CHAPTER FOUR

Pipe Condition Assessment Model



Chapter-2
Data Preparation
Chapter-3
Contaminant Ingress Model
Chapter-4
Pipe Condition Assessment Model
Chapter-5
Risk Assessment Model

:
2
p)
c
=
5
-
R,
A
[
=
S
=
c
@
D
>
c

=
®
=
=
L
-
@
O
S
%
<
g
ad
©
'©
>
-
®
=




Chapter 4. Pipe Condition Assessment
M odel

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.

Table4.1. Exampleinput files

Themes Filenames
Water distribution wdstesttheme.shp
wadstestnode.shp
Groundwater gwt.shp
Pressure zone pressure.shp
Soil type soilbound.shp

49



Pipe Condition Assessment

Figure4.1. 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)

¢ 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 Shapefiles

4.2.1 Adding shapefiles

Adding shape files can be done by clicking on the Tool icon E which isjust 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

I

Import T able
Edit Trable

[lata Preparation LContamination Ingress

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
B gwt.zhp ﬂ = o\ = Cancel
[ pressure.zhp = irawds
B zewertestnode. shp [~ zampledata
B zewertestthemes. zhp
E zoilbound.shp
E wdstesthiode. zhp * Directaries
E wdzstestthemes. zhp == 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 aready been
added. (Note that the sewer pipe, cana 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.

-

o -4
Dhirechary: | c:tirawdshzampledata ok

i

B canaltestnode.zhp - = N (B 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 shapefiles

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

Rearranged link and node data
A soil theme map

A groundwater theme map

A pressure theme map

£ Improved Risk Assessment for Water Distribution System { IRA-WDS ) ¥ersion 1.0.1 =
File  Data Preparation LContamination Ingress Pipe Condition Assessment  Bisk Assessment  Window  Model Help

OEEEC A EE

@] 9 K et 1 Wi
@ IRA-WDS51 [_[=]x]

« Wastestthemeshp 2]

« Wastestnode shp
.

Rearranged data

« Sewertestthemesh

« Sewertestnodeshp
.

« canaltestthemeshy

#] Canaltestnode shp
.

+] Fublink shp

] Fubnodeshp
.

_| Seiboundshp

m
Ll
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0 Improved Risk Assessment for Water

File  Data Preparation

£7)

« Wastestthemeshp 2]

« Wastestnode shp
.

« Sewertestthemesh

« Sewertestnodeshp
.

« canaltestthemeshy

#] Canaltestnode shp
.

+] Fublink shp

] Fubnodeshp

.

+] Soilboundshp
1

=
=

| Gwtshp
1

| Pressureshp
=1

bution System { IRA-WDS ) ¥ersion

Pipe Condition Assessment  Hisk Assessment

Soil theme

Assessment for Water

bution System { IRA-WDS ) Version

Eile  Data Preparation Lontamination Ingress

«] Wdstestthemeshp %]

1 Wdstestnade.shp
.

o Semertestineme sn

7 Sewerestnodeshp
.

1 Canaltestthemeshp

1 Canaltestnodeshp
.

o1 Fubink shp

«7 Fuwbnodeshp
.

| Soilbound shp
1
—z
1=
S
«7 Gutshp

=

| Pressureshp
1

Pipe Condition Assessment  Bisk Assessment

EEEERIEIE [RIZ)w]

m
Ll

Scale 1]

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

Ele  DataPreparation  Contamination Ingress  Bipe Condition Assessment  Bisk Assessment  Window  Model Help

(#x] AR RS e W]
NEEEWEL) acto ) e Y

@ IRA-WDS1 [_[=5]x |

o] Widstestiheme.shp =]

o] Wastestnodeshp
.

o] Sewstesttheme.sh

o] Sewstestnadeshp
.

o Canaltestthemeshy

o Canaltestnode.shp
.

o Fublink shp

o Fubnedeshp
.

| Seilbound.zhp
1

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 ) ¥ersion 1.0.1
Eile: L I Bizk fzzeszment Window  Model Help

i

Data Preparation

_ e~ _ | .d|rputFik
3 IRA-WDS1

Bun Model
ﬂ W dstesttheme.shp =

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

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 alow the user to add or remove fields to or from the ‘SELECTED FIELDS' list

box. The user can click the —k=P=at| v tton 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

™| Sail Comrasivity Membership Function
™| Surtace Permeability

[ Surface Type Membership Function
[~ Ground/ater Table

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 Fipe Bedding C

I wiorkmanship

I M of Connect

™| Bedding Condition Membership Funchion

I wiorkmanship Membership Function

arditicr

(s

&

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

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 :

