
Effective pipeline asset 
management with GIS
Networks of large transmission pipelines form energy 
highways. These pipelines carry both natural gas and oil 
over large distances — from remote locations to cities 
where the products are actually needed. A robust pipeline 
network is therefore critical for transferring the finished 
petroleum products to end-users or dependent industries. 
At the same time, safety is also a very important concern.

The Government of India in association with the Oil & 
Gas sector has a strong focus on developing a robust 
pipeline network in various parts of the country. 
However, numerous challenges occur in the process of 
planning and finalizing optimum, safe and constructible 
pipeline routes.

GIS can help Oil and Gas companies overcome these 
challenges and achieve unmatched outcomes in pipeline 
route survey, planning, and execution.

Challenges
The process of planning and implementation of gas 
pipeline routes includes challenges like rugged terrain, 
landslide, steep sloping ground, extreme weather 
conditions like flash flood, snowfall, intense summer, 
environmental sensitivity, major development, etc. Due 
to these constraints, normal survey procedures fail to give 
optimum results in pipeline surveying, planning, and 
execution.

Therefore, it is recommended that Oil & Gas companies 
use modern technologies for pipeline route optimization. 
The process involves 3D Modelling Survey using 0.3m 
/0.4m High Resolution Stereo Satellite Image, followed 
by the development of an up-to-date GIS Base map using 
Digital Elevation Model (DEM) and GIS Database with 
the help of rapid field validation and ortho-rectifications 
through photogrammetry. 

SECON used Esri’s ArcGIS platform to customize such a 
robust system of Pipeline Geographic Information 
System (PGIS) involving data of pipeline route survey, 
planning, and execution for GAIL, India’s leading natural 
gas company, helping it deliver unmatched results across 
the natural gas value chain.

Solutions
GIS mapping and route survey activities for the 
cross-country pipeline were carried out using modern 
techniques of surveying. The objective was to achieve 
optimization of the pipeline route, selection of the most 
feasible route, and finalization of project planning for 
engineering including other pipeline related activities. 
This GIS database comprises of different map layers and 
associated tables pertaining to pipeline alignment, 
stations and facilities, dwellings and structures along the 
pipeline alignment, pipeline depth of cover, points of 
interest along the route, etc. 

Before the finalization of the pipeline route, paper 
alignment was optimized and validated with the 
following considerations:

• Safety of public lives, property, and local impact.

• Minimize environmentally sensitive areas, forests,
sanctuaries, marine parks, places of worship, burial
and public events, annual fairs, mining areas,
archaeological importance, etc. 

• Future expansion, developments, upcoming projects,
townships, layouts, industrial parks, etc.

• Avoid areas likely to have future expansions,
especially around built-up/industrial areas.

• Favorable terrain, stable ground, landslips and
geologically sensitive areas.

• High ground, deep valleys requiring tunnels and
pylons.

• Avoid low lying, flood prone areas, marshy land and
waterbodies.

• River crossings will include shortest length between
Bank-to-Bank, cross-river at right angles and river
course not meandering.

• Land use, Land cover and prevailing cropping pattern.

• Broad information of type of crops / plantation, land use
pattern, etc.
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• Realignment requirements including provision for 
possible alignment / alternatives at congested areas.

• Inventory of corridor, terrain, existing road/ railway 
track details, bridges and structures (type, size and 
location), intersections and crossings.

• Existing utility services along the alignment (within 
300m - 500m corridor).

• Inventory of the existing structures within the 300m 
corridor.

• Capturing existing NGCPs & GTS BMs at site with 
photographs and descriptions.

• Identification of best suitable locations for DGPS 
Control Point with Location sketch.

The process of preparation of up-to-date Base Maps 
for optimum pipeline route planning and execution 
included the following steps:

• Procurement and Processing of 0.4 m High 
Resolution Stereo Satellite Images (HRSI) covering 
1.5 Km on either side of pipeline. 

• Establishment of Ground Control Network with 
DGPS

• Post-processing, Geo-metric, Radiometric Corrections, 
Orthorectification of Satellite Images, Digitization, 
Vectorization and Compilation and site validation.

• Finalization of pipeline alignment with various 
options, merits and demerits of each route and 
approval from competent authority.

