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Who should read this book

This book has been written specifically for practitioners involved in the operation, 
maintenance and management of piped water distribution systems in urban areas of 
developing countries. These practitioners include engineers, planners, managers, and water 
professionals involved in the monitoring, control and rehabilitation of water distribution 
networks.

This book is a manual for using the developed software, IRA-WDS (Improved Risk 
Assessment for Water Distribution System), a Geographical Information System (GIS) 
that aids in evaluating the risk of deterioration of the water distribution network of a 
water supply system. The manual is a structured document and explains a step-by-step 
procedure for using the IRA-WDS, with examples.
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How to use this book

The software IRA-WDS has been developed to evaluate risks to piped water distribution 
systems of urban areas in developing countries. This manual enables the use of this software. 
The software consists of three models, namely the Contaminant Ingress Model, Pipe 
Condition Assessment Model and Risk Assessment Model. The IRA-WDS is designed to 
use these models together or individually. This manual provides a step-by-step procedure 
for using these models and obtaining results. Book 3, also developed in this series, should 
be used along with the software and this manual. This will enable readers to understand 
and analyse their results.
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How does this book fit into the
overall guidelines?

This book is Book 4 in the guidelines series developed for Project KaR R8029, Improved 
Risk Assessment and Management for Piped Urban Water Supplies. It provides details 
of how to use IRA-WDS, a Geographical Information System (GIS) based software that 
estimates the risk of contaminant intrusion into water distribution systems from sewers and 
foul surface water bodies. The technical background to IRA-WDS is presented in Book 3, 
and readers are encouraged to read Book 3 prior to reading this one. It is also important to 
recognize that to use IRA-WDS, institutions and authorities responsible for water manage-
ment need to be committed to the collection and maintenance of data and to developing 
technical expertise. Therefore, it is recommended that users should also read Book 2 and 
consider the implementation of IRA-WDS in light of that document’s content.

Structure of the Guidelines DocumentsStructure of the Guidelines Documents

Document 1

Water Safety Plans: Book 1
Planning water safety management for urban piped water supplies

in developing countries

Document 3

Water Safety Plans: Book 3
Risk assessment of contaminant intrusion into

water distribution systems

Document 2

Water Safety Plans: Book 2
Supporting water safety management for urban piped water supplies

in developing countries

Document 4

Water Safety Plans: Book 4
IRA-WDS software and manual for risk assessment of contaminant intrusion

into water distribution systems
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Chapter 1:  IRA-WDS Overview 
 

1.1  System setup 

The recommended screen settings for IRA-WDS are 1024 x 768. Lower settings may 
result in some parts of the input dialogue boxes being partially displayed.  
 

1.1.1  Hardware and software requirements 

Hardware and software requirements for IRA-WDS are similar to those of standard 
PC-based ArcView 3.1 or 3.2. Memory and compatibility requirements for the 
installation of IRA-WDS are presented in Table 1.1, below. 
 
For three-dimensional visualization of the results from IRA-WDS, ArcView 3D 
Analyst and Spatial Analyst software need to be installed with ArcView, these having 
to be obtained separately. 
 

Table 1.1. Hardware and software requirements 

Hardware/Software Minimum requirements Preferred requirements 

Processor Pentium III 1GHz Pentium IV 2.2GHz or above 

Hard disk space 100MB 1GB 

Random Access Memory 
(RAM) 

128Mb of RAM plus 256Mb 
of permanent virtual memory 
swap space 

512Mb of RAM plus 512Mb 
of permanent virtual memory 
swap space 

Colour monitor Configured for 16-bit high 
colours, resolution 1024 x 
768 

Configured for 32-bit true 
colours, resolution 1024 x 
768 

Operating system Windows 98, 2000, NT Windows 2000 or Windows 
XP professional 

ArcView ArcView Version 3.2, 3D 
Analyst 

ArcView 3.2, 3D and Spatial 
Analyst 

 
Microsoft Excel 2000/XP is recommended for use. Internet Explorer 6.0 or a more 
recent version is required to view help files. 
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1.1.2  Arc View 3.1/3.2 

 
ArcView is not software in the public domain. It is a desktop Geographic Information 
System developed by ESRI. With ArcView, one can create intelligent, dynamic maps 
using data from virtually any source and across most popular computing platforms. 
ArcView provides the tools to allow the user to work with maps, database tables, 
charts and graphics all at once. One can also use multimedia links to add pictures, 
sound and video to the maps generated. ArcView makes it easy to integrate data from 
overall organization and work with the datageographically. Using ArcView software’s 
powerful visualization tools, one can access records from existing databases and 
display them on maps. Using Avenue, which is ArcView software’s built-in object-
oriented scripting language, one can develop custom tools, interfaces and complete 
applications. 
 
ArcView can be purchased from the ESRI store direct and costs approximately 
$1,195.00 for the Windows platform and $2,195.00 for the UNIX platform. More 
information can be obtained from <http://www.esri.com/software/arcview/how-to-
buy.html> or by contacting a local ESRI distributor. 
 
ArcView comes with several extensions for carrying out different tasks. Extensions 
are plug-ins that one can load and unload according to need. 3D Analyst and Spatial 
Analyst are the most useful extensions in environmental modelling studies. However, 
these are supplied as optional extensions and one has to procure or purchase them 
separately. IRA-WDS has been developed using ArcView’s built-in macro language, 
Avenue.  
 
The extensions, 3D Analyst and Spatial Analyst are not necessary for running IRA-
WDS software. However, in order to view results in a three-dimensional or 
perspective view, one must have ArcView’s 3D Analyst extension installed. At the 
same time, if one is to perform spatial analysis of results by buffering, overlaying and 
so on, one must have ArcView’s Spatial Analyst extension installed on the computer. 
 

1.2  Installing the interface 

The set-up installs the ArcView interface for IRA-WDS, which has been formatted to 
create a two separate directory structure on the local hard disk. 

First it creates an ‘AVIRAWDS’ folder on the ‘C:\’ drive. In this folder, 
subdirectories named ‘Legends’ and ‘Help’ are created. The ArcView Legend files for 
various themes are copied to the ‘C:\AVIRAWDS\Legends’ subdirectory. The IRA-
WDS html Help files are copied to the ‘C:\AVIRAWDS\Help’ subdirectory. 

The second folder is created in a user-specified path. In this folder, four subdirectories 
named ‘Help’, ‘Logo’, ‘Project’ and ‘Sample Data’ are created. The Excel files stating 
the data requirements for Ingress and Pipe Condition Assessment themes are copied to 
the ‘Help’ subdirectory. The Logo files are copied to ‘Logo’ subdirectory. The IRA-
WDS default start-up ArcView Project File ‘irawds.apr’ is copied to the ‘Project’ 
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subdirectory. The sample data for analysis of the model is copied to the ‘Sample Data’ 
subdirectory. 

The IRA-WDS ArcView extension file ‘ira-wds.avx’ is copied to ArcView’s EXT32 
folder, which is normally placed in the ‘C:\ESRI\AV_GIS30\ARCVIEW\EXT32’ 
path. The dynamic link libraries of the Contamination Ingress Model ‘ingress.dll’, 
Pipe Condition Assessment Model ‘pca.dll’, Risk Assessment Model ‘risk.dll’ and 
Analytical Hierarchy Process sub model ‘ahp.dll’ are copied to ArcView’s ‘BIN32’ 
folder, which is normally placed in the ‘C:\ESRI\AV_GIS30\ARCVIEW\BIN32’ 
path. 

To install the interface: 

1 Double click on the IRA-WDS Setup.exe 

 

2 ‘Welcome’ screen will appear. Click  

3 ‘Information’ screen will appear. Click   

4 ‘License Agreement’ screen will appear. Click 

 and then click  

5 Choose the installation directory. And then click  

6 ‘Confirmation’ screen will appear. Click  

 

The setup will copy ‘ira-wds.avx’ file to the ArcView extension directory. 

The setup will copy ‘ahp.dll’, ‘ingress.dll’, ‘pca.dll’ and ‘risk.dll’ to 
‘$AVBIN’. 

The setup will copy the Sample Data files, Project file and Uninstallation 
file to the directory chosen by the user. 

