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GENERAL DEFINITION
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q Hydrography is the science of measuring and depicting those parameters 
that are necessary to describe
- the precise nature and configuration of the sea-bed
- its geographical relationship to the landmass
- the characteristics and dynamics of the sea.  

qThe parameters encompass bathymetry, geology, geophysics, tides, 
currents, waves, and certain other physical properties of sea water



ROLE OF HYDROGRAPHIC SURVEY FOR 
PROJECT
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Hydrographic surveys are always employed 

§ to estimate the dredging requirements & quantities 
§ determine dredging contractor payment
§ monitor the offshore disposal areas, 
§ certify final acceptance and clearance of a project to its authorized navigation depth.



DATA TYPE
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q Bathymetry : “measure of the depth,” data provides depth contours of the bottom surface.

q “X,Y” = positioning data from Global Positioning System (GPS)

q “Z” = sounding data from echo sounder. Measures depth of water by time it takes for sound to 
transmit and return to transducer.

q Time = data used to correct for water level (tide) at time of data collection

q Features: data points, lines, and areas acquired to delineate natural and man-made charted 
features.



POSITIONING
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1) Positioning (XY/Easting Northing or Latitude Longitude)

q Positioning of soundings will acquired by
DIFFERENTIAL GLOBAL POSITIONING
SYSTEM (DGPS) technique. A basic system of
DGPS requires a GPS receiver (called a Reference
or Base station) placed on a precisely known
surveyed point and a user GPS receiver in the
field which normally known as rover or remote
receiver. Both GPS receivers were tracking and
observing satellites in view that passes in the area
at the same time. Since Base Station receiver was
sited on a known coordinated point, error in the
measurement of each satellite can be calculated
at the Base Station and these errors were then
transmitted and applied as corrections to the
Rover receiver in the field.



POSITIONING
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DGPS correction = x+(30-5) 
and y+(60+3)

True coordinates = x+25, y+63

x-5, y+3

x+30, y+60

x+5, y-
3

DGPS 
Site

True coordinates 
=  x+0, y+0 

Correction = x-5, 
y+3

DGPS correction = x+(30-5) 
and y+(60+3)

True coordinates = x+25, 
y+63

x-5, y+3

DGPS ReceiverReceiver



POSITIONING
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q AUTONOMOUS
10-20 METERS

q DIFFERENTIAL
2-5 METERS

q PHASE DIFFERENTIAL
CENTIMETER

2-5m10-20 m cm

Three Methods Or Accuracies Of Positioning



GLOBAL NAVIGATION SATELLITE SYSTEM 
(GNSS)
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AUTONOMOUS CORRECTION

SATELLITE BASE 
AUGMENTATION SYSTEM

RTK

ORIGIN & COVERAGE

WAAS – USA

EGNOS – EUROPE

SUBSCRIBE

-OMNISTAR

-SEASTAR

GROUND BASE 
AUGMENTATION SYSTEM BEACON

SDCM – RUSIA

GAGAN - INDIA

-ATLAS

-VERIPOS

-STARFIX



GLOBAL NAVIGATION SATELLITE SYSTEM 
(GNSS)
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DEPTH MEASUREMENT
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q The Sea Bed Level Is Normally Determined By Measuring The Depth Of Water Above The Sea Bed.

q The Measured Depth Values Are Simultaneously Recorded Relative To Some Appropriate Datum, Such
As Chart Datum (Mostly The Local Level Of The Lowest Astronomical Tide : Lat)

q During The Period Of The Survey The Sea Level Must Be Recorded Accurately And Preferably At A
Location Where The Sea Level Is At Any Time The Same As That In The Survey Area. In Some Cases
Area The Difference In Sea Level Must Than Be Calculated By Using Long Wave Hydraulic Theory.

q There Are Three Ways To Measure Water Depth :

1) Sounding Line ( A Lead Line With Marks Every 0.1m )

2) Sounding Pole (For Limited Depth Only)

3) Echo Sounder (The Most Rapid And Convenient Method)



DEPTH MEASUREMENT
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DEPTH MEASUREMENT
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DEPTH MEASUREMENT
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q The Accuracy In Determining Sea Bed Levels Is Inferior To That Normally Attainable In Land

Survey. When Sounding Close To Structures The Echo Sounder Can Be Affected By Side Echo’s

And A Lead Line Or Sounding Pole Should Be Used.

q The Accuracy Is Effected By The Characteristics Of The Sea Bed Material, The Surrents (Only

When Using Lead Line), The Thru Position When Crossing Slopes And Wave Heights. For

Consistent Results, The Method Of Sounding Should Not Vary, E.G The Same Type Of Echo

Sounder Should Be Used During The Whole Project Duration.



