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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 Documents

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

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

l

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

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 ONE

IRA-WDS: Overview
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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 I1I 1GHz Pentium IV 2.2GHz or above
Hard disk space 100MB 1GB

Random Access
(RAM)

Memory

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.




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’



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:\ESRNAV_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:\ESRNAV_GIS30\ARCVIEW\BIN32’
path.

To install the interface:

i !., IRASetup

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 ()1 agree with the aove terms and conditions

and then click
5 Choose the installation directory. And then click

6 ‘Confirmation’ screen will appear. Click Start

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
‘SAVBIN’.

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:



S AYIRAWDS Legends

@ My Documents
El&-D_JI My Computer

El@ Local Disk (iZ:)
{:I arcgis
{:I ArcGisEpanet

o=

AVIRAWDS

| SampleData
=] avszoon

{:I conference

{:I Zoupling

&1 DFID_Karwater
{:I Documents and Setkir
-] ESRI

i GISDATA

""" {1 GroundwaterModeling

Legeﬁds

Select an item ko view its description,

See also:

My Docurments

Py Metwark Places
My Computer

1.3 Uninstalling the interface

File Edit Miew Fawvorites Tools  Help

wBack » = - ] | Qsearch |[yFoders (4| S 0 X = | E-

Address | Legends

Folders * =k o =1 Ecanallink.avl
:ﬂ Desktop ] ﬁ - @canalnude.avl

@ conkaminpipe, avl
] Frublink, avl

@ Fubnode, avl

El pipelink, avl

@ pipenode. avl

@ sepetlink, avl

@ sewernode, avl

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 m on desktop.

2 Go to 7] Programs
3 Go to IRA - WDS
4 Click on the

% Uninskall IRA - WDS

Uninstallation removes IRA-WDS from the programs menu, deletes ‘ahp.dll’,
‘ingress.dll’, ‘pca.dll’, ‘risk.dIl’ 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.



1.4 Using IRA-WDS

IRA-WDS can be run either by double clicking ‘-%.
B
IRA-WDS
or from taskbar as %] IRA-WDS
IRA - WDS 3
,_ Prograrms J

s

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

£ IRA-WDS Interface

A IRA-WDS

e Improved Risk Assessment
for

Water Distribution System

0 Arc¥iew GIS 3.2 [_[O[x]
File  Data Preparation Contamination Ingress Fipe Condition Aesessment  Risk Assesement  Window  ModelHelp
FX]&) 5 =2 = il A P
s i i
2 IRA-WDS1 == x|
” ; 7 —ge ]

] Contaminated Pipe:

] RISKOuL: Risktest:

LR N

] PCADUL: Peatestor

] Wdstestthemeshp

] Wdstestnode.shp

>l

c LOUgthl'Ollgh Quit Archfiew

University

Clicking Guit Archiew will exit IRA-WDS

and clicking Continue..... | will take you to following screen:




L3

File Projsct ‘Window Help

=1olx|

Tables

Lapouts
{1
RIA
IRAWDS

After double clicking on

(1
RIA
IR&WDS

main IRA-WDS screen will appear:

®

File  Data Preparation Contamination Ingress

Pipe Condition &szessment

Risk Assessment  Window  Model Help

from the menu on the left, the following

X 0 K [

_;‘@_)

=10lx]

=10l%]

|




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.

1.4.1 File menu

LContamination lngress

Fipe Condition Asseszment

1 File

2 Data Preparation
3

4

5 Bizk Agzeszment
6 Wfindo

7 todel Help

After clicking on ‘File’, the user gains access to following options:

@ Improved Risk Assessment for Water Distribution System ( IRA-WDS ) Version 1.0.1

Eile  Data Preparation
LCloze
Close &ll

Save Project As...

Set Working Directory....
Save Project Chl+5
Extensions...

rint...

Frint Setup...

Export...

Manage Data Sources...

Exzit

Lontamination Ingress Pipe Condition it Hisk it Window  kodel Help

=]
&

ﬂ Canaltesttheme.zh|
ﬂ Canaltestnode shp
7 Fublink shp

ﬂ Fwbnode.shp

ﬂ Soilbound.zhp
B
]z
L=
L4

ﬂ Freszure.shp
[

]2
=
ﬂ Gutzhp
.




. Close and Close All:

Helps in closing a single opened document or Graphical User Interface (GUI) or
all opened documents or GUIs.

. Save Project and Save Project As:

Helps in saving the current project or saving it with a different name.

. 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.

. Extensions:

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

. Print:

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

. 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.

. 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.

. 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 35,
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:

e Thematic layers: base maps and environmental maps; and
e 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:

e Nodal shape files: Node id, x-coord, y-coord and Elevation; and
e Link shape files: Link id, Start node, End node and Length.

13



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:

e The ‘shp’ files are uploaded through the GIS interface to run the program; and

e 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.

14
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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 Lavers

e Base maps:
» Infrastructure — Line and Polygon shape files
» Contour — Line shape files

e 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 (Datalnput.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
(Datalnput.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.

B3 Microsoft Excel - Data requirement Ingress Model

J@ Eile Edit Wiew Insert Format Tools Data window Help
JAr\al - 10 v”;l H‘%

DEHSERY|[BBRC o- o (&= £ 8 5 0w -7 7

e sty £ RS om .
Al

ﬂ =| Mo of themes
B [ [ [ 1] [ E [ F [ G [ J [ K

1 |No of themes __ IMaximum 9
| 2 | Minimum 4
| 3 |Themes 1 ¥Water Distribution Pipe Theme (Required)
| 4 | 2 WWater Distribution MNode Theme (Required)
| 5 | 3 Sewer Pipe Theme (Required)
| 6 | 4 Sewer Node Therne (Required)
| 7 | 5 Canal Link Theme (Optional)
| & | 6 Canal Mode Theme (Optional)
| 9 | 7 Foul Water hody link theme (Optional)
| 10 | 8 Foul Water hody node theme (Optional)
" 9 Soil therme (Optional)
EEN Sr. No. Field Name  Unit Data Type Field Precision Description
| 40 | 1 D Integer Mode ID
| 41 | 2 ¥_CORRD Meters Float g H-Coordinate
| 42 | =] ¥_COORD Meters Float & ¥-Coordinate
| 43 | 4 Z_COORD Meters Float £ Z-Coordinate
| 44 | 5 BURYDEPTH  Meters Float 5 Bury depth
| 45 | 4] ELEWVATION  Meters Float &) Surface Elevation

45
ECana\ Link (Optional)

| 48 | Sr. No. Field Name  |Unit Data Type Field Precision Description

| 49 | 1 D Integer Link ID

| 50 | 2 STARTNODE Integer Start Node ID

| 51| 3 ENDNODE Integer End Node ID

| 52 | 4 LEMNGTH Meters Float &) Length of Canal

| 53 | 5 LINED ‘Yes/ho | Character Lined or Unlined

| 54 | B CROSS_SECT Character Type of Cross Section for eg., Rectangular, Trapezoidal
| 55 | 7 TOFWIDTH Meters Float 5] Topwith of Crass section

| 56 | g BOTWIDTH Metars Float 5| Bottam Width of Ctoss section

| 57 | 9 DEFTH Meters Float g Depth of Cross Section

| 58 | 10 SEEP_RATE  Meterday Float & Seepage rate from Canal

59

| 60 |Canal Mode (Optional)

| B1 | Sr. No. Field Name  Unit Data Type Field Precision Description

B2 1 D Integer Mode ID

| 63 | 2 ¥_CORRD MWleters Float &) *-Coordinate

| 64 | 3 Y_COORD Meters Float g f-Coordinate

| B5 | 4 7 COORD MWeters Float & Z-Coordinate

| 66 | 5 ELEVATION  Meters Float g Surface Elevation

4] 4 ¥ W]\ General Desciption { Water Pipe / Water Nods // Sewer Pips f Sewer Nde 4 CanlLink # Canal ode /_ Waterbody Lk /. Weterbody Nede [ 5al 7|4
Select destination and press ENTER o chonse Paste | il MO |

Figure 2.3. Enclosed Excel file Datalnput.xls

2.3.2 Contaminant Ingress Model

The data required for the Contaminant Ingress Model are as follows:
e Pollutant sources;
e Water distribution pipes; and
e 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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| 47 |Canal Link (Optional)

| 48 | Sr. No. Field Hame  Unit Data Type Field Precision Description

| 49 | 1 n] Integer Link 1D

| 50 | 2 STARTNODE Integer Start Mode ID

| 51| g ENDMODE Integer End Mode 1D

| 52 | 4 LENGTH Meters Float g Length of Canal

| 53 | 5 LINED Yes/Mo  Character Lined ar Unlined

| 54 | B CROSS_SECT Character Type of Cross Section for eg., Rectangular, Trapezoidal

| 55 | 7 TOPWIDTH Meters Float 3 Topwith of Cross section

| 56 | =] BOTWIDTH Meters Float 3 Eottom Wyidth of Cross section

| 67 | 9 DEFTH Meters Float 3 Depth of Cross Section

| 58 | 10 SEEP_RATE  Meter/day Float 3 Seepage rate from Canal

59

E Canal MNode (Optional)

| 61 | Sr. No. Field Name  Unit Data Type Field Precision Description

| B2 | 1 D Integer Mode 1D :

| 63 | 2 % _CORRD Meters Float 3 #-Coordinate Pollution Source Data Tabs
| 64 | &) Y¥_COORD Meters Float 3 ¥-Coordinate

| 65 | 4 7 COORD Meters Float 3 Z-Coordinate

| 66 | 5 ELEVATION  Meters Float Haeemmtevatin

IR \E;neral Deséi“p't"i;; 7 V’;;t;‘;‘ip:; /| Water Hods A Sewer Pipe / Sewer Node 2 Canailink A Canal Hade / Waterbody Link /{ Waterbady Node JF 5ail 7 | 4]
Select destination and press ENTER or chonse Paste 4———'—% = [Muma [

Figure 2.4. Worksheet for pollutant sources

At this stage:

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

e 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).

B3 Microsoft Excel - Data requirement Ingress Model

J@ Eile Edit Wiew Insert Format Tools Data window Help
DEEaGRY|LRBR S| [@ = 6 8 3| - @ 2 -0~ B 7 U
|y @ secit.. |E| b | o .
E1 > =| LENGTH
] o MEEN f | © [ A [ 1 [ J [ K [ L [ M [ N [ o [ P | a4
| 1[I0 STARTMODE ENDMNODE SEWER_DIA MATERIAL |SEEP_RATE I~
12 n 503 504 900.000000 0.997 RCC 0.00z2
| 3| 12 486 503 500.000000  30.308 RCC 0.002
| 4|13 524 525 900.000000 2.458 RCC 0.002
| 5 | 14 a04 524 900.000000 39.441 RCC 0.002
|6 | 15 525 541 900.000000 ) 26172 RCC 0.002
| 7| 16 541 545  900.000000 7.485 RCC 0.002
| 8 | 17 545 865 900.000000  25.857 RCC 0.002
| 9 | 18 565 570 900.000000  11.469 RCC 0.002
10| 19 BO5 G158 500.000000  35.148 RCC 0.002
| 11] 20 618 622 900.000000 11.037 RCC 0.002
12| 2 622 625  500.000000 6.212 RCC 0.002
13| 22 B25 B35 900.000000 24127 RCC 0.002
| 14| 23 635 B44 900.000000  35.459 RCC 0.002
| 15| 24 B44 B45  900.000000 2.525 RCC 0.002
| 16| 25 645 649 900.000000  20.535 RCC 0.002
| 17| 26 549 B55  500.000000 6.865 RCT 0.002
|18 | 27 B55 BG61  900.000000 9.120 RCC 0.00z2
| 19 101 434 486 200.000000  43.772 SWP 0.002
| 20 [ 102 432 448 200.000000  Z2B.6BY SywF 0.002
| 21103 434 BOB  200.000000  48.057 SWP 0.002
| 22 | 104 530 534 200.000000 Z23.873 SWWF 0.002
| 23 105 530 509 200.000000  18.050 SwWP 0.002
| 24 | 106 74 530 200.000000  32.914 SwWP 0.002
| 25 107 473 534 200.000000  51.029 SWP 0.002
| 26 | 108 473 460 200.000000  37.761 SWP 0.002
| 27 109 460 450 200.000000 ) 26.204 SywF 0.002
| 28 [ 110 450 445 200.000000  23.875 SWP 0.002
129111 450 485 200.000000 ) 29427 SWWP 0.002
| 30 112 445 399 200.000000  35.854 SWP 0.002
| 31| 113 493 473 200.000000 ) 43.577 SWWF 0.002
132 [ 114 493 507  400.000000  31.504 SWP 0.002
133|115 a07 516 400.000000  13.101 SWP 0.002
| 34 | 116 533 550 400.000000 ) 33.549 SywF 0.00z2
| 35 | 117 550 573 400.000000  48.509 SWP 0.002
| 36 [ 118 73 B0 500.000000) 22339 RCC 0.002
| 37 [ 119 (0] B35 500.000000 21.234 RCC 0.002
|38 [120 E36 B51 500.000000) 21.402 RCC 0.002
139 [121 651 637 400.000000  51.532 SWP 0.002 =
44 b (b1 General Desdption # Water Pipe £ iater Hode ' Sewer Pipe | Sewer flode £ Canal Link f Canal Nade f_Waterbody Uitk Waterbody Node /{5l 7 | 4] [ LIJJ
Select destination and press ENTER o chonse Paste | [ Bum=188373.620 [ [ MO | [ [

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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B3 Microsoft Excel - Data requirement Ingress Model =1=]x]

|ED] Ele Edi view Insert Format Iools Dats Window Help
D22 eRY|imad o--- (2= 6 85 o -G 7w
| » @ Secuity o | @,
F1 > =| ELEVATION
[ D [ b MW ¢ [ 4 [ [ J [k [ L T wm [ W [ 0 [P [ =
|1 [ID ¥.CORRD  ¥_CODRD | 7 COORD BURYDEPTH =
| 2 | 249 13323.932000 4386.354000 18.200001 2.00) 20.200001
| 3 |270 13317 545000 4367 836000 18.390001 1.80 20.120001
| 4 |295 13311.616000 4323.376000 18.320001 1.80 20.120001
| 5 |294 13259661000 4322115000 18.450000 1.70 20150000
| 6 | 300 [13340.474000 4317.265000 18.459599 1.0 20.359999
| 7 |312 [13374.868000 4309.580000 18635553 1.80 20.439999
| B |327 13292297000 4285322000 16.860001 1.50 20.360001
| 9 |326 13447 460000 4284630000 18.020000 2.00) 20.020000
| 10 | 341 13311906000 4262 414000 16.870002 1.80 20670002
| 11 |345 |13520.606000 4279.257000 18.400001 1.80 20.200001
| 12 | 345 13364 874000 4276.076000 15150006 1.80 20.950006
| 13 | 345 |13303.594000 4271.734000 15.150006 1.80 20.250008
| 14 | 350 13557 B20000 4270.723000 15230008 2.10 | 21.330008
| 15 | 351 [13223.673000 4266.724000 18940004 1.501 20.440004
| 16 | 353 |13336.526000 4267.476000 15339559 1.800 21.139999
| 17 | 356 [13399.932000 4263.804000 18710005 2.00) 20710005
| 18 | 359 |13400.493000 4263.783000 18.715553 2.00) 20.719993
| 19 | 365 13360.6848000 4260602000 19 430004 1.50 20.930004
| 20 | 366 |13241.790000 4260.065000 18.950002 1.501 20.450002
| 21 | 367 [13610.263000 4258.509000 17 995553 220 20.199999
| 22 | 369 |13609.968000 4257.524000 16.050001 215 20.200001
| 23 | 370 [13305.747000 4257 515000 18.900003 1.80 20.700003
| 24 | 371 13305.591000 4256.897000 18900003 1.0 20.700003
| 26 | 374 |13440.306000 4254.082000 15.310002 2.10) 21.410002
| 26 | 375 13514 818000 4251146000 19 620003 2.00 21620003
| 27 | 376 |13190.842000 4249.279000 18.970005 1.600 20.570005
| 28 | 380 13475860000 4247 351000 19.550001 1.90 21.450001
| 20 | 384 |13330.106000 4244 451000 15.010001 1.80 20.810001
| 30 | 385 |13201.50B000 4243 253000 19150001 1.60 ) 20.790001
| 31 |390 [13512.935000 4241.985000 18960003 2.00 21.980003
| 32 |399 [13300.016000 4234.863000 18.829559 1.80 20.629999
| 33 | 400 13549.377000 4233 656000 20.710004 1.80 22.510004
| 34 | 405 [13510.831000 4229.054000 15.920000 2.00) 21.520000
| 35 | 409 13231340000 4226 397000 19 500006 1.60 21.100006
| 36 | 413 13602268000 4221.316000 23.250015 210 25380015
| 37 414 13175817000 4221.035000 15720007 1.80 21.220007
| 36 | 420 [13470.802000 4215.746000 15.840000 1.0 21.740000
| 39 | 423 13600.550000 4214282000 23450001 2.10 | 25.550001
M‘T{ \‘blnf\ G‘eneraiDasc\p;\n; £ Water P:pe A water Node f S Pipe xEESS?T«ndE Canal Link_§ CanalMode / Waterbody Link { Waterbody Node { Soil /| 4|
Select destination and press ENTER. or choose Paste | [ Bum=2204856.582 | [ [ura |

