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B Inspection of large-scale structures

The inspection of long, linear hydraulic structures (possibly hundreds o
typically 50m in width and up to 15m in depth), such as canals whose
guide water, is subject to a Comprehensive Assessment (CA) by Fre
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SUB € MARINE Background

Several layers:

* main slope,

* drainage layer,

* waterproofing layer

This case study focuses specifically
on this final layer, whether
concrete or bituminous concrete.

concrete bituminous concrete
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Back_ground

Last 10 years have seen a development of innovative
technologies for underwater inspection: moving from
point/discrete measurement(s) to the need for continuous
monitoring and 3D data results.

Constraints:

Variable water turbidity

\ GoogleEafth

Kilometric lengths vs. time allocated for inspection
(operational constraints of the facility manager)

Overcoming obstacles (bridges, barriers...)

Need for maximum accuracy and resolution for a
complete detection and diagnosis of centimeter-leve

Prospectin
d efe cts Deter::tion :

Inspection
Reproducibility of the process

Object
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Deploy a system capable, in turbid water, to carry out an inspe l/
amount of time, providing precise 2D and 3D data (accurate ta
tens of kilometers.

Acoustic methods favored for the initial tests in 2017

Acoustic Camera (FLS, Imaging sonar)
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Resolution Implementation (in this
context)

Precision Cost

Image quality Data collection rate Data collection rate Data presentation
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Choice Of_Technology

Side Scan Sonar

Image courtesy Orca Maritime, Inc., San Diego, CA

-

Resolution / Image Availability (very high frequency
quality system) :
Cost 2D only, not 3D !
e | $ e ] k i |
A This image was collected using side-scan with the towfish rolled 90° and bracket- ‘

Implementation

deployed to the survey vessel. Being able to generate data of this quality is predicated
upon keeping the vessel at a fixed speed and maintaining a constant standoff distance
between the towfish and the structure.
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The Leader in Underwater Technolog i)
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- Stage 1:
Validate the high-resolution imaging system (technology and fre

- Stage 2:

Validate the combined 3D / 2D system
Optimization of survey lines (humber and positions on

- Stage 3:

Validate the integration of the sonar on USV.

Equipment selected



Implementation and Validation

» Stage 1:

» Validate the capability of EdgeTech's high-resolution imaging system
coating layers (concrete layer and bituminous layer);
* Validate the optimal choice of frequency.

4125i

SIDE SCAN SONAR SYSTEM

| I IKEY SPECIFICATIONS A Wmm

SONAR

Choice of either a 400/900 kHz or 600/1600 kHz towfish
EdgeTech’s Full Spectrum® CHIRP
150m @ 400 kHz, 75m @ 900 kHz; 120m @ 600 kHz, 35m @ 1600 kHz
0.46° @ 400 kHz, 0.28° @ 900 kHz; 0.33° @ 600 kHz, 0.20° @ 1600 kHz
50°
400 kHz: 2.3 cm, 900 kHz: 1.0 cm, 600 kHz: 1.5 cm, 1600 kHz: 0.6 cm

Frequencies (Dual Simultaneous)

Pulse Type

LR RN G

Operating Range
Horizontal Beam Width
Vertical Beam Width

Resolution Across Track

UL (LR G
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GEOMETRY - 2017 (canal du Rhin) and 2021 (canal de la Durance):

4125 SSS e passge

+ radier Berges supéneures

Limitation of a standard side imaging sonar is it’s not co
sometimes be tricky to align data from overlapping line



Implementation and Validation

2017 (canal du Rhin).

50m 10.0m
| 1:168 LAMBERT_93 ( RGF-93 ) ( 1046730.635, 6807681.799) 48° 16' 37.3392" N, 7* 40 34.7042" E

ofl

Resolution: 2cm Vessel + Operator

Survey rate: 10km/day not 3D

11
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> Stage 2: 2023 (canal de la Durance).

