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| Installing Casses

There are two versions of the softw&asses Casses-Monoand Casses-Multi In
this manual, the terr@assess used without distinction and applies to bothsians.

I.1 Advised configuration

Cassesuses the virtual Java machine to operate. Therefgu also need to install
Java version 1.5 or higher (software can be frdelynloaded ahttp://www.java.com/fr).

Memory: 512 Mb minimum, 1024 Mb or more recommended

For more details, please refer to annex XIII.6.

[.2 Installation under Windows operating system
The software is protected by a USB key “Actikey”
Important: Install the softwal@EFORE inserting the key.

Launch by double clicking Cassesaaaa_ x.y.z.exea(e@aning Mono or Multi and
x.y.z, the number of the software version) andofsllthe instructions of the installation
program:
— Choose the installation language (English or French
— Accept the licence agreement.
— Choose the installation directory (by default Codtam
Files\Cemagref\Cassesaaaa).
— Choose the Start-up menu directory (by default €sesmaa).
— Click on <iInstall> to confirm the choices and itist&€assesand
“Ithea”.
— Click on <Finish>.

Cassescan then be launched from the Start-up menu addupble clicking the file
lanceur.exe in the chosen installation directory.

The language used lyassesdepends on the regional and language optionstedlec
by the user in the Windows Control Panel:
— If the language option is French or Germ@assesis installed in French or
German respectively.
— If the language option is neither French nor Gernt2assesis installed in
English.
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Il Formatting the data to be imported

1.1 General

520

The imported files are of texdsv (Comma-separated values) format with Heni-
colon (;) as the data separatar

Whatever the version @assesat least two files are necessary:
The pipes file
The breaks file

For Casses-Multi an additional file is needed:

The networks file

Each of these three files is structured in the stasieion:
An area for optional comments in the first rows

1I.2 Pipes File

[1.2.i

Structure:

Four rows used to describe the data present andah@at

The correctly formatted data (one row per record).

#Title, (free text, suggested to be used for the Project name)

#Comment 1

(free text)

#Comment 2  (free text)
#....
#Comment n  (free text)
CHAR1 CHAR2 CHARp
17 B Dlpl? ol e LB (short name)|(short name) (short name)
. Installati R I .
Pipe ID  |Network ID nsdaateélon ecrjr‘]s\?ga Length Material Long name 1|Long name 2 Long name p
QUAL DATE DATE QUAN QUAL QUAL QUAN DATE
(Empty if (Unit if (Format if
y bty m qualitative) | quantitative) date)
wxv987 18barjols 1932 24/10/2006 34.87 Cl Urban 10.23 28/06/1996
v

CassesManual_2.0.0_b.doc

At the beginning of the file (green area), commarais be added after
an initial # character); the text is free but i@rto be correctly interpreted it must

not contain any semi colons or inverted commase fliist comment row is used as
the default value for the Project name.

v The first row without # (yellow row) contains the short name for each
of the data associated with the pipe. It allowsdhta and characteristics in the file to
be identified; therefore there is a uniquenesstcaim$ for each value. It comprises:

15/06/2010 Page 5 of 88
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= The labels of compulsory or predefined data that iamposed. The
order of these data is unimportant:

- IDT, Pipe IdentificationCan be numeric or alphanumeric

- DDP, Installation dateThis can be either a precise date or a
year. In the case of the latter, th& df January of that year is used as the
installation date.

- LNG, Length Quantitative data expressed in metres. Decimal
value.

- MAT , Material Qualitative data.

- IDR, Network identification The network identification is only
compulsory in the multi-network version. When it psesent in the mono-
network version, it is considered as an additianallitative characteristic.

- DHS, Date removed from servic&his usually results from the
abandonment of a pipe but may also correspond tmpartant rehabilitation.
This can be either a precise date or a year. drc#ise of the latter, the 3af
December of that year is used as the removal d&ie. characteristic is not
compulsory; when it is not present, all the pipes @nsidered to still be in
service.

» The labels of additional characteristics. They @anémited in number
but the following constraints must be respected:

- Upper or lowercase characters from the Latin alphadre
authorised without accents as well as numbers addracore ().

- The first character cannot be a number.

- No spaces

- Cannot be the same as any compulsory data label

- The number of characters for short names is limite& (this
label will be use for writing functions allowing cariates to be created from
characteristics as well as for column titles intéiges).

- To be able to be used for the creation of a newaate
involving a mathematical expression, a quantitativeariate must have a short
name different from the formula names below:

Functions
sin cos tan asin acos atan
sinh cosh tanh asinh acosh atanh
In log ahs rand sqrt erf
erfc gamma exp cot log2

- The short name DIA is reserved for the diameter.aif
additional characteristic uses DIA as a label thénimperative that the values
are quantitative and greater than zero.

- The short name TCM is reserved for the characierist
“maximum failure rate” and is proposed to be useduiure developments of
the software.

- When additional data is a date given by the yder,day taken
into account is the®lof July of that year.
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v The second row (salmon-coloured row) contains a long name
associated with the short name given in the pregedow. The long name can be
chosen freely with any characters except semi-solamd may contain spaces. It
should be intelligible and can be used in the tesul

v The third row (blue row) contains the type of data, chosen foma of
three possibilities, QUAL for qualitative, QUAN fguantitative or DATEmust be
uppercase) This can be omitted for compulsory data.

v The fourth row (pink row) specifies the type of data:

= For quantitative data, the unit is given. For numetata, both the
comma and full stop can be used as decimal separ&paces between figures are
allowed but the presence of two separators or i@eay symbol is forbidden.

» For data in the form of a date, it specifies themfat of the date from
one of the following:

- “a” or “y”, the data is a year with 4 figures.

- “/m/a” or “d/mly”, the date is expressed, in orddry day,
month and year (in figures) separated by slashe§h¢é year has four figures.

- “‘m/j/a’ or “m/dly”, the date is expressed, in ordéy month,
day and year (in figures) separated by slashesi{#.year has four figures.

- “a/m/]” or “y/m/d”, the date is expressed, in orddry year,
month and day (in figures) separated by slashe$t{@ year has four figures.

» For qualitative data, the values are empty. Qualgadata values may
contain all characters with the exception of sealoos, and may even contain
exclusively numbers which will be considered ag.t@ualitative data can contain
up to 20 different values (modalities).

[I.2.ii Example:
8 Pipe-ex - WordPad

Eile Edit Yiew Insert Format Help
DEE S #

#CUS_C10:::::;::

#O0riginal File from PHM format;::::::
f#data from Access database;;:::;:::

#Current at 31 décewbre 1997:;;::::

IDT:; LNG;MAT:DDP:C7;:CE:C9:C10

Pipe ID;Length;Materisal;Installation year;Internal lining;External lining;Joint type;Wall thickness
FQUAN; QUAL; DATE; QUAL; QUAL; QUAL; QUAN

R (RN 1]
100001:290;FGLC: 1958 black:black: mech; 7.2
10000Z;160; FGLM; 1878 ;black:;black; lead; 11.9
10000330 FGLM: 1900 hlack; black; lead;: 9.6
100004: 170 FGLM: 1924 black:black: lead: 9.6
100005;120;FG33;: 19383 ;cement; zinc;auto; 6.4
100006:90; FGE, 1983 cement; 2ine;autor 6.3
100007 120; FGLM: 1878 black:black: lead: 9.6
100005;140; FG3:1991 ;cement; zinc;auto; 6.1
100002-100; FGLYE; 1875 black;hlack; lead; 2.6
100010:100;FG3;: 1991 ;cement 2inc;autos 6.1
100011:70:FGS: 1962 cement; Eincauto 6. 2
100012;90,;FG3;19588;; cement; einc;auto; 6.1
100013950 FGLM: 1934 black:black; lead; 19.7
100014:180; FGLM;: 1932 :hlack:black: lead: 9.6
100015;:440;FGLC; 1937 :black:;black; mech; 7.2
100016:490;FGLC; 1956 black:black; mech; 5
100017350 FGLC: 1947 rhlack: black:; mech; 7.2
100018:110; FGLM: 1907 black:black; lead; 10.9

Faor Help, press F1
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1.3 Breaks file

I1.3.i Structure:

#Title (free text)
#Comment 1  (free text)
#Comment 2  (free text)
#

#Commentn  (free text)

DAT1 DAT2 DATp
IDT DDC (short name) | (short name)

(short name)

Pipe ID Break date [Long name 1|Long name 2 Long name p

DATE QUAL _ QUAN DATE
dimfy (Empty if (Unit if (Format if
qualitative) | quantitative) date)
wxv987 17/12/1998] Signalled 4 12/12/1998

The rules are generally the same as for the pifgesrhe short names imposed for the
two compulsory data fields are:

IDT, Pipe identificationThe pipe on which the break occurred.
DDC, Break dateln fact, this is generally the day of the repair.
For calculation purposes, no pipe can have mone tim@ break on the same

day. If the break date is only given by the yeara@lvisable), the®iof July of
that year is used in the calculations.

The breaks file can also include additional quatitie or qualitative data. The
constraints of uniqueness and for the short nanmst beurespected.

[1.3.ii Example:

CassesManual_2.0.0_b.doc 15/06/2010 Page 8 of 88
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File Edit Wiew Insert

el & M

Format Help

o B

HOUS::::

sdfmd v hdimdy
100003 ;05/10/ 1992
100003 17/03/1993

100004;08/10/1992

100016;19/05/1993

100024 14/06/ 1993

#0riginal File from PHM format:;::
#idditional data invented;:;::
IDT;DDC: GENER; DUR: DS IGHNAL

Pipe ID;Break date;How generated; Intervention time;Date signalled
;DATE; QUAL; QUAN;: DATE

;search;4;

;2ignaled;4:12/03/2003
100004:01/05/19585;
;@ectorisation: 4;
100007;19/12/1991;
100010;13/03/1936;
100014;17/02/1988;
100015;03/01/1987;
100016:05/08,/19589;
;disruption:4;
100016;09/03/1995;
100017;17/08/1987;
100017:21/08/1989;
sdisruption:z;
100025;15/12/1989;
100033:09/02/19587;
10003330/ 12/1988;
100033 ;14/11/1989;
100035;01/12/1985;

gearch:3;

disruption;4;
pertubation; 4:
search:4;
search:7;
gearch:4;

sectorisation;4;
signaled;4;20/06/1987
signaled;4;18/08/2006

disruption;4;
gignaled;4; 0170271987
disruption;4;
search; 6;
disruption:‘l:l

For Help, press F1

1.4 Networks file

[1.4.1

Structure:

#Title (free text)
#Comment 1

(free text)

This file is only necessary f@asses-Multi

#Comment 2  (free text)
#....
#Comment n (free text)
IDR NRE BRSD BRED

Network ID Network name

Break record

Break record

start date end date

DATE DATE

d/mly d/mly

Barj2002 NeBt‘é"r‘j’g'fSOf 01/06/2000 | 31/12/2002

imposed for the four compulsory data fields are:

- IDR, Network identification

- NRE, Name of Network

The rules are generally the same as for the pipdsbeeaks files. The short names

- DDE, Date of start of break records for the netwdfkhe date

given is a year, the*January will be used.

CassesManual_2.0.0_b.doc
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- DFE, Date of end of break records for the netwdfkhe date
given is a year, the $December will be used. This date must be aftedtta
recording start date.

The networks file shouldn’'t contain any additioniata; when present they will be
ignored.

[1.4.ii Example:

File Edit Yiew Insert Format Help
DEeE &k # By

#3iroco,,,

#0pen datsbase,,,

#Calculation 2006, ,,

#Example from IIROCO,,,

IDR,NEE, BRSD, ERED

HNetwork ID,Network nste,Break record start date,bBreak record end date
; ,DATE, DATE

soddd vy Al v

BarjZz006, Commune of Barjols,01/06/2000,31/712/72004
Castz006, Comrune of Castellane,01/01/2000,31/12/2006
T=s2006,3IAEP ,01/07/2001,31/12/2006

Canczi06,Nice, 01/03/2004,31/12/2006

For Help, press F1

[I.5 Remarks concerning the creation of csv files

The .csv files are text files and can therefore &ks read and modified with software
such as: “Notepad”, “WordPad”, “Microsoft Word”, f@nOffice.org Writer”, etc.

Most often, data derive from databases (possibkelil to GIS) and are presented in
the form of tables. Several programs allow thetgwaaopening or modification of .csv files,
notably “Microsoft Excel”’, “OpenOffice.org Calc” dn “Microsoft Access” (Note:
OpenOffice.org Base doesn’t recognise the .csvdjrm

In practice, the creation of an input file may rieguhe creation of an intermediate file
of .dbf format (for example for data stored in #reView GIS).

Experience shows that the repeated manipulatidilesfcan lead to formatting errors
or the alteration of data. Therefore, it is besbéocareful and avoid wherever possible using
different software for the same file. Among otheparts:

- The opening of a .csv file with Microsoft Excel doeot give the same
results depending on whether it is opened by dodlit&ing on the file (lines of file
as text in the first column of the worksheet) ordpening it from Excel (table with a
different field per column). The second methoddsgised.

- A .csv file created with OpenOffice Calc from af.dike doesn’t open
in the correct format with Excel (the problem canrbsolved by inserting a comment
row at the beginning of the .csv file).

- If a .dbf file is created in Excel, the field nama® truncated at 11
characters.
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- With OpenOffice Calc, whatever the regional optiogslected in
Windows, if the language option is French, the nueneeparator is always the
comma (to have the full stop, it is necessary enge to English).

- For the opening or saving of .csv files, OpenOff@ac systematically
shows a dialog box agreeing to select the semincatofield separator and delete the
proposed text separator.

- Regional options of the machine can lead to inobrreading of .csv
file in Excel. For example, in Norway, the date agpor is the full stop meaning that

certain decimal numbers are interpreted as dates (2.10 interpreted as %0
February).
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Il Configuring Casses

LaunchingCassegesults in a window with 5 menu items being digpth

Casses software

File Creation Construction Tools ?

1.1 Menu “?”

Casses software

File Creation Construction Tools

| =1

Version

System
License

Credits

“Version” displays information concerning the vewsiof Cassesinstalled on your
computer as well as information relevant to thdgxtion key that you are using.

“System” informs you of the version of Java insdllon your computer and on the
memory allocated to runnir@asses

“Licence” displays the user licence Gassedo which you have agreed.

“Credits” mentions the “freeware” used by the saitevand their appropriate licences.
l11.2 Préférences

Casses software

=]
File Creation Construction | Tools | ?
Show »
Preferences...
CassesManual_2.0.0_b.doc 15/06/2010
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EXEr

Preferences E|

Linguistic parameters

Export format

Date :

amy [~
=]

Default directories

Decimal :

Projects directory : |

Select

Temporary directory : ||

| Select

| Validate || Cancel |

Cassesis, by default, in the language of your operataygtem. However, you have
the possibility to select another language. Thédifroation requires restartingasses

The display ofCassesuses the date and decimal separator formats defigethe
operating system of your computer. However, theutinfjes can use any of the accepted
formats so long as they are specified in the Fla:. exportation, these formats can be chosen

in the Preferences dialog.

Preferences concerning both the choice of defaltef for opening and saving
projects and for temporarily storing importatiordaralculation reports can also be made.

It should be noted that files stored in the temppodirectory are deleted and replaced
after each new importation and each new calculatibimese files can be accessed directly by

the Tools menu:

Casses software

L)X

File Creation Construction |Tools 7
Show H Last calculation report
Preferences... Importation report
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IV Starting a Project

I\VV.1 Creating a new Project

BX

Casses software e

File| Creation Construction Tools 7

New...
Open...
Close

Save
Save as...

Properties...