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
I ———
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).
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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

B3 Microsoft Excel - Data requirement Ingress Model

J@ Eile Edit Wiew Insert Format Tools Data window Help
DERaSRY|¢BRT v- o |@ = £ 2 % il o -7 2| -0 -|B U
) e Se:urity.‘.|vﬁ'}?%|w.‘
F1 - =| ELEVATION
] 0 | £ M o | A [ 1 | J [ K [ L [ M [ N [ 0 [ P [ @
| 1 [ID" X.CORRD " ¥.COORD|Z COORD BURYDEPTH -
| 2 | 31 13269 16797 4389 78616 18700003 1700000 20400003
| 3 | B32 13270.47363 4369.65967 18.720004 1.700000  20.420004
[ 4 || 643 1332144298 4384.76781 18.520001 1700000 | 20220001
| 5 | Bb0 13255.09668 4370.46045 18520002 1.700000  20.320002
[ 6 || 695 13312.62012 4335.76663 18.410001 1700000 | 20110001
| 7 | 713 13310.14160 4323.28516 15.429999 1700000 20.128999
| 8 | 719 13232.79980 4319.07568 18.519999 1700000 20.218999
| 9 | 728 13374.45703 4309.44571 18.740001 1700000 20.440001
| 10 | 732 13223.68652 4304.34082 18.470000 1.700000  20.170000
(11| 734 13222 39160 430302197 18470000 1700000 20170000
| 12 | 739 13411.48828 4301.48340 18.450001 1.500000  19.850001
113 || 740 13240.89748 4298.76318 18.520001 1700000 | 20220001
| 14 | 747 13472.19531 4268.30273 18.980009 1500000 20.480009
115 || 753 13311.42773 4282.53174 19.160002] 1500000 20.660002
| 16 | 750 13519.72949 4277 68242 18.900001 1300000 20.200001
| 17 | 760 13338.45508 4276.81152 15.750000 1500000 21.250000
| 18| 7BA 13363 BBOGE 427202393 12450008 1 A00000 20950006
| 19 | 79 13556.93750 4260.83638 20.040000 1300000 21.340000
120 || 777 1340015818 426317334 19.220005 1500000 20.720005
| 21| 780 13360.23828 4250.75342 19.430000 1500000 20.830000
[22 || 781 1317965083 4259.49023 18.660001 1700000 | 20.380001
| 23 | 785 13176.87908 4257 25635 18.670001 1.700000  20.370001
| 24 | 786 1317710058 4257.04150 18.670001 1700000 20.370001
| 25 | 7868 13610.07910 4256.941689 15902959 1300000 20.208989
| 26 | 789 13440.01074 425476416 15900002 1500000 21.400002
|27 BO0 13199.65924 4247 54199 18940003 1700000 20640003
| 28 | 801 13475.86035 4246.86523 19.950001 1500000 21.450001
129 || 805 13511.87698 424167773 20.670003)  1.300000 | 21.870003
| 30 | 807 13512.38164 4241.57227 20680003 1300000 21.880003
131 814 1315342285 4288.34375 18.939393) 1700000 20.633999
| 32 | 815 13150.52734 4236.94531 18.960000 1.700000  20.660000
| 33 | 821 13549.268613 4233.90552 21.210004 1.300000 22510004
(34| 822 1355039651 423367285 21210004 1300000 22510004
| 35 | 823 13140.20858 4231.96143 15.140004 1.700000  20.840004
136 || 827 13224.21289 4230.07764 19.420001 1700000 21120001
| 37 | &34 13601.71875 4222.04688 24.070005 1300000 25.370005
138 || 835 13175.94434 422011670 19.560002 1700000 21.260002
| 39 | 837 13471.08105 4216.01758 20.430000 1300000 21.730000
44 b (b General Destption £ Water Pipe »Water Node ¢ Sewer Fipe . Sewer Node 7 Candl Link f Canal Nade f_Waterbody Uitk Wakerbody Hode 7 5al 7 | 4] [ LIJJ
Select destination and press ENTER o chonse Paste | [ Bum=1588217.0974 | [ MO | [ [

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/cm’ | Bulk density

KOC Soil organic carbon coefficient
AIR_ENTRY cm Air entry head
PORESIZE Pore size index

DIFF_COEFF | cm’/day | Diffusion coefficient

SOIL_FOC Soil fraction of organic content
LIQ_DECAY per hr Liquid phase decay
CHAR_COEFF Soil characteristic curve coefficient

B3 Microsoft Excel - Data requirement Ingress Model =1=]x]

|ED] Ele Edi view Insert Format Iools Dats Window Help _l&l x|

PEE2ERY|IBES o- (@ = A 45|l woe -G 2 -w-BruE=E=@EF(E-5-A
P oo,
Al = =[E0ILID
" B[ ¢ [T o[ E TFJ 6 T H ] [ 0 T K T L ]
SOIL_IDJSAT_K SAT_MC IN_MC BULK_DEN KOG | AR_ENTRY PORESIZE DIFF_COEFF SOIL_FOG LiG_DECAY CORROSMIT CHAR_COEFF
i|29.50 0430 0047 1,650 1,000 7020, 1670 1000 0.007 1,000/ 25000.000 0.078

2{ 14.360 0410 0.057 1.600 2.000 9.580 1.270 2.000 0.006 2.000 15000.000 1.023
3| 212 0410 0084 1500 3000 17700 0892 3000 0007 3,000, 7000.000 1230
4 1183 0330 010 1.450 4.000 26.200 0.479 4.000 0.002 4.000 2000.000 1.560

» @ Security...

[=l=]~ ol
=
=
(=]
s
(=]

Irl

=

=y

=

e f o f e oo | o [ en | o f | oo [ [ s s [t s [ o [ s s [t | | 2 [ 2 | 2 [ 2 | 2 |
b1 == el = e e el e 0 o e e e 1 B = = e E = = e

an -
||« » M General Desciption £ Water Pips £ Water Node { Sewer Fipe £ SewerMode J Canallink /£ CanalMode / Waterbody Link { Waterbody Node 3,Soil /| 4] @HH

Ready | Sum=10 [ e | |

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).

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 Ips 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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B3 Microsoft Excel - Data requirement PCA Model

J@ Eile Edit Wiew Insert Format Tools Data Window Help
DEEaGRY|{BR S| w- o [@ = 6 8 3|0 - 2| -0~ B 7 U 5 &
| b & secu |E|R‘g|oe,

o1 =| LENGTH
] b [ E | F [ & [ H [ T [ J [ K [ L [ ™M [ N NN F [,
| 1 |PIPEID STARTNODE ENDNODE STRJOINT ENDJOINT MATERIAL TRAFFIC SURFACE INTPROT ERXTPROT BEDCOND WORKMANS DIAMETER INSTYEAR [LENGTH] STRDEPTH E-|
| 2 | (i) 631 B32 Very Good Wery Good AC Mormal — [Wery Hard |Medium | Bad Wery Bad  Very Good a00 1955 1.312 1.700
| 3 | 703 632 643 Bad Bad AC Mormal  |Grassed  Medium |Very Good Wery Good Bad 500 1955 51.204 1.700
| 4| T2 B0 B31 Bad Bad RCC Mormal  |Grassed  Medium  |Very Good Good Bad a00 1955 21.792 1.700
|5 | 7B2 643 656 hiedium  Medium  AC Mormal  Grassed  Medium Very Good Good Medium 400 1955 467598 1.700
| 6 | 781 B96 713 Mediurn Mediurm  AC Mormal  |Grassed  Medium  |Very Good Good Wediurn 400 1955 13.70B 1.700
| 7| 786 7149 BED hediurm  Medium  RCC Mormal — Grassed  Medium  Very Good Bad Mediurn 500 1955 67.723 1.700
| 8| 796 713 728 Medium  Medium AT Mormal — Grassed  Medium Very Good Good Medium 400 1955 B&.7EY 1.700
| 9 | 600 732 718 Mediorm  Medium  RCC Quite Grassed  Medium  Very Good Bad Mediurm 500 1955 17.325 1.700
|10 803 734 732 hedium  Medium  RCC CQuite Grassed  Medium Very Good Bad Medium 500 1955 1.848 1.700
| 11] 608 728 739 Medium  Medium  AC Marmal — Wery Hard | Mediom  Bad Good Good 400 1970 37 878 1.500
| 12| &09 740 734 hedium  Medium  RCC Quite Grassed  Medium Very Good Bad Medium 500 1955 16.850 1.700
|13 | 818 739 747 Mediurn Mediurm  AC Mormal — Wery Hard |Medium  Bad Good Good 400 1970 B2.121 1.500
| 14| G524 763 740 Mediurn  Medium  RCC Quite Grassed  Medium  Very Good Bad Mediurn 200 1955 72374 1.700
1 15 | 830 747 758 Medium  Medium  AC Mormal  Wery Hard |Medium | Bad Good “ery Good 400 1970 48642 1.300
| 16| G831 760 7683 Mediurm  Medium  RCC Quite Wery Hard  Mediurm  Bad Bad Mediurn 200 1955 27.626 1.500
| 17| &36 765 728 Medium  Medium  AC Mormal  Yery Hard Medium  Bad Good Medium 400 1985 36.946 1.500
| 18| 837 765 760 Mediurm  Medium  RCC Guite Wery Hard Medium  Bad Bad Medium 200 1985 26676 1.500
| 19 | 542 758 763 Medium  Medium  AC Mormal  %ery Hard Medium |Bad Good Wery Good 400 1970 38.083 1.300
|20 | 852 T 765 Mediurm  Medium  |RCC Quite “ery Hard Medium  Bad Bad Wedium 200 1970 37.5637 1.500
| 21| 855 780 765 hiedium  Medium  AC Quite Wery Hard Medium  Bad Bad Medium 200 1955 12744 1.500
|22 | 856 781 734 Mediurn  Mediurm (U1 WVery Quit Grassed | Bad Wery Good Bad Wediurn 500 1955 B1.007 1.700
|23| &6l 785 781 Mediurn  Medium (U1 Wery Quiti Grassed | Bad Wery Good Bad Medium 200 1985 aliatef) 1.700
| 24 | 862 786 785 Medium  Medium |1 Wery Quit Grassed | Bad Yery Good Bad WMedium 200 1985 0.308 1.700
| 25| 665 769 788 Bad Bad AC Quite “ery Hard |Medium  Bad Good “Wery Good 400 1970 54.684 1.300
| 26| G866 789 777 hedium  Medium  RCC CQuite Wery Hard hedium  Bad Ead Good 200 1970 40,728 1.500
| 27 | ara 800 786 Bad Bad nm Wery Quit Grassed | Bad Wery Good Bad Wedium 200 1985 190124 1.700
| 28| &80 7849 801 hedium  Medium  RCC Quite Wery Hard hMedium  Bad Ead Good 200 1970 36.710 1.500
129 | 883 801 808 Mediurn  Mediurn  |RCC Quite “ery Hard Medium  Bad Bad Wery Good 200 1970 36.387 1.300
| 30| o84 a07 758 Mediurn  Medium  RCC Mormal — Wery Hard | Mediuom  Bad Good Wery Good 400 1970 37.144 1.300
131 835 808 807 Medium  Medium  |RCC Quite “ery Hard Medium  Bad Bad “ery Good 200 1970 0517 1.300
32| &9z 14 785 Bad Bad ]l Wery QuitiGrassed | Bad “ery Good Bad Medium 200 1985 300132 1.700
133 | 893 815 814 Bad Bad n Wery Quit Grassed | Bad Yery Good Bad Medium 200 1985 3.216 1.700
| 34 | 898 807 821 Mediurm  Medium  |RCC Guite “ery Hard Medium  Bad Bad Wery Good 200 1970 37.693 1.300
135 | 899 821 822 Medium  Medium  |RCC Quite “ery Hard Medium  Bad Bad Wery Good 200 1970 1.133 1.300
| 36 | 900 823 815 Bad Bad nm Wery Quit Grassed | Bad Wery Good Bad Wedium 200 1985 11.458 1.700
| 37| 405 827 800 Bad Bad U1 Wery Quiti Grassed | Bad Very Good Bad Medium 200 1955 35.188 1.700
| 38 | 914 834 788 Bad Bad AC Quite “ery Hard Medium  Bad Good Wery Good 400 1970 35.883 1.300
|39| 915 822 834 Bad Bad RCC Qluite Wery Hard Medium | Bad Bad Wery Good 200 1970 52624 1.300
44> [b1", General Description ) WDS Link { WO5 Hode | 5ol Data /i Graundmater 7 Pressue 7/ [4] " Mot i”“
Ready | Bum=zrazETaa [ [ W[ [ [

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

¥ Improved Risk Assessment for Water Distribution System { IRA-WDS ) Yersion 1.0.1
Bizk Azsessment  ‘Window Model Help

Data Preparation Contamination Ingress
Convert Arc/lnfo [*.200) File to Shape File

£&dd Shape Files to IRAMWDS View

Create Table
Impart Table

Edit T abla
SOOIl | alne

Convert ASCI [ tt] to Dbase [+ dbf)
Convert Shape [* shp) File to ASCI File
[l

L

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

2 Add Theme x|
Drirechany: | o havirawdsheampledata ok, |
= ot - c |
— ancel
(= avirawds

& sampledata

{* Diectonies

" Libraries

Data Source Types: Dirives;
| Feature Data Source ]| | o4 =]

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

Water distribution wdstesttheme.shp

wdstestnode.shp

Sewer sewertesttheme.shp

sewertestnode.shp

Canal canaltesttheme.shp

canaltestnode.shp

Foul water body fwblink.shp
fwbnode.shp
Soil type soilbound.shp
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Contaminant Ingress

a——

Generate Contaminant Ingress
input files

v

View Contaminant Ingress
input files

Load Contaminant Ingress
input files

4

Run Contaminant Ingress
Model

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:



! Improved Risk Assessment for Water Distribution System { IRA-WDS ) ¥ersion 1.0.1

Bipe Condition Azsessment  Hisk Assezsment

I
#dd Shape Files to IRA DS Wiew

Import T able
Edit Trable

Diata Preparation LContamination [ngress

Convert Arc/nfa [*.e00] File to Shape File

Window  ModelHelp

Convert ASCI [*.txt] to Dbaze [*.dbf]
Corveert Shape [%.shp] File to ASCI File

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.

Directory: | chirawdshsampledata 0K |

canaltestnode. shp - = F:"a (B Cancel
canaltesttherme. shp [= irawds
frublink. shp [ zampledata
frubniode. zhp
qwit.shp
preszsure.zhp * Directaries
sewertestnode. zhp — ™ Librares

sewertesttheme. sho j T
Data Source Types: Cirives:

| Feature Data Source 2 =l

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 (_I) 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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€2 Improved Risk Assessment for Water Distribution System ( IRA-WDS ) ersion 1.0.1 -5 x|

Ele  DetaPreparation  Lontamination Ingiess  Pipe Condition Assessment Bk Assessment Window  Mods! Help

Fx] Bl EEE =

[ [O[@]E Seele 1 eIy
HEE

i IRA-WDS1

«] Wdstestthemeshp 2]

«] Wdstestnode.shp
.

«] Sewertesttheme.sh

«] Sewertestnodeshp
.

«] Canaltestthemeshy

«] Canaltestnode shp
.

] Fublinkshp

«] Fubnodeshp
.