If the Installation directory is other than ‘C:\AVIRAWDS’, then set-up 
will create a folder ‘AVIRAWDS’ on the C: drive and will copy Legend 
and Help files into the Legend and Help directories. 

 

7 ‘End’ screen will appear. Click  

 ‘Clickteam Installation Creator Pro’ screen will appear. Click  

 Installation is complete. Shortcut 

 

will appear on desktop and  

 IRA-WDS is ready for use.  

 
The directory structure created by installation of the IRA-WDS interface is displayed 
below: 
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1.3  Uninstalling the interface 

The IRA-WDS interface can be uninstalled in number of ways. It is recommended to 
uninstall the software by running the ‘uninstal.exe‘ from the installation directory. 
The uninstalling steps are given below. 

1 Click  on desktop. 

2 Go to   

3 Go to   

4 Click on the  

 
Uninstallation removes IRA-WDS from the programs menu, deletes ‘ahp.dll’, 
‘ingress.dll’, ‘pca.dll’, ‘risk.dll’ and ‘IRA-WDS.avx’ from ArcView installation paths 
and removes all legend files, help files, sample data files and ‘IRA-WDS.apr’ from 
the respective installation directories. 
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1.4  Using IRA-WDS 

IRA-WDS can be run either by double clicking  
 

 
 

or from taskbar as                                                 
                              

 

 
 
Then following IRA-WDS ‘Welcome’ screen will appear: 

 

 

Clicking 
 

will exit IRA-WDS 

and clicking  
 

will take you to following screen: 
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After double clicking on  
 

from the menu on the left, the following 

main IRA-WDS screen will appear: 
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IRA-WDS has following seven main menus. One or more of these menus needs to be 
used in order to obtain results from IRA-WDS. 
 

1  

2  

3  

4  

5  

6  

7  

 

1.4.1  File menu 

After clicking on ‘File’, the user gains access to following options: 
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1. Close and Close All: 
Helps in closing a single opened document or Graphical User Interface (GUI) or 
all opened documents or GUIs. 
 

2. Save Project and Save Project As: 
Helps in saving the current project or saving it with a different name. 

 
3. Set Working Directory: 

Helps in setting the current project work directory so that the user will be 
prompted to ‘Choose/Save/Load’ his or her work to or from the directory set at 
every instance of the file ‘Open/Save’ dialogue box.  
 

4. Extensions: 
Helps the user to load other extensions to the IRA-WDS interface, if required. 
 

5. Print: 
Helps the user to set the printer and printing properties, and to print the maps he or 
she has generated. 
 

6. Export: 
Helps the user to export the maps he or she has generated in various other image 
formats so that he or she can use them for publication or presentation purposes. 
 

7. Manage data source: 
Helps the user to manage the shape files data he or she has generated. It also helps 
the user to perform operations such as copying, renaming and deleting shape files 
easily. 
 

8. Exit: 
Helps the user to exit from the IRA-WDS interface and ArcView. 

 
 
Note: Details of the menus Data Preparation, Contaminant Ingress, Pipe 
Condition and Risk Assessment are provided in Chapters 2, 3, 4 and 5, 
respectively. 
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CHAPTER TWO 
 
 

Data Preparation 
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Chapter 2:  Data Preparation 
 

2.1  Introduction 

Data preparation for the IRA-WDS program involves two major steps: 

1. The creation of appropriate shape files: these are GIS files that contain the spatial 
information on all objects considered by the IRA-WDS program; and 

2. Input of additional model data: these files contain specific characteristics of the 
objects generated in the shape files. 

 

2.2  Creating shape files 

The first step in using IRA-WDS is to create a series of shape files (for ArcView). These 
shape files contain spatial information on the various objects considered by IRA-WDS. 
These include: pollution sources, water distribution systems, base maps (that is, 
infrastructure and contour maps) and environmental maps (for example, soil type, 
groundwater and so on). The shape files are generated by digitizing maps containing the 
various objects (pollution sources, water distribution systems, base maps etc.); see 
Figures 2.1 and 2.2, below. Shape files can be divided into two categories: 

• Thematic layers: base maps and environmental maps; and 
• Network databases: pollution sources and water distribution systems. 

 
As mentioned above, pollution sources and water distribution pipes are all represented as 
networks within IRA-WDS. For the purposes of modelling, the geometry of the networks 
has to be expressed as a network consisting of links and nodes. The links and nodes act as 
a framework on which all other kinds of relevant information are hung. The shape files so 
generated contain the following information: 

• Nodal shape files: Node id, x-coord, y-coord and Elevation; and 
• Link shape files: Link id, Start node, End node and Length. 
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The shape files required for IRA-WDS are as follows: 

• Sewer node and link shape files; 
• Canal node and link shape files; 
• Foul surface water body node and link shape files; and 
• Water distribution node and link shape files. 

 
Note that in the user’s working directory, each shape file generated will have  five 
separate files associated with it with the following extensions: *.shp, *.shr, *.sbx, *.spn 
and *.dbf. For example, a sewer node shape file will have five associated files.  
 
Among these five files, the most important ones are the ‘shp’ and ‘dbf’ files: 

• The ‘shp’ files are uploaded through the GIS interface to run the program; and 
• The ‘dbf’ files contain all the attribute data for nodes and links. These files are 

expanded during the data preparation stage (described in Section 2.3), to include 
specific characteristics of the nodes and links. 
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Output  
On completion of this step (creating shape-files) a number of shape files will have 
been created. These may include:  

 
Thematic Layers 

• Base maps:  
 Infrastructure – Line and Polygon shape files 
 Contour – Line shape files 

• Environmental maps: 
 Soil – Polygon shape files 
 Groundwater – Polygon shape files 
 Pressure – Polygon shape files 

 
Network databases 

• Sewer – Node and Link shape files 
• Canal – Node and Link shape files 
• Foul water body – Node and Link shape files 
• Water distribution – Node and Link shape files 

 

2.3  Input of additional model data 

2.3.1  Enclosed Excel spreadsheet (DataInput.xls) 

In this section, details of how to add additional node and link data to the shape files 
are presented. To assist in this, an Excel file has been included with IRA-WDS 
(DataInput.xls) that contains a template. Figure 2.3, below, shows example 
worksheets from the Excel file. 
 
The first thing for the user to do is to copy this Excel file into his or her working 
directory and rename it as appropriate (for example, the project name). The Excel 
spread sheet contains several worksheets to assist with data entry.  
 
The first worksheet labelled ‘General Description’ gives an overview of all the other 
worksheets and provides information on data requirements for those other worksheets 
(see Figure 2.3). Hyperlinks are provided in this worksheet to help navigate between 
the other worksheets.  
 
In addition to the General Description worksheet, there are 12 other worksheets (see 
the tabs at the bottom of the worksheet shown in Figure 2.3). In each of these 12 
worksheets, attribute data for the various objects are added by the user. On completion 
of these worksheets, the data contained in them are then transferred to the objects’ 
respective shape files (details of how this is done is given in Section 2.4). 
 
Note that this Excel spreadsheet has several columns in each worksheet, where the 
data have already been generated and stored in the shape files (in the file with 
extension dbf). These data mainly relate to the spatial location of the objects, but also 
include information related to elevation and lengths of links.  
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Therefore the authors suggest that the data from the shape files (dbf) are copied and 
pasted into the appropriate worksheet of the Excel file. 
 

 
 

Figure 2.3. Enclosed Excel file DataInput.xls 

 

2.3.2  Contaminant Ingress Model 

The data required for the Contaminant Ingress Model are as follows: 
• Pollutant sources; 
• Water distribution pipes; and 
• Environmental data (soil type and so on). 
 

2.3.2.1 Pollutant sources  

IRA-WDS considers the following pollutant sources: sewers/drains, canals and 
ponds/ditches. As described earlier, the spatial information about the pollution sources 
is contained in the generated shape files. This section provides details on how 
additional attribute data are added.  
 
Figure 2.4, below, shows the relevant worksheet for pollutant sources from the 
enclosed Excel file.  
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Figure 2.4. Worksheet for pollutant sources 

 
At this stage: 

• The Excel spreadsheet should have been saved in the user’s working directory; 
and 

• The shaded columns shown in Figures 2.5 and Figure 2.6 should be filled from 
the data in the dbf shape files (see Section 2.4).  