ECHO SOUNDER
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q An Echo Sounder Measures The Time Lap Between The Moment Of
Sending A Sound Signal And The First Reception Of The Reflection
Of That Signal On The Sea Bottom (=The Echo).

q The Transducer And Receiving Hydrophone Are In One. Multiplying
This Time Lap With The Speed Of Sound In Water Results In Twice
The Distance Between The Transducer And The Sea Bottom.

q The Bundle Width Has A Great Effect On The Actual Measured
Depth When The Bottom Has A Slope. This Is Because Of The Fact
That The First Echo Is Displayed On The Screen As The Bottom
Straight Vertical Below The Transducer And This Is Not True When
The Bottom Has A Slope.
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ECHO SOUNDER
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The top of the soft silt layer is reflecting the 200KHZ signal and the harder rock

and sand bottom are reflecting the low frequency 30KHZ signal that travels

through the soft silt layer.

ECHO SOUNDER
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q THE EFFECT OF WAVES

As Stated Above The Negative Effect Of Waves Can Be Considerable And Is Due To The

Heave, Pitch And Roll Movements Of The Surveying Vessel. When No Compensation Is Made
For The Heave Caused By Waves The Result Will Look Like The Photo Above :

ECHO SOUNDER
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ECHO SOUNDER

q BAR CHECK

The Echo Sounder Must Be Checked Regularly By Performing A So Called “Bar Check”. This Is A Very Simple
Procedure: A Horizontal Plate (On A Bar) Is Lowered Under The Echo Sounders Position At Several Known Depths
While The Depth Of The Plate Is Measured By The Echo Sounder. Another Type Of Useful Control Is Sailing Over A
Horizontal Plate Fitted On The Bottom At A Known Level.
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MULTI BEAM ECHO SOUNDER (MBES)

q MULTIBEAM ECHO SOUNDER

Modern Echo Sounding Techniques Use Many Narrow Beams At Once In One System Each
Beam Targeted At A Slightly Different Angle As Referred To The Central Vertical Beam.
These Echo Sounder Are Called Multibeam Systems
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SURVEY RESLUTS

q THE PRESENTATION OF SURVEY RESULTS

Single Beam Echo Sounding (Sbes) Results Are Traditionally Presented As Numbers On A Map

Indicating The Local Depth.
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SURVEY RESLUTS



NAVIGATION CHART
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DATUM

What Datum to choose?

WHAT IS DATUM?

USED AS A BASIS FOR CALCULATIONS OR MEASUREMENTS, AS A LEVEL FROM 
WHICH ELEVATIONS AND DEPTHS ARE MEASURED IN SURVEYING. (REFERENCE 
LEVEL)

STANDARD PORT – CHART DATUM
LOCAL PORT/JETTY – MSL (MEAN SEA LEVEL)/ LAND SURVEY DATUM (NGVD) 
NATIONAL GEODETIC VERTICAL DATUM.
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DATUM

Datum and Relation
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DATUM

Tides Types
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PROJECT REQUIREMENT

q Dredging & Reclamation

i) What Type Of Survey Needed?

Single Beam Echo Sounder (SBES) – shallow area < 5m – 10m depth average or
Multi Beam Echo Sounder (MBES) – deep area > 5m to 20m depth average
Combination of Bathymetric Survey & Topographic Survey (Reclamation)
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PROJECT REQUIREMENT

ii) Standard Port – MBES
iii) Local port /Fisherman / RTB – SBES

iv) If there were cables /pipe /boulders /coral 
/wreckage underneath the proposed channel or 
Reclamation. What type of survey should be applied?

a. Magnetometer Survey – to identified metal 
element under the seabed/measure magnetic field.

b. Side Scan Sonar – to capture image ie. Ship 
wreck,coral or exposed big pipe.

c. Sub-bottom profiler – to gather layers of seabed 
profile ie. Rock,sand or mud etc
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PROJECT REQUIREMENT

DREDGING & RECLAMTION cont..

vi) What Coordinate System to be used GDM 2000 CASSINI OR RSO / MRSO / UTM / WGS 84

Contractor for dredging usually apply UTM & WGS 84 which widely used globally
Contractor for reclamation  mostly use RSO if the size of reclamation is enormous

However when the project is completed the client will engage Licensed Surveyor for land matters. 
Licensed Surveyor will apply GDM2000 in their survey for Land Office approval.
Conversion between multiple coordinate systems are unavoidable. Conversion tends to produce error.