• Fixing of pipeline route on ortho-rectified satellite 
images.

• Generation of Profiles / Alignment Sheet using 
Ortho-rectified satellite image /DEM.

• Generation of Cross Section drawing from DEM.

• Transferring of Pipeline alignment from HRSI to 
Ground for VALIDATION /Verification and Fixing of 
Route.

• Stacking of pipeline route and Monumentation of 
pillars.

• Population density index survey and class location 
survey for engineering and designing of pipeline.

• Soil Resistivity Survey, Soil Stratification and 

Corrosion Survey along the selected route and 
integration of data / reports in PGIS software.

• Cadastral Survey, geo-referencing of maps and 
integration of Land Acquisition document for Rights 
of Land (RoU) Acquisition with PGIS.

• Submission in hard copies and .shp files for entire 
project deliverables including integration with GIS 
system.

Outcomes
The innovative technologies, based on Esri’s ArcGIS brought unmatched excellence in the pipeline route management 
process. The Alignment Profile and DEM Generated using HRSI were useful for planning the pipeline network. The 
up-to-date base map prepared using High Resolution Satellite Images and Digital Elevation Model (DEM) generated for 
AOI included information like land use information, terrain, vegetation information, topographical features, dwelling, 
developments, etc. along the pipeline, administrative jurisdiction, important locations, access to emergency location and 
more. The maps could help during emergencies, specific affected locations can be identified easily using DEM and also 
residence/dwellings information. Data integrated with GIS can be used for the updation of Population Density Index (PDI) 
data, emergency location details from time to time at regular intervals, etc. 3D-GIS converts complex infrastructure 
networks into easy-to-understand visualization. Also, with the use of GIS, the operation and maintenance of pipeline have 
also become easier since pipeline sections requiring due attention can become immediately noticeable.

ArcGIS Enterprise 11.0 introduces new features for data 
management and administration, updates across 
applications, and enhanced functionality throughout the 
product. Here are the updates available in ArcGIS 
Enterprise 11.0 

1. ArcGIS apps 
a) ArcGIS deep learning studio: ArcGIS Deep Learning 
Studio is a new app available in ArcGIS Enterprise. It 
provides a focused user experience to extract information 
out of imagery and share it with the organization. This app 
allows you to perform an end-to-end workflow which 
includes capturing training data, training a model, and 
running inferencing. It also provides flexibility to perform 
individual steps when you have a custom workflow. 

b) ArcGIS solutions: Starting with this release of ArcGIS 
Enterprise, ArcGIS Solutions now come installed with the 
Portal for ArcGIS component.  There is no need for a 
separate install, as there was with previous releases of 
ArcGIS Solutions in ArcGIS Enterprise.

2. ArcGIS server roles
a) ArcGIS GeoAnalytics Server: This release of ArcGIS 
GeoAnalytics server includes new analysis tools and tool 
enhancements. The new SnapTracks tool matches time 
enabled points (tracks) to nearby lines. The Snap Tracks 
tool can be run through ArcGIS REST API, ArcGIS Pro, 
and ArcGIS API for Python.

b) ArcGIS GeoEvent Server: ArcGIS GeoEvent Server 
11.0 includes significant performance improvements for 
users discovering and selecting features in their ArcGIS 
Server, ArcGIS Enterprise, and ArcGIS Online registered 
data stores. There is also improved performance and load 
times for GeoEvent Manager and data sources and 
services on the spatiotemporal big data store page.

c) ArcGIS Image Server: This release includes support 
for new raster types and multidimensional support, and 
enhanced OGC support.

d) ArcGIS Knowledge: ArcGIS Knowledge 11.0 
introduces a new licensing model with ArcGIS Enterprise 
11.0. In this release, users will no longer need the 
Knowledge user type extension in order to use ArcGIS 
Knowledge. Licensing ArcGIS Knowledge Server will 
only require an ArcGIS Knowledge Server license.
Add a NoSQL data store item to the portal that references 
an empty Neo4j database to store knowledge graphs you 
create in ArcGIS Pro. When you use your own Neo4j 
instance, you can scale the instance as necessary to 
accommodate the number of databases and graphs that 
you require.