 

 
Figure 2.5. Link data entry for sewer  

 
The next stage is for the user to complete the remaining fields on the worksheets (that 
is, the unshaded columns of the tables in Figures 2.5 and 2.6). Tables 2.1 and 2.2, 
below, give details of the additional attributes required for link data and node data 
respectively for the sewer.  
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Figure 2.6. Node data entry for sewer 

 
 

Table 2.1. Sewer link data for Contaminant Ingress Model 

Field name Unit Description 

SEWER_DIA mm Sewer diameter 

SEEP_RATE Metre/day Seepage rate from sewer pipe 

 

Table 2.2. Sewer node data for Contaminant Ingress Model 

Field name Unit Description 

BURYDEPTH Metres Buried depth of node 

 

2.3.2.2 Water distribution system  

In addition to pollutant sources, IRA-WDS requires additional attribute data for the 
water distribution system. As described earlier, the spatial information about the water 
distribution system (WDS) is contained in the shape files generated earlier. In this 
section, details are given on how additional attribute data are added.  
 
Figure 2.7, below, shows the relevant worksheet from the enclosed Excel file for the 
water distribution system. At this stage, the shaded columns shown in Figure 2.7 
should have been filled from the data in the dbf shape files (see Section 2.4).  
 



 21

The next stage is for the user to complete the remaining fields on the worksheets (the 
unshaded columns of the table in Figure 2.7). For details, see Table 2.3. 
 

Table 2.3. WDS node data for Contaminant Ingress Model 
Field name Unit Description 

BURYDEPTH Metres Bury depth 
Z- Coordinate Metres Surface elevation 

 

 
 

Figure 2.7. Node data entry for water distribution system 

 

2.3.2.3 Environmental factors 

In addition to the pollutant sources and water distribution system, IRA-WDS requires 
information on soil characteristics. Shape files have already been constructed for soil 
data, groundwater and pressure zones. In this section, details on are given how 
additional attribute data are added. 
 
Figure 2.8, below, shows the relevant worksheet from the enclosed Excel file for soil 
characteristics. At this stage, the shaded columns shown in Figure 2.8 should have 
already been filled from the data in the dbf shape files (see Section 2.4).  
 
The next stage is for the user to complete the remaining fields on the worksheets (the 
unshaded columns of the table in Figure 2.8). For details, see Table 2.4. 
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Table 2.4. Soil data for Contaminant Ingress Model 

Field name Unit Description 

SAT_K cm/hr Saturated hydraulic conductivity 

SAT_MC  Saturated moisture content 

INI_MC  Initial moisture content 

BULK_DEN gm/cm3 Bulk density 

KOC  Soil organic carbon coefficient 

AIR_ENTRY cm Air entry head 

PORESIZE  Pore size index 

DIFF_COEFF cm2/day Diffusion coefficient 

SOIL_FOC  Soil fraction of organic content 

LIQ_DECAY per hr Liquid phase decay 

CHAR_COEFF  Soil characteristic curve coefficient 

 

 
 

Figure 2.8. Soil data entry 
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2.3.3  Pipe Condition Assessment Model 

Data requirements for the Pipe Condition Assessment Model are related to the factors 
that affect the condition of the pipe. A description of these various factors and how 
they are represented in the model can be found in Chapter 3, below. 
 
It should be noted that this model requires some data in the form of fuzzy (qualitative) 
numbers (such as link joint type, surface type, traffic load and so on) and others as 
crisp (quantitative) numbers (such as link material, diameter, length and so on). 
Therefore the data in the form of fuzzy numbers will require the user to input fuzzy 
membership functions. Table 3.1 in Chapter 3 of Book 3 shows which data is fuzzy 
and which is crisp. 
 
Figure 2.9, below, shows the relevant worksheet from the enclosed Excel file for the 
Pipe Condition Assessment Model. At this stage, the shaded columns shown in Figure 
2.9 should have already been filled from the data in the dbf shape files (see Section 
2.4) and during data preparation for the Contaminant Ingress Model. The next stage is 
for the user to complete the remaining fields on the worksheets (the unshaded 
columns in Figure 2.9 and Table 2.5).  
 

Table 2.5. WDS link data for Pipe Condition Assessment Model 

Field name Unit Description 

STRJOINT  Joint method at start node 

ENDJOINT  Joint method at end node 

MATERIAL  Material type 

TRAFFIC  Traffic load 

SURFACE  Surface type 

INTPROT  Internal protection 

EXTPROT  External protection 

BEDCOND  Bedding condition 

WORKMANS  Workmanship 

DIAMETER mm Diameter of pipe 

INSTYEAR yyyy Installation year 

LENGTH Metres Length of pipe 

STRDEPTH Metres Start node bury depth 

ENDDEPTH Metres End node bury depth 

NOCONNEC  No. of pipes joined with diameter less than minimum considered 

BREAKAGE Per year No. of breaks per year 

LEAKAGE lps Leakage rate 

VALVES  No. of valves 

DURATION Hrs/day Duration of water supply per day 

NOOPER Per day No. of times water supplied per day 
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Figure 2.9. Water distribution pipe condition assessment data 

 

2.4  Creating a dbf  

At this stage, all data for the model have been completed and entered into the Excel 
spreadsheet provided. This Excel file should have been stored in the working 
directory for the project.  
 
The next step is for the user to link the data in the Excel spreadsheet with the relevant 
shape files. In order to achieve this, each worksheet from the Excel spreadsheet must 
be saved as a dbf file with a filename identical to the relevant shape file.  
 
For example, to create the link data shape file for a water distribution system: 

1. If the name of the shape file is ‘waterpipe.shp’ 
2. In the Excel spreadsheet select the ‘WDSlink’ worksheet 
3. While this worksheet is active, do the following: 

• File – Save As: ‘waterpipe.dbf’ (this name is the same as the shape file) 
• Make sure the file is saved to the working directory (that contains the 

shape files) 
• Note: the original ‘waterpipe.dbf’ file will be overwritten with the new dbf 

file. Therefore, make sure all the information in the original dbf file has 
been copied to the new one. 
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2.5  Add shape files to GIS 

The next step is for the user to add the necessary shape files to IRA-WDS, so that the 
data can be viewed and used by the three models (the Contamination Ingress Model, 
Pipe Condition Assessment Model and Risk Assessment Model). This can be done by 

clicking on the Tool icon  which is just below the ‘Data Preparation’ menu or by 
clicking on the ‘Data Preparation’ menu and then clicking on the submenu ‘Add 
Shape Files to IRA-WDS View’, as shown in the screen below: 
 

 
 

This opens the ‘Add Theme’ form, as shown below: 
 

 
 
After the user selects the shape files to be added to the IRA-WDS View, he/she can 
click on the ‘OK’ button, which will load the shape files to the IRA-WDS View, and 
corresponding dbf files in the Table GUI of the ArcView.   
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Chapter 3:  Contaminant Ingress Model 
 

3.1  Introduction 

The ‘Contaminant Ingress’ menu contains several submenus. This chapter describes 
the use of these submenus and associated commands to run the Contaminant Ingress 
Model. Figure 3.1, below, shows the steps involved in executing this component of 
the software. 
 
The following steps need to be performed to run the Contaminant Ingress Model:  

• Adding the data (if not already done so) 
• Rearranging the data (optional) 
• Generating an input file 
• Viewing Ingress input file (optional) 
• Loading input file 
• Running model 
• Displaying output (optional) 

 
The example files given in Table 3.1 are used for illustration purposes to describe the 
use of the Contaminant Ingress Model with the help of IRA-WDS. 
 

