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Introduction:

Embankment monitoring for large area may be more expensive than expected and
time consuming processes in absence of thorough investigation and proper scientific
approaches. However, in the last two decades with the advent of space technology and GIS,
earth work estimation in any area becomes easier. For embankment survey & monitoring for
Lakhimpur and Rangia of Assam state, it has been planned to use Unmanned Aerial Vehicle
(UAV). The use of UAV in airborne surveys has many advantages such as Risk reduction,
Better overview, Survey of inaccessible locations, Improved data density, Faster data
acquisition, Higher data resolution and Lower costs.
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Figure 1: Study Areas
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Scope of the work: The scope of work consists of the following tasks:

Task-1: Data acquisition using Unmanned Aerial Vehicle (UAV)

A multi-rotor UAV (M600) was used. This enables vertical takeoff and landing,
which are often needed in mountain sites, where there are few open wide spaces without
obstacles. It is also more reliable to perform an irregular, linear, and low flight with Zenmuse
X3 RGB camera. The specification of Zenmuse X3 is given in table 1. The data acquisition
has been done for two different study sites, namely, Lakhimpur and Rangia of Assam State.
During the data acquisition process, about 7103 images and 3305 images were recorded for
Lakhimpur and Rangia respectively which cover an approx. areas of 27 Sq.Km and 7.96
Sqg.km. The average flying heights above the ground for both the study areas were maintained
at 145m.

Table 1: The specification of Zenmuse X3

Camera Dimensions 6.17 x 4.55 mm
Optics 20mm (F/2.8)
Sensor CMOS

Image dimensions 12.4 MP

Max Field of View 94° (diagonal)
Operating Temperature -10 to 40°C
Shutter Speed 8 - 1/8000s

Task-2: Ground Control Points collection

Ground control points (GCPs) were collected using existing sources and DGPS survey
method. The GCPs were collected in Geographic Coordinate System (GCS) and vertical
reference with respect to ellipsoidal heights. A total of 29 nos of GCPs were collected for
Lakhimpur and 19 nos of GCPs for Rangia. Since the area of Lakhimpur is large, the data has
been processed into two parts with 12.7 Sg.Km and 14.5 Sg.Km respectively.

Task-3: Generation of Point Cloud, Digital Surface Model (DSM) and Ortho rectified
image.

The data is then transformed into any of the following types of products using UAV
data processing software. The processing parameters are shown in table 2.

» Point clouds: sets of data points in a 3D coordinate system that represent the external
surface of a terrain or object. (figurel)

» Orthomosaics/Orthophotos/images: files containing aerial photographs geometrically
corrected so that the scale is uniform with ground sampling distance (GSD). (figure2)

» Digital surface models (DSMs): files containing elevations that include buildings,
vegetation, power lines and other above-ground objects. The ground is only seen when
there is nothing else on it. (figure3)
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Table 2: Processing parameters

3389

3714

3305

18 13 19

0.157307 (0.750557 pix) | 0.154118 (0.71521 pix) | 0.14974 (0.802148 pix)
5.26 cm/pix 5.33 cm/pix 4.93 cm/pix

10.5 cm/pix 10.7 cm/pix 19.7 cm/pix

90.2 points/sq m

87.9 points/sq m

25.6673 points/sq m

Figure 2: Orthomosaic/ orthophoto

Figure 3: Digital Surface Model
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Figure 4: 3D view of Puthimari River




RESULTS



Longitudinal/Cross sectional profile of Ranganadi river embankment

Longitudinal profile of right bank embankment of Ranganadi (Section R1)
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Fig: 7 Longitudinal profile of Left and right bank embankment (Section R1 & L1)
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Fig: 8 UAV image of Ranganadi river and It's
embankments (Section R1 & L1)
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Longitudinal profile of right bank embhankment of Ranganadi (Section R2)
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Fig: 9 Longitudinal profile of Left and right bank embankment (Section R2 & L2)
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Fig: 10 UAV image of Ranganadi river and It's
embankments (Section R2 & L2)
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Longitudinal profile of right bank embankment of Ranganadi (Section R3)
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Fig: 11 Longitudinal profile of Left and right bank embankment (Section R3 & L3)
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Fig: 12 UAV image of Ranganadi river and It's
embankments (Section R3 & L3)
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Longitudinal profile of right bank embankment of Ranganadi (Section R4)