Chuit

IV.1.i Casses-Mono

A dialog box asks you to identify the pipes andakeefiles that you wish to use as
well as their locations.

Selecting files to import:

Pipe data file
Path | Select
Break data file
Path Select
Validate Cancel

An initial series of importation tests is performédfineeds be, dialog boxes appear
inviting corrective action:
— By selecting “Yes”, the blank values are replacedhe Value “Empty”.
— By selecting “No”, the data will not be used in Pmject.
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Example of a corrective dialog box:

Warning g

L] Pipe data file :
The gualitative data LINING has 5 empty values.
Do you want to give them a modality value?

Yes No

If the initial series of tests concludes that thesfare invalid then the importation is
interrupted and the importation report is displayed

Otherwise the following dialog box is displayed:

Parameterization of break record... E|

Break record starting date : |1 218745 |

Break record end date : |5I5I2EIEI? |

Continue

You must indicate the period during which the beeptesented in the breaks file have
been recorded on the network. By default, the ssovproposes the day before the first break
and the day after the last break in the breaks file

A new series of tests is carried out.

If no anomalies are detected during the various téen you will be able to access the
main screen.

Otherwise, the importation report is displayed.

Each anomaly detected is displayed in a table thighfollowing column labels: CFT,
CAN, LIB, SEV, NCG, IDX, DDC, NLI

CFT is the code of the file(s) treated. It can contamfollowing values:
- T for the pipes file
- C for the breaks file
- TC for the linking of the pipes and breaks files
- R for the networks file Casses-Multionly)

- RT for the linking of the pipes and networks filesiorthe case of mono-
network, the coherence of pipes and breaks wittd#ta recording period (RT.1 and
RT.2 only conceriCasses-Mult)

CAN is the code for the anomaly.
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LIB is the label for the anomaly,
SEV is the severity of the anomaly with one of two bk values:

B if the anomaly is blocking (critical),

| if the anomaly is not blocking (information).

@555

NCG is the short name of the data characteristic aoleck(if applicable, otherwise empty).
IDX is the ID of the network if the anomaly concerngetwork (Multi-network version only)
otherwise it is the ID of the pipe (or empty).
DDC is the date of the break (or empty).

NLI is the row number of the data in the treated(bleempty).

List of anomalies treated

CAN LIB Label of anomaly SEV Severity of anomaly
Code

anomaly

F.1 Missing file B

F.2 Unreadable file B

F.3 Error in data specification area B

F.4 Error in data area B

F.5 File contains no records B

F.6 Unable to match any break with any pipe B

F.7 All breaks outside the record periods of thisvoeks B

D.1 Invalid or missing short data name B if compuys
| if additional

D.2 Predefined mandatory or additional data with-no B if compulsory

compliant type | if additional

D.3 Additional data type not recognized I

D.4 Missing mandatory data B

D.5 Quantitative data value invalid B if compulsory
| if additional

D.6 Categorical data with more than 20 modalities if @mpulsory
| if additional

D.7 Missing data value B if compulsory
| if additional

D.8 Date format not recognized B if compulsory
| if additional

D.9 Short data name already used in the dataset f cddnipulsory
| if additional
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CAN LIB Label of anomaly SEV Severity of anomaly
Code
anomaly
T.1 Missing pipe identifier B
T.2 Pipe identifier not unique B
T.3 Missing or incorrect installation date B
T.4 Installation date after removal date B
T.5 Pipe length not positive B
T.6 Pipe data invalid B if compulsory
| if additional
T.7 Pipe data missing B if compulsory
| if additional
C.l1 Installation date after replacement date I
C.2 Pipe length not strictly positive I
C.3 Pipe with invalid data value B
C4 Pipe with missing data value I
C5 Break without pipe identifier I

TC.1 Missing or incorrect break date I

TC.2 Pipe with duplicated break date(s) I

TC.3 Break with invalid data value I

R.1 Break with missing data value B
R.2 Break occurrence before pipe installation B
R.3 Break occurrence strictly after pipe instatiati B
R.4 Break on a pipe unidentified in the pipe file B
R.5 Unidentified network B

RT.1 Pipe with network identifier absent from netlwéle B

RT.2 Network contains no pipes I
RT.3 Missing pipe observation window I
RT.4 Break outside of observation period I
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Remark: ForCasses-Multi IDR is compulsory and anomalies D.2, D.4, and D.7

apply.
&8 Importation successful - remarks
Pipe data file : El\Fipes.csy
Break data file : E:\Breaks.csy
CFT CAN LIE SEY MGG 100 [3]n]s] ML
T T.7 Fipe with missi... || LIMIMNG 105430001 8|~
T T.7 Fipe with missi... || LIMIMG 105430002 9=
T T.7 Fipe with missi... || LIMIMG 105430004 11
T T.7 Fipe with missi... || LIMIMG 105430011 14
T T.7 Fipe with missi... || LIMIMG 105430016 19
T 0.7 Missing datawa.. |l LIMIMG
TC TC.3 Break on a pipe...|| DT REM_28 172911991 G
TC TC.3 Ereak on a pipe..|| 0T REM_41 111262002 69
TC TC3 Break on a pipe...|| DT REM_33 2612004 132
TC TC.3 Ereak on a pipe..|| 0T REM_25 201852006 133
TC TC.3 Ereak on a pipe..|| 0T R2212430313 1481977 148
TC TC.3 Ereak on a pipe..|| 0T REM_40 163001 996 175
TC TC.3 Ereak on a pipe..|| 0T R1307430100 1115980 187
TC TC.3 Ereak on a pipe..|| 0T REM_45 1111114988 204
TC TC.3 Ereak on a pipe..|| 0T REM_29 12i30M1992 216
TC T3 Break on a pipe...|| DT REM_27 4/19/2000 2149
TC TC.3 Ereak on a pipe..|| 0T REM_B0O 12552002 225
TC TC3 Break on a pipe...|| DT REM_11 /191986 24211
| Copy report as | | Stop | | Continue |

By means of the button “Copy report as” you canesthe anomaly report in csv
format, the fields being separated by semi-colgns (

The first row contains the titles:
CFT:CAN:LIB:SEV:NCG:IDX:DDC:;NLI

Then one row per anomaly detected, the informdiing delivered in the same order
as the first row and also separated by semi-colons.

If at least one anomaly is blocking (code SEV=1tBg “Continue” button is disabled.
Otherwise clicking on this button allows the matnegn to be accessed and for the Project to
be started. The last importation report produce@agseds accessible by:

Casses software : E@

File Creation Construction | Tools | ?

Show ¥ Last calculation report

Preferences... Importation report

It is also available as a text file in the diregtepecified in the “Preferences” under
the name “Rimp.txt”.
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IV.1.ii Casses-Multi

The following dialog box appears:

Selecting files to import:
Pipe data file

Break data file

Select

Path Ex

Muli-network mode 7
Network data file

Select

Path E

Validate

Cancel

Select

As well as the breaks and pipes files, it is neags® specify the name and location

of the networks file.

Unchecking the box “Multi-network mode?” revertsnhimno-network mode.

Multi-network mode proceeds as with mono-networkdmather than the dialog

concerning the break recording period, which da#sappear.
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I\VV.2 Open a Project

™ Casses software

File | Creation Construction Tools 7

Save

Save as...

Properties...

A dialog box asks you to identify the Project fileat you wish to open and its

location. The files have the extension .ksp.

™ Select a project file:

Look In: |v2 E
D ExempleCassesMono2.0.0.ksp |

D ExempleFichierCasses2.0.0-DHS.ksp

[} test1.ksp

File Name: | |

Files of Type: |Casses file (.ksp)

Casses-Multi allows files that were created wi@asses-Monoto be opened. The

inverse is not possible.
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V Exploring the data

Cassescomprises two modes, “Exploration” that allowsuégbsation of the Project
data and calculations and “Construction” that afiate calculations to be performed and
predictions to be made.

V.1 Organisation of the explorer window

The “Exploration” window is divided as follows:

On the left side, a “navigation tree” that actadde manager,

On the right side, one or more pages accessibkaligy at the top; the
contents of these pages is adapted to the objlectse on the left side.

In many cases, the right window is itself dividedoi top and bottom sections. The
information in the bottom section depends on thecsen made in the top section.

™ Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools ?
Pipe set = l' Pipes | Breaks |
D All pipes |
[%y 1ran Description
Braak set Ervironment ; Default Environment
D All breaks Pipe set: All pipes
D 87-95 Ereak set: All hreaks
Environments
¢ [ [Default Enviranment]
¢ [ Ohse7-95_valdh - — : :
% 3 cHo1 Short name Lang name - Tupe Unit M|n|mum Masimum Modality numhbe
sl DDF Date de pose  [DATE Wiy 711927 7111943
Malidation (=2 Di& Diamétre QUANTITATIVE |mm 40.000 400,000
[ 1926 DR Identifiant rése. | QUALITATIVE 1
¢ ] SPE7-96 LMG Longueur QUANTITATIVE |m 30.000 §950.000
¢ Ol cHM MAT Matériau QUALITATIVE 3
[y 1997
- = Iron
[ =
@ [ CHOY Minimum | Maximum | PR %PN | LMG(km)| %LNG | OBM | %OBM | MOBR |%DMOBR| |
D a7 THAE2T 241834 205 17.00 119,630 q.7 149 18.59 0126 106 4f=
OhsB7-94-Yal95-96 20471834] 81101940 i] 0.0 0.000 0.0 1] 0.0 0.000 -100.0 L
[ 4ll_g7-95 L /1001 940] 47171947 i 0.0 0.000 0.0 0 0.0 0.oo0]  dooaol=
Covariates AN TH94T 11721019, 163 13.5) 184730 14.9 T 10.3 0042 =313
o 7 Qualitative covariates 11f2108... 6271960 35 2.8 28.350 2:3 34 4.4 0121 qr.8
03y bR BIZTM860]  21/1987 535 445 £83.130 474 274 36.6 0.047 2387
[y et
¢ [ Guantitative covariates | Copy top table | | Copy bottom table
- e it
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The families of objects present in the navigati@e ton the left are:
— The pipe sets,
— The break sets,
— The Environments,
— The covariates,
— The break data,
— The networks (only in the multi-network version).

V.2 Some useful functionality

A certain number of ergonomic rules are applicéehe exploration windows:

— The size of the different sections is adjustablenoying the separating
borders;

— The columns in the tables are adjustable in siz# @moveable by
actions in the header row (shaded grey);

— The tables can be sorted according to each colwrsinply clicking
the column header according to the sequence “sodnaing”, “sort
descending”, “no sort”;

— All or part of each table can be copied to thelsdigrd by selecting the
cells and pressing <Ctrl> + C. The copy includes hleader row and
the exact data values;

— At the bottom of the right section, the button®wallthe entire table to
be copied and if necessary exported in .csv format;

— Right clicking on an element of the navigation teeeesses the menu
of possible operations for that object.
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VI Creating pipe sets or break sets

VI.1 What is a set?
A pipe set is a collection of pipes selected frowwse present in a Project.

In the same way, a break set is a collection ohkseselected from those present in a
Project.

After importing the dataCassesautomatically creates a pipe set containing al th
pipes and a break set containing all the validksea

You have the possibility of creating other setdisTis particularly useful if you only
wish to study one category of pipes, or if you wistbe selective in terms of which breaks to
consider.

The functionality is accessible by the menu “Ci@dtior by right clicking in the
navigation tree on one of the objects “Pipe set'Byeak set”.

Casses software : ExempleCassesMono2.0.0.ksp

File | Creation | Construction Tools ?
[JP| Create a pipe set =] _
[ Create a break set Pipe set :
[ Covariate »
[ Breeree cl: MNarne Comrneant Elahoration Fipe number |Pipe length (ke
D All breaks i Al pipes Lot de trongon... ALL 1203 1238172
[y 87-05 o [iran (MAT I {FON... 288 331.680
[ Erwironments |
¢ [ Default Environment i
-3 Obsa?-85_Valdk --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
¢ 3 cHM i IoT DOP D&, IDR LKG MAT
validation i |cseBo1E0 7HAN97E 150.000[Réseaul 300.000/&miante Ci.. |«
D 1996 CSBEOZ00 7MMa7a 200.000|Réseaul 900.000)Amiante Ci... | ]
¢ [ 5P87-96
¢ 3 CHO — | Copy top table | | Copy hottom table || Export |
[ 1007 bl |5

The creation of a set is made in a new window.
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Pipe set creation

Covariates

Filter selected covariate

DDP
DIA
IDR
LNG
MAT

Name :

Comment ;

Elabhoration

Pipe number:

=

| Create/Modify filter H Remuowve filter |
ALL
1203

Create set Cancel

The set must be named and a space for optional eotsns provided to allow a more

precise description of the set.

V1.2 The functioning of filters

Sets are created by filtering. You must therefakec a covariate from which the

filter is performed and then click on the buttorré@te/modify filter”.
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VI.2.i Qualitative filtering

If the data are qualitative, the filtering consiefsselecting the modalities to be kept
with the aid of the arrows or by double clickingnl®the pipes (or breaks) possessing one of
the chosen values will be included in the set.

Qualitative filtering

Available:

FONTE

PVC

Amiante Ciment

B

Selected:

Continue

<<
Permute lists

VI.2.ii Quantitative filtering

If the data are quantitative, the filtering consiet defining intervals. Only the pipes
(or breaks) whose value lies between the intemwdl$e included in the set.

™ Quantitative filtering

Intervals:
dinimurm Minimurm included? Er gy} Maximum included?
40 400
Delete interval | | Add an interval

VI1.2.iii Combination of many filters

You can define many filters; they are taken intccamt in a cumulative fashion

(logical “AND”).
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The set is characterised by a logical “signatuhgit is indicated in the “Elaboration”
field. For example, for iron pipes greater or eqoalOOm and less than 1000m, the signature
of the lot is: (LNG IN [100;1000[)*(MAT IN {IRON}).

The number of records in the set is indicated ebibttom of the creation window.
VI.2.iv Particular case of filtering by DHS
The data DHS, date removed from service, has theplarity of being the only data

for which blank values are allowed in the impodat(pipes in service). To take into account
this particularity, the quantitative filter inclusla checkbox “Exclude working pipes”.

™ Quantitative filtering

Intervals:
minirrum minimum included? Ml &xirmum Maximum included?
1213114874 12131189495
[ ] Exclude working pipes
Add an interval
Continue

In practice,Cassesattributes a distant removal date (01/01/2999ipes in service
thus checking the box excludes the interval ]1/2823/1/2999].

V1.3 Exporting sets

Sets can be exported as .csv files by clickinghenset and on the button “Export” at
the bottom of the screen or by right clicking oe #et.
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ELe

™ Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools 7
[ | Pipe et )
D Al pipes Pipe set :
D Iran
[} Plasti Marme Comment Elaboration | Pipe number |Pipe length (km
S Break e Delete Flastic (MAT M {PYC D 740 754,302
[ Erwironm  Modify
[ | Covariatel Export
[ | Break data
IDT DoOF DA, IDR LIMNG AT
CSBBOA3 THME7s 53.000(Réseaul 3000.000(PVE -
ZS5BLPAS THMETS 53.000(Réseaut 2E50.000(PC —
iy =] =] ] THMMOTE B2 ONOIE&Scoon FEO0 0o B -
Copy top table | | Copy hbottom table | | Export |

The sets exported in this way are in @essedormat thus they can be imported into a

new Project without modification.
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Vil Create, modify or delete covariates

Covariates are the data attributed to pipes andeatistinguished as quantitative or
qualitative.

Quantitative covariates represent a quantity (nuaner a date.

Qualitative covariates have a limited number ofreal(maximum 20 modalities).