EE]
=1

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:

4 Improved Risk Assessment for Water Distribution System ( IRA-WDS ) ¥ersion 1.0.1 _|2] x|

Eile  Data Preparati Lontamination Ingiess  Pipe Condition Assessment  Bisk Assessment  Window  Model Help

ES] EEREEEE (W]

Scale 1] 13

o Wdstestthemeshp =

o Wdstestnode.shp
.
o Sewsrtesttheme.sh
o Sewsrtestnedeshp
.
o Canaltsstthemeshy
o Canaltsstnods shp
.
o Fublink.shp
o Fubnodeshp
.
o7 Seilbeund.shp
B
—=
=
4
| Gutshp
I

| Pressureshp
[

. 2
I :
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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:

& 2|3

Fle  DalaPr

Contamination Ingiess  Pipe Condition Assessment  Risk Assessment  indow  Model Help

EHEHEEIE) RIL]w]
NI Secle 1 i n
-l81x|
] Wistestihemeshp ]
e m——
| Sewertesttheme sh
_| Sewsrtestnodeshp
.
| Ganaltesttheme sh|
_| Canaltestnodeshp
.
| Fusblink shp
3 =
[ start | @EE™ e | S manal || @msic s oni. | @ masicindiaontin. | @Y andistmes - .., | B ingress ntertac... | @ inproved Risk . [@-ggs’; 17:40

3.3 Generating an input file

3.3.1 Background to Contaminant Ingress Model input

. . _— . G| ...

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:

#! Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1
Fil= [ata Preparation Pipe Condition Azzessment  Hisk Assezsment Window  Model Help

@ Generate [nput File

Yiew lnaress Input File

Load Input File

Fuun Mod ]

Dizplay Ingress Output in Text Farm

ﬂ Wi dstesttheme.shp 2

Display | Output in Table F
o W dstastneda.s hp izplay Ingres: Output in Table Farm

- Dizplay Ingreszz Output in Shape Form

ﬂ Sewertesttheme.sh
FANVS

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’

. . tdake Default §
list box. The user can click the —l 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 n

button.

T

# Contamination Ingress Input Form :

" End User

LINE DATA

WATER PIPE ¢ [<NONE>
SEWER FPIFE ¢ [<NOME>
CANAL LINEK. : [<NONE>

POLYGOM LIMK & [ <NOME>

1 SR K BT

FIELDS AWAILABLE

SELECT FIELDS
SELECTED FIELDS

Make Default |

b4

<<

NODE DAT
WATER PIPE NODE : [<NONE> =l
SEWER FIPE NODE ; [<NONE> =l
CeMAL NODE : [<NONE> 3|
POLYGON NODE  : [<NONE> E3|
SOIL DATA
& SOIL DATA FROM THEME ' SOIL DATA MANUAL ENTRY
SOIL DATA THEME : [<NONE> =1

Generate input |

Cancel |

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.

#! Contamination Ingress Input Form:

£ End User

" Advanced User / Developer

LINE DATA

‘WA TER PIPE : |<NEINE>
SEWERPIFE  : [<MONE:
CANALLINK  : [<MONE>

1 I3 AT A T

POLYGOM LIMK & [ <MOME>

FIELDS AWAILABLE

SELECT FIELDS
SELECTED FIELDS

NODE DATA
WATER PIPE NODE : [ZHONE> =l
SEWER: PIPE NODE : [<HONE> =l
CANAL NODE : [<NONE> = |
POLYGOM MODE  : [<NONE> =l
SOIL DATA
& SOIL DATA FROM THEME ' SOIL DATA MANUAL ENTRY
SOIL DATA THEME : [<NONE> =l

Generate input |

Cancel |
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3.3.2 Adding shape files

3.3.2.1

POLYGON NODE in the IRA-WDS View.

# Contamination Ingress Input Form :

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

& End User " Advanced User / Developer
LINK DATA
WATER FIPE ¢ [widstesttheme. shp | WATER PIPE MODE © [\wdstestnods.shp =]
SEWERFIFE  : [Sewertesttheme.sho 3| SEWER PIPE NODE : | Sewenestnode.sho =
CANAL LINK : ICanaItesttheme.shp =1 CANAL NODE : | Canaltestnode. shp B3|
POLYGOM LINE Iwalink_ShD B3| FOLYGOM NODE  © |Fwbnode.shp =]
<MOME> =
SELECT FIELDS = ‘Wilstestnode.shp
FIELDS &valLABLE SELECTED FIELDS * SOILD| Sewertestnode.shp [
Shape Id 1= SOIL DATA THEME - | Canaltestnode.shp
*_coord Y_coord
_coord Z_coord
Z_coord water_dep
Palygon Soil_id
w'ater_dep
Soi_id = =
4 » 4| [v[
Generate input | Cancel |

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.

! Contamination Ingress Input Form :

& EndUser

" Advanced User / Developer

LIMK DATA
WATER PIPE  : [\widstesttheme. shp =
SEWERFIFE  : [Sewertesttheme. shn =l
CAMAL LINK : [ Canaltesttherne. shp =1
POLYGON LINK : [Fuublink shp =l
SELECT FIELDS T

FIELDS AMAILABLE SELECTED FIELDS

Shape Sail_id

Area Sat_k

Perimeter Sat_mc

Soibound_ Ini_me

Soil_id Bulk_den

Sioil_type Koc

Sat_k Air_entry

Sat_mc - Poresize hd

4 » 4 »

NODE DATA

WATER PIPE MODE : ['wdstestnode. shp

Kl

SEWER PIFE NODE : [ Sewertestnods. shp

CAMAL NODE ¢ [Canaltestrode shp

POLYGON NODE - [ Fubnode. shp

' SOIL DATA FROM THEME

L Lo Ll

SOILDATA
 GOIL DATA MANUAL ENTRY

SOIL DATA THEME : | Soilbound.shp

<MOME>

Guwt.zhp

53

Cancel |

Generate input |

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:

# Contamination Ingress Input Form :

& EndUser

" Advanced User / Developer

LINK DATA
WATERPIFE - [\Wistesttheme. shp =l
SEWERFIFE  : [Sewertesttheme.sho I=|
CANAL LINK i [ Canaltesttheme. shp =1
POLYGON LINK : [Fabink.shp =l

SELECT FIELDS

FIELDS AvAILABLE SELECTED FIELDS

|

|»

4 IDI

WATER PIPE MODE © [\wdstestnods.shp

SEWER FIFE NODE : | Sewertestnode.sho

CAMAL NODE

FOLYGOM NODE

" SOIL DATA FROM THEME

MODE DATA
=
=l
: ICana\teslnDde.shp B3|
: [ Fubrode. shp B3|

SOILDATA
@ SOILDATA MANUAL ENTRY

Sail Type: [<User-

Sand

Saturated HC [ Kz, o
Loamy Sand

Initial SMC [ Do, cm3/cm3]: I

Pore Size Index :
Fraction Organic Content [ Foc | :
Organic Carbon Coeff [ Koc | :

irEntry Head [he, cm I

Soil Characteristic Curve Coeff. :
Diffusion Coeff. [ Dp. cm2/day | :
Liquid Phase Decay [ LPD, per hr ] I

Generate input |

Cancel |
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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:

#! save Ingress Model Input File as...

- = o - Cancel
[= avirawds

X
File: M arne: Directaries: 0k |
rm c:havirawdshsampledata

& :ampledata

Dirives:

e —

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

! Current Status... | x|

Began Job: August 23, B:07:18 PM B:07:27 P

“Wwhorking on List ltem # 3 out of 3
‘Whorking on Second Gluarter...

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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x

Time of Analyziz ; ]

| 500 Cancel

After successfully generating the input file, an Info Message box indicating task
completion is displayed as shown below:

Qmo x|

O Completed

DataPreparation  LContamination Ingress  Bipe Condition Assessment  Bisk Assessment  Window  Model Help

S EREEE Rl W]

eI

i IRA-WDS1

Bl «
ek J
] Wdstestthemeshp |
A

] W dstestnodeshp

Scale 1] 1339

] Sewertestthems.sh
o Sewertestnodeshp
] Canaltestthemeshy
] Canaltestnodeshp
] Fublink.shp
] Fwbnods.shp
] Seilbound shp
1
—=
s
e
] Gwtshp
=
] Pressureshp
=1

. -
I :

o
i

3.4.1 Viewing Ingress input file

T
The user can view the input file in the notepad by clicking on the Q button and
browsing the appropriate output file to view.
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Birgress-rorepsd -l x]

File Edit Faormat Help

[POLYGOM NODE 2]

76 13289.500 4108, 500 22.590 0.500 3
77 13300.500 4106.720 22.530 0,500 3
78 12314.000 4101, 620 22,470 0.500 3
79 13277.300 4100.020 22,750 0.500 3
80 13316.600 4095.650 22.490 0,500 3
81 12316.200 4090, 320 22,520 0.500 3
82 13261, 800 4084, 040 23,070 0.500 3
83 13305.100 4079, 250 22.670 0,500 3
84 13267.400 4078, 040 23,080 0.500 3
85 13271, 000 4076, 200 23,060 0.500 3
86 132983.300 4073.100 22,800 0.500 3
87 13277.500 4070.1%90 23.020 0.500 3

;
1 50i1_did  sat_k  sat_mc Ini_mc Bulk_den koC Aifr_Entry Poresize Diff_coeff rFoC Lig_de

i 20,590  0.430 0,047 1.650 1.000 7.020 1.670 1. 000 Q. 007 1.000 0.o07

2 14.360 0.410 0,057 1. 600 2,000 5,580 1.270 2.000 0,006 2,000 1.02

3 4.212 0.410 0. 064 1.500 3,000 17.700 0,852 3.000 Q.07 3,000 1.23

4 1.1a3 0.390 0,101 1.450 4,000 26.200 0.479 4,000 0.002 4,000 1.56
[TIME]

I TIME

300 -J
1| LA

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:

#! Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Fil= [ata Preparation amination g

[ . eneratelnput Filz
IE’%JI; I ; I I"?"I' Yiew lngress Input File

IRA-WDS1

Pipe Condition Azzessment  Hisk Assezsment Window  Model Help

il

Bun Maodel

W dstesttheme.shp |2 . .
ﬂ ? Dizplay Ingreszs Output in Text Farm

Dizplay | Clutput in Table F
o Wdstestno de.shp isplay Ingress Output in Table Form

- Dizplay Inaresz Output in Shape Form

ﬂ Sewertestthame.zh
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The ‘Load Contamination Ingress Input File’ dialogue box is as shown below:

i Load Contamination Ingress Input File : £|

LOAD COMTAMINATION INMGRESS IMPUT FILE  [*.IMF]

=
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:

#2 Load Ingress Model Input file

= o - Cancel
[=r avirawds

X
File M arme: Directories: 0K |
| ingresz.inp chavirawdzh zampledata

& ampledata

- -

Lizt Filez of Type: Dirives:

| test file 2 I =]

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.

i Load Contamination Ingress Input File : £|

LOAD COMTAMINATION INMGRESS IMPUT FILE  [*.IMF]

chavirawdshzampledatahingress. inp

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

x
, 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

0k
clicking on the button, which also closes ‘L.oad 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:

#} Improved Risk Assessment for Water Distribution System { IRA-WDS ) ¥Yersion 1.0.1

Eile  [1ata Preparation LContamination Ingresz Bipe Condition Azzezzment  Hisk Azzezzment Window  kModel Help
X DE IO B B

_._ = Yiew [ngrezs Input File
Load Input File

ﬂ W dstesttheme.shp |2

Generate Input File

Drizplay Ingress Output in Text Farm
Dizplay Ingress Output in T able Form

ﬂ W dstestnode.shp

- Dizplay Inaress Output in Shape Form

ﬂ Sewertasttheme sh

ﬂ Sewertestnodeshp

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.

#} Save INGRESS Dutput File : ﬂ
File Marme: Directaries: 0K |
iharezsout, ou chavirawdzh zampledata

- = o - Cancel
[=r avirawds

& ampledata

Dirives:

| =]

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

QResut x|

O Task Completed
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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

T
g button or by selecting the Display Output in Text Form submenu from the
Contaminant Ingress menu and browsing the appropriate output file to view.

File Marme:

| ingreszout. out

Lizt Filez of Type:

Directaries:

c:hrawds\zampledata

Dirives:

[= ot
[=r irawds

| Ot files =]

|

—

Cancel

X
ok |
==

Fle Edit Format Help
13340, 758680 4150, 3211646 19. 333008 13341.110357 41081.574810 15.3347509 0. 000034 0. 000077 Canal ;I
13418.368612 4163, 516650 21.838559 13418.623356 4164, 590701 21.815741 0.000120 0. 000000 canal
13496.853542 4134, 262668 22.756015 13496, 653315 4133.155405 22.817849 0. 000000 0. 000686 canal
13529.161266 4121. 743106 21.658350 13528.564 548 4120.646657 21.622297 0. 017711 0. 005003 Canal
13525.094990 4097.167669 22.993632 13526.474934 4095,605357 23, 006894 Q. 000608 0. 012341 Canal
135159.411532 4076, 810376 22.5772868 13520, 790811 40786, 2475920 22.614507 0. 000000 0. 006365 canal
13513.723859 4056, 224104 21.531451 13515.099052 4055,645675 21.981728 0. 000000 0. 001594 canal
13454720409 4125. 840851 22.317382 13456.115045 4125.276220 22.330699 0. 000399 1. 000000 Canal
13449.627867 4105. 267464 20.653150 15451, 010028 4104.703466 20.730531 0. 000182 1. 000000 canal
13444470030 4085.345627 19. 355874 13445.855571 4084. 770631 15.450202 0. 000032 1. 000000 canal
13605.245850 4258.114835 19. 012774 13606, 684538 4257.765678 18.0982180 0. 688059 0. 000060 canal
13596993322 4223.11730L1 23, 806680 13598.437265 4222.790212 23, 887144 Q. 000000 0. 000020 canal
13568.368461 4102.373280 24176184 13569, 758514 4101.8231%4 24, 268136 0. 000000 0. 001594 canal
13563, 580873 4081, 481498 23.859613 13564, 980591 4080, 9147598 23.548160 0. 000003 0. 004435 canal
13558.9709699 4060. 674813 23.544340 13560. 370340 4060.107719 23.575166 0. 000012 0. 001180 canal
13554.224723 4039, 188700 23.216133 13555.611749 4038.605290 23.253800 0. 000016 0.025417 canal
13436.41568% 4083.838750 21.846476 13436.013422 4061.924600 22.061095 0. 000000 0. 000000 canal
13396020055 4074, 283895 22.567850 13396, 596381 4076. 589519 22.544437 0. 000000 0. 000000 canal
13439023035 4250, 595793 19. 058474 134309, 560781 4252.866548 15.940308 1. 000000 0. 000031 canal
13475.711054 4245, 901606 19, 954995 13475,340332 4243, 508802 20, 002228 Q. 000026 Q. 001287 Canal
13512.215721 4240.,424314 20, 702638 13511, 859203 4237.960567 20,751220 0. 000118 1. 000000 canal
13548872185 4231.596323 21.231005 13548.465212 42258.328202 21.251838 0. 000054 0.154200 canal
13416, 544162 4156, 515432 21.732788 13417. 007334 4158.375342 21.713%942 0.031755 0. 000050 Canal
13453.166507 4143. 543882 22.875592 13453.165586 4143.930384 22.875423 0.001111 0. 000034 canal
13512.664183 4242.971394 20. 611602 15513, 505958 4247.142677 20.407679 0. 001387 0. 000000 canal
13455. 026644 4151. 795708 22.787509 13454, 350414 4145, 286621 22.89000L1 Q. 000000 0. 001798 Canal
13454.399414 4149, 286621 22, 890001 13454, 253599 4148, 703246 22.9066872 0. 002154 Q. 002740 Canal
13281. 286043 4203.456051 18.905238 13277.2594049 4205,317683 18.941235 0. 000025 0.001226 canal
13310.852755 4327.153060 18.424261 13310.470234 4325,072567 18.427347 0. 0000686 0. 000075 canal
13518.4987586 4274.306022 19. 075731 13519.357776 4276.1404472 18.9590051 1. 000000 0. 000000 Canal
13364061789 4273.347555 19.424804 13364, 578226 4275.141112 15. 390870 0. 000205 0. 000000 canal
13453.125537 4143. 748028 22.868223 13452, 826841 4142.320133 22.814495 0. 0067480 0. 000016 canal
13460204867 4208.872357 20.653405 13468.477326 4205.601877 20. 813966 0. 000065 1. 000000 canal
13468.477932 4205. 604400 20, 813877 13465, 682554 4194.422152 21. 226104 0. 000028 0. 000814 canal
13452.953042 4142,927732 22.837357 13450.176031 4125,6481209 22.337680 0. 000608 0. 000390 canal
13450.176004 4129, 648004 22.337675 13440, 799805 4127.849600 22.270006 0. 0265905 1. 000000 canal
134409, 799805 4127. 849600 22.270006 13445, 882559 4109.114937 20.753102 0. 000399 0. 000478 canal
13445, 799805 4127.8459600 22.270006 13450, 809261 4127.438267 22.279708 0. 000399 1. 000000 canal
13445.882559 4109.114537 20.753102 15445.435547 4106.977051 20, 580002 1. 000000 0.164289 canal
13445.435547 4106. 977051 20, 580002 13444.662755% 4103.282502 20.342801 0.000478 0. 000066 canal
13445.435547 4106. 977051 20, 580002 13445, 587174 4106.915219 20, 584096 0.000478 1. 000000 canal
13256.022229 4384,452895 18, 608311 13257, 847819 4368,020144 18,615253 0. 080125 0. 080125 waterhodyl
13253.787176 43860, 085543 18, 599811 13256.022229 4364, 452855 18, 608311 0.,0245923 0.024523 Waterhudﬂ
13251.098302 4354, 831415 18. 589586 13253, 787176 4360.085543 18. 596311 0. 010150 0.010150 waterhbodyl
13248.116713 4349, 005315 18.578247 13251. 088302 4354.831415 18. 589586 0.004756 0. 004756 waterhodyl
13242.523188 4338.075422 18.556974 15248.116713 4345, 005315 18.578247 0.002437 0.002437 waterhodyl
13241.432843 4335. 044861 18.552820 15242, 523188 4338.075422 18.556976 0. 001331 0.001331 waterhbodyl
13275.857696 4034, 567293 22.330763 13275.511133 4084, 550537 22.330000 0. 001764 0. 001764 waterhody?
13272.907992 4095.492210 22.372913 13275.857699 4094, 567293 22.330783 0, 000104 0, 000104 waterhody2
13280.657952 4083, 062230 22.3207309 13281, 037109 4082,943350 22.320000 0. 000011 0. 000011 WaterbudyZ
13275.911133 4094, 550537 22.330000 13280.657952 4083, 062230 22.3207309 0. 000002 0. 000002 WaterbudyZ
13308.210487 4087. 9887646 22.275919 13312. 870158 4087.130156 22.268380 0. 000000 0. 000000 watearhody?
13301. 504856 4089, 211422 22.286797 13308. 210487 4087.988764 22.275919 0. 000000 0. 000000 waterhody2
13294.562001 4080.404397 22.257411 13301, 504856 4089.211422 22.286797 0. 000000 0. 000000 waterhody2
13286.262740 4051. 9905546 22.311523 13294, 962001 4000.404397 22.297411 0. 000000 0. 000000 waterhody?
13281.037109 4092.943359 22.320000 13286, 262740 4091.990556 22.311523 Q. 000000 Q. 000000 waterhody2
4] D