Distance in Kilometre

50.0
45.0 | e, _—
e R =ee—
T NW

g 400 H""V‘H-_......._, -
; \w\
£
]
E
g
2 350

300

250

18 120 123 125 128 130 133 135 138 140 143 148
Distance in Kilometre
Longitudinal profile of left bank embankment of Ranganadi (Section L4)
50
a5
e e WUV IS
| s P—
[y "] N
o

2 40 AL
H — g Sy
2 e S ORI NI
H
g
z
2 35

30

25

127 130 132 135 137 140 142 145 147 150 152 155 157 159 162 164 167 169

Fig: 13 Longitudinal profile of Left and right bank embankment (Section R4 & L4)
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Fig: 14 UAV image of Ranganadi river and It's
embankments (Section R4 & L4)
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Longitudinal profile of left bank embankment of Ranganadi (Section L5)
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Fig: 15 Longitudinal profile of Left and right bank embankment (Section R5 & L5)
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Fig: 16 UAV image of Ranganadi river and It's
embankments (Section R5 & L5)
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Fig: 17 Embankment Points Location (Selected) for Cross Sectional Profile of Ranganadi River
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Cross Sectional Details of Section: 1-1

Top width : 175-114 = 6.1m
Bottom width : 26.6-3.8 = 228m
Height : 163 -159 = 40m

Cross Sectional Details of Section: 1'-1'

Top width : 214 -95 =
Bottom width : 282 -12 =
Height : 138.5-1345 =

11.9m
27.0m

40m
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Fig: 18 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 2 - 2

Top width 175 -95 =80m
Bottom width : 245 -12 = 233m
Height : 108.1-103.2 = 49m

Cross Sectional Details of Section: 2' - 2'

Top width 161 -75 =86m
Bottom width : 228 -06 =1222m
Height : 139.2-135 =42m

Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 2-2
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Fig: 19 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 3 - 3

Top width 190 -114 =76m
Bottom width : 294 -34 =260m
Height ; 143.7-139.9 = 3.8m

Cross Sectional Details of Section: 3" - 3'

Top width 154 -95 =59m
Bottom width : 256 -12 =244m
Height : 107.6-103.3 = 43 m

Elevation in metre
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Fig: 20 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 4 - 4

Top width 210 -135 =75m
Bottom width : 289 -19 =270m
Height : 103 -976 =54m

Cross Sectional Details of Section: 4' - 4'

Top width 135 -82 =53m
Bottom width : 224 -0.0 =224 m
Height : 123.7-1279 = 42m
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Fig: 21 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 5-5
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Fig: 22 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 6 - 6

Top width : 173 -93 =80m
Bottom width : 251 -04 =247m
Height : 1285-123.3 = 52m

Cross Sectional Details of Section: 6' - 6'

Top width : 172 -108 =64m
Bottom width : 290 -14 =276m
Height : 131.6-1265 = 51m
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 6-6
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Fig: 23 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 7-7
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Fig: 24 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 8-8
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Fig: 25 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 9 -9

Top width : 171 -114 =57m
Bottom width : 323 -25 =298m
Height : 102.6-107 =44m

Cross Sectional Details of Section: 9' - 9'

Top width : 209 -143 =66m
Bottom width : 279 -1.0 =269m
Height : 159.2-1543 = 49m

Elevation in Metre

Cross Sectional Profile of Right bank embankment of

Ranganadiriver at Section 9-9
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Fig: 26 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 10 - 10

Top width : 16.7 -116 =51m
Bottom width : 304 -21 =283m
Height : 112.8-109 = 38m

Cross Sectional Details of Section: 10" - 10"

Top width : 191 -118 =73m
Bottom width : 271 -23 =248m
Height : 108 -103.7 = 43m
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Fig: 27 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 11 - 11

Top width : 174 -11.2 =6.2m
Bottom width : 252 -19 =233m
Height : 1129-108.1 = 48m

Cross Sectional Details of Section: 11' - 11"

Top width : 21.1 -131 =80m
Bottom width : 318 -25 =293m
Height : 89.7-86.5 =32m
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Fig: 28 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 12-12
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Fig: 29 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 13 - 13

Top width : 154 -95 =59m
Bottom width : 23.0 -0.0 =23.0m
Height : 98,5 -94.0 = 45m

Cross Sectional Details of Section: 13" - 13"

