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PREFACE

My name is Geraud NAANKEWVATI, positioning and geomatic specialist 2015, | obtained

a

Ma sdegree dnldydrography and Oceanography EiSTA Bretagne, wittknowledgein

management, mathematics, computer science and roldegicthe pasfive years, Ihaveworked
on severaburvey campaignand research and developmenojectsin hydrographyand subsea
infrastructurenspectionsuch as

Error budget analysis afnderwater and surface survey systems,

Trajectay computationof an autonomous underwater vehidlaUV) from an inerial
navigation gstem(INS) coupled witha Dopplervelocity log(DVL) and a Ultra Short
BaseLing(USBL) positioring system,

Positioning of a subsea vehiclén opened ath confined underwaterenvironments
(tunnels, galleries, etcé)

Tide prediction from tidal observations,

Implementation o&naltimetryreferencenetworkalong a river, etc. (seeigure 1)
Acquisition and processingf data provided by3D laser scannefsee Figure 2),
multibeam echosoundesyb-bottom profiler, vide@w a me r a , etcé

Design of a Pulse Peregond(PPS)Box for distributing GPS timing signais a survey
system,

Software development fanalysis and visualization @eismic datdseeFigure 3),
Software developmenfor simulatingNMEA (National Marine Electronics Association)
sentencesutput by a GNSS positioning system

Softwaredevelopmet for dataacquisitionof singlebeam echosounder survey system,
Monitoring d maritime works froman 2D acousticcameramultibeam echosounder
Control of maritime works from multibeam ecéounder,

Inspection osubseanfrastructuregrom subsea vehicleand vessels
Bathymetryestimationof alake fom aerial images acquired Hyone,

Optimization ofthe acquisition chain dfydrographicsurveysand inspection operations,
Dataacquisition protocols in serial afitthernet UDP/TCB.

L=l

Flgurel Implementatmnof an alt|metry reference network along river ElorrBrest
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Preface

During thesedifferent projects | learned a lot ohewthings andencounteredeveralissues such
as
- Properlyimplement a softwaref coordinate transformation
- Properly mplement anultibeam echosounder acquisition system,
- Understandand correctarious time errors ia dataacquisition system
- Managea survey projectsurvey constraints will vary depending on whether the project
is performed on smaller water bodiewérs, lakes, channgl®r onlarger onesuch as
oceans and seas
- Properly alibratea multibeamechosoundesand 3Dlaserscannemlacquisition systems,
- Implementan inertial navigation systewn a remotely operated vehicle (ROV),
- Choosing theight surveying software solutions
- Managinglarge volumes of data various formatsl(AS, LAZ, MP4,etc.), etc.
| started out as Junior Surveyor. Due to the lack of field experiamnck solid basg in
hydrography andsubsea infrastructurinspection | usually spent so much time these above
mentioned issues. For instance:
- My first field experience waso work as dta processooffshoreon a vessel where all
equipments weralready installed andalibrated
- Moreover,l reallydi dnot uthre dverkirg) tpraciplds of some senso(&JSBL,
DVL, CVL, etc.), protocolsof data transfer, time stampirtgne serversetc.
- Neither, did | understand the general fietthstraintgust like mostyoung surveyors,
- I hadhowevera goa generalist training imanagement, mathematics, computer science
and roboticswhich allowedme toquickly adapto new situations.
In addition,l usually spentseveralhoursto performrepetitive operatinsin theoffice. Asld on 6 t
like losing time, | often developed small softwareaotomatdong procesesandto optimize the
processing timef data (navigation, multibeam, videos, etc.).
From time to time, | attendedonferences tdvave anexchange withother professionalsf the
hydrographic community on themes and issues affecting several areasaativity. During my
exchange | noticedthat somenhydrographic surveyoraerenot aware ¢ some aspects such as:
the nonnecessityto usea heave sensor fdnydrographic sounding reduction using a separation
model between the chart datum and the ellipsoid refer@@amders, RTK Tides without a heave
sensor, 2015)They carried oummultibeam sirveyswithout understanithg the theoryof sounding
georeferencingl also noticed thasome hydrographic surveyoas | wasspent several hours to
processand mergemultibeam data while it was often enough to reversene attitude
measuremertdr todo a good calibration process in ordemproperly merge dat@nd save time
After spendingmuch timeto resolve several issues in hydrography and inspection of subsea
infrastructures, | understoodathit is important for professionaénd alscstakeholderso have a
good knowledge of these fieldier ensuring the success of projects linked to those. Gresn, |
decided to write thibook forfour main reasons
1. To sharemy knowledge ancexperienceof the field in positioning, hydrography and
inspection ofsubseanfrastructureswith stakeholdersand the members dfydrogaphic
and topographic communitiegteachers, students, surveyors, survey engineers
managersinstitutes, etc.)

