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CHAPTER 7
HYDROGRAPHIC PRACTICE

1. INTRODUCTION

The execution of a surveying operation, from itsejtion to the final submission of the resultsais
continuous process, all parts of which must be paitally and meticulously carried out if full valigeto
be gained from it. The most accurate and carefidthered data will be wasted if not processedfaifye
and collated and rendered in a clear and understéadnanner.

All information must be gathered, validated, chetked rendered in a logical and uniform mannergusin
clear unambiguous terms so that the data may veeed and understood both immediately after the
survey and in the future.

The use of sophisticated computer systems andumstitation in all areas has not lessened the
surveyor’s responsibility. The need for rigorouslity management is as essential now as ever, but
made the more difficult by the rapidly increasirgjume and complexity of data gathered. The sumveyo
must understand the principles of the equipmerdadmérols, be meticulous in ensuring that any dapat

are entirely correct and examine with care the datput before they are passed to the next st@gdy

by these means will the data rendered be of theekigquality and be able to fulfil its needs utité task

can be repeated perhaps decades, if not centiaties,

There is no substitute for practical experience retibeoretical knowledge can be turned into prattic
skills; time spent in the field gathering data untihee guidance of an experienced hydrographic suarve
will highlight the many difficulties and complex gislems that need to be overcome to ensure the final
product meets the initial requirement. The use gpglications, to which highly complex sophistichte
equipment can be best applied, can only be leaniistanvolved in the practical tasks of a hydrqure
survey.

The processes are discussed in more detail in dhewing sections. The points covered are not
exhaustive, and the surveyor must use his judgermetitexperience to expand or contract the list as
considered appropriate. This chapter will consgiareral principles applicable to any survey.

2. HYDROGRAPHIC SURVEY PLANNING
As will be seen, survey planning is a complex pssa@quiring considerable attention to detaileaifile

approach, good management and effective decisidingua If the planning is thorough, the chances are
that the survey will be good too.

2.1  The Hydrographic Project

Survey planning is the term used to cover the whabeess of the development of a hydrographic ptoje
from its inception, its subsequent issue to a aesid unit, the detailed planning within that wfihow

to conduct the survey, and the final submissiodaté to the Hydrographic Office.

Survey planning must, therefore, involve a cohepeatedure which will consist of the following sésgy

a. survey requirement.
b. preparation of a hydrographic survey specificat{@w. include a review of existing data.)
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issue to a designated unit.

programme planning of that unit.
assessment of the task within that unit.
reconnaissance requirements.

resource allocation.

detailed survey planning.

estimation of time required.

final programme planning and approval.
liaison with outside authorities.
administration planning.

daily planning.

plans for compilation and checking of data.
plans for rendering of data.

os3TATITS@ o a0

The development of the survey requirement variestyr from country to country. The final survey
specification is assigned to a designated survéywhich has responsibility for the remaining plarm
requirements. A ‘designated unit’ might be a goveent-surveying vessel, an independent survey party
working either in a chartered vessel or using haatsa commercial company working under contract.
Each nation will have its own planning process.

2.2  Assessment of the Survey Task

Before detailed planning can take place, the suveyst be very clear about the aim of the suraey,
who will be the primary user of the informationn ¢ieneral every survey should cover the immediate
needs of the user as well as benefiting others.

Having studied the survey requirement, accompanglatg and graphics of the area to be surveyed, the
surveyor must first decide whether any additiorsthds required and propose any changes he cossider
necessary to the survey task.

Once all the basic data is held and the limits scale of the survey have been fixed, the main simge
tasks can be established. The specifications Hersurvey will be stated directly in the survey job
specification, key amongst these should be theifsget©rder of the survey as defined IHO Publicatio
S-44.

The main task assessment points are as follows:

establishment of geodetic control;

method of positional control and calibration of aials;
sounding criteria including interlining policy;
sonar search category;

tidal datum and observations;

wrecks and obstructions;

seabed sampling;

oceanographic observations;

tidal stream observations;

geophysical observations;

coastline and topography;

lights and buoys;

AT T SQ@moa0 o
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m. sailing directions and views;

radio Signals;

0. ancillary observations (vertical photography, oalsf measured distances, leading lines,
shore magnetics, natural phenomena, etc);

p. passage observations.

>

Existing Data. The surveyor should be provided with copieshef largest scale published chart and all
previous surveys to survey scale, together witlr tReports of Survey (RoS). These should be studie
carefully, together with the relevant sections iofalt data, sailing directions, aerial photographs a
topographic maps.

Resource Allocation From the list of points in 2.2.5, and a studypoévious data, the size of the task
can be assessed. Detailed planning will take @éftee this process, but the initial study will e what
resources are required to meet the task. Thewblplist shows some of the considerations thatukho
be made when planning resources:

» Weather predictions and sea state. These wiltiaffee size of the vessel to be used for the
task and the ability to use boats for inshore waté examinations.

» Size of the shallow water area. This will dicthtav much boatwork is required. If boats are
necessary, the time taken to complete the taskbeilhighly dependent on sea state; 2.2.7.1
and 2 should, therefore, be considered together.

* Use of helicopters. It may be that the unit haglecopter available, but if not is one required
for access to remote sites?

* Logistics. The endurance of the surveyor’'s own weses will dictate fuel, water and stores
requirements. Maintenance of equipment is anatbesideration.

 Manpower. The number and specialisation of persbraquired to meet each task must be
assessed. The following factors are also relevahtanges of personnel; mail and
communications; leave and recreation; medicalifsesl ashore and afloat; shore support and
transport; shore accommodation and monetary arna@ges.

e Topography. This will dictate the resources regglito access sites ashore.

» Detached Boat Camps - A detached boat camp maydsrenl by survey specification in
which case the planning list above should be fo#ldw However, consideration should be
given to detaching a boat to conduct inshore wore ahoal investigations if a suitable
harbour or sheltered mooring exists. Time spemeting and hoisting boats is unproductive.

Likely constraints on the conduct of the surveyuticalso be investigated. Investigate what fishing
activity is likely to affect survey progress togethwith the constraints imposed by danger, firimgl a
practice areas, shipping lanes and marine tralfikke points.

A field reconnaissance may be required to expedéesurvey. See Section 3
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2.3 Detailed Survey Planning

Once the size and scope of the task has been edsass the necessary resources required to coitduct
decided upon, detailed survey planning can beghnumber of activities can be planned to run in
parallel and a good surveyor will try to reduce theerall time required to achieve the aim. A
comprehensive list of required actions is giverihia following paragraphs, but it must be remembered
that every survey will be different and additioitaeins may have to be inserted, or listed ones efblet

2.4 Horizontal Control

The survey specification will detail the horizontaference for the survey and list details of éxgsto-
ordinated geodetic stations together with theicdpsons if held:

Decide how best to achieve the accuracy standdrlerizontal control set out in survey specificago
The survey specification will detail the choicenafvaid, more than one may be ordered. In rarescése
may not be possible to achieve the stated stanelatidshe navaids available and relaxations mayehav
be sought from the Hydrographic Office.

Once the choice of navaids has been determinen, dibes need to be chosen. Use whatever network
analysis systems are available. Decide how best-ardinate new stations. Consider access ts aitd

any reconnaissance requirement. Decide how to pavewaids and work out how often site
replenishment will be required. Note the authesitthat must be approached for permission to wese th
chosen sites, authorise frequency clearance amtidaats and helicopters. This will include sites f
shore marks if visual fixing methods are to be ayet.

Decide on how and where the chosen navaids wilcdlérated and whether re-calibration will be
necessary during the course of the survey.

Most modern surveys use some form of GPS for cbasbore and afloat. Where DGPS is used for
control afloat it must be validated. In remote kbmas ashore, point positioning within 20cms sholoéd
achievable within 24 hours of data capture if deda be transmitted to the Hydrographic Office for
comparison with the nearest ITRF monitoring sitéhedwise establishing a new station will require
connection to an existing network.

2.5 Vertical control

The survey specification will detail the datum thigh soundings are to be reduced and its relation t
existing land datums, a list of any existing benahka should also be provided. The following plaugni
points should be considered:

Decide where to observe tidal heights if not orddrethe survey specification. Decide on the sitirig
additional poles and gauges if required and plariaking and recovery of offshore gauges if appeter
Ensure that gauge and pole sites do not dry olawatvater, plan additional gauges and poles if this
unavoidable.

Decide how best to establish chart datum on the/galige from existing benchmarks or from transfer o

datum or observation and analysis. Plan to conaewwly established datum to a land based levelling
system if applicable.
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Establish the nature of the tide and expected mrayad the affect this will have on fieldwork. Whe
there is a possibility of tide poles or gauges myydut an additional pole or gauges should be gidna
allow tidal data to be recorded throughout the syrv

Decide whether co-tidal adjustments will be necgssidf they are, determine the tidal factors fraige
tables and the appropriate co-tidal chart, or lgcptoduce them from the best data available. Seek
advice from the Hydrographic Office if necessary.

2.6 Tidal Streams

Establish the expected maximum rate and directidntidal stream within the survey area.

Determine the requirement for full tidal stream efvations and how online observations can be
conducted.

Identify charted overfalls, eddies and freshwateprings and plan to observe them.
2.7 Sounding
The following general considerations should be mak#o account when conducting initial planning:

By examining the largest scale charts of surveg arel previous surveys locate all critical or colfitrg
depths and prepare sounding comparison overlay.

Plan main survey line spacing, direction and saupdipeed. For SBES, where possible, lines shauld b
perpendicular to general direction of contours.

Plan cross line direction, normally at right andi@snain sonar and sound line direction, and pdarun
these at the start of the survey as a crucial tyuadintrol measure.

Estimate likely spatial or temporal changes in sbuelocity regime and plan initial sound velocitppe
coverage.

Estimate sounding error budget and compare touheyg specification.

Vessel speed is to be assessed for the expectgd cdrdepths in the survey area and the type ab ech
sounder in use. Compare vessel speed with speeded for towing sonar to determine optimum and
maximum survey speed.

During the planning of sonar and sounding lindsgstaf all planned lines should be kept.

For SBES surveys additional lines should be comsiinside the 10m contour. Additional lines slaoul
be run parallel to a jetty or wharf.

Lines of sounding should be planned and run al@m@mmended tracks, leading lines, in possible
anchorages and off headlands passed close to hand vdssels on normal passage.
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If using SBES for offshore surveys particular atitam should be paid to the sounding of depths <40m,
where the least depth should be obtained overealbexd features. Interlines should be run in depths
<40m unless the seabed is flat and featureless@uidngers are shown to exist by complete covdrgge
high definition towed side scan sonar. A full eqption should be given in the RoS when areas <40m
are not interlined.

2.8 Side Scan Sonar
The following general considerations should be makgo account when conducting initial planning:

Tidal stream will have a significant influence osenar line direction when using towed systemroét
compromise will need to be reached between thedmstding and sonar line directions. In some cases
bathymetric and sonar data will have to be gathsepdrately.

Inspect the Wreck List supplied with the surveydiieation data and identify those with positioisted

as approximate and thus requiring disproving sesrdr special attention. The limit of the areaho$ t
search may extend outside the given limits of théed survey area. See IHO Publication S-44 Chapte
6.

Plot Wreck List information, other dangers and demintours on planned track plots.

When surveying in or near oilfields or exploratiareas careful note is to be taken of 500 metretysafe
zones, seabed installations and possible pipelapegations to ensure the safety of the sonar stwfi

Sonar lines should be planned to run within 20 édegrof the prevailing tidal stream or current.ateas
of strong tidal flow, a direction much less thand&grees may have to be adopted to ensure thabtize
towfish follows the ship’s track closely.

The sonar line spacing should be planned in acocelwith the survey requirements.

Ensure that any disproving search areas lying erother edge of the survey area are covered. Additi
lines are to be planned to run outside the areadar to ensure complete ensonification of the,anéth
appropriate overlap.

Whenever a survey includes a channel, recommendel or leading line in restricted waters it should
be swept by sonar. When planning such sweeps aficgvshould be made to accommodate the largest
vessels likely to use these tracks paying particatiention to turning areas and where a track gésn
course.

29 Seabed Sampling

Seabed samples should be obtained as reqhimaeyhout the entire survey area. See IHO Puidicat
S-44 4.2.

The survey specification may require the retentidna percentage of all samples obtained. Due
allowance should be made for this requirement.
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2.10 Coastline Delineation, Conspicuous Objects and Togoaphy

The requirement for mapping of the coastline anigeiottopography will be defined in the survey
specification.

The High Water line shown on maps cannot alwaysetied upon as the coastline for hydrographic
surveys.

Using charts and any photo plots supplied withghevey specification, identify those areas adedyate
covered and those requiring additional work. Whesemodern charts, maps or air photo plots exikt, a
coastline and topographic detail which will be dfeuto the mariner should be fixed accurately.

The surveyor should attempt to obtain copies ofratgvant local modern charts, maps and geodeti da
additional to those supplied with the survey speaifon. Any such data should be rendered to the
Hydrographic Office at the end of the survey.

Determine the means of delineating inadequate aedddentify equipment to be used to define such
areas appropriate to the scale of the survey.

2.11 Ancillary Observations

Geophysical ObservationsThe survey specification should detail which gemital observations are
required, but generally magnetic and gravity obsgons can be taken concurrently with bathymetry.
The survey specification will cover line spacingdstail. If magnetic anomalies are charted, ptan t
observe and report them. Plan magnetic observatishsre if ordered in the survey specification.
Lights and Buoys

Establish which lights should be visible from thevey ground and plan to check their charactesstic

Establish the number of buoys that require to hedfi

Air Photography If air photography is ordered, then plan to flgdiuring advantageous tidal and weather
conditions. The subsequent photographs may befasedastlining and topography.

Sailing Directions and Views The amendments to Sailing Directions can normiadlycompiled during
the course of the survey and additional time tceols information for inclusion should not be reedir
Plan to check all existing photographic views aadphotograph new ones as ordered in the survey
specification. Plan to check harbour facilities #imel facilities for small craft.

Radio StationsPlan to check the accuracy of published data.

Jetties, Wharves and Landing Stage®lan to check the details of jetties, wharves amilihg stages.
This can normally be done during boat sounding atpans.

2.12 Surveying Team Organization
The senior surveyor will normally prepare a Sur@ayler Book which will give an overall plan, stating
how the survey is to be tackled, and detailing masfbilities for planning and execution of the work

These orders should be updated regularly to infbilenwhole team of the short term priorities andite
the framework within which more detailed day-to-gdsnning can be made. When both the ship and her
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survey boats are working together on a daily b#sés activity becomes particularly intensive and
complicated. It will then be vital to have a flebe and well thought out plan to co-ordinate timnésoat
lowering/hoisting, change of boat's crews, provismf victuals, and instructions for those in chaoje
boat work.

Shortage of manpower will always be a problem atstiart of the survey, with observing and tidatipar
away simultaneously and boats crews and shoreepaoti standby to land navaids etc. Good shore
transport and/or helicopters will greatly assigt shiccessful start of a survey.

The Bridge and Chartroom organisations requirefabptanning and structuring ensuring that the data
acquired and handled in the most efficient manner.

The pressure on all surveying units for increasestiyctivity is considerable. Good management and
planning as well as positive leadership is fundaalen the success of the survey.

2.13 Compilation and Checking of Data

Quality Control should be built into the plan aegy stage, with nominated checkers of all datairedu
to keep abreast of the incoming work.

Plan the allocation of drawing and compilation saskEnsure that accompanying fair records are
compiled and checked as the survey progresses.

In a large survey, it is generally better to contgplene area in all respects before moving to the. ne
This will ensure that complete data can be rendshamlild the unit be withdrawn from the survey for
some over-riding reason.

It may be convenient to allocate the writing of &gpe sections and annexes of the Report of Suovey
individuals.

All transcripts and records should be compiledhasdurvey progresses and not left until afterwires
all possible.

The comparison of surveyed data with previous sugie a most important consideration; it should
proceed with the fieldwork and the planning shotdéte account of additional investigation and
disproving searches that may arise from differetet&een charted and surveyed data.

2.14 Data Rendering Requirements

The data required to be rendered to the Hydrogeapffice will vary greatly depending on national
policy and requirements. In general it will include

bathymetric data set in digital or graphic (Faie8f) format;
navigational track data in digital or graphic fotma

sonar data set in digital or graphic format;

seabed texture data set in digital or graphic férma
report of survey.

PO TR
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Hydrographic Offices should appraise all the surdaya rendered and dispatch a critique within two
months of rendering the data. Points raised fieenHydrographic Office should be answered as gyickl
as possible while the survey is still fresh in mhiad.

2.15 Operation programme Development

The total number of planned days taken to completarvey must now be fitted into the requiremeats f
port calls, vessel maintenance, passage time,isegretc. Each vessel will have its own operatygle and
from this skeleton a work cycle can be fleshedamat passed for approval if necessary. If the esitom of
time required shows that the survey cannot be adeduvithin the broad timescale allotted in theveyr
specification the matter must be represented fogramme modification or reduction of the size of th
survey task.

2.16 Operation Duration and Cost Estimates

There are no hard and fast rules for arriving g@irecise time required for completing a survey. An
experienced surveyor can sum up the requiremeet stitdying the survey specification and arrive at
good estimate without recourse to a mathematiaal sHowever, the format provided at Appendix 1 to
this chapter will provide a reasonable answer amdbe adjusted to suit the needs of any surveyinBu
the detailed planning stage the surveyor shouldhtaiai a tote of line mileage, numbers of wrecks,
numbers of bottom samples required etc. This clatathen be used to compile the time required farma

2.17 Liaison with Outside Authorities

As soon as the survey specification is receivettierne should be sent to a number of outside adibsri
giving the broad details of the survey specificatimd the timescale of the survey, together witkhgaiest
to use facilities if appropriate. This can beduoled by further letters with more detail once tle¢aded
planning has been conducted, if considered negessarlist of examples is shown below. Survey
specifications are often sent to a number of agsndirect from the Hydrographic Office, and theveyr
specification covering letter should indicate thosganisations that have already been informed:

fishing authorities;

local landowners;

coastguards;

lighthouse authorities;

local defence forces;

firing or exercise range operating authorities;
oilfield operating authorities;

local government representatives;
naval attachés;

local chart/land survey departments;
helicopter operating authorities;
religious authorities.