™| &zsign b aterial Froperties

[ Corasion |ndes Membership Function
™| Bipe Internal Protection

™| Internal Fratection WMembership Function
™| Fipe Esternal Frotection

| External Protection Membership Function

™| Sail Comrasivity Membership Function
™| Surface Pemeability

I Surface Tivpe Membership Function
|| Graund “water Table

I~ G Fluctuation Membership Function

Mo, of Groups :
Fipe |ndicatas : I I : r'om:!lsion [hdizata {hstallation ndizator
| Bipe: Diiameter [ Pipe Length [ Pine fe Gnalysis Year: [~ =] I Fipe Jait Methods:
" Fipe i aterial | Sl Corrasivity [~ Jint Methad Membership Function

I Pipe Bedding
I Bedding Co
I wiartkmarship

[ wiarkmanship Membership Function

I Hio. of Connections

Conditian

rditicr b embership Function

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 shapefiles

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.

i
WATER DISTRIBUTION SYSTEM PIPE DATA = End User i Advanced User / Developer
SELECT ATTRIBUTE DATA FROM FIELDS
FIFE LINK THEME : | <NUNE > =l FIELDS AVAILABLE : FIELDS SELECTED :
FIPE NODE THEME : [<NOME> =1
SOIL THEME : [CHONE> 3|
GROUNDWATER : [<MNOME> -]
PRESSURE THEME : [<NOME> ]
|
Ma. of Groups : IEI
! ! r !
Fipe [ndicatol Carrasion [ndicatol rnstallation [ndicatar:
™| Fipe Diameter " Fipe Length I Pipe fge snalysisrear: [ = I Pipe Jaint Methods
I Fipe taterial I Soil Carrasivity I Jint Method Membership Function AM%
1 &ssign M aterisl Properties ™| Soil Earrosivity kembership Function I Fipe Bedding Eanditicn
C ion Index Membership Funct i
'__ SHESEN NESHY BNE SR UREIe EE I Surface Permeability | Bedding Condition Membership Function
T Fipe Intermal Frotection
I Intermal Pratection M embership Function ; | Surfase Type ilsmbership Punston St B tartnaship
I~ Fipe Extemal Protection ™ Ground WwWater Table ™| wiorkmanship Membership Function
I External Fratection Membership Function: £ 3 I G Fluctuation Membership Function ; I Ko of Connections
Fipe Failure [ndicataors oad/ Strength ndicatal | ittercy [ndicatol Select Wwieightage Methad :
I Pipe Buried Depth T W of Walves ¢+ Equal weights
[T Traffic Detsity
T Ho. of Ereakages I Tiraffic O ensity M embership Function 'WE I Duration of Water Supply per Day £ ssion b eiahts
™| FMawimumm Pressure p—
I Masimum Pressure Membership Function 558 || 1= Frequencu of wiater Supplied per Diay W Giznsrisfights G
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, al 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)).

4.3.21 Pipe(water distribution) link theme

Selecting the water distribution theme in the pipe link theme box lists the fields
available and fields selected. It aso 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 :

x|

WATER DISTRIEUTION SYSTEM PIPE DATA % End User " Advanced User / Developer
SELECT ATTRIEUTE DATA FROM FIELDS :
IFIFZ UV TR | £2 FIELDS AVAILABLE : FIELDS SELECTED ;
PIFE NODE THEME : [ <NONE> B3| Shape o Pipeid
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 Pipenode (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 el se these options will remain disabled, as shown below:

ipe Condition Assessment Input Form :

X

WATER DISTRIEUTION SYSTEM PIPE DATA % End User " Advanced User / Developer
SELECT ATTRIEUTE DATA FROM FIELDS :
FIFE LINK THEME : [wdstesttheme. shp =l FIELDS AWAILABLE : 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 :
™ Fipe 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 [~ Frequency of Water Supplied per Day € Generate Weights

