical location in the Alborz Mountains and complex
Accepted: 02 June 2025 geological conditions (including active faults, unstable rock masses, and steep slopes). This

study aimed to monitor land surface changes and manage landslide hazards within the dam
area, using ground surveying and interferometric radar (InSAR) methods. The main focus was

KEYWORDS: on analyzing the impact of key factors such as rapid drawdown, water level fluctuations, and
Interferometry construction activities on the instability of the area.

Radar m In this study, two main methods were used. In the first method, called Ground
landslide surveying, changes in critical points such as Gully 5 and areas adjacent to Chalus Road have
Mapping been monitored by installing concrete targets (small benchmarks) and periodically measuring
Siah Bisheh Dam planar and elevation displacements since 2011. In the second method, changes in the land

surface were examined with millimeter accuracy using Sentinel-1 satellite data from 2015 to
2022 and image processing in SNAP software. The processing steps included image alignment,

* Corresponding author removal of topographic effects with a digital elevation model, Goldstein phase filtering, and
=) b_asghari@ihu.ac.ir phase-to-displacement conversion.
@ (+9821) 77105776 m The results showed significant agreement between the two methods. The highest

displacements occurred in areas close to dam basins (such as Gully 5 with more than 60 cm
of elevation displacement) and areas adjacent to Chalus Road. Rapid reservoir subsidence was
identified as the main cause of instability, as sudden changes in water level accelerate the
saturation and rapid depletion of soil and rock masses. The INSAR method was confirmed as
a low-cost and faster tool compared to traditional land surveying methods, with displacement
estimates of 0.13 to 0.5 meters in identifying changes over large areas.

The combination of ground and satellite methods allows for more comprehensive
and continuous monitoring of unstable areas. It is suggested that radar interferometry be
used for periodic monitoring and crisis management in similar projects. Also, creating a
satellite database and integrating the results with dam behavior models will help reduce
landslide risk. This study emphasizes the role of modern technologies in increasing the
accuracy and reducing the costs of monitoring sensitive structures.
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Fig. 5: Diagram of the displacement values of the targets installed within the upper dam area, which has been applied with a negative sign for better display
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Table 1: Results of microgeodesy operations in 2017
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3D dam body
48.44 UTR11 14.49 uTL2 B S e
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S didy g 5 (2l Al
-33.27 uTt22 External and body leveling network

of the dam
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Table 2: Maximum planar and elevation displacements at the lower dam (From June 1390 to July 1400)

mm) i)l olul> iSlas

(mm) glxhes olxl> iSlos

(Maximum height displacement) (Maximum planer displacement) S
Ll fl_; Ll r’L‘ Network
liv4 D(mm)
(Point Names) (Point Names)
LPL3 -32.77 LPL8 71.49 Q) o aw
LPL7 -411.82 LPL7 479.36 3D outside the dam
LT19 -89.54 LT14 63.09 e
dam body
G A
Rore S 3D
LT38 +26.71 LT38 38.78 On the spillway of
the dam
LTL17 -280.46 LTL16 821.48 e s 4
3D Landslide
BM1-2 -95.55 S i g )l bl ass
* %k ok ok * ok ok k .
LT19 -88.04 External and body leveling network of

the dam
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Table 3: Maximum planar and elevation displacements at the upper dam (From June 1390 to July 1400)

Mm) elis)) oluls 25T

(MM) s obuls 25T

(Maximum height displacement) (Maximum planer displacement) Al
Ll sb bl eb Network
£ Az £ D(mm)
(Point Names) (Point Names)
(B8
UPR3 59.77 UPR3 128.59 ST S A
3D outside the dam
S iy (g A
uT14 -55.57 uT11 15.12
3D dam body
UTR9 -154.33 UTR9 8080.59 ) s
3D Landslide
S iy 9 ) b3l D
uT22 -43.00 orxn oHxn

External and body leveling network of
the dam
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Fig. 7: How to place microgeodetic pillars and design pillar readings in the upper

dam
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Fig. 6: How to place microgeodetic pillars and design pillar readings in the lower

dam
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Table 4: Displacement values of critical points in the Galley 5 range

Obtained coordinates points of land slide in lower dam on Gully 5 area in millimeters

N Lgllf 0dgdxe ;3 ‘51‘).‘7;: Ll k5.»[;:.»19 ﬁQLE.a

P.ID AX AY [iv4
P1 -1280.2 129.2 -1080.8
P2 -1390.6 742.2 -1148.7
P3 -1428.9 1840.4 -1140
P4 -1754.4 1965.2 -1254
P5 -1189.3 1320.4 -1046.4
P6 -30.1 42.4 -10.5
P7 -1176.1 1481.6 -975
P8 -1025 1582.9 -749.3
P9 -815 1615 -548
P10 -979.4 2012.7 -1001.5
P11 -468.9 662 -453.9
P12 -384 663 -170
P13 -299.1 331 -164
P14 -531.7 602.3 -411.7
P15 -521.6 663.3 -386.4
P16 -293.7 366.8 -404.1
P17 -174.9 350.6 -175.5
P18 -223.5 214.6 -122.7
P19 -33.8 31.9 -109.6
P20 -53.6 80.4 -68.2
P21 -2 -18 3
P22 -46.1 48.6 -67.1
P23 -92.4 65.6 -61.9
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Fig. 8: Display of the Galley 5 area and the arrangement of observation points
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Table 5: Displacement values of critical points in the SM5, SM6 Galley range