Top width : 184 -114 =70m
Bottom width : 275 -1.0 = 265m
Height : 110.3-105.3 = 50m

Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 13-13
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Fig: 30 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 14 - 14

Top width : 19.0 -128 =6.2m
Bottom width : 304 -14 =290m
Height ; 103 -98 =50m

Cross Sectional Details of Section: 14" - 14"

Top width : 19.1 -129 =6.2m
Bottom width : 305 -1.0 =295m
Height : 115.7-1105 =52m

Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 14-14
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Fig: 31 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 15 - 15

Top width : 213 -140 =73m
Bottom width : 293 -15 =278m
Height : 114.1-109.3 = 48 m

Cross Sectional Details of Section: 15" - 15"

Top width : 190 -114 =76m
Bottom width : 325 -23 =302m
Height : 121.7-1166 =5.1m
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Fig: 32 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 16 - 16

Top width : 203 -93 =110m
Bottom width : 253 -28 =225m
Height : 114.8-110.8 = 4.0m

Cross Sectional Details of Section: 16" - 16"

Top width : 172 -101 =71m
Bottom width : 286 -02 =284m
Height : 121.8-116.9 = 49m

115

114

Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 16-16
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£
§ 113 /
'; 112 / \
e / \

111 ‘/ \k

110

"\..,_____\
109
0 19 38 5.7 76 95 114 133 152 171 19 208 228 247 266 285 304
Distance in Metre
Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 16'-16
123
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/-' TN
121 /
d

. /
g 120 4 \\
; / N
é 119 / \

N

AN

a 19 38 57 76 95 114 134 153 172 191 21 229 248

267 286 305

Fig: 33 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 17-17
120 /-,—_ \‘-
Cross Sectional Details of Section: 17 - 17 / \
Topwidth : 185 -90 = 95m : / \
; 118 d N
Bottom width : 277 -17 =260m £
) 117 {/ \\
Height : 120.3-115.8 = 45m / N
116 e \'&
¢ \\
Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 17'-17"
- - - —'—.\
Cross Sectional Details of Section: 17" - 17" v “‘\
Top width : 176 -11.0 =6.6m // \\
: /| \
Bottom width : 29.0 -0.8 =282m ﬁ o // \
Height . 1162-111.2 = 50m S 7 \
112 / \\\\

Fig: 34 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section:
Top width : 19.9 -105
Bottom width : 26.2 -3.2
Height : 118.6 -114.5
Cross Sectional Details of Section:
Top width : 18.0 -12.1
Bottom width : 29.0 -0.38
Height : 109.2 - 104

18-18

94 m

23.0m

41m

18' - 18’

59m

28.2m

52m

120

119

118

Cross Sectional Profile of Right bank embankment of

Ranganadiriver at Section 18-18

g
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'TE 116 / \‘
E- / \
115 ’ \‘
= Ny
114 \
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0 18 38 57 76 85 114 13.3 153 17.2 19.1 21 229 248 267 286 305
Distance in Metre
Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 18'-18'
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Fig: 35 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 19-19

Cross Sectional Details of Section: 19 - 19 // EREAN

116 N
Top width 17.7 -123 =54m g // \\

_E 115 \

Bottom width : 255 -25 =230m : // AN

114 / \
Height : 116.8-1129 = 3.9m A N

/

Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 19'-19'

Cross Sectional Details of Section: 19" - 19" //_______.__-\\\
Top width 162 -95 =67m /] N
: / N
Bottom width : 276 -08 = 26.8m £ /
/ AN
Height ; 1054-101 = 44m "o /f \\
101 / \\

Fig: 36 Cross sectional profiles of Left and right bank embankment

Page | 30



Cross Sectional Details of Section:

Top width
Bottom width :

Height

Cross Sectional Details of Section:

Top width
Bottom width :

Height

185 -114
27.7 -0.0
145.7 - 141.9

152 -8.6
268 -04
113.8 - 109.2

20-20

7.1m

27.7m

3.8m

20" - 20°
= 6.6m

26.4m

= 46m

Cross Sectional Profile of Right bank embankment of

Ranganadiriver at Section 20-20
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§ / \
a 143 / \
1425 / N
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142 ] Y
1415 \\
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Distance in Metre
Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 20'-20'
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Fig: 37 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right bank embankment of
Ranganadiriver at Section 21-21

