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Paper Abstract 

 
A standardized and automated procedure to assess pipeline integrity, in relation 
to High Consequence Areas (HCA), is achievable using GIS.  Applications 
integrating linear referencing data principles packaged using ArcObjects™ will 
provide oil companies the means to comply with the Pipeline Safety Act of 2002. 
This presentation will explore application development issues, linear referencing 
or route analysis models, and HCA corridor assessment.  Programming issues, 
ArcObject class structures, digital data requirements, and spatial methodology 
will be discussed.  Prototype applications will be demonstrated.  
 
 

Purpose 
 
The purpose of this paper and subsequent presentation is to briefly introduce and 
examine how a GIS linear referencing data model can be utilized by pipeline 
operators to conduct High Consequence Area (HCA) Impact Analysis as part of 
their Integrity Management Plan (IMP).  One of the primary objectives of an IMP 
is to identify locations along pipelines where a loss of containment could 
potentially affect HCA sites.  Spatial operations available with linear referencing 
provide the tools to perform such tasks.  As part of the presentation two 
customized ArcGIS applications utilizing linear referencing, will be discussed and 
demonstrated. 
 
 

Background 
 
For a number of years BP Pipelines, N.A., a business unit of British Petroleum, 
has been using GIS technology for mapping and assessment of pipelines.  Much 
of the initial data entry work and mapping was completed by GeoSpatial Services 
(GSS), a full service GIS consulting arm of Saint Mary’s University of Minnesota.   
 
Convinced that thorough HCA Impact Analysis required for regulatory 
compliance could be achieved using GIS technology, BP staff began working 
with GSS to design a suite of customized tools.  After a number of meetings to 
conceptualize user requirements and identify the necessary spatial operations, it 
was decided that GSS would initially develop two applications for the ArcMap™ 
component of ArcGIS®.  The first application would be a HCA Intersect Tool and 
the second a Cumulative Risk Index Tool.  In order to best satisfy the complex 
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requirements and operations of each tool, staff decided to explore some of the 
spatial capabilities found in the linear referencing data model. 
 

 
Why use linear referencing for HCA Impact Analysis? 

 
Features such as pipelines have generally been stored as simple linear 
geometric shapes.  Because of the simple geometry, measuring, manipulating, 
clipping, and calculating individual pipeline segments or the geographic features 
found along such segments can be a programmatic nightmare.  Limitations in the 
vector storage model requires splits in linear features when attribute changes 
occur and by default does not store discrete measurement information about 
each split segment as they relate to the original linear feature. 
 
In order to handle these dynamic linear characteristics ESRI has incorporated a 
linear referencing data model in ArcGIS.  When pipelines are “linear referenced”, 
a unique identifier is determined and a measurement system is stored within the 
linear geometry (Figure 1).  This provides a means to model relative locations 
along the pipeline features.   
 
  

       Linear Feature Geometry        
        Linear Geometry                                      With Measurement             Unique Identifier                        
 

     
 
Figure 1 - Compares the database structure of a normal linear feature (left) and a linear 
referenced feature (right). 
 
 
Once the geometry has been converted, pipelines are then considered “routes” 
and have expanded spatial capabilities, including the ability to associate and 
display tabular measurement data.  In the linear referencing data model, 
measurement data tables are referred to or considered Route Event Tables.  
Each table at a minimum, consists of a route identifier field and a measurement 
location, either stored in a single field for points or multiple fields for lines (Figure 
2). 
 
Once these events have been spatially located on the pipeline features they are 
considered Route Events and are stored temporary in an ArcMap data frame as 
Route Event Source layers, available for display and manipulation. 
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Figure 2 – Illustrates the relationship between Routes
type of table to be associated with route segments, a 
measurement fields are required. 
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route event table when intersected with the r
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ArcObjects and Linear Referencing 
 
ArcObjects are packaged software components (or objects) which make up the 
development platform for ArcGIS.  By accessing these components, the 
programmer can use or customize a full range of GIS functionality within ArcGIS.  
 
ArcObjects components are accessed within VBA (Visual Basic for Applications), 
an object-oriented programming language embedded in ArcMap and ArcCatalog.  
Every element contained in an ArcMap session can be reduced down to a set of 
components or objects.  A thematic layer, geoprocessing operations, symbol 
sets, an attribute table, and a button, are all accessible using ArcObjects.  This 
includes components for the linear referencing data model and related 
operations.   
 
GSS staff developed the two HCA applications in VBA using ArcObjects.  In 
order to build the complex array of spatial components, minimize user input error, 
and satisfy the client specified customization requirements, it was important to 
approach the development process with a well defined strategy. 
 
 

Application Design and Development 
 
As part of the application design process, staff organized a development strategy 
based on the Rational Unified Process (RUP), a proven approach for software 
development.  The RUP approach is structured into a two-dimensional matrix 
configuration as shown in Figure 4, bound by workflow processes (Y axis), which 
progress over time or through phases (X axis).  
 

  

Figure 4 – The 
Rational Unified 
Process Diagram. 

 
These phases are divided into four distinct categories consisting of inception, 
elaboration, construction, and transition phases.  Each phase is comprised of 
specific tasks and/or activities that produce pieces of information, termed 
artifacts, which are refined through iterations or development cycles.   
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The process begins with the Inception Phase and can be categorized by fact-
finding activities and high-level (generalized) project organization.  This phase 
consists of the following requirements: 
 
 

• Collect and categorize user requirements 
o Example – Identified specific spatial operations and products. 

• Conduct an inventory and assessment of datasets 
o Example – Acquired pipeline and HCA layers. 

