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Project Number EVK1-CT-2002-00106 |

*CARE-S : Computer Aided RE-habilitation of Sewer networks
computer based system designed for sewer networks
rehabilitation planning.

*CARE-S provides
State of the art, condition of sewer assets, risk of failures

Investment needs
Project prioritisation and technology recommendations

Behind CARE-S is European Commission and a number of
forefront water research institutes of Europe and Australia
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CARE-S TOOLKI

= Predictable performance indicators

= Sewer condition classification and assessment tools
= Deterioration process tools

= Hydraulic performance tools

= Tools for socio-economic assessment

= Rehab multi-criterion decision-making tool

CARE-S manager to integrate the tools
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& Computer-Aided REhabilitation of Sewer networks
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CARE-S REHABILITATION MANAGER
GIS USER INTERFACE

Performance Failure

Aelrulle & n Economic
Indicators Forcasting

Environment. :
Technologie | Consequence

Peformance

MULTICRITERIA DECISION SUPPORT

N N N

Selection of Selection of Selection of
appropriate cost-efficient priority
rehab.tech. projects schemes




Area: Reggio Emilia hystoric centre enia

Utility: ENIA s.p.a — Reggio Emilia — Italy;
very recently doubled its service area;

::::
—pan pald

950 pipes 918 nodes
Network Length:30,161 km /s
30000 inhabitants 3
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N
. enia
Project =

Data collection

Blockage Load Ext Corr Vulnerability of GW
model Tool to exfiltration

CCTV Planning

Deterioration tool Following 7 months of work

Socio [ Rehabilitation Planning Rehab

Eailure s Bl Technology

T \ Database

NO Hydraulic simulation
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- Pipe ID;
- US Node ID;
- DS Node ID;

- Material,
-Shape files including - ghape:

Pipes characteristics: - Width:
- Height;
- Length;
- System Type;
- US Invert level;
- DS Invert level.
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| | enia
Project — Data Collection =

- Wall Thickness ==smp 557/950 pipes with wall thickness
known- from literature —new pipes

- Soil mmmdP Only Silt and Medium sand

- Groundwater == Maps (5,5 metres)
Level

_ - number of lines for each road;
- Traffic Data ) o type:

- traffic flow

- Basements mmmdp 190 files analysed
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| | enia
Project — Data Collection -

- Installation Year ===sp Only on paper sheet format

(627/950 pipes)
Steps:

1. Find the projects of wastewater (from 1930);
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Project — Data Collection

- Installation Year ===sp Only on paper sheet format

(627/950 pipes)
Steps:

Mf wastewpl
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- Installation Year ===sp Only on paper sheet format

(627/950 pipes)
Steps:

1. Find the projects of wastewater (from 1930);

2. Analyse project referred to the hystoric centre;
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| | enia
Project — Data Collection L

- Installation Year ===sp Only on paper sheet format
(627/950 pipes)

Steps:

1. Find the prc rom 1930);

2. Analyse prc storic centre;
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Project — Data Collection =

- Installation Year ===sp Only on paper sheet format

(627/950 pipes)
Steps:

1. Find the projects of wastewater (from 1930);

2. Analyse project referred to the hystoric centre;

3. Project are referred to the streets, need of
associating each project the correct Pipes ID

manually. l

History of pipe installation
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Project — Data Collection

i Project: RE120706 - [Dataset: All []]
B3 Project Dataset Toolz Option: HBeports ‘Window Help = |ﬁ'|1|

ap | Selection I Active Datazet I
@l@l@l@liﬂ?l&l L |r"‘|0||:||é)| §|0|M| INew lextentsterlap jl‘lﬂ
¥ FAILURES

] .
Laid before 1962

/~, =
¥ ALL PIPES

Pad
¥ MANHOLES Y

a :

-,
LY
M\\“x\
/.
#: 1628595.97930129 Y 4950640, 23021002 Unknown PIBand code field used [ModeType]

e
. . -
. - - . .

- = .
. .
.
.
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Project — Data Collection

! Project: RE120706 - [Dataset: All ()] = [2] =]
B3« Project Datazet Toolz DOptions Reports ‘window Help _I_I- <] ll
| Selection I Active Datazet I

a|®(@aln]x|: [“[o[o]s| 20| e 0w =T

¥ FAILURES -
' Laid between 1962 and|1980

v ACTIVE DATASET @ .

il
¥ ALLPIFES
# s
v MAMHOLES o
5]
;162884389367 932 Y, 4950265.92810385 Unknown FIBand code field used [ModeT ype]
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Project — Data Collection

i Project: RE120706 - [Dataset: All []]
B9 Project Dataset Toolz Options Beports  Window Help - |ﬁ'|1|

| Selection I Active Dataset I

s|®RaTx%] s [“[c]|o]s| 2[O[#@] [New oo X0

| Laid after 1980

[V ACTIVE DATASET
A

IV ALL PIPES

fad

¥ MANHOLES

#1B2B814. 72728191 v, 4950241 62277868 Unknown PIBand code field used [ModeType]
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Project — Data Collection