TART T SQ@mo 20T

In addition, if a detached boat party is to be &hdr shore parties are to be landed from sea enatp
from a local port or settlement, the following shibalso be considered:

a. local police;

b. Mayor, Town Chief or Headman;

c. harbour authorities;

d. local Service establishments.
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Follow up visits may need to be made during eitiher advanced survey reconnaissance or on arrival.
Security implications should always be considered.

3. SURVEY RECONNAISSANCE
3.1 General Reconnaissance

Reconnaissance is needed prior to any survey toiracthe necessary data to permit the best and most
economical survey to be carried out. The infornmattmllected should cater for the design, planning,
organisation and observations of the proposed fHs&.reconnaissance may be carried out immediately
before the survey, or many months in advance.

The reconnaissance is important; a bad one caift ireswasted time and effort later, when much more
expensive assets are likely to be involved. It ghalso be complete because a poor reconnaissatice w
inevitably result in a poor plan.

The surveyor called upon to do the reconnaissahoeld possess experience, commonsense, a sound
knowledge of all equipment available, and have mezgnceived ideas about the method by which the tas
will be carried out. The actual observations cdelgde left to less experienced surveyors oncanbr
decisions have been taken.

3.2 The Geodetic Reconnaissance
The purposes of the reconnaissance can be sumdasisellows:

establish local contacts in person;

visit all proposed stations - select actual sReover existing control stations;

confirm inter-visibilities;

decide upon final network design (re-analyse iessary);

permanently mark geodetic stations;

describe geodetic stations;

prove the proposed observing plan (instrument&itanmgquired). Prepare detailed observing
programme;

prove the administrative plan for the main sunayend as necessary.

> @—mpoooTe

For each new geodetic station, the following infatiom will be required:

a. accessibility by road, rail, boat, foot or heliceptTime for access (e.g. on foot from road) and
recommended route;

visibility from station and requirements for anysaquent clearing;

description of the station, magnetic bearings eiotisible stations;

photographs of the station, surroundings, and jpamcrphotos from the station;

local factors, customs etc;

likely visibility and meteorological conditions.

"0 Q0o
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3.3 The Tidal Reconnaissance

Whenever possible it is advisable to use estaldish@reviously used tide stations for commonatitgata.
When selecting a site for a tide gauge and tide @ following must be considered:

» Ease of Erection Consider which is the easiesepia@rect a tide pole and gauge, some places
are easier than others, and some places are ifblgyssi

» The Station Must Not Dry Out. The zero of the TRise and Tide Gauge pressure sensor should
not dry out. If this is unavoidable a secondanje@md gauge should be established below the
level of the first gauge or pole;

» Ease of Reading. The pole or gauge must be sitddtkat it can be read at all times;

» Security. Avoid situations where the tide pole gadicularly the tide gauge will be likely to be
interfered with by the public, e.g. Fishing boagsthing;

» Shelter. The pole or gauge sensor should be sitegl iom the more severe effects of weather
sea and swell;

» Protection. Ideally the tide gauge recorder shbelglaced in a lockable building;

» Impounded Water. Water that is restricted in mowgrbg a sandbar or basin will not be at the
same level as the open sea. Therefore a statiadshe selected that reflects the true level of
the sea at the survey area;

* Proximity of Bench Marks. Select a station neatwo benchmarks if possible, to avoid time
spent on long levelling runs;

» Accessibility. If a tide watcher is employed, acecoatation should be close at hand. If a
detached Boat Party is in operation the tide stagfwould be close to where the boat is moored,
or close to the tide party base.

4. DATA ACQUISITION

The depths shown on a nautical chart are its rmagbitant feature and the mariner must be ablelyo re
implicitly on accurate bathymetry to avoid dangefhe greatest care must be taken to ensure that
soundings are precisely positioned. An error isiff@n is often more misleading than an error iptte

for a mariner is more likely to navigate clear otlearted danger than to rely on the accuracy of its
charted depth and deliberately navigate over it.

The disciplines of sounding error monitoring, dateecking and Quality Control (QC) are continuous
procedures that need to be sustained throughowntive hydrographic surveying process. Similanky
generation of the final report should commence mmmetion of the planning stage and be uninterdipte
during the remaining phases of the survey; it sthawglt be left until the end when all data acquosithas
been completed.
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4.1 Horizontal Control and Calibration
4.1.1 Introduction

The Hydrographic Specification will detail the hmontal datum to be used during the survey; if rédfie
planning and reconnaissance (paragraph 2.4), thereinsufficient co-ordinated geodetic stations,
secondary stations, landmark and navaids theniaddithorizontal control should be generated within
the area and sub-areas to meet the required acesifac positioning at sea.

The methods selected for providing control offshailt dictate to a great extent the preparatory kvor
required onshore. Numerous shore stations mayebden for visual fixing in surveys of small areas
close inshore, whereas only two stations may beired, for surveys controlled by local area DGPS8. |
either case, the stations should be as close thigfnewater line as possible to avoid inaccuraaiethe
electromagnetic patterns caused by variable prajpegeonditions over land paths.

Satellite position fixing is capable of achievingeat accuracies with GPS Relative Positioning
Techniques — code phase Differential GPS (DGPS)Rea Time Kinematic (RTK) carrier phase DGPS
— with only one GPS reference station, which gigesater flexibility on site selection and deploymen
than is the case with terrestrial methods. DGPB8ections can be obtained from Radio Beacon
Navigation Service (Beacon-IALA) and a variety ofAWS (Wide Area Augmentation Systems) via
commercial services (Landstar, Seastar, OmnistaffjxSetc.) and free service (EGNOS); these systems
provide good accuracies in positioning without tiemd for a reference station onshore, however GPS
receiver calibrations and real time checks on gegn{&DOP) should be conducted during the survey.

4.1.2 Horizontal Control Ashore

Control for offshore surveys can usually be gemerdly extending the established geodetic network in
the vicinity. Failing this it will be necessary tletermine a datum position, azimuth and scaldloava
the new stations to be fixed relative to each other

Conventional land surveying techniques should beleyed, these are summarized below, detailed
explanations can be found in Chapter 2 with refeedexts listed in the bibliography:

the determination of absolute position of a datuimip(A);

the orientation of the network by azimuth obsensadi(at A to B);

the determination of scale by baseline measure(frem A to B);

the extension of the network by traverse, trianigiheor trilateration to the required stations,
with intermediate stations fixed by resection d@eisection.

apow

Operations a., b. and c. will be required only veheo established geodetic network exists. Thiarigly
necessary; the techniques for astronomical orlgat&8PS observations ashore, performed for geodeti
surveys, are beyond the scope of this manual.

Angular observations are made by theodolite orasgxtith distance measured by mechanical, optical o
electromagnetic (EDM) means or both by Total StetioSubsequent computations may be carried out on
the reference spheroid in terms of latitude andjitode, or on the grid and projection in rectangaia:
ordinates using plane trigonometry.

GPS observations, carried out using geodetic deguency receivers or by RTK DGPS technique, can

produce better accuracies in the determination béseline (see paragraph 6.1 Chapter 2), however it
should be remembered that the position co-ordinatésined are referred to the WGS 84 ellipsoid and
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compatible grid and projection. Datum transforimatirom WGS 84 must be performed (see paragraph
2.2.3 Chapter 2), if the hydrographic survey ibéocconducted in a local horizontal and verticalidat

The positional accuracies of marks for primary shaontrol points and secondary stations are spécifi
in IHO S-44.

4.1.3 Horizontal Control at Sea
General Description of Positioning Systems
Terrestrial positioning methods include traditiotzadd-based techniques such as:

sextant resection positioning;
triangulation/intersection positioning;
visual positioning methods;

tag line positioning methods;
range-azimuth positioning methods;

land based electronic positioning systems.

~pooop

Since the early 1990's most of these terrestrigitipning methods have been largely replaced by
satellite-based positioning systems, namely GPSnaore accurate code phase Differential GPS (DGPS)
and Real Time Kinematic (RTK) carrier phase DGR®thin isolated project areas, where satellite GPS
methods may be inaccessible or impractical, ontheftraditional terrestrial survey techniques may b
needed to provide survey control. Examples of siages may include:

a. small dredging or marine construction projects whenly a limited amount of depth
coverage is required;

b. areas under bridges, in deep-draft harbour berthear dams where GPS satellite view is
masked;

c. intermittent, low-budget projects where traditiortatrestrial positioning techniques may
prove more economical than equipping a fully autmddGPS-based hydrographic survey
system;

d. quick reconnaissance surveys, where meeting afg&ppositional accuracy standard is not
required.

Procedural methods and Quality Control (QC) critdar some of these terrestrial survey techniques a
detailed in this manual primarily for reference gmses.

Horizontal Positional Accuracy

All the positioning methods, summarized at Appengliin Table 7.1 “Horizontal Positioning Systems
and Selection Criteria”, are capable of meetingrdguired minimum standards of horizontal accuracy
for a selected survey Order, detailed in IHO Sgtéyided that distances from the shore-based mtere
point and the vessel are within normal system dpeydimits. The operating limits vary with theps of
positioning system, procedures employed and th@@mwment in which it is being used. In generag th
positional accuracy of all systems will degradeaainction of distance from the baseline reference
points, some faster than others. Users must fadlyess and evaluate the resultant accuracy of any
positioning method, including DGPS, to ensureliitability for the survey to be undertaken.
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Selection of Positioning Systems

The accuracies predicted for positioning systemgleyed in hydrography are generally quoted with
reference to normal use of the equipment withirirtbgerational limits and the different classes of
surveys. Table 7.1 shows the criteria for seleciad employment against the orders of hydrographic
surveys, as defined in the IHO S-44, for positigngystems with their anticipated positional accyrac
Suitability of a particular technique for a survayould be guided by the tasking authority takingsth
limitations into account. The Table assumes adstah project area located within 25 miles of the
coastline or shoreline reference point (horizoetaitrol) or up to 200 meters water depth. Critéoia
performing surveys within these ranges should aonfto the standards contained in IHO S-44 and in
this Manual.

Generalised accuracy ranges achievable with egoh ¢f system are also shown in this and other
manuals, including operators’ equipment manuaks;etktreme variations are a result of factors dsedis
elsewhere in this manual and relevant chaptershef above mentioned equipment manuals. The
indicated maximum accuracy range is generally width could be expected with the equipment being
employed within its normal operating limits and ddions. In some cases the accuracy range covers
those prescribed for Special® And 2 Order surveys; this indicates that project-depehdactors
(geometry, distance offshore, etc.) must be cons@tlan order to select the most appropriate equipme
for a particular order of survey or project site.

Track Control

The methods highlighted in paragraph 4.1.3.2 wilive the surveyor with a position at sea, in additi

he must ensure that his vessel follows the dedmk over the seabed making correct allowance for
effects of tidal steams, currents and wind driftl dherefore thought must be given to this requirgme
when planning positional control. The chosen fiximethod will often also provide track information,
such as a left/right indicator displayed on a dewd¢ positioning system or on the monitor of splecia
HW/SW automated data acquisition and control, h@wmewarticularly in close range work,
supplementary aids must sometimes be providedéosteering of the vessel.

In traditional visual methods or old EPS techniq@ereal time plot of the vessel’s track is kephoredlly

or by a track plotter with the survey data supedsgu after reduction in the post processing stdge.
this case plotting sheets should be prepared witleator overlays to be used to generate a running
record of survey progress.

Whatever method is employed, it will have an impattthe planning and execution of survey and must
be considerer within the overall plan from the etits

4.1.4 Field Preparation

General Description

A field reconnaissance of the survey area will semasiderable time during the data gathering stdge

the task. The positions selected for survey matksuld be visited, their suitability confirmed and
descriptions written. Once the survey team arroresite, equipment will need to be installed ashand

in the vessel, all of which may require field cadition and checking.

Working within the “strategic” framework drawn up the Hydrographic Office, the surveyor-in-charge

must refine the plan and if necessary review thdayenent of personnel and equipment for optimum
utilisation within the overall project. Any adjnstnts to the initially agreed plan should be diseds
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with the Hydrographic Office and suitable methoaisrhonitoring progress and achievement of key mile
stones should be put in place.

Observation Planning

The greatest care should always be taken whenwbgdhe framework of the geodetic system, every
opportunity taken to obtain checks on the obsemsmatiand to detect weakness in observing techniques,
observers and equipment. All calculations mustdmapleted and very fully checked before proceeding
with the fieldwork dependent on the accuracy obctinates derived from such primary observations.

The surveyor should identify the optimum observiregiods, using a mission planning program, to aghie
the order of standard for the survey. Instrumelgcsion should be such that observations of tipeompiate
type and standard are obtained, calibration dataldibe checked and the details recorded for ifmius
the Report of Survey.

Site Selection

Considerable care should be taken on network omatite selection and density, installation of the
reference stations and the techniques for measutenfieangles and distances, to ensure the necessary
accuracy in the positioning to meet the survey ©rdhe type of survey being undertaken (harbouar an
approach, littoral, coastal or off-shore), the sild positioning system (visual /EDM/EPS/Satellitee
number of the LOPs and their geometry within thevey area will all have an influence on the final
decision.

The site selection should be based on:

accessibility of the site by land or from sea;

the ability to occupy the station or the necedsitgreate an eccentric station;

proximity to the shore or coastline with clear véets seaward;

inter-visibility to adjacent sites, clear of struits likely to cause interference of EDM/EPS

signals and unobstructed receipt of the satelifesds;

e. availability of mains power or space to co-locatertable power supplies, such as
batteries/solar panels and generators;

f.  site security and ability to leave equipment uneshd

g. site elevation and suitability for chosen positiansystem.

coop

Beacon Deployment and Inspection

Check lists, created by the surveyor-in-charge ftbe equipment manuals, should be followed during
the installation of the ground reference statioB®S3, DGPS or RTK GPS) or during the use of
visual/EDM tools for measuring angles/distancextés#, theodolite, EDM, total station) to ensure th
correct operation of the system and similar teaesgare used throughout the survey.

The type of the deployed ground reference stati@RS, DGPS or RTK GPS) will determine the

frequency of inspection necessary to verify corggmtration; this is also the case for unmonitowsel t
stations operating in automatic mode.
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4.1.5 Alignment and Calibration of Positioning Systems
General Description

The type of system or tool selected will dictate irocedure adopted to verify performance agalrest t
anticipated limits to ensure the achieved positiomacuracy matches the select survey Order
requirements, as expressed in Table 7.1.

The alignment/calibration procedures and technigdetailed in the user manual (or operator manual),
should always be followed at the beginning and ehd survey and when deemed necessary to verify
system performance in the field, particularly iffoemance or accuracy is suspect. These checkddsho
be conducted, as far as possible, within the suareg at the expected ranges and against a privious
calibrated higher order system or navigational @icbetween co-ordinated control stations. All kota
stations, EDM systems and prisms used for primantrol work should be serviced regularly, checked
frequently over lines of known length and in daiegeriodic factory calibration.

Angular Measurement

Care should be taken to ensure that the corre@reibg techniques for angular measurement systems
(sextants, theodolites, total stations) are used tat instruments are set up to minimise errors.
Instruments should be in-date for calibrations apdvice; standard zeros for the appropriate ordler o
observations should always be used and carefutdiptechniques to avoid blunders.

Each station selected for use should be visited camefully checked against the station descriptthas,
distances to fixed reference points should be coefil to determine if the station mark has beenatisg.
New stations should be checked for inter-visibititythe survey area and other stations and beditke
established stations. The use of eccentric statibould be avoided whenever possible. Any amentne
the planned observing scheme due to unsuitabifitthe sites should be re-analysed to ensure that th
standard for the order of survey is being met. sMitions used should be marked and full descniptio
recorded before observing at or to them.

When determining heights by angular measuremeiyro@al heighting is to be used whenever possible.
Before moving the observing instrument, verify ttega recorded to ensure the observations, bothHangu
and distance, are to the standard required, ifstaadards are not met, re-observe the entire set of
observations.

The verified final angular and distance observatishould be adjusted to the grid as appropriatedoh
type of observation by using an approved computegrpm and then compute the most probable position
and error ellipse data. The error ellipse of emetv station position should be carefully examined t
determine the quality of the final position. Netkwanalysis should be conducted.

Distance Measurement
When using distance measuring systems (EDM, EODM] stations, etc.), all the procedures described
in the operator/equipment manuals should be foltbwad a comparison check conducted against a

geodetic baseline or a higher order system withtgreor equal accuracy to that required by theroofle
survey for establishing position.
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2D Measurement

As with distance measuring systems, the guidant¢kenser/equipment manuals should be followed for
2D positioning systems with appropriate calibrateomd comparison checks conducted against higher
order systems or geodetic baselines/networks.

When planning the use of microwave EPF systems diidate GPS positional data prior to the
commencement of survey operations, care shouldkmntto ensure that established stations are all on
common datum. Navigation systems should be cédibrand verified by comparison with an alternative
precise positioning system at the start of eacheguand a validation undertaken at the end.

Satellite Measurement (3D)

When using GPS satellite systems, observing praesdarticulated by the Hydrographic Office and
detailed in the user guides should be followed witbat care to ensure the equipment is operatéd to
maximum capability for the various modes of positig SPS, PPS, Differential and RTK available. All
systems should be verified prior to fieldwork ancclasing validation conducted on completion of
observing secessions against a geodetic baseigieptder geodetic control net or a system withatge
or equal accuracy to that required by the ordeuofey.

4.1.6 Horizontal Control Methods and Equipment
416.1 Sextant Resection Positioning
General Description

Sextant positioning involves the simultaneous oleesn of two horizontal angles between three known
objects from which the position of an offshore pdmresected (see Figure 7.1). Sextant positiorsng
totally performed aboard the survey vessel and doegepend on electronics, communications, oreshor
based support. Under certain conditions (i.eselm targets or for near static position fixeg)ah be
relatively accurate when properly conducted by apedenced team. In general, however, sextant
positioning under dynamic vessel conditions isergger considered accurate for most applications.