Hence, the accuracy of the survey is utmost important. There must be some standards to be 
followed as guidance.
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HYDROGRAPHIC STANDARD
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SURVEY PROJECT (EXAMPLE)
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PROJECT OVERVIEW

Quality Control

Survey Equipment

Survey Team Organization

Tentative Programme

Other Possibility Method

Video

Survey Area

Geodetic Parameter

Bathymetric Survey

Tidal Observation/BM Location

Bathymetric Survey Guideline
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SURVEY AREA

PLAN VIEW

3D VIEW
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SURVEY AREA
q Original Sounding Lines 

Hydrographic survey at 1m interval 
offset from each / every pier
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SURVEY AREA

q Proposed Additional Lines For Additional Data

Hydrographic survey at 10m interval
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GEODETIC PARAMETER
SATELLITE GEODETIC SYSTEM (GPS)

Datum name WGS 84
Reference spheroid WGS 84
Semi-major axis 6 378 137.0 metres
Semi-minor axis 6 356 752.314 2 metres
Inverse flattening 298.257 223 563
Eccentricity squared 0.006 694 379 990 13

LOCAL GEODETIC REFERENCE SYSTEM AND MAPPING PROJECTION 
PARAMETERS

Datum Name KERTAU (M’SIAN REVISED 
TRIANGULATION)
Reference Spheroid Modified EVEREST
Semi-major axis 6 377 304.063 m
Semi-minor axis 6 356 103.039 m
Inverse flattening 300.8017
Eccentricity squared 0.006 637 846 63
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GEODETIC PARAMETER (cont.)

LOCAL GEODETIC REFERENCE SYSTEM AND MAPPING PROJECTION 
PARAMETERS (cont.)

Projection system Malayan Rectified Skew 
Orthomorphic (MRSO)
Projection type Rectified Skew Orthomorphic
Unit of coordinates Metres
Latitude of Origin 4° 00’ 00” N
Longitude of Origin 102° 15’ 00” E
Bearing of Initial Line (Alpha) 323° 01’ 32.8458” E
Skew to Rectified (Gamma) 323° 07’ 48.3686” E
Basic Longitude (Omega) 105° 14’ 11.19435” E
False Origin (Easting) 804 671.30 metres
False Origin (Northing) 0.00 metres
Scale factor at Origin 0.999 84
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GEODETIC PARAMETER (cont.)

DATUM TRANSFORMATION

Transformation from WGS 84 to Kertau (MRT) Datum

DX 379.77603 m
DY -775.38371 m
DZ 86.60926 m
Rotation X 2.59674 sec
Rotation Y 2.10213 sec
Rotation Z -12.11377 sec
Scale 1

WGS 84 Datum

Latitude 2° 01’ 43.447” N
Longitude 102° 33’ 13.716” E
Height 0.00 m



PROGRAM LATIHAN JKR 2021 39

GEODETIC PARAMETER (cont.)

Kertau (MRT) Datum

Latitude 2° 01’ 43.799” N
Longitude 102° 33’ 19.341” E
Height 3.266 m

MRSO Grid

Easting 506 447.764 m
Northing 224 442.530 m
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BATHYMETRIC SURVEY
Methodology

Positioning of Soundings

Digital Hydrographic Surveying System

Sample of Survey Boat / Vessel

Sounding Datum (Land Survey Datum)
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BATHYMETRIC SURVEY

METHODOLOGY

Typical Seabed Profile Recorded On Echogram 
By Echo sounder

Option I : Single Frequency (High Frequency)

Option II : Dual Frequency (High & Low Frequency)
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BATHYMETRIC SURVEY

POSITIONING OF SOUNDING

Illustration of OmniSTAR DGPS Operation Diagram



PROGRAM LATIHAN JKR 2021 43

BATHYMETRIC SURVEY

DIGITAL HYDROGRAPHIC SURVEYING SYSTEM

DGPS RECEIVER

HYDROPRO NAVIGATION SYSTEM

Schematic 
Diagram Of 

Digital 
Hydrographic 

Surveying 
System
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BATHYMETRIC SURVEY

DIGITAL HYDROGRAPHIC SURVEYING SYSTEM (cont.)

Digital 
Surveying 

Acquisition 
System

Digital Echo 
Sounder 
System

DGPS 
Receiver
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BATHYMETRIC SURVEY

DIGITAL HYDROGRAPHIC SURVEYING SYSTEM (cont.)