Repair: 10 events Not referred

- Failure data  uwsmp Other: 60 events i
- - to pipes ID but
(January 2003-March 2006) Blockage: 35 events| to streets

i Project: RE120706 - [Dataset: Soloblockages []]
Beports  Window Help =1 |

F3: Project Dataget Toolz Dptions

Map | Sefection | Active Dataset |
lexlents Owerlap L||1EI

S| ®a |G|z |“|o]o]s] 2(e[8] [

¥ FAILURES
L]

¥ ACTIVE DATASET

I_:EANHDLES e @\ ASSOCIatiOn to
: Pipes ID made

\ manually

¥ 1628632 43729806 - 4951104 46203554 Unknown PIBand code field used [NodeType]

/LY | Leading Edge
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Project — Data Collection

39 Pipes inspected mmmp Defect Code registered manually

“Score” and “"Current Condition Grade”
computed manually

218 BAB B 0 014 12 .
1 272 BAG 10 011 02 0
1 272 BAG 10 012 12 i
1 272 BAG 20 014 10 i
1 272 BAJ B 0 0 48 1001 40
1 272 BCA, 0 011 02 i
1 272 BCA, 0 012 12 i
1 272 BCA, 0 014 10 i
1 293 BCC B 0 051.3 i
1 364 EBE A 0 01 0507 0
1 417 EBE A 021 0507 0
1 433 BAB B 035 12 10
1 47 BLC A 0 0529 0
1 551 BAG 10 0219 071 0
1 551 BAG 50 0319 12 0
1 551 BLA, 0 0219 071 0
1 551 BLA, 0 0319 12 0
1 543 EBE A 0 0 0507 0
1 731 BAJ B 0 010 1002 40
1 767 BAJ B 0 0 36.8 1212 40
— 1 790 BAC A 0 050 12 80
Water As 1 790 BAG 20 0 &0 12 0
1 790 BCA, A A 0 0 &0 12 0
; q q 0 q tober 2007



FT Fine Del tubo BCE-A
GLD Giunto leggermente disossato BAJ-B
FPT Foro nella parete del tubo BAB-B

- - ASSOCIAZIONE NAZIONALE MANUTENZIONE
AMS Allacciamento mediamente sporgente BAG E SPURGO DELLE RETI FOGNARIE E IDRICHE
CDD \ Cambio di direzione verso destra BCC-B
CDS \ Cambio di direzione verso sinistra BCC-A
OSsT Ostacolo BBE

¢

MDGT BAJ-A

MRDL BBB-A w Etre aziotrale ltali di Unifi i
- Operators codes // s S e e
FSNR L e ceiUrie s gy e / BDC

ALS Allacciamento leggermente sp%nte BAG

LST Leggera scrostatura parete g€l tubo BBB-A Rita U ga relli

LRPT Leggera rottura parete tubo BAC-A

MAF BAJ-C

LDGT BAJ-A
et EN 13508 codes "

LDT BAF-J

MIRA Meadia Infiitrazione di radicl BBA-A

GPG Grave protuberanza materiale della giunzione BAI-A 1 8th Of A p ri I ’O 7 E N 1 3 5 O 8
MPG Media protuberanza materiale della giunzione BAI-A

MRG Media rottura della giunzione BAC-A tra n S I a ted a n d a d a pted tO
AME Allacciamento .non co-rrettam-e.nte faseguit(? | BAH + BC Ita I Ia n rea I Ity :

GFDD Grossa formazione di depositi duri nella giunzione | BBB-A

MRT Media riduzione dello spessore della tubazione BAF-J U n = AS PI Sta I‘Ida I‘d
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Project — Data Collection =
180
Condition grade | “Percentage” 160 *
5 220 140 1
3 80 5 100 .
2 10 £ 80 * o & o o
1 0 < 60 o
40 *—o o o
20
. o0 oo o o . . .
O o 606 ¢ o 006 ¢ o0 o006 o — oo
0) 5 10 15 20 25 30 35 40 45
Pipe
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Project — Data Collection =

Pipes Burial Conditions

® 1In order to run the ‘load model’ it was necessary to review
projects from 1937 to understand pipes burial practice:

— 1937-1950: pipes laid on reinforced concrete;

— 1950’s: main pipes laid on concrete with reinforcement in
concrete for 2/3 of height and 10 cm of insole at the
bottom; same for secondary pipes but without
reinforcement;

