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1 Introduction

The aim of CARE-S has been the development of an integrated suite of tools, which provides
the most cost-efficient system for maintenance, repair and rehabilitation of sewer networks,
with the aim to guarantee security of sanitary sewage collection and storm water drainage in
order to meet social, health, economic and environmental requirements. The tools will enable
engineers to establish and maintain an effective management of their sewer network.

The project is organised in the following Working Packages (WP):

WP 1: Construction of a control panel of performance indicators (PI) for rehabilitation

WP 2: Description and validation of structural condition

WP 3: Description and validation of hydraulic performance

WP 4: Rehabilitation technology information system

WP 5: Socio-economic consequences

WP 6: Multi-criteria decision support

WP 7: Wastewater network rehabilitation manager

WP 8: Testing and validation

WP 9: Result presentation and dissemination

WP 10: Project management

SINTEF is responsible for WPS, but the actual testing has been carried out by 8 partners for
different end-users spread all over Europe.

The testing of the CARE-S Rehab Manager (in the proposal the term Prototype was used) and
all the tools contained within it, is the final part of the CARE-S project, but one of the most
important. It allows each software component to be thoroughly evaluated using data from
different end-users — data that are diverse in terms of quantity and quality, as well as in
geographic origin. It also permits the whole rehabilitation procedure to be tried, and facilitates
the establishment of a recommended best practice, based on data availability and the utility’s
objectives. This report outlines the testing procedure and presents the results from the testing.
The aim of this WP in the CARE-S project is to test the various tools in the CARE-S toolkit
within the main framework of the CARE-S software (CARE-S Rehab Manager). In addition to
the testing of the integrated CARE-S Rehab Manager, the individual tools have also been
tested separately. The testing phase addresses both the ease of use of the CARE-S software
and tools as well as the relevance of the analysis that has been undertaken.

Besides aiding removal of software bugs, such broad testing provides many benefits:
The opportunity to examine data availability in different regions and countries with
e aview to determining the “most appropriate use of CARE-S” for each;
e A chance to determine how “CARE-S - the Rehab Manager” can fit into and improve the
existing rehabilitation management of end-users;
e Identification of extra functionality requirements and needs for further research.

The testing phase for the CARE-S project officially began at the end of March 2005, version
1.0.0 of the CARE-S software was issued. Since then, several versions of the software have
been released, being 2.6.0.13 the current one. After finalisation of the project, the final
version 3.0.0.0 will be released.
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2 Overview of thetesting

This Working Package has been broken down in two tasks as follows:

Task 8.1. System for testing: the toolkit was tested for 8 real cases reflecting different
European conditions, including geographical location, size and water/wastewater management
organisation.

The testing has been carried out in three steps, according to the CARE-S Description of Work
document:

1. Identification of the current state-of-art

2. Comparative studies of programmes for pipe condition grades and Service reliability

3. Testing, including evaluation, of the Rehab Manager.

Task 8.2. Analysis: A synthesis of the case studies is extracted from the testing to support
further business development and implementation of the CARE-S Rehab Manager. This
synthesis comprises a critical view of the tools and methods and will also include sensitivity
and feasibility analyses.

Table 1 gives an overview of the test cities, including some properties of water network and
management.

The testing phase carried out in this penultimate work package involves all partners and end-
users participating within the project. The focus is on testing all tools within the CARE-S
Rehab Manager environment rather than as stand alone software. Testing has been performed
at several levels by the end-users. Some tools have only been applied towards data transfer
and functionality with an artificial data set, whilst others have been analysed more thoroughly,
including evaluation of reliability of results. These testing details can be retrieved in the
respective test reports in the appendix.

For most of the test cases there is an end-user report providing feedback and suggestions for
further improvement of the software. The individual test reports from the end-users are given
as appendices of this document.

Table 1 Properties of thetest zonesin thecities

©
City - = ©
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Country cCz D P UK N 1 ES I
Location in Europe CE CE SW N N S SwW S
Type of entity P M M P M P P M
Tourist area N N Y N N N Y Y
Electronic records Y Y Y Y Y Y Y Y
CCTV M A M M A M M M
GIS Y Y Y Y Y Y Y Y
Network length (km) 26 139 4 80 13,7 927 3 80
Aver age pipe age (years) 40 80 25 42 30 10
Hydraulic model M S M 1 M I S

Explanation:

1. Location: S,E,N,W,C= south, east, north, west, central
2. Type of entity: P=private, M=municipal

3. Tourist area: Y=yes, N=no, P=partly
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Electronic records: Y=yes, N=no

CCTV: imported M = Manually, A = Automatically

GIS: Y=yes, N=no

Hydraulic Model: M = MOUSE, I = InfoWorks, S = SWMM

A

The size of networks (or test zones within the network) varied considerably. In some cases it
was possible to use the whole network for one or more of the tools, whilst in other regions,
small zones within the network, already identified as problematic, were tested. This variety
was important in assessing the suitability of each tool given the number of pipes present. For
example, failure prediction tools require as many pipes as possible (i.e. a suitably large
sample) to ensure statistical significance, whilst large networks will lead to long
computational times for hydraulic reliability models.

Table 2 shows which tool groups have been in focus for testing at the various utilities.

Table 2. Summary of main testing sitesincluding toolstested

CARE-S

Test Network Size of network / main CARE-S  CARE-S CARE-S_ Socio- CAR!E-$ _

test zone (km) PI Structural  Hydraulic . Multicriteria
economic

Brno, Czech Republic 26 X X X X

Correggio, Italy 92,7 X X X X X

Dresden, Germany 139 X

UK, United Utilities 80 X X

Oslo, Norway 13,7 X X X

Clabsa, Barcelona 3 X X X

LNEC 3,668 X X X

Palermo 80’ X X X X X

Following figures give an overview of number of PI calculated by users, CCTV availability
and tools tested. The number of PI that have been tested was not given by all end-users even
they have applied this tool. Figure 1 contents therefore no information of number of
applications. The same applies for figure 2 where only few end-users gave a percentage of
available CCTV data for their network.
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Number of Pl calculated

Czech republic - Germany - France Norway Italy - Bologna ~ Spain - Barcelon Portugal - Borel Italy - Palermo

Ivancice Dresden

Figure 1: Number of Pl calculated per user (if known)

CCTV availability

% of network

Portugal - Borel Italy - Palermo

Czech republic ~ Germany - France Norway Italy - Bologna Spain -

- Ivancice Dresden Barcelon

user

Figure 2: CCTV availability in % of network
6
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number of users testing the tool
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Predicting Struct In/Exfiltration Blockages Zmodel WATS External corrosion Load model
Cond Grades

Figure 3: Structural tools: number of testing applications

number of users testing the tool

Hydraulic model Updating hydraulic model CAT GAT HELLMUD Degradation

Figure 4: Hydraulic M odels and tools. number of testing applications
7
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number of users testing the tool

SocioFails SocioWorks

Figure5: Socio —economic tools: number of testing applications

number of users testing the tool

SRP (Selection of Priority Pipes) SRT (Selection of Rehab Technology) SRS (long term rehab strategy)

Figure 6: Decision support tools: number of testing applications

8
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2.1 Testing approach

The testing was carried out by using error/issue log reports. As long as program errors where
identified during the testing, partners and end-users were able to report about them. For this
purpose, a server was set up with Basic Support for Cooperative Work (BSCW) software in
order to provide an internal shared workspace for the project for CARE-s partners. A standard
web form was designed and uploaded to the BSCW server intended for that purpose. The
users could fill it with all details concerning each error found.

The information required to report any error is:

Date

Brief description of issue/error

Tool where the error first located

Tool where issue found

Operating language and system

Error type

Contact details

S

=r=13 Managing errors on the CARE-S prototype and other tools:

Please fill in the farm each time you run into problers with the prototype or other toals
(* mandatory infarmation, ** randatary if you choose "Other {(specify)" in the above field)

Friday 21 October 2005

Date (dd/mm/fyy): |21/10/05
Brief description of issue f error:

Tool where error FIRST located: | Care-5 v
if other please specify®*:
Tool version where issue found:
Dperating Language & system:
Error type: | OS (opersting system) v

Other {specify)**:

Issue Identified By™*:
Identifying organisation®:

Email {contact details)*:

Figure 7 The CARE-S issues reporting webform

All errors reported were stored in a workbook for further investigation (Figure 7). Once
verified and tested the existence of each error, this was reported to the corresponding tool
owner with as much details as possible to make possible to reproduce the error and fix it.
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2.2 Updating tools

The testing process within the wastewater utilities has been performed by the end-user in
close collaboration with partners of the CARE-S consortium. End-users could take advantage
of the expertise and know-how of technical staff directly involved in the development of the
different working packages of CARE-S. This made it possible for the users to validate the
usefulness of the software within their utilities. Some utilities were concerned about the
feasibility of their own data record-keeping systems to work with CARE-S. This issue also
raised awareness of the lack of data (i.e. short periods of records for failure data) that may be
needed to start gathering.

On the other hand, partners got feedback from end-users on the usage of the tools and existing
bugs which showed up during the testing. In the mean time, the tools were updated
accordingly and uploaded to the BSCW server.

10
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3 End-user test results

3.1 Data availability and preparation

One of the objectives of CARE-S is for the software to be applicable to both data-rich and
data-lean networks. Data availability influences the way the CARE-S Rehab Manager can be
used. Some of the CARE-S modules are more data-consuming than others. The advanced user
with updated GIS, digital maintenance records, calibrated hydraulic network simulation
models, etc. can use all the functionality CARE-S provides. However, users with fewer data
can also benefit, but will more than likely adopt a different path through the software (Figure
8). Exactly which tools to use should be decided case-by-case, based on an evaluation of
availability and quality of data.

B

flexible

User Inputs

[T —
CARE-S REHABILITATION MANAGER
GIS USER INTERFACE

| I S

Failure Hydraulic & || o papiiitation | Socio-Economic

. Environment. <= = .
Forcasting Peformance | Technologies | Consequences

MULTICRITERIA DECISION SUPPORT

 Selection of Selection of
appropriate priority
rehab.tech. | schemes

Figure 8. CARE-Sflow chart and tools data demanding.

CARE-S can also have the role as a catalyst to start or improve the process of recording data
and act as an incentive to store as much data as possible of the highest quality. Tools such as
failure forecasting models require CCTV inspection records and the variation in record
lengths (number of years of data) amongst the test sites, helps determine a minimum
recommended value.

Testing has been done by end-users with various versions of the tools during the last year in
the project. The results might therefore not always be consistent regarding documentation of

11
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problems. Testing has proved to be very valuable in terms of tool improvement and reported
problems and bugs have been solved by the respective tool developer in the course of the
testing period. Additionally, application of CARE-S to real cases unmasked obstacles existing
on corporate databases to implement the software: lack of data, quality, etc. At the end of the
CARE-S project most tools obtained a satisfying functionality as outlined in Table 3.

Table 3: State of theart of the CARE-Stools

Tool Still Bugs Ok as stand alone Ok inside prototype
PI - Yes Yes
CCTYV Converter - Yes Yes
Predicting Struc Cond  Yes Yes -
grades

Blockages - Yes Yes
Zmodel - Yes Yes
WATZ - Yes Yes
External corrosion - Yes Yes
In - exfiltration - Yes Yes
Load Model - Yes Yes
Degradation - Yes Yes
CAT Yes Yes -
GAT - Yes Yes
HELLMUD - Yes Yes
Rehabilitation Tech - Yes Yes
Database

SocioFails - Yes Yes
SocioWorks - Yes Yes
SRP - Yes Yes
SRT - Yes Yes
SRS - Yes

Some of the listed tools as SocioFails, SocioWorks and SRP, SRT work as stand alone tools,
but since their input data are directly prepared by the CARE-S prototype after selection of
pipes candidate for rehabilitation plan, the use of that tools as stand alone is not really
meaningful.

In general, the preparation of raw data to supply the software in order to be able to run is still
an important aspect of the CARE-S and represents the major workload of CARE-S projects.
On the other hand, this is maybe the most critical part of the project. In fact, results from
CARE-S will depend on the quality of the input data: any analysis undertaken using the
CARE-S Rehab Manager will only be as good as the data used. Therefore, in order to produce
reliable results the input data has to be checked.

The Rehab Manager in its present version does not supply features for automatic quality
control of ALL the input data. It is the user’s responsibility to ensure that valid data are
available for import into the Rehab Manager.

3.2 Main findings

In general, no problems were encountered during the installation of the individual tools. The
installation procedure of the CARE-S Rehab Manager was not found however particularly
straightforward. However, installing subsequent upgrades is much easier and there is no need
to remove and reinstall the software longer.

12
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There is a wide variety of database structures being currently used by utilities.

Moreover, structural and maintenance data use to be stored in separate databases. In the
CARE-S Rehab Manager, GIS asset and failure data are imported as shape files (*.shp) or
comma separated value (‘.csv). Some end-users use GIS software which does not produce
shape files, being therefore necessary to extract data with other external tools in order to
produce shape files importable by the CARE-S Rehab Manager. Nonetheless, several features
like selection of elements in the GIS interface, expression builder and help file have proved
usefulness.

Since not every tool could be tested completely by all end-users, a procedure was performed
in order to evaluate the applicability of each tool to their particular situation.

321 CARE-SPI

Regarding the individual tools, the CARE-S_PI Tool allowed to retrieve a complete outline of
the network performance and conditions, disclosing needs for rehabilitation activities.

PI availability on utilities highly depends on recording habits. End-user have their own data
recording system which may allow for the calculation of some indicators in the CARE-S_PI
Tool, It proved to be useful for finding network zones with potential for rehabilitation and to
monitor its effects. The CARE-S_PI Tool, together with the built-in GIS system on the CARE-
S Rehab Manager have provided end-user with suggestion on the methodology to collect data.
Structural Analysis(CCTV Converter, Predicting Structural Condition grades (GompitZ),
in-exfiltration, Blockages, Zmodel, WATZ, External corrosion, Load Model)

Setup and run of CARE-S_Structural tools encountered no problems and was found to be easy
and straightforward. The user-friendly interface made possible an intuitive usage of most of
the listed tool. However the need of CCTV inspection data available for condition grade
prediction limited the use and testing of the GompitZ tool and tools related with its results
(SRS, SRP). The GompitZ tool is not completely implemented in the prototype, the need of
running it as stand alone in a DOS window reduces the possibilities of application of the tool.

3.2.2 Hydraulic Analysis (Degradation, CAT, GAT, HELLMUD)

Setup and run of CARE-S_Hydraulic tools encountered no problems and was found to be easy
and straightforward. The user-friendly interface made possible an intuitive usage of most of
the listed tool.

Problems incurred with the use of the COSs Assessment Tool (CAT): the tool is not
implemented yet in the prototype, but can run as stand alone.

3.2.3 Rehabilitation Tech Database

The Rehabilitation Technology database has been positively evaluated by users. The
possibility of adding their specific technology names and select only the one really applied by
the utility represents a useful feature. The tool is considered useful also as stand alone
database.

3.2.4 Socio-economic Analysis (SocioFails, SocioWorks)

Socio and economic tools have been tested in few networks. The two tools developed are
highly data hungry and their application doesn’t appear easy to understand for users.
Informatic improvement should be add in order to make the tools

3.25 Decision Support (SRP, SRT, SRS)

Setup and run of CARE-S_SRP and SRT tools encountered no problems and was found to be
easy and straightforward. The user-friendly interface made possible an intuitive usage of most
of the listed tool. However, for SRP, special care had to be taken when planning rehabilitation
policies: if socio-economical issues are taken into account as criteria for annual rehabilitation

13
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plans, results might significantly differ from those obtained if only hard facts such hydraulic
reliability or condition grades are considered.

SRS tool needs informatics development in order to completely implement it in the CARE-S
prototype and to allow a more user friendly interaction with the GompitZ tool, only manually
done so far.

CARE-S usage by the end-user might be a tough task to undertake if there is no additional
consultation supports form the partners. This is an important finding highlighted several times
on this testing: proper training is therefore essential.

3.3 Updated help files

Each of the individual tools, and also the CARE-S Rehab Manager has its own help system.
The testing proved the need of end-users for a suitable on-line help system that makes
possible an easy usage of the software and a better understanding of the scientific
fundamentals behind each individual tool.

The Help file has been made using “HTML HELP Control Version 5.2.3750.1280™.

The Help files created during the first stages of development of the tools have been kept
updated according to the suggestions made by end-users and when new features have been
added to the software.

The quality on the Help system varies between the different tools. Some are more clear or
user-friendly than others.

A common Help file is available inside the CARE-S prototype.

The user can browse the different help topics in different ways: through navigation buttons or
by means of index of contents, or searching facilities.

The CARE-S Help file guides the user through the topics:

CARE-S overview

Software basics

Data issues

Working with CARE-S tools

Working with projects and datasets

Getting results

Using your results

Brief help of the tools

14
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W SOFTWARE BASICS

i DATAISSUES [CARE]

% WORKING WITH CARE-S TOOLS

i WORKING WITH PROJECTS &ND DATA
% GETTING RESULTS

@ USING YOUR RESULTS

% Brief help of the toals

WELCOME TO THE CARE-S REHABILITATION
MANAGER

“Rehabilifate the right pipe at the right fime using the righi fechnologyt”

CARE-S (Computer Aided REhabilitation of Sewers network (CARE-S) project is funded by the
European Community, under the fifth framework program and contributing to the implementation of the
key action "sustainable management and quality of water’. This project aims to establish a rational
framework for sewer network rehabilitation decision-making and to develop a suite of tools, designed to
assist sewer networks asset managers.

The CARE-S project aims to develop methods and software that will enable sewerage engineers to
define and implement an effective system of the management of their sewer netwiorks, rehabilitating the
right pipe lengths at the right time. The results will be disseminated as a Manual of Best Practice faor
sewer network rehabilitation.

The projectis organised in the following Work Packages (WP
WP - Construction of a control panel of Performance Indicators for Rehabilitation

< % « W2 Description and validation of structural condition b,
L ekl sk .

Figure 9: CARE-SHelp File

3.4 Proposals for enhancement

The maintenance and upgrading of the CARE-S software and toolkit is an issue that needs to
be addressed in the commercial phase of CARE-S .

Hydraulic results are provided by external software .As long as CARE-S results rely to certain
extent on that software, compatibility should be maintained for future versions of this.

The CARE-S prototype needs to be improved in order to include hydraulic simulations run
using the freeware model SWMM.

Some tools, e¢.g. CAT, GompitZ, SocioFails/Works, still require much computer resources to
run in a user friendly way.

Limits have been highlighted by users in CCTV availability: users often suffer of lack of data
on pipe inspected. In many cases the percentage on inspected pipes is around 1% and, when
CCTYV are available, they are not digitalised but recorder on written protocols.

Care-S, as Care-W, are data hungry and time demanding on data collection.

Another weakness is that a very small number of end-user performs hydraulic modelling; and,
in turn, the lack of hydraulic data limits the use of Care-S.

As a consequence, an end user desiring to use Care-S must be prepared to invest a large
amount of money and time in collecting data and performing hydraulic modeling.

CARE-S usage by the end-user might be a tough task to undertake if there is no additional
consultation supports form the partners. This is an important finding highlighted several times
on this testing: proper training is therefore essential.

Other minor improvements, although not critical, might be considered to be include within the
software. Better integration with the Windows environment can be achieved by using controls
from the Microsoft Common Dialogs dynamic link library in many of the forms within the
tools. This is applicable to most of the tools so there is still some room for the improvement

15
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of the interface, reducing the opportunity for user error, providing all the tools of CARE-S
with a similar appearance.
Some users appreciated also the possibility to have CARE-S translated to the local language.

4 Concluding remarks

Overall, the tools included in CARE-S can work successfully with the CARE-S Rehab
Manager. All bugs identified during the testing have been fixed and validated. Compatibility
between input and output data from CARE-S Rehab Manager and the individual tools has
been found to be an important issue, and proved to be acceptable at the current stage.
Compatibility with existing information systems used by utilities is still an issue to be
addressed.

The testing carried out by end-users made it possible to evaluate data availability on corporate
databases as well as their structure, thus enabling the way for future implementation of rehab
programmes based on CARE-S. New ideas for data recording have been identified by the end-
users. On the other hand, extra functionality needed in the software was identified.

Feedback provided by the testing and validation of CARE-S extends and enhances the current
possibilities to approach rehabilitation of Sewer networks. End-users participating in the
testing of CARE-S generally validated the software as a useful tool which fits with those
already being used in water/wastewater utilities for asset maintenance management. It is
expected that the CARE-S toolkit as a whole will allow for the definition of a recommended
best practices for future rehabilitation plans, based on data availability and management goals.
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Report on testing carried out in Brno, Czech Republic
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INTRODUCTION

This report concerns Rehabilitation Manager Prototype 2.5.0.0 (respective 2.6.0.0) testing by BUT
during the period January - September 2005.

First part of the report describes Ivancice catchment, available data and data preparation. Main part
consists of tool testing within CARE-S (“integrated versions”) if no mention. Last version tested or
date of tool version change is written. Ivancice testing results and final resume can be found at the end
of the third chapter. A brief conclusion is included and additional comments and explanations are
listed in the Appendixes.

19
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| vancice case study

Catchment description

The Ivancice municipality is located in South Moravia, approximately 30 km south-west from
Brno at the confluence of three rivers — Jihlava, Oslava, Rokytna. Ivancice catchment
performs 162,77 ha, and it can be considered as a residential area. There are 7785 inhabitants.

Figure 1 Tvancice municipality

There were very different socio-politic situation in time of preparing Ivancice sewer network
project documentation. Different design parameters were used. Water consumption was over
250 1/ capita/day in about 1980 in Ivancice. An increasing trend was forecasted but it has
decreasing direction as the time goes. The evolution of urbanism is changing impermeability
coefficient which causes that more rain water has to be drained. The incidence of long time
rain events, in the last decades, causes more flooding.

It is necessary to design optimal technical measures and sewer system rehabilitation for
system adaptation to current environment conditions and where it is technically possible to
improve current state.

20
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The sewer system has a total length of 26 km and it
contains three main sewers A, B, C. The drainage
system includes 732 pipes and 739 manholes, 8 weirs
and 5 pumping stations. It is mainly combined sewer
system, average impermeability coefficient is of
0,34, average pipe depth is 3 m below the ground
level. Pipes cross section is of 96% circular, the rest

5%

is egg-shaped.
Figure 2 Material distribution @ concrete M clay O plastic
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Figure 3 Pipe length information according dimension
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Figure 4 Distribution of system type
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Data availability

Data for hydraulic smulation
Dry weather flow (DWF):

A dry weather flow determination has a substantial effect on calculation accuracy of
combined sewer overflow and consequently on pollution impact to the river. Q/H
measurement was done during 06-08/2003. Figure 5 shows flow curves inside the last
manhole in front of WWTP during monitoring campaign.

Ivanéice Q 1

70

60

50 1

4:48 7:12 9:36 12:00

14:24

16:48

19:12 0:00

Figure 5 Monitoring campaigne of DWF

These DWF values were found out by the sewer operator:

Inhabitants 7 785

Mo EO Industry 5788

Sum 13 573

. water l/capita.day 120

Inhabitants consumption m3/day 936

o water l/capita.day 120

§ Ll consumption |m3/day 695

L]

- Sum water lfcapita.day 120

= consumption |m3/day 1631

3 % 11
= Balast

G alas m3/day 181

Total l/capita.day 133

ma/day 1812

Figure 6 DWF values summary
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The synthetic rains (SE):

We used three synthetic design storms (according Sifald) with frequency 1; 0,2; 0,05.

Hyetogram zatézovaciho desté pro p =0,2

45.00 ‘
40.00 | . ] .
T 35.00 4 Hyetogram zatézovaciho desté pro p =0,1
S 300 +—
i- 25.00 —  60.00
00—
5 15.00 7 ] s s s |
= 12'88 | Fg 40.00 + Hyetogram zatézovaciho desté pro p = 0,05
0.00 =1 || 30.00 |
123 4§200f——— 0000
£ 000 ﬂw 50.00
K=
0.00 =1 L5 40.00 |
1 2 3 ‘g 30.00
g 20.00 |
<€ 10.00 |
0.00 |

123 456 7 8 910111213 141516 17 1819 20

¢as [min]

Figure 7 Hyetographs of synthetics rains (periodicity 0,2; 0,1; 0,05)

The historical rain data (HRD):

There is no measurement of rain events in this area. For testing purposes, a historical rain data from
near catchment was used. HRD consists of 29 worst rains from a time period 1975-96.

The additional information

(0]

O O O O o
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Installation year partly based on resident verbal information.

CCTV data (protocols and camera inspection records) were provided by Master plan maker.

Wall thickness obtained from pipe producers and distributors

Current roughness from MOUSE.

Ground water level and soil type from a geological-engineering survey.

Entry information for performance indicators were provided by Master plan maker and

operator of sewer network.

