
Chapter 10: Hydrographic Surveying

Introduction
Hydrographic surveying is a crucial branch of surveying concerned with the
determination of physical features of bodies of water, such as seas, oceans, rivers,
and lakes. It involves the measurement of depth (bathymetry), determination
of shorelines, tide levels, currents, and the nature of the underwater surface.
This form of surveying is essential for navigation, harbor development, offshore
construction, dredging, and coastal management.

Hydrographic surveys are executed using specialized equipment such as echo
sounders, GPS systems, sonar, and hydrographic software. With the evolution
of satellite and geospatial technologies, hydrographic surveying has become a
high-precision and data-intensive domain. This chapter presents the concepts,
techniques, instruments, and applications related to hydrographic surveying.

10.1 Objectives of Hydrographic Surveying
• To determine depth of water bodies (bathymetric surveys).
• To map the underwater topography and locate submerged objects.
• To monitor changes in coastline or river banks.
• To assist in navigational chart preparation.
• To support dredging operations and construction of marine infrastructure

(ports, docks, bridges).
• To study the impact of sedimentation and erosion.
• To support scientific research in marine geology and oceanography.

10.2 Classification of Hydrographic Surveys
Hydrographic surveys are broadly classified based on their purpose:

10.2.1 Navigational Surveys

Used to chart coastlines and underwater hazards for safe maritime navigation.

10.2.2 Engineering Surveys

Conducted for construction of harbor works, bridges, pipelines, offshore rigs, and
coastal protection structures.
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10.2.3 Submarine Cable and Pipeline Surveys

Used to map the seafloor for laying underwater communication cables or pipelines.

10.2.4 Resource Exploration Surveys

Carried out to assess underwater mineral deposits, oil, or gas.

10.2.5 Environmental and Scientific Surveys

Focus on understanding marine ecology, seabed composition, sediment transport,
and water quality.

10.3 Tides and Their Measurement
10.3.1 Types of Tides

• High Tide and Low Tide
• Spring Tides
• Neap Tides
• Diurnal and Semi-diurnal Tides

10.3.2 Importance in Hydrography

Tide levels affect depth readings. Therefore, tide corrections are essential during
hydrographic data collection.

10.3.3 Tide Gauges

• Float-operated gauges
• Pressure-type gauges
• Acoustic and radar tide gauges
• Automatic tide recorders

10.4 Sounding Methods (Depth Measurement)
Sounding refers to the measurement of water depth below the surface.

10.4.1 Direct Methods

• Lead Line Sounding

– Simple and traditional method.
– Uses a marked line with a plumb bob.
– Still used in shallow or narrow water bodies.
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10.4.2 Indirect/Electronic Methods

• Single Beam Echo Sounder (SBES)

– Emits a sound pulse; depth is calculated based on return time.

• Multi-Beam Echo Sounder (MBES)

– Measures depths over a wide swath; provides detailed bathymetric
maps.

• Side Scan Sonar

– Produces images of seabed features; ideal for identifying underwater
hazards.

• LIDAR Bathymetry (Airborne Laser Sounding)

– Uses airborne sensors to measure shallow water depths.
– Useful for coastal and reef areas.

10.5 Position Fixing Techniques
Precise position of the sounding point is essential for accurate mapping.

10.5.1 Shore-Based Methods

• Range and Bearings
• Intersecting Lines of Sight
• Horizontal Sextant Angles

10.5.2 Radio and Satellite Methods

• Differential GPS (DGPS)
• Real-Time Kinematic GPS (RTK-GPS)
• Total Stations with Prism on Boat (for close-shore surveys)

10.6 Horizontal and Vertical Control
• Horizontal Control: Ensures positional accuracy of surveyed area (X, Y

coordinates).
• Vertical Control: Relates depth measurements to a datum, usually Mean

Sea Level (MSL) or Chart Datum.

Common vertical datums:

• Mean Sea Level (MSL)
• Lowest Astronomical Tide (LAT)
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• Mean Lower Low Water (MLLW)

10.7 Hydrographic Survey Equipment
10.7.1 Survey Vessels

• Boats or ships equipped with echo sounders, GNSS receivers, computers.

10.7.2 Echo Sounders and Sonars

• Depth measurement instruments with transducers and processing units.

10.7.3 GPS/GNSS Units

• For real-time positioning and navigation.

10.7.4 Motion Sensors and Gyroscopes

• Compensate for vessel motion (pitch, roll, yaw).

10.7.5 Data Loggers and Computers

• For storage, visualization, and post-processing of hydrographic data.

10.8 Data Collection and Processing
10.8.1 Data Collection Procedures

• Continuous data logging while navigating pre-defined lines (sounding lines).
• Cross-checking for anomalies and ensuring complete coverage.

10.8.2 Data Cleaning and Editing

• Removal of noise, spikes, and false readings.
• Use of filters and manual verification.

10.8.3 Depth Corrections

• Applying tidal corrections using tide gauge readings.
• Adjusting for vessel motion (heave, pitch, roll).

10.8.4 Generation of Charts and Maps

• Processed data is converted into contour maps, digital elevation models
(DEMs), and nautical charts.
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10.9 Charting and Map Preparation
• Isobaths: Lines joining points of equal depth.
• Bathymetric Charts: Show underwater topography.
• Nautical Charts: Used for navigation, include depths, hazards, buoys,

and other aids.

