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1.0 INTRODUCTION 

Ports and harbours are the country’s gateways to the world, facilitating ocean borne 
transportation aspect of the international trade and commerce as also movement of people 
through ocean going vessels / ships. Approximately 95% of the country’s trade by volume and 
70% by value are moved through Maritime Transport. Historically, investments in the port 
sector have been made by the State, mainly because of the large resources required, long 
gestation period, uncertain returns and a number of externalities, associated with this 
infrastructure sector. However, the growing resource requirements and the concern for 
managerial efficiency and consumer responsiveness have led to the active involvement of the 
private sector in this infrastructure services in recent times. 
 
2.0 GIS APPLICATION IN L&T’s PORT PROJECT 

Larsen & Toubro Limited (L&T), which is one of the India's largest engineering and 
construction conglomerate, had a joint venture with Tamil Nadu Industrial Development 
Corporation (TIDCO) for the purpose of developing Minor Port and Shipyard project at 
Kattupalli, which is located at about 30 km North of Chennai. As the project covers a larger 
area in both land & watersides, the importance of using Geo-spatial technologies has been 
recognized and the same is being actively implemented for effective planning and decision 
making at various phases of construction works.  

 
This paper presents the methodologies adopted to use GIS technology in various phases 

of ports/Harbors area projects. It also discusses about the importance of GIS technology in 
these types of projects and its expected application in future works. 

 
2.1 PROPERTY BOUNDARY VALIDATION 

As the large scale projects, like port and harbor developments require larger area and 
the cost of land being high, during the phase of land acquisition, validation of the total site area 
before buying from the land supplier/brokers plays a vital role. 

 
When L&T bought land for this port project site, the total land area offered by the seller 

was not matching with the land physically available on the ground. At that point of time GIS 
based methodology has been developed to validate the total area offered by the seller. L&T 
successfully implemented this methodology to establish an encroachment made by a 
neighboring company. GIS based methodology adopted for this problem was published in 10th 
ESRI user conference (Pari et.al, 2009). This methodology shows one of the applications of 
Geographical approach and its technologies in land acquisition phase of construction/land 
developmental project. 
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2.2 GOVERNMENT/ENVIRONMENTAL CLEARANCES 

Projects which are proposed at the coastal area have to get various government 
clearances like Coastal Regulation Zone (CRZ), Environmental, DTCP and Airport authority of 
India etc., Government clearances specifies the regulation for appropriate control of 
developmental projects in accordance with the existing environment regulations formulated by 
the government agencies like, Department of Town and Country Planning (DTCP), Local 
Planning Authority (LPA) etc.,  
 

Location-based information management system and visualization capabilities will give 
useful tools for environmental management including tools for monitoring and compliance 
requirements. In this context a GIS based methodology has been adopted to prepare the maps 
and database which were required for government clearances. In general this type of clearance 
requires information not only within the projects site but also at the periphery of the project 
site. Methodology adopted to prepare this type of map has been shown in the below flow chart.  

 
Fig 1. Flow chart showing methodology adopted to prepare maps and database for 

various government and environmental clearances 
 
2.3 FLORA MAPPING 

In addition to complying with regulatory standards and norms, industries have to adopt 
clean technologies and bring changes of implementation in management practices. 
Commitment and voluntary initiatives of industries for responsible care of the environment will 
help in the sustainable development of any country. In this light, before removing the entire 
existing flora, an attempt has been made to inventory the tree cover (Flora) in the port project 
site. 

  The aim of the study was to spot the tree at the site and identify its botanical details, 
local name and their importance for the existing environment. These details will cater the 
requirements for the effective planning and execution of construction work without disturbing 
the existing native vegetation groups. Mapping of the tree species were done using mobile GIS 
concepts. While the spatial information (location of individual tree sp.,) was captured using 
Leica GS5+ DGPS instrument equipped with ESRI Arcpad 6.0 software & the aspatial details 
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such as name of the tree species, height, canopy cover, age etc., were entered in 
the shape file as attributes. The following flow chart shows the methodology adopted to map 
these tree species.  