Table 3.1. Example input files 

Themes Filenames 

wdstesttheme.shp Water distribution 

wdstestnode.shp 

sewertesttheme.shp Sewer  

sewertestnode.shp 

canaltesttheme.shp Canal 

canaltestnode.shp 

fwblink.shp Foul water body 

fwbnode.shp 

Soil type soilbound.shp 
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Figure 3.1. Overview of Contaminant Ingress Model of IRA-WDS 

 

3.2  Shape files 

3.2.1  Adding shape files 

Adding shape files can be done by clicking on the Tool icon  which is just below 
the ‘Data Preparation’ menu or by clicking on the ‘Data Preparation’ menu and then 
clicking on the submenu ‘Add Shape Files to IRA-WDS View’, as shown in the 
screen below: 
 

Prepare ingress input database 

View Contaminant Ingress 
input files 

Load Contaminant Ingress 
input files 

Generate Contaminant Ingress 
input files 

Run Contaminant Ingress 
Model 

Display Contaminant Ingress 
output in table/shape format 

Contaminant Ingress 
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This opens the Add Theme form, as shown below, and the user is then required to 
select the desired files. At this stage, these files are those relating to: water 
distribution link and node; sewer pipe link and node; canal link and node; foul water 
bodies link and node; and soil polygon map. 

 
 

3.2.2  Rearranging shape files 

Once the data are added, these can be rearranged for viewing purposes. This can be 
done by selecting ( ) and/or omitting ( ) different themes (on the left hand side) and 
changing the preference order of different themes by dragging them above or below 
the other themes. For example, the view with only line and node themes is as below: 
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However, if a polygon theme such as soil is to be viewed with these themes, the user 
should select ‘Soilbound.shp’. The view with line and node themes and different soil 
types is then as below:  
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Similarly, if only the water distribution network theme is to be viewed, the user 
should select ‘wdstesttheme.shp’ and ‘wdstestnode.shp’, as shown below: 
 

 
 

3.3  Generating an input file 

3.3.1  Background to Contaminant Ingress Model input 

An input file can be generated by clicking on the Tool icon  which is just below 
the ‘Contamination Ingress’ menu or by clicking on the ‘Contamination Ingress’ 
menu and then clicking on the submenu ‘Generate Input File’, as shown in the screen 
below: 
 

 
 
The Contamination Ingress Input Form has two radio button options: Advanced User 
and End User. 
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Advanced users can click on the radio button next to Advanced User/Developer, 
which allows the user to add or remove fields to or from the ‘SELECTED FIELDS’ 

list box. The user can click the  button to select the default field names. 
Advanced users can add fields to the ‘SELECTED FIELDS’ list box by selecting 

those fields in the ‘FIELDS AVAILABLE’ list box and then clicking on  
button, or can remove fields from the ‘SELECTED FIELDS’ list box by selecting 

those fields in the ‘SELECTED FIELDS’ list and then clicking on  
button. 
 

 
 
End users are not provided with the option of adding or deleting fields to or from the 
‘SELECTED FIELDS’ list box. With the End User option, the fields are selected 
automatically. 
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3.3.2  Adding shape files 

3.3.2.1 Water and sewer distribution data 

The themes added by the user in the IRA-WDS View need to be defined in terms of 
which theme represents what (that is, the user needs to define which theme represents 
water distribution system pipe/node theme, sewer pipe/node theme, canal link/node 
theme and foul water body (polygon) link/node theme). All polyline shape files in the 
IRA-WDS View are listed in each combo box placed under the ‘LINK DATA’ so that 
user can choose each respective theme from the list to represent WATER PIPE, 
SEWER PIPE, CANAL LINK and POLYGON LINK in the IRA-WDS View. All 
point shape files in the IRA-WDS View are listed in each combo box placed under the 
‘NODE DATA’ so that user can choose each respective theme from the list to 
represent WATER PIPE NODE, SEWER PIPE NODE, CANAL NODE and 
POLYGON NODE in the IRA-WDS View. 
 

 
 

3.3.2.2 Soil data 

SOIL DATA for Contamination Ingress can be defined either through the soil theme, 
through manual input or through the soil database built within IRA-WDS. All 
polygon shape files in the IRA-WDS View are listed in combo box placed under the 
‘SOIL DATA’ so that user can choose each respective theme from the list to represent 
SOIL DATA THEME in the IRA-WDS View. 
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3.3.2.3 Soil data from theme 

The figure below shows the user how to select soil data from the shape files. 
 

 
 

3.3.2.4 Soil data manual input 

With the soil data manual entry option, the user inputs the soil data desired in a box 
provided before each soil parameter, as shown below: 
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3.3.2.5 Soil data from database 

With the soil data from database option, the user chooses the soil type from the Soil 
Type menu, which consists of different soil properties. The user can also modify the 
soil properties by using the empty boxes next to some soil properties. The some soil 
properties depend on the interaction of different soils with contaminants (for example, 
fraction organic content). The user is required to input the values of these properties.  

3.4  Generating the input file for the model 

After completing the data definition, the next step is for the user to generate the input 
file to run the Contamination Ingress Model. The Contamination Ingress input file is 
generated by clicking on the ‘Generate Input’ button on the ‘Contamination Ingress 
Input Form’. For example, if the soil theme is selected, a spatial analysis is performed 
by the program to identify the pipes and corresponding soil types in which they are 
buried; then the soil data is appended according to the node themes of the water 
distribution system, sewer system, canal and foul water body. Then the user opens the 
‘File Save’ dialogue box to save the file with a user-defined name, as below: 
 

 
 
The data generation and writing progress is shown in the Progress Bar as below: 
 

 
 
Before the completion of data writing, the model prompts an Input box asking for 
‘Time of Analysis’ (See Appendix B) as shown on next page. 
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After successfully generating the input file, an Info Message box indicating task 
completion is displayed as shown below: 
 

 
 

 
 

3.4.1  Viewing Ingress input file 

The user can view the input file in the notepad by clicking on the  button and 
browsing the appropriate output file to view. 
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IRA-WDS data viewer 
 

3.4.2  Loading input file 

The input file to be used for running the Contaminant Ingress Model is loaded using 

tool  which is just below the ‘Contamination Ingress’ menu or by clicking on the 
‘Contamination Ingress’ menu and then clicking on the submenu ‘Load Input File’, as 
shown on the screen below: 
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The ‘Load Contamination Ingress Input File’ dialogue box is as shown below:  
 

 
 

The user can browse through the computer by clicking on the  button on the 
‘Load Contamination Ingress Input File’ dialogue box. This opens the ‘File Load’ 
dialogue box, as shown below: 
 

 
 
After the appropriate file has been selected, the user presses the ‘OK’ button on the 
‘Load Contamination Ingress Input File’ dialogue box where the filename appears.  
 

 
 

If the user wants to change the filename, he or she can do this by clicking the button 

, which clears the filename from the ‘Load Contamination Ingress Input File’ 
dialogue box. If user is sure of the input file selected, then the file can be loaded by 

clicking on the  button, which also closes ‘Load Contamination Ingress Input 
File’ dialogue box. 
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3.5  Running the Contaminant Ingress Model  

To run the model, the user clicks on the  button, which is just below the 
‘Contamination Ingress’ menu or he or she clicks on the ‘Contamination Ingress’ 
menu and then clicks on the submenu ‘Run Model’, as shown on the screen below: 
 

 
 
This opens the ‘File Save’ dialogue box for saving the Contamination Ingress Model 
output file as *.out. Once the user types the appropriate name and clicks ‘OK’, then 
the outputs are generated as specified by the user. 
 

 
 
The program then displays the ‘Task Completed’ Result Message Box, as shown 
below: 
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3.6  Displaying output 

Outputs can be displayed in text, table and shape forms 
 

3.6.1  Displaying Ingress output in text form 

The user can view the output file in text form using the notepad by clicking on the 

 button or by selecting the Display Output in Text Form submenu from the 
Contaminant Ingress menu and browsing the appropriate output file to view. 
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3.6.2  Displaying Ingress output in table form 

The user can view the output file in table form by selecting the Display Output in 
Table Form submenu from the Contaminant Ingress menu and specifying the 
appropriate output file to view by browsing as below: 
 

 
 
 

 
 

3.6.3  Displaying Ingress output in shape form 

To view the Contamination Ingress Model output in shape file form click on the  
button, which is just below the ‘Contamination Ingress’ menu or by clicking on the 
‘Contamination Ingress’ menu and then clicking on the submenu ‘Display Ingress 
Output in Shape Form’, as shown in the screen below: 
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This opens the ‘File Select’ dialogue box for selecting the Contamination Ingress 
output file as *.out, which has to be converted to shape file as shown below: 
 

 
 
Once the user has selected the appropriate filename and clicked ‘OK’, this opens the 
‘File Save’ dialogue box and asks the user to type in the output shape filename: 
 

 
 
After typing or selecting the appropriate name, the user needs to click the ‘OK’ 
button, which then generates the shape file with information from the Contamination 
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Ingress output shape file and loads that file into the IRA-WDS data viewer with 
contamination legend as shown below: 
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Chapter 4:  Pipe Condition Assessment 
Model 

4.1  Introduction 

There are several submenus under the Pipe Condition Assessment menu. This chapter 
describes the use of these submenus and associated commands for running the Pipe 
Condition Assessment Model. Figure 4.1 shows the steps involved in executing this 
component of the software. 
 