12
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2. To oontribute to thetraining of surveyors and to help themto overcome nmnerous
issues ando meet the needs hydrography and inspection of subsea infrastructures in
the world

3. To help thestakeholderso specify their interal standards and tevaluate the technical
aspects of autractor proposals, in order ¢t highaccurate data

4. To initiate people without theoretical and practical knowledge hydrographyand
inspectionof subsea infrastructur@mdto promote these fields

Thisbook has several purposes:

- It provides an introductiorto hydrography and inspection sfibseanfrastructures

- It describs the various sensors used in survey projects (role, applications, working
principle, techrial specifications, output, e}c.

- It describsvarious communication connectors and protocskdin asurvey system

- It presats somebasic notiondn management, mathematjcelectronicsoceanography
andgeodesy necessary in hydrography and inspectignligeanfrastructures,

- It provides an introduction to tide prediction and to determination of a chart datum,

- It provides algarithms for geereferencing irdata(multibeam, 3D scanner lasetc),

- It describs the principles of operation dENSS satellites, inertial systems and many
other navigation technologies, bothaijtatively and mathematically,

- It provides an intraduction to underwater acoustics, and timing in survey systems,

- It provides an introductiorto error budgetinalysisofs ur vey syst ems, et c
According to Frédéric GUILLOT, CEO at SUBCMARINEThe new book:i Basi cs of
Hydrographic and Inspection of Subsednfrastructures i Pr i nci pl es @wedy Pr ac
useful for students and professionals in topography, hydrography and inspection of subsea
infrastructures (surveyors, survey enginescgentists etc.) Theywill learnmanytheoretical and
practical bags aboutGNSS, acoustic and inertial positioning systems, 3D laser scanner systems
subbottom profilers, multibeam echosounders, 2D acoustic cansrdsmethods for geo
referencing,calibrating systemand data analysisExperts or specialistéin hydrogrgphy and
inspection of subseainfrastructurescould learn something new such asoncretgpractical
solutionsto better manage a survey project.efficiently install survey systengnd tooptimize
survey operations in terms of time and qual8yakeholdes, dief surveyors, experts arCECs
could ind somegood solutionsuch ashow to build a successfidurvey team? Howo choose
(acquisition, pocessing, visualization, etc.)? How to estimate the error budget of acquisition
system?This bookis alsouseful for hydrographic professionais/olved with emerginghational
hydrographic offices wishingp comply with the Internatonal Hydrographic Organization (IHO)
standard. This book can then be considered to be a manual for surveyors.

The layout of thi®ookis divided intol2 chapters

- Chapter 1: This book begins withbrief definition of hydrography and inspection of
subseainfrastructues in presenting surveysarious applications ohydrography and
inspection ofsubseainfrastructures(nautical charting, port and coastal management,
offshore engineering)t also presents types of hydraphic and inspection survegad
someconstraintsommonlyencounterd in these applications

- Chapter 2 presents the various typesf survey systems commonly used for
hydrographic and inspectionperationsnamely surface survey systems (traditional
survey vessels, Diving support vessels, unmeansurface vehicles, buoys, gtand
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underwater survey systems (Submersibles, Remotely Operated Vehicles (ROV),
Autonomous Unérwater Vehicle (USV)).

Chapter 3 refers to basic general knowledge in hydrography and atispeof subsea
infrastriwctures. Topics coverednclude a introduction to management of survey
projecs, some mathematical recalls (least squares me#tatically recalls vectors, law
of uncertainty propagation, etc.), coordinate systems and projectides software
solutions for surveying, programmiregc.