102 /.-\_’ .\
Cross Sectional Details of Section: 21 - 21 // \\
Topwidth : 162 -95 =67m £ o //
/| .
Bottom width : 27.7 -16 =261m H / N
o /] N
Height : 101.8-97.4 = 44m pa N
Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 21'-21'
Cross Sectional Details of Section: 21" - 21" A ] j\
119 / \\
Top width  : 182 -123 =59m /
. 7
Bottom width : 327 -08 =319m I / N
- / N
Height : 119.6-1144 = 52m : //// \\
115 / \-\'A

a 19 3.8 2.7 7.6 95 114 133 152 171 19 205 228 247 266 285> 304 313

Elevation in Metre

Fig: 38 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 22'-22'

Cross Sectional Details of Section: 22" - 22" // D
Top width 132 -86 = 46m s /’
Bottom width : 238 -04 =234m / A
Height : 121 -116.3 = 47m
116 —
Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 23'-23'
Cross Sectional Details of Section: 23" - 23" )y \
Top width : 16.2 -10.3 =59m . ,/ \\\
Bottom width : 263 -02 =1261m ; \\
Height : 131.7-127 = 47m ! 128 7
P A\
L.

Fig: 39 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section:

Top width
Bottom width :

Height

18.1 -11.2
284 -1.0
128.7 - 124

24' - 24

6.9 m

27.4m

47 m

Metre

Elevation in

125

124

123

122

Cross Sectional Profile of Left bank embankment of Ranganadi
river at Section 24'-24'

/‘

N

N\

19 38 5.7 7.6 9.5 114 133 153 172 181 21

Distance in Metre

229 248 267 1Be 305

Fig: 40 Cross sectional profile of Left bank embankment
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Puthimari River embankment Longitudinal/Cross sectional profiles

Longitudinal profile of right bank embankment of Puthimari river (Section R1)
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Longitudinal profile of left bank embank of Puthimaririver (Section L1)
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Fig: 41 Longitudinal profile of Left and right bank embankment (Section R1 & L1)
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Fig: 42 UAV image of Puthimari river and It's
embankments (Section R1 & L1)
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Elevation in Metre

Longitudinal profile of right bank embank of Puthimari river (Section R2)
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12.00

10.00

AP N

134 164 186 2.28 259 280

Distance in Kilometre

Elevation in Metre

Longitudinal profile of left bank embank of Puthimaririver (Section L2)
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12.00

10.00

Distance in Kilometre

Fig: 43 Longitudinal profile of Left and right bank embankment (Section R2 & L2)
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Fig: 44 UAV image of Puthimari river and It's
embankments (Section R2 & L2)
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Elevation in Metre

Longitudinal profile of right bank embank of Puthimari river (Section R3)
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Distance in Kilometre

Elevation Metre

16.00

Longitudinal profile of left bank embank of Puthimari river (Section L3)
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12.00

10.00

404 434 4865 498 5.29 559

Distance in kilometre

Fig: 45 Longitudinal profile of Left and right bank embankment (Section R3 & L3)
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Fig: 46 UAV image of Puthimari river and It's
embankments (Section R3 & L3)
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I of Putt

Longitudinal profile of right bank iriver (Section R4)

Distance in Kilometre

Fig: 47 Longitudinal profile of Left and right bank embankment (Section R4 & L4)
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Longitudinal profile of left bank embank of Puthimari river (Section L4)
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Fig: 48 UAV image of Puthimari river and It's
embankments (Section R4 & L4)
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Elevation in Metre

Longitudinal profile of right bank embank of Puthimari river (Section R5)
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Longitudinal profile of left bank embank of Puthimari river (Section L5)
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ﬂmjﬁwﬁv’w Fig: 50 UAV image of Puthimari river and It's

embankments (Section R5 & L5)
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Fig: 49 Longitudinal profile of Left and right bank embankment (Section R5 & L5)
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Elevation in Metre
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Longitudinal profile of left bank embank of Puthi

iriver (Section L6)
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Fig: 51 Longitudinal profile of Left and right bank embankment (Section R6 & L6)
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Fig: 52 UAV image of Puthimari river and It's
embankments (Section R6 & L6)
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Fig: 53 Embankment Points Location (Selected) for Cross Sectional Profile of Puthimari River
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Cross Sectional Details of Section: 1 -1