— 1980’s: reinforced concrete turbo- centrifuged with a 20
cm insole and 4 of Height reinforcement;

. 1980’s PVC appeared, filling material: compacted sand.
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Project — tools application

Current External Corrosion Rate (644 / 950 pipes analysed)

Selected water-cement ratio looking at different cement quality in time:

— Parameter a [extermal comoszion in mmyear]
saoil type
hon  medium high Huality of concret pipe
mDiSturE grﬂde COMmosve COMmosve COMmosve [I.-'-.IatE:r-le:ment rat":l]
iy [ 0.0 ER [ 03
cedium foos | oz | 05
- | 0ot | 05 | 07 ratio year
poar »=045 including | 1957
— Parameter b [pipe quality, water-cement ratia) medium < D,"-1-5 including 1975
resistance grade good £ 0,30 fram 1976
. good rnedium poor
wiater-cement ratio <030 <045 52l 45
b oz Jor | 1
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B3 Project Dataset Toolz Options Reports  Window Help

=1k IR YR IRN B =] =1 Y

2|0[#| |

leHtents Overlap jhﬂ

v FAILURES
[}

W ACTIVE DATASET [LABEL)

~ Oto 001
007 to .1
M 1t 25
M B 4
M 4o 5
A B B
ﬂ' Above 6

I¥ ALLPIPES
A

¥ MANHOLES
5}

4]

Network:
[0.001-0.1mm/y]

H: 1629572 75217662 Y: 4951403.2029801

International
Water Association

| Unknown PIBand code field used [NodeT ype]

F——r—p =

LESAM 2007 — Lisbon 17-19 October 2007



=Selection of pipes under high traffic load,

*Import results from Extcorrosion tool;

*Imported info on different construction practices in time and
compaction conditions;

— T able from =afety factor W to probability P—

0.1
0.05

35
5
>0

i P
| 05 | 1
M=0,059 Q dy | 09 | 039
B R | 12 | 07
s [ 15 | o5
I | 1.75 | 03 I
" T
| |
| |
| |

=Definition of pipe design strength.
=Calibration of safety factor/probability

MA Leading-Edge

Asset Management

0.01

International
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LESAM 2007 — Lisbon 17-19 October 2007



B9+ Project Datazet Tools Options Heports ‘wWindow Help

4 ap | Selection I Active Datazet I

@I @IQ'Q'Q‘"}'&' . |rf|‘i:}||:||é)| élolﬁl INew ﬂlExtentsterlap jhﬂ

[~ FAILURES
-]

¥ ACTIVE DATASET [LABEL)

Oto .01

.01 ta .0E
06 ta .11
Jlto 1B
JBta .21
21t 26
26ta .31
3t 36
R
Ao 4B
46ta 51
Above 51

[v ALL PIPES

TREE AR

=

[~ MANHOLES
=]

A
P[11-16F

P[6-11%]

R 0.43229166E6EREEY v 0.987847222222222

Unknown PIBand code field used [ModeT ppe|

Lisbon 17-19 October 2007



Current Probability of Blockage

-groups and classes defined:

-Material -System type
-Steel -Separated
-Others -Combined
-Cement
-Concrete I £ ” t_
DA nstallation year.
Reinforced concrete 21930-1970
-Fiber concrete -1970-2006

-PVC

Leading-Edge
Asset Management

International
Water Association

-Soil type:
-Sand

-silt
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4
qv)
—
Q

Pty
aRoea

i , [}
ll-:: = } 1‘:": - - - ‘5:
'a.i 5P b ;—}3 TESA,..,
“waws FTOJeCl — 100IS applicaton

St -./

T LU

i Project: Reggio Emilia 05072006 - [Pipe level results: CurrentBlock ageFactor]

B3 Froject Dataset Toolz Options Heports  Window Help 5] x|

tap | Selection | Active Dataset |
@IQ'Q'QI@'K' c Irfl{:}llzlléﬁl él'ﬂ'lﬁl INew leHtentsterlap jhﬂ

[ FAILURES
-]

v ACTIVE DATASET [LABEL]

8.66
00 o . .