Hydrographic marks for sextant-controlled surveyayrbe located by sextant fixes or by sextant cuts.
Lower than third-order traverse methods may be ,us#te distance from a basic or supplemental rant
station does not exceed 4 km for hydrographic sueat scales of less than 1: 10,000 or 2 km faelar
scale surveys.
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Fig. 7.1 “Sextant Resection positioning”

A single sextant angle may be used in conjunctidth & fixed range LOP, as shown in Figure 7.2
(Hopper dredge positioning). In the past this w@®mmon technique for locating hopper dredges.

On stable offshore vessels and other platformstipheilsextant angles can be observed to seveiggtsar

(Redundant sextant resectionjin@he resultant fix can be adjusted by onboardwsok using least
squares adjustment techniques with results beirtg gocurate (less than £1 m in some isolated fases
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Fig. 7.2 “Hopper dredge positioning”
Accuracy and Quality Control

The two observed sextant angles form the loci es, the intersection of which is the vessel'sitpm.
Each angle forms a circle defined by three poitis:two shore control points/targets and the vesEeé
geometry of these two intersecting circles is angry factor in determining the strength of a seixtan
resection, as the two intersecting circles conveoge each other, the resultant position weakens
drastically. In the best conditions, dynamic gosil accuracies were rarely better than +5 m (95%
RMS), average accuracies were generally in the PDtmeter range.

The simplest method for estimatingsection accuracgt any point is to move each angle by its estithate
accuracy and assess the resultant change in positids is readily done when automated resection
computing software is available, or by noting tlesipon shift in a station-pointer. Positional acmy
should be accessed at various points in the warl. ain performing sextant resection positioning th
following QC factors must be considered:

sextant angles precision;
observer synchronization;

vessel velocity and motion;
observer experience and fatigue;
type of targets.

PO o

Due to design and handling, internal sextant imsémnt calibration is not particularly stable; theref
observers should continuously check the calibratibtheir sextants. This is usually done periodycal
during the survey, typically at the end of eactveurine.
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Few opportunities exist to perform quality assuea(@A) checks on sextant positioning. When more
than three targets were visible, different resecgiositions could be compared from an anchorediposi

Sextant fixes at distances approaching the limitisibility of the marks are likely to be weak besa the
angles or rates of change are small. The sextast be in perfect adjustment, and the angles medsur
and read with extreme accuracy, to the nearest80nsls of arc if necessary. If the sum of the two
angles frequently approaches 180° with one angém difeing very large and the other very small réte

of change of angle will be rapid when the vesseh@ving; thus, particular care must be taken tauens
simultaneous observations; the effects of errareduced by failure to observe angles simultangoiss|
minimized when the distance of the marks from thgeove are small.

4.1.6.2 Triangulation/Intersection Positioning
General Description

An offshore vessel or platform can be positionetrfgulated) by transit or theodolite angles obsérv
from base line points on shore. This technique thaye an application in areas where electronic
positioning systems cannot be deployed or wheneased positional accuracy is required. As inditat
in Figure 7.3, two (or more) shore-based transitheodolite observers are required. Due to thédrig
precision and stability of the instruments, theulst positional accuracy can be quite good. Toéte
stations should meet the accuracy requirementssfiecial order or order 1 surveys. The angle of
intersection at the vessel should be such thateztthnal error of 1 minute from a theodolite siatiwill

not cause the position of the vessel to be in dsyomore than 1 mm at the scale of the survey;eangl
greater than 30° and less than 150° will usualguen meeting this condition. Triangulation teclueig)
are often used to supplement electronic distancasarement (EDM) or DGPS positioning of fixed
offshore structures (piers, bridges, rigs, etc.jhbduring construction and subsequent deformation
monitoring.
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Fig. 7.3 “Triangulation/Intersection positioning”
Accuracy

Triangulation/Intersection positional accuracy defseon the tracking accuracy of the system in tse;
related to the geometric strength of the intersecfrom two angles or azimuth directions and varies
throughout the survey area because the angulatastherrors for each instrument vary as a funotibn
distance between the instrument and the surveyeke$se average of the standard errors of eachlang
measurement at the offshore vessel position, tegetlith the computed range from each observing
reference point, gives an estimate of the triartgdiintersected positional accuracy.

Multiple azimuth intersection techniques, allowihgee or more additional angular observations, lesab
increased accuracy with redundancy provided bytuitional measurements from other shore stations.

Often azimuth alignments are combined with simdtarsly EDM or GPS range measurements and a
least squares adjustment technique is performealjtdmated acquisition is running during the survey
operations

Quiality Control and Quality Assurance

QC is performed with periodic backsight checks wigithe course of the survey. Independent QA should

be performed with a third instrument, which is mety easy to perform in practice and normally arMED
or GPS system is used to make checks.

C-13



430

4.1.6.3  Visual Positioning
General Description

This traditional method was often used to locat@aper dredge relative to known shore featuretagsf
and is still used for a few applications, such asizontal and vertical alignment of construction
equipment, rigs, barges, etc.

Relative visual positioning techniques is now naratrformed, given the availability of microwave &P
range-azimuth and GPS positioning methods; it isegaly suitable only for non-navigation
reconnaissance work where identifiable featuresigadéional aids, beacons, day markers, bridges and
other structures or map features) on the suppliadidgs, navigation charts or maps are assumee to b
accurate for this standard of survey.

Centreline

Fig. 7.4 “Range poles, flags, and/or lasers set ash for relative positioning”
The main points of this method are:

a. the boat maintains constant survey speed betwdethalidentifiable objects or range
intersections;

fixes are taken when the survey boat is passingrati lateral to an identifiable object;
positions are interpolated between fixes;

vessel speed is assumed to be constant betwesnwikéeeh are assumed to be free of errors;
position determination may be obtained by intefsactof shore points and ranges
established by sighting across such features;

results should be used with caution due to theaqmate nature of data and the marginal
accuracy of such a survey.

®ooo

-

Accuracy and Quality Control

Accuracy is difficult to estimate and QC is rarprformed, when using visual positioning techniques
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4.1.6.4 Tag Line Positioning
General Description

This traditional method was often used before tB&0% to monitor dredging progress of navigation
projects and traditional channel cross-section eygsvand in subsurface investigation for channel
obstructions and channel clearance sweep survégs Line techniques were replaced by microwave
EPS and range-azimuth techniques and now havedogenseded by GPS positioning methods.

Within limited distances off the baseline and wittoper execution, a tag line controlled surveyns a
accurate and stable method of performing hydrodcagiirveys and other investigative work for marine
design and construction:

a. a calibrated wire rope is employed, stretched pefigailar from berths or hubs on a baseline
to the survey boat;

b. is maintained around berthing areas for criticed sivestigation work; where GPS signals
are blocked for such surveys (however an electrimtéd station is preferred);

c. usually requires no electronics or communicatioviaes.

Transit man Tag line for distance
Cz/ for angle

G <

Fig. 7.5 “Tag line surveys”
Techniques
A tag line survey is simply a method of runningss@ections from a fixed baseline.

Different survey techniques should be performediedding on type of operations and instruments
adopted as:

a. static observations — tag line length observatamesmade when the boat is properly aligned
on the section and the wire is pulled taut to misesag;

b. dynamic or continuous tag line surveys — someitegdurveys are conducted in a dynamic
mode using analogue echo sounders;

c. baseline boat tag line extension methods — tag lmay be anchored to a floating vessel
(baseline boat) that has previously been positidnyetég line or other means;

d. constant range methods — a tag line may be usedatotain a constant range from the
baseline hub;
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e. baseline layout for tag line survey — intermediabints or baseline for controlling tag line
work are set using standard construction survdyiigces and standards;

f. tag line alignment methods — visual range flagghtriangle prisms, transits, theodolites,
sextants, and total stations are used for maimgitdteral alignment control of the survey
boat, which can be the weakest part in the perfoomaf tag line surveys, especially if
strong currents are present;

g. data recording procedures — tag line survey arade@ldepth measurements may be recorded
on worksheets or in a standard field survey bookiey data are plotted in either site plan or
section formats;

h. survey boats — any type of survey boat, equippetth wag line man-hold or powered
winches, may be used to conduct tag line survegse@lly boats’ length range from 5 to 8
metres and drafts are less than 0.40 metres aeateddo work in shallow water areas and
to provide ease of beaching.

Accuracy and Calibration Requirements

Accuracy: the positional accuracy of a point posed by tag line may be computed using the eséichat
accuracy of the alignment and distance measuremsimgar to that done with range-azimuth survey
methods.

Calibration: flagged tag line intervals must legipdically calibrated every 3 to 6 months or afiezaks
against a chained measure or EDM system.

4.1.6.5 Range-Azimuth Positioning
General Description

This, once widely used positioning technique, issdoh on the intersection of azimuth-range
measurements, generally performed from the same shéerence station, similar to a forward traverse
computation, see Figure 7.6. Now days it is emgdognly where GPS positioning cannot be obtained
due to satellite masking. The main features are:

a. angle observations (azimuth) can be measured byitsatheodolites, or total stations;

b. distance observations (range) can be measured By deRices (laser or infrared EDM,
microwave EPS or total stations);

c. data can be manually observed, noted on field lamokvoice-relayed to the boat by radio or
digitally recorded and transmitted by radio-modenthie boat;

d. typically used within 5 km of coastline and/or mefiece station;

e. high relative accuracy is achievable dependingheneiquipment used (best accuracies are
achieved by automated theodolites/EDM or totaimta);

f.  periodic calibration or a third LOP measuremenglamr range) is essential for redundancy;

g. asmall team is required to perform the surveyafietly efficient);

h. boats 5 to 8 metres long often is used;
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Fig. 7.6 “Range-Azimuth positioning”

theodolite with laser or infrared EDM and totaltgta are highly accurate as range-azimuth
systems for Special Order survey areas within 2kthe reference point;

microwave based EPS will rarely meet positionausacy standards for Order 1 (2 m or 5
m);

dynamic alidade or transit stadia distances mesittiponal accuracy standards for Order 1
(accurate to 5 meters) within ranges of only 30¥&res, depending on conditions.

Quiality Control Procedures and Requirements

Angular orientation:

a.

b.

C.

d.

the lower plate of the tracking device must inljidbe referenced, relative to the survey
project, to the grid azimuth of the reference bsigkit (000° line of sight);

additional reference lines of sight (landmarks) udtiobe taken as a redundant reference
orientation;

all reference orientation points should be selee®dhe farthest and most reliable visible
controls, sighted on and relative errors resolvesite;

all orientation measures and grid azimuth companatiust be recorded on a field book.

Periodic orientation checks:

a.

periodic orientation checks on the initial refereri@ck sight (000° line of sight) should be
performed during the survey (normally every 20/B@&g$ or 5/10 minutes or at the end of
each survey line) to ensure that no horizontal ertisal misalignment occurred to the
instrument;
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b. additional reference lines of sight (landmarks) wtiobe taken, this should normally
completed at the beginning and at the end of theegsession;

c. periodic readjustment and re-levelling of the iastent should be performed as required
after these checks;

d. all periodic checks and re-levelling operationswutidoe noted into the field book;

e. if the orientation check indicates a significantsatignment, all fixes taken since the
previous orientation check must be rejected andrtbasurements rerun.

Quality assurance checks:

a. independent positional checks are rarely availaslevith most visual survey positioning
methods;

b. carrier phase RTK-DGPS techniques allow indepengdesitional checks, but these will be
performed with geodetic receivers in static mode iarthe topographic range field;

c. for critical navigation surveys, position checksusld always be done with the vessel as near
as possible to a reference control point.

4.1.6.6 Electronic Positioning
General Description

A variety of systems have been developed, mosthi¢lwhave become obsolete since GPS became fully
operational. However, the basic operating concbptind land-based Electronic Positioning Systems
(EPS) and related trilateration positioning (in¢hgdGPS) have not significantly changed.

Land-based (or terrestrial) positioning systems tiage difference and trilateration techniques to
determine a position.

Electronic Positioning Systems (EPS)

In general EPS are classified according to the@rafing frequencies or the bandwidth, see Tableof.2
Appendix 3 to Chapter 7, which determine the ojiegatange and accuracy, and thus a system's
applicability for a particular type of work. In geral, the higher the frequency of the system &ed t
shorter the wavelength, the greater the achievatxdteracy possible in the resolved position, sedeTab
7.2 of Appendix 3 to Chapter 7.

Medium-frequency Electronic Positioning Systems fRAST/DECCA):

a. systems were first developed in 1950s but theyharenger used;

b. systems operated by time/phase differencing methoesulting in either circular or
hyperbolic lattices (time differences);

c. systems required repeated calibration to resolvelewvavelength (lane) ambiguities and
continual monitoring during the course of the syrie@resolve lane or cycle slips, similar to
the integer ambiguity determination requirementaviodern day DGPS;

d. onsite calibration was essential to maintain acgyrdout in very far offshore surveys
calibration was often impossible;

e. visual positioning techniques were used to caléthese systems.

Low-frequency Electronic Paositioning Systems (LORAN
a. the primary marine and airborne navigation systenofer 40 years;

b. alow-frequency time-differencing hyperbolic system

C-13



435

c. suitable only for general navigation or reconnaissasurveys (Order 3 when calibrated);

d. daily near-site or onsite calibration is critichbiny semblance of absolute accuracy is to be
maintained;

e. absolute positional accuracy is about + 450 metref.25 mile) at best, without onsite
calibration.

Range-Range EPS

These microwave EPS (hyperbolic or circular) wereoduced in the 1970s and remained the primary
positioning system up until the mid 1990s, theezatteir use declined when differential GPS teches
became available for large areas. Nowadays micre\i#PS (Range/Range) are still in use in thosesarea
where poor GPS signal coverage occurs.

a. Trilateration is the process performed by the RHRgege microwave EPS when
determining the co-ordinates by intersection of sneed distances from two (or more) shore
control points:

Vi.

a Circular Line of Position (CLOP) is associatedhwvthe distance from each shore
station;

each pair of CLOP generates two intersection ppintich are generated each
side of the connecting baseline between the tweesstations points;

each EPS uses its own method to solve this ampigoyt orientation to initial
reference point co-ordinates or by referencingctileulated position relative to the
azimuth of the baseline;

initially EPS distances were visually observed stedred, performing manual data
logging in a workbook or field book with manualifig on a plotting sheet;

modern EPS use built-in automated data acquisgimtems that log the ranges
and compute the relative positions, subsequentigiag this data to a helmsman
display unit and a track plotter;

present-day EPS, and also GPS systems, transmitathealigital data to a PC
running a suitable Acquisition and Control Procgsackage, capable of
synchronizing position and sounding in logged dd¢s, whilst performing real-
time positioning QC and tracking the position ivesal windows selected on the
main operator and helmsman monitors.
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Fig. 7.7 “Two Range Intersection”

Constant range tracking provides a good backuphilityashould failure occurred in the
automated positioning and guidance system. Wheautomated techniques are available,
the vessel follows a CLOP:

i. by keeping a constant range from one referenciestat

il. by fixing at range intercepts from the other refieestation;

iii. by proceeding at low speed, to produce a bettauracg in positioning and ease
the helmsman'’s task of following the curve rangtqug;

iv.  survey lines are circular, not aligned to the prbjeo-ordinate system and often
not orthogonal to the main bathymetry.

Automated range-range tracking:

i. the range intersection co-ordinates are autombticamputed from the precise
co-ordinates of the shore stations;

il. the point co-ordinates are transformed relativéh&project alignment co-ordinate
system (station-offset);

iii. analogue/digital course indicators or left-righack indicators receive positional
data, allowing the tracking of any cross sectionftset range;

iv.  position fixes are taken manually by the observemfa receiver or track plotter,
recording co-ordinates on in suitable workbook;

V. at each fix, the depth is marked on the paper toddbe analogue echo-sounder
and the value noted in the workbook;
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vi. the correlation between position and sounding kéllperformed during the post-
processing stage;

vii. digitised depth data are correlated in real timéhwiositional data in a data
acquisition software system at regular presetvalsr

Range-Range Accuracy
The intersection accuracy is a function of two dast

a. The range accuracy of distances (or standard dewvial;
b. The angle of intersection that varies relativehis baseline, positional accuracy varies as the
vessel changes its position in the survey area.

Quality Control

Main quality control criteria to be considered oicMwave EPS accuracy:

a. «a angle of intersection has major effect on positletermination and should be between 45°
and 135°;

b. o isn't constant with distance from a shore statowl in general is in the order £8 m
rather than thel m or 2 m stated by manufacturers for ideal ot wadibrated conditions;

c. the average positional accuracy#3 m) can vary from 5 to 10 metres.

Multiple Range Positioning
Multiple range positioning techniques. (ie. Racdatid Fix, Sercel Syledis, Motorola Falcon VI)

The position is determined from the computed cdrategs of the intersections of three or more
simultaneously observed range circles.

The CLOPs don't intersect at the same point becaasle range contains observational errors:

a. three different co-ordinates result from three obsg ranges and six separate co-ordinates
result from four observed ranges;

b. an adjustment of these co-ordinates gives the finaltion and is normally performed on-
line at each update cycle generally by a leastreguminimisation technique or simply by
the strongest angle of intersection or not weiglateztage of all the intersecting coordinates.

The positional data are then transformed to a prgjgecific co-ordinate system as described fava: t
range system:

a. the use of multiple ranging minimises uncertaintigth the vessel position being obtained
by adjustment of these ranges to a best fit; atinenaccuracy assessment is accomplished
by evaluating the positional intersection misclesof CLOPs which contain errors ( see
Figure 7.8);
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Residuals

AAAAAAAAAAAAAAA A

Additional Range

Adjusted Position

b.

C.

Fig. 7.8 “ Multiple CLOPs Intersection”

an assessment of the range measurement accuracybenaptained by computing the
residual range errors)(for each position (automated software, usingaatlsquares type of
adjustment, can provide an accuracy estimate optsitional RMS error at each position
update);

automated EPS give an alarm when RMS exceed poescilimits, assuming a constant
initial standard error within the survey area.