e) ArcGIS Notebook Server: In this release, ArcGIS 
Notebook Server now includes Esri-curated Python code 
snippets that can be accessed from the Notebook editor 

and added to your notebooks. Code snippets are 
pre-written code that can be called into your notebooks to 
perform common workflows. ArcGIS Enterprise 11.0 
also includes updates to the “Publish a notebook as a 
web” tool and “Overwrite web” tools. 

f) ArcGIS Workflow Manager: In ArcGIS Enterprise 
11.0, you can now switch workflow items from any page 
in the Workflow Manager using the My Workflow Items 
button at the top of the Workflow Manager web app. The 
Details panel in the Workflow Manager web app has also 
been updated to include animates that make job updates 
more visible and responsive. 

3. ArcGIS Enterprise Portal
a) Map viewer updates: Map Viewer was introduced last 
year in ArcGIS Enterprise 10.9.1.  With this latest release 
of ArcGIS Enterprise, Map Viewer includes 
enhancements in its interface and new functionalities. 
Map Viewer Classic is still available for use in ArcGIS 
Enterprise 11.0 but is no longer the default for creating 
web maps in your organization.

Map Viewer highlights include New layer effects, Pop-up 
improvements, New pop-up improvements, Sketch 
enhancements, Create charts.

b) Hierarchical categories for Enterprise portal 
members: Hierarchical categories are member categories 
that allow administrators to organize members of their 
organization by various characteristics. ArcGIS 
Enterprise administrators can now set up hierarchical 
categories to group members by categories such as 
department, location, and expertise. Once these 
hierarchical categories are configured, administrators and 
members with the correct privileges can filter the list of 
members by member category which are also displayed 

on the member’s user settings page. This categorization 
further helps organizations ensure members are seeing 
relevant information and eases privilege management 
work for administrators.

c) New member privileges, reassign content and 
receive content: There are two new member privileges in 
ArcGIS Enterprise 11.0: reassign content and receive 
content. These new privileges allow organization 
members to transfer content amongst other members of 
their organization. Organization members can reassign 
content they own to other members without requiring an 
administrator to perform the change. Having these new 
privileges puts more power into individual members’
hands, minimizing privilege changes that require 
administrators to be involved.

d) Esri raster basemaps are in mature support:
Several Esri raster basemaps have moved to mature 
support and will no longer be updated. New installations 
of ArcGIS Enterprise 11.0 will have Esri vector basemaps 
configured by default and there will be no means for 
customers with new installs to switch to using Esri raster 
basemaps.
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the natural gas value chain.
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GIS mapping and route survey activities for the 
cross-country pipeline were carried out using modern 
techniques of surveying. The objective was to achieve 
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feasible route, and finalization of project planning for 
engineering including other pipeline related activities. 
This GIS database comprises of different map layers and 
associated tables pertaining to pipeline alignment, 
stations and facilities, dwellings and structures along the 
pipeline alignment, pipeline depth of cover, points of 
interest along the route, etc. 

Before the finalization of the pipeline route, paper 
alignment was optimized and validated with the 
following considerations:

• Safety of public lives, property, and local impact.

• Minimize environmentally sensitive areas, forests, 
sanctuaries, marine parks, places of worship, burial 
and public events, annual fairs, mining areas, 
archaeological importance, etc.

• Future expansion, developments, upcoming projects, 
townships, layouts, industrial parks, etc.

• Avoid areas likely to have future expansions, 
especially around built-up/industrial areas.

• Favorable terrain, stable ground, landslips and 
geologically sensitive areas.

• High ground, deep valleys requiring tunnels and 
pylons. 

• Avoid low lying, flood prone areas, marshy land and 
waterbodies.

• River crossings will include shortest length between 
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course not meandering.
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• Broad information of type of crops / plantation, land use 
pattern, etc.

Fig 1: Process Flow Chart for Preparation of Up-To-Date Base Map 
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• Realignment requirements including provision for
possible alignment / alternatives at congested areas.

• Inventory of corridor, terrain, existing road/ railway
track details, bridges and structures (type, size and
location), intersections and crossings.

• Existing utility services along the alignment (within
300m - 500m corridor).

• Inventory of the existing structures within the 300m
corridor.