  Soil samples were collected in the project site and their corresponding locations were 
logged using DGPS. Based on soil sample analysis, suitable species were recommended for the 
project site. As per environmental guidance, certain percentage of the total project area should 
be allotted for green belt development.  In purview of that, a list of recommended tree species 
suitable for the project location with canopy diameter was suggested by a team of botanists 
and horticulturists.  Based on the diameter of the canopy total number of tree species required 
for the site was estimated using ESRI’s ArcGIS software. A virtual movie was also created for 
the purpose of virtual model and management presentations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. Flow chart showing methodology adopted Flora mapping 
 

 
 

Fig 3. Snap shot of virtual movie  
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2.4 TOPOGRAPHY VISUALIZATION 
An important part of the port/harbor area construction process is an understanding 

about the land side topography and sea side bathymetry. One common way of presenting these 
details is by Digital Terrain Modeling (DTM) (Weibel and Heller, 1991) using a 3D geographical 
information system (GIS).  

 
 Topographic detail of the project site was collected using high precision Kinematic GPS 

(Leica GX1230), total station (Sokkia) and digital leveling instruments (Leica). Bathymetric 
details of the same were collected using single beam echo sounder and DGPS. With the help of 
3D GIS, DTM was created for both topography and bathymetry. In addition to the advantage of 
scaled DTM in 3D GIS, it is possible to specify camera position, light position and view position 
in order to get a realistic view of the scenery with shades and appropriate colors. 3D GIS offers 
change of viewpoint, zoom in and out of the topography, one or more lights, shading and 
transparent volumes. 

 
Using 3D GIS cut/fill analysis was executed and the same was validated with the 

estimation made using traditional engineering based software. Estimated quantity was 
presented in both 2D and 3D maps along with appropriate cartographic techniques. 
 
2.5 SHORELINE MONITORING PROGRAM 

Shoreline changes are caused due to natural processes or human activities. Natural 
processes include tides, waves, currents and storms and human activities includes construction 
of ports, coastal structures, land reclamation, etc, which often produce positive and negative 
impacts. Serious erosion and accretion problems are faced today in harbours and in the vicinity 
of the coastal structures. One of the measures to monitor the impact of coastal engineering 
works is the implementation of shoreline monitoring programme (Teo Chee Hai, 2007). This 
programme includes Initial or Baseline Survey, Shoreline Monitoring Surveys during 
construction and Shoreline Monitoring Surveys after completion of the construction works. 
Shoreline monitoring programme is stipulated by L&T having responsibility over the coastline, 
as part of its requirement for the implementation of the coastal engineering works. 

 
L&T is implementing the shoreline monitoring programme to better understand the 

impacts of coastal structures (Breakwaters) on adjacent coastline as well as the effectiveness of 
the remedial measures. As of now i.e. the implementation period or construction stage, GIS 
based shoreline monitoring survey is being carried out over a selected section of the designated 
coastline on three to four surveys per annum basis. The results of the survey are compiled and 
the impact of the ongoing construction works on the adjacent coastline is being monitored by 
L&T. The methodology adopted for shoreline monitoring is shown below. 
 

This shoreline monitoring programme is planned to continue, even after the completion 
of the engineering works i.e. , post construction stage, for up to three years and surveys are 
going to be carried out at six month intervals. The results of the survey will be compiled and 
continued to be monitored. 
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Fig 4. Flow chart showing methodology adopted shoreline monitoring 

 
2.6 PROPERTY INFORMATION SYSTEM 

By combining all the spatial and non spatial details a complete GIS based information 
system has been created using MapWinGIS ActiveX Control, which is an open source 
component (free distribution) that supports shape file and grid data. This information system 
contains details about maps and database used for various government clearances, property 
lease documents, soil boring locations; property boundary details, master plan etc., Decision 
makers can get all these details from a single platform. 

 
Information like name of the owner, area of the land, jagbandhi, classification, soil type 

and its quality, source of water, theervai (Rs/hectare), area of wet/dry/manavari lands, 
assessment, landuse etc are compiled from government records like Field Measurement Book 
(FMB), Chitta, Patta, Adangal. These aspatial information are stored in Microsoft Access 
database and this database was linked with spatial information i.e. shape file. A mouse click on 
the GIS based survey parcel will fetch all these details from the database. 