After the importation of the data, all the covagmpresent and useable in the pipes file
are available to be used in a Project. In the Bspilon window, they are regrouped as an
object called “Covariates” with a “Quantitative Gumiates” branch and a “Qualitative

Covariates” branch.

It is possible to create new covariates from exgstines.

This functionality is accessible from the “Creationenu or by right clicking on the
“Covariates” object.

Casses software : ExempleCassesMono2.0.0.ksp M=1E3
File | Creation | Construction Tools 7
1 F| Create a pipe set

[ Create a break set Bl e

[ Covariate F Merging
— E%IE;::.;L Discretisation _;tggugaprgﬁ E:uATTEWE wumﬂt |manDnuer;E HtER
3 Environments Quantification pigmatre  |QUANTITA. [mim Irnported =
5 Cavariates Formula fentifiantr... QUALITATL.. imported —
[ | Break data Combination

Earliest date: 7171927

Latest date: 71171993

Copy tahle
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Five methods are available allowing covariatese@ieated:

- Merging,

— Discretisation,
— Quantification,
- Formula,

— Combination.

VII.1 Covariates creation: “Merging”

Merging allows a new qualitative covariate to beated from
regrouping existing modalities into fewer groups.

an existing one by

Merging

Enter

New modalities

Source covariate: =

Iron
Other Add
Delete
Modality allocation
Criginal maodality Identifier Frequency Mew madality
FOMTE FOMTE 238|lran
F'C PYC Ta0|Other
Amiante Ciment ETERMIT 124 |-
Iron
Other
Covariate to be created
Short name :[MATZ
Long name : |(Grouped Materials
| Validate ‘ ‘ Cancel ‘

Firstly, use the scrolling list to select the saufor the merging operation from the

existing qualitative covariates.

You then must create the new modalities of the cewariate with the aid of the

“Add” button.

The next stage involves associating each of theceotovariate modalities with the
new covariate modalities using the dropdown list.
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The new covariate must be identified with a shanne. This must contain no more
than eight characters and respect the constraortsstort names described in the data
importation section (cf. II).

An optional long name may be used to further identie covariate.

The description of how the new covariate is creaanemorised; this information is
accessible on the right part of the screen whencthariate is selected in the explorer
window.

VIIl.2 Covariates creation: “Discretisation”

Discretisation allows a new qualitative covariate be created from an existing
quantitative one. The modalities of the new covarae intervals defined by the values of the
source covariate.

™ Discretisation
Enter
Source covariate:
Modalities to be created
Label Lower bound | Upper bound Uppergound... Fraguency

[40:180] 40 180 4 1161 m

1180,290] 180 280 v 34 _

|290;400] 280 400 v a
Cowvariate to be created
Short name ;| DIA2
Long name : |Diameterin 3 groups

| Validate H Cancel ‘

Firstly, use the scrolling list to select the saufor the discretisation operation from
the existing quantitative covariates.

You can then create the modalities of the new cater
“Split”: After you have selected one row in the ligkthis button splits
the selected interval into two halves.

— “Merge”: After you have selected several adjacaws in the table,
this button merges the intervals into one, covethmgwhole range of
the rows selected.

— “Automatic”: This button opens a dialog box in wihigou must specify
the number of intervals (between 2 and 20) to ere@he intervals
created have the same size range and include g bpund.
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For each interval created, you can modify its uppeund so long as it remains
consistent with the adjacent intervals. The indosor not of the upper bound of the interval
must be chosen. The lower bounds are deduced frempper bounds.

A default label describes the interval and sensesha name for the modality of the
created covariate. This label is modifiable.

The new covariate must be identified with a shanna. This must contain no more
than eight characters and respect the constraortsstHort names described in the data
importation section (cf. II).

An optional long name may be used to further idgntie covariate.

The description of how the new covariate is creadanemorised; this information is
accessible on the right part of the screen whenctivariate is selected in the Exploration
window.

VII.3 Covariates creation: “Quantification”

Quantification allows a new quantitative covariatebe created from an existing
gualitative one. A numeric value is attributed &zle of the source covariate modalities.

Quantification
Enter

Source covariate =

Modality scoring

Maodality ldentifier alue Fraguency
FOMTE FOMTE 102a8.0
P P QfFa0.0
Amiante Ciment [ETERMIT 112580

Covariate to be created

Short name :|COR

Long name : |(Carrasivity indicator
Unit : Nnne|

| Validate || Cancel |

Firstly, use the scrolling list to select the saufar the quantification operation from
the existing qualitative covariates.

The next stage consists of attributing a numerloeséo each of the source covariate
modalities.
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€L

The new covariate must be identified with a shanne. This must contain no more
than eight characters and respect the constraortsstort names described in the data
importation section (cf. II).

An optional long name may be used to further idgnkie covariate.

The units applicable to the new values can alsspeeified (optional).

The description of how the new covariate is creaanemorised; this information is
accessible on the right part of the screen whencthariate is selected in the explorer

window.

VIl.4 Covariates creation: “Formula”

The formula tool allows a new quantitative covariab be created by applying a

mathematical formula involving one or more existiq@antitative covariates.

Formula

L)

Basic operations

1 2 3 F
4 5 6 i
7 8 9 Y e
0 pi 8
Functions
sin cos tan asin acos atan
sinh cosh tanh asinh acosh atanh
In log abs ran sqrt erf
erfc gamima exp cot log2
Covariates
DIA LNG
Covariate to be created
Short name :!LnLNG
Long name : [Log Lenogth
Unit ; MHon e|
! validate H Cancel ‘

The formula for calculating the new covariate igaifred by clicking on the various
mathematical functions and operators and the édigibvariates. The formula can also be

entered directly in the area intended for this pag
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The new covariate must be identified with a shanna. This must contain no more
than eight characters and respect the constraortsstHort names described in the data

importation section (cf. II).

An optional long name may be used to further idgnktie covariate.

The units applicable to the new values can alsspeeified (optional).

The description of how the new covariate is creadanemorised; this information is
accessible on the right part of the screen whencthariate is selected in the explorer

window.

VII1.5 Covariates creation: “Combination”

Combination allows a new qualitative covariate t® d¢reated from two existing
gualitative covariates. The modalities of the newariate result from the combination of
those of the source covariates. Only modalitiedyapgto at least one pipe will be created.

Combination

Covariate 1 Cowvariate 2

DIAZ ~| [mat Re

hlodality |dentifier Frequency Modality Identifier Fraquency
[40:110] [40:110] 1050.0 FOMTE FOMTE 2g8.0
1110;180] 1110;180] 111.0 P PYC Tan.n
1180;400] 1180;400] 420 Armiante Ci. |ETERMIT 1260
Combined modalities
Modality fodality 1 hlodality 2 Frequency

[40;110]FOMTE [40:110] FOMTE 211
[40;110]PY [40:110] P Ta0
[40;110)Amiante S ([40;110] Amiante Ciment 849
1110;1800FOMTE 1110;180] FOMTE 45
1110, 180)PWC 1110;180] P 38
11101 800Amiante Ci... [1110;180] Amiante Ciment 28
1180;400)FOMTE 1180;400] FOMTE 32
1180, 400)FWC 1180;400] P 2
1180;4000Amiante Ci... [[180;400] Amiante Ciment g
Covariate to be created

Short name :|DIAMAT

Long name : |Material with diamer classes

| Validate | ‘ Cancel ‘

Using the scrolling menus, select two existing fiaa@ve covariates to serve as the

sources of the new covariate.
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If the combined number of modalities is greatemttz®, the covariate cannot be
created.

The new covariate must be identified with a shanna. This must contain no more
than eight characters and respect the constraortsstHort names described in the data
importation section (cf. II).

An optional long name may be used to further idgnhie covariate.

The description of how the new covariate is creadanemorised; this information is
accessible on the right part of the screen whencthariate is selected in the explorer
window.

VI1.6 Modify or Delete Covariates

It is possible to modify or delete covariates. Ehésnctionalities are accessible by
right clicking the appropriate covariate in the kexation window.

Casses software : ExempleCassesMono... E”E|E|

File Creation Construction Tools 7
[ Pipe set : o )
DI All pipes Quantitative covariate :
D Iron
[ Plastic
[ | Break set T
[ | Environments _ 3 modality(ies):
[] Covariates | Mame ! (Identifier)
7 ] Qualitative covariates
[ mat | et gao;1op
[ IR | 11080y g110;180)
[y Dia
o [ Quani pelete ' Wariakile DA di tised ding to int |
= Modify | wariahle iscretised accarding to intervals:
(] Break data | o110 11
J0o1a0]:1110;180]
1] I [T*]: Copy table

VII.6.i Modify a covariate

For quantitative covariates only the long namelmamodified.

Covariate modification

Short name : MG
Long name : Length
Validate Cancel
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For qualitative covariates it is also possibleharmge the modality labels and the order

in which they appear.

Modification of quantitative covariate

Short name ; MAT
Long name : |ru1 ateri al|
Modalities :

Marme [dentifier
FOMTE FOMTE
P P
Armiante Ciment ETERMIT

Validate Cancel

Two distinct modalities of the same covariate cammhare the same name.

VII.6.ii Delete a covariate

Covariates that are not compulsory and that areusetl in any Progression can be
deleted. This action is irreversible and does figcathe pipe sets nor covariates previously
created from the deleted covariate.
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VIl Constructing a prediction

VIII.1 The assistant for constructing a prediction

From the Exploration window, the prediction coneting assistant is accessible from
the “Construction” menu or by right-clicking on th&nvironment” object or any
Environments within it.

Casses software : ExempleCassesMono2.0.0.ksp [Z [B]X]

Cunstructinnl Tools 7

File Creation

[ Fipe set

Emvironment

[ &l pipes Efvironments :
D Iron :
[ Plastic Environment Fipe set Break set

[ Break set i |Enwironnernent p... Al pipes All breaks -
[ All breaks i |Fonte Iran Al breaks -
[ a7-95 L

[ 1 Environments

Comment :
[ Caovariates
¢ ] Qualitative covarig | -
[y maT i| Pipe set elaboration: ALL
[y 1or
[y Dlaz —:
i| Break set elaboration: ALL

9 [ Guantitative covar

[ LhG
= ] 4
4] i HDEE Copy table

The Construction mode comprises six screens: “Bnuients”, “Sub-projects”,
“Progressions”, “Calibrations”, “Validation” and fedictions”.

1]

These screens are accessible sequentially using>tieand “<<” buttons or by
clicking on the tabs.

™ Co 0

Emdronments rSuh-prniects ergressiuns rCaIihratiuns r\falidatiun rPredictiuns

Environments : -
: Environment :  All_87-95

Default Emvronment
Iron B
Il_87-95 Pipe set: Al pipes

Break set: a7-94

Sub-projects
Sub-..|oPso|oPED| vPSD [WPED

Create environment ‘

| Create sub-project | -

‘ Quit Construction mode ‘
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To return to the Exploration window, click on thetton “Quit Construction mode”.

Each screen is separated in two parts by a ventcalable bar. The display on the
right section depends on the object selected itefinaection.

VIIl.2 Create an “Environment”

An “Environment” is an association of a pipe setd am break set. The default
Environment is a pipe set with all the pipes arutek set with all the breaks and is created
automatically.

The creation of a new Environment is made from ‘tBavironments” screen in
Construction mode by clicking on the button “CreateEnvironment”.

Environment creation

Name : | |
Pipe set : All pipes | -
All pipes
Iron
EBreak set : Plastic
Comment :
Validate Cancel

Firstly, the Environment must be named. The naarelte chosen freely, the only
constraint being that two Environments in the s&rgect cannot share the same name.

Next, use the scrolling lists to select a pipeaset a break set from those available in
the Project.

A text box for optional additional comments is dable for specifying the nature of
the Environment.

VII1.3 Create a “Sub-project”

A “Sub-project” is the association of an Environthamd a period of observation.
Only the breaks occurring during this period aketainto account.
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By combination of the recording period for breaksthe network, the period of
observation of the Sub-project, the pipe installatlates and removal dates (if applicable) the

software determines the window of observation &whepipe.

‘Recording period for breaks in network
| \

Period of observation

Installation )
’ ‘ Pipe 1

Window of observation T1

Installation ‘ Pipe 2
[

Window of observation T2

‘,Installation i, W Removed Plpe 3
Window of observation T3

Having selected an Environment, a Sub-project éated in the Construction mode
either on the right side of the Environments screethe left side of the Sub-projects screen
by clicking on the button “Create a Sub-project”.

Create a sub-project E|
|

Title: [l

Emvironment break recording period

Start date : 21411987 End date : 11111997
Actual breaks

First break 251987 Last break 1219149595
Observation period

Start date : 21ai1987 End date : 12019519495

[ ] validate model
Validation period

(R

Comment:

Validate Cancel

CassesManual_2.0.0_b.doc 15/06/2010 Page 38 of 88




(Cemagref Sb

Sciences, eaux & territoires

Firstly, the Sub-project must be named. The naare e chosen freely, the only
constraint being that two Sub-projects in the s&méronment cannot share the same name.

Next, choose the dates for the beginning and enth®fobservation period. By
default, the dates of the first and last breakbénEnvironment are proposed.

A text box for optional additional comments is dable for specifying the nature of
the Sub-project.

At this stage of the Sub-project the user can ohoo<€arry out validation calculations
by clicking the box “Validate Model”.

The general principle of the Validation is to comgthe predictions of the model with
the actual breaks observed (cf. XIII.5).

Recording periods ! [ Network 3 ‘
of breaks ! Network 2

Network 1

| | | t

Calibration period Validation period

To perform a Validation it is therefore necessarychoose a date for the end of the
period of observations that is before that of #erding period for the Environment.
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Create a sub-project

— |38

Title: |Db58?-95_"~£a|95

Emvronment break recording period
Start date:  2/411987 End date: 1711997

Actual breaks

First break 2/5M13887 Last break 12/19/1335
Observation period
Start date :  |251987 | End date: |[12531/19495

Validate model

Validation period

Start date: |1/1/1996 | End date: |12/31/1956

Comment:

Validate Cancel

Select the dates for the start and end of the atdid period. By default, the
Validation start date is the day after the enchefggeriod of observations and the end date, the
end of the recording period for the Environment.

VIIl.4 Create a “Progression”

A “Progression” is a selection of covariates anigteof constraints applied at the Sub-
project level. The Progression contains all the@nmiation necessary to obtain a model by
successive calibrations.

Having selected a Sub-project, a Progression iatetdein the Construction mode

either on the right side of the Sub-projects scraethe left side of the Progressions screen by
clicking on the button “Create a Progression”.

CassesManual_2.0.0_b.doc 15/06/2010 Page 40 of 88



(Cémagref

Sciences, eaux & territoires

Progression creation

Name : |

Comment : |

Covariate set selection:

Eligible covariates
Mame

[» |

ooF

[JE)
DAz

==

(14

LMG

MAT
MATSP

-

Constrained model parameters:

Covariate set
MHame

Feference modality |_

Fetal fixed.
Fetal fived.

Validate

Cancel

F

[4]

Constrain the model

Firstly, the Progression must be named. The naamebe chosen freely, the only
constraint being that two Progressions in the s@ateproject cannot share the same name.

A text box for optional additional comments is dable for specifying the nature of

the Progression.

The next stage consists of selecting covariatdsetocluded using the arrows or by
double clicking. Only covariates that don’t haveirdque value for every pipe in the Sub-

project are available.

To be treated by the calculation kernel a qualieattovariate with “n” modalities
represented by the pipes in the Sub-project iesgmted by “n-1" indicators.
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One of the modalities is considered as the referanodality. Each of the other
modalities is represented by a quantitative cotei(dne indicator) that has the value “1” for
the pipes with this modality or otherwise the valié

The reference modality is chosen with the help s€m@lling list to the side of the list
of selected covariates.