Calibrations and Quality Control

The process of calibrating a microwave EPS is peréal by the following basic steps:

a.
b.

b.

C.

independent determination of the vessel's antevuaion;
comparison of differences between the observedowive distances and the distances
computed from an independent measuring systenbgémving the direct distances);

or

comparison of differences between the observed ow@ve co-ordinates and those
computed from the independent system;

performing a series of independent calibratioRepgeated Calibrationsthe correction to
the EPS, to be applied a the console or stored pottion computation software, is
represented by the mean range difference.

The systems and methods used to perform an indepeandlibration would include:

a.

EDM calibration — series of EDM distance readings directly compared with the
simultaneously observed microwave ranges and diwrscare then applied;
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b. baseline calibrations — the simplest microwave EB#ration method, the survey vessel is
positioned at a point on the baseline between twanesstations and the computed distance is
compared with the combined observed ranges from rterowave system, range
corrections are computed and applied. This mesinadild be repeated at various points on
the baseline and should be performed between iadl pbshore stations;

c. total station instrument calibration — the obsergeebrdinates of an automated positioning
system can be directly compared with the more ateuro-ordinates obtained from total
station EDM measurements;

d. triangulation intersection — the most accurate wekthf microwave calibration is performed
in a dynamic environment. Three theodolites ared use this high-accuracy triangulation
calibration, a series of 5 to 10 measurementsisattion fixes, to the moving survey vessel.
For each series of measurements, the triangulatedigns are computed, inversed, and
converted to grid distances which are comparednagahe simultaneously observed
microwave ranges. An estimate of the statistititsl of the mean range difference must be
calculated as previously explained;

e. sextant resection — this method is valid only whesection geometry is ideal, near the shore
line and a very slow vessel motion. A numbersioiufaneous resection angles (5 to 10)
and corresponding microwave EPS distances are \@ubevith three sextants centred near
the EPS antenna to minimise eccentric errors. dR®esecomputation should performed
using suitable software providing a quality indiocatof the resection based on the geometry
and estimated standard error of the observed anglegidge whether applying a mean
correction to the range is statistically approgriat

f.  General QC criteria for EPS:

i. the static calibration does not simulate the dyasurvey condition;

il. the calibration must be performed within or closgassible to the survey area, to
simulate the real conditions within the projectaare

iii.  the accuracy of the independent calibration promehllowed must be better or at
least equal to the calibrating microwave EPS;

iv.  the multi-path residual effects can be reduced rmiteliminated by calibration
procedures due to survey vessel antenna locatido@entation;

V. calibrations of pulsing microwave EPS are validyofdr the particular range
measurement system used;

vi. the more accurate measurement systems used taataliBPS must also be
independently checked, or verified, to prevent bkemns (GPS, Total station,
theodolites, etc);

vii.  calibration procedures must be consistent duriegctiurse of a project.

Some of these basic criteria, described for penfognEPS calibrations, are also applicable to GPS
positioning techniques.
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4.1.6.7 Global Positioning System (GPS)
General Description

During the 1990s the Global Positioning System (G become the worldwide standard positioning
and navigation system and has replaced almosttlath dechniques. Poor GPS satellite coverage only
occurs in isolated instances over relatively sragdlas, in these cases the traditional terrestrédhoads

will need to be employed. Differential GPS systaafisw for world wide coverage, they do not always
require the site selection/deployment effort reegifor terrestrial systems however careful pre-syrv
calibration and post survey validations are s&fuired; accuracies now exceed those of any other
hydrographic survey positioning system.

DGPS
Reference

\‘h{i i

\Y/ T

Chart datum

Fig. 7.9 “Differential GPS positioning of a hydrogaphic survey vessel”

The system consists of two absolute positioningises, the Standard Positioning Service (SPS) hed t
Precise Positioning Service (PPS):

a. SPS is available to civilian users, using the Coélecon the L1 carrier, it provides absolute
accuracies of 10-30 meters in absolute positionioge;
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b. PPS was developed for the U.S. military and othénaxized users; it uses the P(Y)-code on
the L1 and L2 carriers providing an absolute acoyaf 5-15 meters in absolute positioning
mode.

For many applications, this absolute positioningglaot provide sufficient accuracy. DifferentidP®
(DGPS) is a technique which can provide relativsifganing with an accuracy of a few meters using
code phase measurements to a few millimetres withier phase measurements. DGPS requires two or
more GPS receivers to be recording measurementgtaimeously and processing software to reduce or
eliminate “common errors”. With a reference sysgaositioned at a known survey control point, DGPS
data can be used to determine baselines betwetonstand establish the positions of other recsiver
within the same reference system. Code and cahi@se DGPS, when operating in a differential mode,
can be tracked in real-time for the positioningradving platforms, dredges, survey boat and vegseks
Figure 7.9) to provide real-time information at @a@cies required for hydrographic surveying and/or
dredge positioning.

Tracking Techniques(see paragraph 6.1.4.1 of Chapter 2)
Phase tracking techniques are:

a. carrier phase tracking;
b. code phase tracking.

Accuracies
The absolute range measurement accuracies or sfiagheldation achievable with GPS depends on:

a. the type of code used (C/A or P);

b. a three-dimensional (3-D) confidence ellipsoid diescg the uncertainties in all three
geocentric co-ordinates, when coupled with the GODEhe satellites during the position
determination;

c. thetime and the location of the changing satefjéemetry.

The nominal accuracy statistics for a GPS userdafmed by error propagation techniques. The user
range measurement accuracies refer to geocentrardimates, which can be transformed to a local
datum, and to a 3-D covariance matrix, which defiaed assess the dimensions (direction or co-dajina
of the error ellipsoid in the reference system.

The more usual methods to describe error meastedsied below:

a. 2-D (horizontal) GPS positional accuracies are radiymestimated using a Root Mean
Square (RMS) radial error statistic;

b. 3-D GPS accuracy measurements are most commonlyessqu by Spherical Error
Probable, oSEP. This measure represents the radius of a sphineav0% confidence or
probability level and the spheroid radial measurly approximates the actual 3-D ellipsoid,
representing the uncertainties in the geocentriordinate system.

c. for 2-D horizontal positioningCEP (Circular Error Probable) is commonly used as the

probable or statistic error measure, representedralius of a circle containing a 50%
probability of position confidence;
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Accuracy Comparisons

It is important that GPS accuracy measures cleddntify the statistics from which they are derivéd
“20 meter” or “5 meter” accuracy statistic is maggiess unless it is identified as being 1-D, 2-D3®,
together with an applicable probability level. dddition, absolute GPS point positioning accuraeres
defined relative to an earth-centred co-ordinatstesy/datum. This co-ordinate system will differ
significantly from local project or constructiontden. Nominal GPS accuracies may also be publisised
design or tolerance limits, and actual accuradbseaed can differ significantly from these values.

Relative Accuracy Measures

Hydrographic surveys performed according to IHOASStandards are concerned with absolute world-
wide (¢, A, h) positional accuracy at 95% confidence level, itmally engineering, construction, and
dredging surveys are concerned with local projecrdinates X, Y, ), and with ensuring high accuracy
within a local construction project. The relatigsecuracy measure is expressed typically in pants pe
million (ppm) as a function of the distance betwé&a points or receivers and usually given at the-o
sigma standard error (or 68% standard deviatiorg)l le

Dilution of Precision (DOP)

GPS errors resulting from satellite configuratioeometry can be expressed in terms of Dilution of
Precision (DOP), which is the geometric strengththef configuration of satellites observed during th
survey session. In mathematical terms, DOP isakasguantity used in an expression of a ratiohef t
positioning accuracy (or of the standard deviabbone co-ordinate to the measurement accuracgP D
represents the geometrical contribution of a certsgalar factor to the uncertainty (i.e., standard
deviation) of a GPS measurement. In 2-D (horiddmiasitioning it refers to the HDOP factor.

Reference Datum

In general differential survey methods are conagmith relative co-ordinate differences, but in@bse
positioning and for navigation purposes we mustsier variations within a global reference system
used by the NAVSTAR GPS. Thus, GPS co-ordinatéeifices or transformations from the World
Geodetic System 84 (WGS 84) reference system naustpplied to any type of local reference datum.
On the North American continent the co-ordinate¥@S 84 are highly consistent with North American
Datum 83 (NAD 83). The European Terrestrial RefeeeFrame (ETRF89) is a realisation of WGS 84
for the European Continent. Each nation in Eurbae determined their own transformation to tie the
ETREF to the local datum.

Error Sources (see paragraph 6.1.3 of Chaptea@yl Calibration Requirements

The accuracy of GPS is a function of errors andriatences on the GPS signal and the processing
technique used to reduce and remove these errorslaiSto range-range microwave systems, GPS
signals are highly affected by humidity and mublithy additional errors are caused by the 20,00@&th
through the ionosphere and troposphere layersshduld be remembered that satellite signals can be
altered for US national security reasons by theaisénti Spoofing (AS). Differential techniquesoske

to a reference station can eliminate most of tleesw's, however the further the remote operates the
reference station, the less similar will be th@esrreceived by both receivers.

DGPS operation has no prescribed calibration reqents (check list), unlike microwave or R/A

systems; the major blunders to check for are:
a. incorrect project datum or geodetic reference datum
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incorrect master station co-ordinate values;
incorrect measurement of antenna height values;
DGPS mode not selected in the unit;

RTCM-104 input/output format not selected.

cooo

Positioning Methods

Two general operating methods, used to obtain G&&ipns for dynamic horizontal control, have a
variety of applications for hydrographic surveysea:

a. absolute point positioning;
b. relative positioning (DGPS).

In general, absolute point positioning involvesyoal single passive receiver and is not sufficiently
accurate for precise surveying or hydrographictposing requirements. It is, however, the mostelyd
used military (PPS) and commercial (SPS) GPS positg method. Relative (Differential) positioning
requires at least two receivers and can provideattmiracies required for basic land surveying and
offshore positioning.

Absolute Point Positioning(Pseudo-Ranging)

The GPS receiver generates a navigation solutigmsbydo-ranging, measuring an approximate distance
(pseudo-range) between the antenna and the satajlicorrelation of a satellite-transmitted codd an
reference code created by the receiver, no coorestire made for errors in synchronization betwben
clocks in the transmitter and the receiver. Thatatice which the signal has travelled is equahéo t
velocity of the transmission from the satellite tiplied by the elapsed time of transmission. Aidaial
delays (errors), which can affect positional accyyaare caused by tropospheric and ionospheric
conditions. To create a GPS 3-D position, at |dast pseudo-range observations are requiredsiave

the constant clock biase ¢ontained in both the satellite and the ground-dbaseeiver.

The solution of four pseudo-range observation egast containing four unknownX{(Y, Zandt.), gives
the solution for the 3-D position of a point (foeD location only three pseudo-range observatames
needed), it is highly dependent on the followinguaacies:

a. the accuracy of the known co-ordinates of eacHlgat@.e., Xs, Ys, andZy);

b. the accuracy of the modelled atmospheric deldys (

c. the accuracy of the resolution of the actual timeasurement process performed in a GPS
receiver (clock synchronization, signal processsignal noise, etc.);

d. the accuracy of an absolute point position is aftion of the range measurement accuracy
and the geometry of the satellites (DOP).

Dilution of Precision (DOP) is a description of tigeometrical contribution to uncertainty in a GPS
determined point position and is roughly relatedn® physical orientation of the satellites relatio the
ground receiver along with the range measuremeniracy.

Static Solution - as with any measurement procexsgated and redundant range observations to the
satellites at varying orientations will enhance twerall positional accuracy and reliability. Itatsc
mode with a stationary GPS antenna, range measuotgtioeeach satellite may be continuously measured
over the varying orbits of the satellite(s). Theerdhg satellite orbits create changing positional
intersection geometry over the same ground positibn addition, simultaneous range observations to

C-13



444

numerous satellites can be adjusted using weighédigniques based on the strength of intersection a
pseudo-range measurement reliability.

Dynamic Solution - In dynamic mode where the GP&rama is moving, range measurements to each
satellite are unique due to the altering orbitahtions of the satellite(s). The varying sateltitbits and
the vessel speed cause changing positional intemsegeometry over the moving GPS antenna position.

The NAVSTAR GPS satellite system gives two levdlalisolute positioning accuracy:

a. Standard Positioning Service (SPS)he SPS is capable of achieving real-time 3-8phlie
positional information in the order of 10-30 m (9586nfidence level on horizontal
accuracy). US DoD has implemented Anti-Spoofing)Awhich interchanges the P code
with a classified Y code, thus denying the SPS tieehigher P code accuracy;

b. Precise Positioning Service (PPSNon-military PPS users must be authorized byUBe
DoD to have a decryption device capable of decipgethe encrypted GPS signals. This
authorization must be obtained from the Nationatusigy Agency (NSA). USACE is an
authorized user; however, actual use of the equiprinas security implications. PPS users
can obtain real-time absolute 3-D positional accyia the order of 16 m SEP (or 5-15 m at
95% confidence level on horizontal accuracy).

The US DoD security action does not significanthpact a hydrographic user operating in a diffegtnti
positioning mode.

Absolute positioning (SPS/PPS) only provides regakt absolute positional accuracies and will not
satisfy the IHO/S-44 hydrographic surveying requieats for Special Order and Order 1. It does have
general navigation applications and will eventuaéiplace LORAN-C and other navigation systems for
ships and aircraft.

Differential Point Positioning (DGPS)

Differential positioning is the technique used tsition one point relative to another, both reasivi
stations simultaneously observing the same s&lliSince errors in the satellite positidg (s, andZ)

and atmospheric delay estimatdy dre effectively the same, they can be ignored karge extent. This
method can be performed by using code or carrias@imeasurements and can provide results in real-
time or post processed.

a. DGPS Code Phase tracking he technique consists of two GPS receivers;seh@p over a
known point and one moving from point to point daged on a moving survey vessel,
measuring pseudo-ranges to at least four commaelliszst. Since the positions of the
satellites are known and one of the receivers & avixed known point, a “known distance”
can be computed for each observed satellite. "Kiswn distance” can then be compared
against the “measured distance” (or Pseudo Ramgeptain a Pseudo Range Correction
(PRC), which is computed for each satellite benagked at the fixed point. Each PRC can
then be applied to the moving or remote receivecaimect the measured distances. Code
phase tracking has primary applications to reaétipositioning systems with meter-level
accuracies. It is sufficient for hydrographic syvpositioning which meets IHO S-44
requirements for Order 1 surveys, since meter-lpasitioning suffices for the vast majority
of these purposes.
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b. DGPS Carrier Phase tracking This is the most accurate GPS survey technioquetae
relative positional accuracies are of the ordetaf to five parts per million (ppm) between
two GPS receivers (one at a known reference poiditle other at an unknown location or
aboard a moving platform). The tracking methodsuaesimilar formulation of pseudo-
ranges used in code phase tracking systems dea$caib@ve, but with a more complex
process when the carrier signals are tracked. shbe wavelength (19 cm) necessitates the
adding of an ambiguity factor to the solution equad to account for the unknown number
of whole carrier cycles over the pseudo-range. ri@aphase tracking provides for a more
accurate range resolution due to the short (19vweawglength and the ability of a receiver to
resolve the carrier phase down to about 2 mm. Tieshod is referred to as real-time
kinematic or RTK and provides 3D positions accutata few centimetres over ranges up to
approximately 20 kilometres. It is applicable talfographic survey positioning and meets
IHO/S-44 requirements for Special Order surveysmaag be employed with either static or
kinematic receivers.

c. Advantageof the code phase (DGPS) over the carrier phas€(RT

i. wavelengths are much longer than the carrier wagths, eliminating the
ambiguity problem.

d. Disadvantagef the code phase (DGPS) over the carrier phas€(RT

i. longer wavelengths decrease the system accuracy;
ii. longer wavelengths are more affected by signalipath.

Real-Time Dynamic DGPS Positioning Syster(Code Phase)
The system in general includes:

a. reference station equipment (master);

b. communications links;

C. rover station equipment (remote user).
There are several DGPS services that provide iealfpseudo-range corrections:
radio beacon navigation services (Beacon IALA Syjte
commercial satellite subscription services;

commercial land base DGPS network services (teleploo mobile phone links);
local DGPS systems.

oo op

Local DGPS systems are normally installed or ugethb agency responsible for a survey, where other
services do not provide coverage or sufficientlpdjaccuracy to meet survey requirements.

Reference Station
The reference receiver consists of a GPS receanéenna, and processor that:
a. is placed at a known co-ordinated station with aobstructed view of the sky from at least
10° above the horizon;

b. GPS antenna should be erected clear of objectly ltkecause multi-path or interference
(avoid areas with antennas, microwave towers, pdines, and reflective surfaces);
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C. measures timing and ranging information broadcashé satellites;

d. computes and formats, every 1 to 3 seconds, thedpseange corrections (PRC) then
transmits, broadcasting via the communications, littk the operator’s equipment in the
offshore vessel; the recommended data format is ghaposed by the Radio Technical
Commission for Maritime Services (RTCM) Special Qoittee 104 v 2.0;

e. performs QC functions and determines the validitg quality of the computed PRCs.

Communications Link

a. the communications link is used as a transfer rmdior the differential corrections, the
type is dependent on the user's requirements andthimum transmission rate should be
200 bits per second (bps);

b. communication links operating at Very High Frequen®HF), Ultra High Frequency
(UHF) and High Frequency (HF) are viable systemigiie broadcast of DGPS corrections,
with ranges extending out from 20 to 50 km (VHF/UHiRd up to 200 km (HF), depending
on local propagation conditions and site elevatidihe disadvantages of UHF and VHF
links are their range being restricted to line ight and the effects of signal masking from
islands, structures and buildings, multi-path acensing issues;

c. communication links require a reserved frequencympdration to avoid interference with
other activities in the area, all frequencies naathorisation for use within each nations
geographical area of responsibility;

d. several companies offer subscriptions for satellitenmunications, telephone or mobile
phone communications systems, capable of beingfosdde transmission of the PRCs;

e. satellite and phone communication systems arditagied in range than UHF/VHF systems
but are usually higher in price.