BOD, COD, specific water consumption was derived from Master plan.
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Data preparation and data import

0 Firstly a file with sewer topology (*.und) has to be imported for creating of a new project.

0 The hydraulic simulation (DWF, HRD, SE) output files (*.htm) were directly imported to Care-S
because some of the tool (E/I Tool, Hellmud) required them.

0 There is not common measurement of overflows in conditions of Ivancice municipality (duration,
volume, time). That is why an evaluating data of environmental impacts (CAT) were prepared
from hydraulic simulation manually by means of MikeView.

0 Camera inspection records had to be translated manually to electronic format (*.dat) according
CEN coding system.

0 The additional information was added to each pipe of sewer system mainly by Expression Builder.
(installation year, wall thickness, ground water level, manhole type, current roughness, names of

streets, system type, ...).

0 For testing purposes the input data were adequately simplified.
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CARE-S Rehab Manager Prototypetesting

Overview

User can find the tools in following order in Menu Tools in CareS. We tested tools written in
Italic.
Tools menu:

o0 Performance indicators
o CCTV data
0 Structural condition
— Predicting structural condition grades
— Infiltration/exfiltration
— Chokes/blockages
— Analysis of internal corrosion (simple model)
— Analysis of internal corrosion (detailed model)
— Analysis of external corrosion
— Load carrying capacity (probability of collapse)
o0 Hydraulic and environmental performance

— Hydraulic model

Updating hydraulic parameters
— Environmental consequences
— CSO assessment
— Groundwater assessment
— Calculation of probability of hydraulic and environmental failure
— Alternative to capital cost
0 Rehabilitation technology database
0 Socio-economic consequences
— Consequences of failure
— Consequences of rehabilitation work
0 Decision support
— Selection of pipes requiring rehabilitation
— Selection of rehabilitation technologies

— Long term rehabilitation strategies

Tools function testing

Pl Tool/S (version 1.0.0.2)
Data preparation:
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0 Prepared form is clear and easy to fill.
0 Import UI OK.

0 Import EI KO. String values of EI (e.g. yes/no, codes, ...) cannot be imported neither
manually inserted. Import of EI runs successfully only for first several numerical values (up to
first string value), then aborts and following cells are empty. Consequent numerical values can
be entered manually into PI Tool/S, consequent string values cannot be entered at all.

|S El table -
[CARE g
g
=S
El name I Unit o
Population density A
Demography and Cumrent population growth rate % peryear 003
economics Gross Mational Product per capita FE per copieiyear TE00.47
Inflation rate e yenr 180
average yeary rainfall I 54200
maximum yearly rainfall b 68240
minimum yearly rainfall rfer I T L7~ R —
availability of local statistical data yesne no
10 min, 10 year return period mmiyear
B0 min, 10 year return period ar
daily average airtemparature .:.yg 230 Import Of EI was
daily maximum air temperature c 1810
: 200 stopped on the
maxzimum altitude m 25037 b
Emironmert 5 208 first non numeric
Receiving bodiss - ocean yeaie no
i - - value.
rivers ye 3o yes
Receiving bodies - streams ye 3 yes
bays reshe no
Receiving bodies - wetlands ye3ne nao
Receiving bodies- soil esin yes
Special protected areas e 3ne no
special protected area b 0.00
Sewer seat stability yeshe
Maximum zoil movement due to soil liquefaction mm
Maximum angular deflection in jeints f
Sewer system agressive Maximum axial displacement in joints mm
tactors High volume traffic cade HY'
Normal wvalume traffic cade NU i
Lovw wolume traffic wde LV I
Rizk to be affected by other infrastructures works yeshn yes
FC36 Sewers located under flexible roadway Code UFR ufr
SCET Sewers located under rigid roadway Cade URR urt
=038 Sewers located under sidewalk Code LEW usn
=Ca9 Sewers located under grean areas Cade LA uga
SCFZ Bedding =oil type (categories to be defined) avel sand
o (oot i e FLacktill il t, to_ha definad e .
M 4 b M|\ PLtable / UItable EI table 14l F|gu re8 Data_entry

Fripraven form of EI table
Data processing:

0 Calculation and export file CareSave.xls OK.

0 Time series graph OK.

0 Dataset comparison graph OK.

0 PI comparison KO (Graph error).
Comments:

0 None.
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CCTVCEN Corvertor (version 1.0.0.1)
Data preparation:

0 Manually.
Data processing:

0 Data registering OK. (We did not need to use convertor, because codes were directly written
in CEN code.)
0 Result presentation in GIS KO. (Presented CCTV inspection was not the same with reality,

see Appendix 5.2)

et DT TEST - [Piges el rmsulte: Lnat SurveyPrriod] =18 x|
5 Broject Dotmsel Todk Qvlons Beperls Window bk T
Setection | Acirve Dataet |
S| aamxls |lolols] O] e oo 0
¥ ACTIVE DATASET LABEL]

A D
~ S b
Abree 10

7 ALLFPES
~
¥ MARHOLES [TYFE|
= WWTE
i
—+ Ol
* Manhols

I Praject: BAIT TEST - [Pigpe beved recults: LstSarvery eriad] 18] x|
5 Broject Dotasel Tooky Opbiors Beorts Winden e 81|

3 SIGIOEASHGTITR Y 1 1R ST22I22F

Setection | Actve Dataset |
a(s@a|mxl-|~|ools] SOIM] [ s =0

F ACTIVE DATASET LADEL)
A O &

Figure 9 Wrong presentation of “Last | © &%,

Survey Period* ~

¥ MAKHOLES [TYPE]
n WP

R
—+ Ouia
* Mrhoie

Figure 10 True presentation of “Last
Survey Period*
(after correction )

. §1FA30 SR THIIR Y 1168813 BR4R14R1

Comments:
0 If a user does not dispose with exported files from program for CCTV, a manual preparation
of codes to electronic format is very difficult.

0 Uncomfortable user interface of simple text file (notepad).
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GompitZ (9/9/2005)
Data preparation:

0]

Automatic creation of input file Strata.txt OK (with wrong order condition grades and without

item “Inspection Year” for pipes without CCTV inspection)

Data processing:

O Automatic creation of output file calibr.txt OK.

0 Evaluating of future condition grades was aborted. Unfortunately we are not able to
accomplish a minimum CCTV sample size requirement (number of pipe with CCTV is less
then nbcond*25=75).

Figure 11 Strata.txt, calibr.txt

g =[] -l
Soubor  Upravy Formét  Zobrazeni Napovéda Soubor Upravy Farmét Zobrazeni Napowida
3,2,1 - FompitzZ v1.05 - Calibration results B
combined, sewer :I
combined, 1 o stratum conkined o o
sewer, 1 ’ 597 (total weight = 597.00) pipelines described in this stratum
combined, 302,1955,,3,1,27.56 : :

b U U U0 S0 0 [ 1 ht = 6.00 B
combined 55511570, 0571058.5 (55T vetdn - 2:00) of spicn Tn congie on state 3
Comhinad,155,1070,,3,1,28.37 1 trora) welant 2 4-00) of phich In condition state 2
combined, 590,1955, ,3,1,28.03
combined, 393,1980,,2,1,28.01 Convergence achieved in 21 iterations
comhbined, 729,1995,,1,1,27.594 Log-Likelihood = -5.204971

combined, 684,1980,,2,1,27. 85

4

combined,414,1955,,2,1,27.71 parameter estimates and wald chi2 tests

combined, 243,1995,,1,1,26.63

combined, 642,1960,,2,1,27.63 Label Estimate std. Error DF chiz pr-chiz2
Egmgm:g’ggg’%ggg’ i%ggg? Alpha(3] (vs 0) +5.52622-00L 1.1845e4000 1 2.1765e-001 0640836
combined 5 itme. 1135 5% W1pha(2) (vs Alpha(3)) ~1.732084000 1.477024000 1 4.934024000 0. 026333
coningd 70 dead 11157 S Sl
combined,460,1980, ,2,1,27.2 hE SCaERERGING, Bl QUEEPL O Uk
combined,191,1995,,1,1,27

combined, 560,1975, , 2,1, 26.93

combined, 703,19%5, ,1,1,26.87 ww STRaTUM Sewer e

combined, 604,1580,,2,1,26.82 52 (total weight = 92.00) pipelines described in this stratum
combined,498,1955,,32,1,30.77 ||
combined, 227,19%5,,1,1,27.64 0 (total weight = 0.00) inspections reported:

combined,444,1955,,3,1,29.39 - warning: stratum void of inspection data - Calibration aborted

|z 4] o

Comments:

(0]

We would appreciate possibility to run this tool without CCTV inspection. An operator is
often able to assess current condition grade in base of his long time experience with sewer
system. Now “Inspection Year” is not editable within CARE-S. Our problem could be solved
if we will be allowed to change data in Strata.txt file.

Finally, we run the tool as a stand-alone version in DOS window, which is not very user-
friendly. Theoretical condition state labels in Strata.txt should be ordered from the best to the
worst one, but it is created automatically conversely. We changed this and added “Inspection
Year” into the file. The tool gives results but we are not able to import the results into CARE-
S Rehab Manger.

E/l Tool (version 1.1.0.0)
Data preparation:

(0]
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Data preparation KO. Non of imported Mouse results in the list cannot be used for
calculation.
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Select file from analysis that contains time varying water levels in the pipes.

TrainingBUT TEST, Summary_ HD_sifald02x_|

[

(0] | Cancel |

Design storm - 20 in 5 {C

x|

Invalid mouse results fle CA\CareSkTraininglBUT TESTYSUmM mary_HD_sifald0Zsxe_HT.htm

Figure 12 Invalid Mouse results file

Data processing:

o0 Calculation KO.
Comments

0 All these Mouse result files were used successfully for running of other tools.

Blockage Tool (2/8/2005)
Data preparation:

0 Creation of input file CS_Segments(*)In.csv OK.
0 Creation of input file CS_Blockages(*)In.csv OK.

Data processing:

0 Creation of output file blocakges out.txt OK.
0 Saving tool results in Rehab Manager database OK.
0 Result presentation in GIS OK.

Comments:

0 None.

Zmode (version 1.4.0.0)
Data preparation:

0 Creation of input file FileIn.txt OK.

Data processing:

0 Creation of output file FileOut.txt OK.
0 Saving tool results in Rehab Manager database KO (in spite of a report message ,,ZModel
result imported* and after project saving).

0 Result presentation in GIS KO.

29



CARE-S Testing Report

B FileIn.txt - Poznamkovy blok

Soubor  Uprawy Format  Zobrazeni Mapowéda

=10l x|

ERR

Pipename=216

Slope=1, 780411E-02
shape=egg-shaped
width=400

Height=500
Roughhness=1479, 99856420143
PipeType=G

DWF=0, 01
Corrodible=true

EOD=206

COD=590

OO

PipeName=305
Slope=1,167118E-03
shape=Circular
width=800

Height=800
Roughness=2959, 99677134
PipeType=aG

DwF=0, 0l
Corrodible=strue

BOD=206

CoD=590

RO

Pipename=146§
Slope=7,251337E-04
Shape=Circular
width=700

Height=700
Roughness=2589, 997155248589

Kl

=
|

2|

1ol x]

Soubor  Upravy  Format
Zobrazeni Mapoveda

HOHH -
Pipename=216 =l
Risk=wvery Tow

Z-value=1716a
OO J

Fipename=305
Risk=Low
Z—walue=5736

M

Pipename=146
R sk=Medium
Z—walue=8808

HOHH
Pipename=306
Risk=wvery Tow
Z-value=4387

LT

Pipename=144
Risk=medium
Z—walue=r5s77

MM

Pipename=147
Risk=wvery Tow
Z-value=4376

x| o

Figure 13 Input/Output files ZModel

Comments:

0 The roughness has a strange value, units are neither known not displayed.

WATS (31/3/2005)
Data preparation:

0 Creation of input file FileIn.txt OK.

Data processing:

0 Creation of output file FileOut.txt OK.

0 Saving tool results in Rehab Manager database KO (in spite of a report message ,,Internal

corrosion result imported* and after project saving).

O Result presentation in GIS KO.
Comments:

O None.

External corrosion (version 1.0.0.2)
Data preparation:

0 Creation of input file i-fil.txt OK.

Data processing:
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0 Creation of output file expcorr.txt OK.

0 Saving tool results in Rehab Manager database OK.

O Result presentation in GIS OK.
Comments:

0 None.

L oad model (version 1.0.0.2)
Data preparation:

0 Creation of input file i-fil.txt OK.

Data processing:

0 Creation of output file expload.txt OK.

0 Saving tool results in Rehab Manager database OK.

O Result presentation in GIS OK.
Comments:

O None.

Create hydraulic model file
Data processing:

O Creating of a new file (*).und OK.

Degradation Tool (version 1.2.13)
Data preparation:

0 Creation of file CS(*).xls OK.

Data processing:

0 Computation OK.

0 Saving tool results in Rehab Manager database OK.

0 Result presentation in GIS OK.
Comments:

0 Itis avery user friendly program.

CAT (version 1.0.0.14)
Data preparation:

0 Required input data for CAT are start/end time of CSO and volume of overflow.

0 Overflow progress during one rain event can have various shapes. (one rain event is not equal

one overflow event; see Figure 14).
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Time Series Weir/Orifice-Gate Discharge [mdss]
T T T

7777777777777777777777 L o = F = =
T I T I T I ool — L oo
e B it e e [ e e
L S A IO AN RN R 08 I
| I | I | I 080 — o =
e Bl e e i A ot — + o+ -
B T T S [ SO A O
O e  E e A N AN S |
| | | | | | B e N T I e
e e e S A o0 — T = 7
I ossl —+ L —
L L osof- — L
T I T I T I
e B e e A o T T
L Y A a0 — +
R e e ol — L
T I T I T I ool _ L
B T T |
L A T T
| I I I | I ot — +
e e e S A ol — L
I |
[
I O S I B |
T I T I T I 0051 — T
T T 0. +-

T
16:20:00

10-8-1977

(0]

(0]

(0]
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T T T T T T T T T u y T T T T T T T T
16:4000 170000 172000 17:40:00 180000 182000 184000 190000 192000 013000 020000 023000 030000  0330:00 040000 043000 050000 053000 060000 063
2071903

Figure 14 Mouse result file (*.prf) - Time Series Weir/Orifice-Gate Discharge

Hydraulic result files MOUSE (*.htm) contain information about CSO shown in Figure 15
(Note, that accumulated value means TOTAL overflow volume of each weir, regardless
number of overflow events, and there is not start/end time of overflows but only time of
MIN/MAX thresholds of overflow in the table)

Input data were manually prepared in file *.csv by means of MikeView software (working
with files *.prf).

Keep right time data format (rrrr-mm-dd hh:mm:ss).

Minitmon | Maxirn A[‘{‘E:;];ltﬁl Time - Minimmm | Time - Maxirmm

[mn3/5] [mn3/5] [m3]
DK 707wl 0,000 0,537 1788,4 | 1993-07-20 01:09:00 | 1993-07-20 01:45:00
DK 706wl 0,000 0,495 063,98 1993-07-20 01:09:00 | 1993-07-20 01:43:.00
O 7wl 0,000 0,540 2930,5| 1993-07-20 01:09:00 | 1993-07-20 01:43:00

Figure 15 Mouse result file (*.htm) - Table Weir/Orifice-Gate Discharge

[P CS{BUD TEST).cs¥ - Poznamkovy blok i ]|
Soubor  Upravy Formdt  Zobrazeni Mapowvéda
Epill start,spill end,CSoStuctureID, volume -

1975-05-14 23:08:00,1075-05-14 23:28:00,0K707wl, 253, D87
19753-05-30 14:59:00,19%73-05-30 153:37:00,0K707wl, 495,037
1975-08-16 09:18:00,1%75-08-16 09:54:00,0K707wl, 681,295
1976-05-26 17:55:00,1976-05-26 18:47:00,0K707wl, 725, 086
1977-07-13 17:25:00,1977-07-13 18:17:00,0K707wl,1555.99
1977-08-10 16:25:00,1977-08-10 16:538:00,0K707wl, 653,66
1977-08-21 23:07:00,1977-08-22 01:1%9:00,0K707wl,3604.65

Figure 16 CAT input file (*.csv)
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Data processing:
0 Creation of file CS(*).xls OK.

0 Graph shows only 10 years with rain event, why no more? (we have 18 years with rain events,
10 years were displayed, the rest is not shown)

T x|
C50 REPORT (Compbarcce to Standands]
C ovesfiows and eficoess ved
Dursbore [Threshold = 15 k)
1975 Comglarce: yes  Devistorr (11h Devstonin 5 7333334
197 Comphance: yes  Deviator £h  Devistionin X -4
1977 Comghance: ND
1978 Comghance: yor
190 Complance: yes
T Comghares: prs
1982 Compharce. yus
1965 Comphance: yer  Devistionr $h L
1968 Complance: pes  Devislior: (1R Devistionin X 6EEE66T
1990 Comghonce: yes  Devistiorr Sh Devistionin NN -
| J_‘
Wiew
Duzabon Vohume
hows
I Mok | Losd I
Legerd
15
B K7
O ok
O ok
4 | kTS
1975 1976 1977 1979 1930 1981 192 1995 1988 1990 o 0O 0K
[Eport io Gopbesd] o [ e Tae | Hep

Figure 17 CAT result graph

Comments:

0 It is not possible to run CAT within CARE-S therefore it was tested as stand alone version.
Hydraulic simulation of 10 years long rain data series is very time consuming, and no every
operator has continual rain measurement.

GAT (version 1.0.0.7)

Data preparation:
0 Creation of input file CS(*).csv OK. (with wrong LinkID = User reference, see comments for
Hellmud, chapter 3.2.14)
Data processing:
0 Creation of output file CS(*)out.csv OK.
Comments:
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0 Error displaying in GIS (,,Ground water level class*) signalizes something wrong. But there is
“only” ground water level above the pipe - and it is not error!

W Project: BUT TEST - [Pipe level results: Groundwater level class] =k
B Eropct Datssst Took Optiors Beports Wndow  Lisb _ |2 x|
| Wop | Selection | Active Dataset|

ale|ala|n|x||~|elols| 2|o|s]| [ew et owier =]
¥ ACTIVE DATASET (LABEL)

[ ALLFFES
o

[ MANHOLES (TYFE)
= WWTR
“Wair
¥ Pump
*  Manhole

[ 61671641 8763675 v -1 166361 3AI4A6HT

Figure 18 Ground water level class

Hellmud (version 3.4.0.7)
Data preparation:

O Automatic creation of input file CS(*)layout.csv OK.

0 Automatic creation of input file CS(*)simulation.csv OK.

0 Import CS(*)Gat.csv KO.

0 Import CS(*)Cat.csv OK. (Firstly CAT has to be run as a stand alone version, its output file
has to be named as CS(*)out.csv. and put into CareS/CAT folder).

Data processing:

34

0 Calculation of SE simulation run OK, (,,Warnings“ are just informative).
0 Calculation of HRD simulation OK (for approximately 8 rain events).

0 Calculation of HRD simulation KO (tested for 22 rain events, we interrupted processing after

approximately 6 hours).
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0 Graphs OK.
0 Result presentation in GIS OK.
Comments:

0 Do not forget to change a value “critical level” according your needs.
0 GAT LinkIDs are different from Hellmud IDs. You can go around this mistake simply by
copying and pasting values from Hellmud layout file to GAT output file.

CS(BUT TEST Jout.csv == x|
) stubor Upeavy Zebrazt Vilt Formdt Mistole Dot Qkne Nipowids = - 8 %
OF s @R s BT -0 @ -85 d@wee ~3, 0y =0 - By EEEE S m S FE DA
i3 ta I T | ) g | e .
138 - 13
| A B [ D = E G H L
1 [hbject I} Exfitrabion Rate Class | Groundwater level class Permeability class | VULNERABILITY{HML) wulnerabity{drastic) vuinerabiliby Extround)  Vulnaratity[FermGround} |
& 1 e high low La 1 e kowe | |
h 2 loiwe high low L3 H lowi bowi
4 3 I High | Lo 21 fve kv
5 Lol
g £l =] Soubor Upravy Zobrazt Vio#t Formdt [Nastroje Data Okno  Napowéda Népovéda - zadsjte dotsz ~ - @ X
il s = : =
o ¢ DEEHREIE 8 B-19-0-182 -3@e Bimw 0. BIU = SICEAE I T e |
a E 2 eatea B B g8 | ¥ odpovEdet se zménanmi.. Ukondt revizi !
10 .!. Al - F “ersion
1 1o A | B8 | ¢ D E | F | 6 ] H ] T K] L [ N [ © =
‘:’" reion !NamaOsz Scenario |Model —|
:: Helpudd BUT TEST 1M
15 From NodeTo Mode  |Up - Invert | Dawn - InviDrainage £ Length Slope Qeap Critical LevMaterial  Shape roughness| CW rought He
16 Il Il [m] [m] [] [m] [%s] [m3fs] [ [l Il [m-1/3fs] |[mr] [m
17 655 63121932 217,81 c 41,03 3680 015 sCT1 1 000143 1109999 0.3
18| 631 632217 81 216 B0 c 32,14 37 B5 015 sCT1 1 000143 1109999 0.3
632 B33 21660 21588 C 2726 3375 a1s sC11 1 000143 1109999 03
633 63421568 21502 c 1838 3477 o015 sC11 1 00,0143 1109999 0.3
634 63521502 21381 c 50,74 2385 o015 sC11 1 00,0143 1109999 0.3
635 636213 81 21376 c 37,00 135 o115 sC11 1 00,0143 1109999 0.3
636 B637(21376  [21257 [ 52,24 22,78 o115 sC11 1 00,0143 1102999 0.3
637 65621257 21183 o 3439 2142 a1s5 sC11 1 00,0143 1108999 03
AR RE11AT P RIRR (7371 nia s011 1 nnn4a 1naess na

Figure 19 Different ID
(GAT output file x Hellmud input file)

SRS (13/9/2005)
Data preparation:

0 Import of input file OK.

Data processing:

0 Calculation OK

o0 Displaying of results OK

0 Creation of output file KO (export of results not possible)
Comments:

0 How to save data into CARE-S?

SRP (V2005.5.10. BETA)
Data preparation:

0 Import of input file OK (but without results from some tools)

Data processing:

0 Elimination OK
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0 Displaying of results OK
0 Creation of output file OK/KO (in some cases export of results not possible)
Comments:

0 Why not possible to export data into file time-to-time?

SRT (29/9/2005)
Data preparation:

0 Creation of input file OK.

Data processing:

0 Creation of output file OK.
Comments:

0 None.
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Report on testing results analysis on Ivancice network

Performance indicators

Performance indicators for years 2002/2003/2004 were evaluated. As the sewer system is of rather
small size, operator does not have Ul available / PI calculated for each parts of sewer network, but
only for whole system.

Ul:

Environmental data 1/5

Physical assets data 44/65
Operational data 11/19

Demografy (and customer) data 5/6
Duality of service data 5/8
Economic and financial data 0/7

Time data 1/1

Environmental 1/5
Physical 1/3
Operational 9/19
Quality of service 5/8
Financial 0/6

OOOOO|EOOOOOOO

CCTV data

This municipality has approximately 160 m pipes inspected (less then 1 %). An operator does not use
a program for CCTV data registering with export data to (*).dat format (only written protocols). In
spite of that the end user has a long time experience of current state of sewer system.
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Il Project: BUT TEST - [Pipe level results: LastSurveyPeriod] =2 5[
(3. Project Datasst Tools Options Reports SWindow Help = x|

Map | Selection | Active Dataset |
S| ®[® |90« [~[o|o]s]| 2(O|#] [ren ok 0

[V ACTIVE DATASET (LABEL]

A 0ws
W 5w 10
Ahove 10

¥ ALL PIPES
o
¥ MANHOLES [TYPE)

= Pump
—+ Ouifal f
® Manhols o] /

e &
*: -B16114.36625 . -1170197.90833233
Figure 20 Last survey period
Il Project: BUT TEST - [Pipe level results: CurrentConditionGrade] =2 5[
(3. Project Datasst Tools Options Reports SWindow Help = x|

Map | Selection | Active Dataset |
S| ®[® |90« [~[o|o]s]| 2(O|#] [ren ok 0

[V ACTIVE DATASET (LABEL]

v /

M1
¥ ALL PIPES

¥ MANHOLES [TYPE)
= WWTP
Wieir
= Pump

—+ Ouifal

# Manhole

»: B15395.923842593 v -1169099, 39814815

Figure 21 Current condition grade

Predicting structural condition grades

We are interesting in using this tool but evaluating of future condition grades was aborted.
Unfortunately we are not able to accomplish a minimum sample size requirement and when

using manual preparation (see 3.2.3., we are not able to find future condition grade in output
files).
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Analysis of internal corrosion (simple model)

Input values (BOD=206 mg/l, COD=590 mg/l, pH=7,66) are consider as average for all pipes.
They are coming from measurement in front of WWTP.
Internal corrosion risk:

0 Very low 48
0 Low6

0 Medium 0

0 Highl

0 Very high 0

Analysis of external corrosion

There are 449 corrodible pipes in the network. External corrosion rate is of 0 to 4,6 mm/year.
The maximum value seems to be a rather great.