07 to 08

08to 15
A5t 21
21to 25
2hto 26

Above 26
v ALL FIFES

1 :*I';-'«NHDLES 1 2 [ 49

LL AL,

Average Blockage factor
= 0,4062

#: 1630068, 89237076 Y 4951469.04200323 Unknown FIBand code field uzed (ModeT ype) tober 2007




Project — tools application =

Groundwater vulnerability

Since no hydraulic simulations available we applied the Perm-Ground method.
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. Asset Management

International
Water Association

LESAM 2007 — Lisbon 17-19 October 2007



®nrcAc

/3750 | ENS e n I a ameo
/ . isoe

3. Project Datazet Tool: Options  Beports Window  Help ;lilil

Selection I Active Datazet |

a|®a[al# [ [[o]o]o] B[O [ =Towmsowm =T

v FAILURES
-]

v ACTIVE DATASET [LABEL]

AN

moderate
ﬂ' law
%
v ALL FIPES

A
\\ K g 7 / X Low

v MAMHOLES
=]

7 1629689, 71920436 v 4951413.123974152 Unknown PIBand code field used (ModeType]



CCTV PLANNING

CCTV PLAN BASED ON DIFFERENT CRITERIA:
1. LOAD, BLOCKAGE, EXTCORR AND GAT results;

2. Past rehabilitation and renovation projects (i.e. pipes with higher
rehabilitation rate);

3. Traffic type and load (i.e. streets with bus)

4. CCTV data (i.e. from previous CCTV pipes with fissures to be
checked);

5. Material and burial conditions (i.e. select PVC pipes under high
traffic load, or deeper depth (heavy load).

MA Leading-Edge

Asset Management
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CCTV PLANNING

CCTV plans for single criteria
or combining criteria have
been suggested.

Including ALL the criteria
2986km (51 pipes) have to
be inspected.

ENIA completed the
inspections as outsourcing
projects
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i Project: Demo - [Pipe level results: PredictedConditionGrade]
E,F’|tDttTIDplsF|pt\N"d Help _|ﬂl|

For the 483 pipes of the [wisimemal

88(aa [T« |~[o[ols| SlO#| [ oo =

analysis, 330/483 pipes [

in CC1, best case, | :
30/483 in CC2, 6/483 |

¥ &LL FIPES

in CC3 and 117/483 in |-t
CC4, the worst case.

» 1628922 71859855 vv: 4950908.83441034 Unknown PIBand code field used [MadeType)
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Looking at the worst case
(CC4), the most
representative material is
Gres (64 pipes - 1759
metres) then PVC (52
pipes - 1026 metres) and
Concrete (1 pipe - 52
metres).

MA Leading-Edge

Asset Management

International
Water Association

i Project: Demo - [Pipe level re:
B+ Project Datazet Toolz  Optio

sults: PredictedConditionGrade]

n: Heports  Window Help

=18

Map | Selsction | Active Dataset |

&|®(Q[a["x[« | #[o]a|s]| B(O#] [w  Tewwowm =T

I FAILURES
]

¥ ACTIVE DATASET [LABEL]
3
Moz
1

M4

¥ ALL FIPES
g

I~ MANHOLES
=]

»: 1628922 71859855 v: 4950902.83441034

Unknown PIBand code field used [MadeType)
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Project — investment strateqy
Time horizont: 2040

Long term analysis (SRS tool):

2 strategies have been compared
1. Strategy length

2. Strategy budget

Leading-Edge
Asset Management

International
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Project — Strategy 1 : Length

Te Stl n g h y p Ot h e S i S : Ia SRS. Version 2007.09.21 TE=

Strategy: 600m/year el —
Currency Farecast harizon [years

COSt : 600€/m [EurRo |32 jw ]

| 5T2: Strategy "Budget” I 5T3: Strategy "Condition” I

Dataset I ST0: Deterioration Forecast

F u t u re n etWO rk Create ST1.kxt | Import Results | |

d ete ri O ra t i O n Strategy speciication IFutura network deterioration j

‘Year |Rehabi\itatiun length -
2005 600 m N
2009 600 m Future network deterioration
2010 600 m
2011 &00m 20,000
2012 &00m
2013 &00m oo
2014 600m 16,000
2015 600m
2016 600m E14,000
2017 600m g
018 600m 512000

o

2019 &00m % 10,000
2020 600m =
2021 600m 5 8,000
2022 600m
2023 600m 5,000
2024 600 m 4000
2025 600m
2026 &00m 2,000
2027 600m
2028 600m 0
2029 600m 2008 2010 2012 2014 2016 20168 2020 2022 2024 2026 2026 2030 2032 2034 2036 2038 2040
2030 &00m 112 12
e =

|Asctive Project: 0341 0/2007164|

=

.
.
.
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Project — Strategy 1 : Length

CARE-S SRS, Yersion 2007.09.21 ==

Testing hypothesis:
S t ra t e g y : 6 O O m/y e a r r;:T1eD/2DD?1 B4R37 [Il?:;:;';t:ENIA 2040 o o j

Jrn |2002
Currency Farecast horizan [years]
[}
Cost: 600€/ m JEuRD -
Dataset I STO: Deterioration Forecast ST1: Strategy “"Length” I ST2: Strategy "Budget” I ST3: Strategy "Condition”
Create ST1.Ext | Import Resulks | |

Strategy specification
‘Year |Rehabi\itatiunlength -
- -
Discounted investment = & . -
u 2009 sonm Discounted investment costs

2010 600 m f----7--==q-=--"-"~~F@WF -~ ----F--"F==---7--==3--==7-==-=-1--"-

zo011 e&00m o =600004 - oo F e s e
C O S t S 2012 600 m
2013 600m
2014 600m
2015 &00m
2016 600m
2017 &00m
2018 600 m
2019 600 m
2020 600 m
2021 600m
2022 600m
2023 600m
2024 600 m
2025 600m
2026 600 m
2027 600 m
2028 600m
2029 600m
2030 600m
2031 B00m

]
nran lenn .