42



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:

&

- = o - Cancel
[ ingressout.out [=r irawds
[= sampledata

File Marmne: Directaries: 0k |
| ingrezzout. out c:hrawds\zampledata

Lizt Files of Type: Dirives:

[ Ot files =] [ x|

FpeilT | ity | it | St [ Loy’ [ Lot [ Ende [ St | L | e
838 13529.700 4237.970 20.929 13547300 4234320 21.181 0.383 1.000§ Sewer
684 13512.400 4241.870 20.665 13512.500 4242250 20647 1.000 0.000 § Sewer
865 13609.600 4257060 18.920 13610.100 4256.940 18.910 1.000 0.000 § Sewer

14 05,7 720 E05 38100 4255941 410 ! .000 ¢ Sewer
ik 350 5 iR 432038 (27} ) L0337 Sewer
id 420 7 430558 T I 000 Sewer
4 5l frrrk| ) 0t Sewer
718 350 E s 36 Z O1E .000% Candl
718 250 E i 2 Z ) 48" Eandl
T4 il i ) 000 - Eandl
i Thd 2 i i e ) 000 - Eandl

7 2,840 T4 kil 438371 T ) 000 - Eandl

i 2040 4k il frcinic) E7 ) 002 Eandl
836 13373.500 4306.110 18.803 13373.900 4307.420 18.778 0.025 0.000§ Canal
855 13362.600 4268.160 19.444 13362.900 4269.390 19.446 0.000 0.000§ Canal
944 13337.900 4275.000 19.733 13337.600 4273.700 19.721 0.000 0.000§ Canal
944 13316.200 4197.820 19.01 13315.900 4196.530 19.009 0.002 0.000§ Canal
950 13340.800 4190.320 19.333 13341.100 4191.570 19.335 0.000 0.000§ Canal
975 13418.400 4163.520 21.839 13416.600 4164.590 21816 0.000 0.000§ Canal
1016 13496.500 4134.260 22.796 13496. 700 4133160 2z2ma 0.000 0.001 § Canal
1029 13529.200 4121.740 21.658 13525.000 4120650 21622 0.018 0.005 ; Canal
1064 13525.100 4097.170 22,994 13526.500 4096.610 23.007 0.001 0.012 Canal
083 194 07,810 2577 076,250 2615 . .006 : Canal
7 e e 230 e 55 £ 1582 ] L0027 Candl
4 5.7 T35 840 27 e EEd]| ) - Eandl
i A T8 270 14,7 1] ) - Eandl
7 4 8 350 i 6477 5450 ) .000% Candl
[ 268110 i 4387 jEE: ] 000 Candl
il Erchll ErERE a7 ) 000 - Eandl
47 72370 i £ ) 002 Eandl
e i 480 i l:h 4 ) 004" Eandd
i . D0 E 7 4 fih i ) 001 - Eandl
114 ] 150 k| lt L 58 ¢ Canl
1097 13436.400 4063.840 21.846 13436.000 4061.920 22.061 0.000 0.000§ Canal
1082 13396.000 4074.280 22.568 13396.600 4076.590 22544 0.000 0.000§ Canal
975 13439.000 4250.600 19.988 13439.600 4252.870 19.940 1.000 0.000§ Canal
918 13475.700 4245900 19.965 13475300 4243510 20.002 0.000 0.001 § Canal
1016 13512.200 4240.420 20.703 13511.900 4237 960 20.751 0.000 1.000§ Canal
1mz 13548500 4231.600 2121 13548.500 4229.330 21.252 0.000 0.154  Canal
1082 13416.500 4156.520 21.733 13417.000 4156380 21714 0.032 0.000§ Canal
1019 13453.200 4143.940 22,876 13453200 4143940 22875 0.001 0.000§ Canal
684 13512700 4242970 20.612 13513.500 4247140 20.408 0.001 0.000 § Canal
] JErAuh] 4781 800 e 3B A0 4145250 FEE) [iXslf] .6z Canal
EE] THELAT 4745250 ] 3R 300 4748700 FEE [iXilE] .03 Canal
€ TR 300 4205450 18508 T3ETT 300 4308350 REET] [iXslf] .t Canal

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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#2 Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Eile

B ZIX]@) |
[ [DE[C T

Data Preparation LContamination [ngr

Bipe Condition Azzezzment  Hisk Azzezzment Window  kModel Help

DE IO B B

Generate [nput File

Yiew [ngrezs Input File

Load Input File
@ IRA-WDS1

Bun Model

W dstestthemeshp 2 . .

ﬂ N F Drizplay Ingress Output in Text Farm

Dizplay Ingress Output in T able Form

W dstestnode.shp . = e

- Output in Shape Form

v
ﬂ Sewertasttheme sh
v

Sewertestnodeshp

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:

#! Select INGRESS Dutput File ko Convert ... ﬂ
File M arme: Directories: 0K |
| ingreszout. out chavirawdshsampledata

B o ~ Cancel |

[=r avirawds

& :zampledata

v =

Lizt Filez of Type: Dirives:
[ INGRESS Output =l e =]

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:

#! Duktput Shape File x|
File Marme: Directories: 0k |
| |ngresz0ut.zhp C:havirawdzhzampledata
- = o - Cancel |
[= avirawds
&= zampledata
i sl ith LI I
Dirives:
Jc =]

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:

2 Improved Risk Assessment for Water Distribution System { IRA-WDS } ¥ersion 1.0.1

File  Data Prey n LContamination Ingress Pipe Condition Assessment  Hisk & ent  Window  Model Help
[F] 5] B EEE
L3 FElE R Seto 1 PERY

v YWDS1

« contaminated F’\pzj‘

« Wastestthemeshp

« Wastestnode shp
« Sewertestthemesh
« Sewertestnodeshp
#] Canaltesttheme.shy
#] Canaltestnode shp
] Fublink shp

] Fubnodeshp

+] Soilboundshp
[
—2
=
e

«] @wtshp
[

«] Fressureshp
=
I -
I :

m
Ll
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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

Water distribution wdstesttheme.shp

wdstestnode.shp

Groundwater gwt.shp
Pressure zone pressure.shp
Soil type soilbound.shp
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Pipe Condition Assessment

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:

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

#2 Improved Risk Assessment for Water Distribution System { IRA-WDS ) Yersion 1.0.1

Pipe Condition Azzessment  Hisk Assezsment Window  Model Help

Import T able
Edit Trable

[lata Preparation LContamination Ingress

El Convert Arc./|nfo [*.e00] File to Shape File

Add Shape Filez to [RAMWDS Wiew

Convert ASCI [ tat) to Dbasze [*.dbf]
Convert Shape [*. zhp] File to ASCI File

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.

Directory: | o hirawdshsampledata oK

gwt.shp ﬂ = o\ = Cancel
prezzure.zhp = irawds
zewertestnode. shp [~ zampledata
zewertesttheme. shp
zoilbound. shp
wdstestnode. shp * Directaries
mdstestthemne. shp == ibraries

[rata Source Types: Dirives:
| Feature Data Source | o |

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.

-

&

Dhirechary: | c:tirawdshzampledata ok
E canaltesthode.shp - = F:I\' = Cancel
B canaltesttheme.shp [= irawds
B fwblink. shp [= sampledata
B fwbnode.shp
E gwtzhp
B pressure.zhp " Directories
B zewertestnode. shp =~ ibraries
M zewertestthemne sho ﬂ i

Data Source Types: Dirives:

| Feature Data 5ounce x| = |

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:

A soil theme map

A pressure theme map

A groundwater theme map

Rearranged link and node data

@ Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

File  Data Preparation LContamination Ingress Pipe Condition Assessment  Bisk Assessment  Window  Model Help

OEEEC A EE

CERTER K

& IRA-WDS1

« Wastestthemeshp 2]

« Wastestnode shp
.

« Sewertestthemesh

« Sewertestnodeshp
.

« canaltestthemeshy

#] Canaltestnode shp
.

+] Fublink shp

] Fubnodeshp
.

_| Seiboundshp

Scale 1

Rearranged data
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mproved Risk Assessment for Water n System { IRA-WDS ) Yersion =
File  Data Preparation LContamination Ingress Pipe Condition Assessment  Bisk Assessment  Window  Model Help

(#
S —

« Wastestthemeshp

¥
¥
¥
¥
«
¥
«
¥

W dstes tno de.shp
.

“ovttens-y Soil theme

Semertestnode shp
.

Canaltesttheme shy

Canaltestnode shp
.

Fuublink shp

Fubnoade shp
.

Soilbound shp
1

=
=

| Gwtshp

=

| Pressureshp
=1

[ H
I :

o
B
0l Improved Risk Assessment for Water Distr System { IRA-WDS ) Version 1.0.1 _1=2]x]

File  Data Preparation Lontamination Ingress Pipe Condition Assessment  Hisk Assessment  Window  ModelHelp

EEE ez

ST
] Wdstestthemeshp 2| e

1 Wdstestnade.shp
.
3l smremRoEo S

7 Sewerestnodeshp
.

1 Canaltestthemeshp

1 Canaltestnodeshp
.

o1 Fubink shp

«7 Fuwbnodeshp
.

| Soilbound shp
1
—z
1=
S
«7 Gutshp

=

| Pressureshp
1

o
!
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2 Improved Risk Assessment for Water Distribution System { IRA-WDS ) Yersion 1.0.1 == x|
Eile  Data Preparation Lontamination Ingress Bipe Condition Assessment  Bisk Assesement  Window  Model Help

SRS Pl
T [

o] Widstestiheme.shp =]

o] Wastestnodeshp
.
o] Sewstesttheme.sh

o] Sewstestnadeshp
.

o Canaltestthemeshy

o Canaltestnode.shp
.

o Fublink shp

o Fubnedeshp
.

| Seilbound.shp
=
12
[
(e

| Swtshp
[

&1 Pressureshp
=i

I -
I :

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:

#! Improved Risk Assessment for Water Distribution System { IRA-WDS ) Yersion 1.0.1

Eile  [Data Preparation Lontamination Ingress

S
— @@mm Lioad | k Fil

Bun Mode|
ﬂ W dstesttheme.shp =
Digplay PCA Output in Texst Form

Digplay PCA Output in Table Form
Dizplay PCA Dutput in Shape Form

Bizk fzzeszment Window  Model Help

Il ] 2

a (=)

Wiew PCA,

Inpi

ﬂ W dstestnode.shp
L}

ﬂ Sewertesttheme .sh

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

. M ake Default .
box. The user can click the 27" | button to select the default field names.

Advanced users can add fields to the ‘SELECTED FIELDS’ list box by selecting
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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.

n Assessment Input Form :

WATER DISTRIEUTION 5YSTEM PIPE DATA

€ End User

SELECT ATTRIEUTE DATA FROM FIELDS :

[ &ssign ateral Froperties

[ Corasion [ndes Membership Function
™| Fipe Intemal Pratection

I~ Internal Protection Membership Function
" | Fipe Esternal Frotection

[ Esterrial Frotection Membership Function

™| Surtace Permeability

[~ Ground/ater Table

™| Sail Comrasivity Membership Function

[ Surface Type Membership Function

I G Fluctuation Membership Function

FIPE LINK THEME : [<NONE> =l FIELDS AAILABLE - FIELDS SELECTED :
FIFE NODE THEME : [ <HMOME: E3
SOIL THEME : [<NONE> =l Dkl
GROUNDWATER : [XNONE> E3 »:
FRESSURE THEME : [TNONE> =l K«
Mo, of Groups : | | | I)I | Ig—
Fipe [ndizator Lonrasion | ndicatar Inztallation [hdicator
[ Pipe Diameter [ Fipe lLength | Fipe fge bralysis Year: [ = || I Fine doint bethods
I~ Fipe Material ™| Soil Carrasivity ™| Jaint Method embership Function

I wiorkmanship

I" Pipe Bedding Condition
™| Bedding Condition Membership Funchion

I wiorkmanship Membership Function

I M of Connections

&

oad / Strength [ndicator

I | Fipe Buried Depth
™| Trraffic Density

Fipe Failure |ndizatars:

[ M of Breakages
™| Mawimurn Fressure

™| Traffic Density M embership Function

™| Marimurn Fressure WMembership Function

e ndicatar

[ Mo, of alves

™| Duration of 4 ater Supply per Day

[ Frequency of Water Supplied per Lray

elect Weightage Method :
(+ Equal'wieights

" Sssign Weights

(" Genenate Weights

Generate Input |

Close |

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.

ipe Condition Assessment Input Form :

PIFE LINK THEME :

WATER DISTRIBEUTION SYSTEM FIPE DATA

Mo, of Groups :

PIPE NODE THEME : [<NONE> =l
SOIL THEME : [<NONE> E3|
GROUNDWATER : [<NONE> =l
PRESSURE THEME : [<NONE> 3|
Emmm

& End User

x|

 Advanced User / Developer

SELECT ATTRIEUTE DATA,
FIELDS AVAILABLE :

FROM FIELDS :
FIELDS SELECTED :

1
Corrasion |hdicatol

Fipe |ndicatas
" Fipe Diarmeter [ Fipe Length
I Bipe I aterial

™| &zsign b aterial Froperties

[ Corasion |ndes Membership Function
™| Bipe Internal Protection

™| Internal Fratection WMembership Function
™| Fipe Esternal Frotection

| External Protection Membership Function

[ Pipe fge
| Sl Corrasivity

falpsiz Year | - I

™| Sail Comrasivity Membership Function
™| Surface Pemeability

I Surface Tivpe Membership Function
|| Graund “water Table

I~ G Fluctuation Membership Function

Installation [hdizatar

I Pipe Bedding

I wiartkmarship

™ Fipe Jaint Methods
I~ Jaint M ethod Membership Function

™| Bedding Condition kMembership Function

[ wiarkmanship Membership Function

I Hio. of Connections

Conditian

oad|/ Strength [ndicator

I Fipe Buried Depth
[ Traffic Mensity

Fipe Failure [ndizators:

I Mo of Breakages
I tawimunn Pressure

™| Tiraffic [ ensity b embership Function

™| Marimurn Fressure Membership Function

i ittency | ndicatar
I Mo of Walves

I~ Duration of sater Suppliy per Day

[ Frequency of Water Supplied per ay

Select Weightage Method :
{s Equal w/eights

) Basign Weights

(" Generate Swieights

Generate [nput |

Cloze |
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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.