The example files given in Table 4.1 are used for illustration purposes to describe the 
Pipe Condition Assessment Model with the help of IRA-WDS. 
 

Table 4.1. Example input files 

Themes Filenames 

wdstesttheme.shp Water distribution 

wdstestnode.shp 

Groundwater  gwt.shp 

Pressure zone pressure.shp 

Soil type soilbound.shp 

 
 



 50

 
Figure 4.1. Overview of Pipe Condition Assessment Model of IRA-WDS 

 
 
The following steps need to be performed for running the Pipe Condition Assessment 
(PCA). These are: 

• Adding the data (if not already done so) 
• Rearranging the data (optional) 
• Generating an input file 

Prepare Pipe Condition Assessment input database 

View Pipe Condition Assessment input files 

Load Pipe Condition Assessment input files 

Generate Pipe Condition Assessment input files 

Run Pipe Condition Assessment Model 

Display Pipe Condition Assessment output in 
table/shape format 

Pipe Condition Assessment 

Generate membership functions, weights balance factors 
and input number of zones etc. 
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• Viewing PCA input file (optional) 
• Loading input file 
• Running model 
• Displaying output (optional) 

 

4.2  Shape files 

4.2.1  Adding shape files 

Adding shape files can be done by clicking on the Tool icon  which is just below 
the ‘Data Preparation’ menu or by clicking on the ‘Data Preparation’ menu and then 
clicking on the submenu ‘Add Shape Files to IRA-WDS View’, as shown in the 
screen below:  
 

 
 
This opens the ‘Add Theme’ form, as shown below, and the user is then required to 
select the desired files. At this stage, these files are those relating to: water 
distribution link and node; soil polygon map; groundwater zone polygon map; and 
pressure zone polygon map. 

 

If the user is continuing on from the Contaminant Ingress Model, then water 
distribution link and node data and the soil polygon map will have already been 
added. (Note that the sewer pipe, canal and foul water bodies link and node data, 
which are all needed for pipe condition assessment, will also have been added in this 
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case). Only the groundwater zone polygon map and the pressure zone polygon map 
need to be added by the user as below. 
 

 
 

4.2.2  Rearranging shape files 

 
If the user wishes to do so, he or she can rearrange the data to view and query 
different themes. The following snapshots show: 

• Rearranged link and node data 
• A soil theme map 
• A groundwater theme map 
• A pressure theme map 

 
 

Rearranged data 
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Soil theme 

Groundwater theme 
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4.3  Generating an input file 

4.3.1  Background to Pipe Condition Assessment Model input 

An input file can be generated by clicking on the Tool icon  which is just below 
the ‘Pipe Condition Assessment’ menu or by clicking on the ‘Pipe Condition 
Assessment’ menu and then clicking on the submenu ‘Generate Input File’, as shown 
on the screen below: 
 

 
 
The ‘Pipe Condition Assessment Input Form’ has two radio button options: 
‘Advanced User’ and ‘End User’. 
 
Advance Users can click on the radio button next to Advance User / Developer, which 
will allow the user to add or remove fields to or from the ‘SELECTED FIELDS’ list 

box. The user can click the  button to select the default field names. 
Advanced users can add fields to the ‘SELECTED FIELDS’ list box by selecting 

Pressure theme 
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those fields in the ‘FIELDS AVAILABLE’ list box and then clicking on the 

 button. To remove fields from the ‘SELECTED FIELDS’ list box, the 
user can select those fields in the ‘SELECTED FIELDS’ list box and remove by 

clicking on the  button. 
 

 
 
End Users are not provided with an option for adding or deleting fields to or from the 
‘SELECTED FIELDS’ list box. In this case, the fields are automatically selected with 
the End User option. 
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4.3.2  Adding shape files 

The user needs to define which theme in the IRA-WDS View represents the water 
distribution system pipe theme, the node theme, the soil theme, the groundwater 
theme and the pressure theme. All polyline / line themes added to the IRA-WDS 
viewer are added to the ‘PIPE LINK THEME’ combo box. All point / node themes 
added to the IRA-WDS viewer are added to the ‘PIPE NODE THEME’ combo box. 
All polygon themes added to the IRA-WDS viewer are added to the ‘SOIL THEME’, 
‘GROUNDWATER THEME’ and ‘PRESSURE THEME’ boxes. 
 

 
 
The user is required to select the theme that represents the water distribution pipe 
theme, the node theme, the soil theme, the groundwater theme and the pressure theme 
from the combo box. Initially, before selection of the themes, all other menus are 
disabled. During the selection of themes, the list of fields available and fields that will 
be selected from that theme are listed in the ‘FIELDS AVAILABLE’ and ‘FIELDS 
SELECTED’ list boxes (just below ‘SELECT ATTRUBUTE DATA FROM 
FIELDS’). 
 

4.3.2.1 Pipe (water distribution) link theme 

Selecting the water distribution theme in the pipe link theme box lists the fields 
available and fields selected. It also goes through the first record of the theme and 
finds which data are available and then enables the further options for data definition 
accordingly. For example, if the Pipe Diameter has a numeric value in its database, 
then it enables the Pipe Diameter check box in the Input Form so that the user can 
choose this for assessing the pipe condition and so on, as shown below: 
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4.3.2.2 Pipe node (water distribution) theme 

Selecting the water distribution theme in the pipe node theme box updates the list of 
fields available and selected. 

4.3.2.3 Soil, groundwater and pressure themes 

If any of the soil, groundwater or /pressure themes is already selected, then the check 
box options corresponding to ‘Soil Corrosivity’, ‘Ground Water Table’ or ‘Maximum 
Pressure’ will be enabled, or else these options will remain disabled, as shown below: 
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4.3.2.4 Soil theme 

Selecting the soil theme updates the list of available and selected fields. This also 
enables check box options corresponding to ‘Soil Corrosivity’ (see screen below). If 
the water distribution (pipe) node theme is not already selected, then the check box 
options corresponding to ‘Soil Corrosivity’ will remain disabled. 

 
 

4.3.2.5 Groundwater theme 

Selecting the groundwater theme updates the list of available and selected fields. This 
also enables check box options corresponding to ‘Ground Water Table’ (see screen 
below). If the water distribution node theme is not already selected, then the check 
box options corresponding to ‘Ground Water Table’ will remain disabled. 
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4.3.2.6 Pressure theme 

Selecting the pressure theme updates the list of available and selected fields. This also 
enables check box options corresponding to ‘Maximum Pressure’ (see screen below). 
If the water distribution node theme is not already selected, then the check box 
options corresponding to ‘Maximum Pressure’ will remain disabled. 
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4.4  Indicator data 

Depending on the data available on various themes, the options for entering data for 
the following different indicators will be enable or disenabled. 

1. Pipe Indicators 
2. Corrosion Indicators 
3. Installation Indicators 
4. Pipe Failure Indicators 
5. Load/Strength Indicators 
6. Intermittency Indicators 

 
The user needs to select which parameters of these indicators he or she wants to use 
for pipe condition assessment. The data used for these parameters are not only 
quantitative (crisp value data) but also qualitative (fuzzy data). In case of fuzzy data, 
the user needs to define the membership functions for the fuzzy data sets. 
 