Progression creation

Name : |F'r|:|g1 |

Comment : | [2]

Covariate set selection:

Eligible covariates Covariate set
Marme i Marme Reference modality |
DoDF el DA -l
DlAZ LM
3
MATSP MAT FONTE | -
<= FONTE
PVC
Amiante Ciment
Constrained model parameters:
Fetal fixed.
Zetat fixed. Constrain the model

Validate Cancel

If required, constraints for the calculations can ftxed by clicking on the button
“Constrain the model”. The following dialog boxdssplayed:

CassesManual_2.0.0_b.doc 15/06/2010 Page 42 of 88



Sciences, eaux & territoires

CCemagref @3¢5

Edit progression constraints

Farameter Constrain Constraints

Alpha ]

Delta ]

Zetal Zetal = -Inf

Zetal Zetal=10
Covariate DIA ]

Covariate LMG ]

Covariate MAT ]

Continue

The following constraints are possible:
— Constrain Alpha: The influence of previous breagksot considered
(unchecked by default);
— Constrain Delta: The influence of ageing is notssdared (unchecked
by default);
— Constrain Zeta0: No selective survival bias (chddke default);

— Constrain Zetal: No correction of the time-dependeart of the
selective survival bias (checked by default);

— Constrain a covariate: The covariate is forced,it.@ill be kept in the
model even if it is not significant (unchecked kefalilt).

VIII.5 Calculate a model
VIIL5.i Launching a calculation
Having selected a Progression, the calculation aha@del can be made in the

Construction mode by clicking on one of the buttGAstomatic computations” or “Semi-
automatic computations situated on the right sideé®“Progressions” screen.
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The calculation kerndlEYP integrated inCassesperforms the model calibration (cf.
Erreur ! Source du renvoi introuvable.). Other than calculate the parameters of the model
a test is performed on each of them to evaluaie sigmificance.

From these test results, an advice module integjriatehe software indicates if the
obtained model is satisfactory or otherwise prop@senodification of the data entered with a
view to a new calibration

In “Automatic computation” mode, the software cesriout a succession of
calibrations without intervention from the user iurd model with all the parameters
significant is created.

In “Semi-automatic computation” mode, the softweagries out one calibration at a
time allowing the user to intervene.

When a calibration is being made, a window allowithge interruption of the
calculation is displayed.

Performing calculation.

Press the "Cancel” button to stop the calculation.
This action resets the project to the situation preceding
the calculation.

Cancel

VIILS.ii Consulting the results

The results of the calculations are shown in thalittations” screen in the
Construction mode.

On the left side of the screen, a scrolling lisbwas the selection of the Progression
whose results are to be visualised.

The right side of the screen indicates the regiiltee selected calibration from the list
on the left side.

Log Likelihood is a global statistical calibratiamdicator. The quality of the model is
better the higher its value is.

“Calibration status” indicates if the model conwedgand if so, the number of
iterations necessary for the calibration.

A table displays the main results of the calculaio It contains the following
columns:
— Z(i): Abbreviated name of parameter
— Theta: Value of parameter
— Ref: Initial value of parameter
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— Std: Standard deviation
— Chi2: Chi2 value of the parameter
— Pval: p-value of the parameter

Construction X
| Envr | Sub-projects | Progressions | Calibrations | Validation | Predictions |
Progression : CHO1 |v| Calibration; Calibration 3
Computation mode: autornatic mode. Log Likelihood: 738472
T Calibration status The calibration converged after 187 iterations
Finalised: es
Calibrations b Z[i] theta ref std Chiz pual
= = i Alpha 1.0484E0 0.0000ED[  1.4035E-1 B.9435E2(0.0
Calibration.1 || |Deta 1.0000E0]  1.0000ED Hal Mal|Mal
Calibration 2 : Zetal -3.0000E1|  -3.0000E1 [REL] RERIRER
Calibration 3 i Zetal 0.0000E0 0.0000ED Makl RERIRER]
Eetal 9.9763E-1 0.0000ED|  B.7458E-2 1.3012E2(0.0
LMNG 1.0587E-4 0.0000ED]  2.35B8E-5 2.0144E1(7. 18168988,
[B]5) -3.1059E-3 0.0000ED|  7.6705E-4 1.6396E1[5.1405468
MATFOMTE] 0.0000E0 0.0000ED [RETR] RERIRER]
MAT[PYC] 0.0000E0 0.0000E0 Mard RERIRER]
MAT[AmIaN 1.6246E-1 0.0000ED|  B.0619E-2 4.0611E0[0.0438830
Advice:
il parametars are significant - |
te T i
-
Quit Construction mode

The rows of the table are as follows:

— Alpha, parameter that takes into account the infteeof previous
breaks; when it is not significant its value is 0

— Delta, parameter that takes into account the inflteeof ageing; when it
is not significant its value is 1

— Zeta0, parameter which corrects the fixed parhefdelective survival
bias; when it is not significant its value s {in practice -30)

— Zetal, parameter which corrects the time-depengemt of the
selective survival bias; when it is not significéstvalue is O

— Arow for each quantitative covariate

— A row for each modality of qualitative covariates.

The reference modality and the modalities idertifées being non-significant by the
advice process have the values 0; 0; NaN; NaN; NaN.

The advice given is based on the “probability val@gval). A parameter is considered
significant if Pval is less than 0.05.

It is a “null-hypothesis” test: Less than 5% chan€error by rejecting the hypothesis
that the parameter has no effect.

It is possible that a calibration doesn’t convergmtably if there is a linear

relationship between covariates). In such casess inecessary to create a different
Progression.
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It is possible to access the detailed resultsefdht calibration carried out hyYP.

M[(=1}9

™ Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction TDU|5| ?

[ |Pipe set  [=] Pipes [ Show ¢ Last calculation report
[ &1l pipes Preferences.. | Importation report
B [ron =|: Description
[ Plastic | | Sub-project : GPE7-96

[ Breakset |- Obseration period starting date: 20501 937

EI All hraak §§ Dbservation period stopping date: 1263171996
D 8795 §§ Environment : Default Environment
— : Pipe set: Al pipes
L] Environrmer, 5? Ereak set: All hreaks

9 [ Default B

Shartna.llongna..|  Type Lnit | Minimum| Magimumibdodality ..

The corresponding text file is accessible in thedory specified in “Preferences”
under the name “Rcal.txt”.

VIIL5.iii Finalise a Progression

Once the calibrations of a Progression are finishbd Progression needs to be
“finalised” in order to be able to make predictions

In the case of an “Automatic computation” all thailorations occur in succession
until all the parameters are significant or theadléo non-convergence.

In the case of a “Semi-automatic computation”, @sylas advice can be applied, a
new calibration can be performed by clicking on loéton “Create new calibration” situated
on the right side of the “Calibration” screen inStruction mode.

To finalise the Progression, click on the buttomdfise” situated on the right side of
the “Calibration” screen in Construction mode.

If necessary, a dialog box appears indicating teatmn of new covariates that you

can rename. The short name must contain no maire e¢ight characters and respect the
constraints for short names described in the dapmitation section (cf. II).

3

Following covariates ensuing from progression are about to be created.

Short name | Long name | Reference modality
MEOWD |Created hy merging following modalities from covariate MAT.FONTE, PYC |FONTE, PYC

Create covariates | Do not create covariates |
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particular Progression belongs.

VIII.6 Consult a validation

@5

A new covariate is created when certain modalibésa qualitative covariate are
significant whilst others are not. The non-sigraht modalities are merged with the reference
modality. The new covariate created is therefarg aseable in the Sub-Project in which the

When a Sub-project includes a validation perio@, finalisation of the Progression
launches the Validation calculations and the resale accessible from the “Validation”

screen (cf. XIIL.5).

Construction @

| Emvir | Sub-projects | Progressions | Calibrations | Validation | Predictions |
Finalised progression: |CHIJ1 |V| Prediction:  validation
Predictions
— IDT | DDP [ maT | LG [PEN.RCC. MPER|MRER
_ Validations_|__OPSD | DPED | DDPV__ | _ DFPv__| | C8SS8_| 7/ Ami_ | 250_| 0.0330.000] 0.013 0000«
Walidation |[Feb5,1987  |Dec31,1895 |dan1,1996  |Dec31,1896 |=| e e
Result = TCT...| 7ML PYC |500..| 0.030) 0.000] 0.061)0.000] |
ESULS 2] MOL...| 7L FON..| 310..| 0.031] 0.000] 0.010]0.000
.................................................... s g S s
9% breaks avoided as a function of % MO... | 7AL. FON..| 160..| 0.046] 0.000] 0.028(0.000
- ! MIE... | 7L PYC |800...| 0.044] 0.000]0.048]0.000
_ replaced pipes (by number) nun MIE... | 7A7. Ami.. |200...| 0,048 0.000] 0.244]0.000
100 MAM..| 7AC.PYC 130, 0,066 0.000] 0.508]0.000
a0 | MO.. | AL PYC |BA0..| 0,044 0.000] 0.067]0.000
MO_. | 7/ PVC 350 | 0.040[0.000]0.115]0.000
80 1 MO.. | FALPYC 150, 0.041] 0.000] 0,275 0.000
70 | MO | FAL. Ami.. |950...| 0,068 0.000] 0.072]0.000
B TCT...| UL PYC | 185.. 0.031] 0.000] 0.017]0.000
60 1 MO.. | AL PYC 750, 0.052] 0.000] 0.070]0.000
50| STE...| 7AL. Ami.. |950...| 0.046] 0.000] 0.048]0.000
) MO.. | FALPYC | 135..| 0.114] 0.000] 0.084]0.000
40 MO.. | AL PYC | 300..| 0,052 0.000] 0.173]0.000
30 MO, | AL PYC | 250..] 0.114] 0.000] 0.046]0.000
- STE...| FAL. Ami.. |700..| 0103 0.000]0.147]0.000
2031 CS55..| AL PYC |B00..| 0.034] 0.000]0.0430.000
10 MIE... | 7L PYC |300..| 0,079 0.000] 0.263]0.000
" TCT...| 7L PYC |550... 0,030 0.000] 0.0550.000
O 0 D D 0 S e M e S0 w0 o T VG [0 G054 0] D0ea 0,000
Pipes sorted by decreasing predicted break number TCT...| 7/1/..|PYC |300...| 0.055] 0,000 0.182]0.000
— % actual breaks during validation period Igi ;ﬂ i Egz ggg 312;; gggg gigg gggg
— % predicted breals during validation period Random TCT::: M .f pVCm 150 0:053 U:UUU 0:420 U:UUU
[4] Il [ MO | FALPYC | 110..] 0.044] 0.000] 0.040[0.000/+
== | | Quit Construction mode | | ==

VIILG.i

Left part of the “Validation” screen

The section to the top left of the “Validation” sen presents the validation indicators.

Les variables used are as follows:

CassesManual_2.0.0_b.doc

OPSD: Observation period start date
OPED: Observation period end date
VPSD: Validation period start date
VPED: Validation period end date

15/06/2010

An: Area under the red validation curve accordmgumber of pipes
Al: Area under the red validation curve accordiagnétwork length
PBN: Predicted break number during the validatienqul
ABN: Actual break number during the validation jpeki
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- Rn: Ratio PBN/ABN

— Cxn: % of breaks at the point on the red curveesmponding to x% of pipes
(by number)

— CxlI: % of breaks at the point on the red curveesponding to x% of pipes (by
length)

- Rxn Ratio between the number of breaks predictetitae actual number of
breaks for the first x% of pipes (sorted by desaampdnnual number of breaks)

— Rxl Ratio between the number of breaks predictetl the actual number of
breaks for the first x% of pipes (sorted by desaampdnnual break rate)

The last row of the table corresponds to a value afosen by the user. The values of
the indicators affected by the choice of x are tgdlan the table by clicking on the button
“Calculate”.

The tables are not modifiable. They can be copiethe clipboard by means of the
buttons at the side.

The area at the bottom left of the screen showsaphgc visualisation of the
Validation. A button allows the user to select:
— “Graph by number of pipes” for which the X-axis regents the percentage of
pipes sorted by descending predicted annual breadbar.

%o breaks avoided as a function of %
replaced pipes (by number)

100 4
90 4

20 1

0 0 20 30 40 S0 &0 7O B8O 90 100
Pipes sorted by decreasing predicted break number

— % actual breaks during validation period

— % predicted breals during validation period Randorm
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— “Graph by length of pipes” for which the X-axis repents the percentage of
cumulative pipe length sorted by descending prediennual breaks rate.

%o breaks avoided as a function of %
replaced pipes (by length)

100 -

an -

|£| 1;] zllj 3I|:| 4;] 5;] E.Ilj }'Ilj B;j '-;l;j 1|£||:|

Pipes sorted by decreasing predicted break rate

— 9% actual breals during validation period

— % predicted break:s during validation period Randorm

For each of the graphs three curves are represented

— The red curve (that allows the indicators to becwated) represents the
percentage of actual breaks as a function of x

— The blue curve represents the percentage of peedimeaks as a function of x
— The green curve y=x (simulates random behaviour)

Each graph can be copied, saved (in .png formapyiated. It is possible to zoom in
to a part of the graph by clicking then draggingdads the bottom right. To zoom out click
and drag to the top left.

VIILG.ii Right part of the “Validation” screen

The right section of the “Validation” screen comsisf a table which displays for each
pipe concerned:
— The compulsory data (IDT, DDP, MAT, LNG).
— PBN/yr, the annual number of breaks predicted bg thodel over the
validation period.
— ABN/yr, the annual number of actual breaks durlmg\alidation period.
— PBR and ABR, the predicted and actual break ratésaaks per km per year.

The table can be sorted by clicking on the colureaders. It can be partially copied

(select with the mouse and then <CTRL> + C) or edpn its entirety (click on the table and
then <CTRL> + A and then <CTRL> + C).
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VIII.7 Create a “Prediction”

(Cémagref ngij

To create a “Prediction” a finalised “Progressiomds to be associated with a
prediction period. The prediction period is a périof any length that occurs after the
observation period of the Sub-project.

The creation of a new Prediction is carried ouirfithe left of the “Predictions” screen
in the Construction mode. A scrolling list allowsetselection of the finalised Progression of
the model on which the prediction is based. Clioklze button “Create new prediction”.

Prediction creation

Name : || |

Sta!'ting date of prediction 15101 995
period:

Stopping date of prediction Ii
period:

Comment :

Validate || Cancel |

Firstly, the Prediction must be named. The name lwa chosen freely, the only
constraint being that two Predictions in the sammgfssion cannot share the same name.

Next, the dates for the start and end of the ptedigperiod must be defined. By
default the start date is the day after the entth@fobservation period. The start date must be
after the observation period. The end date musftee the start date.

A text box for optional additional comments is dahle for specifying the nature of
the Prediction.
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Sciences, eaux & territoires
The right part of the “Predictions” screen consgts table displaying the results for
each pipe present in the prediction period selecté¢loe left section.

PBN is the number of breaks predicted in the ptemigeriod.
MPBR is the mean predicted break rate, in break&ipeper year.
The table can be copied by clicking on the colureaders.