42 GENERATE INPUT DATA

WATER DISTRIEUTION SYSTEM PIFE DATA

= End User

|

" Advanced User / Developer

FIPE LINK. THEME : [ <NOMNE:>

SELECT ATTRIBEUTE DATA FROM FIELDS
FIELDS SELECTED :

FIELDS AVAILABLE :

PIPE MODE THEME : [<NOME>

SOIL THEME : [<MOME>

GROUNDWATER @ [<WONE>

PRESSURE THEME : [<NOME>

Ma. of Groups :
! ! !

1
J
I

io|

Wuuuuu

!
Canrosion [ndicats

Fipe [ndicatol
I Fipe Diarmeter T Fipe Length
™| Fipe i aterial

™ &ssign Material Properties

I Comesion Index Membership Function
T Fipe Intermal Frotection

I Internal Pratection Membership Function
" Fipe Exsternal Protection:

™ Exzternal Protection Membership Function

I Pipe fge
I Soil Comasivity
™| Soil Earrosivity kembership Function
I Surface Permeability
| Surface Type Membership Function
™ Grounds/ater Table

I G Fluctuation Memmbership Function
T

Analysis rear | - I

{rstallation ndicator

I Ripe Jaint Methods
™ Joint Methed Membership Function
I Fipe Bedding Eanditicn
| Bedding Condition Membership Function

I wforkmanshin

I workmanship Membership Function

I Ho. of Connections

Select Wwieightage Methad :

oad/ Strength ndicatal
I Pipe Buried Depth
[T Traffic Detsity

Fipe Failure [ndicataors

T Ho. of Ereakages
™| FMawimumm Pressure

I Tiraffic O ensity M embership Function

| Mewimunm Pressure Membership Function &

oy [ndicatot
T W of Walves

I Duration of Water Supply per Day

T Frequency af wiater Supplied per Lray

= Equal weights
£~ Assion Weights

") Generate “Weights

Generate |nput |

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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ipe Condition Assessment Input Form :

WATER DISTRIEUTION 5YSTEM PIPE DATA

& End User

x|

" Advanced User / Developer

SELECT ATTRIBUTE DATA FROM FIELDS :

IFIFZ UV TR | £2 FIELDS AVAILABLE : FIELDS SELECTED ;
PIFE NODE THEME : [ <NONE> B3| Shape o Pipeid o
SOIL THEME |<NDNE> =1 Fipeid Startnode
GROUNDWATER : [THEE = Starthode Endnode
. 5 -
Endnode Strjgint
PRESSLIRE THEME : | <NONE> =l Stijoint . Endoint _
" . _I . .. _I
Mo. of Groups : IS 4 3 4 3
1 1 1 |) 1
Fipe Indicator Corosion Indicator Installation |ndicator
I Pipe Diameter " Pipe Length " Pipe &ge fialysis Year : | | I™ Pipe Jaint Methods
I Fipe Material [ Soil Conosivity ™| Jaint Method tembership Function
I ssian bateral Goperiss ™| Soil Earrosivity Membership Function ™ Pipe Eedding Condition
Camosion [ndex Membership Function
I__ _ & ™ Surface Permeability | Bedding Condition Membership Function
™ Pipe Intemal Protection _ _
[ Internal Pratection Membership Function I Suface Type Membership Function ™ wiarkmanship
™ PFipe Extemal Fratection [~ Ground/ater Table I wiorkmanship Membership Function
[ Esterrial Frotection Membership Function I G Fluctuation Membership Function I Mo. of Connections
Fipe Failure Indicators——— (Load / Strength Indicatar Intermittency Indicator Select Weightage Method :
" Pipe Buried Depth ™ Mo of Yalves {* Equal‘weights
™ Traffic Drenzity
™ No. of Breakages ™| Traffic Density M embership Function ™ Dwration of ‘Water Supply per Day ' Assign Weights
™| Mawimurn Fressure
™| Marimurn Fressure WMembership Function [~ Frequency of Water Supplied per Day " Generate Weights

Generate Input |

Cloze |

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:

ipe Condition Assessment Input Form :

WATER DISTRIEUTION 5YSTEM PIPE DATA

FIFE LINK THEME : [wdstesttheme. shp

& End User

X

" Advanced User / Developer

SELECT ATTRIEUTE DATA FROM FIELDS :

FIELDS &VAILABLE : FIELDS SELECTED :
PIFE MODE THEME : B¥¥ Shape = Id
SOIL THEME : [<NONE> =| Id #_coord
¥_coord _coord
GROUMDWATER : [<NOME> - - -
| = Y _coord Z_coard
PRESSURE THEME : [<NOME> 3| Z_coord _ Eurpdapth _
[ . _I - . _I
Mo, of Groups : IS 4 3 4 »
1 1 1 |) 1
Fipe Indicator Corosion Indicator Installation |ndicator
I Pipe Diameter " Pipe Length ™ Pipe &ge fialysis Year : | =] I™ Pipe Jaint Methods
" Pipe Material ™| Soil Carrasivity I~ Jaint Method Membership Function
I Assian biaterial Froperties ™| Sail Comrasivity Membership Function I” Pipe Bedding Condition
Camosion [ndex tMembership Function
l__ _ " ™ Surface Permeability " Bedding Condition Membership Function
™ Pipe Intemal Protection _ _
[ Internal Pratection Membership Function I Suface Type Membership Function ™ wiarkmanship
[~ Pipe Extemal Protection [~ Ground/ater Table I wiorkmanship Membership Function
[ Esterrial Frotection Membership Function I G Fluctuation Membership Function I Mo. of Connections
Fipe Failure Indicators——— [Load / Strength Indicatar Intermittency |ndicator Select Weightage Method :
[™ Pipe Buried Depth ™ Mo of Yalves {* Equal ‘Weights
™ Traffic Density
™ No. of Breakages ™| Traffic Density M embership Function ™ Dwration of ‘Water Supply per Day ' Assign Weights
™| Mawimurn Fressure
™| Marimurn Fressure WMembership Function I~ Frequency of ‘Water Supplied per Day ' Generate Weights

Generate Input |

Close |

57




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.

! Pipe Condition Assessment Input Form : ﬂ
WATER DISTRIBUTION SYSTEM FIFE DATA & EndUser € Advanced User / Developer
SELECT ATTRIEUTE DATA FROM FIELDS -
PIFE LINK THEME : |/ dstesttheme. shp FIELDS AVAILABLE : FIELDS SELECTED ;
PIPE NODE THEME : [wdstesinode.shp Shape - Soilid

Area Corrosivit

SOIL THEME :

RIRTIRR

Perimeter
Soilbound_

GROUNDWATER : [ <NOME:>
PRESSURE THEME : [ <MOME:

JE3|
JE3| Sail_id _
Mo. of Groups : J IS <-| b | >|

Pipe Indicator Corrosion Indicator Installation Indicator
I Pipe Diameter ™ Pipe Length [ Pipe Age &l psis Year | vl I Fipe Joint Methods
™ Pipe Material ™ Sail Carosivity I Jaint b ethod Membership Function
L[ Essimn i etenial Fioperiics | Sail Carrosivity embership Function I” Pipe Bedding Condition
Corrasion | ndes tMembership Function
l__ . i ™ Surface Permeahility ™| Bedding Condition Membership Functian
™ Pipe Internal Protection _ _
W] izl Erelimeiion bl ibenhin Fursion I Surface Tiype Membership Function I workmanship
™ Pipe Extemnal Protection ™| Ground Water Tiable I~ wwiarkmanship Membership Function
| External Protection Membership Function I~ G Fluctuation Membership Function I Mo. of Connections
Pipe Failure Indicators—— [Load / Strength Indicatar Intermittency Indicatar Select Weightage Methaod :
" Pipe Buried Depth ™ Mo of Walves + Equal Weights
I Traffic: Density
I Mo of Breakages 1| Traffic: Density b embershin Funstion ™ Dowration of ‘water Supply per Day = Assign Weights
I M asimum Pressure
™| Marimurn Pressure Membership Function [~ Frequency of Water Supplied per Day " Generate Weights

Generate [nput | Cloze |

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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ipe Condition Assessment Input Form :

WATER DISTRIEUTION 5YSTEM PIPE DATA

& End User

x|

" Advanced User / Developer

SELECT ATTRIBUTE DATA FROM FIELDS :

[ &ssign i ateral Froperties

[ Corasion [ndes Membership Function
™ Pipe Intemal Protection

I~ Internal Protection Membership Function

™ Pipe External Protection

[ Esterrial Frotection Membership Function

™| Soil Earrosivity Membership Function

™ Surface Permeatility
[ Surface Type Membership Function

™ Ground water T able

FIRE LINK THEME - | widstesttheme.shp =l FIELDS AVAILABLE : FIELDS SELECTED ;
PIFE NODE THEME : ['wdstestnode. shp B3| Shape & Gwi_id
SOIL THEME : [<NONE> = Area Awa_gwtdep
GROUNDWATER : = Ez'fi’i:te' Ava_guthic
PRESSURE THEME : [{NGNE> = Avg_awidep _
; . . |
Mo. of Groups : | : : |) | IS— 4 3
Fipe Indicator Corosion Indicator Installation |ndicator
I Pipe Diameter " Pipe Length " Pipe &ge fialysis Year : Iﬁ I™ Pipe Jaint Methods
I Fipe Material [ Soil Conosivity ™| Jaint Method tembership Function

I” Pipe Bedding Condition
™| Bedding Candition Membership Function

™ workmanzship

I wiorkmanship Membership Function

I G Fluctuation Membership Function

™ Mo, of Connections

Fipe Failure Indicators——— (Load / Strength Indicatar

" Pipe Buried Depth
™ Traffic Drenzity

™ No. of Breakages
™| Mawimurn Fressure

™| Traffic Density M embership Function

™| Marimurn Fressure WMembership Function

Intermittency Indicator

™ Mo of Valves

[~ Duration of W ater Supply per Day

I Frequency of ‘Water Supplied per Day

Select Weightage Method :
{* Equal‘weights

' Assign Weights

" Generate Weights

Generate Input |

Cloze |

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.

ipe Condition Assessment Input Form :

WATER DISTRIBUTION SYSTEM PIPE DATA

@ End User

=l

= Advanced User / Developer

SELECT ATTRIBUTE DATA FROM FIELDS :

FIFE LINK THEME : ['/dstesttheme.shp = FIELDS AVAILABLE FIELDS SELECTED
PIPE NODE THEME : [wdstestnode. shp JE3 | Shape = Pres_zone
SOIL THEME : [<NONE> =1 Area Pressure
Perimet
GROUNDWATER : [<HONES = Srmetsr
Pressure_
FRESSURE THEME : § £ Fres_zone -
1 — _I
Mo. of Groups |9 4 3
1 ! ! i 1
Pipe Indicator Carrasion Indicator Installation |ndicatar
" Fipe Diameter ™ Pipe Length I Fipe &ge Analysisreat: | -1 I Fipe Joint Methods
" Pipe Material I Soil Carrasivity | Jint b ethod Membership Function
I} &sion haterial Fioperties ™| Soil| Earrasivity embershin Funstion I Pipe Bedding Condition
& ion [ndex bembership Funct
[ Caasian, Indlex blembership Sunstion I Surface Permeahility I Bedding Condition kembership Function
I Pipe Internal Pratection _ . §
I Internal Protection Membership Function [ Surface Type Membership Function ™ workmanship
I~ Pipe External Pratection I Ground Water, Table I workmanship Membership Function
I Estermal Pratection Membership Function I G Fluctuation kMembership Function ™ Mo, of Connections
Pipe Failure Indicators——— [Load / Strength Indicataor Intermittency |ndicator Select Weightage Method :
™ Pipe Buried Depth ™ Mo of Walves i+ Equal ‘Weights
™ Traffic Density
™ Mo. of Breakages I Traffic D ensity Membership Function O] et s Sl o e © Assign Weights
I Maximum Pressure
I taximum Pressure Membership Function I~ Frequency of Water Supplied per Day © Generate Weights

Generate Input |

Close |
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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.

Pipe Indicators
Corrosion Indicators
Installation Indicators
Pipe Failure Indicators
Load/Strength Indicators
Intermittency Indicators

QAP =

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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#! Pipe Material Properties Input Form :

x|

Fipe i aterial Carrozion Index b ax. Prezsure b aw. Load Dezign Life tMax. Diameter  Min. Diameter
| AC |Very Shong x| [[35.700 | 22500 |80 | 2500.000 | 50.000
| RCC [Vvew Stong =] 30000 [ 30,000 [£0 [ 1200.000 | 400.000
| U1 |vewStong =] | | | | I
| PV [ve Stong =] [16300 | 4.400 | &0 | 1200.000 | 75.000
=] |Very Strong =] |97.920 | 150.000 |70 | 2000.000 | 75.000
[~ Assign'T' Walues 0k |
The completed data form is shown below:
#! Pipe Material Properties Input Form : il
Pipe i atenal Corrozion Index tdax. Pressure i ax. Load Design Life tax. Diameter M. Diameter
| AC [Very Song =] [35.700 | 23500 |50 | 2500.000 [ 50.000
| RCC |Wery Stong =] |30.000 | 30.000 B | 1200.000 | 400.000
| |Very Stong  >|  |15.000 | 25.000 |50 | 1000.000 | 300.000
| v [vewsStong =] [15.300 | 4.400 |80 | 1200.000 [ 75.000
|l [Very Shong =] [97.920 | 150.000 |70 | 2000.000 | 75.000

[~ Assign 'C' Values

Ok |

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:

#! Pipe Material : Age - 'L’ Yalues Relation Input Form ll
Material s Age  0- 10w 11-20ps  21-30ws 31 -40ws  41-50ws  51-60prs  B1-FOws  71-80ws  81-90ws  91-100ws
AC [150 [120 [120 [120 [120 [120 [100 [0 [@ [0
ACC [130 [120 [110 E3 [70 [70 [70 [0 [0 [0
U1 | I I | | | | | I I
P C I'IED |14U |14D |14D |14D |14D |13D ID IU IU
Cl I'IED I'I'ID I'IDD IQEI ISD I?D I?l:l IBD IEI Il:l

ok |

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:

#! Pipe Material : Age - 'L’ Yalues Relation Input Form ll
Material s Age  0- 10w 11-20ps  21-30ws 31 -40ws  41-50ws  51-60prs  B1-FOws  71-80ws  81-90ws  91-100ws
AC [150 [120 [120 [120 [120 [120 [100 [0 [@ [0
ACC [130 [120 [110 E3 [70 [70 [70 [0 [0 [0
U1 [120 [120 [110 [110 [100 [0 [0 [0 [0 [0
PYC [150 [1a0 [140 [140 [140 [140 (ED [0 [@ [0
5 [150 [110 [0 [%0 [&0 [70 [70 E [0 [0

ok |
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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:

# Pipe Condition Assessment Input Form : x|
WATER DISTRIEUTION SYSTEM PIPE DATA % End User " Advanced User / Developer
SELECT ATTRIEUTE DATA FROM FIELDS :
PIPE LINK THEME - ['w/cistestiheme. shp I FIELDS AAILABLE : FIELDS SELECTED
FIPE HODE THEME : destestnode_shp B4 Shape ) Frez_zone
SOIL THEME : [Sailbound.sho = hres Pressure
Perimet
GROUNDWATER : [Gutshp = S
Pressure_
FRESSURE THEME : [Pressure.shp 3| Pres zone
. i vI
Mo, of Groups : IS 4 3
1 1 1 |) 1
Fipe Indicator Corosion Indicator Installation |ndicator
¥ Fipe Diamneter IV Pipe Length IV Pipe &g Analysiz Year: [2005 -] ™ Pipe Jaint Methads
" Pipe Material ™ Soil Camosivity 2004 = I~ Jaint Method Membership Function
I Assian biaterial Froperties | Soil Earrosivity fembership Fur s I” Pipe Bedding Condition
Camosion [ndex tMembership Function
l__ _ " ™ Surface Permeability " Bedding Condition Membership Function
™ Pipe Intemal Protection _ _
™| Intemal Protection Membership Function I Suface Type Membership Function ™ workmanship
™ Pipe External Pratection ™ Ground \Water Table I warkmanship M embership Function
[ Esterrial Frotection Membership Function I G Fluctuation Membership Function ™ Mo. of Connections
Fipe Failure Indicators——— [Load / Strength Indicatar Intermittency |ndicator Select Weightage Method :
[™ Pipe Buried Depth ™ Mo of Yalves {* Equal ‘Weights
™ Traffic Density
™ No. of Breakages ™| Traffic Density M embership Function ™ Dwration of ‘Water Supply per Day ' Assign Weights
™ Mavimurn Pressure
™| Marimurn Fressure Membership Function [~ Frequency of Water Supplied per Day € Generate Weights