Chapter 4 refers to compuers and input/output interfacedt describesvarious
computers (stadard computers and industrial computers) and commumicgorts or
interfaces (RS 232, USBJART, RS 485 Ethernet BNC, HDMI, DVI, VGA, etc.)
commonly used iran acquisition system during operations of hydrographigeysand
inspectionof subsea infrasuctures This chapter will helghemto betterunderstand the
data transmissioprinciplein an acquisition systenandto properly install, and maintain

a system and to resolve any IT issues during the operations of hydrographic surveys and
inspectionof subsea infrastructures.

Chapter 5is focused on Global Navigation Satellites Syss¢BNSS). It describs the
architecture of some global navigation satellites systems sucBilaisal Positioning
System (GPS), Global Navigation Satellite System (GLON)AGalileo and Beidoult
containsseveralfundamentals of the GNSpositioning, explanation of code and phase
observations, including error sources, awmarious positioning techniqueslt also
describesthe GNSS positioning systems lpyesening their basic working principle,
hardware architectur@gechnical specificationsand output messages (NMEA, RTCM
and binarysentences)n orderto better enlighterreadersin their choices during the
implementation or the acquisition of GN$8sitioningsystem fora specific application
This chapteralso focuses on the installation ahe configuration ofa GNSS positioning
systens. It provides someguidelines installation and configuration ofh GNSS
positioning system in order twelp readers to gethoptimum GNSS signal reception and
a goodaccuracyduring a survey

Figure2: Example ofsubsea 30aserscannerdata (2GRobotics, 2018)
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Chapter 6 introducesto underwater aagstics. It present the basic knowledgef
underwater acoustic® orderto help readers tainderstandhe properties of acoustic
wave, the specificities of subseaenvironment the working principleof the acoustic
sensors and the main parameters Wihiffect the propagationf acoustic waves in the
water.

Chapter 7 is focused on the subsea acoustic positioning systendesétribessubsea
acoustic positioning systems commonly used for subsgerations: Ultra Short
BaseLine (USBL), Long BaseLine (LBL) and Short BaseLine (BBlositioning
systems, Doppler Velocity Log (DVL) and Correlation Velocity Log (CVL). A
particular attention is focused on their working principles, accuraagdications and
implementationson survey platforms in order thelp readers to better manage
operations of hydrographic surveys and inspection of subsea infrastructures

Chapter 8 refersto inertial navigation system. firovides an introduction @ inertial
navigation to helpreadersto better understand the working principle of the inertial
navigation systems, to know the various errors which charactigzimertial navigation
systems, and to propertyhoose deploy and use an inertial navigation system during
survey operations.

Chapter 9 is focusedon swath bathymetry surveysgsems The aimof this chapters to
describe in deptithe swathmapping systemgmultibeam echosounder and side scan
sonar),the most used fomapping ofsubseaenvironment in order tdelp readers to
better manage mapping projects. It presents the architeshplementation, technical
specificationsof swath mapping systenand also the survey methodology for swath
mapping systems (mobilizatioguality contro] calibration, acquisition and processing
of data, deliverables, etc.).

Chapter 10 is focused on systns suitable for operationsof subseainfrastructures
inspection(docks, channels, bridges, dams, subsea infrastructures,Téte.purpose of
this chapter is to describe in depth the systecommonly used for investigatiribe
emerged andmmersd partsof coasal and subseainfrastructures in order to help
readers to better manage operationsudfseanfrastructures inspection and ensure the
monitoring and thedurability ofinfrastructures.