» Validate the combined 3D / 2D system
e Optimization of the survey lines (number and locationin t

Edgetech 620552 + SBG Ekinox
MULTI PHASE WIDE SWATH BATHYMETRY & SIDE SCAN SONAR

|II KEY SPECIFICATIONS
BATHYMETRY

Sonar Frequency E 520 kHz

Beamwidiths* : 1°X05° 1°x0.4°
Optimal Operating Water Depth** % <50m § <25m
Max Swath Wicth*** £ 200m 75m
Max Swath Sector E 200°

Max Soundings Per Ping % 800

Sounding Patterns Equidistant and Equiangular

SIDE SCAN SONAR IMAGERY

Frequency 520 kHz 850 kHz z 1600 kHz
Horizontal Beamwidth (2-way) 0.36° 0.20° g 0.20°
Range Resolution 10 mm 9 mm E

Max Range** 150m 75m %
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» Stage 2: 2023 (canal de la Durance).

Passage 2
Pied de berge opposée

6205s2 HF SSS:

Towfish Mounted on
Pole

Piedd:. b?‘mg.o:posée Correct Geometry
¥ ader to Image Vertical

Wall

6205s2 BATHY:

e
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> Stage 2: 2023 (canal de la Durance).

Acquisition : Discover (EdgeTech)
and Beamworx
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» Stage 2:

Attribute Nama
y LR CORNER LATITUDE
Géoréférencement des images LL CORNER LONGITUDE
2.l e a P . LL CORNER LATITUDE
(précision centimétrique) PROJ_DESC

PROJ_DATUM
PROJ_UNITS
EPSG CODE
BBOX AREA
CODE_PAGE

LOAD TIME
FILE_CREATION_TIME
FILE_MODIFIED_TIME

NUM COLUMNS
NUM ROWS
NUM BANDS
COLOR BANDS
PIXEL WIDTH
PIXEL HEIGHT
BIT DEPTH
SAMPLE TYPE
PCS_CITATION
GT_CITATION
PHOTOMETRIC
SAMPLE_FORMAT
ROWS_PER_STRIP
COMPRESSION

, o . PIXEL_SCALE
Résolution des images sonar : 2cm TIEPONTS

=ttt

7.5m 125 m 17.5m 22

Attrihuta Valua

437 39'335916"N
5°25'46443T'E
43°39'338409"N
Lambert-93 / RGF-93
RGF-93

meters

EPSG2154

0.0625 sq km

1252 (ANSI)

006s
28/04/202310:11:22
16/04/2025 09:58:37
12500

12500

4

0.1.2

0.02 meters

0.02 meters

32

Unsigned &-bit Integer
RGF93 / Lambert-93
GCS_RESEAU_GEO.
RGB Fuli-Color
Unknown Format (0)
32

LzZw

(0.02,002,10)

(nan NN Nnny ¢

Copy to Clipboard

|1:225 RGF93 / tambert-93 ( 896129.384, 6287612.855 m ) 43*39' 37.3659" N. 5* 25" 52.3688" €

16
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> Stage 3:
Validate the integration of the system on a USV

EdgeTech 2205 + SBG Equinox AEWL

BATHYMETRY

Sonar Frequency 520 kHz 850 kHz

Max Swath Width***

Max Swath Sector 200°

Max Soundings Per Ping 800

Equidistant and Equiangular

Sounding Patterns

SIDE SCAN SONAR IMAGERY

Max Range**

Implementation and Validation
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2023 (canal de la Durance).

+

Resolution : 2cm -
Rate of data collection Autonomy = 3
3D (bathymétrie) * D 18
— e \\»\ A —
T 'ﬁ- ?\;" e )




SUB CMARINE Data Delivered

DEPARTEMENT des BOUCHES-DU-RHONE

Planche 2. PK = 114100 & 114500
Inspection du canal de Saint-Estéve
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Deploy a system capable, in turbid water, to carry out an inspection over a large area in a minimum amount of time,
providing precise 2D and 3D data (accurate to within a few centimeters) over several tens of kilometers.

¥

MPES technology combines high resolution imagery with bathymetry

» Georeferenced image restitution with 2cm resolution

» Geo-location of faults using 3D (bathymetric data) with an accuracy of +/- 5cm
» Over a long distance (several tens of km)

» Ensuring operator safety (USV)




SUB € MARINE ’ Merci de votre attention

SUB CMARINE iEdgeTech

The Leader in Underwater Technology

Partners for your inspection works
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m SUB-C MARINE ] https:/subcmarine.com/ Al contact@subcmarine.com
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