User Equipment

Using the technology of differential pseudo-rangitite position of a survey vessel can be calculated
relative to the reference station with a receitlke (User equipment) that consists of real-time qutese
tracking DGPS, antenna and processor:

a. should be a multi-channel single frequency (L1) Cbdle GPS receiver;

b. is capable of receiving the differential correciofiom the communications link in the
RTCM SC-104 V.2.0 format and then applying thosgemions to the measured pseudo-
range;

c. receiver update rate should be 1 to 3 seconds;

d. output from the rover receiver should be in the NMEB3 format as the most widely used
format for input into hydrographic survey softwgackages;

e. equipment should be capable of maintaining posalibmlerances for surveys at speeds up to
10 knots;

f.  receivers should not bias the position during Vassas due to excess filtering.
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Separation Distances

a. the differential tropospheric and ionospheric cctions are not presently applied to internal
solutions of most GPS receivers and these erraribate to horizontal position errors on
average 0.7 m per every 100 km;

b. the type of data link in use will be a limiting fac on the separation distance between the
reference station and mobile receiver, the referestation may need to be moved from one
point to another so that the minimum separationireqnents are maintained.

Satellite Geometry
The Horizontal Dilution of Position (HDOP) is thatical geometrical component that:

a. in Order 1 and 2 surveys HDOP <5;
b. the 24 Block Il GPS satellites constellation maiméaa HDOP of approximately 2 to 3 most
of the time.

Other DGPS ServicegRadiobeacon Navigation Service and Commercial VSAA
Radiobeacon Navigation Service

The main function of the Radiobeacon Navigationvigeris to provide aids to navigation in navigable
water covered by the service; the object is to tsuibs Loran-C and Omega systems, which were used a
the primary navigation systems for offshore mama&igation, with full coverage from GPS for more
accurate positioning. Many nations have commisgioreal-time positioning systems for their coastal
areas, rivers and lakes regions, utilising DGPS raadne radiobeacon technology; there is a desire f
other maritime governments to expand the coveragd! bffshore waterways and eventually have entire
world coverage.

a. System set-up and configuration:

i. GPS Radiobeacon:

* N. 2 GPS L1/L2 geodetic reference station receivatl independent geodetic
antennas to provide redundancy and a marine raaiobe transmitter with
transmitting antenna;

* N. 2 combined L1 GPS/Modulation Shift Key (MSK) edeers used as integrity
monitors, each one utilises an independent GPSaatand a MSK near-field
passive loop antenna.

b. Site location:

i. the location of the reference stations’ GPS antenai@ known co-ordinated
geodetic control points based on the ITRF [i.e. ETEEuropean Terrestrial
Reference Frame) datum for Europe and NAD 83 (Néwherican Datum of
1983) datum for USA/Canadal;

il. GPS C/A-code pseudo-range corrections are comparted transmitted via a
marine radiobeacon;
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the system on board user vessels consists of aneneadiobeacon receiver and a
GPS receiver (or an integrated GPS/Radiobeacorivespewnith the ability to
accept and apply pseudo-range corrections; withuraces of less than 5 m
achievable dependent on the type and quality oue's GPS receiver, distance
from the reference station and the satellite gegmet

c. Data transmission (data types):

Vi.
Vii.

the corrections and other information are trangditising the Type message of
the Radio Technical Commission for Maritime Sersi&pecial Committee 104
(RTCM SC-104) version 2.1 data format;

more detailed descriptions of these message tygesxglained in the Broadcast
Standard available for the Radiobeacon Navigatenvi€e of each nation;
corrections are generated for a maximum of ninellgas tracked by the reference
station GPS receiver at a minimum elevation an§lé.5° above the horizon; if
more than nine satellites are observed above th&°corrections are based on the
nine satellites with the highest elevation angles;

satellites below 7.5° elevation are masked due thesceptibility to multipath and
spatial decorrelation;

corrections are normally transmitted at a 100 & R&ud rate;

corrections can be considered valid for a periotiso$econds from generation;
using corrections more than 30 seconds old, péatigufor positioning of a
moving platform, may cause spikes.

d. Availability and reliability of the system:

the system maintains a broadcast availability #wateeds 99.7%, in designed
coverage areas, assuming a healthy and completec@R&llation;

signal availability, in most areas, will be highduwe to the overlap of broadcast
stations;

each site is equipped with two integrity monitdrs.(a GPS receiver with a MSK
radiobeacon) that are mounted over known posititimsy receive the pseudo-
range corrections from that site and compute atipasthat is compared to the
known location to determine if the corrections aithin the expected tolerance;
the corrected positions calculated by the integripnitors are sent via phone lines
to the control monitoring stations, which notifyeus via the type 16 message of
any problems with a radiobeacon site within 10 sdsoof an out-of-tolerance
condition.

e. Coverage:

an updated coverage map can be found at the Radiobd&lavigation Service web
site of each participating nation, under the DG&Sisn.

f.  User requirements and equipment:

to receive and apply the pseudo-range correctieremgted by the reference
station, the user needs to have a MSK Radiobeammiver with antenna and, at a
minimum, a L1 C/A code GPS receiver with antennaaocombined MSK
radiobeacon and GPS receiver with a combined MSKK @RS antenna, a more
expensive option.
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The MSK receiver demodulates the signal from tHeremce station and generally will automatically
select the reference station with the strongestasigtrength to track or it will allow the usergelect a
specific reference station. Since the referenatost generates corrections only for satellitesvat®7.5°
elevation, satellites observed by the user's GE&wer below a 7.5° elevation will not be corrected

g. Position QC tolerance checks and calibrations:

i. most precise DGPS augmentation systems are capélpeoviding sub-meter
accuracies at reasonable distances from the neafestnce station, however, at
increasing distances spatial decorrelation errordue ( to differing
ionospheric/tropospheric conditions) can inducéesyatic positional biases;

ii. in general, under nominal atmospheric conditioess|than 5 m RMS (95%)
positional accuracy may be achieved at distancesugs of 200 miles;

iii. to confirm positional accuracy is better than then5tolerance, a static check
position should be obtained by occupying a knowrvesy point near the project
area,;

iv.  when operating with the Radiobeacon Navigation 8erstatic positions should
be observed from different radiobeacon referenatosts to ascertain if positional
systematic biases are present, in practice thestidseacon will normally be with
minimal biases;

V. when large or ambiguous positional biases occua iproject area, it may be
necessary to establish a local DGPS network (cod®T& carrier) for observing
different beacon positions in a static comparison;

vi.  a similar process should be performed when usingr@ercial DGPS Wide Area
Augmentation Systems (WAAS, GLONASS, EGNOS, GALILBISAS etc).

Real-Time Dynamic RTK DGPS(Carrier Phase)
General

The DGPS carrier phase is capable of yielding detienaccuracy on a moving vessel within the
geographic area (20 km.), both horizontally andisaglty. This technology, known as ‘On The Flyarc
provide real-time elevations of survey vessels.

Current kinematic techniques allow for the ambiigsito be resolved while the receiver is in motoal
provides accuracies in the range from 2 to 5 crhis method of carrier phase positioning is commonly
referred to as real-time kinematic or RTK surveying

A real-time kinematic (RTK) DGPS positioning systesnbased on DGPS carrier phase technology
similar to the kinematic techniques currently ugmdstatic GPS geodetic surveys where millimetkele
accuracies are achieved. RTK procedures allowtfermovement of a GPS receiver after the initial
integer ambiguity (i.e., whole number of wavelemsjythetween satellites and receiver has been rekolve
as outlined in Chapter 2.

Accurate real-time elevations (and depths relatetheé GPS antenna height) can be directly obtained

without observing tidal measurement data, if adegju@otion compensation sensors are used and project
tidal datum modelling has been undertaken (see&igu0).
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DGPS RTK
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Fig. 7.10 “Principle of Real Time Kinematic DGPS advation determination”

If elevations are obtained through the use of RTEGHA3 techniques, Geoidal-ellipsoidal modelling and
tidal modelling procedures are mandatory and shdédperformed before RTK surveys can be
conducted.

Reference Station

The carrier phase positioning system is very sintilathe current code phase tracking technology. A
shore GPS reference station is located over a krmwmmey mark tied to the local horizontal/vertical
geodetic reference framework; however, the refexestation must be capable of collecting both pseudo
range and carrier phase data from the GPS sagadlité will consist of:

a. acarrier phase dual frequency receiver capablelloavelength L1/L2 with cross-
correlation technique during times of P-code entoyptracking,

b. a GPS rover receiver with its associated antendacables, high-speed processor

and communications link capable of, at least, acbsd update rate;

the location will be the same as for a code phasking DGPS system;

the processor will compute the pseudo-range andecgphase corrections and

format the data for the communications link;

e. the corrections will be formatted in the RTCM SC410.2.1 format (CMR) for
transmission to the rover receiver.

oo
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Communications Link

a. the carrier phase positioning system requires anmim data rate of 4800 baud and differs
in the volume of data which has to be transmittemnf the code phase tracking DGPS
system, which requires a baud rate of 300;

b. this high data rate limits the coverage area fghfirequency broadcast systems;

c. VHF and UHF frequency communications systems atiesuéed for this data rate.

User Equipment
The user equipment on the survey vessel is:

a. acarrier phase dual-frequency full-wavelength 21&PS receiver with a built in processor,
capable of resolving the integer ambiguities wthike vessel is underway;

an associated geodetic GPS antenna, that reduceff¢lats of multipath on the GPS signal;
a communications link to receive data from thenexfee station;

the minimum update rate from the reference statidhe vessel(s) should be 1 second;

the position output (NMEA 183) carrier phase DGR&adhould enable the performance of
real-time navigation and recording of the vesstelie position needed for survey processing.

cooo

RTK systems are not designed to be used for suimesmcess of 20 km from the reference station.
Ambiguity Resolution

a. if the system remains in the RTK mode, real-timb-dacimetre 3D positioning should be
available from the rover receiver;

b. both reference station and the remote stationvereimust maintain lock (continuous GPS
data) on at least four satellites;

c. if the number drops to below four satellite, thebaguities will again be resolved after the
system reacquires lock on a sufficient number télis, the system will work in DGPS
mode or Autonomous mode during this period.

4.2 Vertical Control and Calibration

4.2.1. General Description

The datum to which depths are to be reduced issfmedtal to any bathymetric survey and the Hydrdgrap
Specification will contain full details of how this to be established together with details of distaed
benchmarks. If the datum is not defined, the sxgs€Chart Datum should be used if at all possible.

The necessity to either establish a new datum watsfer datum should be carefully considered,raavy or
transferred datum must be related to the local esurdatum through existing or newly established
benchmarks, for which full details should be reeorénd rendered to the Hydrographic Office. Radic
care is required for surveys in rivers and rivetuases; guidance is available in the Admiralty alid
Handbook Volume 2.

Using the data supplied with the Hydrographic Spmtion, the location for tidal stations should be
determined. If conducting a resurvey, the tidéatashould be established in the position of tldestation if

at all possible. If multiple stations are requithd distance between stations should not be teat gnd in
any case no more than 10 miles. The Hydrograpgbecification will provide guidance on the placemeht
offshore gauges.
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Data to assist in the creation of a co-tidal chdlitbe included in the Hydrographic SpecificatioA.co-tidal
and co-range chart should be produced as desanilobdpter 5.

Pre-calibrated tide poles and gauges should bbliekted at the desired locations. The tide pdhesilsl be
connected to the sounding datum via the land legetlystem and witness marks installed as a fuhaans
of quick visual check on the integrity of the poléno local benchmarks are available, for whateeason,
at least 2 new marks should be established anddigiils fully recorded.

A comparison of tide pole and tide gauge readings a 25 hour period should be taken to both astabl
sounding datum on the gauge and to ensure itsctaperation. Thereafter checks should be conduatte
regular intervals during the survey.

Calculation of Mean Sea Level (MSL) using 39 hafrebservation should be conducted at the beginning
and end of the survey. Due to daily atmospheritvagather influences, results should be withinrBedres
of MSL quoted in the Tidal Tables, which will prae additional confidence in the observed tidal data

When an established gauge is used, the settingatweys be checked independently to ensure thatettee
corresponds to the stated figure.

Observed tidal data should be inspected each daydore that the observations meet the Hydrographic
Specification standards. Whenever possible cootisuide readings should be obtained for the entire
duration of the survey. Where continuous readargsot obtained, care should be taken at theastdrend

of each survey period with co-tidal time differes¢e ensure that the tidal data covers soundingatpes.

4.2.2 Tidal Modelling for RTK Surveys

The survey area must have details of an approgitedatum to meet the requirements of the ptdjec

be undertaken. The reason for establishing a tddaim in the survey area is to update knowledge of
MLLW (or Chart) Datum and to enable the benefits RFTK DGPS technology to be realised by
performing the survey without using tide gauges.

The main requirements are:

a. perform wide area GPS static surveys in the saleatea;

b. install sufficient tide gauges in the area to abtdetails of tidal datum at these gauge
sites computed form long observation periods cfdat

C. perform GPS tidal measurements in the survey argheasame time to obtain a
comparable data set of GPS water measurementssagainventional tide gauge
measurements;

d. anchor a survey vessel fitted with a RTK Rover Remefor 25 hour periods in
sufficient locations to generate intermediate dapomts within the area, to allow
correlation between the conventional tide gaugehods and the GPS tidal datum
method, and to check any changes in ellipsoid keightween the RTK stations and
the gauge sites over a full tide cycle of 28 days;

e. use a suitable software configuration in the hydmpbic survey package which
allows for the ellipsoid separation values to MLIt@be used to compute tidal height
measurements from the waterline of the survey Vesse
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The whole project area must be related to the tigehsurements from the nearest primary tide gauge
used to measure the Mean Lower Low Water (MLLW) foe area, also a reference is needed to
incorporate tidal datum measurements performetienstirvey area. The GPS ellipsoid reference frame
and the local vertical datum must be used oveelttiee survey area.

Tidal Datum Diagrams
Two different tidal data can be realised:

a. a traditional tidal relationship for the area ipnesented by the Mean Lower Low
Water Tide Surface relative to the local verticaltuin, which must provide the
MLLW reference with an acceptable tolerance (steshd®-44) and should
theoretically be parallel to the local geodetierehce surface in absence of currents;

b. an ellipsoidal tidal datum diagram for the areaeigresented by the Kinematic GPS
MLLW Tide Surface obtained from the ellipsoid heighlues.

The Ellipsoid Height Surface values and the GP8regice station used to measure the ellipsoid-MLLW
separation enables Kinematic GPS hydrographic gangebe conducted without the use of tide gauges.

Location of the GPS Reference Station

A permanent GPS reference station (Figure 7.11)t fusbe established close to the shoreline for
hydrographic surveys in harbours and related agpreaannel areas. An antenna heighin meters

(negative) should be entered into the GPS recaivging GPS hydrographic surveys. If the GPS
reference station antenna is moved, the valuewalith If the antenna must be moved, the vertical
differenceAH between the bottom of the antenna and the referkanchmark must be re-measured and
confirmed that the benchmark is (ellipsoid heighin meters) below the ellipsoid. Levelling runsritey

from the benchmark should be conducted throughlith@ntenna location and the new antenna location.
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WGS 84 Reference Ellipsyjd

h:

Broadcast
antenna

atum/ellipsoid separation

Fig. 7.11 “RTK DGPS reference station parameters”

h; = ellipsoid height of GPS antenna below the EdigsNGS 84 surface

h, = ellipsoid height of benchmark below the EllipstiS 84 surface

H, = orthometric height of GPS antenna above Localdggo reference surface (VD)

H, = orthometric height of benchmark of the Local Getodreference surface (VD)

AH = vertical difference between the bottom of GP&ana and the reference benchmark measured

by geometric levelling
Resultant RTK DGPS Elevation Accuracy

The resultant absolute project accuracy is estingitebe less than 10 cm. The absolute accuraeysref
to the MLLW relative to the Local Geodetic referencertical datum. A local project modelling of the
ellipsoid-geoid separation should be attemptedHerproject. A suitable computer program shoulkldus
by entering the surveyed horizontal positions tmpote the Local Geodetic reference/ellipsoid WGS 84
separations.

Real Time Kinematic Measurement at Sea

The GPS antenna phase zero measurement down tgatke line of the vessel is the most important
vertical measurement on the survey vessel. l@ticstondition, the measurement is as shown inrgigu
7.12. Underway the vessel motion through the matk change these figures, however vessel squiat i
not entered as a correction in the survey systetheagansducer depth is reduced by the same anttoaint
antenna height is reduced.
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WGS 84 Reference EllipsoidEllipsoid
A

Ellipsoid

Ellipsoid Height [from GPS’ Chart datum

A 4

Height of GPS Antenna above water (fixed )

A 4
A

Height of tide |above Chart datun

4

Fig. 7.12 “Real Time Kinematic measurement on suryevessel”
Survey Procedures, Test and Processing
a. Conventional method:

i. a number of established acoustic tide gauges shdedrunning and
downloaded to produce a time series from the data, svhich should be
referenced to the station numbers;

il. the gauge data should be used to eliminate adtuel differences in the area
from average time differences between the gauges;

iii. resultant average error when using one tide gabgeld be appreciated, the
maximum distance at which the data is valid and reshe does not exceed
standards listed in S-44' & dition 2008;

iv. the separation distance between gauges should arotally exceed double
maximum distance highlighted in iii above.

b. RTK DGPS carrier phase method:

i. the use of tide gauges during the hydrographicesuave not required;

il a MLLW surface should be generated by suitableasoft from the tidal datum
diagram;

iii. the survey vessel must be equipped with a GPS RRBeeeiver capable of
performing OTF GPS carrier phase corrections;

iv.  vessel data (layout, draft, squat etc) must beimddafrom conduct of reference
measurements on the survey vessel.
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A test on the RTK GPS Tides separation value megidsformed, creating a difference ellipsoid/MLLW
matrix by suitable software. A sufficient numbéroposs-section lines must be run in an area betwee
the two nearest acoustic tide gauge sites, whieleaording tidal data.