Chapter 11 is devoted tosubbottom profilers It is to presen various sukbottom
profilers which are commonly used for geophysical surveys such as chirp, pinger,
parametric, boomer and sparker <ditom profilers. It describes briefly their
characteristics, applications, working principles, and also their sunetkioaiologies
(installation, acquisition, processing and interpretation of seismic data).
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Northing {en pixels)

600
Easting (en pixels)

Figure3: Analysis and visualization software of 2D seismic data (SEGYBCMARINE, 2017)

- Chapter 12 refers to error budgetnalysisfor multibeam echosound¢éMBES) survey
systems(see Figure 4). The purpose of this study is to estimate the measurement
uncertainty on the sounding positiaoquiredby MBES undervater and surface survey
systems in order to enable readers to control quafiyata acquired by MBESurvey
system. This chapter presefitstly the various errors which affect the quality of MBES
and the equations for gewferering MBES datato finally propose algorithmgo
estimate the error budget MBES undervater and surface survey systems

TOTAL VERTICAL UNCERTAINTY (TVU) —4—Roll
Sounding Reduction using the tide

—i—Pitch
3.5
—i—Yaw
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25 — —0—Yaw misalignment

——Sonar & Sound Speed
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(inm) 1.5
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Figure4: Total vertical uncertainty forclasssicasurvey. For a depth=250 m, roll=6°, roll
uncertainty=0.1°, roll misalignment=0.5°, Latency GNSS/MBES=0.1s, latency GNSS/IMU=0.01,
angular rates uncertainties roll, pitchnd yaw =0.1°, 0.1° and 0.2 °, etc.
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According toRabine KEYETIEU,SeniorGeomaticsScientistat Geown Data Solutionthe new
book:iBasics of Hydrographic and | ihPrpaptesand n of
Pr a c t dacbe @onsidered asgaodtool for teachers and students involved in hydrographic
surveying courses or program, because it comensysubjectof the standirds of competence for
hydrographic surveyors {SA and S5B) defined by the International Board on Standards of
Competence for Hydrographic Supees and Nautical Cartographessch asB1 (mathematics,
statistics, theory of observations and errors), Bfofmation and Communication Technology),

F1 (Earth models), F2 (Oceanography), H1 (Positioning), H2 (Underv&dnsors and Data
Processing) H3 (LIDAR and remote SensingH4 (Survey Opsations and Applications), H5
(Water Levels and Flow) and H6 (Hydmaphic Cata Acquisition and Processinghd other
subjects related to inspection sifibseanfrastructureslit presents manynathematical basics in
positioning and als@xplains the theory behind thmathematical models positioning with

really good illustrations.

The new bookiiBasi cs of Hydrographic and I ngpecti
Principles a nodtainsPmoeec than %00 detailed illustrations and 100
recommendationsto enable readers to easily leaand performoperations of hydrographic
surveys andnspection ofsubsednfrastructuresand further This book also contains eferences

which are denoted by square brackatdd listed at the end dfook These references contain
additional informationFurtherinformationcanalsobe found ommy blog:

https://www.geraudnaankeuwati.com

Apart from my efforts, the success wfy book largely depends on encouragemerdslviceand
guidelines of manyl would like to thank especially Daris NEMBOTDoriane TEGOUNDIQ
Cynthia KAMTO and Dominic NDEHfor carefuly proofreadingthis book. would like to also
thankafew friends andmembers of hydrographic and topographic communities for skuiport,
advice encouragementsand helpful commentsCees Van DIJK,Christophe PAGESDPapo
Owotuyi, Flora MELONG, Frédéric GUILLOT,Guy NANKAM, Harvey STOELINGA,Helen
ATKINSON, Iréne MOPIN,Helen AUKEN, JeanBaptiste GELDOF Jules GUILLOT,Michel
HABERKORN, Nancy ONGOLO,Olivier SAMAT, Ouahib OUESLATI,Rabine KEYETIEU
Valter Ngako,Wilfride KAMTA and William KIAGE | would like to thank also my parents
Thérése KANOUO and Maurice WATI, for values that they instilled in me and for fighting to
finance my studies. | would like to thank pewlarly my darling Sandra TAGNE for hexdvices

and for fighting to take care of me throughout writing this book. | would likdhaok infinitely

my teachers of ENSTA Bretagndmandine NICOLLE, Michel LEGRIS, Nathalie DEBESE,
Nicolas SEUBE Pierre BOSER, Pierre SIMONRodericMOITIE and Thomas TOUZHErom
ENSTA Bretagne for their support and famitiating me in geodesy, hydrographic data
processing, underwater acoustics, inertial navigation, oceanography, programming and
Geographic Information Systerfinally, | would like to thank my family, friends and colleagues
for their encouragements and support.
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"Practice without theory is blind, Theory without practice is stérile
Emmanuel KANT
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CHAPTER 1.