Pipe material 
Various material properties are considered while deciding the condition of the pipe. 
These properties are: 

1. Resistance to corrosion (a fuzzy parameter) 
2. Maximum pressure it can sustain 
3. Maximum impact load it can sustain 
4. Minimum and maximum diameters in which pipes are made 
5. Minimum and maximum lengths in which pipes are made 
6. Maximum design life 
7. Age-Hazen-William Roughness Coefficient (C) relationship 
 
The input for pipe material properties is made in two different input forms. After 
opening the form ‘Pipe Material’, the user checks the “Assign Material Properties” 
box (see screen below). This form lists the available pipe materials in the water 
distribution pipe theme. If the default database for the pipe material in the IRA-WDS 
contains the pipe material listed in water distribution pipe theme, then it populates the 
respective fields for those pipe material properties for which data are available; 
otherwise nothing is written. For example, in the screen below the IRA-WDS 
database has all the necessary data for the pipe material ‘AC’ listed in the water 
distribution pipe theme, hence all the pipe material properties’ check boxes are filled. 
However, for the pipe material ‘U1’, the IRA-WDS database has no pipe material data 
and hence all the pipe material properties’ check boxes are empty. The user needs to 
fill in all the empty fields in the form appropriately. He or she can also modify the 
data if they do not agree with the IRA-WDS default database. An input form having 
some default data from the database and some material to be defined by the user is 
shown on next page. 
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The completed data form is shown below: 
 

 
 
To define the ‘Pipe Material: Age-C’ relationship, the user should click on the check 
box ‘Assign ‘C’ Values’ on the ‘Pipe Material Properties Input Form’. This opens the 
‘Pipe Material: Age-‘C’ Values Relation Input Form’. Again, if the default database 
for the pipe material in the IRA-WDS program contains the pipe material listed in 
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water distribution pipe theme, ‘C’ values appear in the check boxes; otherwise the 
check boxes remain empty. (Note that values are assigned up to the designed age of 
the pipe and ‘0’ ‘C’ values are assigned for any ages greater than the designed age of 
the pipe). An input form filled in with values from the database is shown below: 
 

 
 
The user needs to complete the form appropriately by entering values in any blank 
fields. He or she can also modify the data if they do not agree with the default 
database. The completed data form is shown below: 
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4.5  Other data 

The remaining data used is in quantitative (crisp data) and qualitative (fuzzy data) 
forms, which are described below. 
 
Crisp data 
The parameters that are quantitative in nature are: ‘Pipe Diameter’, ‘Pipe Length’, 
‘Pipe Material’, ‘Pipe Age’, ‘Number of Connections’, ‘Number of Breakages’, ‘Pipe 
Buried Depth’, ‘Number of Valves’, ‘Duration of Water Supply per Day’ and 
‘Frequency of Water Supplied per Day’. Except for the ‘Pipe Age’, the remainder of 
the parameters do not require any more information. These parameters need to be 
selected if required. For ‘Pipe Age’, further information pertaining to the ‘Analysis 
Year’ is required, which can be selected from the combo box, as shown below: 
 

 
 
Fuzzy data 
The parameters that are qualitative in nature are: the ‘Pipe Material Corrosion Index’, 
‘Pipe Internal and External Protection’, ‘Soil Corrosivity’, ‘Surface 
Type/Permeability’, ‘Ground Water Table Fluctuation’, ‘Traffic Density’, ‘Maximum 
Pressure’, ‘Pipe Joint Methods’, ‘Pipe Bedding Condition’ and ‘Workmanship’. All of 
these require further information regarding their membership function. 
 

4.5.1  Membership functions 

If any fuzzy parameter is clicked, its membership definition form appears. For 
example, if Pipe Material and then Corrosion Index Membership Function are clicked, 
its membership form appears (see screen below). The form is common for all the 
parameters except the title and group labels, which vary according to the indicator for 
which membership function is to be defined.  
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The form consists of five buttons and 20 text boxes for user input. The membership 
function is defined with the help of these text boxes. A trapezoidal or triangular 
membership function can be defined with this input form. If the ‘Middle Left’ and 
‘Middle Right’ values of the membership form are the same, the membership function 
is triangular. The membership form that appears on the screen contains the default 
values membership function. However, the user can change the membership function. 
He or she is advised to refer to the Book-3 (Risk assessment of contaminant intrusion 
into water distribution systems) of this series for this purpose. 
 
There are five buttons to facilitate defining membership functions. These are: 
Default: Clicking this button loads the membership definition text boxes with default 
values defined for various indicators in the IRA-WDS database. 
Clear All: Clicking this button clears all membership definition text boxes. 
OK: By clicking this button, the membership definition is completed and the 
membership definition dialogue box is closed. 
Cancel: By clicking this button the membership definition is cancelled and the 
dialogue box is closed. 
Chart: By clicking this button, the membership definition and the ‘Pipe Condition 
Assessment Input Form’ are minimized and the layout dialogue box is opened within 
which the membership defined is shown graphically. 
 
1.  Pipe Material Corrosion Index 
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2.  Pipe Internal Protection 
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3.  Pipe External Protection 
 

 
 
4.  Soil Corrosivity 
When defining the soil corrosivity membership function, the ‘Soil Corrosivity’ 
property is used. 
 

 
 
5.  Surface Type/Permeability 
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6.  Ground Water Table Fluctuation 

 
 
7.  Traffic Density 
When defining the traffic density membership function, the actual observed values of 
number of vehicles passing per hour should be used. 

 
8.  Maximum Pressure 
When defining the maximum pressure membership function, the values of pressure at 
the outlets should be used. 
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9.  Joint Method 
 

 
 
10.  Bedding Condition 
 

 
 
11.  Workmanship 
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4.5.2  Weightage methods 

The user also needs to assign weights for various indicators and balance factors for 
various groups. Weight allows importance to be given to different 
parameters/indicators within a group. Balance factors reflect the importance of the 
maximal deviations between indicators (criteria) in the same group, where ‘maximal 
deviation’ means the maximum difference between an indicator value and the best 
value for that indicator. The larger the balancing factor, the greater the concern with 
respect to the maximal deviation. Low balancing factors are used for a high level of 
allowable compromise between indicators of the same group. A balancing factor 
equal to 1 means that there is a perfect compromise between indicators of the group. 
If the level of compromise between indicators is moderate, a balancing factor of 2 will 
be sufficient. A balancing factor of 3 or more reflects a situation of minimal 
compromise between indicators. In the present (Pipe Condition Assessment) model, 
three weightage methods are included. These are: 
 
Equal Weights: With this method, equal weights are assigned to all the indicators of 
particular group. A balancing factor of 1 is assigned to all the groups. 
 
Assign Weights: With this method, weights are assigned directly. The form in which 
they are assigned is shown below: 
 

 
 
Depending on the number of indicators selected for the assessment, equal weights are 
assigned initially to all the indicators. The user can change the weights assigned to 
each indicator. However, it is necessary that the sum of the weights given in one 
group should be equal to 1 (see screen above). The user needs to input values for the 
balance factors of each group. After completing the form, the user can click on the 
‘Assign Weights’ button to assign the weights and close the form. The program then 
displays the following Information message regarding weights assigned. Clicking on 
‘OK’ closes this form. 
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Generated by AHP: Weights can also be generated using the pair-wise comparison, 
that is, by Analytical Hierarchy Process (AHP). Clicking on ‘Generate Weights’ 
causes the following ‘Generate Weights using Analytical Hierarchy Process’ form to 
appear. 
 