C. Two survey processing methods are possible:

i. the conventional method uses the horizontal GP&rdmates only (and not the
vertical one) and the reduced depths relative @ MhLLW will be obtained
applying the tide gage data to the raw soundings;

ii. RTK GPS method generates an accurate measuremeapthfs related to the
GPS antenna height without observing tidal measentndata. The GPS
depths are directly referred to the Kinematic GPELW Tide surface. A
random number of depths from each line should bects for comparison
with the GPS depths reduced by the tide gauge data.

4.3 Environmental Observations

The direction and rate of the tidal stream sho@dbserved wherever it is of navigational signifiaand
where there is no evidence that observations hese made previously. Positions, and full requirgiyfer
observations will be articulated in the HydrograpBpecification but additional stations should m&ded
if considered necessary.

Observations should be made using a current naigent profiler or a floating log-ship. Obsereais
should be made at a depth appropriate to the aveteyght of shipping using the area or as directed
Observations should not be taken during abnormathee conditions.

In predominantly semi-diurnal areas, observatidr@il be conducted over a single period of 25 hatirs
Springs. In areas where the diurnal equalityrngea30 days observations, using a current meaieggadble
harmonic analysis to be conducted, are requiréaul8 it not be possible for such protracted ola@us to
be taken then sufficient measurements should l@nelt to enable a description to be inserted irStikng
Directions and tidal stream arrows to be showrherchart.

In addition to standard observations, informatiba tess formal nature may be available from |ecairces,
especially if it may affect low-powered vesselsyachts. Data obtained should include the estimated
maximum rates at Springs and the directions of sttaams assessed by the best possible meaaszal of
strong tidal streams, especially in the vicinitylbainks, rocks shelves and in narrow passages,seddit
overfalls may occur which can be of consideraldmicance especially to small, or under-powereaftcr
The limits of these phenomena should be fixedpéan§s, on both directions of the tidal stream.

The initial observations of sound velocity shoulel dbnducted to allow determination of the spatial a
temporal variations across the entire survey aregrid of observation points should ensure reprietive
sampling is conducted over the whole survey area fimethodical and timely fashion. This data, toget
with other environmental factors such as climatesi water inflow, any seasonal variations and egtab
topography, will determine the frequency at whishgofile observations are conducted. The use@fing
vessel profilers, undulating profilers and hull mtad probes will reduce the need for static obsiemns to
be performed; however water depth and vessel sigdimit the ability to make use of such equipment.

There are set intervals at which SV data shoulddtained and applied, guidance should be providede

Hydrographic Specification and by the Hydrograpbiifice. The importance of correct SV when using
MBES can not be understated.
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4.4  Line Guidance
General Description
In positional terms, the process of data acqursitian be summarized in Figure 7.13. Once line base

and direction have been decided the surveyor nee#isow his position along the selected line at all
times.

a

—————

Course made good

Course
steered Wind

or
stream

Fig. 7.13 “Sounding lines and related track contrdl

a. The decision on line orientation and spacing foithmdical sounding of an area will be
influenced by the equipment to be used. Figuredepicts Singlebeam Echo Sounder
(SBES) with closely spaced lines crossing the degathtours at right angles, Figure a
illustrates Multibeam Echo Sounder (MBES) or Sidars(S/S) Sonar with lines spaced to
have a minimum overlap parallel to the depth corgou
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b. Make good the selected track;

c. Determine the actual track made good, the vespeB#ion is fixed at set intervals with the
track followed assumed to lie along the line jomthe fixes;

A traditional EPS position is updated continualhdaby observing a track plotter or left/right ioatior,
the slightest deviation from the chosen track candbtected and corrected. Further, the trackgplott
record, if marked to show time intervals along tteek, enables the precise plotting of other aaglir
data. Visual fixes, on the other hand, are peciedients and the assumption that positions at toties
than the fix instants will lie on the lines joinirfikes will be increasingly erroneous as the indérv
between fixes increases. Sextant, theodolite,tatad station fixes conducted during a harbour sysv
may be taken at intervals of a few seconds andeparture from the intended track can be contrdied
transit (as is in the above example) or by a wadébther methods.

Modern EPS and satellite fixes are taken every rakcor less, providing continuous positional
information connected to a left/right indicatortoran automated data acquisition system, whichrotie
means of determining, in real time, the ship’s seuand speed over ground, with an accuracy directly
related to the chosen positioning system.

In surveys of approximately 25 Kror less, seabed acoustic transponder arraysjquasitand laid using
conventional positioning methods, can be used imucaction with echo-sounder or sonar ranging to
provide continuous positional information and, cansently, control of track.

Visual Line Guidance

When visual fixing methods are used, the ship’skina almost invariably plotted manually, with Ige
joining fix positions representing the track follet by the vessel. Therefore, the fixing intervatl an
vessel speed are selected that the fixes are isuffic close (about 3-4 cm. apart on paper) for
inaccuracies to be assumed negligible at the sdtdlee survey (i.e. departures of the vessel frobenline
joining fixes will be unplottable). Line controludng survey operations is usually achieved
independently.

In the most difficult case of the off-shore surweiyh no visible shore control, track guidance vioid by
compass or better gyrocompass. This is neveredntiatisfactory except on very small scale surveys
course adjustment being necessarily delayed ungifik has been plotted. An alternative methotinef
guidance in these circumstances is to steer theelasound the arc of a fixed angle subtended lsstwe
two marks or following a circular/hyperbolic LOP atraditional EPS chain. These methods are superi
to compass/gyrocompass courses but they can bieuttifbn large scale surveys with shore marks
relatively close to the survey area and where tlos are of small radius requiring constant, large
variations of course. Now days, in off-shore sysy&sPS or EPS techniques are exclusively used.

Other methods for visual line guidance and trackico are:
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a. Natural transits — by keeping an object near tlgeshine with another further inshore in the
direction of the track to be steered, the helmsstauld be able to maintain the line more
easily and accurately than by compass course. sdiitgble feature may be used (bushes,
fence or telegraph posts, huts, parts of buildigtgg, the transit marks should be spaced far
enough apart, about one third the length of theeguline, to offer sufficient sensitivity.

b. Artificial transits — the same principles applyfas natural transits; artificial marks, placed
to meet the required line spacing, enable mordgeesteering and may be essential for large
scale work off a barren shore; this method is paldrly useful when undertaking large scale
harbour and wharf surveys, where transits at ragidles can be erected to provide line
guidance and fixes at set intervals to meet theegurequirements;

c. 180° collimator prism — this robust and simple linstent enables the helmsman to sight
forward and back marks simultaneously so thataitbur or river surveys, the vessel can be
steered along the line joining points on opposieks.

d. Direction from shore — the direction of the inteddae is taken off the plot by station
pointer as an angle from a reference object octhirérom the field sheet by intersection of
LOPs of a lattice. The required direction is tldaserved by theodolite or sextant with the
vessel directed along the line by the shore obsemstng hand flags, lights or radio
communications link. When surveying across a ril@&sin or berthing area, the shore
observer can sight an object on the opposite sborthe line to be run, enabling him to
follow the vessel's progress by eye.

e. Starring — by planning the survey lines as radiad centred on a shore mark, that mark
may form the front mark of a transit, the helmsnparking up a new (natural or artificial)
back mark for each successive line. Alternativbly“direction from shore” method may
be used, the shore observer having to occupy amdystation. This method is particularly
suitable for surveying around headlands and proon@s

EPS Line Guidance

Control may be achieved simply by planning the syrliines along either the range circles or range
difference hyperbolae depending on the type systemse. If the lines are steered along pattere lan
readings, any departure from the line is immedyatabvious, and the vessel may be fixed at the
intersection of the line by a second pattern. hyperbolic pattern the lines and the fixing intsvwill
diverge or converge but lane expansion is usuadlgligible. Allowance may be made for lane
expansion, either by changing the pattern interuaksd or by running interlines to maintain minimum
spacing of lines. A left/right indicator will shotthe vessel’s position relative to the line andvides
clear guidance to the helmsman.

Almost all manufacturers of short and medium raBfS systems offer the facility of track plotter as
peripheral equipment, which is particularly usefien lines cannot be run along lane boundaries as i
often the case in dredging or pipe laying work. e Thttice can be plotted out and the selected line
followed by a plotter pen, fixes may be marked lom plotter track as a check but it is more usuitep

a separate manual plot since the lattice is ofistorded on the track plotter, some types of lattéce
shown as a rectangular grid and the required sddlee survey will rarely be that of the plotter.
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Automated Line Guidance

Appendix 4 of Chapter 7 (page 8 and 9) outlinegpéctl automated hydrographic systems configuration
for an Operation Room of a survey ship and the igémardware configuration on a survey boat.

In general the hardware configuration of an autehdtydrographic data acquisition system is sinalar
both survey ship and survey boat, with a suitabldrdgraphic data acquisition software to control,
manage, acquire and store in a specific survey foataat digital data from the positioning systendan
echo-sounder system (SBES/MBES/SSS). Modern hyapbgc data acquisition software should
provide a helmsman display allowing the vessel @éosteered, either manually or automatically, along
pre-planned survey lines.
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Fig. 7.14 “Video image displayed from acquisitionaftware”

Figures 7.14 and 7.15 show some typical video imagtable for a helmsman display providing the
following information:

a. the survey line followed by the ship geo-referenagith the real time position updated at 1
second intervals;

b. aleft/right indicator;

c. digital information received and managed by theu@ition software (position co-ordinates,
depths, COG, heading, SOG, line number and fixetantes from start and end line, etc.).
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All this information allows the helmsman and theveyor to control and monitor the acquisition prege
along the selected survey line to cover the afidee acquisition software operator manual shouldaion
all the instructions and procedures to manage timenaated track control, which in general is
conceptually similar for every software manufacture

MHy droSystem v 1.43

LINE s FIX : 408
DIFF

NORTH : 4917300.03 44° 24" 41.195

EAST : 493471.78 8° 55" 4.824

SPEED : 67,93 Kts _ DEPTH
39.06
114.64

3125.44 START HDG

F1 Start Lll‘IE:

F4 | COURSE

File: LRKB

LEB Software
MARCO BOTTALE

OUT OF RANGE {RIGHT

T=Fix I R=Rotate Sound On
' F8=Quit Print Off

53

Fig. 7.15 “Video image displayed from acquisitionaftware”
4.5  Check Lines

Crosslines should be run, at the beginning of tmeey, perpendicular to the main sounding lines, and
whenever possible, at a different stage of the tigale and in good sea conditions. Sufficientaon
information from crosslines should be gatheredntabée a statement to be made in the RoS of thatexfte
sand ripples in the survey area and their direction

Sounding crossovers should be compared as theysprogresses as a check against gross errorgjato-ti
modelling error or equipment malfunction. On-IMBES displays should be used to verify the repéatab
performance of sounding by monitoring adjacent kestthis should also be used to ensure that trezage
and swathe overlaps are being maintained, additioea should be run to fill any gaps in coverage.

4.6  Main Lines
The sonar sweep type should be articulated in friEdgraphic Specification, which should also detad %
coverage, % overlap and object detection criteribg achieved. Careful inspection of the Hydrogi@p

Specification limits and those of adjacent modemmvesys is required to ensure that there are no loetpgeen
them.
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When conducting sonar and sounding lines conclyrentareful balance must be maintained between th
conflicting requirements. Every effort must be maol ensure that there are no gaps in the sonapsavel
therefore it will generally be necessary to subwatl the needs of bathymetry to those of sonaditiddal
sounding only lines may be required to assist thighdelineation of contours and critical featuvasere line
keeping error is >25% of line spacing, the gapsikhoe filled with additional lines.

An a priori sounding error budget/estimation should be creaed compared to the Hydrographic
Specification requirements. If significant envineental variance is encountered or changes to eguipane
made to those initially used, the error budgetfestion process should be repeated and these nelisres
used as the basis for comparison.

Main survey line spacing, direction and soundingesp should run to meet the requirements of the
Hydrographic Specification and the laid down créerThe optimum and maximum survey speeds shauld b
assessed taking into account the depth range atehsyin use for the survey; the maximum ping aatk
range scale should be utilised commensurate wéthiépth of water. Normally sounding lines showddumn
perpendicular to the general direction of contolm®yever sonar lines should be run within 20° @& th
prevailing tidal stream or current. In areas ofrgj tidal flow, a direction much less than 20° rhaye to be
adopted to ensure that the sonar towfish followssttip’s track.

When surveying with MBES only, line orientation asmhcing will be dictated by the criteria detailedhe
Hydrographic Specification and the customer requimrets. Object detection and thus data density will
determine % overlap between adjacent swathes, wiiltlhe a function of water depth; thus line speagci
will be influenced by water depth, data density abgection detection criteria and % overlap, whiah
give the % coverage achieved. It is most likebt thme spacing will vary across the survey areatiqularly

if there are marked differences in depths; carafahitoring during survey operations will be reqdite
ensure the desired objectives are being met.

Fix interval and logging intervals should be setreguired by the scale of the survey and the survey
processing system in use.

When using SBES, additional sounding lines shoaldun at standard spacing perpendicular to theoaot
from the 10 metre contour into the shore in ordeddtermine the 5 and 2 metres contours and thegdry
line. Additional lines should be run parallel taaat distances of 2, 5 and 10 metres off jettiesh@arves.

When sounding over sandwaves, operations shouidpiaice following periods of calm weather and neap
tides when sandwave amplitudes are greatest. Wiuasble re-surveys of sandwave areas shouldafollo
the same tracks to detect changes in sandwavéeprofi

Care should be taken delineating the drying liatigularly with regard to off lying banks, rocksdashoals,
as the position of such features may have intenmaltiegal implications. When surveying within haurs
and boat havens, drying heights and the locatidaufground, in areas where small craft anchdake the
ground, should be accurately delineated.

Whenever a survey includes a channel, recommemdekl or leading line in restricted waters, it skiole

swept by sonar. Allowance during such sweeps ghmeilmade to accommodate the largest vessels tikely
use these tracks paying particular attention tarigrareas and where a track changes course.
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Regular checks should be conducted to ascertaar performance, suggested occasions are:

On first streaming;

Once per day when operating in areas of featuretaised;
After maintenance or repair;

After changing towfish or fins;

If the performance is in any doubt.

PoOoTY

If it appears that the sonar system is not workiigs maximum range, due either to water condstionto
material inadequacies which cannot be rectified, dbnar sweep should be modified to ensure complete
coverage.

A magnetometer should be deployed throughout thie Isanar sweep to provide additional evidencdef t
existence of ferrous metal on or below the seabed.

It is of utmost importance that the sweep is thghguhat no gaps appear in it, and that every fsigni
seabed feature or artificial obstruction is located

4.7  Inter-lines and Investigations

Items in the supplied list of wrecks requiring apioving search should be searched for out toiagadl 2.5
miles from the listed position. The limit of theea of this search may extend outside the givertsliaf the
Hydrographic Specification; however such an extenss essential to avoid the anomaly of having a PA
wreck lying inside an area considered to be fullweyed. Ensure that any disproving search ay@as dn

the outer edge of the survey area are coveredti@ulilines should be planned to run outside tlea @
order to ensure complete insonification of the aitia an appropriate overlap.

Careful note should be taken of the 500 metre ysafehe around seabed installations and pipe laying
operations when surveying in or near oilfields @pleration areas to ensure the safety of any towed
equipment.

For an object charted PA, the sonar search sheutdihducted in 2 directions at right angles andrekto at
least 2.5 miles from the datum position. If thisra high degree of confidence that the initiarcgean one
direction was entirely thorough and that the s@tmripment was operating satisfactorily, considenathay
be given to dispensing with the search in the sibdmection.

Objects whose positions have been previously ésiaol, but which cannot be found during the sumegd

a very detailed investigation to disprove them. evéhsuch objects fall within the survey area arstraar
search is completed to a radius of ¥ mile arouedlited position, this will be considered suffidie A
magnetometer should also be deployed. When there doubt about the geographical position of akvre
after many repeat surveys, the above radius magdeed. Consideration should be given to theofise
wire sweep.

Each contact should be closely examined using citlesonar; should the contact be confirmed, itgipos
and least depth by close sounding should be estaldli A minimum of 4 good runs, comprising 2
perpendicular pairs, should be achieved. In tise cd wrecks, one pair of tracks should be parai¢he
axis of the wreck and one pair perpendicular to it.

Data regarding the contact can be obtained fromutee of sonar, echo sounder, magnetometer, wire
sweeping, diver or a combination of these. Eactamb should have the following detail:
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Position;

Least depth;

Nature of the object;

Length, breadth and orientation;
Depth, length and orientation of scour;
Debiris field length and orientation;
Strength of magnetic field.

@~ oo0op

Examination of the supplied wreck list may aid iifezation of the object; however caution should be
exercised in too freely linking newly discoveredesks with those contained in the wreck list. Disjng
searches may still be necessary in charted paositidhe use of divers may be helpful in identifyimgecks
and reporting their state and attitude; in parsicuhey may be able to locate high points, whicy mot
have been distinguished on the echo sounder or.sona

The least depth over wrecks and obstructions naststablished, in certain circumstances this wduire
the use of wire sweeping, which should be conduatest the position, size, orientation and probadwest
depth have been determined by sonar and echo souMize sweeping should be considered in the
following circumstances:

As directed in the Hydrographic Specification fpesific wrecks;

If the least depth is likely to be less than 40reset

Where depths around the wreck are significantfigdifit from those charted,;
When salvage/dispersal work has taken place deckast survey;

Sonar indication of protruding masts and structures

Areas charted as foul within an anchorage;

Wrecks in areas of strong tidal streams and sealobdity;

Where the position of the wreck is significantl{fetient from that charted.

S@meoo0oTy

Care should be taken to ensure that the wholechtba wreck is covered by the wire sweep, allveftdveral
laps, and that there are no gaps between the swldpsiot sufficient to cover only the areas @happear
to be high points on the sonar.