0
2008 2010 2012 2014 206 2018 2020 2022 2024 202 2028 2030 2032 2034 2035 2038 2040

[ == Discounted investment costs |

|fsctive Project: D3/10/2007164

-
.

- =
.
-

Asset Management

International
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Project — Strategy 1 : Length

CARE-S SRS, Yersion 2007.09.21

Testing hypothesis:
S t ra t e g y : 6 O O m/y e a r r;:T1eD/2DD?1 B4R37 [Il?:;:;';t:ENIA 2040 o o j

Jrn |2002
Currency Farecast horizan [years]
[}
Cost: 600€/ m JEuRD -
Dataset I STO: Deterioration Forecast ST1: Strategy “"Length” I ST2: Strategy "Budget” I ST3: Strategy "Condition”
Create ST1.Ext | Import Resulks | |

Strategy specification
‘Year |Rehabi\itatiun length -
2008 600 m N
2009 600 m Discounted investment costs
2010 600 m f---=q----q-=—--7-—-H@EEF--------F---@==---7--=-5--—=-5-=---~=—--
2011 e00m o R T T T P T T
2012 600m
2013 600m
2014 G00m
2015 600m
2016 600m
2017 600m
2015 600 m
2019 600m
2020 e00m
2021 600m
2022 600m
2023 600m
2024 600 m
2025 600m
2026 600m
2027 600 m
20256 600m 0
2029 600m 2008 2o 2012 2014 2046 2018 2,020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
2% s | [ Discounted investment costs I
2031 600m
i [

|fsctive Project: D3/10/2007164

VV'l\ Leading-Edge
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TESA

Project — Strategy 2: Budget

St ra te g y : I CARE-S SRS. Version 2007.09.21 mE R

Fil= Help
70000€/y until 2019
|31 0/20071 64657 Progetta ENIA 2040 |m j2os -]

8 O O O O€ u n ti I 2 O 3 1 Currency Farecast horizon [pears]
y [EuRD [z =
1 O O O O O€/y u n t I I 2 O 4 O Dataset | ST0: Deterioration Forecask I ST1: Strategy "Length” ST2: Strategy "Budget" | ST3: Strateqy "Conditian”

Crizate ST2.Exkb | Import Results | |

Strateqgy specification IFuture network deteriaration j

|Rehabilitation costs
70000 EURD

Future network
deterioration Bio_[0iieo

2012 70000 EURO
2013 70000 ELRO oo
2014 70000 EURO
2015 70000 EURO
2016 70000 EURO
2017 70000 EURO
2018 70000 EURO
2019 70000 EURO
2020 80000 EURO
2021 80000 EURO
2022 80000 EURO
2023 0000 ELRG iy
2024 GO000 EURO

LI

Future network deterioration

16,000

14,000

12,000
10,000

8,000

Cumulative length [m]

4,000
2025 80000 ELRO

2026 80000 EURO 2,000

2027 80000 EURO

2028 80000 EURO u

Bl 2008 2010 2012 2014 2016 208 2020 2022 2024 206 202 2030 2032 2034 2036 2038 2,040
2030 80000 ELRO THERE

2031 80000 ELRO =l

|&sctive Project: 03/410/2007164 |

T
- i
- -
. .
. .
-
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Project — Strategy 2: Budget

St ra te g y : i CARE-S SRS, Version 2007.09.21 ]2

File Help
70000€/y until 2019
|13410/20071 64657 Progetto ENIA 2040 m | ETCIA

8 O O O O€ t I I 2 O 3 1 Currency Forecast harizon [years]
y U n I |EURD [z =]
1 O O O O O€/y u n t I I 2 O 4 O Dataset I ST0: Deterioration Forecast I ST1: Strategy "Length 5T2: Strategy "Budget" | ST3: Strategy "Condition”