Ml Project: BUT TEST - [Pipe level results: CurrentExternalCorrosionRate {mm;'y)] - & x|
B5. Project Dataset Tools Options Reports  Window Help & x|

Sl®a||Mmx] |w|o|ols| 2@#H] e  Ewens e <]
% ACTIVE DATASET [LABEL]

Ito 4
A Bbove 4
[ ALLFIFES
»

[¥ MANHOLES [TYFE)
= WWTP
Weir

i
= Pump
- Outtal
® Manhole

X -615034.527546296 . -1170431.88703704 |

Figure 22 Current external corrosion
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Load carrying capacity (probability of collapse)

Load model analyzed 408 pipes with required data for year 2010.

Il Project: BUT TEST - [Pipe level results: PredictedProbabilityDfCollapse] -8 x|

=181

£5: Project Dataset Tools Options Reports Window Help

. Map | Selection | Active Dataset |

S|#aa|mxl|~lalols]| 2|@#] [ven om0 <0

[ ACTIVE DATASET (LABEL]
A O 2

2o 4

A4t B

Bto B
A #bove 8
[¥ ALL PIPES
”

¥ MANHOLES [TYPE)
= WWTP
Wigir
—T— Pump
it

Outfall
@& Manhole

% -B15189.705324074 : -1170320 8462963

Figure 23 Predicted probability of collapse

Updating hydraulic parameters

Degradation Tool produces a change of roughness only in inspected pipes (CCTV); thus a
new network can be simulated again with MOUSE and results imported back in the Rehab
Manager central Database. There were 6 pipes inspected. The initial value of roughness range
from 0,0118 to 0,0143. After Tool use, a new value has been found for pipes inspected; this
value is of 0,01062 for all 6 pipes. Our user does not understand why new value is less then

the initial value.
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:: Hrojecta BUIRIEST ] Piped evel esulis sl ransi HonhatnixHonohiess J J Lﬂl
B3 Project Dataset Tools Options Reports Window Help

Map l Selection 1 Active Dataset 1
sl ®ala@xl-~ools] 2le#] [New  <Eensvels ~[10

[V ACTIVE DATASET [LAREL)
A O .o
Above (118

v SLLPIPES
i
¥ MANHOLES [TYPE]
= WWTP
Wieir
= Pump
—+ Dutfal
*  HManhole

- HTETRE: EFENER NFLEERE ) |

Figure 24 Transition matrix roughness

CSO assessment

Because time reasons (input preparation, uncertainty of results) we evaluated only 5 CSO
structures by Method 1.

Input values: BOD (78,441 g/capita/day), COD (27,395 g/capita/day), NH-4-N (5,085
g/capita/day), specific water consumption (133 1/capita/day)
A-value: the river is probably not influenced by urban drainage.

B-value: the river biocoenosis is probably adversely affected by the hydraulic impact of CSO.
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Figure 25 CAT graphs (Duration, Volume, Number, Load)

All four parameters should be evaluated together. From the Figure 25 is obvious, that any of
the overflow parameters itself is not authoritative criterion for evaluation of CSO. E.g. white
colored CSO Structure OK708: according to Number of overflow is seems so have a similar
significance like OK704 and OK705. Nevertheless, according to Volume, OK708 has only
very little significance in comparison with OK704 and OK705.
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Calculation of probability of hydraulic and environmental failure

Default critical level was changed to value 1,5. Computation runs also with GAT and CAT
outputs. Velocity criteria were not changed (default). User gets knowledge of the potential
problem pipes. We compared Hellmud results with an evaluation within Master plan. The
results were very similar, Hellmud results were more detailed.

W Project: BUT TEST - [Pipe level results: ProbabiityOfiteachingwaterLewet2] ~ Q]ﬂ
B Eroject Qatsst Took QOptons Beports Window Hep =12 x|
| tdep | Setecion | Acive Dataset|

s|9ajalalx|-|~[olo|s| Sle|a| Fe —owrowe =T
¥ ACTVE DATASET (LABEL)

[ -616413 S2TRE24EA v =11 7041002710027

Figure 26 Probability of reaching level 2 (top of the pipe)
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- ct: BUT TEST - [Pipe level results: Prob ofiteachingWaterLevels] - |
B Eropect [Qatmet Tooky Optiors Reports Window =)
| tdep | Setecion | Acive Dataset|
s|slalalalx|.|~|ojo|s| Slefm]| e e ot =T
¥ ACTIVE DATASET (LABEL)
# 0w 04 I
Mo 2
2t 4
H
23
[ ALLPIFES
~
[+ MANHOLES (TYFE)
e
1 R
*  Manhole
152 v | [

Figure 28 Current hydraulic probability (ground level)

44

=1=1=
=8 x|
| tdep | Setecion | Acive Dataset|
s|s(alalolx|-||ojo|s| slo[a| FrSTewowe
[ ACTIVE DATASET (LABEL) \
o -
o ey e i
2104 .
i A, i
13 s »
A Abear 1 aslll W S f’
[F ALLPIPES Fattee s L
p ) ; .
[+ MANHOLES (TYFE) e gt d i
R TE e f ' 1
T Pump MY S IR 1 .
-l-umolo 7 . - -}-k‘;\.‘ }
] I AN,
b 20 A A "a SN
B S 7 S - % .
. ..yhzf Yot ol s
= wt ll 3 @ “ Y ., &
t £ "
E LA . \Y$<’4
"% * T v -
% N i
o L #
. .. i
..‘ f?' o louzn"‘ ..‘n‘o“ ﬁ'-,.!'
= -
ST -—4}"’ T 1::’_'_,-‘3":\—-’
* Yortme # b I+ -~
¥ £ r
\\ e — Vr‘
v - —
R L |
P [
i 1 :
el 1
T -
2616601 587645664 . -1170410.02710027 [ |



CARE-S Testing Report

Long term rehabilitation strategies

For the testing network, into three last tools (SRS, SRP, SRT) were entered only raw values
(costs, inflation rate etc). The main aim was to try running the tool, not obtaining exact
results. There are 4 condition classes (“1”, “2”, “3” according to user experience and “5” from
CCTV inspection).
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Figure 30 Future network deterioration:
a) without any rehabilitation b) rehabilitation of 1000m every 5 years
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Figure 31 Discounted investment costs
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Selection of pipes requiring rehabilitation

During creation of input file results from Hellmud tool were not imported as if the tool was
not run. The cells “Filling level”, “Flow velocity” were empty although the data were saved in
the Database. Socio-economic criteria were not imported as we have no data for running
socio-economic tools.

Selection run successfully, problem with export of result occurs in some cases.

Figure 32 Imported data Figure 32 Selection of pipes

Selection of rehabilitation technologies

SRT Tool was used for selection of suitable technology — e

for several Candidates selected by SRP Tool, running as [kt e i

stand alone version. (et 0 [ 3 [l oent i e
. . [ g (o o oo a2 o

As input data was entered only for testing purposes, no i

e ol el o

results were controlled and interpreted. -
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CONCLUSIONS

Working with CARE-S Rehab Manger was focused especially on following aims:

0 Familiarization with CARE-S software
Testing of functionality and reliability performance of the software
Introduction of the CARE-S to our end-user
Application on real sewer network
Consultation of calculations, user interface and result with end user
Our end user is fairly satisfied with CARE-S Rehab Manger. He is persuaded that the software,
describing performance of sewer network from various points of view, can bring a great benefit for
sewer rehabilitation. Tested municipality already owns elaborated Masterplan of Urban Drainage
including Rehabilitation plan, which enabled comparison of particular results from various CARE-S
tools. A possibility to use results obtained on the base of this sophisticated Decision Support System
for calling for funds from different sources is highly appreciated. Another advantage is registration
and collection of important information on the network in the only database, within one integrated
tool, and their presentation / visual display by means of GIS. For comparison of particular results
would be excellent to enable opening of more then two GIS windows.
With respect to rather great requirements for input data, the end user will have to change his approach
to data recording (new measurements, collection and registration of data etc.). For this case study
represented by small district is not supposed an extensive CCTV inspection (because of costs), but in
the frame of the whole competence of end user operation is expected a broad CCTV survey.
User would welcome easy reading, clear and understandable help and instruction for work with the
software.
For distribution and usage in the Czech Republic, following factors will be crucial:

0 Costs and return of investments

0 Introduction of the product with presentation of advantages and demonstration of its

functionality

0 Further development of the product, customer service and consulting

0 Language (can be limiting factor for using)
On the base of end user feed back, after launching of final CARE-S product we await further positive
responses and interest in application of CARE-S in the Czech Republic.

o}
o}
o
o}

Tipsand suggestions for working with CARE-S
0 Save, save, save project! Otherwise, in case the program failed, the results are lost.
Be oriented in Rehab Manager database! (check out paths and addresses)
Before you get a practice it is better simplified data at the beginning.
Have a CareS really installed on disk C:\CareS, otherwise the unpredictable problems occur.
Program is running even it seems to be dead.

O O0OO0O0
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Report on testing carried out in Dresden, Germany

Partner: TU Dresden
End User: Stadtentwésserung Dresden (SEDD)

Author: Stefan Hoeft
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INTRODUCTION

The test case area is Pieschen, a sub-network of Dresden, operated by Stadtentwdsserung
Dresden (SEDD). The sub-network represents 139 km, or approximately 9% of the total
network length of the sewer system of Dresden. Construction periods are well known for the
network. However, data for the decades after World War II is rather assumptive, especially
the significant peak in 1960 (Figure 1) is most probably due to the assignment of pipes for
which the exact installation year is unknown.
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Figurel: Sewer length in km by construction year for Dresden and
Dresden-Pieschen

The sub-network is located in the North-West of Dresden on the right hand side of river Elbe
(Figure 2). The area includes high density urban areas, industrial and commercial areas, a
more rural area in the Northern part and the Wastewater treatment plant (WWTP, the blue
point on the map, Figure 3).

With respect to the tools that require hydraulic simulation data it was decided to import the
surrounding sub-network of Dresden-Neustadt additionally because this whole area drains
into the network of Pieschen, especially into the main collector drain located along the river
Elbe. That decision allows a hydraulic dissociation with a minimum number of system
boundaries with unknown conditions (only two cut-offs) and it is assumed that the cut offs do
not influence the hydraulic situation of the network.
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Figure2:  Scheme of the Dresden Sewer system indicated the Pieschen sub-network

® wwrp
[ Parks, woods
Population density
1 <1500 hd/km?
[ 1500 ... < 3000 hd/km?
I 3000 ... < 5000 hd/km?
B 5000 ... < 8000 hd/km?

Figure 3. Condition grades of inspected sewer pipes, and area covered by the sub-
network, indicated are green spaces, population densities of the area of interest and the
location of the WWTP
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DATA AVAILABILITY

During the tests we detected data format inconsistencies. Hydraulic data of SEDD is only
available in Hystem Extran or GIS format, while Care-S requires the data according to
Infoworks, Mouse and SWMM formats. Thus we wrote a routine to convert the Hystem
Extran data into the SWMMS5 format. After the implementation of the import function for
hydraulic data in SWMMS5-format it was announced that CARE-S can import SWMM4.4 data
only. A new conversation of data to the supported format was necessary.

Another issue concerning data is related to the database of the operator of the sewer network. SEDD
uses two different databases, one database contains data for all assets enclosing the complete network.
For hydraulic simulations SEDD uses a simplified model to reduce the simulation time, therefore the
associated database contains data of a reduced sewer network. These databases contain different IDs
for the same conduits. Within CARE-S it is necessary to associate the hydraulic results for single pipes
to data coming from other models. Due to the missing synchronisation of the databases it was not
possible to test all CARE-S tools. Some tools were tested outside the Rehabilitation manager. Further
comments are given in the chapter Recommendations and Requirements.

GUI

The Graphical User Interface provides a lot of useful tools and functions for selection and
update of pipe and manhole properties. In particular the expression builder with its several
options has shown to be very useful.

GAT tool

We tested the Groundwater Assessment Tool as stand alone version. The reason therefore is
described under the chapter recommendations and requirements. Vulnerability values reach
from 25 to 108 in the example (Figure 4).
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Sewer Network Dresden

Figure 4:  Result of the groundwater vulnerability evaluation for Dresden

Recommendations and Requirements

Hydraulic simulations in sewer networks with thousands of conduits are very time-consuming. Thus in
most case studies the networks are simplified to reduce the simulation time. On that account there are
two different network databases for the same network. Data like installation year, material, condition
grade etc. are stored in the detailed database. Only the data set that is needed for hydraulic simulation
is stored in the simplified model database. In case of SEDD only the simplified model can be imported
to Care-S and there is no easy way to insert the missing data of the detailed model. For example the
transfer of attributes of conduits of the detailed model that can be different for each of these conduits
to only one lumped conduit in the simplified model is still impossible yet. A solution for this problem
is required because other larger towns are also predestined for that problem.
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CONCLUSIONS

In respect to the different data formats for the hydraulic model and the fact that two databases
with different Pipe IDs exist makes the data import into Care-S very difficult. Before an
effective use of Care-S for the interests of SEDD is possible it is necessary to import more
information about the conduits from the detailed model easily.
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Report on testing carried out in Oslo, Norway

Partner: SINTEF
End User: Oslo Muncipality

Author: Ingrid Selseth
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INTRODUCTION
The Nordberg catchment is situated in the northern part of Oslo.

Bartholomew Lid 2004 ﬁ ey
Location of the Nordberg catchment

For the testing of CareS, it was important to choose a subcatchment which contains pipes
where operational failures were recorded (blockages) and where it is possible to get
information about the pipes and their structural state. It was decided to consider only the
subcatchment of Nordberg (called Al), and which has an area of around 125 hectares. The
subcatchment can be considered as a residential area, with houses and inhabitants, 4813
inhabitants.

The Nordberg catchment (white line) and the network (black lines)
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The combined area covers 73 ha, the separate one 50,5 ha. There is also a small storm water
area of 1,5 ha. According to the classification made by Oslo municipality, there are some
combined pipes (AF), some storm water pipes (OV), sewer pipes (SP) and sewer pumps (PS).
Most of the pipes are combined or sewer pipes. The outlet is located in the lower right pipe.

i Project: 2005-11-02 1141 - [Pipe level results: Material] — |EI|1|
B3 Project Dataset Tools Options  Reports  Window  Help - |5!|£|

Map | Selection I Active Dataset I
&[8a[alex: [ ~[o[a]s] BOA] Fev =t owm =0

W ACTIVE DATASET (U

A SIK
A Smooth Concrety
A BET

RSH

A OPC
¥ &LLFIFES
g

v MAMHOLES
=}

o 1895361 28116135 Y 5100.03638469245 Unknown PlBand code field used [HodeT ype] |

Pipe material

Most of the pipes in the south part of the catchment were built between 1926 and 1935,
whereas most of the pipes in the northern part are more recent, from the sixties.
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! Project: 2005-11-02 1141 - [Pipe level results: Width fmm)] (=] 3
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|
Mapl Selection | Active Dataset I

&|®ala|mfz|: [#[o[0|s]| B[O[] [ lewmowm T

v ACTIVE DATASET (U !

A Oto 100
100 to 175
A 1750 200
200 to 300
A Above 300
v ALL PIPES
A
v MAMHOLES | i / ' .
= . y -
#1549 83560910623 v 4739 75812207313 Unknown PlBand code field used [HodeT wpe] |
Pipe Diameter
i Project: 2005-11-02 1141 - [Pipe level results: InstallationYear] — |EI|1|
B9 . Projectk Dataset Tools Options Reports  window  Help - |E’|i|
Map | Selection | Active Dataset I
@I@IQ'QI@'XI . |r“|{.—3||:||£3| élﬂlﬁl INEW le:-:tentsElverlap jhﬂ

v ACTIVE DATASET (U

A Okto 1.94k
1.94k to 1.96
1.96k to 1.98

A Above 1.98k

¥ &L PIPES
A

v MAMHOLES
=}

O

¥ 1911.81488453255 4 498486116067 408
Installation year

Unknown PlBand code field used [HodeT ype] |
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i Project: 2005-11-02 1141 - [Pipe level results: LastSurveyPeriod] - II:Ilil
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|

bap | Selection | Active Dataset |
@I@IQ'QI@'&I . |l‘“|D|D|QI élﬂ'lﬂl INEW le:-:tentsElverlap jhﬂ

v ACTIVE DATASET (U

A Ot 5

Bto 10
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[ ALLPIPES
»
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1957 06229402833 v BO75. 35697954566 Unknown PlBand code field used [HodeT wpe] |

Inspected pipes

DATA AVAILABILITY

Network data

The Norwegian water and waste water database Gemini VA is used by almost every
Norwegian municipality. This database includes pipe/manhole/valve/pump data and operating
data (e g Blockage data). Oslo also has a GIS which including roads, buildings, population as
well as ortophotoes. These data were imported using a csv file.

CCTV data

Oslo uses a WinCan system for their latest CCTV inspections. This system facilitates an
export of data that can be imported almost directly to CareS.

Hydraulic model

The MOUSE hydraulic model of sewer system is used.

TESTING

Pl Tool/S
Data for Nordberg was collected for 2004. 61 Uls were imported, but 33 of them were zeroes.
19 PIs were calculated, 16 of them were zeroes. The tool is working well.

CCTVconverter

119 pipe inspections from Aug until Dec 2001 were imported. We had a problem with
longitudinal cracks, since these are not exported today (this might be included in the next
version of WinCan primo 2006). Oslo Municipality has their own system for “calculating” the
condition grades. These values were imported to CareS.
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i Project: 2005-11-02 1141 - [Pipe level results: CurrentConditionGrade] - II:Ilil
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|

| selection | Active Datasetl
@I@IQ'QI@'&I . ||-"‘|D||:||.DI élﬂ'lﬂl INew le:-:tentsElverlap jhﬂ

v ACTIVE DATASET (U

¥ ALL PIPES
o

v MAMHOLES
=}

1944 72209145494 v BB 24234510036 Unknown PlBand code field used [HodeT wpe] |

Current Condition Grade

GompitZ
Program runs OK

Structural model

— Strata:

b aterial j I jl j I j

— Co-variates
M - Mot zelected, 1 - Initial state covaniate, 2 - Detenioration speed covariate, 3 - Both states"
Length IE Filling matenial [f FETE IE
Shape IE Jaint type IE Traffic flow N>
Height Straight/curved : b Heawy Traffic IE
Iriflcms IE Surface IG MNurnber of lanes IE
Slope IE Surface sealinﬁ Public transpart IE

SDR [y - Ground water typeIN vI DwF N T

Preszsure EIassIN vI Ground water |EVE|N vI Internal carrozion riskm
Material {1 Type:lE

Rezet | 0k | Canicel |

The selected strata and co-variates
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Summary of Strata - ol x|
StratalD | StrataStaby StiatahM ame b aterial PipeslnStratd W alidd umber] AgelfCy Waliddge CurrentCondil Y alidCurrentd = |
2 Irvealid BET BET 19 Irwalid alid Y arie Walid
3 Yalid Othen Otk 126 Y alid a
Ll Irvealid POl P 7] Irwalid alid Y arie Walid
g Irvealid R5E R5E 109 Y alid alid i [rvealid
= Irvealid Sl Sd 1 Irwalid 23 Irvealid i [rvealid
7] Walidith Concratenoth Concrete N9 Y alid alid Y arie Walid
.
[« | H
Analyze Cancel
Summary of strata (only two valid strata)
&} calibr.tnt - Notepad o] x|
File Edit Format Help
GompitZ wi.01 - Calibration results 15
*#FF Ftratum Other %%
0 (total weight = 0.00) pipelines described in this stratum
0 (total weight = 0.00) inspections reported:
Warning: Ztratwn void of inspection data - Calibration shorted
*#FF% Ftratum 3mooth Concrete *#%#
159 (total weight = 159.00) pipelines described in this stratum
105 (total weight = 105.00) inspections reported:
859 (total weight = 59.00) of which in condition 1
S (total weight = §.00) of which in condition 2
5§ (total weight = 5.00) of which in condition 3
Convergence achieved in 95 iterations
Log-Likelihood = -61.193515
Parameter estimates and Wald ChiZ tests
Label Estimate 3td. Error DF ChiZ PrxChiz
Alphail) (ws 0] —4,6230e+000 2.995%9e-003 1 Z.1376e+005 0.000000
Rlpha(z) (vs Alphail)) -1.1820e+002 1.0000e-002 1 6.4510e+007 0.000000
Height (rm) (w= 0) +4.1601e-003 6.1969=-003 1 4.,50672-001 0.502016
T (ws 0] —-5.3801e4000 5.9355e-003 1 2.9322e4005 0.000000
Sigma (vs 0) +5.7751e+000 2.9299e-003 1 3.35824=+005 0.000000 —
-
K H 4

Calibration Log
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i Project: 2005-11-02 1141 - [Pipe level results: PredictedConditionGrade - IEI |i|
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|
Mapl Selection | Active Datazet I

@I@IQ'QI@'&I . ||-"‘|D||:||.DI élﬂ'lﬂl INew le:-:tentsElverlap jhﬂ

v ACTIVE DATASET [

ey
> 3
2
&
v &LL PIPES
o
v MANMHOLES
5]
1340 05216535849 v BOBY. 25259056421 Unknown PlBand code field used [HodeT wpe] |

Predicted Condition Grades

i Project: 2005-11-02 1141 - [Pipe level results: PredictedProbabilityDFSkr — |EI|1|
B9 . Project Dataset Tools Options Reports  indow  Help - |E!|i|
0él Selection | Active Datazet I

@I@IQ'QI@'XI . |r“|{.—3||:||£3| élﬂlﬁl INEW le:-:tentsElverlap jhﬂ

v ACTIVE DATASET (U ]

Oto 026
A 0260 051
05T to .14
A Bbove 14
W ALL PIPES
” )
¥ MAMHOLES ] N \ \
= | I Fi g ]
v ~ . PR
< .
%
o 1747 27885028059 v 4816.21172060432 | Unknown PlBand code field used [HodeT ype] |

Predicted Probability of Structural Failure

In-/Exfiltration
This was not tested due to difficulties with creating import files from Mouse.
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Blockage Tool
A history with 41 blockages were used.
=10l x|

i Project: 2005-11-02 1141 - [Pipe level results: CurrentBlockageFactor]

B3 Project Dataset Tools Options Reports  Window  Help - |5|£|
Map | Selection I bctive Diatazet I
@I@IQ'QI@'XI o ||—"JID‘||:||E}I glﬂlﬁl INew le:-:tentaDverlap jl‘l[l

W ACTIVE DATASET (U

Oto .1
dto 2

ry
2o 3
:u", t

dto 4
A Above 4

¥ ALL PIPES
o

v MAMHOLES
=}

\

| Unknown PlBand code field used [HodeT ype] |

#1002, 75323501897 v 60395927331 3761

Blockage Factors based on Material, Diameter, InstallationYear and ConditionGrades
i Project: 2005-11-02 1141 - [Pipe level results: CurrentBlockageFactor] - |I:||i|
B9 Project Dataset Tools Options Reports  window  Help - |E!|i|
tap | Selection I Active Dataset I
a(®(Ra(m| [~[0[0[s] Z(O#] [ Jewnsowim =

v ACTIVE DATASET [
Oto .1

¥ &L PIPES
A

v MAMHOLES
=}

\

| Unknown PlBand code field used [HodeT wpe] |

#1138 49552332634 - B35, 473392273851
Blockage Factors based on Material and Condition Grades
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Zmodel - not considered to be an interesting tool in Norway, since hydrogen sulphide is not a
problem. Program runs OK.

care-s x|

There are 295 pipes in your dataset for analysis,
The Following is the analysis criceria;
=10m long, Slope =0, DWE =0

Of these

There are 119 pipes which have a dry weather Flaw,
There are 284 pipes with a length greater than 10m,
There are 286 pipes with a positive slope.

There are 114 pipes with the required data.

Do wiou wish bo analyse selected pipes?

