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Challenges of 

Onshore Pipeline Routing

• Inaccessible and remote 

terrain

• Limited availability of mapping, 

and information

• Security restrictions

• Transportation and logistics

• Project schedule

• Dispersed project team



Objective of Pipeline Routing

The main objective is to achieve 

the most viable and optimum 

design solution using the best 

available information.

Pipeline routing is inevitably a 

compromise between the 

opposing factors of:

Minimal route 
length

Avoidance of 
difficult terrain

Compliance with 
statutory 

requirements

Achieving 
land owner 
consents

Minimize 
number of major 

crossings

Avoidance of 
populated and/or 
environmentally 
sensitive  areas



Information Acquisition

• Remote sensing (Imagery, 

RADAR, LiDAR)

• Published data (Plans, Maps, 

Geological data)

• Local knowledge 

(negotiations with 

landowners)

• Statutory and non-statutory 

organisations

• Site surveys



Technology Advancements

• GIS provides the platform to integrate spatial 
and tabular information in a variety of 
different formats, allowing for better decision 
making process by using all available 
information in a seamless format.

• Powerful visualisation and analytical tools 
help determine an optimum route taking into 
account all routing criteria and available 
constraints.

• Use of GIS enables evaluation of route 
alternatives and greatly assists in selecting 
the least costly route.

• GIS can be used for managing engineering 
and construction data and progress 
information.



GIS and Data Integration

Mapping Monitoring

TOPOGRAPHIC MAPS

PUBLISHED GEOLOGY

GEOPHYSICAL DATA

BOREHOLE LOGS

DEM

CULTURAL DATA

FIELD DATA

BOUNDARIES

SATELLITE IMAGERY

AERIAL PHOTOGRAPHS

Measurement

Length of

Flowlines

Modelling
Define Optimal

Pipeline Route 

Route ?

GEOMORPHOLOGY

LAND-USE/LAND-COVER

ENVIRONMENTAL

HYDROLOGY

SATELLITE IMAGE INTERPRETATION



Common Questions

As with other linear 

developments (road, 

railways), the effect that 

pipeline construction has 

on the environment largely 

depends on it’s route. 

The process of careful 

route selection is of 

primary importance to 

eliminate or minimise any 

adverse effects on the 

environment.

How does pipeline routing impact on the environment?



Common Questions

What are the types of environment constrains?

Water 

resource

Archaeology
Nature 

conservation

Land use

Culture/

athropology

Landscape 

features
Planning 

policies

Agriculture



Common Questions

How do the engineering codes govern onshore routing

• Design codes for pipelines employ a system of 

area classification to create an objective view for 

the design factor allocation and minimum 

proximity.

• Liquid hydrocarbon pipelines generally utilise a 

single design factor which does not vary by 

location or proximity.

• Area classification generally works on the 

premise that risk increases as a consequence of 

the concentration of population.



Common Questions

How do you evaluate more than one possible route option?

• How do you evaluate more than one 

possible route option?

• Shortest Route?

• Capital cost?

• Least No. of crossings?

• impact on environment?

• impact on safety?

• Impact on operating costs?

• Supported by consent?



Constraints and Factors

Available 

information are 

categorised to 

Constraints and 

Factors.

Constraints Map 

indicates restricted 

zones where pipeline 

will not be routed 

through.

Factors Map indicates 

suitability of land. 

Passing through more 

suitable area is less 

costly and more 

feasible.



Constraints

• Start and end points

• Urban restrictions

• National parks and reserved 

areas

• Environmental restrictions

• Geo-hazards

• Constructability constraints



Factors

• Slope suitability

• Soil type

• Land use cost effectiveness

• Rivers and water bodies

• Hydrology data

• Roads and railway networks



Remote sensing data

GIS data stack

Proposed Route

ASTER DEM

JERS SAR

ERS SAR

Landsat 7 ETM+

Russian
Mapping

Contours

Surface and 
Subsurface
Geology

Slope/ 3D

Subsurface
Rock

Source data Interpretation Analysis



Customised GIS Tools

GIS customised 

tools to 

deliver faster 

route definition 

and reports



Customised GIS Tools

Proximity Report

Efficient and 

dynamic Proximity 

reporting 



Route Optimisation



Route Optimisation



Multi-Criteria Evaluation (MCE)

List the governing 

factors and 

constraints for 

selection of the 

route.

Define the route 

selection criteria 

(Cost vs Risk)

Select each 

factor's level of 

importance 

(weight)

Create a 

Cost/Risk Map

Perform Routing



Cost-Base vs Risk-Base

Cost-Base

• A primary weighting is introduced for the project 

elements, e.g. material cost, construction cost, land 

acquisition, etc.