Create 5T2.bxk | Import Resulks | |

Strategy specification

¥ear |Rehabilitation costs | ;I

2005 70000 EURG _I
2009 70000 EURC
2010 70000 EURC
2011 70000 EURO
2012 70000 EURC
2013 70000 EURO
1 M 2014 70000 EURC
Discounted investment z: e
2016 70000 EURC
2017 70000 EURC
C O S ts 2015 70000 EURC
2019 70000 EURC
2020 80000 EURC
2021 80000 EURC
2022 80000 EURC
2023 80000 EURC
2024 80000 EURC
2025 80000 EURG
2026 80000 EURC
2027 80000 EURC
2025 80000 EURO
2029 80000 EURG
2030 80000 EURC
2031 80000 EURC

[~

Dizcounted investment costs

Dizcounted investment costs [EL

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

| [ Discourted investmert costs I

|&sctive Project: 03/10/2007164 |
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Project — Strategy 2: Budget

St ra te g y : i CARE-S SRS, Version 2007.09.21 ]2

File Help
70000€/y until 2019
|13410/20071 64657 Progetto ENIA 2040 m | ETCIA

8 O O O O€ t I I 2 O 3 1 Currency Forecast harizon [years]
y U n I |EURD [z =]
1 O O O O O€/y u n t I I 2 O 4 O Dataset I ST0: Deterioration Forecast I ST1: Strategy "Length 5T2: Strategy "Budget" | ST3: Strategy "Condition”

Create 5T2.bxk | Import Resulks | |

Strategy specification

¥ear |Rehabilitation costs | ;I
2005 70000 EURG _I
2009 70000 EURC
2010 70000 EURC
2011 70000 EURO
2012 70000 EURC
2013 70000 EURO
2014 70000 EURC
2015 70000 EURC
2016 70000 EURC
2017 70000 EURC
2015 70000 EURC
2019 70000 EURC
2020 80000 EURO
2021 80000 EURC
2022 50000 EURC
2023 80000 EURC
2024 50000 EURC
2025 80000 EURG
2026 S0000 ELIRC
2027 80000 EURC
2025 80000 EURO
2029 80000 EURG
2030 80000 EURC
2031 80000 EURC
[ |

Dizcounted investment costs

Dizcounted investment costs [EL

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

| [ Discourted investmert costs I

|&sctive Project: 03/10/2007164 |

VV'l\ Leading-Edge

Asset Management

International
Water Association

LESAM 2007 — Lisbon 17-19 October 2007




. length

File Help

[_[51x]

Name Description Length urit Base year

[03/10/2007164637 Progetto ENLA 2040 [m [2008 =

Cunency Forecast harizon [vears]
E E3 =

Dataset ST1: Strakegy "Length” | 5T2: Strategy "Budget” | 5T3: Strategy "Con:

Irnport Results |

| 5To: Deterioration Forecast

Create 5T1 kxt |

Strategy specification

[Future network deterioration -

008 £00m
2009 600 m Future network deferioration
2010 s00m
2011 600m

&00m

2010 2012 2014 2016 2018 2020 2022 2024 206 202

1121314

2030 2032 203 203 203 2040

etive Project

Strategy specifization
Year |Rehabilitation lenth s
2008 600 m
ocomlEo0Ts Discounted investment costs
2010 600 m
2011 eD0m
2012 eD0m
2013 eoom
014 g00m
2015 s00m
2016 e00m
2017 eo0m
2018 600 m
2019 600m
2020 600 m
2021 600 m
2022 600 m
2023 6o0m
2024 g00m
2025 soom
2026 eo0m
2027 600 m
2028 600m @
2025 Jedom 2005 2010 2012 2014 2016 2018 2020 202 2024 2026 202 2030 2052 203 203 203 2040

Strategy 2
is cheaper
and does
not predict
much
worse
deteriorati
on:
WINNER

Project — Strategy 1vs 2

®noac

nsoe

enia
2. budget

TESA

CARE-S SRS. Version 2007.09.21 [_[5]x]
File Help
Name Description Length unit Base pear
03/10/2007164637 Frogetto ENIA 2040 [ [zs =]
Cunency Farecast horizan [vears]

EURO 32 |

Create ST2 kxt |

Dataset | 5T0: Deterioration Forecast. | ST2: Strategy ‘Budget’ | s

Import Results |

ST1 Strategy “Length” trategy “Conditior” |

Strategy specification

[Future network deterioration -

vear | costs [~

70000 ELRO
e e Fuure netwaork deteriorafian
2010 70000 EURO
2011 70000 EURO 20,000
2012 70000 EURO
2013 70000 ELRO L2220
2014 70000 ELRO T
2015 70000 EURO
2016 70000 ELRO E 14,000
2017 70000 EURO 5
2018 70000 EURO 512,000
2019 70000 EURO 2 000
2020 80000 ELRO H
201 80000 ELRO g s
2022 80000 ELRO
2023 &0ODO ELRO G
2024 s0000 EURO AT
2025 0000 EURO
2026 0000 EURO 2000
2027 so000 ELRO

0

005 2010 22 2014 2016 2016 2030 203 2004 2036 207 2030 203

11213 14

2034 203 2035 2040

[ctiv

Leading-Edge
Asset Management

International
Water Association

Fix to
invest
300000€
in 4 years

e
e

e Project: 03/10/2007164

Strategy specification

70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO
70000 EURO

Discounted investmert costs

2018 2020 2022 2024 202 202 2030

iscourted investment costs

2032 2034 203 2038 2040

-
.
.
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o Project — Selection of priority pipes e

= ~—
: TESA
X%

== Short term

n 2007.07.23 H= B
Elle Help

.