GENERAL INTRODUCTION

As part of subsea site investigatioprojects, the operations othydrographic surveysand
inspectionof subseadnfrastructuresare more and moreonductedsimultaneously because they
enable toprovide complementarynformation The hydrographic surveymainly enable on the
one hand, tgrovide hydrographicnformation (information of positiondepth, tide, current and
wave), the seabechature andhe first layersunder theseabedon the other hanthe inspection
operationsenableto provide detailed images in order betterdetect and follow the evolution of
anomalies on subsea infrastructytesdo a stat@f-the-art ofthe marine environment, etc(see
Figure 5).

"‘__. _“I ’,‘ Wy G
Figureb: Subsea inspection and hydrographic surve@enter For Artic Gas Hydrate,
Environment and Climate, 2018)

These twooperationsare veryuseful for the effective managemenf subsea projectsn fact,
they shouldbe managedor conductedby professionalshaving solid basic knowledgeof
hydrography and inspection sfibseanfrastructuresn orderto overcomenumerouseedsn the
World such as:
- The safety of navigation,
- Theknowledge more accurateapsand marine habitat
- Themonitoring and the durability of subsea infrastructyres,
Therefore,| decided to writethis book toshare my knowledge and field experience with
stakeholderandthe members of hydrographic and topographic communitiesrderto initiate
them to some basic concepts that can help theipetter manage or germ operationsof
hydrographic surveys and séa infrastructure inspectidrom the bid respase process to data
analysis Fromthis of book, the readershould be abléo do the followinghings:
- To presentthe importance ofoperations ofhydrographic surveysand of subsea
infrastructureinspectionfor the economic development of a country,
- To describe somapplications of hydrograghand inspection ofubseanfrastructures
(nautical charting, port, offshore engineerihgdree | ect ri ci)fy dam, et c
- To enumerate the inteational standards applicable thydrographic surveys
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Chapter 1. General introduction

- To manageand perform the hydrographic surveys and inspection inspections

- To aeate a successful survdgpartment

- To choose right software solutions fasurvey company or a survey project

- To =tp and ussubsea acoustic and GN8&sitioningsystems,

- To setup andse a tide gauge anapdainthe tidetheory,

- To describe the concepts behihgdrographicsurveysystems and ancillaigensors

- To control and assesise quality ofsurvey data

- To date the concepts and methods of survey data processiragquisition

- Toinstall, configure, and calibrate acquisition system for operations of hydrographic
surveys and inspection of subsea infrastructures

- To analyze hydrographidatg point cloud acousticand opticaimages,

- To promotehydrography and inspection sfibseanfrastructuresn the world etc.

I will introduce the first chapter of the bodily presenting brieflythe fields ofhydrographyand
subsednfrastructureinspection This first chapteris divided into3 sectionslin the Section 1.1, |
will define the notion of ydrographyand presentsometechniques of hydrographic surveys. In
the Secthn 1.2 | will definethe notion ofsubsednfrastructureinspectionand | will presentthe
importanceof inspectionfor the monitoring andhe durability of subseanfrastructurs, and also
somesensors commonly usddr investigatingsubseanfrastructurs. In the Sectionl.3, | will
describe some applications of hydrographynd subseainfrastructure inspectiorsuch as:
hydroelectricity dam,oil and gas,civil and dredging works, coastal infrastructures, confined
spaceset c é

1.1WHAT ISHYDROGRAPHY

The International Hydrographic Organization (IH@fined Hydrography aslaranch of applied
sciences which deals with the measurement and description of the physical features of oceans,
seas, coastal areas, lakes and rivers, as well as with the prediction of their change over time, for
the primary purpose of safety of navigatioln addition to supporting safe and efficient
navigation, hydrographyserves as suppom mostof inlands,coastal and offshoractivities
including: maritime transport and navigatiomydroelectricity power,defense and security,
offshore oil and gassubsea renewable energgfrastructures and works of ardrcheology,
aquaculture, environmental worlayil works and dredging and galleries.