• Organize a high-level risk assessment 
o Example – Identified obstacles or possible barriers. 

• Organize a high-level Project Description 
 
 
From a design stand point the Inception Phase is the most important essential 
phase for application development.  During this phase the generalized concepts 
and requirements are refined into a detailed structure.  Additional tasks included: 
 
 

• Create conceptual models 
o Example - Constructed software blueprint using UML (Unified 

Modeling Language) diagrams. 
• Eliminate high-risk elements 

o Example – Identified problems and offer alternative solutions. 
• Identify required products 

o Example – Determine what analysis needs to be performed and 
how it is delivered to the client. 

 
 
After BP and GSS formed a solid conceptual framework the project moved into 
the Construction Phase. Requirements of this phase were to: 
 
 

• Create the applications 
o Example – Design individual procedures (or modules) that could be 

independently tested and placed within the application. 
• Flush out design problems 

o Example – Shapefiles do not support true circles, so we created 
buffers in a geodatabase. 

• Author procedural documentation 
o Example – Construct a user manual. 

• Test the application 
o Example – Deliver an ArcMap Document file (MXD) to client for 

testing. 
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Once the applications were written, the code cleaned up, and the functionality 
rigorously tested and debugged, we proceeded into the final development stage, 
the Transition phase.  During this phase the final versions of the software was 
tested by the client, then packaged, and deployed.  Required tasks included: 
 

• Incorporate user feedback into the final product 
o Example – After testing the application the user decided that they 

would like to see a progress bar. 
• Modified application and transferred to VB 

o Example – Some VBA functions need to be rewritten before porting 
into VB and then on to a self-contained package or DLL. 

• Create the distributed application 
o Example – Construct a DLL (dynamic link library) from the VB code. 

• Delivered Documentation 
o Example – Author the final user’s manual. 

• Archived VBA, VB, and DLL deliverables 
•  

 
The development process for each application took approximately 3 ½ to 4 
months, well within budget and approximated delivery date.  Each application 
was packaged in a Visual Basic DLL (Dynamic Link Library) file and delivered to 
the client.  The DLL files were loaded into ArcMap and within minutes staff were 
able to begin conducting HCA Impact Analysis. 
 
 

Product Demonstration 
 
 
 
 
 
 
 
 
 
 
 
 
       
 

The HCA Intersect Tools offer the user 
the ability to perform both direct (HCA 
layer) and indirect (HCA buffer) impact 
analysis.  The user selects the 
pipelines, HCA layers, type of analysis, 
and required parameters from an easy-
to-use GUI window as shown in Figure 
5.  Specified layers are copied to 
temporary directories and modified as 
needed.  Selected pipelines layers are 
converted to “linear referenced” routes 
and intersected with HCA or buffered 
HCA layers.  A new intersected feature 
(route event source) is created 
containing entry (beginning) and exiting 
(ending) measurements along with 
additional attribute information from the 
HCA layer or buffer layer. (Figure 6) 
 

             

Figure 

 

5 - Application Interface window 
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Figure 6 – Illustrates the spatial operations performed in the first application. 

 
 
As part of the application deliverables, the client required a tabular assessment 
of all pipelines.  Measurements from the intersected features were combined with 
original non-intersected pipeline segments, producing an overall pipeline table 
used for HCA Impact Analysis. (Figure 7) 
 

               

Figure 7 – One of 
the tables produced 
by the application. 

 
 
The second application, the Cumulative Risk Index Tool, gives the user the ability 
to generate Potential Impact Circles for counting and identify HCA sites along 
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pipeline segments.  The application parameters are set from a GUI interface 
window (Figure 8).  User specified increments are placed along the pipeline and 
buffered. These buffers or Potential Impact Circles are then used to perform the 
HCA analysis. (Figure 9 & 10) 
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Built into both applications are a number of error checking routines, which inspect 
user input parameters, data layer requirements, and ArcMap environmental 
settings.  These routines, along with additional examples of application 
functionality, programming issues, and development considerations will be 
discussed further during the actual conference presentation.   

 
 

Conclusion 
 
In order to comply with DOT OPS regulations, many pipeline operators are 
looking to GIS technology for new tool sets to facilitate the implementation of 
their Integrity Management Plan.  As part of the implementation process, 
operators will be focusing their efforts and resources on conducting HCA Impact 
Analysis.   
 
This type of analysis can best be performed using the advanced GIS spatial 
operations found in the linear referencing data model.  By taking advantage of 
the expanded functionality and operations, users are no longer constrained by 
the inherent limitations of simple linear geometry. 
 
As demonstrated in this paper and subsequent presentation, the expanded 
functionality available within a GIS can be customized, standardized, and 
packaged in a user friendly application built with ArcObject components.  These 
applications provide some of the essential tools required by the pipeline 
community to perform their analysis and ultimately achieve regulatory 
compliance. 
 
 
 
 
 
Jay Meehl 
GIS Instructor/Analyst 
Department of Resource Analysis & GeoSpatial Services, Inc. 
Saint Mary's University of Minnesota 
507-457-8728  jmeehl@smumn.edu
www.gis.smumn.edu
www.geospatialservices.com
 
 
Please note that all examples of pipelines and HCA have been created solely for this paper and 
do not represent real GIS data. 
 
 
Thanks to the following individuals for their assistance: 
Mike Scurlock, Safety & Integrity Team Leader, BP Pipelines, N.A., Inc.       
Bryan Ferguson, GIS Coordinator, BP Pipelines, N.A., Inc.     

 9

mailto:jmeehl@smumn.edu
http://www.gis.smumn.edu/
http://www.geospatialservices.com/

	Product Demonstration