• Secondary weighting is introduced for each factor is 

based on the cost implications of the variables of 

the factor, e.g. cost of trenching in rock compared 

to bare soil

• A map is produced by applying the given 

weightings

• The map colour code will be representative of the 

cost 



Cost-Base vs Risk-Base

Risk-Base

• Each factor is given a weight based on the risk 

implications of the variables of the factor, e.g. 

flood and scour risk in hard ground is lower than 

soft soil.

• A map is produced by applying the given 

weightings 

• The map colour code will be representative of 

the risk



Cost-Base vs Risk-Base

Rule 1: 

Never mix cost 

factors and risk 

factors in one MCE 

map

Rule 2: 

Cost and risk 

factors are not 

always in opposite  

directions

Rule 3: 

Acceptable level of 

risk and cost 

increase should be 

identified prior to 

final route selection



Example of Route Ranking



GIS on Site

Technologies

• Increased accuracy of 

hand held GPS

• GPS-Cameras

• GIS enabled PDA and 

Tablets

Benefits

• Shorter site visits

• Accurate data collection

• Increased flexibility and 

productivity



Pipeline Data Models

With fast growing volume of 

information/data produced 

and captured on projects, 

need for a standardised

(or at-least compatible) 

framework for data capture 

and storage is more evident.

There has been several 

attempts in the past, and 

several models introduced.  

Despite this bespoke models 

are created every now and 

then.



Pipeline Data Model - Definition

An industry standard 

relational database that 

provides the framework for 

holding data pertaining to 

pipelines and associated 

components and features.

The objective of an industry 

standard model such as 

PODS™ is to provide a 

common platform to create  

standard-based GIS 

database.



Traditional Approach

Feasibility Concept
Detailed 

Design
Procurement

Invitation 

to Tender

Install Test

Fabrication

Start of 

Life

Operation

Inspection & 

Maintenance

Decommission Abandon

Documents Database



More Efficient Approach

Feasibility Concept
Detailed 

Design

Procurement

Construction

Testing & Pre-

Commissioning

Fabrication

Commissioning & 

Start-up

Operation

Inspection & 

Maintenance

DecommissionAbandon

Asset Integrity 

Management

Documents DATA MODEL

(Main Database)

3rd Parties 

Reporting Tools
Web Interface



Current Pipeline Data Models

• PODS - Pipeline Open Database Standard

• APDM - ArcGIS Pipeline Data Model (now 

renamed to PODS ESRI Spatial)

• EPISTLE - European Process Industries 

STEP Technical Liaison Executive (ISO 

15926)

• Operators’ Customized Data Models



Data Model – Relational Tables



Pipeline Data Model - Benefits 

• Pipeline data will be easily accessible through the use 

of standard desktop applications and WEB 

technology.

• Integration of data from different sources will enable 

safety and integrity audits to be undertaken with a 

higher degree of confidence.

• Better decision making through the development of 

Asset Management tools such as Remnant Life 

Prediction, Repair/Replacement/Survey optimisation, 

Fitness for Purpose Assessments and 

Trend/Probabilistic Analysis.



Applications

Data ModelApplications

Access Layer

Database

Asset 

Management

Web-based 

Construction 

Monitoring

Data /Doc 

Management

Desktop GIS 



GIS and Cost Model Integration

• Specification and optimisation using GIS mapping 

environment, in terms of choice and location of 

components (directional wells, flowlines, manifolds, 

access roads, etc)

• Analysing the effect of field layout and development 

schedule on field economics (CAPEX, OPEX, 

production revenue and NPV)

• Reduced time to evaluate alternative field 

development scenarios

• Automated checking of layout and configuration 

against project specific rules



GIS and Advanced Cost Model

Time-phasing of CAPEX costs using a pseudo schedule allows calculation 

of present value, PV while integrating money value of time. 

Layout

Schedule

Component 

Costs

Field / Pipeline 

Investment 

Value (NPV)



Building the GIS Model



Building the Cost Model



Cost Model

'Unitised' 

component costs

Costs classified 

according to timing 

of expenditure



GIS Data for Cost Model

GIS (if needed) to 

calculate lengths 

and quantities

Input : List of 

component quantities 

and lengths

Output: Summary 

of costs



Cost Model - Analysis



Web GIS

Most of us are currently using Web based GIS in 

the form of Google Earth, Google Maps, Bing 

Maps & MS Virtual Earth.

• Global coverage with no specialist software requirements.

• Flexible and easy to use, aimed at the non GIS specialist.

• Quick data turnaround.

• Can integrate into other databases.

• Can overlay own personalised data.

• Better collaboration across project disciplines regardless of 

location. 

• All discipline information becomes integrated and the data is 

viewed in the context of a project as a whole rather than in 

isolation. 

• Decision making is improved via better planning and money is 

saved or invested in a more efficient way.



GIS Web Application - Reporting



Alignment Sheets

PLAN DATA -

Aerial imagery 

used for 

mapping 

detail

PROFILE

TABULATE PIPELINE ENGINEERING DETAILS



Any Questions?



Naeim Dastgir

n.dastgir@penspen.com

Thank you