Particular attention should be paid to the soundihdepths <40 metres, where the least depth shmild
obtained over all seabed features. Interlinesldhaeirun in depth <40 metres unless the seabitat isnd
featureless and no dangers are shown to existrplete coverage by high definition towed sidescaras
or MBES.

4.8  Ancillary/miscellaneous Observations

Seabed samples should be obtained at regularaige¢hroughout the entire survey area. Additicaahples
should be taken in all likely anchorages, on aliksa shoals and seamounts, particularly where these
likely to be unstable, and in the channels betwieem. Approximately 10% of the samples obtainexikh
be retained for rendering with the final survey.

Seabed samples should normally be obtained throtighe survey area prior to commencing the arearson
sweep to provide a method of ground truthing threasgicture and to enable more accurate interpvetédr
seabed textures.

Before arrival in the survey all fixed and floatingvigation marks and aids should be identifieanfite

largest scale charts, List of Lights and List ofdRaSignals. On arrival all uncharted or listediigation
marks and aids should be identified.
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The position of each new fixed or floating navigatimark and any suspected of being out of their
charted/listed position should have its positiotedrined; floating marks should be fixed on thé ébb and
flood tides, however if an unambiguous positiorthef central mooring sinker/anchor can be obtaineah f
swathe bathymetry, it is permissible to quote dlsishe charted position.

For lit navigational aids the following should lzeorded:

The height of the focal plane;
Light and sound characteristics;
Light sectors and obscured arcs;
The structure shape and colour;
The top mark shape and colour.

PO oCP

Colour photographs of all marks should be takefinidusion in Sailing Directions.

Harbour authorities should be consulted over charigend to navaids to determine if such changes are
permanent or temporary. Details of any planneaigés should be obtained.

The details of port radio operations, includinglSReporting Systems (VTS, VTM, VTIS, etc), raditopi
services, radio navigation aids (including (Aeraflio beacons, radar beacons, etc), coast radionstat
services (ie. public correspondence details, néwiggl warnings and weather information broadcasts,
schedules, etc), GMDSS facilities, together withrSe and Rescue procedures, are to be obtained.

Every opportunity should be taken to obtain detafl®atural phenomena during the course of theesurv
Such phenomena includes:

a. Deep scattering layer is the biological layer, @iimgy of plankton, and other small marine
organisms, and the larger fish that feed on th&ertain of these have swim bladders which
respond to echo-sounder and sonar transmissiamsingascattering of the sound waves, which
may have considerable affect on sonar operatiddaports of the phenomenon are therefore
important and should be rendered;

b. Marine bioluminescence is caused chiefly by maanieals varying in size from microscopic
organisms to quite large fish, squid and jellyfish.is more commonly encountered in warm
waters than in cold, and is of considerable intex@snarine biologists and military scientists.
Reports on the phenomenon are therefore imponahsiaould be rendered;

c. Discoloured water is generally recognised to beoatnalways biological in origin. Water
samples and secchi observations from such areasf arensiderable interest and should be
obtained and reported;

d. Marine life reports should be made to cover whalevements and those of other marine
mammal species, which are of considerable inténeanti-submarine warfare and to marine
biologists. The presence of commercial fishingvagtin the survey area is of importance as the
sound generated by engines and deployed fishingrgag significantly affect ambient noise
levels. Also the occurrence of a fishing fleet nrajicate the presence of large fish populations;
sound scattering caused by shoals of fish may iinkdmar performance. Sightings should be
included in the RoS.
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5. COASTLINE DELINEATION
5.1 Coastlining General

The accurate delineation of the coastline (shakliand coastal features is an essential featura of
Hydrographic Survey, since the mariner is ofteruireql to fix his position by bearings and anglesamges
to promontories and similar features on the caastliGenerally, in hydrographic surveying, the tivasis
defined with respect to a HW datum.

The coastline, except in the most rapid and cursoryeys, must always be walked over in the fidhgmvits
nature permits. Many small river mouths and strelaave been missed by the practice of taking addoat
the coast and only landing at various discreetilmes.

In some instances, adequate land survey maps basetbdern air photography or satellite imagery will
provide data which can be used to assist in ptpttie coastline. Occasionally air photography béllflown
specially for a survey and an air “photo plot” puodd at the appropriate scale. This however does no
obviate the need to walk the coastline in the field

All land survey maps and air photo plots shoulcthecked in the field before use is made of thenthen
Bathymetric Sheet and Tracings to Accompany. Whermaps are suitable, the coastline must be gyoper
surveyed with key features being fixed by a regmiathod dependant upon the scale of the survey.

A surveyor delineating the coastline, even whertking a map or photo plot, should plot the Dryirigd_as
best as possible and should always note the nafttine foreshore. The best way to find the Dnfliimg is
by reduced soundings but every part of the foreskbould, if possible be seen at least once atatsr in
order to see whether there are dangers which rhigle escaped attention. This is particularly nergss
where the range of the tide is great.

5.2 Coastal Details Required
The surveyor should carry out the following tasks:

a. Delineate and fix the coastline by the best ouslavailable;

b. Fix and describe all objects CONSPICUOUS andmifrent to the mariner, which are not
already fixed, and check existing marks/featureshmarts and publications are positioned and
described correctly, even though they may bela iittand,;

c. Fix and describe or indicate on the chart bjects and features of the coastline which would
assist the mariner to fix himself and identify tbeastline. In large scale surveys this will
include very minor detail which can only be seaselinshore;

d. Measure and estimate the heights of all suatufes, some features can be described in general
terms such as “Low red cliffs, 5 to 6 metres high”;

e. Fix all islands, visible offshore dangers abthim their heights, also fix adjacent floating ksar
(buoys not on chart);

f. Describe the composition of the beach betwéenlaw water line (drying line) and the high
water line as well as above the high water linbe @ppropriate symbols should be inserted on
the Bathymetric Sheet;
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g. Indicate established landing places along thastcd-ix and describe groynes, sewer outfalls and
anything that might constitute a danger to landiRiers and jetties should also be fixed and a
full description obtained, which should include aéypf structure, depths alongside, height of
deck above the HW datum and facilities available;

h. Details of harbours should be obtained giving hegtHacilities and supplies available, this
information is to be included with the Sailing Qitens;

i. Where appropriate, correct spelling of pla@mes should be obtained from reliable local
sources and checked with names shown on existipg arad charts & publications.

In addition the surveyor may concern himself withdgraphical detail near the coast. The amoudetil
will depend on the time available, the scale ofdtleey and whether topography is going to be nbthby
another field party or by other means, such agraitography.

5.3 Detail Of Concern To The Mariner

CONSPICUOUS objects/marks. - Mariners use beariogseaks, churches, chimneys, windmills, masts,
permanent buildings etc. They will be visible frouite a distance offshore.

Prominent marks. — Again, Mariners will use beaginig peaks, churches, chimneys, windmills, masts,
permanent buildings etc. These marks will be ieditom quite close to the foreshore/coastline.

Headlands, Islands, Offshore features. - Marinsesbearings to left and right tangents and véttieghts
to cliff tops etc.

Harbour and Port facilities. - Determine dimensiand heights of jetties, orientation and deptbegside,
type of construction, mooring and berthing faebti small craft facilities, visiting craft detailaarinas, yacht
clubs, fuelling berths etc.

Principle Land Features:

Natural Objects - Hill summits, rivers, lakemrshes, woods, contours etc.

Artificial Objects - Buildings, towns, flagadts, roads, railways, factories etc.

Contours - Sufficient to indicate height ahdyge of coastal region.

Nature of the Foreshore and Near shore Topography assist in recognition and in selecting
landing places.

oo

Lights. - Details must be checked in the field agdinst entry in Light Lists.
Sailing Directions. - Full written descriptionstbe coastline and details of port and harboulifiasi
5.4 Topography

Where recent land surveys maps, aerial photograpptots from photographs are available, they shbel
thoroughly checked in the field and any discrepesoecorded.
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The topography shown on large scale charts shaulldn be checked in the field to update detaitkvig
not normally shown on maps and which is not vistdneaerial photos, paying particular attentiondastal
details e.g., beacons, flag staffs, groynes, &barted objects which no longer exist should berdsd,
preferably as deletions on a copy of the chartchvBhould be forwarded with the results of the eyrv

No topographic detail is to be shown on the Bathyim&heet unless it has been surveyed in the, fglds
existence and position on a map or air photo phaehbeen confirmed by the surveyor. Newly surveyed
detail must be included, detail from other sounsch is found to be correct may be transferredhto
Bathymetric Sheet, at the surveyor’s discretiogive a balanced, more complete presentation, putist be
inserted with meticulous care so that subsequestiegiconcerning its authenticity do not arise.

Where no modern maps or air photography existpptigraphical detail which will be of use to thermer
must be accurately fixed and shown on the Bathye®hreet. In particular, all features that maybed to

fix a ship’s position, whether visually or by radahould be plotted and, where practical, coordihat
Unless time and resources are available, effortildhoot be expended in recording minor topographica
detail of no direct interest to the mariner, or ebhis not visible from seaward.

Any changes that are found should be reported.
55 Delineation Of The Drying Line

The drying line is in general the basis for deteing the limits of the territorial sea and assaxdbtaselines
and its careful delineation is most important beeauf the affect it may have on fishery limits, @vance of
pollution regulations and the licensing of offshanéneral extraction, as well as on the delineatifn
international boundaries. Surveyors should theeefake special care that the drying line of théntaad,
islands and of all drying features, is adequat@indated even though it may be of little interiesthe
mariner.

The survey of an area involving drying features trhes considered incomplete if the drying line i no
adequately delineated, unless specific instructimasssued to the contrary.

5.6 Heights Of Land Features

The height of all land bordering the coast mustlbined even if the elevation is small, in patticevery
small islet and rock which shows above water masetits height noted against it. If there are unomits
available, the heights of the tips of tree or idEamust be found and recorded. Similarly the hedglail tall
artificial features such as masts, chimneys etc.

Cliffs must have their heights noted, and theioaolf in any way remarkable.

Heights of objects should be referred to MSL (sreijuivalent), if this is impractical, the actueidit of the
object may be shown as a legend. For special paspor in river surveys, other criteria for thesrefce
plain may be used.

5.7 Charting The Foreshore

The main concern when charting the foreshore ixtthe position of all dangers which may have been
missed by routine sounding, such as rock outcropeam made obstructions. Objects that lie beybed t
drying line will have to be intersected. Pipelimscables prominent on the beach may extend osédo
beyond the drying line and be a hazard when anafporiFinally the nature of the foreshore should be
recorded.
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5.8 Coastline Overlay

A properly prepared coastline overlay should contai

a.

Title of the Survey. Survey specification numlseale, ship’s hame and any other subsidiary
identification;

Position of all co-ordinated marks to be used;

Grid and Geographical positions pricked andlait in ink with value of at least 2 of each
positions;

Diagonal scale;

True and magnetic meridians;

A note of the value of least plottable distanceicilis ¥ mm on paper, regardless of scale (1 :
10 000 = 2%2m).

5.9 Use Of Air Photo Plots

An air photo plot of the coastal area within tmeils of a Hydrographic survey will sometimes bepared in
the Hydrographic Office when:

a.
b.

C.

Existing mapping of topography is outdated, poanam-existent;

Features of hydrographic interest, eg underwatekstoare either shown inadequately, or not
included, on topographical maps, and are evidephotography held;

Drying heights can be accurately and efficienthalelsshed by photogrammetric means.

When an air photo plot has been supplied in supd@tsurvey specification, the following proceduaam be

adopted:

a.

The photo plot is to be thoroughly checked in fle&lffor errors in photo interpretation, shape
and position. Difficulties experienced in phototptompilation and discrepancies with existing
data, will be highlighted in the photo plot repdimat accompanies the photo plot. Special
attention must be given to resolving these diffeesn

Data on the photo plot which has not been verifiethe field must not be included on the
Bathymetric Sheet. It should be noted that thesiate derived from air photographs rarely
coincides precisely with Chart Datum, especialiatieas with gently sloping beaches and there
may be a need to adjust it before insertion orrtieSheet;

Amendments to the photo plot must be shown by mgrkbrrections on a copy of the photo
plot;

When required, air photographs supplied with thet gire to be marked by pricking and
identification on the reverse side, to show addélaontrol established for the survey.

Existing air photography can be of considerableing®astline delineation. Previously used grocoiwtrol
points should be checked against the survey rafersystem, remembering that the flight scale may ne
be expanded to 4 or 5 times to match the survdg.sdéote that ground elevation errors in photogrestny
are about 1/5000 of the flight height whilst honial errors are considerably smaller.

When coastline delimitation is the objective, lewtiar strips orientated parallel to the coastbheuld be
planned. Overlapping strips should include commmtrol points and the flights should co-insideiaw
water times.
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For large-scale surveys (less than 1: 50 000) whleoeogrammetry will be used to obtain ground fedied
other topographic details, additional 3d contrdl g required. Errors in co-ordinated ground oarpoints
should less than half the aerotriangulation efi@rpoints used during photogrammetic interpretatio

For strip aerotriangulation adjustment, 4 planadtiric (3D) control points are required. Furthendr
control points should be added to each strip.

In more complex flights with a large number of fatastrips, the aerotriangulation enables a block
adjustment to be made. The planialtimetric grocmmtrol points may be in the order of 5+0.2M (whigre

the model number of the aerotriangulation procegsgjditional altimetric control points may be read in
areas where accurate heighting of features isnegjui

For smaller scale surveys (greater than 1 : 50 8083ser number of ground control points will eguired,
some with only horizontal co-ordinates known. Tikialso true for satellite imagery.

Photogrammetry or satellite imagery does not neiiptereed for the surveyor to fully explore thestlrze
in the field.

5.10 Coastlining Methods

Whichever method is used, points must be fixechertHWL so close on paper that detail can accuraiely
drawn in between them. Spacing on paper depdmetefore, on the complexity of the coastline.

Typical recording for a traverse using sextant &@dpole is detailed below. Similar recording wabide
employed when resecting, or using a combinatiohotfi methods. Note the diagram shown embraces all

angles and distances on the recording page.

(Opposite page)

PLYMOUTH SOUND 24-9-94
1.5000 SEXTANT H0 174 o
(T SMITH REC:- AB WHITE B G
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() 1308 Dn WL - rocks Py
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wr'os’ @ o2 i3 e Fe ;774
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DRAKE 10°33° @a SWORD
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5.11 Plotting The Coastline

It is usual to draw the coastline by plotting tlesaction fixes or traverse points directly on mastlining
overlay, although a millimetric plotting sheet nago be used. It may also be appropriate to ccenet
turning points of a traverse and to adjust therorpo plotting. Prick through known co-ordinateoiris
used to start and close the traverse, the remaoiastline details are then plotted by hand.

The graphic method of plotting a coastline is giletow:

a.

Plot the points by protraction of angle andagise. It will be found most convenient to use a
large circular protractor of transparent plastirjrgjbow dividers, pricker and well sharpened
4H pencils. It is important to remember to avdid tise of short zeros on the paper for aligning
the protractor. When plotting rays, ensure thay tare drawn longer than required and that
prick holes made at the edge of the protractom@aieked so that they can be used again for
aligning the protractor if required. It is impartdo do this when the reference object is the back
mark of the traverse and therefore the zero fattippwould be very short if the back mark
prickholes were used for aligning the protractorstation pointer. If there is an acceptable
misclosure the traverse should be adjusted grdphidathere is a large misclosure it will often
be found to be due to a single gross error rat@n &n accumulation of minor ones. The
plotting should be checked carefully before abaimdphope and re-surveying the section in the
field;

The intermediate points, tangents and plotshgts are then drawn in from the corrected
positions of the turning points; care must be takerero on the corrected positions of the back
marks, drawing lines through them upon which tgrathe protractor;

The detail of the coastline between the intéligie points is then inserted using the sketch map;
air photographs and existing maps are of greastasse as is the information noted at the ends
of lines by boat-sounders;

The coastline is then inked-in using the appatg colours and symbols (see Int 5011). When
depicting cliffs or steep coasts, the base of liffs must be correctly charted but the tops can be
drawn far enough inland to permit the pen workeadriserted; similar exaggeration is necessary
with certain other symbols but great care mustaber with those representing low water
features to ensure that the seaward limit is ctiyrebarted.

5.12 Coastline Delineation Report

Coastline survey work should be reported in accaréavith Appendix 2 to this chapter, however sorne o
the more important aspects are detailed below:

a.

State the aim of the work, noting whether it wasipoate an existing chart, for a new chart or
another special purpose. Indicate what other ssun€ material were used in addition to field
observations by the surveyor on the ground;

A brief summary of the methods used and the meamums taken to establish control for the
coastline survey, including any air photo contmihgs;

Highlight any particular difficulties encountereddaany additional work required; provide an

indication for the time scale before resurvey mayecessary;

Provide an assessment of the co-ordination erfagreeyed objects and marks;

Describe all new control points established withratication of life expectancy, detail previous

control points reoccupied and assessed materitd; stéull station descriptions should be

rendered for all points;
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f.  Comprehensive details of the results obtained ghioellrendered; all plots, photographic views,
video records, harbour and port information rep@dmnples obtained and survey records to be
rendered should be listed;

g. The sources from which names have been obtainedldshe reported, if locally produced
modern maps have been used to confirm names, ceimetd be forwarded with the Report of
Survey;

h. The survey should comment on the completenessdittvey and indicate where further work
is required.

As with all survey records, it is vital that all agiline survey records are cross-checked to ensure
anomalies exist and that consistency between quiatidls is achieved. All records to be renderedtrbe
carefully checked and listed to ensure a clear nsteleding of the survey can be generated backeat th
Hydrographic Office.

6. DATA PROCESSING

The care and attention devoted to work in thelfrelst be extended to all aspects of data progeasid

to the careful and legible annotation of all oraimaterial used to generate the final records.e Th
underlying principle to be observed in compilingarls of any survey is that they must be entirely
intelligible to any person having a sound knowled§¢he type of survey concerned. The preparation
all data in the established manner, neatly, cohce®d accurately, is absolutely vital; terminolaiyould

be in accordance with the definitions in IHO Pudlion S-32.