L]
Fiehabiltation plar: P02/10/2007221925 FI Ite rS .
Crealed: 02/10/2007 221837

e P CC = U, CC CC=2
o B — °® —_ . —_ 1 . —
4 4
length ilitation Budget
500,00 m ] [ coooooooe Urit casts

Delete 16 assets selected for rebabiltation: 0 assets temporary eliminated 1003 gasets sl
.
Cunent status Zr% E SN0 (] D I a I I |ete r < 40 OI I I I l I

Sower asset data Filter [Elimination] |

F | plar - Budge
(Hiter—— [ Rehabilitation plan ‘ Histogram ‘ Distribution - Sensitivity |
Diameter

-
Select from available data % 16 pipes inehab plan ¥ 0 preliminar elimisted pipes ¥ 1003 defintely elminated py Export iehabiltation plar o D I a I I Iete r > 9 O O I I I I I l
400

Target value

in
bt}
2

450 PipelD [ Lenath | Diamater | ManholelDUp. | ManhoelDDo. .| Strest |SewerType.  |Instrear | Material | Depth IEﬂ
ggg 1 2 400 BT 55378 Strest name . b 3333 Polivinilclonin 51333 1]
300 2 20 200 32528 31904 Street name r... | 9333 Gres 0.0 u - “ ,,
i i —————— | *SEWEI type & material “unknown
G veRuw MR G ms
B0 CowGeEsE| %5 Gewws 0000
Street name ... B Palvinilclonwio - 50.335 u
i 2 Streetnamen... M Cemento 50.875 u
S o mET T eowwse M 800 Gm o-X orr < . mm y
i e I Strestname .. B Palivinichoin 5077
— Strest name h... M Cemento 54.77
Check status———————1 |

Current state
Filter state

eProbability of collpse < 0.3

Confim Step

Leading-Edge
Asset Management

International
Water Association




iy

Short term

23 = B3
File' Help

Created: 02/10/2007 2219.37

Fiehabiliation plar: PO2/10/2007221325 ‘

Reset A=

Step 10 of 10
Delets 16 assets selected for rehabitation

0 assats temporaty eliminated 1003
Fehabilitation plan - Budg
] rate ] length Budget
Target value | 1.53% | 500.00 m ] [ coooooooe Unit casts
Current status 7% 887 m 532200.00€

Sower asset data Filter [Elimination] |

~Filter- Flehabiitation plan | Histogram | Distibution - Sensitiity |
[Dismetsr =]
Select fiom avallsble data ¥ 16 pipes i fehab plan ¥ 0 preliminar elimisted pipes ¥ 1003 defintely elminated py Expat rehabilitation plar
400
450 PipelD | Length [Diametsr | ManholsiDUp. [ MarholelDDo. | Street |SeweiType|Instrear | Materisl | Depth =
ggg 1 2 4m 55977 55378 Strest nams .. M 3335 Polviniclonis 51,353 il
300 |2 2 200 32528 31904 Strestname .. | 9939 Gres o0 u
= 1 100 20936 20937 Strect name .. H 9939 Acciaio 52,385
e 4 150 30107 30108 Stieet name n.. B 3393 Folvinlclonio 50,335
i 4 1200 20739 30740 Streetname ... M 50.875
Directio—————— | L I T | /| :
i e 0 4 150 30118 30117 Strest name 1 Polviniclorus 5077
1 15 500 31820 1821 Strest nane 1 Cemsnta 54.77
Theek stal

+ Project: Demo - [Dataset: Candidate Pipes(Tuttalarete) 1 (Imported from pipe selector)]

b5 Project Datasst Tools Options Fepots Window Help

Map | Selection | Active Dataset |

S| BAGMx] . |~ olols] 2 6]H] = [Estents Overlap = ][10

[New

I~ FAILURES ‘ -
= |
~ jEWE DATASET B p‘
]
v ALLPIPES
&
I~ MENHOLES ‘
n

Ll

:1629354,88454075 Y 4950952 38041721

[Unknawn PIBand cods field used (NadeType]

-
.