It can be partially copied (select with the mousd then <CTRL> + C) or copied in
its entirety (click on the table and then <CTRLA-&and then <CTRL> + C).
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Sciences, eaux & territoires

IX Exploring the results

IX.1 Exploring an Environment

| 1
Casses software : ExempleCassesMono2.0.0.ksp |;|@E|
File Creation Construction Tools ?
Fipe set ' Pipes | Breaks |
[ &l pipes |
[ ran | Description
D Flastic Erwitonment : Default Environment
Break set z Fipe set: Al pipes
D All breaks Break set: All breaks
[y 8785 :
Environments | -
T IlejETaultEn Short name Long name Tvpe Linit Minimum i Maodality nurnber
et I TS Dale de pose  |DATE Wiy THN827 71171993
¢ CJ5Pe7-8°| [OiA Diarnétre QUANTITATIVE  |mim 40,000 400.000
- CH B DAz Diameter groups  |QUALITATIVE 3
D Praf : DR Identifiant réceay |QUALITATIVE 1
[ ron LG Longueur QUANTITATIVE m 30.000 8950.000
D All_B7-85 MAT Materiau QUALITATIVE 3
I3 covariates |
¢ [ Qualitative | -
[y maT ...................................................... T T T R R R R A T
D DR Minimum hasimum P % P LG (ki) % LNG QBN % OBR MOER % DMOBR:
D DIAZ 40.000 TE.000 a62 .7 TA7.982 G4.4 438 1.8 0.068 11.3|~
G| FE.000 112.000 188 18.6 167,300 127 132 176 0.087 41.7
[ Quantitatfyi 112000 148000 B 5.1 58,360 7.8 43 57 0044 -27.9
Ohee | 148000 184000 5D 42 78.730 B4 73 R (B E7d]_
Cioa | 184.000) 220,000 26 22 £1.200 4.9 g 1.2 0.015 TET T
D ODP 220,000 266,000 g 0.7 13.7450 1.1 3 0.4 0.022 -G4.0
break dat b 256,000 292,000 0 0.0 0.000 0.0 0 0.0 0.00a -100.0
teatiang 292000 32E.000 7 (il 27,350 23 i il (il 1000
328.000 364.000 ] 0.0 0.000 0.a i] 0.0 0.000 -100.0f &
= I 5 | Copy top table | | Copy bottom table |
2

When you select an Environment in the Explorationdow, you have access to two
pages on the right, accessed by the tabs “Pipes"Breaks”.

At the top of each of these pages is a sectionritbgsg composition of the
Environment.

A second section, the top table, displays a list @@scription of all the covariates for
the “Pipes” tab and all the data for the “Brealed3.t

The bottom table describes the element selectdwkitop table.

The first row of the table contains the column labe

For qualitative data, the first column displays thedalities.

For quantitative data other than the date removeah fservice (DHS) or break date
(DDC), the range of values are divided into tenatquotervals and the first two columns
display the upper and lower bounds for each intethe intervals include the upper bound

value.

For DHS, the data are also subdivided into tenrwale but an extra interval
101/01/2998 ; 01/01/2999] is added regroupingladl pipes in service (DHS imported blank).
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Sciences, eaux & territoires

For DDC, the first column contains the break yeaat the table has one row per year.
The last row is the row “TOTAL” which concerns tiwhole Environment.

The signification of the column titles of the lowable is as follows:

PN Number of pipes

% PN Percentage of the total number of pipes

LNG (km) | Length of the pipes concerned in kilomstre

% LNG Percentage of the total pipe length

OBN Number of breaks observed on the pipes conderne

% OBN Percentage of the total number of breaksrabde

MOBR Mean observed break rate in breaks per kiloenatr year
% DMOBR | Percentage difference from mean overall observedkorate

IX.2 Exploring a Sub-project

The Exploration screens for Sub-projects differ eteppng on whether there is a
Validation or not. In the navigation tree, the igymbolising a Sub-project with Validation is
shaded grey.

IX.2.i Sub-project without Validation

 |F 1
Casses software : ExempleCassesMono2.0.0.ksp |;|@E|
File Creation Construction Tools ?
Fine set | Pipes | Breaks | SP Covariates |
[ &l pipes |
[ ran | Description
[ prastic | Sub-project; SPA7-96
Break set z Obseration period starting date: 2051 987
D All breaks Obseration period stopping date: 1273111996
D 47.95 Ervironment : Default Environment
i Z Pipe set: Al pipes
Emironments | - Break set: All breaks
9 [ Default Ery -
& O3 Ohsa?, -
¢ [15PaT-9 Shaort name Long name Type Linit Minirmum Mlazimurm Modality number
e = cH DOR Date de pose DATE Il Thinazy 711993
D Praf : DA Diarmétre CUANTITATIVE mm 40.000 400.000
[ ron D2 Diameter gtoups QUALITATIVE 3
DA” 07.65 B DR ldentifiant réseau  |QUALITATIVE 1
<7 LG Longueur QUANTITATIVE I 30.000 2950.000
22 covariates | T Matériau QUALITATIVE 3
¢ [J Qualitative | | [MATSF Issue de la covar...|QUALITATIVE 2
D MAT MEOYD Created by mergi. |[QUALITATIVE 2
D DR ...................................................... AT e A TRt ATt e A e AT A AT AT .
D DIA2 Minimum faximurm FI % P LG (k) % LMNG QBN % OBM MOER % DMOBR:
G| T927 20411934 204 17.0 119.630 a7 1449 19.9 0126 105.4[~
[ Quantitatfyi 2411934 91101840 0 0.0 0,000 0.0 0 0.0 0.000 -100.0
D LMNG 91019400 41711947 1] 0.0 0.000 0.0 0 0.0 0.000 -100.0
D DlA 4171947 1142119453 163 38, 184.730 149 7 10.3 0.042 -31.31=
D ODP 1172101953 Bi27/15960 35 24 28.350 243 34 4.4 01 47.8
break dat b Bf27M1 960 21967 i) 44.5 593,130 47.9 274 366 0.047 -23.8H
HeANhAE 2967 97973 EE] 77 100.850 B 102 136 00z .6
QTMAT3) 41315880 116 9.6 173.000 14.0 100 13.4 0.058 -4. 70
- i L Copy top table | | Copy bottom table
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Sciences, eaux & territoires
Selecting a Sub-project in the Exploration windaweg access to three pages on the
right under the tabs “Pipes”, “Breaks” and “SP Quatas”.

The “Pipes” and Breaks” pages are organised in shme way as with the
Environments.

It is important to note that the pipes and breaks &ub-project and those of the
Environment in which it belongs are not necessatily same. The Sub-project doesn’t
consider:

— Breaks outside the observation period,
— Pipes for which the window of observation is empty.

The “SP Covariates” page only displays covariatas were present at the finalisation
of one or more Progressions in the Sub-project.

The page displays from top to bottom:
— The description of the Sub-project
— A table of the covariates involved
— A section indicating the values of the selectedaciate
— A section indicating how the selected covariate eraated

IX.2.ii Sub-project with Validation

Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools 7
Pipe set | Pipes | Actual observed breaks | Actual breaks | SP Covariates
[ alrpipes |-
) tron | Description
[ Prastc  |: Sub-project: ObsE7-95_alos
Break set 2 Obseration period starting date: 20501 887
D Al breaks Ob.ser\-iation p.eriod stqpping date: 1273111995
D 57-95 g: “alidation period starting date: 11111 896
] E alidation period stopping date: 1273171 996
Enagnmants||a Erwiranment : Default Enviranment
% [ Default Eny - Pine set: All pipes
& [ [Oh=87e - Break set: All breaks
¢ CisPerg
o= I CHI -
D Prof & Short name Long name Type | LInit inirmurm | Maximum Modality number
o Iron ;| |DoP Datedepose  |DATE [ty THIT827| 71111953
D All G795 DA, D?amétre QUANTITATIVE mim 40.000 400.000
5 5 DAz Diameter groups  |QUALITATIVE 3
[ Covariates |} fipg |dentifiant réseau |QUALITATIVE 1
¢ [ Qualitative | | [[1G Longueur QUANTITATWE  [m 30,000 8950.000
D MAT MAT Materiau CIUALITATIVE 3
Oy ior i IMATSP IssuUe de la covar... |QUALITATIVE 2
Qowe || e T T T —— P P — T T R T
S Minimum daximurm FId % P LG (k) % LMNG QBN % CBM MOER % DMOBR
¥ [ Quantitativg - TANG27| 241834 205 170 118630 57 138 03 0131 1085~
D LMG 20411934 9101940 0 0.0 0.000 0.0 0 0.0 0.00a -100.0
D oia 9019400 4171947 a 0.0 0.000 0.0 1] 0.0 0.000 -100.0f=
D DDP 4171947 1142119453 163 F3:8. 184.730 149 E7 9.8 0.041 -34.6
:: 1102101953 6271960 35 249 28.350 243 32 4.7 0127 103.55
Breakdaly BIZ7060  2M/167 535 445 553130 47.9 753 3.0 0.048 234
211967 9TN973 93 Tr 100.850 8.1 94 13:7% 0104 63.00 5
= I 5 | Copy top table | | Copy hottom table |
f

Selecting a Sub-project in the Exploration windoweg access to four pages on the
right under the tabs “Pipes”, “Observed breaks’cti#al breaks” and “SP Covariates”.
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The “Pipes” and “SP Covariates” pages are the sasér a Sub-project without
Validation and the “Observed breaks” page is sintdahe “Breaks” page.

The “Actual breaks” page presents information comog breaks occurring during the
validation period and is in the same form as thbs€ved breaks”.

IX.3 Exploring a Progression

Selecting a Progression in the Exploration windovweg access to two pages on the
right under the tabs “Configuration” and “Model”.

IX.3.i “Configuration” page

The “Configuration” page describes the differeninponents of the Progression (cf.
VIIL4).

Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools ?

Fipe set
D All pipes

D Iran

[ Plastic

Break set i
DAIIbreaks
[y 8785 :
Environments | -
¢ O DefaultEr
& [ 0bs87{:
¢ ClsPar-d:
=l
[y Pro| &

[ Configuration | Model |

Description

Progression @ CHOT
Sub-project; SPET-96
Observation period starting date: 251 887
Observation period stopping date: 1273171996
Erwironment : Default Environment
Pipe set: All pipes
Break set: All breaks

Selected covariate set:

o= [ Iran

Short name Long name Tupe Lnit Reference mode@J Source Formula

I3 covariates

[y maT
yior
[ oaz

[ tue
BRI
[ oor

Break data

[ Ai_s7-a5 | -

9 [T qualitative | -

¢ 7 Quantitativg -

DA

Diarnétre

QUANTITATIVE

Irnpoarted

LMNG

|Longueur

[GUANTITATIVE

Impored

MAT

|Matériau

|QUALITATIVE

FOMTE

Imported

ZETAD = -Int
ZETAM1 =0

Constraints:

Copy tahle || Export

IX.3.ii “Model” page

The “Model” page describes the different componefitthe model (results of the last
calibration, cf.Erreur ! Source du renvoi introuvable.) after which the Progression was
finalised.
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Sciences, eaux & territoires

& Casses software : ExempleCassesMono2.0.0.ksp I:I@EI

File Creation Construction Tools 7

Pipe set [ Configuration | Model |

[y &l pipes |

D Iran

[ Frastic

Break set

[ Al breaks

[y er-as

Ernvironments
9 [ Default Ery &

[»]

Description

Progression ; CHO1
Sub-project: SPET-96
Observation period starting date; 205801 987
Observation period stopping date: 1203111896
Ervironment : Default Environment
Fipe set: All pipes
Break set: All breaks

& [ ObsaT
¢ CJsPar-g:
i@ U@ : Progression completed.
[ Pro '
o= [ Iran £
D All_87-85 The calibration converged atter 187 jterations.

B3 Covariates

¢ [ Qualitative Last calibrated model:

[ maT
Oy ior
D DIA2 i theta ref std Chi2 frwal
i |apha 1.0484E0 0.0000ED 1.4035E-1 6.9435E2/0.0 -
¥ [ Quantitative | 5o, 1.0000ED 1.0000E0 Manl MamMan
[ Lo Zetal -3.0000E1 -3.0000E1 Mal Mar[Mak !
Cioia Zetal 0.0000E0 0.0000ED Man FERIER 3
[} ooF Eetal 9.9763E-1 0.0000E0 8.7458E-2 1.3012E2/0.0
e i LNG 1.0587E-4 0.0000ED 2.3588E-5 2.0144E17 1816968957 273...
DA -3.1059E-3 0.0000E0 7.6705E-4 1.6396E1(5 1405468397658 | | | |
Ln(Likelihood) = 736.472 =
4 k Foust

IX.4 Exploring a prediction

8 Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools ?

Pipe set ||| Pipes | Breaks | Prediction |
D All pipes
[ ran Description
D Plastic Prediction : 1997
Break set Prediction period starting date; 10171997
D All breaks Erediction perigagzopping date: 1253114997
rogression 2
[ e7-85 Sul-project : SPA7-95
Environments | & Ohservation perind starting date; 2051 957
¢ [ Default Er : Ohservation period stopping date: 120311996
o [ Ohsa7 Erwironment : Default Environment
¢ CdsPa7-4: Pipe set: Al pipes
¢ ElcH Break set: Al breaks
0
[ Pro _ — _ _
o T Iran Shun_name Long name Type Linit dinirmum hlaximum ocality numbe_r
DOP Date de pose DATE Wiy 7927 71111983 a
[ ai_sr-8s DIl Diamétra QUANTITATIVE  |mm 40,000 400,000
B9 Covariates DAz Diameter groups  |(QUALITATIVE =
¢ [ Qualitative | - IDR ldentifiant réseau [QUALITATIVE 1
D WAT LG Longueur QUANTITATIVE  |m 30,000 8950.000 |
D DR b MAT Matériau QUALITATIVE £ =
[ piaz MinimumMazimu.] PN | % PN [LNG (k.| %LNG [ OBM | % OBM| PBM | %PBN| MOBR [% DMO.] MPBR [% DMP..
- 3 Quantitativ i TNA27[ 2541934 205 17.0]119.630 9.7 144 19.8] 20176 241 0126) 1054 0169 1498/~
D LG ; 2/411934] 9100, 1] 0.0 0.000 0.0 0 0.0 0.000 0.0 0.0o0o) -100.0 0.000) -100.0
D Di& 90, 41T 0 0.0 0.000 0.0 1] 0.0 0.000 0.0 0.000 1000 0.000] -100.0§
e R R 163 13.5]184.730 14.9 7 f i) i B e 14.0 0.042 -31.3 0.064 -6.0F
D oo 11210 Br2Ti .. 35 2.49) 28.350 23 34 4.5 3.409 41 0121 497.8 0120 T84
Break data BI2TH 2 M 86T 535 44 5| 593130 47.9 274 36.6) 31.853 382 0.047 -23.8 0.054 -20.41 5

Copy top table | | Copy bottom table
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Selecting a Prediction in the Exploration windoweg access to three pages on the
right under the tabs “Pipes”, “Breaks” and “Preitiot.

The “Pipes” and “Breaks” pages are generally orggohiin the same way as for the
Environment or Sub-project but contain additionalormation concerning the predicted
breaks. The significance of the abbreviated titiehe tables is as follows:

PN Number of pipes

% PN Percentage of the total number of pipes

LNG (km) | Length of the pipes concerned in kilomstre

% LNG Percentage of the total pipe length

OBN Number of breaks observed on the pipes conderne

% OBN Percentage of the total number of breaksrgbde

PBN Number of breaks predicted on the pipes comcern

% PBN Percentage of the total number of breaksiqiextl

MOBR Mean observed break rate in breaks per kiloenatr year
% DMOBR | Percentage difference from mean overall observedkorate
MPBR Mean predicted break rate in breaks per kiloenger year
% DMPBR | Percentage difference from mean overallipted break rate

It is important to note that the pipes and bredka Brediction and those of the Sub-
project in which it belongs are not necessarily siaene. Pipes with an empty prediction
window and the breaks associated with them areotidered.