Software Used:

• HYPACK
• CARIS
• QINSy
• ArcGIS/Global Mapper (for post-processing and visualization)

10.10 Applications of Hydrographic Surveying
• Safe navigation and updating nautical charts.
• Dredging and maintenance of waterways.
• Port and harbor development.
• Coastal engineering projects.
• Seabed cable and pipeline laying.
• Oil and gas exploration.
• Coastal erosion studies.
• Environmental impact assessments.

10.11 Errors in Hydrographic Surveying
10.11.1 Instrumental Errors

• Calibration errors in echo sounders or GPS.

10.11.2 Observational Errors

• Delay in signal reception, rough weather effects.

10.11.3 Tidal Errors

• Incorrect tide correction or wrong datum application.

10.11.4 Locational Errors

• Positioning inaccuracies due to signal loss or GPS drift.

Minimizing Errors:

• Use of real-time kinematic corrections.
• Repetitive sounding and cross-line validation.

5



• Proper calibration and maintenance.

10.12 Modern Trends in Hydrographic Surveying
• Autonomous Surface Vehicles (ASVs) and Unmanned Surface

Vehicles (USVs)

– Remotely operated for shallow or hazardous areas.

• Satellite-Derived Bathymetry (SDB)

– Remote sensing for large-scale shallow water surveys.

• Artificial Intelligence in Data Processing

– Automated feature extraction and classification.

• Real-Time Hydrography

– Cloud-based, live-streaming of survey data for immediate use.

10.13 Integration of GIS in Hydrographic Surveying
Geographic Information Systems (GIS) have become an integral part of modern
hydrographic surveys, enabling efficient data management, spatial analysis, and
visualization.

10.13.1 Role of GIS

• Integration of bathymetric, topographic, and environmental data.
• Georeferencing and overlay of multi-source datasets (e.g., satellite imagery,

sonar data).
• Spatial querying for hazard identification and infrastructure planning.
• Creation of thematic maps (sediment type, underwater obstructions, etc.).

10.13.2 GIS Software Tools

• ArcGIS, QGIS: For mapping, spatial analysis, and data layer manage-
ment.

• GeoServer, PostGIS: For managing large marine spatial databases.
• Marine Spatial Planning (MSP) Tools: Used for policy and coastal

zone management.
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10.14 Legal and International Standards in Hydrographic
Surveying
Hydrographic surveys must adhere to specific international standards, especially
for navigational and defense applications.

10.14.1 International Hydrographic Organization (IHO)

• Sets global standards for hydrography.
• Publishes S-44 Standards for Hydrographic Surveys – categorizes

survey orders (Special, Order 1a, 1b, 2).
• Issues the S-57 and S-100 standards for digital nautical charts.

10.14.2 Legal Framework

• UNCLOS (United Nations Convention on the Law of the Sea)
defines maritime boundaries, Exclusive Economic Zones (EEZs), and obli-
gations for hydrographic survey publication.

• Coastal Zone Regulation (India) restricts and governs survey and
development activities in coastal areas.

10.15 Safety Considerations in Hydrographic Surveying
Hydrographic surveys are often conducted in challenging marine environments,
requiring adherence to strict safety protocols.

10.15.1 Marine Safety Measures

• Use of life jackets, VHF radios, distress signals.
• Monitoring of weather conditions and tide forecasts.
• Ensuring safe navigation using marine radar and GPS.
• Emergency evacuation plans and trained crew.

10.15.2 Data Security and Confidentiality

• For defense-related surveys, data is highly classified.
• Survey data handling must comply with national security protocols (e.g.,

clearance from Indian Navy for coastal surveys).

10.16 Case Studies and Applications in India
10.16.1 Port Development – Mumbai and Visakhapatnam

• Hydrographic surveys supported dredging and breakwater construction.
• Multi-beam echo sounders and side-scan sonar used to assess seafloor.
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10.16.2 River Navigation – Inland Waterways Authority of India
(IWAI)

• Surveys along Ganga and Brahmaputra rivers enabled National Waterway
development.

• Used DGPS and SBES to establish navigable channels.

10.16.3 Coastal Vulnerability Mapping – Tamil Nadu and Odisha

• LIDAR and sonar used to detect erosion-prone zones.
• Supported disaster management planning and cyclone preparedness.

10.17 Challenges in Hydrographic Surveying
10.17.1 Environmental Challenges

• Poor visibility, sedimentation, and floating vegetation in shallow waters.
• Coral reefs and submerged rocks causing sonar distortions.

10.17.2 Technical and Logistical Issues

• High equipment cost and maintenance.
• Data overload from high-resolution sonar surveys.
• Skilled manpower and software expertise requirement.

10.17.3 Regulatory and Administrative Hurdles

• Delays in approvals for survey areas near international waters or sensitive
zones.

• Limited coordination among marine, defense, and civil agencies.

10.18 Future Scope and Emerging Technologies
10.18.1 AI-Driven Hydrography

• Machine learning models for auto-classification of seabed materials.
• Predictive modeling of sediment movement and tidal behavior.

10.18.2 3D and 4D Bathymetric Mapping

• Time-sequenced bathymetry to observe changes in sea floor topography
over time.

• Real-time 4D modeling for dynamic coastal systems.
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10.18.3 Crowdsourced Hydrography

• Encouraging ships of opportunity (commercial vessels) to collect depth
data.

• Supported by platforms like Sea-ID and GEBCO.

10.18.4 Integration with Marine Drones and AI

• Autonomous Underwater Vehicles (AUVs) and Remotely Operated Vehicles
(ROVs) for deep-sea exploration.

• Swarm robotics for coordinated surveying.
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