Top width : 124 -71 =53m
Bottom width : 19.66 -1.1 = 18.56m
Height : 77 -38 =39m

Cross Sectional Details of Section: 1' - 1"

Top width : 22.18 -7.1 = 15.08m
Bottom width : 352 -0.0 =352m
Height : 83 -25 =58m

Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 1- 1

85
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Elevation in Metre

55
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35
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el AN
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Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 1' - 1'
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Fig: 54 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 2 - 2
P o S A
Cross Sectional Details of Section: 2 - 2 . / \
Top width 13.71 -352 = 10.19m § o0 / \\
Bottomwidth :  20.59 -0.0 = 20.59 m o / \\
H8|ght . 7.3 -4.0 = 3.3m 4.00 / . . . . . 3 3 3 3 \T
3.50 LY
Cross Sectional Profile of Left Bank Embankment of
500 Puthimari River at Section 2" - 2'
Cross Sectional Details of Section: 2' - 2 820 = ' ' g
. 8.00 //\ A ‘__—//\\
Top width : 143 -451 = 9.79m y 750 / \
E 7.00
Bottom width : 19.37 -1.0 = 18.37m £ / \
E 6.50
Height . 8.0 -56 =24m & 6.00 / \
g JA v Ny

Fig: 55 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 3 - 3
B.00
7.00 i J:—\
Cross Sectional Details of Section: 3 - 3 /\/ \
] 6.00
Top width 1572 -9.82 = 59m 2 / \
E 5.00
Bottom width : 2161 -00 = 2161m E e | v | .\E\
“ 400
Height : 75 -42 =33m \\\
3.00
2.00 T T T T T T \
000 196 393 589 786 982 117913751572 1768 1965 2161 2358 2554
Distance in Metre
Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 3'- 3'
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Cross Sectional Details of Section: 3’ - 3" 850 /,-—-,r—-\\
B.00
Top width - 15.76 -10.25 = 551 m / N\
e / \
. E 7.00
Bottom width : 243 -15 =228m / N
H . —_ g 6.00 / \
Height : 86 -45 =41m I y4 N\
5.00 / \\
450 'vz >
4.00 T T T T T T
000 157 3954 591 788 985 1182 1379 1576 1773 1970 2167 2364
Distance in Metre

Fig: 56 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 4 - 4

Top width
Bottom width :

Height : 7.8

Cross Sectional Details of Section:

Top width
Bottom width :

Height : 8.0

1441 -6.72

20.32 -1.17

15.27 -8.24

2255 -04

7.69 m

19.15m

3.1m

4' -4

7.03m

22.15m

= 35m

Elevation in Metre

Cross Sectional Profile of Right Bank Embankment of

Puthimari River at Section 4- 4
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0.00 197
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Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 4' - 4'
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Fig: 57 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 5-5
7.50 >
Cross Sectional Details of Section: 5-5 ﬁ i
g 6.50 -\
Topwidth : 1075 -5.11 = 564m . / N\
Bottom width : 16.92 -0.2 = 16.72m E 450 / \
i 2 e e i
Height . 7.4 -4.0 =34m 350
g \
Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 5' - 5'
Cross Sectional Details of Section: 5' - 5' o /’\- 7 /_\\
g
Top width : 11.78 -3.53 = 8.25m ; 70 / \
g
Bottom width 1491 -08 = 1411m g = / \
Height : 75 -56 =19m -/ I \

Fig: 58 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 6- 6

850

€
B.00 //-_ \
7.50 /

Cross Sectional Details of Section: 6 - 6 § 200 / \
Topwidth 11.03 -5.86 = 5.17m
p E 6.00 / \
Bottom wicth :  16.43 -14 = 1503 m "l N
i
Height ; 82 -55 =27m >0
Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 6' - 6'
Cross Sectional Details of Section: 6' - 6' 850 s~ — >
£ //'ﬂ\“*vr-————ah\\
Top width 14.17 -65 = 7.67m 25 / \
Bottom width 2027 -0.0 = 20.27m g

Height : 82 -44 =38m /J/ \

350

0.00 197 383 580 7.87 983 1180 1377 1573 1770 1967 2164
Distance in Metre

Fig: 59 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 7 - 7

Top width : 13.13 -7.64 = 549 m
Bottom width : 18.45 -0.2 = 18.25m
Height : 79 -51 =28m

Cross Sectional Details of Section: 7' - 7"