Project — Selection of priority pipes

Filters :
oCC=U; CC=1;CC=2
eDiameter < 400mm

eDiameter > 900mm

I\\

eSewer type & material "unknown”

oExtCorr < 0.07mm/y
eProbability of collpse < 0.3

Priority of rehabilitation for: 16
pipes = 887 metres = 2,71% of net

Estimated cost (600€/m):
€ 532200 >>€300000

.

-

.
. - =
.
. .
.
.
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@4 Project — Selection of priority pipes ~ enia
<= Short term

Comparison of Rehabilitation technologies:

oCIPP: € 328000
eTrench: € 407000

Note: the hypothesis of 600€/m was too high since the computed
investment (532200€) >> fixed budget (300000€)

Instead of reducing the number of pipes with priority of
rehabilitation (16) a cheaper rehabilitation technology can be
chosen, CIPP.

MA Leading-Edge

Asset Management

International
Water Association
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Project — impact of failure on society

Sociofails (impact of failures on customers/inhabitants) has been
applied to the 16 pipes for 3 criteria (to start):

ICF service interruption
ICF wastewater dry weather flooding on street

ICF odours, rodents insects

PipelD ICF service interruption ICF wastewater dry weather flooding on street ICF odours, rodents insects

62 0.146166602 0.031321415 0.033682635

—» 64 0.096917548 0.030279795 0.258097166
114 0.032684072 0.013927872 0180899296 For 2008
167 0.103719755 0.01983675 0.104051297

——>» 173 0.133160348 0.044288364 0.485054348 we
180 0.003076254 0 0.049227799 p ri o) r-i tl yA=)
265 0.025281176 0.013946952 0.211342647 .
379 0.062001968 0.006992703 0.013047483 4 plpeS =
433 0.035888193 0.015973973 0.213576858 307 m
443 not calculed not calculed not calculed

———» 505 0.484834389 0.044035821 0.066230106

——» 545 0.128895939 0.03933752 0.064867157
625 0.046843447 0.006928138 0.005674232
899 not calculed not calculed not calculed
918 0.088796363 0.038991377 0.086328125
1015 not calculed not calculed not calculed

International
Water Association
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Asset Management
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Project — impact of works on society =

Socioworks (impact of works/intervenitions on customers/inhabitants) has
been applied to the 1 of the 4 pipes selected (for example)

EX: pipe 505 = 165 m

Impact of 3 technologies compared

ICW IOW
Rehabilitation . buration |- pollution 1 rvice IQWread| v oss
Technology ID Technique Day or night work value noise ICW dugt of interrupt traffic of rade
(days) ground on disturbance
water

16 in situ repair d 110.10 0.00 0.00 (0] 0.00 817,492.50, 1,998.32]
16 in situ repair n 110.10 0.00 0.00 (0] 0.00 245,247.75 599.49

» 38 CIPP hot water cure d 2.06 0.00 0.00 (0] 0.01 16,060.28, 49.35
38 CIPP hot water cure n 2.06 0.00 0.00 (0] 0.00 4,818.08 14.81]
42 conentional trench d 33.03 0.17 0.17 0] 0.17 33,814,462.50] 458,211.98
42 conentional trench n 33.03 1.72 0.09 0] 0.4 10,144,338.75| 137,463.59

CIPP has the lower impact and quicker, in addition we are working in
the historical centre of Reggio Emilia (historical pavement)

Leading-Edge
Asset Management

International
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LESAM 2007 — Lisbon 17-19 October 2007



Further work

" Complete the analysis of different possible
strategies in long and short period comparing
investment needs, impact of failures and
interventions on customers, improvement or
deterioration of the network following different
rehabilitation criteria and

" Provide the Utility with alternative solutions...

MA Leading-Edge

Asset Management

International
Water Association

LESAM 2007 — Lisbon 17-19 October 2007



Conclusion

*The Reggio Emilia case study has been presented: first italian
complete application of CARE-S;

=Applying Asset Management practice in reality is a challenge due to
the need to re-build utilities databases and rehabilitation philosophy
before being able to start the application of AM.

=The Utility ENIA took advantages from this experience recognising
the need of improving the data collection practice, in defining areas
and/or priority components and in comparing their usual practice
with alternatives.

MA Leading-Edge

Asset Management

International
Water Association

LESAM 2007 — Lisbon 17-19 October 2007



Leading-Edge

-

.
.

.

Asset Management

x
|
|
|
f
-
f
o
|
& -
f
|
|
=
2
-—
s
oL
= O -
5@
A
C< =
3 .
Sy
[==

1904-ONIdVd ]

.
-

.

Mauro Pacch

.

Di Federico

10

ittori

\")

li,

10

l,

Rita Ugarell

LESAM 2007 — Lisbon 17-19 October 2007