The “Prediction” page contains a top section deswy the Prediction and its
filiations. The bottom section displays a tablewimg for each pipe in the Prediction, its ID,
the covariate values, the number and rate of brebkerved and predicted and the values of
a, b, c, defined thus:

— a, age of the pipe in days at the start of thervisien period
- b, age of the pipe in days at the end of the olagienv period
— ¢, age of the pipe in days at the start of theiptiet period
- d, age of the pipe in days at the end of the ptiediperiod
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™ Casses software : ExempleCassesMono2.0.0.ksp =13
File Creation Construction Tools ?
Fipeset | *| || Pipes | Breaks | Prediction |
D Al piped
[ tran Description
D Plastic Prediction : 1997
Break set Prediction period starting date: 10141997
D A1l break Erediction perigagzopping date: 125311997
rogression 2
[ 67-85 Sub-project : SPA7-95
Environme Ohservation period starting date: 2/5/1 987
7 [ Default Ohservation period stopping date: 120311996
&1 Obs|— Environment : Default Environment
e =1 sPa Pipe set: All pipes
= Break set Al breaks
F
/% D 1OT a b C d CEM | PBM |MOBR |MPER | DDP | DIAZ | MAT |NEOVO DIA | LNG | DR |MATSP
] Iran CEB.. 4237 7854| 7855 B4 0 0025 0.0000 0,085 714 1110;. [Amia... |[&mis.. 1500, 300 |Rése.. |[Amia.. |~
[ ai_sr-g CSB.. | 4237| 7854 7845 8219 0| 0023 0.000] 0.025) 7M. [1180;. [Amia... |[Amia.. [200.0. ] 800, [Rése. [Amia. [=]
B Covariates CEB... 4237 7854| T855 B4 0 0.042) 0.000] 0,014 7M. 401, |[PYC  [FOMN... [53.000]3000..|Rése... [FOM...

9 [ Qualitati CEE... 4237 7854 F885) 8214 0 0,028 00000 0.0100 714100180, JAmia... |Amig.. |200.0..[2800..|Rése.. [Amia..,
DMAT CEB.. 4237 7854 T8AA B4 0] 0.0400 0.000] 0,016 7M. 401, |PYC  |[FON... |53.000]2650..|Rése... [FOM...
DIDR_ CSE... 4237| 7854 7855 8214 0| 00300 0.000] 0.050 7M. 401, |PVC  |FOM.. |63.000] 600 |Rése.. [FOM..
D CSB.. 4237 7854 T8S5] B4 0 0027 0.000] 01800 7M. 401, |PYC  [FORN.. |75.000] 150..|Rése.. [FON... | &1

DiAa
¢ [ Quantity |
<| i Plil’ll | Copy table || Export results in CSV format |

On the “Breaks” page, when selecting “Break dafeDC), the table at the bottom
includes an extra row entitled “Prediction” contam the number and rate of breaks
PREDICTED.

3§ Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools 7
[ Pipe set Pipes | Breaks |'Predic‘lion |
[ mipipes |
[y tron | Description
[ Plastic  |: Prediction : 1397
[ Break set ?; Frediction period starting date: 1119497
D All braaks gf Predict\on period stapping date: 1273171997
D G7-95 Ei Frogression : CHO1
Sub-project; SPET-96
[ Enviranments Ohservation period starting date: 2051 987
% [ Default En COhseration perind stopping date; 12/31/1996
o= ObsB? Erwironment : Default Ervironrment
¢ I &PaT-4 Fipe set: Al pipes
¢ =IcH Break set: All breaks
B
[y Fro — . .
o e i Shortname | Longname | Type | Unit | Minimum | Madmum | Madality number
DO |Date de casse  |DATE Wiy | 20511987 1213111 935]
[y an_s7-a5
[ Covariates :
¢ 7 Gualitative | -
Cymar |
[ or
Cyoez |
o O Quantitative | o
D LG : ear QBN % OBN MOER % DMOBR
Cioa | 1987 20 27 0018 707
D ooR p 1888 g} 9.2 0.056 -0.6
b 1988 103 138 0.084 36.9
(] Break data 1390 50 6.7 0.041 338
1891 a7 13.0 0.0749 288
18492 100 13.4 0.081 324
1893 95 12.7 0.077 25.8
1994 k] 9.1 0.055 10.2
1995 gz 11.0 0.06G 8.3
1996 it} 8.6 0.052 1587
TOTAL 748 100.0 0.061 0.0
Prediction 83602 0068 104
o I Copy top table | | Copy bottom table
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IX.5 Exploring a Validation

EXEr

Validations are located at the same level as Predgin the Exploration window and
are distinguished by a grey icon.

Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools 7
Pipe set || Pipes | Actual observed breaks | Actual breaks | validation - Results | Validation - Data
[ Al pipes Description
D Iron ) Frogression : CHDM dalidation)
[ Prastic Sub-project : ObsB7-95_Val9s
Break set ; Observation period starting date; 20501987
[y anbreaks | Ohservation period stopping date: 1273171995
D 87-95 ; Yalidation period statting date: 101715996
g : Yalidation period stopping date; 12531/1996
Erviinnmants|; Enviranment : Default Enviranment
¢ [ Default En Pipe set: Al pipes
¢ CJ Ohsar: Break set: All braaks
¢ cH|: =
D e e B
C95Par g % breaks avoided in regard of % replaced pipes (by
¢ 5 &  Graphby
§-= : number) " number of pipes
O 48 100 - ~ Graph by length
D Fra : N ¥ = (s of pipes
o- [ Iran : 20 1 T
Al_&7-95 |- |_ [ e e
D o : a0 4 T | Copy image |
V3 Covariates : — —_—
¢ [ Qualitative | = h S SENE |
[ et — _ Print |
Oy iR 60 A
il
Cyolaz | f
¢ [ Quantitativg - 50 J
[ nG i i
[ oia =
[ oor 30 | ]
¥ Ereak data ,f
20 4 J"
10 -
0 . - ; - : ;
a 10 20 30 40 50 &0 70 80 Qg 100
Pipes sorted by decreasing predicted break number
] I |— % actual breaks during validation period — % predicted breals during validation period Rand-jm|

Selecting a Validation in the Exploration windoweg access to five pages on the
right under the tabs “Pipes”, “Observed Breaks”cti4al breaks”, “Validation — Results” and
“Validation — Data”.

The “Pipes” page is identical to that for a “Preidic”.
The “Observed breaks” page is similar to that fé&ab-project”.

The “Actual breaks” page is also similar to that #"“Sub-project” but also contains
information relating to predicted breaks when DBGelected in the top table.

The “Validation — Results” page presents the inmisaand graphics of the Validation
in an identical fashion as the left part of the l#ation” tab in Construction mode (cf.
VIIL.6.1).
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The “Validation — Data” page is equivalent to th&rédiction” page associated with a
Prediction but contains, in addition, the followimgormation:

— ABN, actual number of breaks during the valida@miod

— ABR, actual break rate during the validation period

- xn, yno and ynp, the x and y co-ordinates (o faenbed and p for predicted)
permitting the construction of the graph accordmgipe number

xl, ylo and ylp, the x and y co-ordinates (o forsetved and p for predicted)

permitting the construction of the graph accordmg@ipe length.

™ Casses software : ExempleCassesMono2.0.0.ksp

File Creation Construction Tools ?

[ Fipe set | Pipes ‘ Actual ohserved breaks | Actual breaks | Validation - Results | Validation - Data
[ &l pipes | 2
[ ron | Description
D Flastic Progression : CHOT (validation)
[ Break set Sub-project : Obs87-95_Yal9g
D Al braaks Ohservation period starting date; 25501987
D 07-05 Chservation period stopping date: 120311995
Validation period starting date: 1111996
[ Enviranments validation period stopping date: 12/31/1 996
7 [ Default En Environment : Default Erwironment
¢ 3 obsaT Pine set: All pipes
¢ CcH Break set: All breaks
¢ ClePer-d: IDT | a h C o |[OBN| REMN| PEN|ME..| MO MPER ¥n | ynoy | ynp | ¥ ylo | wip | DOF| DiAZ

0.0000.033]0.000(0.000(0.013] 81 [100..[ 96..| 90| 98| 98|71,
0.000{0.033|0.000|0.000{0.066 1. [100..| 86| 27| B4 | 6| 7M. |[40;
0.000]0.030(0.000(0.000{0.061| 4. [100..| 958...| 31| 67| BA..|FA7L|[40,..

¢ ACH o |CE. |4237| 7488| 7480|7854
D A [CB.. | 56598 8844] 8850 93145
TC.. [ 1680] 4931] 4932) 5297

mE

D Prol st mo., [se20[118. 118, [122.. 0.000]0.031{0.000(0.000{0.010] 84 [100...[ 97| 95 [100..| 98| 7M. [18..

o [ Iron o [cs.. [B428] 9678 9A80[100... 0.0000.029]0.000(0.000(0.058] 95...[100.. 98..) 33...[ 700 71| 7M1 1.
D All_B7-95 MO, | BE20[118. 118, [122.. 0.000]0.046{0.000(0.000{0.028] B0..| 85...| 78..| B3| 85| 90| 7M. |[40,..
9 Covariates MIE... | 8254[1156..[115. [118.. 0.000]0.0450.000(0.000{0.048] B3| 89| 80| #1..| YE...| 77| 7Hi.|[40,..
¢ O qualitat MIE.. | 8254115115, [118.. 0.000]0.043(0.000(0.000(0.244] 56..| 81...| 75 [4.096] 21, 27| 710 |[40,..
WA 12172500250, (253, 0.000]0.066{0.000(0.000{0.508] 34| 63| 57 |0.89726.250] 11....| 7M. |[40,..

D MAT WO, | BEI018. 118 (122 0.0000.044|0.000(0.000{0.067| 64| 89| 81...| 26..| 62| BS..| 7M. |[40,..

D DR MO, | BEZ0[118..1718.[122.. 0.000]0.040{0.000(0.000(0.115] 77| 93| 89| 12..[ 46| 47|71 |[40;..

D DAz WO, | BE2018. 118 [122.. 0.000]0.041{0.000(0.000{0.275] 74| 93| 873261 17| 24| FHi.|[40,..

0.000]0.068|0.000|0.000{0.072] 32| B5...| 86..| 24| 59, B3| 7Hi.|[40,..
0.0000.031{0.000(0.000(0.017| 83 [100..| 87...| 83| 98| 97|71/ |[40;..
0.000]0.053|0.000(0.000{0.070] 50| 81| 71..| 25| 59, B4 |FHi.|[40,..
0.000|0.046{0.000/0.000{0.048) 58| 85| 78| 41| 76| 78| 7ML 111 Ami.[125. 950, |Rés. |Ami

0.000(0.114|0.083|0.000{0.084| 12...[ 42.... 31..[ 19...] 54...| 67...|7H/L.|[40,.. |PYC | 42..[135..|Rés..[FO..
0.000/0.052{0.000(0.000{0.473] 51...| 81...| 72...[7.086] 32...| 36...|FM/.|[40,.. |PVC | 42../300..|Rés.. [FO...
0.000(0.115|0.045(0.000{0.046 12| 39| 30| 43| 76| 78| 7Mi_|[40,. |P¥C | 75..|250. |Rés. |[FO

0.000|0.103|0.160(0.000{0.147| 14...| 48....) 34.../8.833) 34...| 40| 7M. |[40,... |Ami...| 80..[700..|Rés.. [Ami..
0.000(0.034|0.000(0.000{0.043| 89...[100...| 95...| 45...] 81...| 81 |FM/.|[40;.. |PVC | 53..[800..[Rés.. [FO..
0.000|0.079]0.374/0.000{0.263| 26...| 60...| 80...[3.518] 17...| 25...|7M/.|40,.. |PYC | 43..300..|Rés.. [FO...
0.000/0.031/0.000(0.000(0.055) 94...[100..| 88...| 35...| ¥3..| 73..|7A/L.40.. |PVC | 42..[550. |Rés. FO.. |~

Quantitative - ¢ _J166..|166..|169..
yele | . |68 4931] 49332 5287
Giwe |
[ oia
[ oop

[ Ereak data

ST.. |(108.[140..[140..[144. .
CEB.. | 4237| 7488| 7420|7854
MIE.. | 8254|115, .[116..[118..
TC.. [ 1680] 4931] 4932] 5247

o=lo=lslo=loooooooooooooo oo

Copy table | | Export resuits in CSV format
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X Exporting the results

X.1 Exporting intermediate results

All the tables in the software can be partially totally copied by selecting the
required cells and the <CTRL> + C or using the egtutal buttons intended for this purpose.

The importation report can be saved as a .cswiill the help of the button shown
during the importation phase. It is also accessiuiethe menu “Tools/Show/Importation
report”.

Pipe sets and Break sets can be exported i@#élssedormat by selecting them in the
Exploration window and then right clicking “Export”

The detail of the last calibration is accessibl@a ¥ihe menu “Tools/Show/Last
calculation report”.

Last calculation report

0] - Gualitative covariate MAT, madality Amiante Ciment. |~ |
1] Quantitative cavariate LG,

Z[2] - Quantitative cavariate DA

Total nb Failures = 748

Total nh Replacements = 0

Feplacement rate = 0.0000

thetad = +1.0000000000e+00 +1.0000000000e+00-3.0000000000e+01 +0.0000000000e+00 +0.0000000000e+00 +0.0000000000e+00 +0.00
00000000e+00 +0.0000000000e+00

Frecision reached

Frecision reached

LEYP Wersion 2.0.4

Mb Segments = 1203
b Failures = 748

77 =

+1.2500e+02 +1.5218e+05 +1.2630e+04
+1.6218e+05 +2.4305e+09 +1.1103e+08
+1.2630e+04 +11103e+08 +3.0446e+06
T walidity = true

Initial theta =
+1.0000008+00+1.000000&+00-3.000000e+01 +0.000000e+00 +0.000000e+00 +0.000000&+00 +0.000000e+00 +0.000000e+00

Conmvergence achieved in 187 iterations.

4]
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X.2 Exporting the predictions

Each Prediction made with the helpQdssesan be exported in .csv format:
— By selecting it in the Exploration window and theght clicking
“Export”,
— By selecting the Prediction in the Exploration womd and then
selecting the “Prediction” tab and clicking on théton “Export results
in CSV format”.

The filename is chosen by the user: “UserName.csv”

The first lines are as follows:

#Project name

#Environment name
#Sub-project name
#Progression name
#Prediction name

#Casses filename.ksp

#Pipes filename.csv

#Breaks filename.csv

#Pipe set name

#Break set name

#Recording period start date
#Recording period end date
#Observation period start date
#Observation period end date
#Prediction period start date
#Prediction period end date
IDT;PBN;PBR

Dates are in the format d/mly.

IDT is the pipe ID.

PBN is the number of breaks predicted over theiptied period.
PBR is the predicted break rate in breaks per leloenper year.

Then there is one row per pipe with the differealues being separated by a semi-
colon.