Yes Mo

i Project: 2005-11-02 1141 - [Pipe level results: InternalCorrosionRisk] — |EI|1|
B9 . Projectk Dataset Tools Options Reports  window  Help - |E!|i|

0él Selection | Active Datasetl
@I@IQ'QI@'XI . |,—-“|D|I:I|QI élﬂlﬁl INew le:-:tentsElverlap jl'l[l

v ACTIVE DATASET (U

Wer low

NN

A Wedium
Lo

¥ ALLPIFES
A

v MAMHOLES
=}

Unknown PIBand code field used [ModeT wpe] |

InternalCorrosionRisk
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i Project: 2005-11-02 1141 - [Pipe level results: CurrentChemicalCorrosi - II:Ilil
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|

Pl Selection | Active Dataset |
@Ialalqlﬁlﬁl * |""‘|D|D|!9| élﬂ'lﬂl INEW le:-:tentsElverlap jhﬂ

v ACTIVE DATASET (L
A Ot 05

M5ta 1

A At 2

20 3
A Bbove 3

[ ALLPIPES
»
¥ MANHOLES

Mo 1278 3511524915 Y: 6124 2731582844 | Unknown PlBand code field used [HodeT wpe] |

CurrentChemicalCorrosionRate (mm/y)

Wats - not considered to be an interesting tool in Norway, since hydrogen sulphide is not a
problem

ExtCorr
Program runs OK
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i Project: 2005-11-02 1141 - [Pipe level results: CurrentExternalCorrosionR - IEI |i|
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|
Map | Selection | Active Dataset |
@I@IQ'QI@'&I . ||-"‘|D||:||.DI élﬂ'lﬂl INew le:-:tentsElverlap jhﬂ
v ACTIVE DATASET (U
A Oto 1
M 15
A Bt 10
Above 10
v ALL FIPES
~
v MAMHOLES
5]
o 1488 13459623925 v BERE 0214252747 | Unknown PlBand code field used [HodeT wpe] |
Current External Corrosion Rate [mm/year]
L oad
Program runs OK
i Project: 2005-11-02 1141 - [Pipe level results: PredictedProbabilityDfColl: — |EI |i|
B9 . Project Dataset Tools Options Reports  indow  Help - |E!|i|
Selection | Active Datazet I
@I@IQ'QI@'XI . |r“|{.—3||:||£3| élﬂlﬁl INEW le:-:tentsElverlap jhﬂ

v ACTIVE DATASET (U

A 0O 6
A Bt 8

Bto 9
A Above 4 .

¥ &L PIPES
A

v MAMHOLES
=}

¥ 18EE. 56747515676 Y 5536. 05657561315
Predicted Probability of Collapse

| Unknown PlBand code field used [HodeT ype] |
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Degradation
Program runs OK except for this message (appears a few times)

Error in CCTY code il

Error in input CCTY inspection of pipe ID 80 for code EBA - Roots,
the Quuantification 1 is nok valid,
Yalid value is between 0 and 1 {100%:)

i Project: 2005-11-02 1141 - [Pipe level results: Transition™MatrixRoughnes - |I:||i|
B9 Project Dataset Tools Options Reports  window  Help — |E!|i|
i M | Selection I Artive Datasetl

a|8alamx]e [solo]s] 2(O#] [N oo 0

v ACTIVE DATASET (U

A 0w

20to 40
& 401a ED
B0 to 80
A Bbove 20

¥ &L PIPES
A

v MAMHOLES
=}

Unknown PlBand code field used [HodeT wpe] |

Transition Matrix Roughness

Create Hydraulic M odel
Program/function runs OK, except for after Mouse model is saved it continues to save as

SWMM

CAT - not considered to be an interesting tool in Nordberg
Program runs OK

GAT — not considered to be an interesting tool in Nordberg
Program runs OK

Hellmud
Program runs OK
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=10l x|
=1=1x|

i Project: 2005-11-02 1141 - [Pipe level results: CurrentHydraulicProbabi

B5.- Project Dataset Tools Options Reports  window  Help

Mapl Selection | Active Dataset |
él i) |!ﬁ| |New le:-:tents Owerlap jhﬂ

=1k Y IR (s =1 Y

v ACTIVE DATASET (U

A Bl
A Above 1

¥ ALLPIPES
o

v MAMHOLES
=}

1401 7RI 7E22547 v B128 3865991422 Unknown PlBand code field used [HodeT wpe] |

Current Hydraulic Probability

=10l x|
=151 x|

i Project: 2005-11-02 1141 - [Pipe level results: ProbabilityOfReachinga

B3 Projeck Dataset  Tools Options Reports  Window  Help

Selectionl Active Datasetl
S| ®&[a|Mx|. [~|c[o|s| 2o

v ACTIVE DATASET (U

A O 5
A Bbove 5§

[ &LL PIPES
A

v MAMHOLES
=}

INew le:-:tents Owverlap jl'l 1]

X. 1730.82524584533 ¥ 5381 58254767426
Probability of reaching water level2 (critical level)

| Unknown PlBand code field used [HodeT ype] |
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i Project: 2005-11-02 1141 - [Pipe level results: Probability OfReaching¥¥ak - II:Ilil
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|

Pl Selection | Active Dataset I
@Ialalqlﬁlﬁl * |""‘|D|D|!9| élﬂ'lﬂl INEW le:-:tentsElverlap jhﬂ

¥ ACTIVE DATASET (L
A Ot 02

02to .03
A D3to 05
05t 1

A 1w 2
v ALL PIPES
A
v MAMHOLES

1915 92828545034 v 4733 94370834834 | Unknown PlBand code field used [HodeT wpe] |

Probability of reaching water level3 (surface)

RehabDB- not considered to be an interesting tool in Norway (for the time being)
Program runs OK

Cost - not considered to be an interesting tool in Norway (for the time being)
Error: Only pipes from example file are included in Pipe characteristic

Socio-Fails
Error: Only pipes from example file are included in the Excel sheets?

Socio-Works
Error: Only pipe from example file is included in the Excel sheets?

Microsoft Yisual Basic

Run-time error ‘1004

The cell or chart wou are krving to change is protected and therefore
read-anly.

To modify a protected cell or chart, first remove protection using the

Unprotect Sheet command (Tools menu, Proteckion submenu). ¥ou
may be prompked For a passward,

Zonhinue End | | Debug I Help

SRP Selection of pipesrequiring rehabilitation
Program runs OK. Deleted pipes with Condition Grade = U
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i Project: 2005-11-02 1141 - [Dataset: Candidate Pipes{2005-11-02 1141) - IEI |i|
B5.- Project Dataset Tools Options Reports  window  Help - |E’|i|

il Selection | Active Datasetl
@I@IQ'QI@’?'&I . |,—-"|D|I:I|QI élﬂlﬂl INew le:-:tentsElverlap =io

[V ACTIVE DATASET i -
bl

[ ALLPIPES
A

¥ MANHOLES

4

o 1644 41 7ARB7ARTE v BO7E 42604054836 Unknown PlBand code field used [HodeT wpe] |

Exported rehab plan

SRT Selection of Rehabilitation Technologies
Not able to run program due to lack of data:

CARE-5 x|
There are 167 pipes with MO property conneckions after rehabilitation,
There are 172 pipes in your current dataset,

Yau can nok proceed ko analyse the selected pipes as wou have not entered sufficient data.

SRS Long Term Rehabilitation Strategies
In order to import data I had to copy strata.txt file from PredicitingConditionGrade folder to

[T3E2) [T3%L)

LongTermRehabStrategy folder AND change the delimiter from “,” to *;
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A CARE-S SRS, Yersion 2005.10.27 TS|
File  Help
Name: Deseription Length unit Base year
2005123145031 [m [0 =]
Currency Forecast horizon [years]
ELURO 50 -
Dataset | ST0: Deterioration forecast | ST1: Strategy "Length” | 5T2: Strategy "Budget” | 5T3: Strateqy "Condition” |
Irport data.
Sewer pipes  Economic settings |
ondition [-Distribution of condition classes For inspected and dlassified pip
Name  |Repaircosts | Color |Percentage | - -
o s 1woero/m [ 5333 ‘ {* ahsolute! " relative

z
1

| > |

100 EURO/m 33,73 %

100 ELIROy 12,94 %
o Total length of inspected pipes: 1178.03 m (20.84% of all pipes)

Repair costs - Display color [

Rehabiliation costs [eurojm] | 100.00 [

Inflation rate [%] | 0.00

Discourk rate [%] | 0.00

Cumulative length [m]

1835 1840 1845 1850 1855 1860 1885 1870 1475 1580 1585 1380 1985

|Active Project: 2005-11-29145 [ [

All the calculations have to be runned manually in DOS and the files have to be copied
manually from PredicitingConditionGrade folder to LongTermRehabStrategy folder.

CONCLUSIONS
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Decision support (WP6) tools not well integrated yet.
Plots takes about 35 seconds to produce, why?
Errors in Cost tool, SocioFails and SocioWorks need to be sorted out.

Comments from Oslo municipality (from their testing before summer 2005):

Pl Tool: is an interesting tool. Oslo is already involved in some projects that collect
similar data and therefore they are not sure if they we use this system also.

Blockage Tool: It is not easy to understand how to organize input data regarding
bloackages.

CAT: Oslo do not have design rains (yet)

CCTVconverter: OK, problem with the longitudinal cracks, since these are not
exported today (this might be included in the next version of WinCan primo 2006)
Degradation: OK. Problem with returning new roughness coefficients to MOUSE
RehabDB: Only a quick glance, hard to know what to do, no help file.

In general: in stead of trying the software by ourselves, we could prefer a work-shop
and an introduction to the software. Some of the messages that appear are not easy to
understand. Finally a hour glass to visualize that the software is running is much
wanted.
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Report on testing carried out in Reggio Emilia, Italy:

Partner: Bologna University (Ferrara University, for WP2 tools)
End User: AGAC (ENIA) — Reggio Emilia, Italy

Author: Mauro Pacchioli
Co-authors: Vittorio Di Federico, Rita Ugarelli, Sara De Angelis, Marco Maglionico
Co - Authors Ferrara University: Sante Mazzacane, Denise Adzvedo, Massimo Gaddoni.
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INTRODUCTION

This report gives a description and introduction to all WPs tools tested by Bologna University
and Ferrara University during the period March — June 2005 (WP 1-2-3) and from Bologna
University during the period July — October 2005 (WP4-5-6). The tools theoretical
background, informatics requirements, and data needs, were thoroughly reviewed in order to
plan testing strategies.

Care-S Tools were tested both as stand alone software and part of the CARE-S Rehabilitation
Manager prototype: each tool has been analysed in detail, its reaction to data changes verified
inside the specific tool and with respect of its interactions with other tools in the whole
CARE-S system.

The importance given to this level of testing is justified by the need of avoiding software
crashes due to an incorrect use by users not fully conversant with the tools.

This report doesn’t lists all the bugs collected for each tool because all bugs have been
meticulously referred to SINTEF and WRec.
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DESCRIPTION OF DATASETS

The Correggio catchment case study ( Reggio Emilia—Italy)
The Correggio municipality is located at 12 km North — East from Reggio Emilia in Emilia
Romagna region in Northern Italy (Figure 1).

W T o

W !

Eﬂ!‘ -—_.J.i _I..:I" :
_F:::'_ .\“ﬁ

e /J#&nyi

- W oo

1y

Figure 1. Correggio position

The catchment can be considered as a residential area. The 487 ha of surface are occupied by
20769 inhabitants (31.12.2000).

The evolution of economic activities, in the last decades, has increased the extension of
impervious surfaces, with a consequent increase in the amount of water to be drained. The
municipality did not improve the system performance according with the system evolution; as
a consequence, even relatively low-return time rainfall events (2-5 years return period) may
easily cause flooding events, with serious consequences for customers.

The drainage network is oriented north to east, following the natural catchment slope; thus the
main outlet of the system is located in the final node of the network in the east side of the
area. The network is a gravity system with an impermeability coefficient of 27%. Pipes depth
is from 1 to 3 m below the road.
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The sewer system has a total length of 92,7 km: the 63% is combined sewer system, 32% is
separate system, 2% represents open channels and the remaining 3% is unknown, being
located in Correggio downtown (Figure 2).

The 78% of the pipes are concrete, while the rest are mainly PVC.
Pipes cross-section are subdivided as follows:

circular section: 91% of the total length;

rectangular section: 7,4% of the total length;

other section: 1,6% of the total length.

Pipes diameters are subdivided as follows:

D< 300 mm: 43% of the total length;

350<D<600 mm: 35% of the total length;

700<D<800 mm: 12% of the total length;

D> 800 mm: 10% of the total length.

Sewer system types inside the Correggio network

10%

Combined in pressure
0,

0%

Sanitari system

CSOs Unknown
2% 3%

Wastewater system
22%

Combined — open channel
63%

Figure 2. Sewer typeson the Correggio system

The studied area can be divided in 7 zones (Figure 3):
Zone A: it is the old side of the town located in the centre of Correggio;
Zone B: located in the South part of the system;

Zone C: located in the centre — East side of the system;
Zone D: located in the West side of the network;

Zone E: it is the portion of the system on the North of the old town centre;
Zone F: the South — East side;
Zone G: it is the industrial area.
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LEGENDA
ZOna &
zona B

—zitia
zona D

m—rita E | \l

—ita F +

—itia
D scarichi

Figure 3. Distribution of the seven areas on the Correggio system

The system includes 5 receiving water bodies:

Cavo Argine: the most important of the water bodies, which influences the drainage system
performance. Its water level affects zone B, C and F.

Cavo Rio;

Fossetta Seconda;

Scolo Mandrio;

Fossetta delle Monache.

Using data provided by the Correggio municipality, it has been possible to define the areas
subject to frequent flooding events, and draw a map where those areas are highlighted (Figure
4). The map is a useful tool to compare real flooding information with the model results.
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LEGEMDA
rete non soggettaa
esondaziont

— zone i esondazione
storiche

Figure 4. Flooding Map
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DATA AVAILABILITY

Data from hydraulic simulations

Correggio has a catchment of 470 ha; which was modelled dividing it in 540 sub - catchments. Sub —
catchments boundaries were defined considering the contribution area for each manhole.

The drainage system includes 888 pipes and 816 nodes, further subdivided into 769 manholes, 6 ponds
and 14 outfalls. There are 2 manholes with pumps stations.

From the simulation performed using the Infoworks code, the modelled network was obtained as a
“csv” file, which was imported and visualized in GIS format inside the Rehab Manager. The “csv”
includes information regarding pipes (length, material, shape, diameter or height and width if
necessary, roughness, slope, initial and final node, upstream and downstream invert level) and nodes
(coordinates, type of node, ground level, subcatchment to which it belongs and related
inhabitants).The simulations performed using Infoworks are the following:

Dry weather flow simulations;

Single event simulations with a return period of 2,5,10 years;

Continuous storm simulation using 1 year of rainfall data;

24h continuous storm simulation.

The previous simulations were imported inside the Rehab Manager, and include data needed to run
some of the tools, such as Exfiltration, CAT and Hellmud.

Other data

To test all the tools of WP1, WP2 and WP3, also other types of data were needed; these were collected
manually and stored inside the Rehab Manager either manually or by creating “csv” files; the
following data were imported creating a “csv” file:

groundwater level: level of groundwater was determined for each pipe of Correggio network through
available hydrogeologic maps;

wall thickness: was derived from technical literature, knowing material, shape and diameter for each
p1pe;

installation year: from paper sheet format data are being collected and the relative “csv” file has been
created; installation year has been obtained only for 297 pipes;

blockages: were derived from paper repair logs and from CCTV codes reported therein; thus far 46
blockage events were localized in the period April 1998 - November 2004 (Figure 5);

soil type: the soil in the Correggio area is clay as derived from geological maps;

road name;

number of lanes for each road;

type of road;

traffic flow for each road: was calculated after to have made a traffic survey;

bus traffic.
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B Project: 20062005 - [Dataset: 20062005 ()] M=
=

F3: Project Datasst Tools Options Beparts  Window  Help - O X

Map } Selection ] Active Datazet ]

& 8(Q[a[]x| |[o[a[s] 2(O#] e et =]

W FAILURES
-]

[~ ACTIVE DATASET
A

W ALLPIPES
A

v MANHOLES [TYPE)

B Storage
Cutfall
® Manhole

- TE340 388000 v 335955 . 90TRTST

Figure 5. Blockagesin Correggio network

The following data were manually collected and stored inside the Rehab Manager:
CCTYV codes: not having “dat” file to run the CENConvertor Tool, relevant CCTV codes (referring to
EN13508-2) were established through careful inspection of 16 CCTV movies which were available;
these data were filled in the CCTV Data Table inside the Rehab Manager (147 codes referred to 10
pipes); the resulting distribution of CCTV in the network is visualized in Figure 6.
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M Project: 20062005 - [Pipe level results: LastSurveyPeriod] EEK
B3 Project Dataset Tools Options Reports  window Help -8 x

pl Selection | Active Dataset |
§‘®|Q‘Q|éﬂ?|&‘. |;|D‘D|\D| 5|0|M‘ ‘New ﬂlEklenlsterlap j|

v ACTIVE DATASET (LABEL)

Ahove 10

[« ALLFIPES
p
[v MANHOLES [TYPE)

B Storage
Oufall
& Manhale

TERAERS o787 2. 490970 17322850

Figure 6. Current Status of inspection data
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Report on testing results analysis on Correggio network

The following sub-chapters refer to those tools for which it was possible to have results using Rehab
Manager v2.6.0.1. Due to some Rehab Manager minor bugs, it was not possible to have results for
CAT Tool, Infiltration/Exfiltration Tool and SRS Tool. Due to some problems related to network
topology, it was not possible to have results for WATZ model.

Pl Tool

For PI Tool, 53 Utility Information (UI) were collected, and 17 PI were calculated, subdivided as
follows:

Environmental Indicators: 0/5;

Physical Indicators: 3/3;

Operational Indicators: 9/19;

Quality of service Indicators: 5/8;

Financial Indicators: 0/6.

Some examples of PI calculated (Figure 7) are sPh3 (High sewer surcharging) expressed as percentual
and with a value of 9.72%, sOP15 (Flooding from sanitary or combined sewers) expressed as
number/100 km sewer/year and with a value of 1.08, sQS5 (Blockage complaints) expressed as
number/1000 inhabitants/year and with a value of 0.14.

Surface water Hooding of properties in wet weather s053 0.0500( [n.2/1000 properties/vear]

Interruption of wastewater callection and transport services 054 0.0000
Blockage complaints

< P calculated for 20062005, from beginning of 01/2004 to end of 01/2005 (=13
Name Code Value Units
Surcharging in gravity sewers in diy weather sPh1 0.0000( [Z)
Surcharging in aravity sewers in wet weather sPha 48 5856 [%]
High sewer surcharging sPha 97171 | (%)
Sewer cleaning s0pl 97171 | [Zdvear)
Sewer rehabilitation s0p2 53984 | [%vear)
»> sewer replacement ar renewal s0pd 0.3239( [%vear)
tanhole chambers replacement, renewal, renovation, repair s0ph 3.0645( [%vear)
Sewer blockages s0pli 49 BE53| [Mo. 4100 km sewerpear]
Sewer blockage locations s0pl2 21594 | [Mo /100 km sewerdvear]
Flooding from sanitary or combined sewers s0plh 1.0797 | [Mo. /100 km sewerdvear]
Flooding locations in sanitary or combined sewers s0pl6 1.0797 | [Mo. /100 km sewerdvear]
Sewer collapses s0pl3 3.2390( (Mo /100 km sewerdvear]
Flooding affecting properties from sanitary/combined sewers in diy weather | s051 0.0000( [n.2/1000 properties/vear]
Flooding affecting properties fram sanitary or combined sewers in wet weathe| sQ52 0.0000( [n.2/1000 properties/vear]
[n
%
(

|
Mo, #1000 inhab. /vear]

e R

Figure 7. Pl calculated

External Corrosion Tool

An input file called “infile.txt” (Figure 8) has been created from Rehab Manager, containing
information regarding only the characteristics of corrodible pipes. In Correggio network there are 813 /
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885 corrodible pipes but only 287 with the installation year. The analysis was performed for all the
287 pipes. The prediction year adopted was 2010.
2 infile - Blocco note [Z”E|rz|

Eile Modifica Formato

Wisualizza =¥

LAY

PipeName=284
shape=CIRC

th=60.1941
wallThick=55
= 2.32500076293945

Mat=Corrodible
Soil=
Gw=1.5

e

PipeName=300

shape=CIRC

width=500

Height=500

Year=1950
Length=232_.5109325%
wallThick=55

pepth= 1. 03290000961 85303
SDR=

£

| >

Figure 8. “Infile.txt”

For Correggio network, the External corrosion rate [mm/year] for each pipe ranges from a minimum
of 0 (zero) to a maximum of 2.84. Figure 9 shows a GIS View in which five classes were created and
in which the most part of the network belongs to the green class (from 0.01 to 1 [mm/year]). The first
class (grey class) has been created to contain all the pipes in which the analysis has not been
performed and in which the value of External Corrosion is equal to zero. The most corrodible pipes
(external corrosion rate = 2.84 mm/year) are quite diffused and involve some km of network.

Ml Project: 210705 - [Pipe level results: CurrentExternalCorrosionRate (mm/fy) | [Z|@[‘S__<|
B3 Project Dataset Tools Options Reports  Window  Help - 8 x

Map l Selection ] Active Datazet ]
§|@|Q|Q|{“’?|ﬁ| . |,-J‘|{:.‘-|I:I|Q| 5|0|M| |New ﬂ|EHtentsterlap ﬂ|

v FAILURES
]

[« ACTIVE DATASET (U

A Do 01
Vonitad
. T 1.5
15t0 22
A bove 22

W ALL PIPES
o

v MAMHOLES (TPE)

m  Storage
Outfall
® Manhole

[~ ZONES
£

I| G = 0612 Pl O D G b P T G

Figure9. Correggio External Corrosion Rate

Load Model
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For Load Tool, as for External Corrosion Tool, the analysis was performed only on pipes (260/885)
having some required data available, as for example wall thickness and installation year; 2010 was
considered the prediction year and for safety factor (W) and Probability (P) the default values were
assumed. The input file is a text file called “i-fil.txt” (Figure 10) and as Output of the tool the values
can be exported in Excel format and in text format (Figure 11).

e | B Lout - Blocco note E@@|
B 1.1 - Bloceo note :
D@E| File Modifica Formato  Wisualizza 7
File Modifica Faormato  Visualizza 7 R R R R R R W W R R R R =
L 3] 2 pipelp: 284
PipeName=284 ?ﬁst = {320
shape=CIRC : 60_1941
width=500 T: 0.055
Haight=500 dep: 2.27
Year=1950 EESEG- F31§‘§5
Length=60.1941 ——thisyear: 2010
wallThick=55 ——corrdep: 0.012
pepth= 2.27000045776367 incor: 0
SDR= excor: 12
PN= ——Teff: 0.043
o ——yearc: 1970
Mat=Corrodible un¥fur—m: B
soil= ——Ct: 0.02
Gw=1.5 ——yearcd: 1970
Traf=n ——yearc?: 1970
ExCor=12 S calculated———————
H 0.5
InCor=0 inst: 1650
1: 60.1541
"N Teff: 0.043
PipeName=300 dep: 2.27
f: False
Shape-CIRC xcor : 0.012
width=500 incor: o
Height=500 sides: no
Year=1950 bl:lttl:ll'l'l%: %
- unsu H
Length=23.51935 2 wzupp i A
£ >
: oy H ” : (13 ”
Figure 10. “i-fil.txt Figure 11. “i-out.txt

The Predicted Probability of Collapse is a value ranging from 0 (zero) to 1; Figure 12 shows the GIS
view from Rehab Manager with values for Correggio network. As for External corrosion, five classes
were created and as for External Corrosion the first class (light-grey class) has been created to contain
all the pipes in which the analysis has not been performed and in which the value of Predicted
Probability of Collapse is equal to zero. Most of the network has a Predicted Probability of collapse
between 10% and 20%. Comparing Figure 9 and Figure 12, it is possible to notice that the portion of
the network with the highest values of Probability of collapse (from 70% to 100%) is the same having
the highest external corrosion rate.
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M Project: 210705 - [Pipe level results: PredictedProbabilityOfCollapse ]
B3+ Project Dataset Tools Options Reports Window Help

B=ES
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Figure 12. Predicted Probability of Collapse

Blockage Tool

For Blockage tool, all the pipes have been considered in the analysis; having imported into Rehab
Manager a “csv” file containing blockage events, the program was able to create input files containing
characteristics of all pipes, such as length, diameter, sewertype, slope (Figure 13) and characteristics
related to Blockage event, such as the event date and the pipe involved (Figure 14). The results
obtained were stored in an Excel file (GIS view not performed); the average blockage rate of the
network is 0,085752 [blockages/km/year]; the values of the predicted blockage rate range from a
minimum value of 0,047350 [b/km/y] to a maximum value of 0,097083 [b/km/y].