1.1.1 Hydrographic s urvey techniques
As part ofinlands,coastal and offshorprojects the hydrographic companiesr hydrographic
officesare commonlysolicited toproducemarine informatiorsuchas: bathymetry, geophysical
tidal and seismicinformation. This information isvery important to ensure the safety of
operations and navigation, tglan future repair worksetc.. They are obtainedthrough the
following survey techniques, namely

- Hydrographic surveyby echosounder

- Geophysical surveys,

- Positioning,

- Tide predictionandsupport operations.
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1.1.1.1 Hydrographic surveys by echosounder

A Hydrographic surgy by echosoundeis a survey technique which consisté describing
physical features ofseabedfor primarily the safety of navigation of vessels and military
submersiblegseeFigure 6) basedon determining the travel time of acoustic signal emits feom
echsounderWhenthe purpose ofhe surveyby echosoundeis notto guarantee the security of
navigation,it is usuallycalled bathymetry surveyA bathymetric surveys howeverperformedto
determine the depthknow the morphology ofhe seabedverify the position of existing subsea
installations, detect anomalies and scouring areas the civil enginering of subsea
inffrast ructures etcé

B, AN - X ~
N S N 5 N
v 4 / @

Figure6: Hydrographic surveyperfbrmedr to ensure the safety of na\}igatio'rm Panama canal
(Panama Canal Authority)

1.1.1.1.1 Classification of hydrographic surveys

To accommodate in a systematic manner different accuracy requirements for areas to be
surveyedfour orders of surveyavebeendefinedby the IHO S44 These ee described atable

1 below whichsummarizs the overall requirementhatare in fact the egnce of the complete
standard.

1.1.1.1.2 Special order

Special oder hydrographic surveys are intended to be restricted to specific critical areas with
minimum undetkeel clearance and where bottom characteristics are potentially hazardous to
vessels. These areas have to be explicitly designated by the agency résponsiorvey quality
(harbors, berthing areas, and associated critical channels. All error sednicksaffected the
accuracy of sounding measurement shdaaaninimizedor cancelled

The use of side scan sonar, or multi transducer arrays, ofrésghtion multibeam echo
sounders is required to detect the feature size to be detected. In required areas, appropriate
sounding equipment and methodologies must be employed in order to ensure that all features
greater than 1m cubed are detected. The usalefssian sonar in conjunction with multibeam or
multi-transducer echo sounders may be necessary in areas where pinnacles and dangerous
obstacles may be encountered.
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1.1.1.1.3 Order 1a

Order B hydrographic surveys are intended fiarbors harborapproach channelsgcommended

tracks, inland navigation channels, and coastal areas of high commercial traffic density where
underkeel clearance is less critical and the geophysical properties of the seafloor are less
hazardous to vessels (e.g. soft silt or sand bottomgerQla surveys should be limited to areas

with less than 100 m water depth. Although the requirement for seafloor seagsh sringent

than for Special aler, full bottom search is required in selected areas where the bottom
characteristics and theski of obstructions are potentially hazardous to vessels. For these areas
searched, it must be ensured that cubic features greater than 2 m up to 40 m water depth or greater
than 10% of the depth in areas deeper than 40 m can be discerned by the sowrngiingreq

1.1.1.1.4 Order 1b

Order1b hydrographic surveys are intended for areas with depths less than 200 m not covered by
Special Order and Ordemknd where a general description of the bathymetry is sufficient to
ensure there are no obstructions on the seafttat will endanger the type of vessel expected to
transit or work the area. It is the criteria for a variety of maritime uses for which higher order
hydrographic surveys cannot be justified. Full bottom se&rcbquiredin selected areas where

the botom characteristics and the risk of obstructions may be potentially hazardous to vessels.

1.1.1.1.5 Order 2

Order2 hydrographic surveys are intended for all areas not covered by Special Order, and Orders
la and b in water depths in excess Hd0m.