The exportation is carried out in the same wayaf&falidation, the prediction period
being replaced with the validation period.
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B

Eile Edit Yiew Insert Faormat Help
DEeEH && #M By
#Exemple A
#hefault Environment
#Ohs87-95 Val9s
HCHO1
#1996
fExempleCassesMonoZ .0.0.ksp
#Exemple Trongons.osv
#Exemple_Casses.csv
#anll pipes
#hll breaks
#4/2/1987
#1/1/1997
#5/2/1987
#31/12/1995
#1/1/1998
#31/12/1998
IDT:NCP; TECP
Identifiant trongon:MNownbre de casses prévua; Taux de casses prévu
; QUARN : QTTATT
JuuSkand an
CIITGFE175;:0.03306971039091125;:0.0132007775836/37135
CIZTILUTS:0.0325844659712606394,0.06555477004114472
TCTCLM42 :0.030397141210580174;0.060669703973576
MOLEMESZOO;0.030705878920239085,0.,.00988482485071155
C3LGEO113;0.029182358475861443 0. 058245169573 609356
MOCELPGOO:0,.0455857543762046225;0.028621194431501677
MIECHM4Z:0.04456347396184175;0.04941350596405406
MIECCHDEO;0.0483583 1960372392576, 0.2436594745399131 w
For Help, press F1

X.3 Exporting the results of a Progression
X.3.i Exporting a configuration

Information on the configuration of a Progressian be exported in .csv format.
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H Progression-export - WordPad
Eile Edit %iew Insert Format Help

e S #

=l

#Exenple

#Default Enviromment

#COhsE7-95 Val9s

#CHO1

#Configuration

#ExempleCassesMonoz .0.0.ksp

#Exemple Trongons.csvy

#Exemple Casses.csv

#Lll pipes

#411l hreaks

#a/2/1987

#1/1/1997

#5/z/1987

#31/12/1995

#Conatraints

H#ZETAQD = -Inf

#ZETA1l = 0O

Short nawe;Long name; Type; Unit; Source;Formula
MAT; Matériau; QUALITATIVE; ; Imported;
LNG; Longueur ; QUANTITATIVE m; Imported;
DIL;Diamétre; QUANTITATIVE ; mn; Imported:

IFDI’ Help, press F1

The first rows are as follows:

#Project name

#Environment name

#Sub-project name

#Progression name

#Casses filename.ksp

#Pipes filename.csv

#Breaks filename.csv

#Pipe set name

#Break set name

#Recording period start date

#Recording period end date

#Observation period start date

#Observation period end date

#Constraints

#A row starting with # for each constraint

Short name;Long name; Type;Unit;Source;Formula

Then there is one row per covariate with the défifiervalues being separated by a

semi-colon.

Dates are in the format d/mly.
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X.3.ii Exporting a model

€L

Information on the model parameters of a finaliBedgression can be exported in .csv

format.

B Model-export - WordPad
File Edit Wiew Insert Format Help

beld &k #

#Exemple

#lefault Environment

#0b=B87-95_Valde

#CHO1

#Model

fExempleCassesMonoz . 0.0, ksp

#Exemple Trongons.csvy

#Exemple_Casses.csv

#ill pipes

#41ll breaks

#4/2/1987

#1/1/1927

#5/2/1987

#31/12/1995

#ln(Likelihood) = &73.014

Z[i]stheta;ref:std;chizipval
Llpha;0.9113354341063973;0:0.13566698012598057; 552 .1585414563399;: 0
Delta;1; 1;Nal;Nal; Nall

Zetal;-30;-30;Nall; Nal; Mall

Zetal;0;0;:Nal;Nal: Nal
Betal;1.0972894660834564;0:0.09335177191714579; 138, 16476050524633 ;0
DIA:;-0.00325267497030815855;:0;,0,0005041341406077472,16.,.3615458369832(
LNG:0.000096465477970582134;:0;,0,0000243 7756110522737, 15.6595490530045(
MAT[Amiante Ciwent] ;0.19721980424197755:0;0.08122793736064764:5,895(

i

< | >

IFDr Help, press F1

The first rows are as follows:

#Project name

#Environment name

#Sub-project name

#Progression name

#Casses filename.ksp

#Pipes filename.csv

#Breaks filename.csv

#Pipe set name

#Break set name

#Recording period start date

#Recording period end date

#Observation period start date

#Observation period end date

#Ln(Likelihood) =value of the model

Z[i];theta;ref;std;chi2;pval

Then there is one row per model parameter withdifferent values being separated

by a semi-colon.

Dates are in the format d/mly.
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XI Closing awork session

XI.1 Save a project

™ Casses software : ExempleCassesMono2.0.0.ksp

File| Creation Construction Tools 7
New... = .
Open... Pipe set :
Close
Save n Marme Comment Elahaoration Pipe number |Pipe lenath (k...
i |All pipes Lotde trongo... |ALL 1203 1238172
=E= e i Jiran (WAT IN {FOM... 288 331.690
Properties... Flastic (AT I {PYCT 7a0 TEH4.302
Quit ............................................................................................................................................................................................................................
CED wironment 5 DT DopP [N a2 IDR LMG MAT
¢ [ OhsB7-05_Valds CESEBOT..| THMMATa] 150000110180 |Réseaut 200.000Amiante .|~
¢ O3 cHM J |CSEBOZ.| THMAMATS| 200000180400 [Réseaul 900.000[Amiante ... | =|
\ialidation g@ CSBBOS3| 71475 53.000{40:110] |Réseaul | 3000.000/PWC |
DW% §§ CSBLPZ..| 7HMMA74| 200000(180:400]) |Réseaut | 2900.000\Amiante |«
¢ [ 5Pa7-95 —
. '_=II|I L1n I ’ll i | Copy top tahle H Copy hottom table H Export |

From the “File” menu the “Save” and “Save as..ridtions can be accessed.

“Save as...” opens a dialog box which allows thenfime and location to be chosen.
The extension for a saved Project is .ksp.

™ Choose a filename to save the current project: E|

Look In: ||j Casses |v| E

V2
File Name: | |
Files of Type: |Casses file (.ksp) | - |
‘ Save | ‘ Cancel |

“Save” directly saves a Project that has alreadnlsaved without changing its name.
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XI.2 Properties of a Project

& Casses software : ExempleCassesMonoZ.O....g@
File| Creation Construction Tools ?
New... =] E .
Open... Pipe set :
Close
Save A Mame | Comment|Elaborati. [Pipe nurm.. Pipe leng..
=| |Alpipes |Lotdetr. |ALL 1203] 1238172
Save as... o firan (MAT IN .. 288)  331.690
O i f: Flastic (MAT IN .. 7o0] 754302
Quit -
o ||
i Ddt Ob[EST os vl | IDT | DDF | DIA | DIAZ | IDR | LMG | WAT
? SEEa f|CSE.. | T 150,110 [Rés... | 300..|Amia. |~
¢ CHOT J| |cse. 7t 200,180, [Rés... | a00..|amia..|=)
B vaiida) | | |CSB. | 7/1/1.53.000/[40;1 . |Rés..|3000..[PVC
(1996 | || [cEB.. |71, 200,180, [Rés.. (2000 [Amia. ||
¢ [ 5Pa7-96
e OcHm  [Z]:
‘ i |’|_ & | Copy top table || Copy bottom table || Export |

Project properties

Name : |Examp|e |

Creation date: 1952010

Pipes without diameter removed

Comment :

?reak recording starting date 2411987

Break recording ending date : 1111997

Pipe data file : Exemple_Trongons.csy
Break data file : Exemple_Casses ooy
| \alidate | | Cancel |

You can choose any Project name, the default bbm@rst comment line in the Pipes
file.

The “Comment” box is also freely defined, the déffleing the second comment line
in the Pipes file.
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The other properties are saved at the moment ttee ate imported. They are not
modifiable.

XI.3 Closing a Project

Casses software : ExempleCassesMono2.0....[= |[0|X]

File| Creation Construction Tools 7
New... | )
Open... Pipe set :
Close
Save Mame | Comment|Elaborati. [Pipe num. Fipe leng..
Al pipes  |Lotdetr.. [ALL 1203 1238172
Save as... o[ [iron AT IR . 788 331690
Properties... Flastic IMAT M. 7o0| 7s54.302
Quit T
égub S;ggn\:” ;; IDT | DOP | DIA | DIAZ | IDR | LNG | MAT
¥ SE-da_ J|CSE. | PAAL 160,110, |Rés... | 300....|Amia... |~
¢ O oHot o |cse. [7nn.[ 200, 1180, [Rés... | 00 [Amia...[=
| valida i |cse.. | v [s3.000][40,1. [Rés.. 3000 [PYC
[y 1998 0 [CBE.. | TAAL.] 200, []180;,. |Rés... | 2800 Amia... ||
¢ ] 5Pa7-96 i
¢ cHM

Copy top table H Copy bottom table H Export ‘

“Close”, closes the current Project but keeps@hssesapplication open.
“Quit”, closes both the current Project and thel@pgion.

In both cases if the Project has not been savdil@g box invites confirmation of the
closure.

Ask for confirmation

Cr ] Warning: there are unsaved changes in the project.
These changes will be definitively lost if this

action is performed.

Do you want to continue?

Yes Mo

XllConfiguration of system preferences

In the installation directory ofCasses the file “systempref.ini” contains certain
parameters used in the software.
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File Edit ‘“iew
Help

D && #

#ilombre mwadgicques S
lnepsilon=-30.0
mwaxiter=2000

maxcyele=2

prec=1.0E-&
seuilpwalue=0.05
longueurmaxid==2
nhmaximodalites=20

For Help, press F1

For normal use ofCassesthese parameters do not need modifying and itois n
recommended for a user to do so without advice fileerassistance service..

The parameters are as follows:

Inepsilon, threshold for calculation precision

maxiter, maximum number of LEYP iterations

maxcycle, maximum number of LEYP cycles

prec, relative precision of parameters

seuilpvalue, threshold for p-val for the advice mied

longueurmaxid, maximum number of characters fortsh@mes
nbmaxmodalites, maximum number of modalities faaldative covariates

To be taken into account, modification of the pagtars must be made before running

Casses
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Xl Annexes

XIIl.1 Glossary

Actual number of breaks By convention, the number of actual bregd
concerns the real breaks occurring during
prediction window when it is included in t
recording window &s distinct from the number
breaks observedhich only concerns breaks dur
the recording period).

Break (or failure) A rupture or leak on a pipe that leads to a repair

Break set A collection of breaks selected from those in
Project. It only contains breaks with valid data.

Calibration A part of a Sulproject corresponding to
execution of the LEYFkernel applied to a set
covariates with view to calibrating a model (LEY|P1
calculation).A calibration corresponds to a sin
execution for a fixed set of covariates.

Calibration period In Validationmode it is the observation period u
for calibrating the model.

Collection of Pipes A group of pipes imported for use in a Project
Whether they belong to one or several network
the pipes are described with the same s¢g
characteristics.

Covariate Data attached to a pipe that is the function of
more pipe characteristicsh{s function can be th
ID). A covariatehas a unique value for a sin
pipe. It can potentially (but not compulsory) bed|
in a model.

Covariate modality Any particular value of a covariate.

Covariates set A collection of covariatesselected from thog
eligible associated with a particular pipe set.

Eligible covariate The covariateshat do not have a unique value
the pipe set concerned. Only elitg covariates cg
be part of a set of covariates linked to a calibrat

Environment A part of a Project regrouping the Spimjects
created from a Pipe set and a Break set.

Environment recording period The period delimited by the earliest recordingrist
date and the earliest recording end date of
networks for which at least one pipe is include
the Environment.
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Finalising a Progression An action carried out on a Progression enab
predictions to be made from the last calibratio
well asthe creation (if necessary) of new covarig
associated with the calibratioh.is not possible t
make further calibrations on a finalised Progresgio

Forced covariate An eligible covariate from a Subroject that th
user wished to include in the malceven if it is no
significant.

Likelihood The maximum value for the likelihood function d

model. For each model, this value is calculated
the LEYP kernel; the result shown is the logarithm
A model has a closer fit the greater the valuene
log(likelihood).

Mean observed break rate The sum of the number of pipe breaksing their
window of observation divided by the sum of
product of the pipe lengths and their observa
window duration.

Modality indicators of a qualitative  [A quantitative covariate deriving from a qualitat
covariate one that takes the value 1 for pipesth the
modality considered or else the value If. the
statistical model, a qualitative covariate with
modalities is represented by n-1 icakiors
associated with n-1 modalities with the npn-
represented modality being referred to as
“reference modality”.

Network recording period The perioddelimited by the start and end dates
which breaks associated with pipes in the nety
have been observed.

Observation period A past period during which break observed on
studied networks are taken into account in
calculations.

Pertinent covariate modality A covariate modality is pertinent for a collectiofy

pipes if at least one of thegas has this modality
a value.Only pertinent covariate modalities can
included in calibrations.

Pipe A collection of adjacent pipeline segments
which all the characteristics (other than lengiwne
the same value.
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Pipe break rate

The number D breaks during a window of tin
divided by the pipe length and by the wind
duration.It is expressed in breaks per kilometre
year.

Nf

L x Df

Pipe characteristic

Data attached to a pipe describing its phyjd
nature, its environment or its function.

Pipe network (or network)

A collection of pipes used for distribution in
geographic zone and for which homogen
information is available. In this application, ses(
pipes and fittings are not included.

Pipe observation window

A period delimited by two dates during which
pipe is in service and the breaks on it are obsk
and recorded.

Pipe set A collection of pipes selected from those in
Project. It only contains pipes with valid data.
Prediction A part of a Sub-projectegrouping the operatio

made and results obtained with the aid of
software for calculating break predictions from
data in the Sulproject for a defined set
covariates and a fixed prediction period.

Prediction period

A period during which break predictions are made

The start date of the prediction period is aftex
end date of the observation period.

Prediction window

The period delimited by two dates for which
pipe is in service and a prediction of break
calculated.

Progression

A succession of calibrations for which each 1
calibration (with the exception of the first)
determined by modifying the set of covariate§
respect of the results of the previous calibration.

Project

A project regroups all the operations and reg
obtained using the softwareom a collection o
source data from one or more networks.

Qualitative covariate

A covariate with a limited number of numeric
alphanumeric values (modalitiefNote: The term
“quantitative” and qualitative” can be used in ¢
same way for break data or pipe characteristics.

Quantitative covariate

A covariate with a measured vaJuexpressed as
value with a unit.lt can be used directly in
numerical calculation.
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Recording window A period delimited by two dates during igh thj
pipe is in service and the breaks on it are reabrde

Stratification The process of suthividing groups of pipes fq
which a qualitative covariate (imported or crea
has the same value. The stratificatadra collectior
of breaks is also possible.

Sub-project A part of a Project regrouping the operations n
and results obtained with the aid of the software
from a Pipe set and a Break set over a f
observation period. A Suproject can belong |
only one Environment.

Validation The compason of break predictions with acty
breaks that have occurred during a defined pgriod
In Validation mode the recording period is divig
into two successive periods, the calibration pg
and the validation period.

Validation mode The context of thecalculations allowing th
calculation of validity indicatorsValidation modé
is only applicable on Suprojects where th
observation period ends before the recording p¢
for breaks in the collection of networks.

Validation period In Validation modethis is the prediction period.
immediately follows the calibration period and
included in the period for which breaks have R
recorded for all networks in the Project.

Validity indicator Values calculated from a Prediction made
Validation mode and giving a measure of {
predictive performance of the model.
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XIl.2 Schematisation

of calculation process

SUB-PROJECT

Inherited covariates

c

'g > Own covariates

()

5 v

& PROGRESSION

0

2 Set of covariates

©

g Constraints: On alpha, delta,

o zeta or forced covariates

4]

©

S

§ AUTOMATIC SEMI AUTO
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kS n calibrations CALIBRATION p calibrations, p=<n
S Application of advice LEYP1 Application of advice
5 without intervention— ADVICE controlled by
© of the user \ user
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FINALISE PROGRESSION
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XI1.3  Definitions and rules relative to dates

XIL3.i Denominations and calculations of dates and ages
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Abbreviation | Definition Calculation

BRSD Break record start date for network st Jhnuary if imported in years

BRED Break record end date for network S'3December if imported in
years.