P CS_Segments(20062005)In - Blocco note

EBX
Fle Modfica Formats  Wisuslizza 2

jid; Length; Diameter;Material; Sewer Type; S1ope; Depth ~
N;N;N;C;CiNGN

159.683;2800; conc; storm; -0.001;27.320
;132.6088;400; conc;storm; 0.002;29.690
79.44231;400; conc; storm; 0.001;29. 850
47.34913;400; conc;storm; 0.000;29.840
71.11694; 700; conc; combined; 0. 003;28.430
196.1539; 600; conc; combined; 0. 003;28. 795
56.31696; 800; conc; combined; -0.003;27.565
3174.7237;800; conc; combined; 0. 000; 28. 070
186.5336; B00; conc; combined; 0.002;27. 895
10;732.66525;800;conc;storm; 0.001;28.590
11:80.44377;400; conc;storm; 0. 003; 290,265
12;122.2148;500;conc;storm; 0. 006; 28. 810
13;77.21722;300; conc; combined; 0.000; 28. 515
143;225.731;300; conc; combined; 0.001;28._435
15;19.48256;400; conc; combined; 0.007;28.320
16;143_2834;300; conc; combined; -0.001;28. 685
17;65.38846; 500; conc; combined; 0.006; 28. 505
18;48.12027;400; conc; combined; 0.009;28_040
19;149.3595;300; conc; combined; 0.002;29.010
20;103.796; 300; conc; combined; 0. 0065 28_535
21;9.687621;650; conc; combined; -0.005;28. 045
22;33.043;500; conc; combined; 0.001; 28. 030
23;45.96194;300; conc; combined; 0.001; 28.790
24;33.84922;500; conc; combined; 0.001;28.750
25;34.85656; 500; conc; combined; 0.002;28.710
26531.75169; 500; conc; combined; —0.005;28.575
27;81.59785;600; conc; combined; 0.003; - 515
28;128.6788;600; conc; combined; 0.002;27.945
29;98.95883;600; conc; combined; 0.001;27.815
30;72.0667;600; conc; combined; 0.001;27.735

OO AN

Figure 13. Segmentsinput file

I cS_Blockages(20062... [= |[B](X]

File Modfica Formato Visualizza 7

fid; YEAR
41;1999
42;19090
45;2003
46;2003
47;2004
48; 2004
49;2004
50; 2004
51; 2005
52;2004
53;2004
34;2004
55;2004
56;2005
57;2004
58;2004

Figure 14. Blockage event input file

Figure 15 shows the GIS view for the Predicted Probability of Blockage: 4 classes were created.
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M Project: 210705 - [Pipe level results: CurrentBlockageFactor ]
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Figure 15. Predicted Probability of Blockage

GompitZ Tool

For GompitZ Tool the analysis was performed on 287 pipes; these have the installation year available,
and some of them also the inspection state and the inspection year.

The prediction was calculated grouping the pipes by material, called strata in GompitZ and using
Lenght as covariate.

In the calculation the prediction year was fixed to 2015.

Gompitz tool considered of poor quality the prediction because the number of inspection data was not
sufficient and aborted the calibration. Only a substantial ad-hoc modification of the data allowed a
good computation. The modification regarded the number of inspected pipes and the relative condition
class; after a meeting with our End user, 20 pipes with a relative condition class were added to the 10
pipes really inspected.

GompitZ makes a validation on the chosen strata, and the analysis begins only if they are consistent.
After the validation, an input file, called “Strata.txt” (Figure 16), containing the pipes data, was
created, and a “STO.txt” file, containing the prediction years, was requested. The “STO0.txt” file means
a prediction without using any rehabilitation strategy; the Rehab manager does not allow the
possibility to use GompitZ to analyze any strategy, and only outside the Rehab Manager there is the
possibility to use this feature.

GompitZ made a calibration of the data creating two intermediate file called “param.txt” and
“calibr.txt” (shown respectively in Figure 17 and in Figure 18) used in the prediction computation.
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[ Strata - Blocco note |Z||E|rz|

File Modifica Formato  Wisualizza 7

B,2,1,0

conc

LENGTH

conc,1
conc,306,1978,,0,1,47.36011
conc,364,1979,,0,1,41.30436
conc,642,1999_.1.1.,45. 67767
conc,23,1975,,0,1,45.96104
conc, 56,1982, .,0,1,46.02141
conc,653,1982,,2,1,46.127
conc,254,1975%,,0,1,46_30875
conc,302,1978,,0,1,45.40595
conc,329,1919,1998,0,1,47
conc,295,1978,,2,1,45.29603
conc,645,1999, ,0,1,47.40042
conc,143,1964,,0,1,47.606235
conc,130,1974,,0,1,48.03374

Figure 16. “ Strata.txt” input file

C param - Blocco note D@@

File Modifica Formato Visualizea 7
B H 2 » 1! 0
conc
LENGTH
conc,3,2,1,0

conc,1l
conc,1.136104e+000,8.157385%e-001,1.166333e-001,-3.8625900-003,-2.349542e+001

Figure 17. “param.txt” intermediate file

. I calibr - Blocco note E|E|[Z|

File Modifica Formato Visualizza 2

GompitZz v1.05 - calibration results ~

WHE Stratum conc ¥E¥
292 (total weight = 292.00) pipelines described in this stratum

33 (total weight = 33.00) 'insgect'inns reported:

4 (total we‘igﬁt 4.00) of which in condition state 3

3 (total weight 3.00) of which in condition state 2

8 (total weight 8.00) of which in condition state 1
18 (total weight = 18.00) of which in condition state 0

Convergence achieved in 15 iterations
Log-Likelihood = -37.428075

Parameter estimates and wald Chi2 tests

Label Estimate std. Error DF Chi2 pr>Chiz2
Alpha(3) (vs 0) +1.136124000 4.71932-001 1 5.7954e+000 0.016068
Alpha(2) (vs alpha(3)) +8.1574e-001 4.5541e-001 1 3.47622+000 0.062256
Alpha(1) (vs alpha(2)) +1.16630-001 4.42192-001 1 9. 918304000 0.001636 —
LENGTH (vs 0) -3.86262-003 4.2311e-003 1 8.3339e-001 0.361293
T (vs 0) —2.3495e+001 1.00002+004 1 5.5203e-006 0.998125

Figure 18. “calibr.txt” intermediate file
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Finally an output file named “predict0.txt” (figure 19) was created; for each pipe and for each year, it
includes a line representing a vector of condition probability. Because of a coding error the rehab
manager fails to import correctly the result data.

B predict0 - Blocco note E@E|

File  Modifica

Formako

-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.
-186214,0.

Wisualizza

z

108984, 0.
108984, 0.
108984, 0.
108984, 0.
108984, 0.
108984,0.
108984, 0.
108984, 0.
108984, 0.
108984, 0.
108984, 0.

250096, 0.
250096, 0.
250096, 0.
250096, 0.
250096, 0.
250096, 0.
250096, 0.
250006, 0.
250096, 0.
250096, 0.
250096, 0.

454706,159.
454706,159.
454706,159.
454706,159.
454706,159.
454706,159.
454706,159.
454706,159.
454706,159.
454706,159.
454706,159.

0,100, 2005, 0.
0,100, 2006, 0.
0,100,2007,0.
0,100,2008, 0.
0,100,2009,0.
0,100,2010, 0.
0,100,2011, 0.
0,100,2012,0.
0,100,2013,0.
0,100,2014,0.
0,100,2015,0.
0,101,2005,0.
0,101,2006, 0.
0,101,2007,0.

0¥2311,0.
0¥2311,0.
0¥2311,0.
072311,0.
0¥2311,0.
072311,0.
0¥2311,0.
072311,0.
0¥2311,0.
0¥2311,0.
072311,0.
079475, 0.
078475, 0.
079475, 0.

076254, 0.
076254, 0.
076254, 0.
076254, 0.
076254, 0.
076254, 0.
076254, 0.
076254, 0.
076254, 0.
076254,0.
076254, 0.
079634, 0.
0709634, 0.
079634, 0.

239065, 0.
239065, 0.
239065, 0.
2320065, 0.
239065, 0.
220065, 0.
239065, 0.
239065, 0.
239065, 0.
239065, 0.
239065, 0.
241959, 0.
241959, 0.
241959, 0.

612370,44.
612370,44.
612370,44.
612370,44._
612370,44.
612370,44.
612370,44.
612370,44.
612370,44.
612370,44.
612370,44.
598932, 53.
5080932, 53 .
598932, 53.

685000
6B5000
GB5000
G6B5000
6B5000
G6B5000
6B5000
6B5000
6B5000
685000
6B5000
101810
101810
101810
101810
101810
101810
101810
101810
101810
101810
101810
582930
582930
582930

~

Figure 19. the Output file“ predictO.txt”

Z-model

For the Z-model Tool, the analysis was performed only on pipes (409/885) having some required data
available, as for example a positive slope and a dry weather flow different from zero. A Filein.txt was
created (Figure 20), containing some pipe characteristic such as roughness (in mm), shape, etc...A
calculation error of Rehab Manager in roughness value did not permit to consider reliable the obtained
results showed in Figure 21.

I FileOut - Blocco ... E@E|

Flle Modifica  Formato  Wisualzza 7
it e ¥ File Modifica Formato  Visualizza 2
PipeName=5 e
slope=2.81228e-03 . i
shape=CIRC Pipename=5
width=700 Risk=Low
He’ight=700 Z-value=5925
Rgughness:l.45?51341886388E—11
PipeType=G
DWF=5. 78704E-05 e
corrodible=true Fipename=8
Bon=igo Risk=Low
COD= N =
cop Z-—value=5041
PipeName=8
s1ope=3.433963E-04 oeew
shape=CIRC Filpename=9
:H_itnzﬂggu Risk=very low
eng = . =
Roughness=7_96011122428139e-12 Z-value=2550
PipeType=G
DWF=2.664352E-03 e
corrodible=true = Pipename=15 w

Figure 20. the input file “Fileln.txt” Figure 21. the output file “FileOut.txt”
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Degradation Tool

For Degradation Tool, all pipes have been considered in the analysis; CCTV data imported in the
Rehab Manager were also used. For Degradation Tool, an Excel file was created by Rehab Manager,
containing pipe characteristics and EN13508-2 CCTV codes.

Degradation Tool produces a change of roughness only in inspected pipes; thus a new network can be
simulated with Infoworks, MOUSE or SWMM code, and results imported again in the Rehab Manager
central Database. The pipes inspected were ten, but a new roughness was calculated only for nine
pipes, because the codes related to pipe number 416 did not imply a roughness change. The initial
value of roughness for all the pipe is assumed to be 65 [m1/3/sec]; after Tool use, a new value has
been found for pipes inspected; this value ranges from a minimum of 50,90 [m1/3/sec] for pipe 795 to
a maximum value of 61,75 [m1/3/sec] for pipes 285 and 321. Five classes of roughness value were
created to illustrate the results (Figure 22).

Bl Project: 20062005 - [Pipe level resulis: TransitionMatrixRoughness ]

f3% Broject Datasst Tools Options Reports Window Help HEE

8/ ®alaalx[~[c|ols] #(@a] [ww  fwemoem o]
W ACTIVE DATASET (LABEL)

AT ]
& 4510 53
A 530 58

G810 B3
sbove B3

v ALLPIFES
s
v MaNHOLES [TYPE]

B Storsge
— Dutfal
® Manhole

TEATEEE 936 V- 4958003 24

Figure 22. Transition Matrix Roughness

GAT Tool

In GAT Tool, four possible methods to calculate pipe vulnerability are available, depending on data
availability. In Correggio case, having “csv” files containing soiltype and groundwater level available
for each pipe, the fourth method called Permeability-Groundwater level was chosen. In Correggio the
soil type is clay for each pipe, while the groundwater level is comprised between a minimum value of
1 m to a maximum value of 3 m.

The results regarding the vulnerability of pipe using Permeability-Groundwater level method are not
meaningful, in that the vulnerability is “low” for all the pipes.
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HELLMUD Tool

The HELLMUD (Hydraulic and Environmental reLiabiLity Model of Urban Drainage) mathematical
model is focused on service reliability, which reflects the probability of hydraulic efficiency and
environmental impacts of a sewer system for one predetermined scenario. The model aims at a
definition of several criteria that can be used for the assessment of reliability aspects on the existing
sewer system or for the examination of proposed scenarios of the urban drainage system rehabilitation.
HELLMUD needs 4 input files: the 2 output files provided by the CAT and GAT tools, plus 2
additional files describing network assessment and hydraulic performance.

Having not run CAT Tool due to problems in Rehab Manager, related to the reading of continuous
storm simulation of 1 year, the analysis was performed using hydraulic simulations and GAT results
only.

The Output file is a file containing the values of all Criteria calculated, as shown in Figure 23.

3 Microsoft Excel - CS(AIl)Criteria EEX

File Modifica Wisualizza Inserisc Formato Strumenti Dati Finestra 7 ;@Jﬂ
DeEds Sy | §BRT a- Q= A LG S -3,

[ A ] =| LinkiD

A B C D E 7 €] H | dl [ ot

1 LinklD__WFillingLeve FrequencyFillingLevelA FrequencyFillingLevelB  FrequencyFillingLevelC ProbabilityS |ProbabilityC |ProbabilityD WWeightingl Insufiicient Velocity =
2 TA 0.02 0.02 0.0z 0.04 0.04 0.04 1 1 yes
3 2D 5 5 221 1 1 1 0 1 yes
4 3D 5 5 317 1 1 1 0 1 yes
5 4D 5 5 323 1 1 1 1] 1 yes
B 5D 325 0.58 0.1 1 1 0.18 0 1 yes
7 6D 0.97 0.42 0.09 1 0.67 0.18 1] 1 yes
8 7D 5 5 0.1 1 1 0.18 1 1 yes
2 8D L3 3.68 0.24 1 1 0.42 0 1 yes
10 9D 5 1.29 0.08 1 1 0.15 1] 1 yes
1 1nc 228 0.42 0.08 1 0.66 0.08 0 1 yes
12 mne 0.3z 0.16 0.04 0.54 0.3 0.08 0 0.63 yes
13 12D 0.32 017 0.05 0.53 0.31 011 1] 0.63 yes
14 13D 0.9 0.41 0.07 0.9 0.66 0.14 0 1 yes
15 14D 0.91 0.42 0.07 0.93 0.66 0.13 i] 1 yes
16 1580 074 0.32 0.04 0.93 053 0.08 1] 1 yes
17 16D L3 5 0.47 1 1 072 g 1 yes
13 17D 232 0.83 0.25 1 0.93 0.44 1] 1 yes
19 16/C 189 0.52 0.02 1 0.77 0.04 0 1 yes
20 19D 1.86 0.89 0.23 1 0.99 0.4 0 1 yes
21 200D 485 192 0.28 1 1 0.43 1] 1 yes
22 21D 5 1.84 0.2 1 1 0.37 1 1 yes
23 22D 5 5 0.36 1 1 0.6 1] 1 yes
24 23D 358 167 1.14 1 1 1 1] 1 yes
25 240 162 0.62 0.33 1 0.85 0.95 1] 1 yes
26 250D 1.61 0.64 0.29 1 0.87 0.43 0 1 yes
27 26D 4.11 1.36 0.28 1 1 0.48 1 1 yes
28 27D 1.31 0.5 0.2 1 0.75 0.37 0 1 yes
29 2B D 5 238 0.26 1 1 0.45 1] 1 yes
30 28D 5 172 0.1 1 1 0.18 0 1 yes
Ell oc 1.04 0.28 0.0z 1 0.48 0.04 i] 1 yes
32 nc 5 072 0.02 1 0.92 0.04 1 1 yes
SfE! 32 B 0.33 0.02 0.02 0.55 0.05 0.04 i 1 yes
4| 4[» ] M CS(ANCriteria / [+
Disegno [ Fome- > WO OE 43 d-Z-A-=E=ZcBa@.

Pranto UM

Figure 23. Criteria Output file

In Figure 24 and in Figure 25 there is a GIS view of propability, for each pipe, to reaching water Level
2 and water level 3 respectively.
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B Project: 210705 - [Pipe level results: ProbabilityOfReachingWaterLevel2 | A=
B3 Project Dataset Tools Options Reports  Window  Help k-
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Map ] Selection ] Active Dataset l
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Figure 24. Probability of reaching Level2

I Project: 210705 - [Pipe level results: ProbabilityOfReachingWaterLevel3 ] A
B3+ Project Dataset Tools Options Reports  ‘Window  Help -

M ap ] Selection ] Active Dataset l
§|@|Q|Q|ﬂ|&| . |,—J‘|{:}|I:I|£)| §|ﬂ|ﬂ| |New le:-:tentsElverlap ﬂ’_
v FAILURES

v ACTIVE DATASET [
A D i

Jdto 3

A 3wk
A bbove B

¥ ALL PIPES
A

v WMANHOLES [TYPE]

m  Storage
Outfall
® Manhol=

[~ ZOMES

£

|| s TR SRR IELSSE T 330 /0. Iahd0 TR

Figure 25. Probability of reaching Level3

As shown in the previous figures, most of the pipes of the network have a probability of reaching
water level 2 or 3 from 4% to 10%, but a consistent part of the network belongs to the last class, with a
probability to reach water level 2 or 3 from 60% to 100%.
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SRP Tool and Socio Failure

Sewer Rehabilitation Planning Tool enables to make a first list of pipes to rehabilitate, depending from
pipe characteristics. The list of pipes is then exported into Socio Failure and 10 criteria are calculated
for each pipe of the list.

A second use of SRP is made after to have run Socio-Failure and a final list of pipes to rehabilitate is
obtained, depending from the values of criteria,.

In our analysis in the first list are grouped all the pipes with condition class equal to 2 and 3 (worst
cases). From an initial number of 885 pipes, the analysis of Socio-Failure was performed only on 194
pipes.

In the figure 26 is shown the final step of the first selection in SRP in which in grey colour there are
the excluded pipes and in red colour the pipes to be considered in the analysis with Socio Failure.

CARE-S Sewer Rehabilitation Planning
Eile Help

Project: CORREGGID
Created: 07/10/2005 15:29:48

~Fiehabiltation plan - Budget

ion rate length ilitation Budget

Target value 0m % 000 m 0o Unit casts 150.00 €/m
Current status 2TEE X 18545 m 271778 E0E
Resst + Step 3 0f 3
Delete 194 assets selected for rehailiation B39 assets eliminated
Gewer asset data  Filter (Elimination] }
Filter Rehabplan | Histogram | Distibution - Sensitivity
Steet -
Select from available data ¥ 194 pipes in rehab plan 3 ¥ 638 defintely elminated pipe Expott rehabplan
T MAGEID ~
FDVENEEE Fip=ID ManholedD .. ManholsD . Street Sewetype | Installationy.. Length Height width Material LA
BORGOVECCHID
BOVES 2 0300239 S0937 VERZELLONI s 1800 132603 400 400 canc 23
BUONARDTTI 3 0300302 0300293 VERZELLONI = 1800 79442 400 400 cane k]
o 4 0300360 0300299 PATERLINI ¢ 1800 47349 400 400 canc 2
CATTANIA 5 0300553 SE0543 MATTEDTTI ¢ 1800 A7 700 700 canc %
CIRCONDARIA 6 0300535 0300853 VARSAMA e 196154 500
CONCISPELLI
CONTE IFPOLITD
CONVENTIND
COSTITUZIONE
COTTaEm
Chesk statur——————
0300635 7400678 MATTARELLA s
Current state 0300716 50714 MATTEOTTI = 1800 12215 500 500 cone 28
a 0300721 0300724 ARDIONE  © 1975 7217 00 200 canc 2,
g‘ fer stale. 0300724 0300731 AFDIONE ¢ 1575 225,731 300 300 cone ]
0300731 0300767 ARDIONE c 1575 19483 400 400 cone 28
0300739 0300751 SANBIAGID < 1973 143.283 00 200 canc 2,
0300751 0300766 55n°EEPE.. ¢ 1975 85388 500 500 canc %
0300767 0303108 S5n4EBPE. c 1800 4812 400 400 cone 28
= 0300770 0300777 5.5.n°4BBPE.. ¢ 1975 149.38 00 200 canc 2v

Figure 26. SRP: first list of pipes

Socio Failure calculates the value of the 10 criteria, depending from data availability, for each pipe in
the first selection (Figure 27). The criteria are:

— flooding damage to buildings and their contents, and business losses;

— flooding intangible damage;

— traffic disruption and trouble due to flooding;

— degradation of surface water quality and consequences on present or future water uses;

— degradation of groundwater quality and consequences on present or future water uses;

— wastewater service interruption;

— traffic disruption and trouble, annoyances to life quality, due to soil depression;

— annoyances and damage from dry weather flooding in basements;

— annoyances and damage from dry weather flooding on the street;

— annoyances due to odours, insects, rodents.
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Figure 27. Socio Failure: criteria calculated

At this point all results have been registered in Rehab Manager and can be visualized in SRP, in order
to make a final selection of pipes to rehabilitate. As shown in Figure 28, 11 pipes have been prioritized
for rehabilitation and criteria used to make the selection have been:

flooding damage to buildings and their contents, and business losses;

traffic disruption and trouble due to flooding;

The motive of this choise has been that only for those 2 criteria there were values different to zero for
all the 194 pipes of the first selection.
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CARLE-5 Sewer Hehabilitation Planning
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In Figure 29 is shown a GIS view in Rehab Manager of the pipes to rehabilitate.

W Project: 210705 - [Dataset: Candidate [)]

£ Project Qataset Took Options Reports Window Help

Man | Sekection | Active Diotaset |

&|81aQn)x|- [~[0[]o] BIOMN| fie o =i

¥ FAILURES
"
¥ ACTIVE DATASET
W ALLPIPES
»
¥ MANHOLES [TYPE)
*  Manhole

W ZONES

TR

Figure 29. GI Sview of pipesto rehabilitate

Cost Tool and Socio Works

Socio Work is a tool that has to be run for each pipe of the selection; selecting each of the 11 pipes
viewed in Figure 29, 6 criteria were calculated. Criteria are:

—  noise impact;
dust impact;
groundwater pollution ;

service interruption ;
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— traffic and road ;

—  loss of trade.
From Rehabilitation Technology Database, our end-user has chosen 3 technology to be compared each
other, that are:

— in situ repair;

—  CIPP hot water cure;

— conventional trench.
Depending from network characteristics and from technology characteristic 6 criteria were calculated.
In Figure 30 is shown some criteria calculated for pipe 751.

E2 Microsoft Excel - CS(Candidate Pipes{210705) 1)Works
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A B c o] E F G H =i
1 |CARE-S: Computer Aided REhabilitation of Sewer Networks
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4 PipelD | 751]
5
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7
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22 1} 0 a
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Figure 30. Example of criteria calculated

Cost Tool was applied to pipes that were selected; depending from technologies cost for each pipe
rehabilitation costs were calculated, as shown in Figure 31.
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Figure 31. Rehab Costsfor each pipe

All the results of Cost Tool and Socio Works should have been used in SRT Tool but there has not
been much time to test; SRT Tool should provide the best technology for each pipe and a report of
rehabilitation plan.

SRS Tool

SRS Tool enables to make, in junction with Gompitz Tool, a long term rehabilitation planning.
Importing “Strata.txt” file and “STO.txt”, coming from Gompitz Tool, the state of the art of the
network is provided, as shown in Figure 32. The Time horizon was 10 years and time prediction 2015.
For each condition class a value of repair cost of 100 euro/m has been fixed, a rehabilitation cost of
150 euro/m, an inflation rate of 2,70% and a discount rate of 3 %.

A" CARE-S SRS, Version 2005.09.13
Eile Help
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Import data. .
ewer pipes Ecanomic settings |
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s | Color| Percentag:
12.61 % 1+ absolute " relative
100EUROMm [ 17.63 %
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ss00f
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Figure 32. Rehab Costsfor each pipe
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To run SRS Tool, 3 different kind of strategies have been performed, depending from “Length”,
“Budget” and “Condition”. Depending from the strategy chosen, Gompitz predicted the condition
grade of each pipe and SRS, depending from discount rate, inflation rate, repair costs and
rehabilitation costs, calculated the future economic investment in the network.
Gompitz results were imported and results visualized.