• Capturing existing NGCPs & GTS BMs at site with
photographs and descriptions.

• Identification of best suitable locations for DGPS
Control Point with Location sketch.

The process of preparation of up-to-date Base Maps 
for optimum pipeline route planning and execution 
included the following steps:

• Procurement and Processing of 0.4 m High
Resolution Stereo Satellite Images (HRSI) covering
1.5 Km on either side of pipeline.

• Establishment of Ground Control Network with
DGPS

• Post-processing, Geo-metric, Radiometric Corrections,
Orthorectification of Satellite Images, Digitization,
Vectorization and Compilation and site validation.

• Finalization of pipeline alignment with various
options, merits and demerits of each route and
approval from competent authority.

• Fixing of pipeline route on ortho-rectified satellite
images.

• Generation of Profiles / Alignment Sheet using
Ortho-rectified satellite image /DEM.

• Generation of Cross Section drawing from DEM.

• Transferring of Pipeline alignment from HRSI to
Ground for VALIDATION /Verification and Fixing of
Route.

• Stacking of pipeline route and Monumentation of
pillars.

• Population density index survey and class location
survey for engineering and designing of pipeline.

• Soil Resistivity Survey, Soil Stratification and

Corrosion Survey along the selected route and 
integration of data / reports in PGIS software.

• Cadastral Survey, geo-referencing of maps and
integration of Land Acquisition document for Rights
of Land (RoU) Acquisition with PGIS.

• Submission in hard copies and .shp files for entire
project deliverables including integration with GIS
system.

Outcomes
The innovative technologies, based on Esri’s ArcGIS brought unmatched excellence in the pipeline route management 
process. The Alignment Profile and DEM Generated using HRSI were useful for planning the pipeline network. The 
up-to-date base map prepared using High Resolution Satellite Images and Digital Elevation Model (DEM) generated for 
AOI included information like land use information, terrain, vegetation information, topographical features, dwelling, 
developments, etc. along the pipeline, administrative jurisdiction, important locations, access to emergency location and 
more. The maps could help during emergencies, specific affected locations can be identified easily using DEM and also 
residence/dwellings information. Data integrated with GIS can be used for the updation of Population Density Index (PDI) 
data, emergency location details from time to time at regular intervals, etc. 3D-GIS converts complex infrastructure 
networks into easy-to-understand visualization. Also, with the use of GIS, the operation and maintenance of pipeline have 
also become easier since pipeline sections requiring due attention can become immediately noticeable.
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Fig 3: Pipeline 3D View

Fig 2: Pipeline Geographic System

Outcomes
The innovative technologies, based on Esri’s ArcGIS brought unmatched excellence in the pipeline route management 
process. The Alignment Profile and DEM Generated using HRSI were useful for planning the pipeline network. The 
up-to-date base map prepared using High Resolution Satellite Images and Digital Elevation Model (DEM) generated for 
AOI included information like land use information, terrain, vegetation information, topographical features, dwelling, 
developments, etc. along the pipeline, administrative jurisdiction, important locations, access to emergency location and 
more. The maps could help during emergencies, specific affected locations can be identified easily using DEM and also 
residence/dwellings information. Data integrated with GIS can be used for the updation of Population Density Index (PDI) 
data, emergency location details from time to time at regular intervals, etc. 3D-GIS converts complex infrastructure 
networks into easy-to-understand visualization. Also, with the use of GIS, the operation and maintenance of pipeline have 
also become easier since pipeline sections requiring due attention can become immediately noticeable.

ArcGIS Enterprise 11.0 introduces new features for data 
management and administration, updates across 
applications, and enhanced functionality throughout the 
product. Here are the updates available in ArcGIS 
Enterprise 11.0 

1. ArcGIS apps 
a) ArcGIS deep learning studio: ArcGIS Deep Learning 
Studio is a new app available in ArcGIS Enterprise. It 
provides a focused user experience to extract information 
out of imagery and share it with the organization. This app 
allows you to perform an end-to-end workflow which 
includes capturing training data, training a model, and 
running inferencing. It also provides flexibility to perform 
individual steps when you have a custom workflow. 

b) ArcGIS solutions: Starting with this release of ArcGIS 
Enterprise, ArcGIS Solutions now come installed with the 
Portal for ArcGIS component.  There is no need for a 
separate install, as there was with previous releases of 
ArcGIS Solutions in ArcGIS Enterprise.