DDP Installation date of pipe SPanuary if imported in years

DHS Removal date of pipe 31December if imported in
years.

DDC Break date 4 July if imported in years.

t Age of the pipe at the time of a break t = DDODP

BWSD Break recording window start date for pipe BWSmax (BRSD; DDP)

BWED Break recording window end date for pige  BWEDin (BRED; DHS)

ESD Environment break record period start date ESTmin (BRSDi) for the
network participants

EED Environment break record period end date EEDmm (BREDi) for the
network participants

OPSD Observation period start date Fixed by the use

OPED Observation period end date Fixed by the user

OWSD Observation window start date for pipe OwSax (OPSD; BWSD)

a Age of pipe at observation start date a = OWEDP

OWED Observation window end date for pipe OWED = (@PED; BWED)

b Age of pipe at observation end date b = OWED PDD

PPSD Prediction period start date Fixed by the user

PPED Prediction period end date Fixed by the user

PWSD Prediction window start date for pipe PWSDaxr(PPSD; DDP)

c Age of pipe at prediction start date c = PWSIDD

PWED Prediction window end date for pipe PWED = (HPED; DHS)

d Age of pipe at prediction end date d =PWSD - DDP

VPSD Validation period start date (equivalent Eoxed by the user

PPSD for Validation)
VPED Validation period end date (equivalent Fixed by the user
PPED for Validation)
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To describe a passage of time, the t@emniod is used when a collection of pipes is

concerned and the tewindow is used when it concerns a single pipe.

For pips still in service, DHS is not defined tHere it can be ignored in the rules it

appears (for example, min (BRED; DHS) = BRED).

The “window” of a pipe relative to the “period” gnhas a sense if the pipe respects

certain constraints:

- Pipes with DHS< BRSD or DDP> BRED don't have a break recording

window and a refused in the importation.

— Pipes with BWED< OPSD or BWSD> OPED don’t have a break observation

window and are excluded in the calibrations (LEYP 1

— Pipes with DHS< PPSD or DDP> PPED don’t have a break prediction
window. Pipes with DHS PPSD or DDP> PPSD are excluded from the
prediction calculations (LEYP 2INote: Pipes with PPSD < DDP < PPED can
have a prediction window but are still excludedhfrthe calculations.

Dates are at the day precision. When imported daxpressed in years, they are

converted according to the following rules:
- DDP, f'January of the year
- DHS, 3f'December of the year
- DDC, ' July of the year

Ages are expressed in decimal years calculatediigity the number of days by

365.25.
XII.3.ii Principal rules of dates:

Rules of the existence of periods:
- DDP < DHS
- BRSD < BRED
- OPSD < OPED
- PPSD < PPED

Rules of recorded breaks:
- BWSD<DDC<BWED
DDP < DDC (t>0)

Rule of succession of observation and predictiarofs:
- OPED<PPSD

Rules of consistency of observation and recordemipgs
- OPSDESD
- OPEDB<EED

Rules of the existence of windows (see above):
— BRSD < DHS and DDP < BRED
— OPSD < BWED and BWSD < OPED
— PPSD < DHS and DDP < PPED expanded to DDP < PPSD
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Rules of consistency of recording and validationqaks:
- ESD < VPSD

- VPED<EED
XH1.3.iii Duration of windows
The duration of a window in days is equal to tHéedénce of the dates + 1.:

Dfx = (EDFx — SDFx) +1
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XIII.4 Description of the LEYP model
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LEYP model for recurrent failures of water mains

Cemagref, Research Unit “Netwotks, Purification and Water Quality”
50 avenue de Verdun, 33612 Cestas Cedex (France)
May 2010

Abstract

This document aims at presenting the theoretical bases of the Linear Extension of the
Yule Process (LEYP) designed to model recurrent failures of water mains. The LEYP
model is implemented in the computation code of the “Casses” software.

1 Introduction

The Linear Extension of the Yule Process (LEYP) allows to give a parametric representa-
tion of the process of recurrent failures a pressure main is likely to undergo. The LEYP model
enables to compute the possible number of failures that may affect a main with known char-
acteristics within any time interval, even in the future. The water mains that make up a water
supply network can consequently be ranked according to their failure risk, hence allowing to
build annual pipe renewal programmes, and to compare in the medium and long term asset
management strategies.

2 The counting process N(t)

Repeated failures may affect a single main at random times T';, j € IN". Their cumulated
number define the so-called “counting” random function, also known as the “counting process™
denoted N(!), namely aright-continuous left-bounded “step™ function, defined for any ¢ > Oand
incremented by one unit at each failure occurrence:

NOy=0
NT;-) = j- LN = j

Equivalently, the differential d¥V(r) = N(z + dt) — N(z) takes the value O everywhere except
at failure times where it takes the value 1:

VieR, [T, jeN}: dN(@) =0
Vie [T, jeN}: dN@H =1

Fig. 1 illustrates the construct of the counting process N(¢) and of its differential dV(#).
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Figure 1: Counting process

3 The LEYP intensity function

The average failure rate within the time interval [¢, ¢ + 7] of length £ > O can be defined
as E(N(t+ h) — N /h, i.e. the average failure number within that interval divided by the
interval length. When divided by the pipe length, this rate is commonly used in the field of
infrastructure engineering (“failure rate™). The limiting value of the average failure rate when
h — 0+, EdAN(#), is a pivotal object of the counting process theory, called “process intensity™.

In the literature dedicated to the reliability of pressure water mains, all reported studies seem
to agree that the failure rate:

¢ tends to increase with the number of failures already undergone;
¢ tends to increase with the age of the mains;

e can significantly vary according to characteristics of the mains (such as material, size,
joint type, internal or external coating, cathodic protection, etc.) and of their environment
(soil corrosivity, traflic intensity, service pressure, etc.)

These technical evidences have lead to define the LEYP intensity function with parameter
67 = (a,é, [)’T), related to a main the characteristics of which compose the vector Z (vector of
covariates), as the conditional expectancy:

Eg (dN(r) | N(1=), Z) = (1 + aN(t=)) 6t exp (ZT,B) dt

The LEYP intensity is then built as the product of three factors:
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e the so-called Yule factor, (1 + aN(t-)), linear function of the number of failures under-
gone until just before ¢; the scalar parameter ¢ > 0 measures thus the tendency of the
failures to accumulate on the the same mains;

¢ time power factor, 671 with § » 1, which models ageing;

e the so-called Cox factor, exp (ZT,G), making the LEYP model belong to the class of Pro-
portional Hazard Models, parameterized by the regression coefficient vector 8.

4 Counting process distribution

The negative binomial distribution of the counting process constitutes a pivotal property of
the LEYP model:
e +m) =
Pg {N(f) =m ‘ Z} = W f;Xp{—A(f; Z)}(]. =% SXP{—CZA(f', Z)})

with: At Z) = f o1 exp (ZTB)du = Pexp(Z78)
G

This explicit distribution property makes the counting process expectancy easy and quick to
compute:

explaA(s Z)] -1
@

EoN(D) =

This result can without difficulty be extended to the computation, interesting from a practical
point of view, of the number of failures likely to occur in a prediction interval [e, d], given the
number of failures within the observation interval [a, b]:

?

et ety
[ — t t o
0 c d t
The conditional distribution of the process N(d) — N(¢) given N(b) — N(a) = m is negative

binomial:

[N(d) - N(©) | N(B) — N(&) = m, Z] ~ NB(a‘l tm, MBT) ~ G T 4) )

WLy —ple 2y + (b 2y — (@ Z) + 1
avec: u(t Z) = explaAls )}

5 Parameter estimation procedure

The Casses software expects two input datasets:
e one related to the mains,

¢ the other related to failures.

CassesManual_2.0.0_b.doc 15/06/2010 Page 81 of 88



(Cémagref 2 b

Sciences, eaux & territoires

4

The mains are » in number and indexed by i = 1,...,n. The installation date of each main
must be documented as well as the abandoned date (left empty if the main is still in service),
and are used in connection with the beginning and stopping observation dates of the network
to calculate the ages @; and &; between which the main was observed. The main description
is required to include the length, and optionnally other important characteristics potentially
explanatory of the failure rate, such as the material, the diameter, and also depending on their
availability the soil corrosivity, the service presure, the location under roadway versus sidewalk,
the traffic intensity etc. The characteristics kept as failure risk factors make up the covariate
vector Z;.

The failure dataset lists for every main 7 which was observed to fail at least once, the event
times iy € [a,‘,b,‘],j =1,.. o M

The information available to estimate the model parameters is so formalised as the following
set O:

0= {(Z,‘,ﬂ,i,b,‘,{t,‘j,j = 1,...,mij}),i: 1,...,]’1‘,}

The natural logarithm of the likelihood function of the parameter vector & given the obser-
vation set @ is then written as follows:

lnl8,O) = Z {mi Ine +InT(a™ +m) - nT{a™)
=1

= (@_1 +m;)ln (,u(bi; Zy —plan Z) + 1)

+ i {lnﬂ.(l,‘j; ZH+ an(l;; Z;)}}

i=1

with: AL Z)y =60 exp(Z7H)

The LEYP model parameters are estimated by the vector & that maximises 1n L(6; O).

6 Consideration of main abandonment and selective survival
bias

Ensuring the practical relevance of the LEYP model when applied to a set of mains that
comprises a notable proportion of very old pipes requires considering main abandonments (i.e.
most often replacements). The study of such datasets frequently shows indeed that the oldest
pipes oddly undergo very few failures. This seems to be due to selection: mains installed a long
time ago, but having undergone repeated failures, are likely to have been abandoned for that
reason before observation starts. Observation is consequently subjet to the so-called “selective
survival bias”.

This leads to introduce the random service time 7" and the function ¢(#) € [0, 1] which gives
the probability that the main be repared following a failure undergone at age ¢, whereas the
probability that the main be abandoned following this failure is 1 — ¢(#).
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Assuming ¢(¢) = 1 for any ¢ > b (i.e. beyond the observation window), the conditional
distribution of the number of failures within the prediction window remains negative binomiale:
[N(d) = Nic) | N(B) — Nla) = m, T = b]
p(b) = [T cGoduc) J

~NBlat +m, —
pid) — pe) + p(b) — 7 sGpdutu)

The Casses software uses the model:

¢(#) =exp(—exp({y+ H10), e RO e Ry

where the probability that the main be kept in service following a failure decreases with the age
of the main ¢/ = 0).
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XIII.5 Consistency of the validation
XIIL5.i Principle of the validation

The basic principle of the validation is to compd#ne break predictions with the
actual breaks for a period when breaks were obderve

To perform the validation, two distinct periods aefined from the break recording
period — a calibration period and a subsequend&adin period.

In the case of multiple networks, the validati@ripd is a period during which all the
networks were subject to break observations.

\
. Break. | Network 3

recording period { Network 2 |

etwor

Network 1

\ [ \
\ . . . \ \ t
Calibration period Validation period

The validation applies to a prediction for whicle theriod of observation coincides
with the calibration period and the prediction pdrcoincides with the validation period.

The calibration and validation periods are defirsdthe recording period of the
Environment which is delimited by:
— ESD: Environment break record start date. It iseh#diest recording start date
of the networks with at least one pipe presenh@Environment (min(BRSDi)
— EED: Environment break record end date. It is theimum recording end
date of the networks with at least one pipe presetite Environment (min(BRED:I)

In the case of a mono-network Project, for all emwments ESD coincides with
BRSD and EED coincides with BRED.

XII5.ii Ranking according to the number of predicted breaks
After having sorted the pipes by descendmugnber of predicted breaks per year

the proportion of the number of actual breaks dutire validation period can be expressed as
a function of thexumber of pipes
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%o breaks avoided as a function of %
replaced pipes (by number)

100 4

an 4

=

0 10 20 30 40 S50 60 70 8O0 90 100
Pipes sorted by decreasing predicted break number

— % actual brealks during validation period

— % predicted breaks during validation period Random

X-axis: % of number of pipes
Y-axis, red curve: % actual breaks during the \aiah period
Y-axis, blue curve: % predicted breaks during thkdation period

A random ranking of pipes corresponds closely & tescribed by the function y = x
(green curve).

Two indicators are defined:
— An: Area under the red curve.
— Cbn: Percentage of actual breaks during the validapenod on 5% of the
number of pipes sorted by descending number ofigieztibreaks.

More generally, Cxn is the percentage of actuaksealuring the validation period on
X% of the number of pipes sorted by descending murobpredicted breaks. Typical values
are:0.1/05/1/5.

For a random ranking, An is close to 0.5 and C58%s The prediction is therefore
more satisfying when An and C5n are greater. Incafles, An and C5n are less than 1
(100%).

If a significant proportion of long pipes make e fpipes most at risk then this might
lead to an optimistic vision of the model quali.% of the number of pipes could, for
example, represent 15% of the network length. Risrreason an alternative ranking method
is proposed in complement.
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XI1.5.iii Ranking according to predicted break rate

After having sorted the pipes by descendingdicted break rate, the proportion of
the number of actual breaks during the validatienqa can be expressed as a function of the
cumulative length of pipes

%o breaks avoided as a function of %
replaced pipes (by length)

100 4

0 0 20 30 40 50 60 70 80 90 100
Pipes sorted by decreasing predicted break rate

— % actual breals during validation period

% predicted breaks during validation period Random

X-axis: % of length of pipes
Y-axis, red curve: % actual breaks during the \aiah period
Y-axis, blue curve: % predicted breaks during takdation period

A random ranking of pipes corresponds closely &t tlescribed by the function y = x
(green curve).

Two new indicators are defined:
— Al: Area under the red curve.
— C5I: Percentage of actual breaks during the validaienod on 5% of the total
length of pipes sorted by descending predictedkorate.

More generally, Cxl is the percentage of actuabkseduring the validation period on

x% of the total length of pipes sorted by desceqgiredicted break rate. Typical values are:
0.1/05/1/5.

CassesManual_2.0.0_b.doc 15/06/2010 Page 86 of 88



CCemagref @5

Sciences, eaux & territoires

XII.5.iv Number de breaks predicted

To measure the validity of s prediction in termgha number of breaks predicted, the
following indicators are defined:

— PBN: Total number of predicted breaks for all pipes.

— ABN: Total number of actual breaks for all pipes.

- Rn: Ratio between the number of predicted and adbuadks for all pipes
during the validation period.

— Rxn: Ratio between the number of predicted and aditedks for x% of the
pipes sorted by descending number of breaks pegtligtiring the validation
period.

— Rxl: Ratio between the number of predicted and adiugdks for x% of the
cumulated length of pipes sorted by descendingigtextibreak rate during the
validation period.

The prediction is therefore more satisfying whenifnolose to 1. The same goes for
Rxn and Rxl.
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XII1.6 Computing information

1. Software installed:
— CASSES (software)

— ITHEA Actikey (driver for the protection key and magement software for
the keys)

2. Types of files created:
— Casses files with KSP extension
— Tabular data export file with CSV (Comma-separat@lde) extension
- Information files, Lanceur.log, Rimp.txt, Rcal.txt
— fichier des préférences utilisateur : casses.ini

3. Relevant directories:

— For CASSES: C:\Program Files\Cemagref\CassesMon@:#trogram Files\
Cemagref\CassesMulti according to the version bbugh

— For the protection key: C:\Program Files\ithea @\VINDOWS\system32

- For the information files: \\home\user$\Cassesater at installation

— For Sun JVM (Java Virtual Machine): C:\Program s\Java\

4. Minimum configuration requirements:
- OS: Windows XP
— Memory: 512 Mb
— Hard disk space: 96 Mb
- Sun JVM (Java Virtual Machine): 89 Mb

CassesManual_2.0.0_b.doc 15/06/2010 Page 88 of 88