Generate Input |

Close |
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4.3.2.4 Soil theme

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

! Pipe Condition Assessment Input Form :

x|

WATER DISTRIBUTIOM SYSTEM PIPE DATA i+ End User  Advanced User / Developer
SELECT ATTRIBUTE DATA FROM FIELDS :
FIRE LINK THEME : | wdstesttheme.shp = FIELDS AVAILABLE - FIELDS SELECTED -
FIFE MODE THEME : ['wdstestrode. shp =] Shape - Soil_id
SOIL THEME = Area Corrosivit
Perimet;
GROUNDWATER : [<HONES =1 SrmEter
Soilbound_
PRESSURE THEME : [<NONE> | Soilid N
1 _ _I
Mo. of Groups : IS 4 »
1 1 1 |) 1
Pipe Indicator Corrosion Indicator Installation Indicator
[ Pipe Diameter ™ Pipe Length I Fipe &ge Lnalysis Tear: | | I Pipe Joint Methods
™ Pipe Material ™ Sail Carosivity I Jaint b ethod Membership Function
I #ssign Maierial Propertics ™| Sail Comrasivity Membership Function I” Pipe Bedding Condition
L ion [ndes b embership Funct
l__ CliEsEn e .em Sl LS ™ Surface Permeahility ™| Bedding Condition Membership Functian
™ Pipe Intemal Protection _ _
[ Internal Pratection Membership Function I Burface Type Membershin Functian ™ Workmanzhip
™ 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
™ Mo of Breakages I~ Tiraffic: O ensity b embership Function I~ Diuration of “water Supply per Day " Assign WWeights
I M asimum Pressure
™| Marimurn Pressure Membership Function [~ Frequency of Water Supplied per Day " Generate Weights

Generate [nput |

Cloze |

4325 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 aready selected, then the check
box options corresponding to ‘ Ground Water Table’ will remain disabled.
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Pipe 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

I G Fluctuation Membership Function

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

™ 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 Pressuretheme

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 aready selected, then the check box
options corresponding to ‘ Maximum Pressure’ will remain disabled.

pe Condition Assessment Input Form :

WATER DISTRIBUTION SYSTEM PIPE DATA

@ End User

= Advanced User / Developer

=l

SELECT ATTRIBUTE DATA FROM FIELDS :
FIELDS SELECTED

PIFE LIMK. THEME : [\w/dstesttheme. shp = b A
PIPE NODE THEME : [wdstestnode. shp JE3 | Shape
SOIL THEME : [<NOME> = Area
GROUNDWATER : [<NOME> = Perimeter
Pressure_
PRESSURE THEME : =

Mo. of Groups

—

Pres_zone
= I
4 »

Pres_zone

Pressure

1
Corrosion Indicator

Pipe Indicator

Installation |ndicator

" Fipe Diameter ™ Pipe Length I Fipe &ge Snalysistrears [ =] I Fipe Joint Methods
" Pipe Material I Soil Carrasivity I Jzint Method Membership Function
r Assign.Material Fropariiz: _ _ ™| Soil| Earrasivity embershin Funstion I Pipe Bedding Condition
- l;p::::{‘:; I:i::i::hemhlp Fineliin I Suface Permeability ™| Eedding Condition kMembership Function
I Internal Protection Membership Function I Surface Type Membership Functian ™ warkmanship
™ Pipe Extemnal Protection I Ground wWater Table ™| warkmanship 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
I™ Mo, of Breakages ™| Traffic D ensity M embership Function I Duwration of Water Supply per Day © Assign Weights
M axirmum 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

L oad/Strength Indicators
Intermittency Indicators

SoukkwbdpE

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 aso 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 (afuzzy 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 materia 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 al the necessary data for the pipe material ‘AC’ listed in the water
distribution pipe theme, hence all the pipe materia properties check boxes are filled.
However, for the pipe material ‘U1’, the IRA-WDS database has no pipe materia data
and hence all the pipe material properties check boxes are empty. The user needs to
fill in al 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 : EI

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 [vey Stong =] [30.000 [ 30,000 [£0 [ 1200000 | 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

[T Assign'T' Yalues (1[4 |

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 [VerwStrong =] | 35.700 | 23,500 |60 | 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
| P e Stong | 15.300 | 4.400 |60 | 1200.000 | 75.000
| Ol |veryShong = [97.920 | 150.000 |70 | 2000.000 | 75.000

[~ Assign 'C' Values 0K |

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

AT [T50 [Ta0 [T [Tz0 [Tz ED [T00 [ [ [o
RCC RED [T20 [0 ES [70 [70 [70 [ [o [o
U | | | | | | | | | |
FvC [Ts0 [Ta0 [T [T40 [0 [T40 ED [ [0 [o
o [T50 [T1o [Too [50 [0 [70 [70 El [0 [o