It is important to note thabf Special Order and Ordea &urveysthe agencyresponsible for the
survey quality may define a depth limit beyond which a detailed investigation of thedseaot
required for safety of navigation purposes. Side scan sahauld not be used for depth
determination but to define areas requiring more detailed and accurate investigation.

Tablel: Summary of Minimum Standards for Hydrographic Surveys

Order Special la 1b 2
Examples of | Harbors, berthing Areas shallower Areas shallower | Areas
typical areas | areas, and than 100 than 100 generally
associated m where under| m whereunder deeper than
critical channels | keel keel 100 m where a
with minimum clearance is les| clearance is not | general
under keel critical but considered to description of
clearances features of| be an issue for | the sea floor is
concern to| the type of considered
surface surface shipping | adequate.
Shipping may | expected to
exist. transit the area
Horizontal 2m 5m+5 % off]5 m +5% of| 20 m +5% of
accuracy (95% depth depth depth
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confidence
level)

Depth
accuracy for
reduced deptt
(95%
confidence
level)

a=0.25m
b=0.0075

a=0.5m
b=0.013

a=05m
b=0.013

a=1m
b=0.013

100%
search

bottom

Required

Required

Not required

Not required

System
detection
Capability

Cubic
>1m

features

Cubic features >
2 m in depths ug
to 40 m; 10% of|
depth beyond 4(
m

Not applicable

Not applicable

Recommendeq
maximum line
spacing

Not defined as
full sea floor
search is requirec

Not defined as
full sea floor
search is
required

3 X average
depth or 25 m,
whichever is
greater For
bathymetric
LIDAR a spot
spacing of 5 x 5
meters

4 x average
depth

Positioning of
fixed aids to
navigation and
topography
significant to
navigation
(95%
confidence
level)

2m

2m

2m

5m

Positioning of
fixed aids to
navigation and
topography
significant to
navigation
(95%
confidence
level)

10 m

20m

20m

20m

Mean position
of floating

aids to
navigation

10 m

10 m

10 m

20m
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(95%
confidence
level)

Thelimits for total verticaluncertainty(TVU) or (depth accuracy of sounding) at 9%/4unction
of parameters a & and o6b dboveivet b dt h ahatlkeadbk imtroduded into the
formulaas below
Where:
- arepresents that portiodftheuncer t ai nty which doesndét var
- bis a coefficient which represents that uncertgaatstion that varies with the depth,
- dis the depth.
- b*d corresponds to the portion of the uncertainty that varies with the depth.

1.1.1.2 Geophysical site survey

The geophysical siteurvey is asurvey techniquhich allows investigatingsubsurfacestructure

(see Figure 7), particularly as related to exploration fmtroleumpnaturd gas, andnineral
deposits. Thistechnique is based on determining the time interval that elapses between the
initiation of aseisnic waveat a selected shot point (the location where an explosion generates
seismic waves) and the arrival of reflected or refracted impulses at one or more seismic detectors.

600
Easting (en pixels)

Figure7: Analysisof subsurface of an are€SEGY([SUBCMARINE, 2017)

1.1.1.3 Positioning

The pogtioning is a technique which enablés determine the position of survey platforms
hydrographic datasubseainfrastructures (pipelines, wrecks, etand anomalies (cracks, free
span, etc.)n local or global frara duringsite investigation operationshere areseveral methods

of positioning, namelysubseaacoustic(Doppler Velocity Log, LBL (Long BaselLine), USBL
(Ultra Short BaselLine), etg.)inertial and GNSS positioningThe positioningmethod used
depend onseveral parameters suchthssurvey site (water or, airfhe desiredaccuracyetc..