Generate Input | Cloze |

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

#} Assign Membership Function for ; ﬂ

CORROSION IMDES

Left Middle Left  Middle Right  Right
Verpwieak |00 {0.0 {01 [T
Wwieak jo 0.3 (0.3 |05
Medium |03 {05 {05 |07
strong |05 [0.7 (0.7 |03
Ve Stiong |08 {09 [1.0 1.0

Defauk | Clearsll | OK | Cancel | Chat |
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2. Pipe Internal Protection

e

#! Assign Membership Function for : x|

INTERMAL PROTECTIOMN
Left Middle Left  Middle Right  Right

VewBad |00 {0.0 {01 |0z
Bad [ {03 {03 |05
M edium jo3 {05 {05 |07
Gaad |05 (07 [07 |03
Yem Good ID,E} |I:|,E| |1.EI I'I.I:I

Default | Elear.ﬁ.llli """" K | Cancel I Chart |
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3. Pipe External Protection

#! Assign Membership Function for : il

ExTERNAL PROTECTION

Left Middle Left  Middle Right  Right
Wery Bad oo [oo [0 oz
Bad X j03 [ |05
M edivirn BB |05 |05 |07
Good |08 o7 o7 BB
ey Good  [03 EE [1.0 |10

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

#2 Assign Membership Function for : ﬂ

SOIL CORROSMITY

Left kiddle Left  Middle Right  Right
Mon Comasive (0.0 {1000 | 500.0 |1000.0
Mildly Comaziv | 100.0 | EO00 | 1000.0 | 2000.0
Carrosive | 1000.0 | 1500.0 | 1800.0 | 2500.0
Highly Comasiv | 2000.0 | 2500.0 {3000.0 | 5000.0
Estremely Com | 4000.0 | E000.0 { 8000.0 | 20000.0
Diefault | Clear &l | | Carcel I Chart |

5. Surface Type/Permeability

2 Assign Membership Function for : ﬂ

SURFACE PERMEABILITY

Left Middle Left  Middle Right  Right
WeyHad  [00 [0 [0 [0z
Hard X [03 [03 [05
Grassed 03 [05 [05 [07
Open Land |I:|_5 |I:I.? |EI.? |EI.E|
Wwhater Body |I:|_8 |I:I.E| |'I.EI |'|.EI
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6. Ground Water Table Fluctuation

#} Assign Membership Function for : il
GROUMD WATER FLUCTUATION
Left Middle Left  Middle Right  Right
e Bad |00 {0.0 {01 |0z
Bad |EI.‘I |EI.3 |EI.3 |EI.5
Mediun |EI.3 |EI.5 |EI.5 |EI..'-"
Gaad |05 (07 [07 |03
e Good |EI.E |EI.E| |1.EI |1.EI
Drefault | Clear All | Cancel I Chart |

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

#! Assign Membership Function for : £|

TRAFFIC DEMSITY

Left Middle Left  Middle Right  Right
VeryBusy 450 {50.0 [E0.0 |80.0
Busy |20 {400 [458.0 |50.0
Medium |25.0 {300 [38.0 |40.0
Quite 10,0 {200 [25.0 |30.0
Ve Ouite [0 [5.0 {100 |15.0

Drefault | EIE&r.&IIl{ """" (1] | Cancel I Chart |

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

! Assign Membership Function for : ﬂ

Max=IMUM PRESSURE

Left  MiddieLeft Middle Right  Right
WeyHigh  [450 [500 [E00 X
High EX 400 [450 B
Medium  [250 [300 [0 [400
L [100 [200 [0 [200
WeyLow [0 [50 [T00 [T50

Default | Clearall | 0K | Cancel | Chat |
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9. Joint Method

10. Bedding Condition

11. Workmanship

#! Assign Membership Function for : £|
JOINT METHOD
Left Middle Left  Middle Right  Right
VewBad |00 {0.0 {01 [T
Bad jo [0.4 [0.4 |07
M edium jod4 | 0.65 | 0.65 |03
Good (L3 (08 (1.0 |1.0
VeyGood |08 {09 [1.0 1.0
Defaut | Clear sl |70k 3| Cancel | chat |
#! Assign Membership Function for : £|
BEDDIMG COMDITION
Left Middle Left  Middle Right  Right
VewBad |00 {0.0 {01 [T
Bad jo {03 (0.3 |05
M edium |03 {05 {05 |07
Good ([T (07 {07 |03
VeyGood |08 {09 [1.0 1.0
Drefault | Clear Al | | Cancel I Chart |
!} Assign Membership Function for : ﬂ

"WOREMAMSHIP

Left  MiddieLleft Midde Right  Right
VewBad |00 {0.0 {01 |0z
Bad [ {03 {03 |05
M edium jo3 {05 {05 |07
Gaad |05 (07 [07 |03
Yem Good ID,E} |I:|,E| |1.EI I'I.I:I

Default | Clear &l | 0K

| Cancel I Chart |
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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:

Assign Weights for Pipe Condition Assessment

Pipe Condition
Physical Indicataor Envwironmental |ndicator Operational Indicator
Pipe Indicators————— (Installation Indicators————— Corrosion Indicators————— ;Stiength Indicatars———— | | Failure Indicators———— (Intemittancy Indicators—————
Diiameter 0.200 Joint Methad  [0.250 Pipe Age I 0.250 Buried Depth |U_333 WValve Number 0,333
Length .
- 0.200 Bed. CUﬂdIUUHI 0.250 Soil Comosivity | 0.250
I aterial 0.200 Traffic Density |0_333 Breakage [1.000 Operation Time  [0.333
wiorkmanshi | Surface T I
Int. Protect. [0 200 P |00 | 1250
Ext. Protect.[ 0200 Connectians ID_250 Groundwater ID 250 Pressure IU_333 Mo. of Operations| 0 333
Balance Factor Balance Factor Balance Factor Balance Factor Balance Factor Balance Factor
Pipe weight  [05 Conosion Weight |05 Failure Weight  [05
Installation ‘weight I 05 Strength ‘Weight 05 Intermittancy Yeight 05
Physical Balance Factor | Environmental B alance Factor Operational Balance Factar
Physical Weight 0333
Enwiranmental W/ eight 0,333
Operational WWeight 0,333
Pipe Condition Assessment B alance Factor

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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i} INFORMATION

O Azzigned weights

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.

Pipe
Fi

#1 Generate Weightings using Analytical Heirarchy Process ﬂ
e Condition
hysical Indicators
Pipe Indicator Installation Indicator: ( Select Importance )

Dia.  Len Mat InP.  EsP. Wis

o
P o

EC  Wms UM NoC  Wis

e [T [ T [
N ot L

PIPE  INSTALL ‘wis

pee [0 [ [

Ma [« [« [0 [ [ [ msTaLL [+ [100
0 ot o o 0 O O O ForeT
e[ [ ™[ || e[ [ [ [
Ealance Factor for Leved (1] |1— Balance Factor for Level (11 ] l‘\— Physical Balance Factor : |1—
Environmental Indicators :
Corrosion Indicator Strength Indicatar:
Age 5C 5P GwF  Wis ED D MP s,
o |
st lx_ 1.00 l_ l_ l_ CORR. |1.00 |
sp |x_ lx_ 1.00 |_ l_ E l“_ I1DD l— l— LOAD lx_W|_
2% ol comm come ¥ 17 ol comn 2
Balance Factor for Level [1]: |1— Balance Factor for Level [11]: |1— Environ. Balance Factar |1—
Ooperational Indicators :

Failure Indicator

Intermittency Indicators———————————————————

Birk. LLef B ks,
Brk. IW IF nfa I_
) o e o
Eur [nfa nta n I_

Hels TNDV |DL IFi I&
l_ i N .
I_ |_ 1.00 l_

Balance Factor for Level [1 ] :

-

Balance Factor for Level [11]: [1

FAIL INTER ‘wis.

paL [T00 [
INTER lk—lﬁl_

Operation Balance Factor: [1

- Extremely
-Yery Strongly to Extremely|
-Yery Strongly

- Strongly to Very Strangly
— Maderately to Strongly

- Strongly

- Moderately

- Equally to Maderately
- Equally

- Equally to Maderately
- Moderately

- Moderately to Strongly

More Impartant

- Strongly

- Strongly to Very Strangly
-Mery Strongly

-Yery Strongly to Extremely|

- Extremely

FPhy  Enwv Opr wis

ow [
L
O
PCA Balance Factar: |1—

Env

Opr

Generate Weightsl Cancle |

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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#1 Generate Weightings using Analytical Heirarchy Process

Physical Indicatars

Pipe Condition ik

Pipe Indic.atar

Installation Indicator:

Dia.  Len Mat InP.  EsP. Wis

ia [T20 [0 [028 [05 [200 [
Len, WWWWW l_

Mat WWWWW |_
InP. WWWWW I_
£ [050 [0 ID.H |013 Wl—

EC  Wms UM NoC  Wis

Balance Factor for Level [1]: [1

Balance Factor for Level [11]: 1

PIPE  INSTALL ‘wis

pee [0 05 |
sTALL [300 [To0 [

Physical Balance Factor : I 1

™

rviranmental Indicatars :

Corrasion Indicator

5

Age  SC SP GWF Wi
L. W 033 [zo0 | [z00 |_
oo [300 [Too [o33 [z00 |_
P IW ENEE
cwr[os0 | [os0 nzo | [1.00 l_

Balance Factor for Level

- f

trength Indicator
ED D MP it
N ol L e

MP |3.UU IU.ZU |1.EIEI l_
Balance Factor for Level [11]: |1—

CORR. LOAD  ‘wis

comr, [T 7% |
T L i

Environ. Balance Factar |1

[=}

perational Indicators ©

Failure Indicator

Intermittency Indicators———————————————————

Birk. LLef B ks,
Brk. |1 oo nta nfa I
Lek |nda n'a nla I
Eur [nfa nta nia I

Dur, Fre.
6.00 B.

Balance Factor for Level [1]: [1

FAIL INTER ‘wis.

. [T [0 [
INTER Wlﬁl_

Operation Balance Factor: [1

( Select Importance )

- Extremely

-Yery Strongly to Extremely|
-Yery Strongly

- Strongly to Very Strangly

- Strongly

- Moderately ta Strangly
- Moderately

- Equally to Maderately
- Equally

- Equally to Maderately
- Moderately

- Moderately to Strongly

— Strongly

- Strongly to Very Strangly
-Mery Strongly

-Yery Strongly to Extremely|

- Extremely

FPhy  Enwv Opr wis

o
o

PCA Balance Factor: [1

Generate Weightsl Cancle |

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

2 Saye AHP Input File

File M ame:

Directaries:

chavirawdshzampledata

| = o -
[= avirawds
& :ampledata

Dirives:

|

Cancel

x|
1] |
_ Caeel |

appears:

&

o Generated the AHF |nput File

OF.
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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:

@ Save AHP Dutput File |
File: M amme: Directories: 0K |
| ahpoaut, oot c:havirawdzhzampledata
% wamerng o - = =N - Cancel |
[=r avirawds

& ampledata

Dirives:

| =]

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

&

O Agzigning YWeightz

Ok

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:

&

File M ame: Directaries: Ok
| ahpout. oot o hirawdshzampledata

[ ahpout. out = = c\ = Cancel
(1 ingrezsout.out [= irawds
(B pcaoutput.out [= zampledata
(B riskahpoutout
B riskoutout
— —
Lizt Filez of Type: Drrives:
| &HP Output File ] | e ]
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After the user gives the name of AHP output file, the following message appears:

&

O Completed

]9

Sl
s

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:

! Generate Weightings using Analytical Heirarchy Process 1[
Pipe Condition
Physical Indicatars
Fipe Indicator Installation Indlcatur ( Select Importance )
Dia.  Len. Mat |nP.  EsP.  Wis W MNal s

2

050 [o13 |ma |n13 |1nn 0.034

ExP.

Balance Factor for Level [1]: [1

Balance Factor for Level [11]: [4

PIPE  INSTALL ‘wts

ppe 100 [033 0285
INSTALL Wh.no [o70

Physical Balance Factor : I 1

C

Environmental Indicators :

Strength Indicator:

orrosion Indicator

Age
Age

5C
SP |050 300 1.00 5.00 0377
G| 0.50 0.50 0.20 1.00 0107

Balance Factor for Level [1 ] :

BD D

Balance Factor for Level [11]: [1

BDITIWIWIW
w [ [0 [50 [5@
we [ [0 [0 [z

CORR. LOAD  Wis

CORR. W| 13 [02%
LOAD WWW

Environ, Balance Factor

—

[=]

F

perational Indicators :

ailure: Indicatar

Intermittency Indicators

Erk. Lek. Bur,
Etk. |1 og nla n'a
Lek. Im‘a

Eur |nia nla [%

N,

NDV Dur, Fre.

Fre. |07 2.00 1.00 015

Wts

|snu W 0743

o
=1
@
@)

7

3
Balance Factor for Level [1]: [1

Balance Factor for Level [11]: 1

FAIL INTER ‘Wi

FalL [TO0 600 [T355
wreR [077 [100 [074]

Operation Balance Factor: [

ess Important

ey [0 [050 [500 [132

Erry

Opl

More Impartant

- Extremely

-Wery Strangly to Extremely|
-Wery Strongly

- Strongly to Very Strangly

- Strongly

- Moderately to Strongly
- Moderately

- Equally to Maderately
- Equally

- Equally to Moderately
- Moderately

- Moderately ta Strangly

- Strongly

- Strongly to Very Strangly
- Wery Strangly

-Wery Strongly to Extremely|

- Extremely

Phy  Env Opr  Wwis

,ﬁ 1.00 lﬁlﬁ

FCA Balance Factar: |‘|—

0K | Cancle |

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:

i} INFORMATION

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

73




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:

WATER DISTRIEUTION SYSTEM PIPE DATA * EndUser " #dvanced User / Developer
SELECT ATTRIEUTE DATA FROM FIELDS :
FIFE LINK THEME : | wdstesttheme. shp = FIELDS AVAILABLE : FIELDS SELECTED .
PIPE NODE THEME : ['wdstestnode.shp ] Shape o Pres_zane
SOIL THEME : [Sofbound sho = fuea Pressure
Perimet
GROUNDWATER : [Gwitshp =l FmEEt
Pressure_
PRESSURE THEME : | Pressure.shp ] Pres zone
Mo. of Groups : ¢ g 4 3
il 1 1 |) [
Fipe Indicators Corrosion Indicators Installation Indicators
W Pipe Diameter W Pipe Length W Pipe Age Analysis Year: [2004 = W Pipe Jaint Methods
¥ Pipe Material W Soil Comosivity W Joint Methad Membership Function
I Aissign Material Propetties ¥ Sail Comasivity Membership Function ¥ Pipe Bedding Condition
¥ Corrasion Indes Membership Function
¥ Pipe Internal Protection D V¥ Surface Permeability ¥ Bedding Condition Membership Function
o e it Y et et ¥ Surface Tyupe Membership Function wiorkmanzhip
W Pipe Extemal Pratectian W' Ground ' ater Table W warkmanship Membership Function
W Estemnal Pratection Membership Function W G Fluctuation Membership Function W Ma. of Connections
Fipe Failure Indicators Load / Strength Indicators Intermittency Indicators Select Weightage Method ;
¥ Pipe Buried Depth V¥ Mo of Yalves * Equal Weights
W Traffic Denzity
¥ Mo of Breakages ¥ Traffic Density Membership Function ¥ Duration of ‘W ater Supply per Day " Agzign Weights
W Mawimum Pressure
W Mazimum Pressure Membership Function ¥ Frequency of “ater Supplied per Day ® Eizmrel i

Generate Input Cloze

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.

! Current Status... x|

Began Job: August 29, 5:18:57 PM B:18:57 PM

“Whorking on List [tem # 83 out of 83
‘Wwharking on S oil Carrozivity D atabaze

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

74



buried depth and the groundwater table data, it computes the groundwater category for
each pipe and appends the water distribution pipe theme accordingly.

2} Current Status...

Began Job: September 7, 172309 Ak

wharking on Ligt [tern # 100 auk of 100
wharking on Groundwater T able D atabase

11:23:09 &M

x|

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.

2} Current Status...

Began Job: September 7, 172309 Ak

‘wharking on Ligt [tern # 100 auk of 100
wharking on Pressure D atabaze

11:23:09 &M

x|

It then opens the ‘File Save’ dialogue box to save the file with the user-defined name.