P.ID AX ay V4
s1 645.9 38.8 -259.3
§ s2 665.1 10.5 -270.1
Q
£ s3 615.7 -16.9 -273.2
E ss1 424.4 -39.4 99.9
=
= ss2 427.2 -59.4 74.6
a 3 ss3 156.7 -57.8 -110.3
2 .
a5 ss4 372.0 1745 110.1
o .
£ ﬁ $s5 250.5 267 -121.9
£ :
g i) sS6 457.1 552 13.0
o :
g j:’, ss7 1423 -60.4 -115.0
C .
e S ss8 131.0 943 -113.8
a5 9 59 108.2 -135.9 -71.0
-g ,"\
S g $510 207.2 -38.9 -121.2
o
2 ss11 246.1 -29.0 -120.4
k= 3
g \g‘g $S12 45 354 -18.1
b
b ss13 184.2 -86.2 -39.8
=
‘g $514 153.6 -116.2 -31.3
5 ss15 195.5 -86.5 -83.4
g s516 77.1 58.2 526
=
8 ss17 37.0 -59.3 -29.5
ss18 51.2 612 -40.3
$519 286.9 52.7 -137.3
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Table 6: Maximum surface and elevation displacements at the upper dam in the

Khakak area
£ P.ID AX AY AZ
o
5 % K1 63.8 -66.0 35
Q X
s o K2 79.7 -59.5 -14.9
= .
g v —P%o K3 69.3 -60.1 118
= g )
g‘g 4 K4 55.1 48.7 -64.8
cE£E Y
S F i K5 566.3 506.2 -313.5
o
g £ % 3 K6 50.9 19.4 -84.2
S
g & :2 Q% K7 47.2 111.9 -102.3
n O
*E 2 & k8 108.4 -94.9 86.8
= C
Bo Y K9 85.9 -48.5 10.5
o 9
° i K10 62.6 54.4 6.1
(7]
£ o K11 60.7 52.0 -51.2
5 Pl
o K12 75.4 29.5 -96.0
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Table 7: Satellite specifications and satellite data used
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Table 8: Comparison of point and area displacement values of critical points in

Feoeke 4 YL o

the upper dam's Gulley area in millimeters

Sgd> bl a)l.mi; 614]494"' ol o35 6‘43-@3_. ol Joves}
Region Point number Point changes Zonal changes
SS19 0.20
SS18 0.06
ol (YL 517 0.05
oz $516 0.07 0.06-.014
Above Chalus
Road S1 0.19
S2 0.14
S3 0.14
osls )L;S Ss1 0.30
SS2 0.27
oz 0.13-0.17
Chalus SS3 0.05
Roadside $S4 0.15
ool> ol $s5 0.11
5 P29 $s6 0.12
ausly ss7 0.05 0.08-0.14
Down the 558 0.13
road on the
edge and the SS9 0.18
trench
SS10 0.09
R SS11 0.12
SS12 0.04
et 0.06-0.14
Next to the §513 0.19
dam pond $s14 017
SS15 0.07

0399z ;o Sl ou blE glany ¢ slaas obul> polie awslio Ve Joux
Sorka 4 SS15

Table 9: Comparison of point and area displacement values of critical points in

the Khakak area in millimeters

94> bl a)l.o..i‘a sladass ol Jeves) le% Ol s
Region Point number Point changes Zonal changes
K1 0.06
ol K2 0.07
>
92 K3 0.09 0.09-0.14
Above
Chalus K4 0.07
Road
K5 0.50
K8 0.12
aol_'? )L;S
K9 0.09
ol 0.11-0.15
Chalus K6 0.03
Roadside
K7 0.11
[T K10 0.07
dde> K11 0.07
KW 0.08 -0.15
Next to
the dam K12 0.08

pond
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Table 7: Comparison of point displacement and area values of critical points in
the Gulley 5 range in millimeters

c)Lo..i'a ol o35
Sga> L Slakais Slangy Sl
Region Point Point Zonal changes
number changes
P1 0.37
> YL
ook ¥ P2 0.16 0.097-0.15
Above the road
P14 0.41
o s ol oo P15 0.44
$os P3 0.39
00 gy 0.052-0.09
Length of power P5 031
plant access road P16 0.25
ey ool by P7 0.05
oy 3 P8 0.26 0.065 - 0.09
Length of power P6 0.03
plant access road
iz JI o3guma P11 0.16
P;dﬁbébﬁ“‘“ P9 0y S
5L, P17 PRV 0.093-0.13
Gully area next to
the Garm Rudbar P10 0.25
River route
P12 oAb 5
e P18 0.21
6 JE s, 0.035 - 0.07
On Gully 5 P19 0.03
P21 03y S
. ¢ P20 0.07
iz b JE s,
. P22 0.05
S Ao g 0.07 -0.12
On Gully 5 next to P23 0.09
the dam pond P13 0.30
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Fig. 11: Displaying the amount of point displacement using radar interferometry in Google Earth
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