6.1 Bathymetric

The output of the bottom detection process, whamguglBES, is an accurate time and angle of ariiwal
each measured depth. These 2 parameters areslisgdita to the ray tracing algorithms which cohtieem
into an accurate depth and along/across trackndistasing information about the SV profile to make
calculation, which is normally carried out in neaal time.

The sheer volume of gathered data with MBES inbéyianeans that area based processing is the only
realistic method. SBES can be processed in aasimmibinner, however line-by-line processing wittedtir
comparison against the echo trace, if generatedgs more appropriate.

The use of satellite navigation systems has redulbedamount of post-processing and track editing
necessary, however careful online QC of the nagigatystem output and statistics is vital to ensoae the
positional standards are achieved.

SV column profile data should be obtained at regidgervals during survey operations, particulafly
continuous SV observations are not being acquinedapplied. The interval between SV observatioiiis w
be determined by the environmental dynamics assdssa the initial temporal and spatial data oldim
accordance with paragraph 4.4.5.

All algorithms used for data editing should be rded and included in the RoS to enable a clear
understanding of the processing procedure to heedaby the Hydrographic Office. The smoothing and
filter parameters may be detailed in the Hydrogia@pecification or standardised by the Hydrogrephi
Office, any variations should be justified in theR Excessive filtering and smoothing should leded.

The editing and processing procedure must folldagecal path with a clear audit trail to enableadtions

and parameters to be checked and approved, a rQausbutine must be in operation throughout, which
should allow for comparison against previous swsypyblished charts or validated survey data, gathst
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recently obtained adjacent survey data. Carefgpdation of the crossline/checkline data should be
undertaken, a statistical plot should be producebamy differences ¥2 x sounding error budget should be
investigated.

Observed tide gauge and pole readings should heeddo sounding datum at the tide station usieg th
values obtained for each when they were instalkely co-tidal time and range factors should be iagpio
reduce the observed tides to the values at thegarea.

A daily comparison of the tide gauge and tide p&iteuld be carried out by comparing simultaneous
readings. After reduction to sounding datum, siamdous tide pole and tide gauge readings should be
compared to ensure that the tide gauge was regocdimectly.

Reduced tide gauge readings should be plottedhenesulting tide curve compared to the predictedecat
the tide station to ensure consistency of data@edsure that the tide gauge was recording ctyrddhless
‘steps’in tides are expected, curves may be smodtrge or repetitive steps should be notedérRbS and
the tide gauge checked for any malfunctions.

When using telemetry links with established gaugespmparison of actual gauge and telemetry values
should be conducted during the 25 hour pole/gaaggarison and then at intervals throughout theesurv

Data density should be aligned with the objectaigte requirements, which will determine the grizkesto
be used. In surveys for navigational chartingash@as is the normal criteria; however there areasions
when mean depth will be appropriate. The Hydrdg@a@pecification and the Hydrographic Office pglic
should provide guidance on the requirements.

The Hydrographic Specification should detail theafi survey product presentation including contour
intervals; however full use should be made of thenerous visualisation tools available to aid in the
checking and QC of the survey. Some of the visatitin formats are:

Sounding plots;

Contour plots;

Digital colour sounding and contour displays;
3D colour depth surfaces;

3D grey scale sun illuminated surfaces.

®Poo oW

If 3D grey scale sun illuminated surfaces are edtathe surface should be viewed from 2 perperaticul
directions to highlight any anomalies or artefadidch may need further investigation.

Note should be made of all features and least déptltomparison against sonar records, if obtaiedny
event, an assessment should be made as to whather investigation is required.

6.2 Seafloor Characterisation

The texture data deduced from the sonar trace aisbatter data will be merged into a mosaic eitfsang
an automated system or by creating a hand draviieddexture collector. In both cases interpreatatidl
be guided by the grid of seabed samples takereearlihe survey.

Initial detail should include the crests of sandasawith heights, the positions of obstructions vhigights

and the start and end of rock outcrops and pinsadexture detail should be plotted to definelitnés of
texture boundaries. Care should be taken to eesafermity of texture details to previously sunagas.
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Instances will occur when additional seabed samgulesequired to clarify complex seabed texturasre
Sufficient additional seabed samples should beirastauntil confidence has been achieved that thbesk

has been accurately classified.
The quality and totality of sonar coverage shoddibtermined by inspection of:

a. A plot of the ship’s track, inspection will ree@ny gaps in coverage due to poor line keeping or
excessive towing speed, these gaps should be re-run

b. Line quality control data which will indicate effner the maximum tow speed has been
exceeded, areas of excessive should be re-run;

c. Sonar traces should be inspected to ensurehihaowfish was deployed at the correct height
above the seabed and that good data was beingled¢c@ny areas with suspect data should be
re-run.

6.3 Feature Detection

Wreckage or artificial obstructions which standyst@f the surrounding seabed may constitute a tidear
shipping or to submarines navigating over contigleshelf areas. All such objects must be located,

examined and recorded.

During the initial sonar sweep of the area, sorsaes must be carefully examined and all contéatlyIto
represent obstruction carefully noted. Contaatsishbe recorded methodically recorded:

Sonar trace number;

Julian day and time;

Contact number (should be consecutively througlstineey);

Fix details;

Port/Starboard channel;

Slope range;

Layback;

Height of towfish above seabed;

Assessment of contact;

Further action required (ie. investigate, interligaick look, no further action).

- T@ 0 e0oTw

The magnetometer trace and depth data should dribaexamined to provide supporting evidence.

On completion of an examination the records shbaldarefully checked to ensure that the procesbders
conducted thoroughly. The following points shoblel considered when assessing the thoroughness of a

examination:

a. As long as a wreck, foul or obstruction contsitee be a hazard to navigation or other marine
activity, it must appear on the chart;

b. Any objects described as giving ‘non-sub’ eshmewhich constitute a ‘foul’ on the seabed must
be found, classified, fixed and recorded; whethamgerous to shipping or not, they must be
disproved;

c. The onus is to classify or disprove every tthwreck, foul, obstruction or contact previously
described as ‘non-sub’; unless disproved beyontitithey must remain on the chart.
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The satisfactory examination of every significabjeat located during a survey is a major factaéaiding
whether an area has been fully surveyed.

6.4  Ancillary/miscellaneous Observations

Tidal stream, gathered during the survey via wlatewethods, should be assessed for validity and
consistency. Where previous tidal stream datasxise new observations should be compared taensu
continuity and uniformity. Where no previous datasts, observations should be inspected to enbate
they are in agreement with tidal streams expercbrohgring the survey, which can be assessed from
comparisons between the courses and speeds settabaicourses and speeds made good.

It is usual for the analysis of observed tidal atmedata, for inclusion on charts, to be conductgdhbe
Hydrographic Office.

The mean position of floating navaids should beutated from the observed ebb and flood positionkess
a position of the sinker/anchor can be deducted ffee swathe bathymetry.

The position, characteristic, sectors and physileacription of each fixed or floating navaid shoblel
compared against the published chart, the reledantof Lights and Sailing Directions as a grossoer
check. Itis important to verify that the deriyasitions for navaids meet the required standards.

The final list of fixed and floating navaids obsedvfor and checked within the survey area should be
compared with the original listing created from puilished charts, List of Lights and Sailing Dtreas, in
accordance with paragraph 4.8.3, to ensure comgetrage of all navaids.

Any variations from the published data and confolnweith responsible authorities in accordance with
paragraph 4.8.7 should be reported immediatelignale-mail to the Hydrographic Office and folladvep
with a Hydrographic Note.

The details of port radio operations obtained dytire survey, in accordance with paragraph 4.8@jld be
checked against the relevant List of Radio SigaafsSailing Directions.

Details of any marine life, bioluminescence, secdeep scattering layer observations should beeredd
Details of other features, such as pock marks @nd lakes, and any sediment samples should be giith
a description on how the observations were made.

If ocean fronts, eddies or internal waves have lieagstigated, details of their locations, the tgbéeature,
the methods used and the sensors employed shoytdobigled. Comment on how the data has been
rendered and any conclusions made.

6.5  Compliance with the Plan

An assessment should be made of the completenéiss sfirvey and its compliance with the Hydrographi
Specification and the original plan. Any areas clthirequire further investigation, including areas
incompletely surveyed or the Hydrographic Spedificarequirements have not been achieved, should be
identified and what actions are required to redtiiy shortfalls, which may be due to equipmenttétions

or physical conditions. Any further work requirsdould be highlighted and recommendations should be
made on how it can be successfully approacheckifuthre.
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7. DATA RENDERING
7.1  The Report of Survey

When survey material of any sort is rendered tdtydrographic Office, it must be accompanied bgzort,

in some form or other, of how it was obtained. alfew cases, such as Hydrographic Notes, this reay b
relatively brief, but in the vast majority of casé®e Report of Survey forms the core of the sudata, and
should remark on every aspect of the survey anadllather data being rendered with it. For conioerat
bathymetric surveys, it is often divided into twarys; an example of their contents is containesppendix

2 to this chapter.

The Report of Survey is the principal means by Wwithe Surveyor in charge approves the contentd bf A
survey records and is thus a very important doctinagr the Surveyor must take considerable caits in
presentation. It must give a clear and comprekeraicount of how the survey was carried out, ¢iselts
achieved, the difficulties encountered and thetsborings. Emphasis within Part 1 should be plawethe
analysis of achieved accuracies and whether thefispéons called for in the survey specificatiand IHO
Publication S-44 standards have been met. Paohfins the necessary technical discussion to suppo
opinions expressed in Part 1. It should be barmaind that it is often just as important to sayatwvas not
done and whyas to say what watone and how

A thorough Report of Survey can reduce the needstibisequent correspondence between Hydrographic
Office and survey unit, which otherwise may be seagy to elucidate points which have not been eolvier

a less exhaustive report. The example at AppeRdprovides an outline of the material that it i# fe
advisable to include along with a format suitatde bathymetric surveys. It is useful to note agaamy
paragraphs which are not applicable to a particalawvey a brief statement of the form ‘No .......
observations were conducted'.

The Report of Survey is as much a fair record efdghrvey as any other, and must be compiled arsgire
with as much care, neatness and accuracy. Theamamd format in which it is rendered to the
Hydrographic Office will vary according to natiomafjuirements.

The Report of Survey and associated survey datd&itendered to the Hydrographic Office whereiit w
undergo a rigorous validation and appraisal proctss recommended that a complete copy of thdesed
data should be kept in the survey unit until akbrigs have been answered. It should be rememtiexetihe
verified Report and data set will be archived ardain as the definitive data source for the creaifduture
products.

7.2  Data Requirement

The Hydrographic Specification will articulate tfeason for the survey and the primary product reqent
of the customer, ie safety of navigation or calipelne route surveys will be bathymetry driven,
minewarfare and archaeological surveys will be abjietection led whilst environmental surveys may b
seabed texture and water column based. The Hyapbigr Office will detail what data is to be rendkbom
completion of the survey and to what time scale.

7.3  Data Format and Density
Most Hydrographic organisations have detailed stedw for data format and data density to meet their

requirements. The Hydrographic Specification datail any variations to these standards in the fdainat,
which will depend upon the survey system to be asetthe systems available for verification andtediion
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of the rendered data. The modifications to thea d#gnsity will be stipulated in the Hydrographic
Specification.

Modern visualisation tools have allowed signifitamreater flexibility to the surveyor in data peesation,
both digitally and graphically. Care must be tak@®ensure that the inherent cautiousness of hyaipbic
surveying is not blinded by the multi-coloured iraagwhich can be created with relative ease andmain
human interaction.

7.4  Media Requirement

The Hydrographic Specification will detail in whichedia the survey data is to be rendered and whieike
a fully digital survey or if fair graphics are recd by the customer. The common media used are:

DVD;

CD-Rom;

DAT Tape;

Fair graphics on Ozatex/Cronaflex;
Paper records.

®PoO0TY

Whatever the media, great care should be takenttdéthransmission and handling to ensure that e d
arrives at its final destination uncorrupted andamaged. Much of the data will be unique, willnfiothe
basis for amending and maintaining charts and gaiidins until the area is resurveyed (probably veayny
years in the future), and will become part of tlaion’s archives as public records. It followstthias
material must be afforded the highest degree afrggat all times, for to lose a part or all ofaibuld clearly
be very expensive in time, effort and material.

C-13



478

REFERENCES

Edition 1/04 2004 Hydrographic Quality Assurance Instructiond&JK Hydrographic Office

for Admiralty Surveys

17" Edition 1996 General Instructions for Hydrographic Surveys UK Hydrographic Office

11" Section 1968 Admiralty Manual of Hydrographic SurveyindJK Hydrographic Office

1969 to 1973

Volume 1

Admiralty Manual of Hydrographic SurveyindJK Hydrographic Office
Volume 2

PP24 (Parts 1 & The Use of Side-scan Sonar for Hydrographi¢k Hydrographic Office
Surveying and the Gathering of Bottom Texture

2) 1987

5" Edition — 1994

5" Edition — 2008

1 January 2002

1 July 2003

Fourth Edition
4 July 1976

March 2003

Information

“Hydrographic Dictionary” S—-32

“IHO Standards for Hydrographic Survey”
S-44

EM 1110-2-1003"“Hydrographic Surveying”

International Hydrographic
Organization, Monaco

International Hydrographic
Organization, Monaco

U.S. Army Corps of Engineers,
Department of the Army,
Washington.

EM 1110-1-1003“NAVSTAR Global Positioning).S. Army Corps of Engineers,

System Surveying”

“Hydrographic Manual”

Department of the Army,
Washington.

Melvin J. Umbach Rockville,
Md.

U.S. Department of Commerce

National Oceanic and
Atmospheric Administration
(NOAA)

National Ocean Service (NOS)

NOS Hydrographic Surveys “Specifications and.S. Department of Commerce

Deliverables”

National Oceanic and
Atmospheric Administration
(NOAA)

National Ocean Service (NOS)

C-13



479

A.A. 2002/2003  “Lezioni di Idrografia teorica ed operativa” Luigi Sinapi
Napoli

1976 “Electronic Surveying and Navigation” Simo H. Laurila
John Wiley & Sons, Inc
New York (USA)

January 1983 “Electronic Surveying in practice” Simo H. Laurila
John Wiley & Sons, Inc
New York (USA)

1991 “Radionavigation system” Bdrje Forssell
Prentice Hall International (UK)
Ltd
July 1974 “Sea Surveying” Alam E. Ingham
John Wiley & Sons, Inc
New York (USA)

C-13



Edition 1/04 2004

17" Edition 1996
11" Section 1968

1969 to 1973

PP24 (Parts | &
2) 1987

PP25 1990
1998

Prima Edizione —

2000

Prima Ristampa —
2001

Terza Edizione —
1949

1T 3100.

Quinta Edizione —
1992/Prima
Ristampa — 1998

NorMas FC 1028

Seconda Edizione
—-1978

5" Edition — 1994

5" Edition — 2008

1 January 2002

480

BIBLIOGRAPHY

Hydrographic Quality Assurance Instructions
for Admiralty Surveys

General Instructions for Hydrographic Surveys

Admiralty Manual of Hydrographic Surveying
Volume 1

Admiralty Manual of Hydrographic Surveying
Volume 2

The Use of Side-scan Sonar for Hydrographic
Surveying and the Gathering of Bottom Texture
Information

The assessment of the Precision of Soundings

“La georeferenziazione delle informazioni
territoriali”

“GPS Principi Modalita e Tecniche di
Posizionamento”

“Topografia”

“Manuale di Idrografia per la costruzione delle
carte marine

“Manuale dell Ufficiale di Rotta”

“Norme di Massima per i Rilievi Idrografici”

“Hydrographic Dictionary” §-32

“IHO Standards for Hydrographic Survey”
S—44
EM 1110-2-1003 “Hydrographic Surveying”

UK Hydrographic Office

UK Hydrographic Office
UK Hydrographic Office

UK Hydrographic Office

UK Hydrographic Office

UK Hydrographic Office

Luciano Surace

Estratto dal "Bollettino di
geodesia e scienze affini"

A. Cina

Celid

L. Costa

Cooperativa
Universitaria — Genova

Libraria

Manoia G. Romagna

Accademia Navale di Livorno

Istituto Idrografico della Marina,

Genova

Istituto Idrografico della Marina,
Genova

International Hydrographic
Organization, Monaco

International Hydrographic
Organization, Monaco

U.S. Army Corps of Engineers,
Department of the Army,
Washington.

C-13



481

1 June 2002 EM 1110-1-1004 “Geodetic and Control U.S. Army Corps of Engineers,
Surveying” Department of the Army,
Washington.
1 July 2003 EM  1110-1-1003 “NAVSTAR Global U.S. Army Corps of Engineers,
Positioning System Surveying” Department of the Army,
Washington.
31 August 1994 EM 1110-1-1005 “Topographic Surveying” U.S. Army Corps of Engineers,
Department of the Army,
Washington.
Fourth Edition “Hydrographic Manual” Melvin J. Umbach Rockville,
4 July 1976 Md.

U.S. Department of Commerce
National Oceanic and Atmos-
pheric Administration (NOAA)
National Ocean Service (NOS)
March 2003 NOS Hydrographic Surveys “Specifications and U.S. Department of Commerce
Deliverables” National Oceanic and Atmos-
pheric Administration (NOAA)
National Ocean Service (NOS)
A.A. 2002/2003 “Lezioni di Idrografia teorica ed operativa” Luigi Sinapi
Napoli
1976 “Electronic Surveying and Navigation” Simo H. Laurila
John Wiley & Sons, Inc
New York (USA)
January 1983 “Electronic Surveying in practice” Simo H. Laurila
John Wiley & Sons, Inc
New York (USA)
1991 “Radionavigation system” Borje Forssell
Prentice Hall International (UK)
Ltd
July 1974 “Sea Surveying” Alam E. Ingham
John Wiley & Sons, Inc
New York (USA)

C-13