2. ArcGIS server roles
a) ArcGIS GeoAnalytics Server: This release of ArcGIS 
GeoAnalytics server includes new analysis tools and tool 
enhancements. The new SnapTracks tool matches time 
enabled points (tracks) to nearby lines. The Snap Tracks 
tool can be run through ArcGIS REST API, ArcGIS Pro, 
and ArcGIS API for Python.

b) ArcGIS GeoEvent Server: ArcGIS GeoEvent Server 
11.0 includes significant performance improvements for 
users discovering and selecting features in their ArcGIS 
Server, ArcGIS Enterprise, and ArcGIS Online registered 
data stores. There is also improved performance and load 
times for GeoEvent Manager and data sources and 
services on the spatiotemporal big data store page.

c) ArcGIS Image Server: This release includes support 
for new raster types and multidimensional support, and 
enhanced OGC support.

d) ArcGIS Knowledge: ArcGIS Knowledge 11.0 
introduces a new licensing model with ArcGIS Enterprise 
11.0. In this release, users will no longer need the 
Knowledge user type extension in order to use ArcGIS 
Knowledge. Licensing ArcGIS Knowledge Server will 
only require an ArcGIS Knowledge Server license.
Add a NoSQL data store item to the portal that references 
an empty Neo4j database to store knowledge graphs you 
create in ArcGIS Pro. When you use your own Neo4j 
instance, you can scale the instance as necessary to 
accommodate the number of databases and graphs that 
you require.

e) ArcGIS Notebook Server: In this release, ArcGIS 
Notebook Server now includes Esri-curated Python code 
snippets that can be accessed from the Notebook editor 

and added to your notebooks. Code snippets are 
pre-written code that can be called into your notebooks to 
perform common workflows. ArcGIS Enterprise 11.0 
also includes updates to the “Publish a notebook as a 
web” tool and “Overwrite web” tools. 

f) ArcGIS Workflow Manager: In ArcGIS Enterprise 
11.0, you can now switch workflow items from any page 
in the Workflow Manager using the My Workflow Items 
button at the top of the Workflow Manager web app. The 
Details panel in the Workflow Manager web app has also 
been updated to include animates that make job updates 
more visible and responsive. 

3. ArcGIS Enterprise Portal
a) Map viewer updates: Map Viewer was introduced last 
year in ArcGIS Enterprise 10.9.1.  With this latest release 
of ArcGIS Enterprise, Map Viewer includes 
enhancements in its interface and new functionalities. 
Map Viewer Classic is still available for use in ArcGIS 
Enterprise 11.0 but is no longer the default for creating 
web maps in your organization.

Map Viewer highlights include New layer effects, Pop-up 
improvements, New pop-up improvements, Sketch 
enhancements, Create charts.

b) Hierarchical categories for Enterprise portal 
members: Hierarchical categories are member categories 
that allow administrators to organize members of their 
organization by various characteristics. ArcGIS 
Enterprise administrators can now set up hierarchical 
categories to group members by categories such as 
department, location, and expertise. Once these 
hierarchical categories are configured, administrators and 
members with the correct privileges can filter the list of 
members by member category which are also displayed 

on the member’s user settings page. This categorization 
further helps organizations ensure members are seeing 
relevant information and eases privilege management 
work for administrators.

c) New member privileges, reassign content and 
receive content: There are two new member privileges in 
ArcGIS Enterprise 11.0: reassign content and receive 
content. These new privileges allow organization 
members to transfer content amongst other members of 
their organization. Organization members can reassign 
content they own to other members without requiring an 
administrator to perform the change. Having these new 
privileges puts more power into individual members’
hands, minimizing privilege changes that require 
administrators to be involved.

d) Esri raster basemaps are in mature support:
Several Esri raster basemaps have moved to mature 
support and will no longer be updated. New installations 
of ArcGIS Enterprise 11.0 will have Esri vector basemaps 
configured by default and there will be no means for 
customers with new installs to switch to using Esri raster 
basemaps.