It is important to note thahe acoustic and inertial positioning systems are commonly used for
positioning subsea vehicles and infrastructures in deep watsSigure 8).
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Figure8: ROV posit-if)ihg using Dop

1.1.1.4 Tide prediction
The Tidesare the variations of water level due to the gravitational attraction of the moon and sun
on the liquid particles of the Eartfihe knowledge of the tideredictionmodel in a survey sites
very important; it enable®:
- Know in advance the schelds andwater heightsin orderto plan the operations of
mapping and subsea infrastructures inspectioniamdscoastal and offshore areas.
- Determine the altimetry reference levels ( for instance: the chart datum),
- Correctthe depth measurements and attach them relative to the chart datum during
survey operations,
- Plan boat entrances and exists in a harbor
- Develop numerical models to predict the impact of evolution of the water level on
coast al infrastructures, etcé
In a suvey site, ide is predicted orcalculate well in advancdrom algorithms of tide prediction
because it depends only on constant parameters such as:
- The respective trajectories of the Earth, the Moon and the Sun,
- The configuration of the sea and coasts.
These algorithmf tide predictionare particularly developedby and mtional hydrographic
offices and the METEOCEAN departments of private companies of survey.

1.1.1.5 Support operations

Support operatias are survey operations which consigt monitor in real time engineering
operations(research, oil & gas installationsubseawind energy field, hydroelectrisubsea
turbing pipes, cables installation, eta)sing acoustic sensors such: 2D acoustic cgmera
multibeamechosoundeideo camera, efseeFigure 9).
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Figure9: Support and monitoring in real time of the installation of objects on the sealfeaim
2Dacoustic camergLongchamp, 2018)

1.2 WHAT ISINSPECTIONDFSUBSEAINFRASTRUCTURES

The sibseainfrastructuregdams, pipelines, bridgesffshore platformsquays,dikes,channels
etc.) generally suffer from severaltypes of deterioratior{erosion, scaling, spallingcracking,
chemical attacketc), which are generally acceleratby the presence of oxygen, moisture, and
chemicals in the wateT.hese infrastructurgeresent important security challenges, as thesiaks
would have catastrophidevastating environmentadnd humanconsequences, but also in
economic terms, because of the high cost of rehabilitation wiorkact, inspectiorcampaignof
these infrastructureare generallyperformed by hydrographic companiesorderto ensure the
safetyandthe durabilityof theseinfrastructuresthe security of people, t@ducelong-term costs
aspat of an asset management plan, etcé

1.2.1 Inspection techniques
In function support used, the inspecttechniquean be divided into thresategories:
- Inspection by diversThese mspectios operationsare performedby scuba divers using
visual and conventional direct methddeeFigure 10).
- Inspection bytripod: The insgction by supportis performedfrom sersors (camera
video, GNSS receiver, etdrstalled on a tripod
- Inspection by survey lptforms (ROVs/AUVs/vessels): This type daispectionis
performedin shallow and deep watesensorgvideo camera, subsea LiDAR, acoustic
camera, etcinstalled on survey platforms (ROVs/AUVs/vessels).
The choice okupportto use mainly depends several parameters such asdbepth, theveather
and environmental conditionthe desirediccuracyacess anaperationatonstraints, etc.
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FigurelQ: Visual inspection by diver@JK Diving Services, 2018)

1.2.2 Sensors for investigating subsea infrastructures

The sensorcommonly usedto investigatesubsea infrastructuresdldms, pipelines, bridges
cables, galleries, penstocks, quays of harbor, &te.)he following:

Video Camera it is particularly used to detect and follow anomalies of subsea
infrastructures inless turbid waters. Because, enables to provide high resolution
imagesbecause in these conditions.

2D acoustic cameraor imaging sonar. it enables to obtaim real timehigh resolution
imageshboth in clear and turbidwaters. The resolution of acoustic systems mainly
depends on itsistance relative to the seabed or target and the beam width. The sonar 2D
is ideal to detedn real time cracks afinimum2 cm

3D acousticcamera it is particularlyused to ispect inreal timeandin 3D imageghe
subseanfrastructures.

Multibeam echosounders it classically usedto know the morphology of subsea
infrastructureswith a resolution about centimetédepending of depth and system
performancg(seeFigure 11).

3D subsedaser scanner: it is commonly usedo investigate the subsea infrastructures
or map the seabed#ith a resolutiorand accuracpetter than 1 cm.

Side scan sonarit is particularly usedo inspectareas requiring more detailed and
accurate investigation

Figurell: Results from multibean{5 cm resolution) 3D subsea scanner las¢t cm)and

color video camerg2 mm resolution)(3D at Depth)
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