 

 
 
The matrix elements are enabled for those indicators that are selected in the ‘Pipe 
Condition Assessment Input Form’. The slider on the right-hand side of the ‘Generate 
Weightings using Analytical Hierarchy Process’ form can be used to define the matrix 
element. The user needs to input values for the balance factors of each group. On 
completion of the matrix elements and inputting the balance factors, the form appears 
as shown in the example in next page. 
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The user then clicks the ‘Generate Weights’ button, which opens the ‘Save AHP Input 
File’ dialogue box to save the AHP input matrix, as shown below: 
 

 
 
After selecting the input filename to save AHP input, the following dialogue box 
appears: 
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Confirming ‘OK’ on the ‘Generated the AHP Input File’ Info message box opens the 
‘Save AHP Output File’ dialogue box and prompts the user about the filename to save 
the AHP output under, as shown below: 
 

 
 
After selecting the output filename to save AHP output under, the following dialogue 
box appears: 
 

 
 
Clicking ‘OK’ executes the AHP model, which generates the weight for each 
parameter considered in the ‘Pipe Condition Assessment Input Form’ and then asks 
the name of AHP output file for viewing, as shown below: 
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After the user gives the name of AHP output file, the following message appears:  

 

After the user confirms ‘OK’, the weights can be seen (see screen below). If the 
weights generated using AHP are consistent, then those values are presented in the 
respective text boxes; otherwise ‘–99’ appears in those boxes. If any particular 
indicator is not considered in the analysis, then ‘–999’ appears in the text box as 
shown below: 
 

 
 
During this step the ‘Generate Weights’ button is disabled and ‘OK’ button is 
enabled. If the user clicks the ‘OK’ button, then the weights generated by AHP are 
assigned and a message is displayed as shown below: 

 

If the ‘Cancel’ button is clicked, then the ‘Equal Weights’ option will be selected and 
‘Weights by AHP’ will not be selected. 
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4.6  Number of groups 

The output of the PCA model is a ranking of different pipes depending on their 
respective conditions. These pipes can be placed in different groups on the basis of 
their conditions. The number of groups can be entered by sliding the bar in front of 
‘No. of Groups’ on the ‘PCA Input Form’ or by entering a value for the number of 
groups in the box provided, as shown below: 
 

 

4.7  Generating the input file (PCA) 

To generate the pipe condition assessment input file, the user should click on the 
‘Generate Input’ button on the ‘Pipe Condition Assessment Input Form’. If ‘Soil 
Corrosivity’ is selected, the model finds which pipe falls in which soil type and then 
appends the water distribution system pipe theme with soil corrosion category data 
accordingly. 
 

 

If the ‘Ground Water Table’ is selected, the interface finds the average groundwater 
table depth and groundwater fluctuation depth for each pipe. Then using the pipe 
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buried depth and the groundwater table data, it computes the groundwater category for 
each pipe and appends the water distribution pipe theme accordingly. 

 

 
 
If the ‘Maximum Pressure’ is selected, the interface finds the pressure for each pipe 
and then appends the water distribution pipe theme according to the pressure category. 
 

 
 
It then opens the ‘File Save’ dialogue box to save the file with the user-defined name. 
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After the user writes/selects the input filename, the interface starts writing the input 
file. The data generation and writing progress is shown in the ‘Current Status…’ bar, 
as shown below: 
 

 

Before completion of data writing, the model prompts an ‘Input Choice’ box asking 
the user for a ‘Local Analysis’ or ‘Global Analysis’ of pipe condition. 
 

 
 

 
 
If user selects the ‘Local Analysis’ option, no more data input is required and the 
interface scans through the data input and finds the local maximum and minimum for 
the particular parameter required.  
 

 
 
If the ‘Global Analysis’ option is selected, then one more input form is opened asking 
the user to fill in the maximum and minimum for certain parameters; these can then be 
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used to study and compare different networks in different conditions. The ‘Global 
Data’ input form is shown below: 
 

 
After the user has completed the data, the ‘Global Data’ input form looks as shown 
below: 
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After completing the data, the user can click on the ‘OK’ button. After generating the 
input file successfully, an ‘Info’ message box indicating ‘Input File Generation 
completion’ is displayed as shown below: 
 

 
 

4.8  Viewing the PCA input files 

The user can view the input file in the notepad by clicking on the  button or 
alternatively by selecting the ‘View PCA Input Files’ submenu from the ‘Pipe 
Condition Assessment’ menu and browsing the appropriate file to view. 
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4.9  Loading the input file 

The input file to be used for running the Pipe Condition Assessment Model is loaded 

using the tool , which is just below the ‘Pipe Condition Assessment’ menu or by 
clicking on the ‘Pipe Condition Assessment’ menu and then clicking on the submenu 
‘Load Input File’, as shown in the screen below: 
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The ‘Load Pipe Condition Assessment Input File’ is shown below: 
 

 

The user can browse through the computer by clicking on the  button on the 
‘Load Pipe Condition Assessment Input File’ dialogue box. This opens the ‘ load 
files’ dialogue box, as shown below: 
 

 
 
After the appropriate file has been selected and the user has pressed the ‘OK’ button 
on the filename, the filename appears in the ‘Load Pipe Condition Assessment Input 
File’ dialogue box. 
 

 
 

If the user wants to change the filename, he or she can do so by clicking the button 

, which clears the filename from the ‘Load Pipe Condition Assessment Input 
File’ dialogue box. If user is sure of the input file selected, he or she can load it by 

clicking on the  button. This also closes ‘Load Pipe Condition Assessment Input 
File’ dialogue box.  
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4.10  Running the Model (PCA) 

To run the model, the user should click on the  button, which is just below the 
‘Pipe Condition Assessment’ menu or he or she should click on the ‘Pipe Condition 
Assessment’ menu and then click on the submenu ‘Run Model’, as shown on the 
screen below: 
 

 
 
This opens the ‘File Save’ dialogue box for saving the Pipe Condition Assessment 
output file as *.out. Once the user has typed the appropriate name and clicked on 
‘OK’, this generates the output selected by the user. 
 

 
 
The interface then displays the ‘Task Completed’ Result message box, as shown 
below: 
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4.11  Displaying the output 

Output can be displayed in the following three forms: 

1. Display PCA Output in Text form 
2. Display PCA Output in Table form 
3. Display PCA Output in Shape form 

 
4.11.1  Displaying PCA output in text form 

The user can view the output file in the text form in notepad by clicking on the  
button or by selecting the ‘Display PCA Output in Text Form’ submenu from the 
‘Pipe Condition Assessment’ menu and browsing the appropriate output file to view. 
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4.11.2  Displaying PCA output in table form 

The user can view the output file in table form by selecting the ‘Display PCA Output 
in Table Form’ submenu from the ‘Pipe Condition Assessment’ menu and specifying 
the appropriate output file to view by browsing, as shown below: 
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4.11.3  Displaying Pipe Condition Assessment output in shape form 

To view the Pipe Condition Assessment output in shape file form, the user should 

click on the  button, which is just below the ‘Pipe Condition Assessment’ menu 
or he or she can click on the ‘Pipe Condition Assessment’ menu and then click on the 
submenu ‘Display Ingress Output in Shape Form’, as shown on the screen below: 
 

 
 
This opens the ‘Display Theme’ message box asking the user to specify which theme 
represents the water distribution system pipe theme, as shown below: 
 

 
 

 
 
Once the user selects the appropriate theme representing the water distribution system 
pipe network and clicks on the ‘OK’ button, the ‘Convert Theme’ dialogue box 
appears on the screen and asks the user to give the name with which he or she wants 
to store/convert the selected theme, as shown on next page. 
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The interface then opens the ‘File Select’ dialogue box for selecting the Pipe 
Condition Assessment output file as *.out, from which attributes for pipe condition 
(PCAValue and PCARank) are to be added to the output theme, as shown below: 
 

 
 
Once the user has selected the appropriate filename and clicked ‘OK’, the program 
shows the progress meter, as below: 
 

 
 
On completion of theme generation and attribute addition, it displays the ‘Completed’ 
Info message box, as shown on next page. 
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After clicking the ‘OK’ button on this message box, the new shape-file is added to the 
IRA-WDS data viewer. The ‘PCAOut’ theme legend needs to be changed by the user 
and instead of viewing the theme in a single colour, it can be viewed by unique values 
of ‘PCARank’, as shown below: 
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Chapter 5:  Risk Assessment Model 
5.1  Introduction 

There are several submenus under the ‘Risk Assessment’ menu. This chapter 
describes the use of these submenus and associated commands for running the Risk 
Assessment Model. Figure 5.1 show the steps involved in executing this component 
of the software. 
 

 
Figure 5.1. Overview of Risk Assessment Model of IRA-WDS 

Load Contaminant Ingress and 
Pipe Condition Assessment output 

files 

Run Risk Assessment Model 

Display Risk Assessment output 
in table/shape format 

Risk Assessment 

Generate weights and input no. of 
zones etc. 
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The following steps need to be performed in order to run the Risk Assessment Model.  

• Run Model 
• Display output (optional) 

 
The example files given in Table 5.1 are to be used for illustration purposes while 
describing the use of the Risk Assessment Model with the help of IRA-WDS. 
 