1) Strategy “Length”

A “Stl.txt” (figure 33) file was created to run Gompitz Tool. The Strategy “Length” consists to
fix for each year the length of network to rehabilitate and, depending from Gompitz, for each year
of prediction and for each pipe in the analysis the condition grade was calculated and visualized in
“Predictl.txt” file (Figure 34) and the investment costs were calculated and visualized in
“Rehabl.txt” file (Figure 35); after that “Preditc1.txt” and “Rehab]1.txt” files were imported into

SRS.
2 ST1 - Blocco note D@@

File Modifica Formato  Wisualizza

2005

2015
3;2;1;0
100;100;100;100
2005; 3000
2006; 3500
2007;3500
2008; 3500
2009; 4000
2010;4100
2011;4200
2012:;4300
2013;4400
2014;4500
2015; 5000

Figure 33. “ St1.itxt” file

I predict1 - Blocco note g@@

File Modifica Formakto Yisualizza 7

0;1;2005;0.146706;0.118818;0.242763;0.401712;2.079481;159. 685000 ~
0;1;2006;0.146706;0.118818;0.242763;0.491712;2.079481;159.685000
0;1;2007;0.146706;0.118818;0.242763;0.491712;2.079481;159.685000
0:1:2008:;0.146706;0.118818:0.242763:0.491712;2.079481;159.685000
0:1:2009:0.146706:0.118818:0.242763:0.491712;2.079481;159.685000
0:1:2010:0.146706:0.118818:0.242763:0.491712;2.079481;159.685000
0:1:2011:0.146706:0.118818:0.242763:0.491712;2.079481;159.685000
0:1:2012:0.146706:0.118818:0.242763:0.491712;2.079481;159.685000
0;1:20132:0.146706:0.118818:0.242763:0.491712;2.079481;159.685000
0;1:2014;0.146706;0.118818:0.242763;0.491712;2.079481;159.685000
0;1:2015;0.146706;0.118818:0.242763;0.491712;2.079481;159.685000
0;100;2005;0.062227;0.084587;0.228837:0.624348:2.415307:44.101810
0;100;2006;0.062227;0.084587;0.228837:0.624348:2.415307;44.101810
0;100;2007;0.062227;0.084587;0.228837:0.624348:2.415307:44.101810
0;100;2008;0.062227;0.084587;0.228837:0.624348:2.415307;44.101810
0;100;2009;0.062227;0.084587;0.228837;0.624348;2.415307;44.101810
0;100;2010;0.062227;0.084587;0.228837;0.624348:2.415307;44.101810 +

Figure 34. “ Predictl.txt” file
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[® rehab1 - Blocco note E@@

File Modifica Formato  Aisualizza 2

P005;300;23.5;2351.93 r
2005;535;193.1;19309. 98
2005;779;16.7;1670.57
2005;528;187.7;18766.15
2005;526:;23.2;2316.25
2005;508;17.9;1794.24
2005;758;54._.4;5439.09
2005;756;63.6;6363.17
2005;506;41_5;4149_34
2005;496;354_2;35416.28
2005;505;54.2;5417.77
2005;491;70.1;7010.00
2005;490;100.9;10087. 86
2005;497;208.5;20851.57
2005;296;28_2;2820.73
2005;329;47.0;4700.00
2005;436;54_8; 547884
2005;749;3.9:389.10
2005;277;5.4;541.29

Figure 35. “ Rehabl.txt” file

As shown in Figure 36, for each strategy 3 possible graphics are available:
— future network deterioration;
— discounted investment costs;
— discounted running costs.

I CARE-S SRS, Version 2005.09.13 g@

File Help
Name Desctiption Length unit Brase year
30/09/2005112450 [m E
Currency Forecast horizon [pears]
[EuRD [10 =]
Dataset } STO0: Deterioration Forecast ST1: Strategy "Length” ‘ ST2: Strategy "Budget” ] ST3: Strategy "Condition”
Create ST1.bxt | Impart Results ‘
Strategy speciication |Future network deterioration ~]
vear  Rehabilitation length Futire network deteriaration
[zoos - Discounted investment costs
Discounted running running costs Future network deterioration

2006 3500 m
2007 3500 m
2008 3500 m
2009 4000 m
2010 4100 m
2011 4200 m
2012 4300 m
2013 4400 m
2014 4500 m
2015 5000 m

Cumulative length [m]

&,000

0
20035 2010 2015

W:02001 M0

Active Project: 30/09/2005112

Figure 36. Strategy “Length”: future network deterioration
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2) Strategy “Budget”

A “St2.txt” (figure 37) file was created to run Gompitz Tool. The Strategy “Budget” consists in
fixing for each year the economic budget for rehabilitation; depending from Gompitz, for each year
of prediction and for each pipe in the analysis, the condition grade was calculated and visualized in
“Predict2.txt” file; the investment costs were calculated and visualized in “Rehab2.txt” file; after
that “Preditc2.txt” and “Rehab2.txt” files were imported into SRS.

File Modifica Formato  Aisualizza

RO05

2015
3;2:;1;0
150;150;150;150
2005;100000
2006;100000
2007;100000
Z2008;100000
2009;150000
2010;150000
2011;150000
2012;150000
2013;150000
2014; 200000
2015; 200000

Figure 37. “ St2.txt” file

Figure 38 shows the discounted running costs for “Budget” strateg

4. CARE-S SRS, Version 2005.09.13

Eile Help

Name Deseription Length unit Base year
30/09/2005112450 fm [2005 =
Currehcy Forscast horizon [vears]

[EURD [10 =l

Dataset | STO: Deterioration Farecast ST1: Strategy "Length” STz Strategy "Budget” | ST3: Strategy "Condition” |

|

Strategy specification

Year Rehabilitation costs
2005 100000 ELRO
2006 100000 ELRO
o0 100000 ELRO
2008 100000 ELRO
2008 150000 ELRO
2010 150000 ELRO
2011 150000 ELRO
01z 150000 ELRO
015 150000 ELRO
o1 200000 ELRO
015 200000 ELRO

Active Project: 30/09/2005112

Figure 38. Strategy “Budget”: discounted running costs

3) Strategy “Condition”

A “St3.txt” (figure 39) file was created to run Gompitz Tool. The Strategy “Condition” consists
to fix, for all the pipes, a condition grade to be reached in a certain year. Depending from Gompitz,
for each year of prediction and for each pipe in the analysis, the condition grade was calculated and
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visualized in “Predict3.txt” file and the investment costs were calculated and visualized in
“Rehab3.txt” file; after that “Preditc3.txt” and “Rehab3.txt” files were imported into SRS.

Figure 39. “ St2.txt” file

File Modifica Formato  Visualizza 7

2005

2015

3:;2:;1;0
150;150;150;150
1;1;1;0

2010

Figure 40 show the discounted investment costs for “Budget” strategy.
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Figure 40. Strategy “ Condition”:

CONCLUSIONS

discounted investment costs

The testing activities performed and a thorough analysis of results demonstrate that Care-S is a valid
instrument to plan rehabilitation in sewer networks. In fact, even if we have not been able to run in full
Cost Tool and MCD, we have been able to individuate 11 pipes prioritised for rehabilitation.

Care-S, as Care-W, needs a lot of data and time spent in data collection; in Italian water industry, this
represents a weak point, because in many utilities data are not in electronic format. Another weakness
is that a very small number of end-user actually performs any hydraulic modelling; and, in turn, the
lack of hydraulic data limits the use of Care-S.
As a consequence, an Italian end user desiring to use Care-S must be prepared to invest a large amount

of money and time in collecting data and performing hydraulic modeling.
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Testing in Barcelona

Objectives

The objectives of the testing of the CARE-S software in Barcelona, done by CLABSA have been
defined as:

Understand how does CARE-S work: Use of the Rehab Manager, dataflow, how to import files, data
and tools management (edit, copy, etc.)

Check what data requires each tool, and in what format file must if be provided for data reading.
Prepare CLABSA’s GIS data for exporting data in the required format and priorize collection of new
data, when detected important missing information.

These have been pointed as the steps to follow in the way for an extensive application of CARE-S
software in Barcelona, planned for the next months.

General testing procedure

According to the objectives, a testing methodology has been established. The main tasks pointed have

been:

100

Select priority tools: no each one of the tools have been tested. A priority list has been developed,
according to the interest of the results provided by the tool for Barcelona case, considering also those
tools which produce input for other tools (the main interest is not in the direct results of the tool, but
these results are required to run other tool). Obviously, data availability has been another variable
considered in order to test a tool.

Tools selected under these conditions have been:

PI Tool
CCTVcon
Blockage model
Degradation model
Z-model
GAT
CAT

0 Hellmud
Phase 1: Training with example files provided by tool developers. The first step in the testing was
learning how does the software function. Once used to the Rehab Manager function, tools were tested
with the original example files for learning function procedure and checking consistency (version
problems, local settings, etc.). So, the objective of this phase was understanding the procedure.
Phase 2: Application to sample case. Those tools tested in phase 1 were checked with a semi-
synthetic catchment. This dataset corresponds to real sewer system of a Tarragona catchment. Selected
dataset was of reduced dimensions, in order to be able to change or add any required data manually.
Sewer topology is real, but other data, as material and defects were edited to present a variety of cases
(different material, different defects and years of inspection etc.). This semi-synthetic dataset has a
sewer length of 3.410 m, 14 pipe length and a catchment area of 114,83 hectares. The main objective
of this second phase was the checking of compatibility problems.
Phase 3: Transference to Barcelona pilot catchment. Once verified the correct function of the tools
in previous steps, a pilot catchment of Barcelona was selected to test the tools. The objective in this
case was to prepare the GIS for massive data export. Some of the tools have already tested in this level,
but this task is still under development. Selected pilot catchment has been Bac de Roda, with a sewer
length of 3.006m, over 150 pipe length and a basin area of 178,3 hectares.
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= Phase 4: Massive application for Barcelona. The final aim of the testing procedure is arrive to this
phase: being able to apply CARE-S in Barcelona in order to develop a Rehabilitation Master Plan. This

task is planned to begin in December 2005 and finish in July 2006.

As a previous consideration it’s important to remark that this testing has been done up to August
2005, consequently, newer versions of tools have not been tested, and probably some defects found

have been already mended.

M Project: BacDeRoda - [Pipe level results: LastSurveyPeriod]
B9 Project Dataset Tools Options Reports Window Help

[ Map]| Seloction | Active Dats

Act st |
S #aa@mx - |~oos| 2o [vew T

¥ ACTIVE DATASET [LABEL)

W 4LLFIPES
L

¥ MANHOLES
-

UTRFv PIBand code el veed [Node Tpe]

Figure 1. View of the Barcelona pilot catchment: Bac de Roda.
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Testing of the PI tool

Short description of thetool
PI tool calculates performance indicators at catchment level.

Description of the testing procedure

Due to the characteristic of this tool, it has been tested with data of all the city of Barcelona, because
the effort of calculating this for a catchment is similar than for the whole city.

Model verification, results and discussion

It’s a very simple to use tool, that runs pretty well and provide good results. The most difficult part is
the data collecting, because some of the performance indicators require information hard to find or to
collect.

Higher interest of the tool is comparing results of different years or districts/catchments of the city.

Conclusion

Tool runs very smoothly. Very interesting tool for benchmarking (internal, in different catchments, or
external, among different cities).
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Testing of the CCTVcon

Short description of thetool

CCTVcon tool converts the national standard CCTV inspection coding system to European coding
system EN 13508-2. National standards have been introduced for five countries: Australia, Norway,
Germany, United Kingdom and Denmark.

Description of the testing procedure

Spain has not a specific national standard for CCTV inspection data collecting before adopting EN
13508-2. Consequently, many different coding systems can be found, depending on cities and even
inspection companies. In the case of Barcelona, sewerage managers are working in the translation
from their specific coding system to the European Norm.

CLABSA has tested this tool at phase 1, using the testing files provided by tool developers.
(Nordberg)

Model verification, results and discussion

Tool seems to run well and provide good results in the tested case.

Conclusion
Tool works fine. No proper dataset in Barcelona to use it.
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Testing of the Blockage tool

Short description of thetool
Blockage tool calculates the blocking probability for each pipe length of the sewer network.

Description of the testing procedure

Blockage has found to be a critical aspect of the sewerage system for pipes smaller than 300mm
diameter. In the case of Barcelona, which has a combined sewer system, diameters are, as Municipal
regulation state, of at least 400mm of diameter for the public network. The fact is that blockages in
Barcelona are, until today, extremely rare. For this reason, this tool has not tested in subsequent
phases.

CLABSA has tested this tool at phase 1, using the testing files provided by tool developers.

Model verification, results and discussion

Tool seems to run fine and provide coherent results in the tested case. A warning in German was found
during the testing. No other incidence.

Conclusion
Tool works fine. No interest for Barcelona to use it, because blockage is not a problem.
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Testing of the Degradation tool

Short description of thetool

Degradation tool has been designed to recalculate hydraulic parameters according to defects present in
the sewer. Tool changes the manning coefficient or inserts local head loose in the hydraulic model
(SWMM, MOUSE or Infoworks) depending on the defect assigned in each pipe length by the CCTV
inspection.

Description of the testing procedure

CLABSA has tested this tool at phase 1, 2 and 3. This means that tool has been tested with Nordberg
files (example), semi-synthetic catchment and Barcelona pilot catchment.

Model verification, results and discussion

No problem found during testing phases 1 and 2. Testing in the pilot catchment some warning were
advised, and found caused by a lack of data (quantification and characterization of CCTV data).

Tool runs fine and provide logical results in all the tested cases.

Conclusion
Tool works very fine. Very interesting tool for Barcelona.
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Testing of the Z-Model

Short description of thetool
Z-model tool has been developed for the rough assessment of problems related to H,S in sewers.

Description of the testing procedure

CLABSA has tested this tool at phase 1 and 2. In this case, testing files were Nordberg, Cherston and
Tarragona semi-synthetic catchment.

Model verification, results and discussion

No problem found during testing phase 1. Only the definition of pipe material was required, and it was
done with the help of the Rehab Manager. In Tarragona case, an error was found: Z-model advised
that there were no pipes with a positive slope, and consequently was unable to run. This problem was
advised. Developers were aware of it, and mending it. No further testing was done after that.

Tool runs quick and fine in example files, but problems were found with semi-synthetic catchment.

Conclusion

Tool seems to work fine, but further testing is required by CLABSA to check the repair of the error.
Quite interesting tool for Barcelona, because provides valuable information with easy to input data.
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Testing of GompitZ

Short description of thetool

Degradation model for sewer pipes. Requires CCTV inspection data of several years and basic pipe
data.

Description of the testing procedure

This tool has been tested at phase 1 and 2. Unfortunately, Tarragona semi-synthetic catchment did not
have enough CCTV inspection data to run the calibration block, and so it was not possible to run the
prediction block.

Model verification, results and discussion

No problem found during testing phase 1. The required amount of information (CCTV inspection in
different years) for calibrating the deterioration curves was large, and so it has not been possible to
obtain results for semi-synthetic catchment.

Tool seems to run fine.

Conclusion

Tool works fine, but further testing with more CCTV inspection data is required. Extremely
interesting tool for Barcelona, provides very valuable and innovative information, nevertheless it
requires costly data for its calibration.
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Testing of GAT

Short description of thetool

Groundwater Assessment Tool is used for assessment of sewer waste water exfiltration problems that
may cause pollution in groundwater.

Description of the testing procedure

This tool has been tested at phase 1. No further testing has been done, as groundwater pollution is not
a major issue in Barcelona.

Model verification, results and discussion

Some problems found during testing phase 1 inside the Rehab Manager (probably some import failed).
These problems were not found when running the tool as a stand alone.

Conclusion

Tool seems to work fine, but further testing with real dataset should be convenient. Low interest for
its application in Barcelona, because groundwater pollution is not a major problem.
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Testing of CAT

Short description of thetool
Combined Sewers Overflows Assessment Tool is used for assessment of CSO risk in receiving waters.

Description of the testing procedure

This tool has been tested at phase 1, with Nordberg test file.

Model verification, results and discussion

Minor problems found running the tool as a stand alone. Some problems found during testing inside
the Rehab Manager (format mismatch).

Conclusion

Tool seems to work fine, but further testing with real dataset should be convenient. Very interest for
its application in Barcelona, because CSO are closely watched by authorities and citizens in receiving
waters (beach zone).
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Testing of Hellmud

Short description of thetool

Hydraulic and Environmental reliability Model of Urban Drainage) uses as input hydraulic model,
GAT and CAT to produce hydraulic and environmental risk maps.

Description of the testing procedure

This tool has been tested at phase 1, with Nordberg test file.
Model verification, results and discussion
Minor problems found running version 3.3.0. No problems found during testing of version 2.2.0.

Conclusion

Tool seems to work fine, but further testing with real dataset should be convenient. Very interest for
its application in Barcelona, because it point the high priority pipes according to the hydraulic and
environmental risk they produce.
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General conclusions and recommendations

CARE-S project has developed a large number of programs and tools, able to cover diverse
requirements. In the case of Barcelona, some of the tools have not been tested, mainly due to lack of
data.

The Rehab Manager organizes all the tools, avoiding the repeated import of the same data, which is a
major advantage. Some facilities have been included in this Manager, like numeric or GIS reports.
Even that, the general procedure to implement the CARE-S in a city is not simple, and consultancy
and or training is highly recommended.

An issue of importance is the number of data required by many of the tools. In some cases, data are
basic asset information, available in almost any GIS, but in other cases (e.g. infiltration/exfiltration)
the required data are complex to measure and/or costly to acquire.

As a consequence of these facts, investment in data collecting and office staff is necessary.

Regarding the tools, tested software ran very fine in general, and provided logical results. More testing
effort will be done during the next months in order to implement CARE-S system in Barcelona.

CLABSA considers that a software rehabilitation like CARE-S is essential for medium or large cities,
and in any case for cities with sewer degradation problems.
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| ntroduction

The aim of this phase of the CARE-S project was to test the various tools in the CARE-S toolkit
within the main framework of the rehabilitation manager software.
This document describes the scope of the testing work undertaken by WRc in conjunction with Severn
Trent Water and United Ultilities, the UK end users of the CARE-S project.
This is the final report of the end user testing and, as such, presents the testing that has been carried
out up to the beginning of October 2005. The first training and testing session took place in February
2005, when version 2.2.0.0 of the CARE-S software was issued. The final testing session was carried
out on the August 2005 release, version 2.5.0.0.
The testing addressed both the ease of use of the rehabilitation manager and tools as well as the
relevance of the analysis that has been undertaken. In particular, the following points were discussed:
e Data collection
e Running the software
0 Importing data
0 Using the rehabilitation manager
0 Using the individual tools
e Discussion of results

e The relevance of the CARE-S software to the needs of the end-user

Scope of thetesting wor k

The testing work consisted of one day of training and two days of testing, spread out over several
months. The end users chose which tools to test, based on their companies’ needs and data availability.

The following tools were tested:

e The CCTYV conversion tool;

e The degradation tool,

e The structural condition prediction tool (GompitZ);

e The blockages tool;

e The CSO Assessment tool (CAT);

e The hydraulic reliability tool;

e The socio-economic consequences of pipe failures tool

Description of test site

Most of the testing was undertaken using data from the “Darlaston” catchment. Darlaston is a sub
district of Walsall Metropolitan Borough Council, which lies some 8 miles north-west of Birmingham,
England.

The catchment covers some 488 hectares and, with a population of approximately 15,000, is almost
entirely urbanised. It is roughly 70 % residential and 30 % industrial with the industry concentrated on
the southern edge and in an area in the north, north of the Walsall Canal and the Black Country Route
highway.
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The topography of the area shows a gradual fall from the town centre (slightly to the east of the centre
of the catchment) which forms the high point of the catchment. The land falls in all directions from the
town centre, but more steeply towards the south-east into Sandwell.

The area lies in the South Staffordshire Coalfield and was mined extensively during the nineteenth and
early twentieth century. The ground consists mainly of heavy clay, which underlies considerable
amounts of fill.

There is ongoing redevelopment within the area and many new industries have replaced the traditional
heavy industries. The town centre has undergone major redevelopment in recent years.

There are just over 80km of public sewers, with three CSOs and no pumping stations. Approximately
35% of the drainage is fully separate, with 45% partially separate and the remainder combined. The
separate areas are mainly in the newer industrial areas in the north, south and south-eastern parts of the
catchment. The combined areas are mainly in the older residential areas scattered around the
catchment.

The main watercourse is the Darlaston Brook which drains to the River Tame on the northern edge of
the catchment. The foul/combined sewer system drains, via the Black country Trunk Sewer, to
Minworth wastewater treatment works.
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Data

The data files used for the testing consisted of:
e Hydraulic model of the catchment

e Hydraulic results files

e CCTV survey data

o Failure data, relating to pipe blockages, flooding and collapses
e A list of rehabilitation technologies available in the company.

Data preparation

Hydraulic models

Models from the Severn Trent Water, Cherston and Darlaston catchments were used. The Darlaston
model was used for most of the testing.

Pipe age (installation year)

United Ultilities hold information on the installation year of the pipe in their corporate “Maplnfo” GIS
database but, since we were testing CARE-S using Severn Trent catchments, we were unable to use
this information. The equivalent information is not readily available in Severn Trent, but it can be
estimated using property age data. Severn Trent provided WRc with property age data in MapInfo
format and the files were converted to shape files for importing into the rehabilitation manager. We
then assigned property ages to the pipes adjacent to each of the properties by a semi-automatic
method. This was a time-consuming process.

Pipe wall thickness

Wall thickness is not formally measured but manufacturers’ datasheets provide wall thicknesses for
given pipe materials and diameters. Users can be fairly confident in using this material and diameter
information to identify wall thicknesses. Pipe depth should also be considered: The deeper the pipe,
the thicker the wall. WRc therefore estimated wall thicknesses based on pipe material and diameter,
and used expert knowledge regarding depth. Severn Trent Water were satisfied with this approach, see
table in Appendix A.

Soil type

Soils map were provided in MapInfo format. These were loaded into the rehabilitation manager and
soil types assigned to the pipes using the “update attribute” function of CARE-S.

Groundwater levels

This a “nice to have” data item. UK companies do not collect it routinely and, as it is not considered
important, they are not prepared to commit resources to collecting it. Groundwater levels could be
identified on a scenario basis. For example, estimates could be made for groundwater levels during
wet and dry periods or according to soil type. It should be understood, however, that such data would
be based on very broad estimates. Levels could also be estimated by reference to infiltration observed
during CCTV inspections. For the purposes of testing, a predefined query was written in the
rehabilitation manager’s ‘Expression Builder’, to define groundwater levels for selected pipes at a
fixed depth below ground level.

CCTV inspection survey data

Two surveys were available, one from 2002, the other from 1990 to 2002.

Rehab technologies

See Appendix B for a list of the technologies available to Severn Trent Water.
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Hydraulic results
Hydraulic results requirements were as follows.
e Dry weather flows: In “.prn” format for use in the simple internal corrosion tool (the “Z” model).

e Design storms: Flow depths at each link at hourly intervals over a 24-hour period, in “.csv” format
for use in the infiltration/exfiltration tool. Flood volumes at each node over a 24-hour period
(preferably for at least one year), in “.csv” format for use in the CAT tool. Other design storms in
“prn” format.

Overall, the preparation of hydraulic results is not a data intensive exercise. Nearly all data
requirements can be fulfilled and there are means by which missing data can be estimated.

Testing

First, we created a new CARE-S “Project” and provided CARE-S with the basic network by importing
the Darlaston hydraulic model. We then added the CCTV survey data and ran CCTV conversion tool.

CCTV conversion tool

We imported the two different sets of survey data. JIt was noted that CARE-S overwrites old
information with newer information. It is important that users are aware of this because, sometimes,
the older data are more accurate than more recent data. The opportunity to retain the older data should
be provided.

Similarly, if more than one CCTV inspection survey has been registered in CARE-S, the rehabilitation
manager will automatically use the latest (most up-to-date) data. It was suggested that it would be
useful if users could to compare different CCTV inspection results in order to study deterioration over
time and the impact of rehabilitation work.

Our end users did not know what the CEN material-type codes meant and requested a table of
information explaining the meaning of each code. This has been added to the later versions of CARE-
S.

End-users believed that the CCTV tool was very important. Companies spend a lot of money on
CCTYV inspections, so it is beneficial if the CCTV tool provides a means by which they can exploit the
data further and produce more meaningful results.

Degradation tool

The degradation tool’s “Help” was reviewed and found to be acceptable.

We then ran the tool to calculate revised pipe roughnesses, based on information from the CCTV

inspections.

The following comments were made:

1. An error message appears each time there’s a blank in the CCTYV file, this needs to be OK’d before
processing will continue. This is not acceptable, since an “error” message suggests problems,
which these are not. Also the text of the message is misleading; it should say the value in
“quantification 1” is not valid

2. The message informing users that the recalculation has been completed is not good English; it
needs re-writing.
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3. The recalculation is carried out twice. The reason for this is unclear.

Next we checked the results produced by the tool, by double clicking on “sewer pipe data for

recalculation” in the input screen. A set of results was generated, but the interpretation of the results

was not intuitive.

The action generates the MS Excel spreadsheet and the “old” & “new” roughnesses are on the far right

of the “results” worksheet. In order to identify pipes for which the degradation tool had identified a

change in roughness we added fields to subtract one from the other. (This can be done using the

standard report “update numeric 4...” in the expression builder, which generates a GIS report,

demonstrating the use of the expression builder).

This additional functionality could be useful as, at present, roughnesses must be identified and

changed by inspection. However, InfoWorks has the capacity for users to enter two roughness values,

one for the bottom of the pipe and one for the top. The degradation tool only provides one roughness.

We must assume, for the time being, that this is the same for the two InfoWorks values.

The following additional comments were made:

1. The column headings on the “CCTV” worksheet are incomplete — they stop at column “BC” whilst
the spreadsheet goes to “IV”.

2. The tool is ignoring a significant number of defects — eg. all the “BB’s” which do occur in the
CCTV input file. Is this because the “recalculation matrix” ignores surface defects such as
sediment and only looks at structural defects? This is inconsistent with the information provided in
the “help” file.

3. In the “Recalculation formulae” table, the field headings “A”, “B”, etc...are not clear, they need to
be labelled the same as in the “Recalculation matrix” table: Characterisation 1 /2 and
Quantification 1/ 2.

4. Whilst the tool was running, the following error messages appeared for different pipes and
different defect codes:

1. “Characterisation 1 is not valid. Check Characterisation letter”
2. “Quantification is not valid at 1. Valid value is between 0 and 1 (100%)”.