! Save PCA Dutput File

File Marme:

Directories:
c:havirawdzhzampledata

= =N B
[=r avirawds

& ampledata

Dirives:

| =]

Cancel

x|
] |
_ Coed |
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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:

x|

! Current Status...

Began Job: August 29, 5:18:57 PM B:13:10 P

“Wwhorking on List [tem # 33 out of 100
‘Whorking on Second Gluarter...

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.

#2 Select PCA Analysis Option _ x|
Select option Ok
| Local Analysis =] Cancel

i Global Analysiz

S
& x

Ok,

Select optian

Cancel

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.

! Select PCA Analysis Option _ |
Sz e L
| Global Analysis =] Cancel

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:

i Enter Global Data:

Length

Mo, of Connections
Buried Diepth

Traffic Density
Hydraulic Pressure
Leakage Rate
Breakage Frequency
Mo, of Yalves
Dration of Supply

Frequency of Supply

Global Marirmurm  Global Minirum

{2 Enter Global Data:

Length

Mo, of Connections
Buried Depth

Traffic Denzity
Hydraulic Preszsure
Leakage A ate
Breakage Frequency
Mo. of Walves
Dwration of Supply

Frequency of Supply

Global Mawrimum  Global Minirum

|1EIEIEI |'IEIEI
|1EI |2
|1EI |'I
|1DD |20
|8EI |25
|1 |EI.DEI1
E E
I5 E
|18 |'IEI
|4 E
(1] 8 I Cancel
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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:

O |nput File Generation Completed

x|

4.8 Viewing the PCA input files

The user can view the input file in the notepad by clicking on the &=

1 button or

alternatively by selecting the ‘View PCA Input Files’ submenu from the ‘Pipe
Condition Assessment’ menu and browsing the appropriate file to view.

! Select Files

File Marme: Directories:

| painput. inp c:havirawdzhzampledata
(B ahpinput.inp = = =
(1 ingress.inp [= avirawds

Lizt Filez of Type:

& :ampledata

Dirives:

| Irp fles

[= —

Cancel

x|
1] |
_ Caeel |
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LT

File Edt Format Help

H WATER PIPELINE Vulnerability Assessment Input
[wATER PIPE]
;ID stuode  Enduode stiodint endloint Material Traffic surfrerm InProtect ExProtect gedcond workship
65D 631 632 4 4 0 2 Pl 2 1 0 4 Q 1 2 500 50 120
703 632 843 1 1 4] 2 2 2 4 4 1 el 1 2 500 50 120
722 660 631 1 1 1 2 2 2 4 3 1 0 1 2 500 50 70
762 643 696 2 2 o] 2 2 2 4 3 2 Q 1 2 400 50 120
781 608 713 2 2 o] 2 2 2 4 3 2 Q 1 2 400 50 120
786 7108 0a0 2 2 1 2 2 2 4 1 2 Q 1 2 500 50 70
796 713 728 2 2 o] 2 2 2 4 3 2 Q 1 2 400 50 120
500 732 719 2 2 1 3 2 2 4 1 2 Q 1 2 500 50 70
503 734 732 2 2 1 3 2 2 4 1 2 q 1 2 500 50 70
208 728 730 2 2 a 2 o] 2 1 3 3 1 1 1 400 35 120
200 740 734 2 2 1 3 2 2 4 1 2 o] 1 2 500 50 70
218 730 747 2 2 o] 2 0 2 1 3 3 1 1 1 400 35 120
224 75z 740 2 2 1 3 2 2 4 1 2 o] 1 2 200 50 70
830 747 758 2 2z Q 2 Q 2 1 3 4 1 4 1 400 35 1z0
531 760 753 2 2 1 3 q 2 e 1 2 b 1 2 200 50 70
536 765 728 2 2 0 2 Q 2 1 3 2 1 1 2 400 20 130
837 7G5 760 2 2 1 3 0 2 1 1 2 1 1 2 200 20 120
542 758 769 2 2 a 2 0 2 1 3 4 1 4 1 400 35 120
252 77 763 2 2 1 3 Q 2 1 1 2 1 1 1 200 35 483
255 780 765 2 2 o] 3 Q 2 1 1 2 1 1 2 200 20 130
256 FEL 734 2 2 2 4 2 1 4 1 2 Q 1 2 500 50 100
561 785 78L 2 2 2 4 2 1 4 1 2 0 1 2 200 20 120
562 7BE 785 2 2 2 4 2 1 4 1 2 o 1 2 200 20 120
865 76D 7RBE 1 1 4] 3 el 2 1 3 4 1 4 1 400 35 120
266 7RG 777 2 2 1 3 o] 2 1 1 3 1 1 1 200 35 85
270 800 786 1 1 2 4 2 1 4 1 2 0 1 2 200 20 120
280 780 801 2 2 1 3 Q 2 1 1 3 1 1 1 200 35 93
283 801 806 2 2 1 3 Q 2 1 1 4 1 4 1 200 35 93
884 807 758 2 2 1 2 0 2 1 3 4 1 4 1 400 35 93
8BS 806 807 2 2 1 3 g 2 1 1 4 1 4 1 200 35 95
592 814 785 1 1 2 4 2 1 4 1 2 g 1 2 200 20 120
503 815 814 1 1 2 4 2 1 4 1 2 o] 1 2 200 20 120
208 807 821 2 2 1 3 Q 2 1 1 4 1 4 1 200 35 93
200 g21 822 2 2 1 3 0 2 1 1 4 1 4 1 200 35 483
900 823 815 1 1 2 4 2 1 4 1 2 Q 1 2 200 20 120
905 827 800 1 1 2z 4 2 1 4 1 2 Q 1 2 200 20 120
o714 834 7BE 1 1 0 3 q 2 1 3 4 1 4 1 400 35 120
o715 822 834 1 1 1 3 g 2 1 1 4 1 4 1 200 35 95
017 815 836 1 1 2 4 2 1 4 1 2 o] 1 2 200 20 120
018 501 837 2 2 a 1 Q 2 1 1 3 1 4 1 200 35 120
020 830 834 1 1 o] 3 Q 2 1 1 4 1 4 1 200 35 120
036 852 827 1 1 2 1 Q 1 1 1 2 0 1 2 200 20 120
042 858 830 1 1 Q 3 Q 2 1 1 4 1 4 1 200 25 120
944 760 8a0 2 2 o] 1 0 2 1 1 2 1 1 2 200 20 130
94 5 852 860 2 2 0 1 g 2 1 1 2 1 1 2 200 20 130
040 835 863 1 1 2 4 2 1 4 1 2 ¢l 1 2 200 20 120
050 865 780 2 2 o] 1 0 2 1 1 2 1 1 2 200 20 130
o051 8a0 8a3 2 2 o] 1 Q 2 1 1 2 2 1 2 200 20 130
056 860 852 1 1 2 1 Q 1 1 1 2 Q 1 2 200 20 120
057 862 860 1 1 2 3 Q 1 1 1 2 Q 1 2 200 20 120
4 |

=18l x]
File Edt Format Help
1196 1039 1075 4 4 4 4 3 3 3 2 3 3 4 3 300 20 110 34, 67';‘
1220 1075 1005 4 4 4 4 3 3 3 2 3 3 4 3 300 20 110 26,470
1235 1085 1108 4 4 4 4 3 3 3 2 3 3 4 3 300 20 110 27.57
1269 1137 1109 4 4 4 4 3 3 3 2 3 3 4 3 300 20 110 44.32

CorrResis MaxPres MaxLoad MaxDia Minbia MaxLife
corros  Max P Max L Design Life Max CFactor Min cfactor Max D Min D
4 35.700 23,500 60 150 1a0 2500.000 50. 000
4 30.000 20,000 [le) 1z0 70 1200. 000 400. 000
4 15.000 25.000 50 120 G0 1000. 000 300. 000
4 15,200 4.400 a0 1s0 120 1200. 000 75.000
4 97.920 150.000 70 150 a0 2000. 000 73.000

[CORROSION RESISTANCE]
; 0=var eak

H edium

: tron

id=very strong

jn Left widLeft WidRight Right
b 0. 0.0 0.1 0.2

1 0.1 0.3 0.3 0.5

B 0.3 0.5 0.5 0.7

3 0.5 0.7 0.7 0.9

4 0.6 0.9 1.0 1.0

[INTER PROTECTION]
;0=very Bad
ad

B edium

B ood

14=very Good

jn Left widLeft WidRight Right
b 0.0 0.0 0.1 0.2

1 0.1 0.3 0.3 0.5

B 0.3 0.5 0.5 0.7

3 0.5 0.7 0.7 0.9

4 0.6 0.9 1.0 1.0

[EXTER PROTECTION]
;0=very Bad

; ood
;4=very Good

o Left widLaft WidRight Right

4 | o
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& pcainput - Notepad =13 x|
File Edt Format Help

H3 0.352189 -
27 0.559065 _I
28 0.559065

[BALANCE FACTOR]
;0=Pipe Members Balance Factor;
i1=Installation members palance Factor;

=Corrosion Members Balance Factor;

1 3=strength Members Balance Factor;
;4=Failure Memhers Balance Factor;
=Intermittancy Members Balance Factur
hysical members Balance Factor;
nvironmental Members Balance Factur
=operational members Balance Factor;
;9=PCA Members Balance Factor;

H
;ID balance factor

CTHae R Ew RS
PRERPRERERRRR

[DATA BASE]
0=Length;
i1-No. _of connections;

;ID Max Min
b 1000  0.308
i 10 oz
10 1

3 100 o

4 ®O 0

501 0

5 5 0

75 0

& 1z 2
R

[GROUF]

7

[EnD]

4] | 3

4.9 Loading the input file

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

using the tool =4 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:

#! Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Eile  [1ats Preparation Lontamination Ingress Bipe Candition gl Hizk Azzezzment  Window  Model Help

E- Generate [nput File ] @

ummnm . Wiew PCA Input File
Mi

Bun Model
ﬂ W dstestthemeshp
/\/ Dizplay PCA Output in Text Form

ﬂ Wi dstestnode.s hp Dizplay PCA Output in T able Form
L Dizplay PCA Dutput in Shape Form

ﬂ Sewertestthame.zh
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The ‘Load Pipe Condition Assessment Input File’ is shown below:

2 Load Pipe Condition Assessment Input File : ﬂ

LOAD PCA INFUT FILE  [%INF]

|

=i
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:

2 load files

[ ahpinput.inp - = o - Cancel
(= avirawds

x|
File Marme: Directaries: 0k |
| painput. inp c:havirawdshzampledata

B ingressinp

& sampledata

Lizt Filez of Type: Dirives:

| test file 2 I =]

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.

#! Load Pipe Condition Assessment Input File : 5[

LOAD PCA INPUT FILE  [%.IMF]

I|n:::"-.avirawdshsampledata\pcainput.ir'||:|

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

0k
clicking on the button. This also closes ‘L.oad 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:

#2 Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Eile  [1ata Preparation Contamination [ngresz Bipe Condition Az (G Bisk dzzezzment Window  kModel Help

E- Generate [nput File [I Fﬁ?
E= | m Wiew PCA Input File

Load [nput File

i} IRA-WDS1

ﬂ Wdstesttheme.shp |2
v

ﬂ W dstestnode.shp
L]

Digplay PCA Dutput in Text Form
Digplay PCA Dutput in T able Form
Digplay PCA Dutput in Shape Form

ﬂ Sewertesttheme .sh

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.

! Save PCA Dutput File

- = o - Cancel
[=r avirawds

.l
File: M amme: Directories: 0K |
: c:havirawdzhzampledata

& ampledata

|41
|41

Dirives:

| =]

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

x

O Tazk Completed
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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.

#2 Select Files

X
File: Mane: Directories: 0K |
| peacutput. out chavirawdzh zampledata
B ahpout.out N = =t - Cancel |
i [=r avirawds

& ampledata

L. ot

- -

Lizt Filez of Type: Dirives:

| Ot files =] | |
-lalx]
File Edit Format Help
[wWATER PIPE] _I
{==========toooo—o——ooooooooooooooooooooooss—ss—s=======
;Pipe ID pefuzzy Rank Group
950 0 1
044 0.131494 2
1043 0.2001 3
1074 0.208676 3
1025 0.228686 3
004 0.687288 5
976 0.688305 5
Gl15 0.685142 5 |
G03 0.685337 g
o905 0.689353 k]
985 0.689610 5
1045 0.689888 5
57 0.650234 5
BEO 0.6590557 g
G4 2 0.696955 k]
920 0.697025 k]
883 0.702738 5
885 0.703003 5
1025 0.703151 5
G18 0.703335 k]
1016 0.708672 k]
101z 0.708552 5
898 0.709252 5
1017 0.712947 5
G975 0.714502 i
BOO 0.71als i
1046 0.717083 5
1083 0.721205 5
G536 0.723811 5
056 0.724108 g
B2 0.725588 k] -
Kl o
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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:

File Mame: Directaries; 0k |
| poaoutput. out c:hirawdzhsampledata
(B ahpoutout = = =t = Cancel |
B ingressout. oot [=r irawds
[ poaoutput oot [= sampledata
B rizskahpout out
By rizkout oot
= —
Lizt Files of Type: Dirives:
[ Ot files | | ]

f

Pl | Deafemy | S
550 0.000 1
944 0.283 3
1043 0.430 4
1074 0,448 4
1025 0.491 5
k)| 0.776 7
975 0.777 7
g4 0.778 7
880 0.781 7
52 0.793 7
BER 0.797 7
837 0.797 7
951 0.797 7
936 0.793 7
1083 0.793 7
957 0,800 8
803 0.802 8
989 0,804 g
883 0.805 8
994 0,805 g
945 0,806 g
956 0,806 g
915 0,802 g
756 0,803 g
885 0.811 g
1017 0814 8
949 0814 g
855 0.815 g
976 0817 8
856 0817 8
993 0.7 8
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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 Al 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:

i Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Eile  [rata Preparation Lontamination Ingress EBipe Condition Hisk Aszeszment  window  Model Help

E- E.eneratelnputFiI.e :I |
|h |_i___||@|a|€-r?|+_&|o ‘E Wiew PCA Input File

Load Input File
Bun kodel

i IRA-WDS1

ﬂ W dstestthemeshp =
Display PCA Dutput in Text Form

« Wdstestnode.shp Dizplay PCA Output in T able Form

o Display PCA Dutput in Shape Form

ﬂ Semertesttheme sh

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

#! Display Theme ) x|

Chooze the theme reprezenting your Pipe Metwark, OF.

-] Cancel

| dstesttheme. sh

Wdstesthode. shp

Sewertesttheme. shp

Sewertestnode. shp L]
Canaltestheme. zhp

Canaltestnode. shp

#! Display Theme

Chooze the theme representing your Fipe Hetworl.

| w/dstesttheme. shp =] Cancel |

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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#} Convert Wdstesttheme.shp

i

- = =N ~ Cancel
[=r avirawds

.l
File M arme: Directories: 0K |
| pacul. shp chavirawdzh zampledata

& ampledata

Dirives:

I —

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:

2 Select PCA Output File

.l
File: M arne: Directaries: 0K |
| peacutput. out chavirawdzh zampledata
B ahpout.out N = =t - Cancel |

ingreszout. ot = svirawds
: &= =ampledata

Lizt Filez of Type: Dirives:

| Out File =l = |

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

2} Current Status... EI

Began Job: August 29, 50718 P B:07: 27 Phd

‘wharking on Ligt [term # 3 out of 3
‘wharking on Secand Quarter...

On completion of theme generation and attribute addition, it displays the ‘Completed’
Info message box, as shown on next page.
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x

O Completed

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:

2 Improved Risk Assessment for Water Distribution System { IRA-WDS ) Yersion 1.0.1 == x|

Eile  Data Prepaal LContamination Ingress Eipe Condition Assessment  Bisk dssessment  Window  Model Help

[FIx] AR R E ] e 2w

[k [D@[S=]0 el Y
@ IRA-WDS1 HEE|

«7 PCADuL: Peaout.stt]
1 Max

N
N

_| Contaminated Pipes
_| Wdstesttheme.shp
« Wastestnode shp

| Sewertesttheme.sh
| Sewertestnodeshp
] W\Iz;ﬂhemz;h1
_| Canaltestnodeshp

_| Fwblink shp

_| Fwbnodeshp \
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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.

Risk Assessment ‘

}

Load Contaminant Ingress and
Pipe Condition Assessment output
files

$

Generate weights and input no. of
Zones etc.

.