Table 5.1. Example input files 

Filename Descriptions 

Pcaoutput.out Pipe Condition Assessment Model output 

Ingressoutput.out Ingress Model output 

 
 

5.2  Running the Risk Assessment Model 

The Risk Assessment Model can be run by clicking on the Tool , which is just 
below the ‘Risk Assessment’ menu or by clicking on the ‘Risk Assessment’ menu and 
then clicking on the submenu ‘Run Model’, as shown on the screen below: 
 

 
 

5.2.1  Loading the files 

To run the Risk Assessment Model, the output files from the Contamination Ingress 
and Pipe Condition Assessment models are to be loaded onto the interface. To load 

the PCA output file, the user should click on the  button on the interface in front 
of the ‘PCA Output File’ text box. This opens the ‘Load File’ dialogue box, as shown 
on next page. 
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After selecting the appropriate file, the user should click on the ‘OK’ button; this will 
close the ‘Load File’ dialogue box and will write the name of the selected file in the 
‘PCA Output File’ text box. 

To load the Contamination Ingress output file, the user should click on the  
button on the interface in front of the ‘Ingress Output File’ text box. This opens the 
‘Load File’ dialogue box, as shown below: 
 

 
 
After selecting the appropriate file, the user should click on the ‘OK’ button; this will 
close the ‘Load File’ dialogue box and will write the name of selected file in the 
‘Ingress Output File’ text box.  
 
After selection of the output files from the Pipe Condition Assessment and 
Contamination Ingress models, the interface will look as shown on next page. 
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5.2.2  Weights 

The ‘Risk Assessment Input Form’ has two options for giving importance to the Risk 
Assessment parameters (‘Pipe Condition’, ‘Length of Contamination’ and 
‘Concentration of Contamination’). These options are: 

1. Assign Weights 
2. Weights by AHP 

 
The ‘Assign Weights’ option allows the user to input weights directly. The user needs 
to type in the weights in the text box below the ‘Weights’ label and in front of the 
‘Hazard and Vulnerability’ text boxes, as shown below: 
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The ‘Weights by AHP’ option allows the user to perform a pair-wise comparison and 
generate the weights using AHP. In this case, the user needs to enter pair-wise 
comparison values for the ‘Hazard and Vulnerability’ text boxes as shown below: 
 

 
 
The interface also allows the user to select the number of groups in which the risk is 
to be categorized by sliding the bar in front of ‘No. of Groups’ on the ‘Risk 
Assessment Input Form’ or by entering the number of groups in the box provided, as 
shown above. 

5.2.3  Running the Risk Model 

To run the risk model, the user should click on the  button on the ‘Risk 
Assessment Input Form’. If ‘Weights by AHP’ has been selected, the model first 
writes the AHP input file for generating the weights. It then opens the ‘Save AHP 
Input File’ dialogue box to save the AHP input file generated, as shown below: 
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After the user clicks on the ‘OK’ button on the ‘Save AHP Input File’ dialogue box, 
the program runs the AHP model and opens the ‘Save Risk AHP Output File’ 
dialogue box, as shown below: 
 

 
 
After choosing the output file to write, the weights are generated and generated 
weights are written in text box ‘Weights’ as shown below: 
 

 
 
If the weights so generated are not consistent, then ‘–99 will’ be displayed in the 
weights box. In this case, the user should change the matrix of ‘Hazard and 
Vulnerability’ and run the model once again. 
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If ‘Assign Weights’ is selected the above-mentioned steps are not performed, the 
program opens the ‘Save RISK Output File’ dialogue box; this asks the user to input 
the filename to ‘Save Risk Output File’, as shown below: 
 

 
 
It then runs the Risk Assessment model and writes it to the file specified by the user. 
After completion, the program displays the ‘Task Completed’ Result message box, as 
shown below: 
 

 
 
The user should click on OK to complete the task. 
 

5.3  Displaying output 

The output can be displayed in following three forms: 

1. Display RISK Output in Text form 
2. Display RISK Output in Table form 
3. Display RISK Output in Shape form 

 

5.3.1  Displaying Risk output in text form 

The user can view the output file in text form in notepad by clicking on the  
button or by selecting the ‘Display RISK Output in Text Form’ submenu from the 
‘Risk Assessment’ menu and browsing the appropriate output file to view. 
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5.3.2  Displaying Risk output in table form 

The user can view the output file in table form by selecting the ‘Display RISK Output 
in Table Form’ submenu from the ‘Risk Assessment’ menu and specifying the 
appropriate output file to view by browsing, as shown on next page. 
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5.3.3  Displaying Risk output in shape form 

To view the Risk Assessment output in shape file form, the user should click on the 

 button, which is just below the ‘Risk Assessment’ menu or he or she should 
click on the ‘Risk Assessment’ menu and then click on the submenu ‘Display RISK 
Output in Shape Form’, as shown on the screen below: 
 

 
 
This opens the ‘Display Theme’ message box asking the user to specify which theme 
represents the water distribution system pipe theme, as shown below: 
 

 
 

 
 

Once the user has selected the appropriate theme representing the water distribution 
system pipe network and has clicked on the ‘OK’ button, the ‘Convert Theme’ 
dialogue box appears on the screen; this asks the user to give the name with which he 
or she wants to store or convert the selected theme, as shown on next page. 
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The program then opens the ‘File Select’ dialogue box for selecting the Risk 
Assessment output file as *.out, from which attributes for ‘Risk Index’ (RISKIndex 
and RISKRank) are to be added to the output theme, as shown below: 
 

 
 
Once the user has selected the appropriate filename and clicked ‘OK’, the program 
shows the progress meter, as shown below: 
 

 
 
On completion of theme generation and attribute addition, it displays the ‘ Completed’ 
Info message box, as shown on next page. 
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After clicking the ‘OK’ button on this message box, the new shape-file is added to the 
IRA-WDS data viewer. The ‘RISKOut’ theme legend needs to be changed by the user 
and rather than viewing the theme in a single colour, it can be viewed by unique 
values of ‘RISKRank’, as shown below: 
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Appendix A 
 

Inputting additional attribute data for canals and foul water bodies 
 
1. Canals 
 
Tables A.1. and A.2. and Figures A.1. and A.2. give details of the additional attributes 
required for link data and node data of canals.  
 

Table A.1. Canal link data for Contaminant Ingress Model 

Field name Unit Description Useful references 

LINED Yes/No Lined or unlined N/A 

CROSS_SECT  Type of cross section 

TOPWIDTH Metres Top width of cross section 

BOTWIDTH Metres Bottom width of cross section 

DEPTH Metres Depth of cross section 

SEEP_RATE Metre/day Seepage rate from canal 

 

Section 2.3.2.1 of 
Book 3 

 
 

Table A.2. Canal node data for Contaminant Ingress Model 

Field name Unit Description Useful references 

ELEVATION Metres Elevation of the node 

WATER_DEPT Metres Depth of water in canal 

Section 2.3.2.1 of 
Book 3 

 
 
2. Foul water bodies 
 
Table A.3. and Figure A.3. give details of the additional attributes required for node 
data of foul water bodies.  
 

 

Table A.3. Foul water body node data for Contaminant Ingress Model 

Field name Unit Description Useful references 

WATER_DEP Metres Depth of water in water body 
Section 2.3.2.2 of 
Book 3 
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Figure A.1. Link data entry for canals 

 

 
Figure A.2. Node data entry for canals 
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Figure A.3. Node data entry for foul water bodies 
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Appendix B 
 

Time required for steady conditions 
 

The time required for flow to establish steady conditions is determined by Philip’s 
Equation (Philip, 1969) (B1) as being approximately equal to:  
 

2

2

0 2

5

sK

S
t =  (B1) 

 
where 
S – sorptivity (L/T2) 
Ks – saturated hydraulic conductivity.  
 
The estimated time to establish steady flow conditions is given in Table B.1. 
 

Table B.1. Steady flow conditions 

Soil texture Time (hours) 

Sand 0.08 

Loamy sand 0.50 

Sandy loam 1.00 

Silt loam 35.50 

Loam 11.50 

Sandy clay loam 6.93 

Silt clay loam 38.50 

Clay loam 55.50 

Sandy clay 12.25 

Silty clay 63.50 

Clay 50.50 
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