These errors appeared when there were blank cells in the CCTV data. The tool developer should

allow for blank cells or improve the error messages.

5. End-users found it useful to be able to view the base data in the results file.

6. It is not clear when the tool has finished running. Although it reads “Done” in the processing box,
the progress bar is still shaded-in and this normally means that the tool is still running.

7. Windows ‘Service Pack 2’ is required to run the degradation tool. This should be mentioned in the
tool’s “Brief Help” file so the user has an idea of a possible reason, if the tool should fail to
operate.

8. The roughness values in the “Results” sheet look different because of different cell formats e.g.
some are presented to one decimal place and others to four. This can mislead the user into thinking
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that roughnesses have changed slightly. It is preferable that all results are displayed to the same
number of decimal places.

9. It was uncertain whether all the defects in the CCTV survey data were registering in the
degradation tool. Only structural defects were listed for Darlaston data, but problems due to silt
and other such issues were expected.

Predicting structural condition tool (GompitZ)

Both our end users were Interested but, before proceeding further, would need to gain confidence in
the statistical techniques used and the validity of the results.

Blockage tool

Severn Trent hold past blockage data in MapInfo. The quality of the blockage data was often poor and
it was a time-consuming task to prepare the data for import into CARE-S.

Most blockages are in “Section 24”' sewers but these sewers are not included in Severn Trent’s
hydraulic models because of the limited information known about them. However Ofwat (the
economic regulator) consider Section 24 sewers to be important because, in the future, they are likely
to require increasingly large maintenance investments to maintain their serviceability. There is
therefore a need to obtain more information on Section 24 sewers. Severn Trent are aware that the
issue of data quality is a problem for them to resolve. The first step is to ensure that field operatives
record blockages accurately against the pipes in which they occur.

WRec staff spent a significant amount of time during testing, explaining the data requirements to our
end users, considering where (in their corporate systems) data are held, and how data can be retrieved
and prepared for importing into CARE-S.

The following general comments were made:

1. The tool is very easy to understand and use.

2. The output “Probability of blockage” is preferable to “Blockage factor”.

3. The first page in the tool’s ‘Brief help’ suggests that ‘slope’ is a factor used to calculate the
blockage factor for each pipe. However slope is not required in the tool’s input file.

The CAT tool

The first function of the tool was tested to assess the sensitivity of receiving water to drainage system
(“A” & “B" values). Our end users considered the results to be reasonable and thought they could be
used as a “rule of thumb” for assessing CSO impacts.

The comments generated by the tool were not particularly useful. Velocity and depth seemed to have
little impact on results. The end users believed that a graphical output, depicting the effect of changes
to the “A” values (e.g. PE) on the sensitivity of receiving water, would be useful. Users could then
observe at what point in the model issues would occur.

We attempted to test the second function of the tool, to assess the performance of CSO’s with
reference to national standards. This failed due to problems creating a suitable input file for the tool.

! “Section 24” is a term used to describe sewers which were originally the responsibility of a local housing authority. They
are generally small sewers, are often poorly constructed and have low quality location and attribute records.
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Socio-economic consequences of pipe failures

The following comments were made:

1. The end user currently has to enable macros when commencing work with the tool (either by
simply clicking on “enable” or by changing the security level, from high to medium or low, and
then reopening the tool and clicking on “enable”). This is unacceptable. Macros should be enabled
automatically so that the user does not have to enable them.

2. Once working with the tool, the end users had difficulty understanding the column headings.
Column headings must be clearer. The meaning of “Groundwater type — Y/N” was also unclear.

3. The pipe environment data in the sheet “Validation of environment data” did not contain any data
for the user to check and validate.

United Utilities explained that this tool could be useful to UK water companies as, in theory, it
provides important information. However, socio-economic consequences are already considered by
the UK companies when deciding which assets are “critical”. For users to adopt this tool, it would
have to offer something not already done or, indeed, a better way of collecting and analysing the data
they already process. Current impressions are that the tool is too data intensive.

Other tools

Both end users explained that internal and external corrosion of sewer pipes were not real problems
for UK companies. They were therefore not interested in testing these tools.

Likewise, the end users were not interested in the load-carrying capacity or infiltration/exfiltration
tools. However United Utilities explained that the Environment Agency are now asking companies to
collect information on exfiltration in areas close to groundwater boreholes. Infiltration/exfiltration is
not a significant issue at present, but could well be in the future.

The groundwater assessment tool (GAT) was not tested because no groundwater level data were
available. See “General data requirements” below.

Due to time constraints, the following tools were not tested: pipe selector; socio-economic
consequences of rehabilitation work; rehabilitation technology database; rehabilitation technology
costing tool; multi-criterion decision making tool. The long-term strategy tool was not available from
the tool developers at the time of testing.

Rehabilitation Manager
The following comments were made:

General comments

1. “New project” form — there are two redundant data-entry boxes on the right-hand side of the screen
which should be removed.

2. The name of the project and template folders in the CARE-S directory start with an “s”.

Severn Trent questioned whether the “s” was necessary. The “s” stands for “sewers” to distinguish

the files from those produced by CARE-W( which are prefixed “w”. The “s” could be removed.

3. Itis advisable to save a project regularly to reduce the risk of losing data, should the program
crash. In this case, automatic back-up at defined time intervals would be useful.
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4. In the GIS viewer, the selected layer should be made more prominent, so that the user knows
which layer is selected. For example, a lightly-shaded box around the layer would make it stand
out.

5. United Utilities asked whether the flow direction in the pipes could be displayed and/or whether
the user can add such arrows manually. At present, neither facility is possible.

6. Severn Trent requested that a note be added to the Help file explaining that the user can change
pipe attributes but cannot add or delete pipes.

Commentson reports
1. “Reports — GIS — current status of inspection data”

“0to 57, “5 to 107, etc., is difficult to understand if you don’t realise you have to read the file name at
the top of the screen.

This should say “Pipe level results : Last-Survey Period (years)”

2. Report on condition grades

The CCTV Condition Grades are colour-codes inappropriately, the best condition being shown in red.
This should be changed to green. The colours are set at initial installation and, in the majority of
cases, are correct, but some anomalies will require modifying.

Theinteraction between the degradation tool and therehabilitation manager

The end user may not wish pipe attributes in the hydraulic model tool to be updated automatically by
the degradation after processing of CCTV survey data.
In the UK, existing pipe measurements are more likely to be correct than those obtained from CCTV
surveys. CCTV operatives often measure the pipe attributes, but this is not an important requirement
of the CCTV work and companies often disregard the information recorded. Diameter and depth are
often poorly recorded during CCTV work and the method of measuring length is not accurate. Utilities
therefore consider the pipe measurements from the CCTV surveys to be unreliable and do not use
them.
The end users considered what data should be transferred from the degradation tool to the
rehabilitation manager. They thought that users should be given the option to accept or decline each
change to a pipe attribute prompted by the degradation tool. For example, changes to pipe attributes
and roughnesses (after the degradation tool has been run) could be highlighted so that, when the
updated hydraulic model is exported from CARE-S and imported into the hydraulic modelling
application (Infoworks, MOUSE OR SWMM), pipes that have changed can be identified. This would
allow the user to compare the updated model to the original model and accept/reject the changes. If
this facility cannot be provided, then the following message would be useful: “Of the pipes inspected,
the following attributes may have changed: ........... ”. The user would then be aware of possible
changes to the hydraulic model.
Four GIS reports would be useful to show the results from the Degradation tool

1. Initial roughness;

2. Derived roughness;
3. “+”or “-*“ difference between the initial and derived roughness;

4. Different defect types.
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A tabular report would also be useful, showing the initial and derived roughness values and the
difference between the initial and derived roughness values.

End-users found the data label “Current roughness” too ambiguous and suggested “initial roughness”
instead. Similarly, the data label “Transitionalmatrix roughness” is no longer valid and should be
changed. Suggestions made included “Derived roughness” or “DegradationTool roughness”.

Theinteraction between the hydraulic model and the rehabilitation manager

During testing there was a problem with the unit of pipe length. To create a hydraulic model with the
correct units, the end-user must select “Native” units in the hydraulic modelling package. This could
be explained in the Help file, with the aid of screen dumps.

When importing a hydraulic model, the user is currently asked to define a name in a blank text box.
Throughout the training and testing sessions, the name entered was always the same as the project
name. The project name could therefore be the default hydraulic model name and the user can change
it if necessary.

Miscellaneous comments
1. On opening the socio-economic tool for pipe failures, groundwater levels were present in the input

sheet, but there were no groundwater levels in the hydraulic model linked to the Rehabilitation
Manager. It is not clear where these values come from.

2. In the Socio-economic tool for pipe failures, data values for “backwater values” and “basement
exists” should be “No” by default.

3. When importing “.csv” files it is easy for the user to select the wrong file for import. It would be
useful if the rehabilitation manager were to check the field headings in the import file against the
data specification in the Rehabilitation Manager and informed the user of any mismatch.

4. For the CAT tool, CARE-S does not identify CSO’s automatically (these are not identified in
InfoWorks), so the user must know which nodes are CSO’s and enter this information into the
CARE-S database. This is no problem if the network has (say) 20 CSO’s but what about 100?

5. An egg-timer is displayed but the cursor returns before processing has been completed. This can
be confusing, as users will not know the program is still carrying out on operation.
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APPENDIX A — Standard pipe wall thicknesses

Material Diameter (mm) Wall thickness (mm)
Brick 400 200
500 200
Concrete 225 40
450 50
525 60
600 60
750 70
925 90
950 90
1050 100
1200 120
1275 120
1350 130
1500 150
1600 160
2100 200
Vitreous clay 150 30
225 30
300 40
375 40
400 50
450 50
Unknown (assume as 150 30
clay) — OK 2725 30
300 40
Unknown (assume as 375 40
concrete) — OK 400 50
450 50
500 50
600 60
1350 130
1500 150
The following large 1350
pipe diameters were 1600
identified in the model
as vitreous clay, but 1650
this is doubtful. 2100
3000
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APPENDIX B —List of rehabilitation technologies available to Severn Trent Water

CARE-S | Technology Available
code Y/N?

1.1.1.1 Conventional trench Y
1.1.2.1 Shoring and trench box

1.1.2.2 Concrete sheet pile Y
1.1.2.3 Steel sheet pile Y
1.2.1.1 Injection in joints or cracks Y
1.2.1.2 Milling robot N
1.2.1.3 Root cutting robot Y
1.2.1.4 Pointing Y
1.2.1.5 Rerounding Y
1.2.2.1 Short-liner fiberglass and polymer Y
1222 Short-liner metallic Y
1.2.3.1 Masonry N
1.2.3.2 Fill with mortar and plaster N
1.2.33 Pointing Y
1.2.3.4 Injection Y
1.2.3.5 In situ repair Y
1.2.3.6 Pre-cast repair Y
1.2.4.1 Chemical stabilisation (fill and drain systems) Y
1.2.4.2 Mortar stabilitation Y
1.2.43 Joint sealing Y
1.2.4.4 Resin injection Y
1.2.4.5 Compacted filling Y
1.2.4.6 Surrounding stabilization Y
2.1.1.1 Conventional trench Y
2.1.2.1 Shoring and trench box Y
2.1.2.2 Concrete sheet pile Y
2.1.23 Steel sheet pile Y
2.2.1.1 Reinforced cementitious Y
2212 Steel reinforced cement mortar spray Y
2.2.1.3 Fibres reinforced cement mortar spray Y
22.14 Polymer lining Y
2221 Swaged liners (swagelining) Y
2222 Folded liners (fold & form lining) Y
2231 Continuous sliplining Y
2232 Discrete sliplining Y
2233 Segmental sliplining Y
2241 Spiral lining Y
2.25.1 CIPP hot water cure Y
2252 CIPP steam cure Y
2253 CIPP UV cure Y
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CARE-S | Technology Available
code Y/N?
2254 CIPP ambient cure Y
3.1.1.1 Conventional trench Y
3.1.2.1 Trench box Y
3.1.2.2 Concrete sheet pile Y
3.1.2.3 Steel sheet pile Y
3.1.2.4 Mole ploughing Y
3.2.1.1 Pipebursting percussive (pneumatic) Y
3.2.1.10 Pipe extraction (modified static pull) N
3.2.1.11 Pipe pulling N
32.1.2 Pipebursting hydraulic Y
32.13 Pipebursting static Y
32.14 Controlled Line and Grade system (CLG) Y
32.15 Pipe splitting N
3.2.1.6 Pipe eating N
3.2.1.7 Pipe reaming Y
3.2.1.8 Pipe crushing (implosion) N
32.1.9 Pipe ejection (modified pipe jacking) Y
32.2.1 Rod pushing N
3222 Pneumatic hammer N
3223 Hydraulic hammer Y
3224 Steerable moling Y
3225 Pipe ramming (impact ramming) Y
3226 Auger boring Y
3.2.3.1 Guided auger boring (guided boring) Y
3.2.3.10 Shield Y
3232 Horizontal directional drilling (HDD) Y
3233 Guided drilling (mini-HDD) Y
3234 Conventional pipe jacking Y
3235 Low load pipe jacking Y
323.6 Thrust jacking Y
3237 Microtunneling Y
3238 Minitunneling Y
3239 Tunneling Y
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Description of test case

Catchment description

The catchment of Borel for the CARES testing is located in the Municipality of Amadora, near Lisbon, in
Portugal. Borel has a separate sewer system built in 1981/1982, with a total catchment area of 13 ha, about 80%
considered as impervious. Domestic sewers are circular with diameters from 200 mm to 300 mm, the pipe
material is vitrified clay, concrete and polyvinyl chlorine and the total domestic sewer length is 1460.1 m.
Storm sewers are also circular with diameters in the range 200 to 700 mm, the pipe material is reinforced
concrete and polyvinyl chlorine and the total storm sewer length is 2208.7 m. The main problems detected are
wrong connections, surcharging of sewers in wet weather, odours, structural defects and sediments in upstream
reaches.

DATA AVAILABILITY

Data from SMAS Oeiras e Amador a

A survey on data availability was done in order to assess which CARES Tools could be applied using the Borel
sewer system. SMAS Oeiras ¢ Amadora have available data to run most of the tools.

Data from hydraulic ssmulations

The hydraulic simulations were performed considering dry weather flow and three rain events with different
characteristics: low, medium and high rain intensity.

Event Date Duration Hiot | average | max T antecendent dry

intensity (mm) | (mm/h) (mm/h)

Low 2004-03-27 8h46m 18.10 | 2.06 12 15d 00h 17m
(12h15-22h00)

Medium | 2004-02-21 (15h30) to | 22h05m 2450 | 1.11 42 18d 09h 11m
2004-02-22 (18h00)

High 2004-03-31 (20h45) to | 1d 08h 47m | 27.50 | 0.84 84 0d 18h 20m
2004-04-02 (06h00)

*Eventswith antecedent dry weather flow period longer than 4 h wer e consider ed independent.
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TESTING RESULTSANALYSISON BOREL NETWORK

Pl TOOL/S

The data was prepared in an excel file (using the sample excel file format) that was imported without problems
to the PITool/S. The tool run to calculate PI and allowed the graphical representation as well as exported the
results to an excel file. There was no problems with PITool/S.

& PI calculation report

Hepnlt:
34 Pljz) have been calculated.

The fallowing 23 Pl[z] have not been calculated,

due to migzing Ul values:
sEnd sEnG s0p7 s0pd
s0p3 s0p10 Ol Qig [el
Qe2 Qe3 Qed [1eb ek
Qa7 Qed el zFil zFi2
sFi3 sFid sFif zFib

The fallowing 4 Pl[s) generated divizion-by-zera emnars:
sEnl sEn2 sEn3 s0pld

<6 PI calculated for Projectd3, from beginning of 01,2002 to end of 12 /2002 —|= 1'
Name Code Value Units A
Surcharging in aravity sewers in dry weather sPhl 0.0000( %] _I
Surcharging in gravity sewers in wet weather sPh2 31.90683] [%)

High sewer suicharging sPh3 10,2521 [%)

Sewer cleaning s0pl 21,8085 [%/vear)

Sewer rehabilitation s0p2 0.0000 | [Z4vear]

>» sEWEr [enovation s0p3 0,0000 [%Avear]

»» sewer replacement or renewal s0pd 0.0000 [%4vear]

Manhole chambers replacement, renewal, renovation, repair s0p5 07752 [%dvear]

Service connection rehabilitation s0pB 0.9091 | [%vear]

Sewer blockages s0pl1 299.8256 [No./100 km sewer/year)
Sewer blockage locations s0pl2 299.8256 | [No. /100 km sewer/pear)
»» repeat sewer blockage locations s0p13 0.0000( [No./100 km sewer/vear)
Flooding from sanitary sewers s0p15a 0.0000 [No./100 km sewer/year)
Flooding from combined sewers s0p15b 0.0000([Mo. /100 km sewer/year]
Flooding locations in sanitary sewers s0plBa 0.0000( [No./100 km sewer/year)
Flooding locations in combined sewers s0p1Eb 0.0000 [No./100 km sewer/year)
»» Repeat flooding locations in sanitary sewers s0pl7a 0.0000( Mo, /100 km sewer/vear)
»> Repeat Hlooding locations in combined sewers s0p17b 0.0000 [No./100 km sewer/year)
Surface flooding s0pl18 0.0000{ Mo, /100 km sewer/vear)
Sewer collapses s0p19 0.0000( [No./100 km sewer/vear)
Infiltration proportion of diy weather flaw gi2 0.4478(1%]

Infiltration flow per manhale aQi3 0.0000 [m3#s)

CCTV DATA

There were some difficulties with the use of CCTV data converter. It was not possible to test the option
“Convert Data to CEN standards and/or register” as there was not a file “.dat”. CCTV data was introduced in
the database table CCTVData after fulfilling the table CCTVSurvey. There were some doubts on the meaning
of columns I and SCORE however, it was possible to visualize in the GIS window and when using
DEGRADATION Tool there was no problems with CCTV data.

B rax - [CCTVOaka ; Table]

O pe DR few (ot Fomet PBecrds Lok Wedow bsl

M- HDARTI A DR8N AT Da- 8]

cenib [ Fgd [ A T 8 [ & ] [ I ! [ 6 T Meaeral
3| l 14 BBA A o1 150 12 Plastic
|| 1 45 BBA A 0.05 1o o Plastic
| 1 EZ BBA A B 02 030 12 Plastic
#+ 0 0 0 0
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I Progect; Projectiss - [Oataset; Projectid (1]

[ heag ] soincson | ctvm Dtren |

a|ealgnxl-|~lolola] Slols]
' ACTIVE DATASET
F aLpers
Y
W MANHOLLS
L

Ik’- 00T TINOPOUNSY 101371 20T Urknoran Pilland code feld used PlodeTypal

PREDICTING STRUCTURAL CONDITION GRADES

The GompitZ did not work because an error always occurred indicating Invalid Strata. We intend to continue to
solve this problem and try to use this tool.

e
Stratallr StrataStatus | Strataiame | Material PigeslnStratéValidNumberdAgelfConsta Walid4ne CurrentCaondil |
1 Irveslidirmal Concretenmal Concrete 7 W alid 2008 Irvealid
i Irvealid Plastic Plagtic; 20 Irvealid 2005 Irvealid
3 Irwealidooth Ceramicsooth Ceramic: kil W alid 2005 Irvealid
CARE -5 Xl

There are MO walid straka ko analyse

e 7

Cancel |
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INFILTRATION/EXFILTRATION

It was not possible to use the Infiltration/Exfiltration Tool because we could not input the information file
from MOUSE that contains time varying water levels in the pipes on time varying water levels into the
Manager. We only could import from MOUSE the summary data files.

BLOCKAGE

The Blockage Tool was run using CARES 5.0 version and obtained the Blockage Rate and the Blockage
Factor for the defined classes. The Blockage Factor is also obtained for each PipelD. GIS presentation of
results does not correspond to the values obtained in the file produced by the Tool. This Tool does not in
the last version of CARES 6.0.

[ oo e ks vty B rvic: o2 - [P el e Caren ke Foct]
S B & wew fneet Fomat lock Daa wedow e u»mmr@mmmrw
AEEE T AT R R TR 10 - B IO EE: [ Mo Selecton | Ackve Dataset

Al - S Arage Blockage Rate B9l |""|C‘|‘:'|0| H|OM]| [ vty =10
i — - B l B l o e P ACTVEDATASET LB
2| T 4575318 » ,,H
3 |Results for each cnena / im 3
4 |Category Criteria Blockage_Rate Blockage_Factor v jb‘:“?g,s
5 |WSTALLATION YEAR  1980_1966 0 S79E0656 0615121843
B [INSTALLATION_YEAR 1 _ 190 [1] 1 [ ALLPPES
7 | NSTALLATION, 1950 1984 1} 1 M
B [INSTALLATION_YE. AR 1934_1990 1] 1 F MAMHOLES
9 [INSTALLATION_YEAR | 1998_2002 B.E6TS11995 5. TA0856128 .
10 [ MATERLAL Pormal_Concrete 1065964568 0727676522
11 [MATERLAL Plastic 6147067128 4118961933
12 | DIAMETER 20_30 0BE3707031 0 5767 4655
13 | DIAMETER 300400 3428014700 2R
14 |DAMETER 400_500 i 1
15 | DIAMETER 00_600 [ 1 1FSATT
16 |DLAMETER E00_T00 1] 1
17 |SEWER_TYPE StamiWater 1797510448 1 4463728
18| Resut for each pipe
18| Ripeid) Blockage_Faclor
| 1 4 FBEEFINE
21| 2 A S8
2 3 4 205550018
| 4 1. 39067308
24 | E 1.0FTATIIE
o] & 4 205550018
& | 7 1. 306708
ol ] 0967648
b] ] 1. 33867 3600
| 10 4 FBEEIINE
£ 1 1077708
Eil 12 1357243746
2| 13 1. 077473378
| 4 4. JBBEEHE
£ 15 4 20555018
* 16 267147614
W A b H]\bockages_oait (ET0 d
Ry 4 -95950 GTS6 56261 ¥: 101 503125 Undinowm Piiand cods feld usesd [NodeTyps)

All sewers within the criteria were analysed and results were obtained. The result file includes the
risk level and the Z-value for each pipe. There was not any problem with this Tool.
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CARE-5

There are 127 pipes in your dataset For analysis.

The Following is the analysis criteria;
Cotradible, >10m long, Slope =0, DWF =0

Of these :

There are 17 pipes which have a dry weather Flow.,
There are 117 pipes with a length greater than 10,

There are 127 pipes with a positive slope.
There are 76 carrodible pipes.

There are 5 pipes with the required data.
Do wou wish to analvse selected pipes?

Yes Mo

|

B

File

Distribution of pises on Z-values

l— 5
Awerage wastewater tlemperature 25
Awerage wastewater pH 22 "
Z 0
£
=3
Sulfide prablems rarely prezent when Z is below 5000 =
£
E
Low concentrations of sulfide may be produced, resulting in | 5000 2 2
marginal prablems when Z is between 0 and 5000
Sulfide may develop sufficient to cause ador and comrosion 7a00 1
problems when Z is between 7500 and 10000
Fracuent problems with odar and significant corasion problems | 10000
when £ is between 10000 and 15000 0 T T T t
0 1,000 2,000 3,000 4,000
\iery frequent problems with odor and very significant corrosion| 15000 Zovalue
problems when Z iz above 15000

Addatianally there are 0 pumping maing whith high risk of causing prablems

le0ut.txt - Notepad

File Edit Format ‘iew Help

=10l x|

W
Pipename=5
Risk=very low
Z-walue=1587%

HOHCH
Pipename=11

Risk=very low
Z-walue=2010

<

M

Wi | Sl | bt Dot |
S| 8|8 |8 | incln m [T
7 ACTVE DATASET RABELT

Ve b
b

o
& aLPREs
= sssenrs

AT AT Y 03 VGRITRTY e B e ]
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WATS

This Tool was run for the domestic sewer and for the stormwater sewer. For stormwater sewer all the
pipes presented a zero discharge and no value of O2 or H2S concentrations were presented.

leOut.tut - Notepad

Fle Edit Format view Help

=10l x|

L
Fipaname=1

MaxCorrosion=0.00 mm/ysar
laveragecorrosion=0. 00 mm/ year

o sew
Pipename=2

MaxCorrosion=0.00 mm/year
laverageCorrosion=0. 00 mm/year

e tee
Pipenames=3

MaxCorrosion=0.00 mm/year
laveragecorrosion=0. 00 mm/year

rse
PipeName=4

MaxCorrosion=0.00 mmfyear
laveragecorrosion=0. 00 mm/year

e
Pipaname=6

MaxCorrosion=0.00 mmAyear
laverageCorrosion=0. 00" mm/year

o sew
Pipename=7

MaxCorrosion=0.00 mmfyear
laverageCorrosion=0. 00 mm/year
e vee

Fipename=9

MaxCorrosion=0.00 mmfyear
lwveragecorrosion=0. 00 mm/year

e

Ll

4y

For the domestic sewer O2 and H2S concentrations graphics were calculated for pipes with discharge

different from zero.