 
 

Fig 5. GIS based 
information system 
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3.0 DISCUSSION 
Currently L&T uses GIS in integration with multiple sources of information and 

preparation of maps and database for land acquisition, property boundary demarcation and its 
validation, co-ordinate based surveying, mapping of flora and planning for proposed green belt 
area, topographic visualisation and its cut/fill quantity estimations, creation of information 
system and environmental monitoring programs like shoreline monitoring etc. These maps and 
database are also used for various government and environmental clearances with appropriate 
adaptation of government norms in their required format. Since all these maps are digitally 
prepared based on standardized co-ordinate system, it becomes easy to make frequent 
update/edit in maps, which generally use to happen when it undergoes for the process of 
government clearances. Apart from this GIS is being used, as a centralized database for both 
spatial and non spatial information, which gives access to accurate and up-to-date information 
that is essential for any decision support system. Base line information like building plans, as 
built drawings etc are being stored in ESRI’s Geo- database format for further analysis and 
decision support system. Once this baseline information are precisely compiled the same can be 
extensively used for various applications mentioned below. 
 

Port engineers require precise baseline data available for planning and design of new 
infrastructure. The port gains maximum impact from its investment in current information and 
data, and increases programme effectiveness by reducing costly errors in development planning 
and project design. The GIS based management information system will give the port 
authorities the ability to provide necessary inputs & decisions for new infrastructure 
development and maintenance better, faster, and economical. 

 
GIS plays a vital role in collection and integration of facility related data. The key to 

successful port facility management is the integration and spatial referencing of every available 
source of infrastructure information with a robust, well planned, and user friendly GIS. 
Information on specific facilities can be readily catalogued and manipulated once it is brought 
under the GIS application protocol. By integrating all the facility data into a spatially referenced 
information system, the port engineers can achieve greater effectiveness and efficiencies of 
operations in maintaining any facility. 

 
Port engineers/managers used to maintain certain common types of records like 

property boundary surveys, Government clearance maps, facility base maps, soil-boring data, 
building plans and facility as-built drawings etc. All these type of data can be geographically 
referenced and tied into a spatial context within an integrated port data framework. In this 
way, information is no longer fragmented or isolated, but become heterogeneous & starts 
providing a bigger picture of critical and usable correlations. This will support both short-range 
and long-term decision making processes, emergency Response and Management in a better 
way. 

 
GIS framework provides the foundation for a comprehensive Environmental 

Management System (EMS) essential to ensure full compliance with all applicable 
environmental regulations. Better compliance reduces or eliminates environmental incidents 
and their attendant clean-up costs, and minimizes the impact of regulatory notices of violation 
and fines that detract from profitability. Location information, about impervious surfaces, 
potential contaminant sources, storm water collection systems, and treatment facilities will help 
managers to monitor flows and plan improvements. Using GIS technology we can create a 
comprehensive view of hazardous materials' location/storage and analyze the potential impact 
of chemical, oil, or gas spills in the marine environment.  
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We can combine various spatial and aspatial information with real-time tracking of 

vessels and port-based vehicles with sources such as live CCTV cameras to deliver a real-time 
security view of port facilities. These capabilities make GIS an essential technology for 
managing a port’s security framework. GIS integrated with real-time container and vehicle 
tracking makes it possible to schedule just-in-time arrivals for deliveries and increase port 
throughput. GIS also enables mapping and display of vessel locations for traffic control and 
safety management.  

 
4.0 CONCLUSION 
 

Implementing a GIS to support port-engineering functions yields multiple benefits. 
Managing port’s daily operations requires careful coordination of multiple activities within the 
port. GIS supports the development of “executive dashboards” that display many types of 
information on a single screen. Facility and operations managers can view real-time video, 
maps, analytical graphs, aerial photographs, and detailed data at one place to enhance 
understanding of complex operations. GIS based location information management solutions 
will help in achieve greater efficiencies with tools for modeling, analysis, and visualization.  In 
addition to that this improved coordination facility will help in activities like ship traffic control, 
berth scheduling, ground-based utility provisioning, and container off-loading and tracking. 

 
Though the modern Geographic Information System is having powerful concepts and 

frameworks, port organization’s rapid acceptance of this technology is mostly determined by 
the factors like trust in computerized information systems, ability in grasping the capabilities of 
the GIS system, or willingness to explore how GIS could significantly improve the business 
processes etc., In this context L&T realized the significance of this technology and it extensively 
encourage the same for its further responsible actions. 
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