Hydro Pro Navigation Software 
Interface
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BATHYMETRIC SURVEY

SAMPLE OF SURVEY BOAT / VESSEL
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BATHYMETRIC SURVEY

q SOUNDING DATUM (Land Survey Datum)

Sample of  
Benchmark
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PROPOSED  TIDAL OBSERVATION/TBM LOCATION

BATU UBAN JETTY
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BATHYMETRIC SURVEY GUIDELINE
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BATHYMETRIC SURVEY GUIDELINE (cont.)
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QUALITY CONTROL

Echo Sounder Calibration

Result of Barcheck

Trackplot

DGPS Integrity Check

Data Processing

Data Processing Flow Chart
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QUALITY CONTROL

Marking Of Chain For Bar 
Check

Bar Check 
Calibration In 

Progress
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QUALITY CONTROL

q RESULT OF BARCHECK

q TRACKPLOT

Echogram 
of Bar 

Check

Trackplot
Drawing
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QUALITY CONTROL
q DGPS INTEGRITY CHECK

Integrity 
Check
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QUALITY CONTROL

q DGPS INTEGRITY CHECK (cont.)

Scatter Plot of DGPS Positions 
during Integrity Check

DGPS Integrity 
Check At Known 

Point
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QUALITY CONTROL
q DATA PROCESSING

Large Amount of Depths Data 
Display on Terramodel

Depth Selection Menu

Depths Data Display on Terramodel 
After Sounding Selection
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QUALITY CONTROL
q DATA PROCESSING FLOW CHART 
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QUALITY CONTROL

q DATA PROCESSING FLOW CHART  (cont.)
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SURVEY EQUIPMENT

§ PROCESSING SOFTWARE

v AutoCAD
v Terramodel

§ SURVEY EQUIPMENT

v Reson Navisound Single Beam Echo Sounder
v Trimble Hydropro Software
v Fugro Omnistar DGPS 12 Channels
v RBR Seabed Tide Gauge
v Automatic Level
v Bar Check
v Survey Boat
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SURVEY TEAM ORGANIZATION

PROJECT MANAGER

ROHAIZAM AHMAD RODZHI

LAND TEAM

TEAM LEADER : AHMAD RUZAINI
ASSISTANT I : NORHAFIZI
ASSISTANT II : MAT ISA

SEA TEAM

TEAM LEADER : AHMAD SUKRI
ASSISTANT I : ABIDI
ASSISTANT II : AHMAD 
SAMIRAN
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TENTATIVE PROGRAMME

DATE WORK PROGRESS EXPECTED 
COMPLETED

29 APRIL LAND TEAM 5 WEEKS

7 MAY SEA TEAM 1 WEEK

15 MAY PROCESSING DATA 4 WEEKS
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OTHER POSSIBILITY METHOD

q TERESTRIAL 3D SCANNER
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OTHER POSSIBILITY METHOD

q SIDE SCAN SONAR
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OTHER POSSIBILITY METHOD

q SIDE SCAN SONAR RESULT
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OTHER POSSIBILITY METHOD
q MULTI BEAM 

Single Beam 
Hydrographic 
Survey System

Send out 1 sound at a time & find 
depth directly under the ship

Multi Beam 
Hydrographic 
Survey System

Send out an array of sound in a 
fan shape & returns depth 

underneath the ship & from other 
side as well
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OTHER POSSIBILITY METHOD
q MULTI BEAM : DIFFERENCE BETWEEN SINGLE BEAM & MULTI BEAM

MULTI BEAM SINGLE BEAM

Wide Coverage Low Coverage

Large Area Small Area

High Resolution Low Resolution

Reduce Ship Survey Timing Longer Survey Timing

Total Coverage of Bottom (3D) Spot Height Only

High Accuracy Low Accuracy
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OTHER POSSIBILITY METHOD
q SUB BOTTOM PROFILING
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OTHER POSSIBILITY METHOD

q SUB BOTTOM PROFILING RESULT



Survey Scope of Work

DIVIDED INTO 3 CATEGORIES

1. PRE SURVEY

2. INTERIM SURVEY / PROGRESS SURVEY

3. AS-BUILT SURVEY



PRE SURVEY

• Latest profile or topographic of sea or riverbed of 
dredging area.

• Determine the total amount of soil to be removed.

• Quantities is major contributor to the project 
evaluation.



Interim / Progress Survey

• Done after dredging works completed 
at certain agreed distance, chainage 
or block.

• To check or confirm the dredge depth 
has reach the design depth.

• Determine the dredged quantities.

• Usually witness by the Client, 
Consultant and the contractor.

• The survey results are part of interim 
payment documents.



As-built Survey

• Final survey for handing over 
the project.

• As an evidence for project’s 
completion.



BEFORE DREDGING



AFTER DREDGING



DESIGN CHANNEL
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VIDEO
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