Run Risk Assessment Model ‘

Figure 5.1. Overview of Risk Assessment Model of IRA-WDS
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The following steps need to be performed in order to run the Risk Assessment Model.
e Run Model

e 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:

#! Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Fil= [ata Preparation Contamination [ngress Pipe Condition Aszessment il Aindow  Model Help

(S =T
[ [D[@E=0 (K [

i IRA-WDS1

Dizplay FISE Output in Text Form
Dizplay RISE Output in Table Farm
Dizplay RISE Output in Shape Form

] PCADUL: Themed.:®
ﬂ Wdstesttheme.shp
ﬂ W dstestnoda.shp

ﬂ Sewertesttheme sh

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

=i
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.

92



€2 Load File x|
File M arme: Directories: 0K |
| peacutput. out chavirawdzh zampledata

B ahpout.out N = =t - Cancel
i [=r avirawds

& ampledata

Lizt Filez of Type: Dirives:

| Ot files 2 I =]

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.

=i
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:

# Load File X|
File Marme: Directaries: 0k |
| ingreszout, oLt c:havirawdzhzampledata

(B ahpout.out " = o - Cancel
: = avirawds

(B pocaoutput.out &= zampledata

Lizt Filez of Type: Dirives:

| Out files =l | =l

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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# Risk Assessment Inpukt Form : ﬂ

f* Azzign Weights " weights by AHP

PCA Output File : I

1
Mo of Groupz . J
i

=
Ingress Output File : I
I 3

Rigk
Hazard  wulnerability ‘wheights
Hazard I I I
Wlnerability I I I
Fun | Cloze |

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:

i Risk Assessment Input Form : il
& fgsign \Weights  weights by AHP
PCA Output File I =
Ingress Output File : I
Mo, of Groups ; I)I | | | |3
Risk

Hazard — wulnerability  ‘weights

Hazard I I I 04
Wulnerabiliby I I I 06
Rur | Cloze |
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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:

2 Risk Assessment Input Form : ﬂ
¥ Assign weights = wieights by AHP
PCA Dutput File : I =
[ngress Output File : I
Mao. of Groups |J | | | |3
Rizk

Hazard  vulmerability  weights

Hazad [1000  [0500 |

Yulnerahbility IE.DDD I 1.000 I

Run | Cloze |

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

Run
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:

! Saye AHP Input File

= o - Cancel
[=r avirawds

. x|
File: M amme: Directories: 0K |
c:havirawdzhzampledata

& ampledata

Dirives:

| =]
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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:

# save Risk AHP Dutput File

X
File M ame: Directaries: 0k |

chavirawdshzampledata
Cancel

- = =
[= avirawds

& :ampledata

Dirives:

e —

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

#! Risk Assessment Input Form : EI
% Azzign “Weights  “weights by &HP
PCé Output File : I =
Ingress Dutput File ; I

1
Mo, of Groups: )
i I I I

Risk

Hazard  wulnerabiitn ‘Weights

Hazard |1.000  [0.500  {0.33
vuhersbily [2.000  [1.000 {067

Run | Cloze |

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:

! Save RISK Dutput File

.l
File: M amme: Directories: 0K |
c:havirawdzhzampledata

- = o - Cancel
[=r avirawds

& ampledata

|41
|41

Dirives:

I —

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:

x

O Tazk Completed

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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i select Files

.l
File: M amme: Directories: 0K |
| c:havirawdzhzampledata

ahpout. out - = o — Cancel

B ingressout oot [=r avirawds

B poaoutput.out &= zampledata

B rizkahpout out

By riskoutout

- -
Lizt Filez of Type: Dirives:
| Ot files =] | |

& riskout - Notepad =10l x|
File Edit Format Help
|;======================================================================, -
: RISK ASSESSMENT —
;======================================================================,
[WATER PIPE]
‘pipe 10 Risk Index Rank Group
bsg 0.20003 >
G044 0.388137 2
1043 0. 56834 3
1074 0.409249 3 |
1025 0. 5837686 3
GG 0.831248 4
o978 0.831757 4
15 0.665181 4
993 0.665284 4
=10 0.832362 4
GEG 0.665435 4
1045 0.832651 4
Q57 0.832838 4
830 0.833034 4
942 0.836465 4
G20 0.836502 4
BE3 0.839585 4
B85 0.839728 4
1020 0.672643 4
518 0.672743 4
1016 0.674518 4
1012 0.67552 4
BO8 0.675853 4
1017 0. 845005 4
575 0.678683 4
fri=1e] 0. 846812 4
1046 0.847327 4
1083 0.849551 4 -
4] o

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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r

&

Cancel

i

Fil= Marme: Directories:
[ rigk.out.out chirawdzsampledata
B ahpout.out - = -
B ingressout.out — [= irawds —
() poaoutput.out [ sampledata
B riskahpoutout
[ riskout.out
— =
Lizt Filez of Type: Drrives:
[ O files x| [c: =]
Pl | Fikintay | Bk |
950 0.336 2
944 0.430 3
1043 0.a10 4
1074 0.485 3
1025 0.830 4
23 0.925 5
975 0.594 3
824 0.926 5
as0 0.927 5
852 0.931 5
2EE 0.932 5
837 0.932 5
951 0.932 5
936 0.602 4
1083 0.933 5
957 0.933 5
a09 0.603 4
389 0.604 4
fatae] 0.935 5
394 0.935 5
945 0.935 5
956 0.935 5
Mne 0.605 4
786 0.605 4
patatal 0.937 5
1017 0.938 5
349 0.938 5
fatatal 0.607 4
976 0.939 5
fatal ] 0.939 5
993 0.608 4
1016 0.608 4
995 0.939 5
1045 0.940 5
1012 0.609 4
a0o 0.941 5
Mna 0610 4
a03 0.942 5
pata o] 0611 4
1029 NE12 4
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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:

#2 Improved Risk Assessment for Water Distribution System { IRA-WDS } Yersion 1.0.1

Eile  [1ata Preparation Contamination [ngresz Bipe Condition Azzezzment

Rur kModel
“@@mm Digplay BISE Output in Text Form

= Dizplay RISE, Output in T able Form
% IRA-WDS1

«] FCAOUL: Themet s

ﬂ Wdstesttheme.shp

ﬂ Wdstestnode.zshp
L]

ﬂ Sewertesttheme sh

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

#! Display Theme x|
Chooze the theme representing vour Pipe Hetwork, Ok
| widstesttheme. shp =] Cancel

Widstesthode shp

Sewertezttheme. shp

Sewertestnode. shp 1
Canaltesttherne. shp

Canaltesthode zhp

#! Display Theme

Chooze the theme representing your Fipe Hetworl.

| w/dstesttheme. shp =] Cancel

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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#} Convert Wdstesttheme.shp

.l
File M arme: Directories: 0K |
| riskout.shp chavirawdzh zampledata

i

- = o - Cancel
e [= avirawds

& ampledata

Dirives:

I —

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:

2 Select RISK Output File

X
File M arne: Directaries: 0K |
| riskout.out chavirawdshsampledata

B ahpout.out = = =t - Cancel
B ingressout oot [=r avirawds
(B poaoutput oot & :zampledata

B rizskahpout out

Lizt Filez of Type: Dirives:

| Out File =l = |

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

2} Current Status... EI

Began Job: August 29, 50718 P B:07: 27 Phd

‘wharking on Ligt [term # 3 out of 3
‘wharking on Secand Quarter...

On completion of theme generation and attribute addition, it displays the * Completed’
Info message box, as shown on next page.
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x

O Completed

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:

2 Improved Risk Assessment for Water Distribution System { IRA-WDS ) Yersion 1.0.1 == x|
E\\e
. 13091 83 «
b 1 1238 T
T . >
ﬂ RISKOut: Riskeut i
Vi
/\/ s
W
/\/5 hin
{7} PCAOut: Praoutst
N e
N
3 |
Ny
AN i

_| Contaminated Fipes
I} Wdstestthemeshp
¥ wdstestnodeshp

I’} Semwertestthemesh
_| Semerestnodeshp
I’} Canaltestthemeshy
_| Canaltestnode shp

#] Fublink shp
_| Fwbnodeshp

_| Soilbound shp
[
—2
[
[t

| @wtshp
[l

| Prsssureshp
[yl
I -
I :
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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 ISB(:)(z)tli(O; 2.32.1  of
BOTWIDTH Metres Bottom width of cross section
DEPTH Metres Depth of cross section
SEEP_RATE Metre/day Seepage rate from canal

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

Field name Unit Description Useful references
ELEVATION Metres Elevation of the node Section 2.3.2.1 of
WATER_DEPT | Metres Depth of water in canal 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
Section 2.3.2.2 of
WATER_DEP Metres Depth of water in water body Book 3
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Microsoft Excel - Data requirement Ingress Model

B Ble Edit Yiew Insert Format Ieols Data sindow Help

DeRe SR |tmed| oo &z a2l [low - @ 2w BT
| v & serry... ‘ﬁ 3B LF | @ .

o] - =| LENGTH
A B D E F G H | J K T
| 1 [ STARTNODE ENDMODE LEMGTHLINED CROSS_SECT TOPWIDTH BOTWIDTH DEPTH SEEFP_RATE
[z} 2192 39.488|ves  Rectangular 0.300000 0.000000 0300000  0.050000
3] 601 2823 2809  B.713|Yes Rectangular 0.300000 0.000000 0300000 0.050000
4] s02 2840 2823 5.147|Yes  Rectangular 0.300000 0.000000 0300000  0.050000
| 5] 603 2822 2840 10.978|Mo  Rectangular 1.500000  0.000000 1.000000 0000000
6] 617 2459 2467 5085|No  Rectangular 1.000000  0.000000 1.000000  0.000000
1 7] 618 2457 2068 1.0M9|Mo  Rectangular 1.000000  0.000000 1.000000 0000000
18] 519 2453 2505 24.178|No  Rectangular 1.000000  0.000000 1.000000  0.000000
18] 709 2010 2003 4.04d|Yes Rectangular 0.300000 0.000000 0500000 0.050000
o] 710 2053 2047 B.081|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
(] 7 2047 2010 13.706|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
z] 712 2134 2116 B5.940|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
[13] 713 2116 2063 28.29d|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
(4] 714 2184 2134 24821|ves  Rectangular 0.300000 0.000000 0500000  0.050000
5] 718 2242 2184 32572|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
6] 716 2253 2242 80803|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
7] 738 2061 2085  B.189|Yes Rectangular 0.300000 0.000000 0300000 0.050000
18] 736 1993 2040 B9.836|ves  Rectangular 0.300000 0.000000 0300000  0.050000
(9] 737 2040 2058 30.164|Yes  Rectangular 0.300000 0.000000 0300000 0.050000
[20] 738 2058 2061 1.288|Yes  Rectangular 0.300000 0.000000 0300000  0.050000
[21] 739 2083 2064  6.526|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
[2z] 740 2054 2045 32.241|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
23] 743 2103 2089 B8.219|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
[24] 746 2108 2103 B.200|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
125 747 2126 2108 32.297|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
126] 750 2132 2126 4800|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
[27] 751 2164 2132 48.386|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
28] 752 2155 2065 33.373|Yes  Rectangular 0.300000 0.000000 0300000  0.050000
129] 753 2168 2141 31.690|Yes Rectangular 0.300000 0.000000 0500000 0.050000
130] 754 2170 2168 B.504|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
131] 758 214 2138 6.786|Yes Rectangular 0.300000 0.000000 0500000 0.050000
[32] 756 2138 2130 19.876|ves  Rectangular 0.300000 0.000000 0500000  0.050000
133] 757 2124 2112 22.112|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
[34] 758 2130 2124 4500|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
[35] 759 2112 2109 7.486|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
136] 760 2230 2233 5313|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
[37] 761 2230 2140 31.285|Yes  Rectangular 0.300000 0.000000 0500000 0.050000
138] 752 2233 2277 47.234|Yes  Rectangular 0.300000 0.000000 0500000  0.050000
139 763 2134 2248 100.000[Yes  Rectangular 0.300000 0.000000 0500000 0.050000 -
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Select destination and press ENTER or choose Paste

Bum=1891348.993

Figure A.1. Link data entry for canals
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NG

DEEHE SRY I BRS|o- o |@ 5 6 43 il -7 2|
b @ Security.. ‘@ B bt | )
E1l - =| ELEVATION
D F G | H ] [ [ K L [ ™
|1 [PIPEID ¥_CORRD  ¥Y_GCOORD  7_COORD [ELEWATION| WATER_DEFT
| 2 | 1979 13314038000 4326406000 20.120001 | 20.120001 0.240000
| 3 | 1981 13310040000 4326058000 20.120001 | 200120001 0.240000
| 4 | 1986 13297 233000 4324.9561000 20.150000 | 20150000 0.240000
| 6 | 1997 13301 232000 4320 285000 20.150000 @ 200150000 0.320000
| 6 | 1998 13306861000 4320182000 20.140001 | 20140001 0.240000
| 7 | 1999 13295048000 43201068000 20170000 @ 200170000 0.400000
| 8 | 2003 13241 450000 4318.540000 20.240000 | 20.240000 0.400000
| 9 | 2010 13233854000 4314 828000 20.220001 | 20220001 0.400000
|10 2013 13376.041000 4313977000 20.420000 | 20.420000 0.240000
| 1] 2015 13242 506000 4313818000 20230000 | 20.230000 0.400000
|12 2029 13259170000 4308.878000 20.260001 | 20.260001 0.400000
| 13| 2035 13408004000 4306835000 19.980001 | 19880001 0.240000
| 14| 2040 13375331000 4306.434000 20.449999 20449999 0.240000
|15 2045 13414 221000 4305 364000 12.930002 | 19890002 0.240000
|16 2047 13231565000 4303.913000 20.180000 | 20180000 0.400000
| 17| 2048 13232 246000 4303781000 20180000 | 200180000 0.400000
| 18] 2049 13291 261000 4303485000 20.269999 @ 20.289999 0.400000
|19 2055 13404 767000 4293 846000 19.960001 | 19860001 0.240000
| 20| 2080 13290338000 4299639000 20.320000 @ 20.320000 0.320000
| 21| 2061 13406 034000 4253 563000 19.940001 | 19.340001 0.240000
| 22| 2083 13227 808000 4299070000 20.170000 | 20.170000 0.400000
| 23| 2084 13445794000 42598 836000 12.930000 | 19.590000 0.400000
| 24| 2085 13412074000 4298211000 20.000002 | 20.000002 0.400000
| 25| 2066 13296 128000 42598 117000 20330000 @ 20.330000 0.320000
| 26| 2089 13451193000 4297 662000 20.010000 | 20.010000 0.400000
| 27| 2078 13444 176000 42591 501000 20.030001 | 20.030001 0.400000
| 28| 2084 132687 BI7000 4290.278000 20.390001 | 20.390001 0.400000
| 29 2087 13293581000 4253 088000 20 430000 @ 20430000 0.400000
| 30 2080 13300322000 4287692000 20.450002 @ 20490002 0.400000
|31 2095 13287 BRAOO0 4285 £47000 20.440001 | 20 440001 0.400000
| 32| 2100 13315664000 4284.511000 20.710003 | 20.710003 0.400000
| 33| 2103 13517 854000 4283 167000 20230000 | 20.230000 0.400000
|34 2108 13523893000 4281761000 20.200001 | 20.200001 0.400000
|35 2109 13307 285000 4251.043000 20630001 | 200630001 0.400000
|36 2112 13314554000 4279337000 20.770000 | 20770000 0.400000
| 37| 2113 13341 776000 4279 067000 21.180002 | 21 180002 0.400000
| 38| 2116 13200078000 4277934000 20.379999 © 20.379999 0.400000
|39 2119 13509846000 4277 221000 20.320002 | 20320002 0.400000
|4‘i'1 \»I;\N Generdl ﬁesmptmn' Fd water Pipe / water Node f Sewer Pipe £ SRR /_Canal Link_}Canal Node { Waterbody Link £ Waterbody Node £ sail 7 | 4

Select destination and press ENTER or choose Paste

[Sum=4457128.622

Figure A.2. Node data entry for canals

104

[



icrasoft Excel - Data requirement Ingress Model
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General Desciption f Water Pipe £ water Node / Sewer Pipe / Sewer Node { Canal link { Canalbode / Waterbody Link %, body Node Sail /| 4]

Ready | T Bum=387448 [T NUM |

Figure A.3. Node data entry for foul water bodies

105



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:

587
2K?

N

(B1)

Ly

where
S — sorptivity (L/T?)
K — 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

Reference

Philip, J. R. (1969) Theory of Infiltration. Advances in Hydro Sciences, Vol 5, pp 215-
290.

106