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

AT [T50 [Ta0 [T [Tz0 [Tz ED [T00 [ [ [0
RCC RED [T20 [0 ES [70 [70 [70 [ [0 [0
U1 [Tz0 [Tz0 [T1a [0 [T00 EX [0 [ [ [0
FvC [Ts0 [Ta0 [T [T40 [0 [T40 ED [ [0 [0
o [T50 [T1o [Too [50 [0 [70 [70 El [0 [o
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45 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 Materia’, ‘Pipe Age’, ‘Number of Connections', ‘Number of Breakages', ‘Pipe
Buried Depth’, ‘Number of Vaves, ‘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 isrequired, which can be selected from the combo box, as shown below:

’L‘ Pipe Condition Assessment Input Form : ﬂ
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 : [widstestnode. sh B4 Shape ) Frez_zone
D
SOIL THEME : [Sailbound.sho = hres Pressure
Perimet
GROUNDWATER : [Gutshp = S
Pressure_
FRESSURE THEME : [Pressure.shp 3| Fres._zane _
[ - _I
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 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
™ 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 al 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 sheis 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 variousindicatorsin 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 Materia 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 |




7 Improved Risk Assessment for Water Distribuki
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_ . Membership Function for : CORROSION INDEX

=l FF

2. PipeInternal 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 Externa 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

66




6. Ground Water Table Fluctuation
!} Assign Membership Function for : ﬂ

GROUND *&TER FLUCTUATIOM

Lett Middle Left  Middle Right  Right
VewBad |00 {0.0 {01 |0z
Bad [ {03 {03 |05
Medium jo3 {05 {05 |07
Gaad |05 (07 [07 |03
Yem Good ID,E} |I:|,E| |1.EI I'I.I:I
Crefault | Clear Al | 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 alows 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 wei ghtage 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 isassigned 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 al 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’ closesthisform.
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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 Anaytica Hierarchy Process (AHP). Clicking on ‘Generate Weights
causes the following ‘ Generate Weights using Analytical Hierarchy Process' form to

Pipe

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

Pl

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 [ [ [T00 [ [ [ msTaLL [+ [100
0 ot o o 0 O O O
O a7
Ealance Factor for Leved (1] |1— Balance Factor for Level (11 ] l‘\— Physical Balance Factor : |1—
Environmental Indicators :

Corrasion Indicator

Strength Indicatar:

Age 5C 5P G it ED D P s,
Age|1_ l— l— I— l_ i W l— l— l— CORR. LOAD  ‘wis
se [+ [ [ [ [ corp. [0 [ [
SPIx_lx_Wl_l_ 0 Y KN N P VS o o
2% ol comm come ¥ 17 ol comn 2
Balance Factor for Level [1]: |1— Balance Factor for Level [11]: |1— Environ. Balance Factar |1—
Ooerational Indicators

Failure Indicator

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

Birk. LLef B ks,
i [1.00 W IW |
Lek |nda IF lF I—
Bur. Im‘a nta nia I

G Dur, Fre.

mov 700 [ [ I_
ow [ [ [ [
o8 CRE PR L

Balance Factor for Level [1 ] : i

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

- Strongly

— Maderately to Strongly
- Moderately

- Equally to Moderately

- 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

Pipe
Fi

e Condition

hysical Indicators

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

( Select Importance )

™

rviranmental Indicatars :

Corrasion Indicator

Strength Indicatar:

bge  SC 2l GwF Wi
oo [300 [Too [o33 [z00 |_
cwr[os0 | [os0 nzo | [1.00 l_

Balance Factor for Level [1]: |1—

it

o [ [ [ [
o [ [ o[

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,
w [ [ [ [
Lek IF n'a nla I—
Eur [nfa nta lF I_

Mo Cur, Fre. ‘Wwils
- N o
7 100 050 l_
07 200 1.00 l_

Balance Factor for Level [1 ] :

Balance Factor for Level [11 ] :

FAIL INTER ‘wis.

. [T [0 [
INTER Wlﬁl_

Operation Balance Factor: [1

- 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:

#! Save AHP Input File

File M ame:

Directaries:

chavirawdshzampledata

= [= ot
[= avirawds
& :ampledata

Dirives:

|

Cancel

x|
1] |
_ Caeel |

After selecting the input filename to save AHP input, the following dialogue box
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 = [= ot = 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 Marne: Directories: 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 Indicator ( Select Importance )

Dia. Len. Mat |nP. E:P. ‘Wis

E.p [0F0 [03 |ma |n13 WW

2

Wms UM NeC s

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

Environmental Indicators :

Corrosion Indicator:

Strength Indicator:

Age 5O 5P GWE Wi
Age|1.00 033 [zoo | [zo0  [o2ae

SPWWWWW

G| 0.50 0.50 0.20 1.00 0107

Balance Factor for Level [1]: [1

i

BD D L]

P Wit
anwmﬁ
w [ [0 [50 [5@
we [ [0 [0 [z

CORR. LOAD  Wis

CORR. W| 13 [02%
LOAD WWW

Balance Factor for Level [11]: [1 Environ, Balance Factor |1

[=]

perational Indicators :

Failure Indicator

Intermittency Indicators

Eirk. Lek. =

it
Brk. |1.00 In.fa n'a |1
Lek. |néa In.fa néa -933
Bur, Im‘a nla n'a 993

Mo Dur, Fre Wts

Nl W |s.nu W W
Dur W [fo0 [os0 oo
iz W [zo0 [T BEd

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: [

- Strongly

Mare

Py WWWW
Erw ,ﬁ 1.00 lﬁlﬁ

Opl

. Extremely

-Wery Strangly to Extremely|
-Wery Strongly

- Strongly to Very Strangly

- Moderately to Strongly

- Moderately

- Equally to Maderately

- Equally

- Equally to Moderately

- Moderately

Impartant - Moderately to Strongly
- Strongly

- Strongly to Very Strangly
- Wery Strangly

-Wery Strongly to Extremely|

- Extremely

Phy  Env Opr  Wwis

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

O Azzigned Weights Generated by AHP

x|

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

The output of the PCA model is a ranking of different pipes depending on their
respective conditions. These pipes can be placed in different groups on the basis of
their conditions. The number of groups can be entered by diding 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 DISTRIBUTION 5YSTEM PIPE DATA

& EndUser " Advanced User / Developer

SELECT ATTRIBUTE DATA FROM FIELDS :

FIFE LINK THEME : ['w/dstesttheme. shp

PIPE NODE THEME : [wdstestnode. sho

SOIL THEME : [ Soibound shp

GROUNDWATER : [Gwt.shp

PRESSURE THEME : | Pressure.shp

Mo. of Groups : J
HL I I I

Fipe Indicators

¥ Pipe Diameter ¥ Pipe Length

=l FIELDS &\alLABLE : FIELDS SELECTED :
] Shape o Pres_zane
=1 Area Pressure

Perimeter
= P

TessUe_
= Pres_zone -
3 1 3
N

Carrasion [ndicators Installation Indicators

W Pipe Age W Pipe Joint Methods

Analyziz Year: [ 2004 -

¥ Pipe Material W Soil Comosivity W Joint Methad Membership Function
I Aissign Material Propetties ¥ Sail Comasivity Membership Function ¥ Pipe Bedding Condition
W Corrasion Index Membership Function
W Surface Permeahilt W EBedding Condition Membership Function
¥ Pipe Interal Protection v g 2
o e it Y et et W Surface Type Membership Function Workmanship
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 theinput 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 ‘Sail
Corrosivity’ is selected, the model finds which pipe fals in which soil type and then
appends the water distribution system pipe theme with soil corrosion category data
accordingly.

X
B:18:57 PM

! Current Status...

Began Job: August 29, 5:18:57 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
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buried depth and the groundwater table data, it computes the groundwater category for
each pipe and appends the water distribution pipe theme accordingly.

2} Current Status... EI

Began Job: September 7, 172309 Ak 17:23:09 A

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

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... EI

Began Job: September 7, 172309 Ak 17:23:09 A

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

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

! Save PCA Dutput File

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

- = =N ~ Cancel
[=r avirawds

& ampledata

Dirives:

I —
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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:

! Current Status... x|

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
theuser for a‘Local Analysis or ‘Global Analysis of pipe condition.

il Select PCA Analysis Option x|

Select option Ok

| Local Analysis

=] Cancel

Global Analysiz

S
& x

Select optian Ok,

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

4.8 Viewing the PCA input files

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

~ | putton or

aternatively 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 = = -
i i [= 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

File Edt Format Help

=18lx]|

26 0.352189
27 0.559065
28 0.559065

[BALANCE FACTOR]
;0=Pipe Members Balance Factor;

;9=PCA Members Balance Factor;

i1=Installation members palance Factor;
;2=Corrosion Members Balance Factor;

,3 strength Members Balance Factor;
;4=Failure Membhers Balance Factaor;
;S=Intermittancy members Balance Factor;
;6=Physical members Balance Factor;

; 7=Environmental Members Balance Factur
s 8=operational members Balance Factor;