—ioix
File  Input
oH 52
Temperature 250

L3 WATS 2.1.4

File Input

oH [ez
Temperaiure [250

29 |

Output———————————————————
" Canosion rate [mméyear)

€ H25 in gas phase [ppm)

" Fiee H25 in water phase [g/m3)

€ Tatal HZS in water phase (g/m3

56 -
58 _I
ED

52 =
B7

69 |

Oupu——————————————————————
" Corosion rate [mm/year)

~ H25 in gas phase [ppm]

" Free H2S in water phase (g/m3)]

& Tatal HZS in water phase [o/m3

& Dupgen inwater phase [a/m3

Oxygen in the weter phase [gim3]

Pipe rame: 5 B
Fipe length: 23 m

Pipe dismeter. 0,200 m
Fipe slope: 0.0132 m/m
Pipe type: Gravity sewer
Fielative water depth: 37 %
\wiater flaw: 0.0090 m3/s o1
Absalut water depth 007 m . .
W/ alter velocity: 0.85 m/s e T T T T T T T

\wiater recidence time: 0.01 h b o2 4 B 8 10 12 14 46 18 20 2
Gias welacity: 0.127 m/s Posttion in pipe (m]

Gas recidence time: .05 h |

™ Dxypgen in water phase [g/m3)

Pipe namne: 65 =
Fipe length: 51 m

Fipe diameter: 0.200 m
Pipe slope: 0.0252 m/m
Pipe type: Gravity sewer
Fielative water depth: 11 %
‘wiater flowe 0.0010 m3ds
Absolut water depth: 0.02 m
“ater velocity: 0.56 mss

water recidence tne: (102 h -
Gas velocity: 0.085 m/s
fias recidence time: (117 h =l

Totel H23 in the water phase [gim3]

03

o
i
i

o
ta

o
o

o1

0.0s

0 15 20 25 3
Postion in pipe [m]
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EXTERNAL CORROSION

This Tool run without problems and the file result contains the total external corrosion (ExCor). In the
GIS is presented the Current External Corrosion Rate in mm/y.

| Fesiiec b Penge 102 - [Pine beeed resulls: DurrentEsd ernalCorresionflate {men'y)]

I3 Project Datesst Took Optiond Reports Window Help
.wlmlwnum
S| 9ag|Nx[~lojole]| oM [ esteris tmis =
¥ ACTIVE DATASET JLABEL]

M Ol 5

” 15;1‘5

1,

5 5t 2
I~ ALLPIPES

Y
' HANHOLES

-
4 06068, 2501 341 167 ¥ 101424 725270963 Urkriow PIind cods field used NodeType]

| |
] Els [dt Vew Jost Fomat Took Dua Wedow  Wsb
DEER @A B a9 - e fiw sw By EXEAEH
Al - & pipeD
A B | ¢ | b | B [ F [ & | A [ 1 [ 4 ] K ] & ]
A foipelD Jdiam year length  wall_thick mg1_depth SOR PN mial soil GW ExtCor
3| 57 40 192 *® * 2% Camadible 7 125 8400001
3 3 400 1982 T 3 27 Comadible 2 125 8400001
4 * 400 1% 40 * 214 Comadible ] 125 8,400001
5 | 7 20 19 18 40 204 Comadible Fl 125 8400001
[3 ] Ei 1982 9 a0 23 Comadible 2 125 8400001
7 3 0 1% ) 40 23 Comadible ] 125 8,400001
8| 40 50 19 45 40 768 Comadible Fl 125 8400001
Cl| i Ei) ] F1] a0 268 Comadible 2 125 8400001
10| a2 0 1% 19 40 1598 Comadible ] 125 8,400001
| 43 50 19 il 40 307 Comadible Fl 125 8400001
12 " Ei 1982 & 0 T Comadible 2 125 8400001
13| 54 400 1% 14 * 244 Comadible ] 125 8,400001
K| 3 50 19 55 40 3% Comadible Fl 125 8400001
15| 59 400 1982 k2] 3 208 Comadible 2 125 8400001
16| 61 U] & 30 377 Comadible ] 125 8,400001
7| 63 7] 15 0 6 Comadible Fl 125 8400001
18] 27 700 1962 16 (] 489 Cemadible 2 125 8400001
18] & 80 1w 1) 40 19 Comadible F) 125 8,400001
o 2 7] 1 0 08 Comadible Fl 125 8400001
21| 70 Er] 1962 43 E 1] 1.45 Cemadible 2 125 8400001
= 74 0 1w 40 40 219 Comadible F) 125 8,400001
F=I| 76 20 19 k) 40 366 Comadible Fl 125 8400001
24| 53 400 1962 = 3 242 Camadible 2 125 8400001
= 2 80 1w 44 40 185 Comadible F) 125 8,400001
®| 4 50 19 bzl 40 378 Comadible Fl 125 8400001
Ed| 5 an 1962 = E 1] ¥ Cemadible 2 125 8400001
x| 7 0 1w 17 40 407 Comadible F) 125 8,400001
Ell ) 50 19 12 40 413 Comadible Fl 125 8400001
Ex| 11 an (.7 17 E 1) 161 Cemadible 2 125 8400001
| 12 00 1w b 50 458 Comadible F) 125 8,400001
Erl| 13 e * 0 5377 Comadible Fl 125 8400001
ExI| 16 ] 1999 B 50 478 Cemadible 2 125 33
| 17 ETNT"r] 12 £l 203 Comadible F) 125 8400001
* 3 L] *® 0 207 Camadible Fl 125 8400001
W A ¥ R\ esteon “lal
Raady

LOAD

This Tool run without problems and the file result contains the safety factor (W), probability of failure (P)
and year of failure (Y).

- [Fipe bevel resuks: PredictedProbatilityOiCollspse]
B m Datacet Tock Options Reparts Window el

[ | Selocton | Acive Datmiet |

o TN bl b N e fe [=1 Y|

20a|

Mew F][Evterts Drerte =

7 ACTIVE DATASET [LATEL]
5

o ST ATTO0GETE Y, 01365001 25

| ko P ok fekd ued Moo Ty

'E Microsoft Excel - expload.csy

@_j File Edit Wiew Insert Format Tools Data  window  Help
Eﬂaénrial -0 | B I U =
A1 - & pipelD

M | N | o | P | o | R | &5 |
| 1 | excor incor WY P A4 min wall | rem wall
| 2 | 1.68 0 2.009374 0.3 2087 24 0.03332
| 3 | 1.60 0 2.066797 03 2057 24 0.03332
| 4 | 1.68 0 2.066797 0.3 2057 24 0.03332
| 5 | 1.68 0 1.785788 05 2057 29 0.03832
| B | 1.68 0 1.796122 05 2057 29 003832
| 7| 1.68 0 1.745612 05 2082 30 0.03832
| & | 1.68 0 1.639566 (IR 2082 30 0.03832
| 9 | 1.68 0 1.745612 0.4 2052 30 0.03832
| 10 | 1.68 0 1.577616 0.3 20682 28 0.03832
| 11 | 1.68 0 1.418508 0.65 2037 33 0.03832
| 12 | 1.60 0 1.368472 0.65 2037 33 0.03832
| 13 | 1.68 0 1.878871 0.3 2052 25 0.03332
| 14 | 1.68 0 1.270444 0.65 2032 34 0.03832
| 15 | 1.68 0 2115154 03 2062 23 003332
| 16 | 1.68 0 2.40003 0.3 2087 19 0.02832
| 17 | 1.68 0 2.425651 0.3 2087 19 0.02532
| 18 | 1.68 0 1.259016 0.65 2042 52 0.05832
| 19 | 1.60 0 1.912323 03 2062 28 0.03832
| 20 | 1.68 0 3.716699 0.05 2077 15| 0.02832
| 21 | 1.60 0 3.274325 0.1 2072 16 0.02832
| 22 | 1.68 0 1.785785 oA 2057 28 0.03832

1.68 0 1.2953289 0.65 2032 34 0.03832

M 4 ¢ M eupload KD
Ready
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DEGRADATION

This Tool run without problems and the file result default.xls was exported to the respective folder.

Manning number for each material was obtained.

Microsoft Excel - default.xls

Microsoft Excel - default.xls

@J File Edit Wiew Insert Faormat Tools Data  ‘Window  Help @J File Edit “ew Insert Format  Tools Data  Window  Help Type a question for he
Sd 9@ i -10 - B 7 US| i 9-Fia -0 - B U EEEHD =
230 - £ A1 - fe
A B | C A ] B | c |
1 Code ACD 1 Code ACA
2 | Code Manning number Material description 2 | Code |Shape description Manning inlfluence |
3 AL 83 Asbestos cement | 3 | A Circular 1
1| aB 77 Bitumen EN B Rectangular 0.937999189
5| AC 77 Pitch Fibre | 5| C  Eggshaped 0.585221684
‘5 | AD &7 |Brickwork | B | D IJ - shape circular invert and flat top with parallel sides 0.970873773
7| AE 77 Clay | 7 E Arch shaped circular soffit and flat invert with parallel s 0.92552531
5 | AF 23 Cerment Martar | 8 | F Creal - circular irvert and soffit (of equal diameter) with | 0.990099013
9 | AG 53 Concrete EN b Local section code to be specified by the employing al 1
E AH 77 Reinforced Concrete 10 Z Other - a description shall be included as a remark. (& 1
|11 | Al 33 Sprayed concrete i !
12 A 77 Concrete segments %
13| AK 83 Fibre cement En
14| AL 83 Fibre reinforced plastics &
15| AM 77 Cast Iran 5|
16| AN 67 Grey Iran 17|
|17 | AD 67 Ductile Iran G
|18 AP G7 Steel EE
119 AQ G7 Unidentified type of Iron or steel En
20| AR 40 Maszonry (coursed) Bl
21| A3 40 Maszonry (uncoursed) = |
% flTl 12? EE?}{)‘;; I:m< 3 >I[\ Recalculation Matrix  # Makerial % Shape Jﬂ
M 4 » MY Recalculation Matrix  hMaterial £ Shape

Ready

Ready

HYDRAULIC MODEL

This Tool run without problems and created a file to MOUSE.
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GAT

This Tool run without problems. All the four methods were used and results presented in GIS.

W roject: Teste Paslo - [Pips level results: VulnerabilityfOrastic)]

ol LRI 1SSl W oroject: Teste Pasio - [Pipe lovel results: Vulnerahisity{Eaten)]
Mapl] Sabecion | Acti Datacat | - Mapl] Sabecion | Actin Dtacet | -
& 9alalnwl- [<[o]o]s] MO [ lwnoms =] S| 8aanlx- |“[olcls] MOM| Fe  lowmrowms =]
¥ ACTIVE DATASET [LADEL) ¥ ACTIVE DATASET [LADEL)
v 4
% 7 ALLBIPES
~n
= ALLPPTS F MANHDLES
W MANHOLES
_. Iniciar CHeENC ™ W PracktngCondiondy = pragect
W8 Froject: Tosta_Paulo - [Pipe lovel results: Vulnerabilisy(xtiround]] M Froject: Teste_Pauls - [Fipe leval results; YulnerabilityPermGround]| &l
- Project Duataset Tooks Options Reports Window Heb &3 Project Dataset Took Opbiors Reports Window  Help
[t tin | e Dt | [ bdap ] ot | s i | o
8988 M| [~[c|ala] HOM| Fe b 8888 Nl |~olajs] HOA| e o <)
¥ ACTWVE DATAZET LABEL) ¥ ACTVE DATASET [LABEL]
. .
[ ALLFIPES [ ALLAIPES
r M
 MARHOLES MRS

CAT

It was not possible to apply this Tool because the system does not have CSO.
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CONCLUSIONS

There are tools that could be used and run without problems. Some other tools still have problems that we
are trying to solve. There is only one tool CAT that could not be used because it was not applicable, once
there are no CSO, and tools from WP6 were not also tested because they were not available.

It is important to have an example case where all tools can be run without problems in order to support the
end-user applications and preparation of files. There are still several problems in the creation of input data
files and in the help of some tools that is not self explanatory neither clear. For example, by reading the
CCTYV data converter help it was not possible to use it.

Future use of CARES M anager

We intend to continue the testing of the CARES manager as soon as we have our questions solved and
new versions are delivered. A new application will be made in the scope of the work of a University
Student Training.

The end-user intends to continue the testing of tools, to conclude if this methodology is the more
appropriate to SMAS de Oeiras e Amadora.

We are open to future collaborations in CARES applications since we have financial and technical
support.
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Report on testing carried out in Palermo, Italy

Partner: Palermo University
End User: AMAP — SPA, Palermo, Italy

Author: Gabriele Freni, Vincenza Notaro.
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INTRODUCTION

The testing has been performed by AMAP — SPA in strict cooperation with University of
Palermo. The testing has been performed in two phases: in the beginning a small area in northern
part of the city has been used in order to get acquainted with the Rehabilitation Manager and with
the tools developed during the project; a second testing area has been used for having a more
significant example of CARE-S potentialities. The first testing example was used from December
2004 to April 2005 for evaluating the Rehab Manager, PI tools and Structural Condition Tools
(WP2). The second testing area has been introduced when final version of the Rehabilitation
Manager has been released (June — July 2005) in order to test the whole procedure.

Golfo di Palermo

Figurel-Testing areas: Area 1 — Sferracavallo catchment; Area 2 — Palermo city centre

The application of CARE-S project in Palermo produced an interesting secondary result convincing the
City Administration to prepare standard criteria for acquiring and collecting data on sewer system
condition. This aspect will be discussed in the following paragraphs comparing the old management
procedures and the procedures that have been developed during CARE-S application.
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DATA AVAILABILITY

Sferracavallo catchment

Sferracavallo is a small fisherman village that after the second world war was progressively
adsorbed by the city of Palermo during the urban expansion of Sixties and Seventies. The
catchment area is about 57 ha with a population of 12000 inhabitants. The network is combined
and relatively new (being reconstructed in 1957 and progressively upgraded in recent times). The
network length is around 80 km considering also private properties connections. Material used
are concrete and polyethylene. Figure 1 represent principal sewers and connected areas: dark blue
lines represent concrete egg-shaped pipes that have been installed before 1992; light blue lines
represent polyethylene circular pipes that have been installed in recent times (since 1995).

Figure 2 — Sferracavallo catchment and network

The area has been characterised by large expansion in the Seventies and sewer network has not
been upgraded consequently. Moreover tourist activities have increased the pressure on the
network and the damages consequent to sewer failure.

The seaside part of the catchment is interested by flooding, sewer blockages and collapses. Figure
2 shows part of the failures that have been registered in the last few years. These failures are
creating a lot of damage especially considering the tourist vocation of the are that is now
interested by restaurants, pubs and night clubs.

The sewer has been well monitored in the period 1980 — 2000. Inspections have been performed
visually (without the use of CCTV) and results have been reported on paper inspection forms.
During the CARE-S application those inspection forms have been converted to EN 13508
standard code in order to apply tools. During CARE-S project, the network has been partially re-
inspected and new data cover the 20% of the network.
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Figure 3 —Failuresregistered since 2000 in the seaside area

Palermo city centre

The “Centro Storico” of Palermo (Italy) is the oldest part of the city, strongly urbanised and with
a very old drainage system, which receives both storm and waste water also from upstream less
urbanized watersheds; local surface flooding due to the system insufficiency often occurs even
for high-frequency rainfalls. The analysed area is shown in figure 4.

The “Centro Storico” catchment is about 2.5 km?, with about 88% of impervious areas, mainly
roofs and roads. The network is long more than 150 km including secondary network and
property connections. The older part of the network has been installed in 1890 and it is currently
in place. The other parts of the system have been built in different periods from 1910 to the
current time. The 85% of the network is built in concrete and the 15% is constituted of old brick
pipes and newer vitreous clay pipes. The 45% of the network has been visually inspected in the
period between 1985 and 2005. The principal problems of the network are connected with
flooding and collapses that especially interest concrete pipes built after the second World War.

As an example, figure 5 and 6 show the geographical distribution of the two Service Performance
Indicators: SQS3 regarding flooding on properties during wet weather and SQSS5 about blockages
complains. In the figures the level of “no service” has been fixed, accordingly with the City
Authorities, to 10 flooding per year every 1000 properties for SQS3 and 5 blockages complains
per year every 1000 inhabitants.

By the example figures, it is possible to identify some priority areas (confirmed by several others
PIs where measures have to be taken for increasing the overall performance of the network). The
system performance is particularly critical in the most upstream and in the most downstream
zones of the network. In the following paragraphs, discussing some results of the whole CARE-S
procedures, those areas will be highlighted as critical sewers and they will be subjected to
rehabilitation.
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Figure5: Distribution of Performance Indicator SQS3 about flooding on properties
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Figure 6: Distribution of Performance Indicator SQS5 about blockages complains

TESTING RESULTSANALYSISON PALERMO CASE STUDY

As stated before, testing has been carried out in two subsequent periods. The first part of the
testing has been carried out on the small and well documented catchment of Sferracavallo. The
aim of this first testing period was the training of the end user in the use of CARE-S tools and the
definition of specific data requirements for Palermo case study. This first testing period had also
the advantage of highlighting the most common bugs of the tools allowing for their early
solution. The second part of the testing was more detailed; the release of CARE-S version 2.5
allowed for testing more in details the hydraulic modelling tools because of the release of
SWMM interface.

In the following lines, briefly, the feedback from the end-user will be discussed regarding all the
applied tools. Some results will be also displayed for enforcing the discussion on the applicability
and on the novelty of the CARE-S approach if compared with the previously adopted
management procedures.

P1 tool (WP1)

The PI tool was the first tool that has been tested also because it was the first being released for
testing. The results from AMAP was outstanding for two main reasons:
1. the tool demonstrated the need for a comprehensive and easily accessible database of data
concerning not only the network but also the users, social and economic information,
traffic data, geologic maps, etc. Those data where only partially available in the beginning
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and most of them where not included in a database but simply store in paper archives. In
the past, this aspect did not allow to integrate information about the network, the level of
service and the potential impact on urban activities. The first application of PI tool
allowed for calculating only 12 PIs. After the first application of PI Tool, an integration
process has been started allowing for assessing 38 Pls

2. Transferring the information about PIs on a geographic database, it was possible to
identify the most critical areas in terms of level of service and potential need for
rehabilitation. Those areas where highlighted in PI tool application and then specifically
addressed during the application of the whole procedure.
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Figure 7: Age of pipes in Palermo city centre

Structural condition tools (WP2)

Several tools characterises the structural condition part of the rehabilitation manager. As the
main input to these tool is characterised by the CCTV inspections, the first part of the testing
was connected with the conversion of paper reports available in Palermo case studies to the
EN 13508 codes on pipe defects. About 20 years of data where available for testing and
around 1250 inspection reports were analysed for obtaining current condition classes. Figure 7
shows the age of pipes in Palermo network. Figure 8§ shows condition classes in a scale
between 1 (corresponding to new pipe) to 4 (corresponding to failing pipe). This scale has
been changed from the default CARE-S approach in order to complaint with Local Manager
needs. The possibility of creating a new condition scale has been guaranteed by the user
upgradeability of the whole approach. Figure 9 shows the probable condition class at 2050 if
no rehabilitation measures are put in practice. The progressive aging of the pipes will extend
the critical area that should be prone to failure in the immediate future.
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All the tools in WP2 have demonstrated to be extremely useful in order to evaluate different
aspects of structural failures:

e Infiltration — exfiltration tool has not been applied because of lack of data but an investigation
protocol has been produced for starting analysing the problem and beginning a monitoring
process that will be helpful to fulfil Italian regulation on service level that is being
implemented and that will require infiltration — exfiltration measurements by 2010.

e Blockage tool was applied and “calibrated” by using data available in Palermo. In twenty
years, around 270 blockage reports have been found and used in the testing process. The tool
demonstrated to have very easy use and a good approximation with historical data.

e Simplified internal corrosion model has been applied to the whole network and no evidence of
hydrogen sulphide problem has been reported during years in Palermo sewer. The tool
confirmed the low risk for internal corrosion in the testing area. Palermo network manager
plans to apply the detailed corrosion model to another part of the sewer system where a long
pressurised pipe (around 5 km) has corrosion problems and needs specific attention

e External corrosion tool was not applied because of lack of data even if it was tested by the
mean of example data.

e Pipe load tool has been tested and worked perfectly on the network even if no calibration was
possible because traffic data where only available for a part of the network.
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Figure 8: Pipe condition classes at the present time (CC1 correspondsto excellent condition; CC5to
failing pipes)

Hydraulic and environmental condition tools (WP3)

All the tools have been tested even if some problems arouse because of the SWMM
interface. Initially all the tools have been analysed by the use of example databases. In a later
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stage, real data have been used but data input has to be done manually reducing the
effectiveness of the tool and the interest of the end-user in its application.

The main outcome of these tools was once again end-user education to the research and
storage of specific data and information. The application of WP3 resulted in the development
of an hydraulic model for the entire city network. This task was accomplished through a
cooperation agreement between Palermo University and the Municipality that also focused its
attention on some relevant flooding problems in the urban area. The agreement will be now
extended to water quality problems and to CSO impacts on receiving sea waters. The
application of Obstacle tool for taking into account defects in hydraulic simulations was
successful but model results where not relevantly different from the “new pipe” model. This
was probably due to the general hydraulic insufficiency of the network and to the substantial
absence of dislocated joints in the network that constitute the most important cause of pipe
roughness changes.

GAT and CAT tools have been applied successfully but, as the open sea is exclusively used
as receiving water body, CSO impact on the environment is not relevant and, even if Waste
Water Treatment Plant is not properly working, the effect is diluted on large water volumes.

HELLMUD tool has been applied to the city centre network but was not possible to import
maps in the rehabilitation manager. Its results were anyway used for the following
prioritization of pipes to be rehabilitated.
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Figure 9: Pipe condition classes at 2050 (CC1 correspondsto excellent condition; CC5 to failing
pipes)

Rehabilitation technology database and rehabilitation cost tool (WP4)
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The application of rehabilitation technology database was very simple and straight forward,
as well as the application of rehabilitation cost tool. The most interesting outcome of the
testing was the beginning of a personalization process by Palermo municipality: on the basis
given by several projects finalised in the past years, Palermo end-user started to develop its
own formulas for computing the costs of rehabilitation technologies that are currently used. In
a list containing 78 rehab technologies and almost 40 operational approaches, 36 rehabilitation
and operational methods have been selected and updated by the available local data.

Socio — Fail and Socio - Works (WP5)

The application of WP5 tools was particularly useful because allowed the end-user to start
collecting data about the impact of sewer failures and rehabilitation works on the population.
The application of the tools was only possible in Sferracavallo catchment because it is smaller
and it was easier to collect information in the short range of time given for final testing. Once
again the most interesting outcome of CARE-S application was the empowerment of the end-
user in analysing specific problems with standard approaches allowing for building a large
information database that will help future decisions on the same network.

Prioritization and selection tools (WP6)

The selection / elimination tool provided by WP6 is extremely powerful even if the
impossibility of importing results from hydraulic models required to modify and import data
manually. Testing and end-user training for this tool was quite long but, at the end, the tool
was perfectly working and effective. Future applications of CARE-S will also consider the
implementation of user defined criteria for the selection of most appropriate rehabilitation
strategy to be applied to an area.

CONCLUSIONS

As stated several time before, Palermo feedback on CARE-S application can be summarised
in two points:

1. The approach is perfect for standardising collection and storage of data and for
simplifying decision criteria regarding the rehabilitation of sewer pipes
2. The approach has high potentialities for further development and for increasing the
idea that urban drainage service can be provided with industrial standards, increasing
technological level, reducing the cost of inappropriate actions and the cost of failures.
With this philosophy, Palermo Municipality has started some activities aimed at the
introduction of standard practices and high technology in urban drainage management using
CARE-S as a basis for future projects:

e A LIFE proposal has been presented in 2004 (without success) and it will be
presented again in 2006 under the LIFE+ umbrella in order to develop a complete
demonstration project of sewer rehabilitation based on CARE-S framework. The
project will have the major financial contribution of the Municipality that is willing to
invest on urban drainage management, especially for reducing damage connected with
urban flooding.
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A technology introduction program is in its initial state and it will be hopefully
extended in order to introduce Wireless Technology Networks in the
monitoring and management process of urban sewer networks. The program
consist of the introduction of a wireless network connecting sewer
measurement and monitoring stations (flow meters, raingauges, water quality
real time monitors, etc.), handheld devices provided to the management
squads and an operative central that will collect data about the network and
complains from the inhabitants and it will coordinate operations on the
network exchanging continuously information with the operators distributed
around the urban area. Each squad that will respond to a complain call will
receive all the information about the part of the network where it will intervene
(operation theatre) including the number and the type of complains and the
data from real time monitoring; each squad will respond to a call by an
operation form delivering to the central relevant information about the failure,
the request of additional squads for specific tasks, updated information about
the network.
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