Top width : 785 -3.0 =485m
Bottom width : 1237 -0.0 = 1237m
Height : 79 -61 =18m

Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 7- 7
B.00 “= =
/_ﬁ
7.50 / \
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i,/ N\
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o 500 = i T &y
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Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 7' - 7'
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Fig: 60 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 8 - 8

Top width : 13.73 -94 = 433m
Bottom width : 23.14 -12 =2194m
Height : 87 -57 =30m

Cross Sectional Details of Section: 8' - 8'

Top width : 1244 -572 = 6.72m
Bottom width : 1658 -0.0 = 16.58m
Height : 86 -54 =32m

Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 8- 8
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; 7
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Cross Sectional Profile of Left Bank Embankment of
050 Puthimari River at Section 8' - 8'
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Fig: 61 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 9 -9

Top width : 157 -941 =6.29m
Bottom width : 23.14 -11 = 22.04m
Height : 87 -33 =54m

Cross Sectional Details of Section: 9' - 9"

Top width : 11.14 -9.58 = 1.56 m
Bottom width : 16.65 -0.0 = 16.65m
Height : 6.15 -475=14m
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Fig: 62 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section: 10 - 10

Top width : 993 -383 =6.1m
Bottom width : 172 -0.7 = 165m
Height : 525 -325 =20m

Cross Sectional Details of Section: 10" - 10°

Top width : 19.7 -141 =56m
Bottom width : 29.0 -2.94 = 26.06 m
Height : 6.9 -22 =47m

Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 10 - 10
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Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 10" - 10"
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Fig: 63 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Profile of Right Bank Embankment of
Puthimari River at Section 11- 11
7.50
7.00 € >
6.50 "/-:‘\
Cross Sectional Details of Section: 11 - 11 o 500 _/ \
) E 550 /-/- \
Top width 17.73 -1339 = 434m / \
z s
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Cross Sectional Profile of Left Bank Embankment of
Puthimari River at Section 11'- 11"
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Fig: 64 Cross sectional profiles of Left and right bank embankment
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Cross Sectional Details of Section:
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Fig: 65 Cross sectional profile of Left bank embankment
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Fig: 66 Width of Ranganadi river as captured by UAV image
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Fig: 67 Distance between right and left bank embankment as captured by UAV image
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Fig: 68 Width of Puthimari river as captured by UAV image
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Fig: 69 Distance between right and left bank embankment as captured by UAV image
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Conclusions: Unmanned Arial Vehicle (UAV) utilised effectively to capture high resolution
images of Ranganadi (18.5 Km) and Puthimari (12 Km) river system for monitoring of
Embankment health. The horizontal resolution of the image captured is 5cm and generated a
Digital Elevation Model of 20 cm vertical resolution. The Longitudinal and Cross sectional
profile reflects structural deformations of the Embankments. The longitudinal profile
prepared from the Digital Elevation Model created from UAV image (Fig.7 to Fig. 15) shows
that the gradient of Ranganadi river embankment is not uniform. There are depressions in
some places which also reveals by the cross-sectional profiles prepared in 24 locations of
both of the embankments. The cross-sectional profiles (Fig.18 to Fig.40) further shows that
top width, bottom width and height of Ranganadi embankment are not uniform. Sections
having highest and lowest values are as below:

Right Bank  Cross-section Left Bank Cross-section
Max Top width 13.3 5-5 11.9 1-1
Min Top Width 4.6 8-8 4.6 22'-22'
Max Bottom width 30 5-5 319 21'-21
Min Bottom width 22.5 16-16 22.2 2'-2'
Max height 5.4 4-4 5.2 14'-14',18'-18', 21'-21"
Min height 3.8 3-3, 10-10, 20-20 3.2 11-171°

The longitudinal profile (Fig.41 to Fig.51) shows that the gradient of Puthimari River
embankment mild and uniform through its length. But the top width, bottom width and height
of Puthimari river embankment are also not uniform (Fig.54 to Fig.65). Sections having
highest and lowest values are as below:

Right Bank  Cross-section  Left Bank Cross-section
Max Top width 10.19 2-2 15 1-1'
Min Top Width 4.33 8-8 1.56 9-9'
Max Bottom width 22 9-9 35.2 1-1
Min Bottom width 15 6-6 11.3 12-12
Max height 5.4 9-9 5.8 1-1
Min height 2 10-10 1 12'-12'
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