H
;ID balance factor

CTHae R Ew RS
PRERPRERERRRR

[DATA BASE]

3 0=Length;

;1l=No. of connections;
;2=Buried depth;

;3=Traffic Toad;
'4—Hydr‘au1'ic pressure;

s 5=Leakage freguency;

6 Ereakage freguency;

,7 valve operation;
;8=buration of water supply;

,Q—ND of water supply Dpera{"\un;

;ID Max min

1000 0.308
1 2

WD O = L P e
o

[GROUF]
7

[EnD]

4

4.9 Loadingtheinput file

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

using the tool

, which is just below the * Pipe Condition Assessment’ menu or by

clicking on the ‘ Pipe Condition Assessment’ menu and then clicking on the submenu
‘Load Input File', as shown in the screen below:

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

Eile  [1ats Preparation

Lontamination Ingress

LSBT

BlEEivEe K

ﬂ Wdstesttheme.shp
AY

ﬂ Wdstestnode.zshp
»

ﬂ Sewertestthame.zh

Bipe Condition £, (=g0 Eizk Azzezzment  Window  Model Help

Generate [nput File
Wiew PCA Input File

Il ]

T

Bun Model

Dizplay PCA Output in Text Form
Dizplay PCA Output in T able Form
Dizplay PCA Dutput in Shape Form

80




The ‘Load Pipe Condition Assessment Input File' is shown below:

2 Load Pipe Condition Assessment Input File : ﬂ

LOAD PCA INFUT FILE  [%INF]

|

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 x|

File Mame: Directaries: oK |
| painput. inp c:havirawdshzampledata

B ahpinput.inp -~ = o A Cancel |

(= avirawds

& 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

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

clicking on the - button. This also closes * Load Pipe Condition Assessment Input
File' dialogue box.
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4.10 Running the Modd (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 JS0 sy ta W T Fick dizzezzment Window  kModel Help

E G.eneratelnputFil.e D
|h‘ |._'||@|@|{ﬂ?|é|o @ Wiew PCA Input File

= Load [nput File
@t IRA-WDS1

ﬂ i dstestthemeshp 2

N Digplay PCA Dutput in Text Form
] Wdstestnode.shp Dizplay PCA Output in Table 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

.l

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

: - = o - Cancel |

E [=r avirawds

& 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

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

X
File: Mane: Directories: 0K |
| peacutput. out chavirawdzh zampledata

& ampledata

- -

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 tableform

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




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  Data Preparation Contarination Ihgress I Pipe Condition Aszess Bisk Assezsment  Window  Model Help

E Generate [nput File :I |
- = 7 e Wiew PCA Input File

Load Input File

Bun Model
ﬂ Wl dstesttheme shp =

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 i x|
Chooze the theme reprezenting your Pipe Metwark, OF.
| dstesttheme. shp E3| Cancel

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 sel ected theme, as shown on next page.
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#} Convert Wdstesttheme.shp

File: M amme: Directories:
| pacul. shp chavirawdzh zampledata
- [= ot
[=r avirawds

& ampledata

Dirives:

x|
] |
_ Coed |

- Cancel

|

=]

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

(PCAVaue and PCARank) are to be added to the output theme, as shown below:

2 Select PCA Output File

File Marme: Directaries:

| peacutput. out chavirawdzh zampledata

[= ot
[=r avirawds

B ahpout.out -
B ingressout oot

& ampledata

Lizt Filez of Type: Dirives:

x|
] |
_ Coed |

- Cancel

| Ot File =l e

Once the user has selected the appropriate filename and clicked ‘OK’, the program

shows the progress meter, as below:

2} Current Status...

Began Job: August 29, 50718 P
‘wharking on Ligt [term # 3 out of 3
‘wharking on Secand Quarter...

X
B:07:27 PM

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 ‘PCAQOut’ theme legend needs to be changed by the user
and instead of viewing the theme in asingle 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 Preparation Lonta noress Bipe Condition Assessment  Bisk Assesement  Window  Model Help

EEETE &1 s EEEEREE fel)w]
| w e T —— YT

1 IRA-WDS1 MEE|
«7 PCADuL: Peaout.stt]
FAYARRUEY
FAYA
3 I
A v
YAVEIY
il Wm ted Fip

_| Wdstesttheme.shp
« Wastestnode shp
| Sewertesttheme.sh
| Sewertestnodeshp
_| Canaltestthemeshy
_| Canaltestnodeshp

_| Fwblink shp

_| Fwbnodeshp \
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